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. ABSTRACT :

s : . .
Ihree treatments of schedu11ng 1rr1gations With six

repltcat1ons were 1mposed on 18 plots ‘of Galt bar]ey«dur1ng the 1974

growing seafon. ‘the treatments applied were: (a ) wuen p]ants
d#solayed thg first-visual symptoms of moisture strese (cdeck method),
j(b) when indicated'by s0i1 moisture,budget involving‘the estimated
evapotrenSpiratioh (budget-method), and (c) when soil tensiometer
| readings weret-400 to‘-SGb mb (tensiometer method). The rfean grau‘
yield of the budget and the tensiometer methods were h1gher .than that
of the check method by 1.67 tonnes and 2,54 tennes per hectare »
| respectively. The budget and the tensiometer methods produceduérains
"bf a higher hettoTitre ueight (No.‘] feed barley) than the check
- me;hod (No. 2 feed'ber1ey),fbut the treatmehtsvdtd oot affect'grain
chemicéi content. The lower yields of the check method'uere due»to:
' L improper.timing of.irrtgotions;/The budget method: whichwae' -
‘tdtroduced to southern Aioerta-by the irrtgation Diuiston ot.the ]
Alberta Department of Agriculture produced a sl1ght1y Jower yie]d

than the tensiometer method because the tatter actually operated at

a higher minimum allowable moisture, '\\:'



ACKNOWLEDGEMENT

. ’ 5
The author wishes to express his gratitude to all persons

5
1}

invglved in the preparation of this thesis,
. , Spec1a] thanks go to Professor E. Rapp and Mr K.K. Krbgman
.~ for the1r close supervws1on in the overa]] preparation and wr1t1§g up of o

-
k3

th1s thesis. ‘. | , Ny >
Acknow]edgement is. made to\Mrs B.C. wright and Messrs. 'R.v

de Groot, D. Sta]ker, W. Anderson and D Scott who 1n diverse ways

contributed to the preparation of this thesis. Sincere thanks go to

Miss E. Symons who, in spite of all her other dut1es, found t1me to q.pe

this thesis. s | | : ' - .o \

| . .Fcnal]y, acknongQgement is due to the Canadian. Internq‘fonal

Deve]opmcnt Aggncy for providlng the funds for the research and to the ':1’{

Canada Department of Agr1cu1ture Research Branch for providing the land

for the exper1menta1 plots, >11]age and irrigation equipmente R

.t '1 .



\

¢ . TABLE'OF CONTENTS R
CHAPTER . . - o " PAGE
. 'INTRODUCTIONE ...... e o
2. LITERATURE REVIEW. . . . v v L L e , -
2.1 .Soil and Water Reiat1onsh1ps $ S . 4
o 2.1.1 MWater Pot/%ntia] B \
2.7.2 Field cAbaci;y . g, 5
203 wWilting Point - g
" . 2.1.4 Available Water, o 8
2.1.5 Minimum Allowable Moidture g
2.2 le;ssification of Irrigation Scheduling‘Methods‘ e
e '2 2 1 Criterion for C]assification : | - 10
2.2.2. 'Exact’ Methods Y - e
2.2.3 The 'Irr1gatron Gauge S | BT
2.2.4. 'Approhmatmn Methods R 13
2.2,5 The Two Tensiometer Method L '. 14
2.2.6 'Non-Exact' Methods I 17
. 2;3\‘Sdi1 Plant and Meteorologica] Parameters |
- k : As' Criteria for Scheduling Irri‘ga_tion-_ | .18
z.a:i' PiantLNateé'In icators 8
| 2.3:2 Soi) Water 1ndg\§tors e : | e
2 3, 2 1. Sqi! Appeér&nte and:Eeé:; 2.
“;U’ﬁ'mszWmmmm7 ; 20
| | _Vf2;3Q3f'50{’{ﬁater590tbht1a1 -
ﬁ‘j“ o 2. 3 4 Meteorological Approaghes . ‘A P "_ 1'25_;A.

5 o f 2.4‘ The Test crop --Barley (Hordeum vulgare) __:j;} 28

s -Suunany R I

l/ S N o . PR " . "' &7, ‘\‘.



N . “ ' ¥
P » ) : : e o ’
. . i . .

.
i

WATERIALS AND METHODS. o .y . o oo oo ey e e BN
3.1 Experiment Lpcation and Time - © . o N ’
3.2 Climate B i SR P
3.3 Experiﬁenté] Procedures - . - ‘ e .“:'.‘ 33‘ J,
3.4 Auxiliary Experimentalinbcedures" 5‘ : ) 'f'~’ 38 -

. 3.5 Statistjqajhknalysié oL -{__(0_;
RESULTS AND DISCUSSION. . . . . . . ... .. L 2 -
4.1 'Resu1t§‘of'Auxi]iary_;iperiments ‘“if C “42
0.2 1rfigation Apount - N
4. e Crop Root Study . ; S T _ oM
4.4 spil Mo1sture Irrigation and'}vapdtranspiration | 44
4.5 Crop Y1eld and Qual1ty ‘ .4‘ L
4.6 Eff1c1ency Measures - Water Use Eff1c1ency. . 56

. Returns per Hectare ahd Returns per App11cat10n | } 56n
SUMMARY AND CONCLUSIONS. e e A
. BIBLIOGRAPHY. . . . a8

APPENDIX 1: HEASURED- SOIL. WATER POTENTIAL AND PERCENTAGE
o - SOIL MOISTURE CONTENT BY DRY WEIGHT OF pLOTS' o
: w((os I, SO
mmm@ummmwmmmmmHWMMMrj',
O solL HOISTURE CONTENT BY DRY HEIGFfI’ OF PLOTS .~
o ’-»n MD 12, .. (, Ve a e '. . .j ‘7'3!“_.,‘
© APPENDIX 3:. MEASURED SOIL WATER POTENTIAL AND PERCENTAGE
"% - SOIL MOISTURE CONTENT BY. DRY WEIGHT OF PLOTS
s ,14mw1s....4A..,g;'f.;..ﬂg.£. M
'1v5§§3ﬂ‘

-li   _ “  _‘jfvijg;ﬁi;::jliA. | ;s.   115;:jA._;, ..;‘.



e

APPENDIX 4:
\

APPENDIX .

APPENBIX 6-

L]
- T
R &
.
. .v'
\_;
- e
-

“RETURNS PER APPLICATION. . . . . . A 76

/[
CALCULATION OF‘IRRI_GATION AMOUNT “FROM
THE SOIL MOISTURE CHARACTERISTIC CURVE

OFPLOT 10, o st s e e e e 75
CALCULATION 'OF THE RETURNS PER HECTARE AND

! . . v .
EVAPORATION éND PRECIPITATION DATA AT

VAUXHALL, ALBERTA. . , . . .. . TP
g .
. .t
3 . v .
N \'ﬁ ';. ’
. f 'F . o



TABLE

2.1%

2.2

4.1

4.2
4.3

4.4

4.5

4.6

MEASUREMENT OF SOIL MOISTURE CONTENT (AT FIELD

t _ | '
~ LIST OF TABLES
TITLE

LLASSIFICATION OF IRRIGATION SCHEDULING METHOD. . . .

.*. ~CORRELATION .OF EVAPOTRANSPIRATION BY ALFALFA o
- WITH-EVAPORATION AND OTHER WEATHER VARIABLES. . .. . .

SAPRCITY AND WILTING POINT), AVAILABLE MOISTURE . .

AND SCIL PARTICLE SIZE ANALYSIS DATA AT VAUXHALL,," -

ALBERTA, 19742, . ., . . . . .

MEASUREMENT. OF THE DERTH DF WATER TABLE AT
P :

[

VAUXHALL, ALBERTAr‘1974 ....... oo o,

IRRIGATION AMOUNT FOR THE THREE IRRIGATION
SCHEDULING METHODS TESTED AT-VAUXHALL; ALBERTA,

9. L e

IRRIGATION DAIA FOR THREE.METHéDf OF IRRIGATION

. SCHEDULING CONDUCTED AT VAUXHALL, ALBERTA, 1974. . .

GRAIN YIELD AND QUALITY DATA OF BARLEY FOR THREE
METHODS OF IRRIGATION:SCHEDULING.AT VAUXHALL,
ALBERTA, 1974. . . . .. ... . . .. e

COMPARISON OF :igtDS USING .BUDGET. AND TENSIOMETER

SCHEDULING. .
‘ “

Kl

45



30

3.2°(a)

3.2 (b)
a.1.

2

43 (a)

" 4.3 (b)
43 ().
a4 ()
4.4 (b) .

’ Measurement of soil matric potential of o
N Of plots ]4 ahd ]6 s o 8 e -» @ L o e a, ». l e e a e -5]

LIST OF FIGURES
TITLE PAGE

Reg1on .of f1e1d capac1ty (after Taylor and .
Ashcroft 1972) ....... e e e e e e e e 6

Regrbn of permgnent w1?§¢ag pownt (after -

Tay]or and Ashcroft, 1972). . .. . .. .. .. .. .. 6

Soil matric potential data from an avdcado' -

grower's records {after Richards and Marsh, 1961)‘t.1,15
. ‘ . e .

: : : N~
Water characteristic curves for several soils :
(after Richard and Marsh, 1961). I I
 Mean da11y evapotranspiratien for. wheat, oats, -

] and barley (after Hobbs and Krogman 1974). coor e 229
Total month]g prec1p1tatlon for o . .7
Vauxhall e:ta T 3oae s .32
Field layout. e e e e e P 34

"Detailed field layout of ploté 4,10 and. 16. . . ... . 35

"Calculated pércéntages of available

moisture at 120 cm (based on 4 methods of
soil moisture determination). . . . . . . .. ... . .43

Measurement of the extent of rooting depth *

-of barley at Vauxhall, Alberta, 1974. .

'-Measurement of so11 matric potentia]

of plots 1and 9. .o . . v oL 48

.IMeasurement of 5013 matr1c potent1a1

of -plots 11 and 12, Py e, .50

‘,Total output curve (after Mansf1e1d. 1970)... e 58 .

. “The three: stages of business operation (after :
ManSfie]d ]970) I ¢« o o “e 'I.’q PR .'o .' c. . -58'



_ specific probléﬁe\are avallable

CHAPTER 1 ’
INTRODUCTION

s

) Var1ous techn1ques for timing 1rr1gatlons and est1mat1ng crop

water needs have been appl1ed on’ 1rr1gated lands for many years. In the

14

arld and semi-arid parts of the world. irrigatjon is the most effective

»

solut1on to the prohlem of erratic ra1nfall d1str1but1on and _the atteﬂdept"

Taw y1elds and crop fa1lures The 1mportance of, 1rr1qat10n schedull
A~

often overlooked and the; level of product1v1ty from 1rrlgated lands has

thereby not 1nproved s1gn1f1cantly Thus, the contribution of irrigatign

towards the solutmn'. the world s food problem has been ach1eved mamly

e
by.extension of the pract1ce of 1rr1gat1on to dryland areas The need to

-~

adopt an efficient 1rr1gat1on schedul1ng me thod becomes 1mportant where

water is in short supply or expensxve when the productlve capacity of the’

land decreases due to excesslve appl1cation of water and accumulatlon of
salt, or whén the cost of water appllcat1on escalates due to an energy
crisis Presently, varlous schedulvng methods 1nvestigated to solve these

.p'

The Crlter1a for schedul1ng 1rr1gat1ons depend on the type of

',problem. Nhere water is scarce or expensive, 1rr193tlons are scheduled

‘ to maxlmlze crop productlon per unituof applued water; uhene good land is -

'scarcer than water. 1rr1qat1ons are scheduled to maximize crop prodhction -

l

| per un1t of planted area“ (19) In.general measurements of soil plant

,"and weather var1ables are used as criteria for scheduling 1rrigat10ns. o

.'These crlteria are—used as 2 gu1de in establtshing 1rrlgat1op schedules

/wh1ch favour opttmum crop y1elds and eff1cf6hi water use However. under

/

/ )

$.
certawn condittons somelfactors may dominate In southern Alberta 'the

Ty o
' ' ..'_',"’. . ’-'1_-



introduction of the 'Irrigatien Gauge' (a soil moisture budgeting
‘ procedure) resulted from observat1ons of poor, inefficient use of water.by

irrigators (60). Prev1ous]y, 1rr1gat1on schedu11ng methods were based
) /

on observation of the crop and. soil and other rule of,thumb measurement\' -
involving persbna] judgement and experienCe of the grrigator. In'recent
years, an 1rr1gat1on schedu11ng method 1nvolv1ng the use of. tens1ometers

\

has shown prom151ng resu]ts ‘
The potential benef1ts dertved from good irrigation schedu11ng
_are many. In some areas where soil salfnlty is a problem, the production
: capac1ty of the land has been ma1nta1ned for many yea?;,through the adoption |
‘ 0f good 1rr1gat1on schedu11ng The 1ncreased irrigation efficfencies .
associated with good 1rr1gatlon schedulihg methods redute.the-COSt of farm
operations and hence-incréase p;ofits In southern K1berta. the yﬁeld of |
‘.sugarbeets has hncreased by about 50 percent since the introductIOn of the
'Irr1qat1on Gauge (60). A potent1al saving of aver 55 mil¥on do]lars
by the adoption of efficient scheduling methods in the United States of
///#Amerlca is est1mated by Spllnter (59) “ [i\ - .
Irrigafﬁon schedu?fng practices have not changed s1gn1f1cant7€r
from the neghods obseYved 15 years ago The reasons for this slow response
in regards to the adoption of - scienbffdc 1rrigation schedu11ng methods is
‘ variable and often controvers1a1 One schdo] of thought expladns thaf‘the o
budﬁét methods have been ignored by most farmers because for -their (the

farmers) soils and crops they do. not know the scientific data required by ."

the method, The use of ten510meters which requiré less knowledge of )
these sC1ent1f1c data was,xher!fore suggested Investigators of this -

L school of thought suggested that tens1ometer schedulvng'1s superior to the -



v
budget methods because the criterion for schaduling by the former methods
is based on soi) matrig potential measurements,yith1n the zone of ma x i mum -
root act1v1ty The other sghool of thought arques téat the. budget methods
are bettér because when,;Chedul1ng 1rrlgat1ons by these methods, the ent1re ’
field is con51deredﬂas A unit rather than a composite of units, as fn the o
case of tensiometer methods Invest1gators of this school bf thought \
have freqyently p01nted out that farmers by nature do not adopt new methods
qulckly, and even where their d1ff1cut1es are overcome by the available, - g
technology and service 1nst1tut1ons, they continue with the1r olhthods .
The reasons are that these farmers either cannot spare the tife or they do

‘not feel it is worthwh1le with the present high Tabour costs.

14
~

. Before any attempt 1s made to educate farmers about these new
nethods. 1t is important. that suff1c1ent agreement ex1sts among the varlous e
investigators. The ava1lab1l1ty of comparative tests on the performance
“and economic returns of these'schedul1nq nethods 15 of fundanentzl |
1wportance However, the scarcity of published llteraturevon this subje&t

is acute. The obJect1ve of thls comparat1ve experiment us1ng Galt barley
Joasa test crop, is threefold. Lo ", . . : 'J:‘.

1. ' To determwne the t1me 501l m01sture stress changes characteristic

of three schedul1ng methods. namely. the‘budget method the

l‘ | tens1ometer method,and the glant stress method »‘- '

| 2. : -\To determlne tﬁe influence of the: respectlve soll moisture stress
-. A charactenstu:s on the y1eld and quality of graln. ; d;
3. To-determine sone economlc benefits of- using any. of the
SR schedul1ng methods. - IR S

-
) .



* GHAPTER 2
1 3
LITERATURE- REVYEW

2.1 Soil and MWater Relationships.

)

| The ﬁ€¥mino]ogy used 19 describing the behaviour of wétgr in the
soil has changed over the years. The advantage of using thermod}namic’
terminology in describing the movemeht of water in the\foi] and in plants
was fdeseen by Buckingham (5). Taylor and Ashcroft (65), citina the work
of Buckihgham, pointed out that the simple concept of mechanical potential
will no longer describe what is happening {n the soil-plant sysieh. The
thermodynamic approach for describing the movement o% water in the soil and
in {1ant tissue is becoming increasingly popular in the 1iteratur%.(6,12,
§5). A br1ef account of this new terminology is described below.
2.1.1 water Potential. .

.« . L) .
In this new concept, water in the soil or {n plant tissue is

\
consiqgred to‘possess a potential energy by which it is capdble of doing

© Wwork in-an eduil' rium system located gt'thé Same level relative to water
‘ ’ . ) [] T

«

in the réfjggnce state at the same temperature. The energy possessed by

the soil wdter is called its total potential energy, or simply total wa;ér

potentia] The mathematical relationships describing the various components

of water potentlal under var1ous cond1t10ns can be very complicated but a
s1np1% representatmn thch 1§yert1nent to this expemment is as follows:
' G Tyt vy * b . ) e e e e ()
where.ww’is‘the water potentiq], wp is the'préssgre'poﬁential, ¥m is the~
métric pdteﬂtiél aﬁdsws is the solute thentfal.( '

The loss of pressure potential in the leaves and succulent parts
‘ . ' \ L
~of plants results in wilting.. Solute potential is partially responsible

-4
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5

for movement of water within'}he plant. In non-saline soils, pressure
potential and solute potentia1 are neg1igib1e and thus the numerical
value of the water potential is essentially the soil matrxc potential.
Tensiometers and resistance blocks are used to measure soil matric
potential indirectly. Various units for expréssing water potential can

| . \ :
be found in the titerature but the most popular units are the bar (b),

D

N ‘

millibar (mb) and the centibar (cb). , '

2.1.2 Field Capacity. - =~
The term field apacity, uged to describe tﬁe state of the sofl
after the excess water has been drained by grayit}, has been cr;tiqued in
_ recent years. Taylor and Ashcroft (65) have showrd that the rate of water
removal from satﬁrqted soils does not reach zero in the region of fieJd
capacity but approaches a constant ratt-(‘igure’é.}ﬁ. The regfon of field
capacity represents a range of sbi] moistUre.conténts depending 66,5011
textures, I; clay soils this range is wider as it takes longer for the
waté® to move thro;gh the soil. .The term field capacity is thus very
: qrbitrary.\ Values of pressure potpntial,,reported by Lyon, BUCkman; and
‘ Brady“(do) averaged 0.33 atmospheres, which is approximately 1/3 b.“Taylor_
‘aﬁd Ashcroft (65) have'recommended;thaf the rather ihexact térm of field ‘
capacity should be replaced by a ﬁkre pre}ise equi]iﬁrium termbguchvas
1/3 b percentage. ‘ |
\Thoyghhthe use-of 1/3 b percéntage_ih place of fieIdAcapacity s
has been accepted widely, some investigators continde to explore neﬁ
concepts. Campbellk and Lembke (6) have sugges ted thailfig1d*capacity‘be-
replacéd by the soil water rete;tidn limit, The neW‘suggesﬁgd'term is
'retention limit® and is defined as the desorption soil water at which éhe_ﬂ
leaching rate 1iné intersects the 501} dréinageAréte‘curve, The merits

’ and-demerits of’thisiapbfoach,will'bé‘di5cussed‘latér in this‘chlpter.;
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Figure 2.1a.

Figure 2.1b.

40 | —

30

DRY MASS WATER PERCENTAGE

20 71 L 1 ] _ ;
0 2 4 6! 8 10 2
DAYS AFTER IRRIGATION .
The amount of water in a bare soil decreases rapidly for about
one day after irrigation. .Water continues to move out at a
decreasing rate for many more days. The soil is said to be at

,field capacity when the rate of outflow becomes low. (Re~drawn .

with changes of scale after Taylor and Ashcroft, 1972.)

22 T T T T

20
18
16
14l

12

10
Region, of . S,
8;mmmmn {-—-——-
wilting

6 [ D T -
-0 1 2 3 4 5 6
TIME (arbttrary units)

Average water percentage in the ‘top 30 cm of soil in which
alfaifa is.rooted to a depth of 3 m.. Permanent wilting

" DRY MASS WATER PERCENTAGE

_occurs when the removal rate becomes low.  {Re-drawn with "
" change of;scale.after_Tay]OrVand Ashcroft, 1972.)

»
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¢.1.3 Wilting Point.

The permanent wilting percentage i5 a range of values of soil
water content over wiich the removal rate is slow and, like field capacity,
it is an inexact term. Pérmanent wilting for most crops occurs at 15 b
(21), Hdwever, unlike fie)d capacity, it is not suff;cient to use a
specific equi]ibrium term 1ike '15 b percentage'. The reasons are that
the permanent wllttng point not on]y depegds on the amount of water in the
s0i1 but also on the rate at which the water moves to the p]ant root. Where
water movement throuli.the so1] surrounding a sparse concentratvon of roots
in deep soil. is rapid enough plants might recover overnight even thdbgh
the water percentage in"the soil near the surface is so ]ow that.ltttlc
or no water cah be taken up. On _the- other hand, whgre movement of water
is not rapid enough recovery overn1ght may not be permitted, even though
the water concentrat1on may be above permanent wilting percentage as deter-
mined in the 1aboratory (21). With subsequent growth plants that are deep

.‘root1ng pi ck up 1esser mofsture from the upper zones of the soi] while
uptake of moisture in the Tower depths is lncreased Thus, even though the
_ Moisture percentage of the surface zones may be less than the permanent
wilting percentage the p1ant may draw water from new depths to maintain
,suff1c1ent pressure potent1a1 in the leaf t1ssue Hence, to determine

mhe wilting potnt the nature of the plant ina dynamic system should be-
‘related to the rate of - change in the. system, SR

Canpbell and Lembke (6) have suggested that the permanent wilting
Npoint be replaced by the efficient sofl ‘water extractlon ]imit of the -crop.
The recommended term 1s the extraction Timit' and is defined as the ,‘~_,s*
desorpt1dn soil water potenttal at which plant growth 1s first restrtcted

SR | : '
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by wqter stress. ' ) \
The new concept of tie]d capacity and wilting point has a future

because, apart from fitting'in the new thermodynamic terminology, the

concept opens mew horizons. Campbell and Lembke (6) claim that irrigation -

drainags/system models using the retention limit and the extraction limit

~ can accommodate waste water disposal by providing fbr the most efficient

use of watér and nutrients consistent with optimum plant growth. _Howover,

the extent to whjch this new concept is feasible needs to be substantiated

Y
-

by experimental results.

2.1.4 ~ Available Water.

The avav]ab]e mo(sture is the range of moisture 1evels between
f1e1d capac1ty and the permanent wilting point. Soil water outside‘these
limits” is e1ther lost by excessive drainage or is not easily avaiiabié to
the plant. water that is lost by éxcéssive drainage‘nny leach nutrients
“from the p1ant root zong and thus retard p]ant growth The management of
~ soil water w1th1n the available range is, the prime obJect1ve of 1rrigation’ o

scheduling.

2.0.5°  Minimum Allowsble Moisture. 4 o
| The'relattve ease with’mhéchvplants canutoke‘up‘moisture from the
‘ 5011 is a subJect of controversy The two extreme viewc oré (o)~équal-
ava11ability over the availab1# range as reported by Veihmeyer and
' Hendr1ckson (73) and cited by Shaw (56). and (b) linear decrease of
V.ava11ab111ty with dep]etion of the lvailable range (68) Thus the nnnimum,
allowab}e moisture which 1s opt1ma1 for maximum crop production/is not _
'clearly def1ned 1n many irrigat1on handbooks aqp tge specific recommendations
'~differ Hhile Hannnn and Code (20) recommanded 25 percent mdnidﬁh for a11
;frow crops. grown in Colorado. Taylor and Slater (67) from Utah State e -

..""

» .
-
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suggested a 30 percent minimum for all crops. On the other hand, Jensen

et al, (33) recommended :‘35 percent minimum for all crops grown in

the Columbia Basin. Hobbs et al (24) have shown that for aii\crops other

~ than potatoes, there is a tendency for no yield ben@fits at minimum

",aliowabie moisture levels that are higher than 50 percent of the available

moisture, Again further 1nvestigations (27) u51ng data collected for
eight years confirmed this earlier finding. The.choice of 50 percent

. : Y . ~
minimum allowable maisture by the Irrigation Extension Service of the

. Alberta Department ot~AgriCu1tbre is a step in the vight direction.

. -~ . o . ‘
/ R : » . | #

2.2. C]assification: of Irrigation Sc’heduJi'ng Methods .

&he field of consumptive use of*water. -and, hence 1rrigation

scheduiiag, has been 1nvest1gated by sc1entists and engineers for many years
|

|38

. However. a specific ciassification of the varibus scheduiing methods is not

' yet avaiiabie A comprehensive ciassification of - the various soil, pient

and evapOrative techniques as criteria for scheduling irrigation was; N

of determining EVapotranspiration is weiT established in the litereture '

:4(17.32,55 65) These ciessifications are not aiways usefui to the'irrigation

engineer: The irrigation engineer needs to know whe;ber a perticular method

g ;of scheduiing cleariy indicates ‘the tine and the - amount of each irrigation.

and whether the nethod lends itself to both actuai measurements and direct

computations In a discussion of some.irrigatien scheduling ueihods. Teylor

~and Ashcroft (65) vagueiy suggested some type of classification uhen they

‘invoiving personai 1udgement and other methods that are besed on the actuai

' distinguished between methods thet are. based on rule of thumb meesurenhnts .

¢

attempted by Haise ‘and Hagan (19) The ciassification of . the~yarious methods n

A
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or the potential consumptive use. By classifying the existing scheduiihd?
methods, future investigators will be aware of the class to which their
prospective new schedulingfnethods will belong and hence aim for the more

acceptable class. An attempt is made here to classify the present irrigation

scheduling.methods.

2.2.1 Criterion for Classification. §

“The criterion for the c1a551fication is based on the ability of
the method to indicate both tine and amount of each irrigation For those
methods that 1nd1cate the time and amount of irrigation, as. wel] ds
permitting both neasurenents and calculafions of these va]ues, the term
'exact"is,oroposed (Tableiz.l). The term 'non exact*:is proposed for
methods thattindicate the time of irrigation but 1eave_the deternﬁnation ‘

~ of the irrigation amount to guess work "Non-exact‘ methods would not

necessarily 1nvolve any kind of measurements or calcu]ations An intermed;' B

~N*

: iate class is created for methods that indicate both the time and the amount
of each 1rrigatioh but. the basis’ of calculatjon is ‘éither not glearly

' defined or very approximate The term approximation method is proposed
for this class A more detai]ed discussion of the three ciasses of -

| irrigation scheduling methods fs given beiow

2.2.2 "Exact' Methods, - o o g
| | By 1950 the superiority ot 'e&act‘ methods over other/

»I‘schedu ing: nethods had aiready been noticed CriddIe and Haise ‘
.:(13) observed that the schedu]ing methods that perform best make v'l;° r

- use of a knowiedge of the consumptiva use of the crop. ‘the amount of -

‘ uater’that can be stored in the root zone reservoir. the ndniuum ailouabie
?._soii moisture content and the iength of tima that the 'a@gr nust ‘be in |
= -contact with the soii to repim the amount uscd Presently 1rrigmon

e e ‘ v e

poe

.p‘ L
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TABLE 2.1: CLASSIFICATION OF IRRIGATION SCHEDULING ME THODS .

Class Method‘ " Criterion Investigator

Exact Methods : o
1. Irrigation Schedu11ng © Evaporation from Pruitt (48,49)

y Board - U.S. CTass A pan Jensen et al (33)
. - Chang (9)
.,IrrjgatiOn Gauge *. Evaporation from Steed (60)

L™

' Een atmometer Hobbs & Krogman (26
vaporation from Wilcox & Korven (74

3. Soil Moisture Budgeting
~ the Bellani plate

‘4. The Water Balance . Thornthwaite Thornthwaite et
: ‘ ' - formula . al (68)
- *5. Soil Water Balance - " Penman's Richardson and

J equation . Richid (54)

Approximatfqn Methods

1. The Tyo Ten510méter Soil matric ~ Richards ‘and
' Meth . potential . Marsh (53)
. e o - ' o Taylor and.
s . : ~° Ashcroft (65) .
£2. ‘The Oven Pan Method Evaporation Wolfe and Evans
S . from the - ~ (75) L

'oven' pan

Non Exact Methéds

~ 1 Plant Siress Method ‘ Plant‘&1lting " Farmers of S.
: S " Alberta, as cited -
_ , . by Dubetz and
. : g - “ Krogman (14)
2. Irrigation "With Fixed ~ The rotation - -Farmers in

Rotation Schedu]es . plan. - - Nebraska, as cited
: ‘ . - by Corey (11)
3., Irrigatethen the =~ . - The neighﬁors Farmers of . -
" Neighbor Does * scheduling plan Neb’aska, as cited
I o .+« by Lorey (A1)
- A;iSoiT-Fee} Method‘.y o ’.Feel“of{the sofl U S. Soi! Con- -
| ST © servation Service
o N '<L . (70, 712 '
5, ?tress ?qy Index o S. a 1, N Hiler 22.23) .
- 5.p.1.) . R ' ; R
' ‘l . 6. Plant Movement Leaf Ingle o Hendricksong(21) S
N I : masuremnt o SRS
R T P P S S L S
- R B —amaee— .
S e e e L.
. ¢ *‘; T . : . . o IR | :
: ot e y o
i o - :
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guides based on these concepts have been developed by various agencies in
North\Anerica.p

'‘Exact' methods must make use of more than one measurable soil
plant and/or meteOrolqg1ca1 techn1que as the criteria for scheduling |
.1rrlgat1ons In some scheduling methods, the measurab]e cr1ter1a may be.
»enttre1y soj] based parameters such as soi) moisture content and sofl water
potential, Determination of soil moisture conteht is tedious and time |
consunnng, hence, a combination of soil and clinete based parameters as N
criteria for schedu11ng 1rr1gat1on are by far the most popular. The
subgect of soil, plant and weather var1ab1es as criteria for schedu]ing
“irrigations will be treated ih theblatter part of thisvchapter. Basically,

- the procedure emp loyed in.the examples of the 'exact' methods given in

Table 2.1 are s1m11ar and thus only the method that is tested n this

- exper1nent is d1scu4‘2d L

2,23 The 'lrrigat1on Gauge'. S A g

The 'Irr1gation Gauge was 1ntroduced to southern Alberta in the -

" early 1960 s in- response to observations of poor and 1neff1c1ent use of

. water by irrwgatwon farmers The method enploys a simple. meteorolbgical

' parameter (evaporation) in conJunction uith a sinple water budget system .
| that‘baTances the amount of water lost through evapotranspiration against
.i that stored from rainfall and irrigation with:gfjbe’root zone reservoir

| }'“ Soil-water-plant relations for ‘the main types of crops grown 1nv
"'southern Alberta have been determined by researchers of the Canada y .
I~Department of Agrtcu}ture From these ftndings crop water use»he: beoh f |
} related to concurrently measured evaporation from various evaponttve Ty
: devices. Usinq ratios deternined from these established remtmms. |
ct masured evaporation and the budget procedure. crop water requireunts cen
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be predicted with reasonable accuracy for any desired time interval (26).
The r;tips for converting evaporation to evapotranspiration for various .
crops has been reported by Sonmor (58). !

| Over the years, the 'Trrigation Gauge' has been improved as
-research findings bring more facts to light. In 1970, the'pinimum.aliowable
moisture of bariey. among other crops, was established (27). The
resuits of a comprehensvve test pf this budget proceduue against other
scheduling methods was presented by Dubetz and Krogman (14) The-benefits
derived from the use of the 'Gauge' have been presented by Steed (60) and
Hobbs and Krogman (25). The present officiai version of.the 'Gauge can be
obtained through personai communication with the Irrigation Division of
the Alberta Department of Agriculture. ' L ’ ‘

| " The results obtained from 'exact" methods are reproducible. A
‘ Student t test performed on the yields of potatoes obtained by Hobbs and
Krogman (27) and Dubetz and Krogman (14) did not yield *any significant
_idifference (‘ = 0.40). The methods are completely objective because the
schedultng procedures are soiely based on measured parameters and
mathematical calcuiations The resuits lre reduced to specvfic numerical
_lfigures rather than ranges of figures For example. an’irrigation sbould

~ be apphed on a specific date or it is too iate. and a calculab‘,.amunt T '

of water may be neede achieve,the desired: Tevel of soilp

.24

“ rﬁimation methods were introduced with tha inve\‘img’ |
'"the,;”ﬂ§1§hat¢rtby Richardsfand'Gardner’asfcitedﬁb;flsraelsdn Qﬁkﬂ;‘hiiﬁd<.fiil.
(32) d The successfu'i use of an oven pan an sprink]er i,rrigatﬂsntm
was also reported by uolfe and Evans (75) A.unique feature of '

approximation methods is that they do not requtre any prior knouledge of
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soil parameters: they depend solely on the readings of an instrument to

determine the time of irrigation and the irrigation amount. Usually the

. “irrigator does not know how much water to apply but the irrigation water

is turned on when the instrument reading indicates to do so. Again the
Water is‘turned off when the instrUment reading indicates to end the
~irrigation. Since the instrument reading is the only rule of thumb in’

this type of scheduling procedure the degree of success to which irrigation

. .can be scheduled depends largely on the 1nstrument sen51tiv1ty and the proper
| location, The two tenSiometer method of Richards and Marsh (53)

discussed below'

2.2.5  The Two Tensiometer Method.

| | kichards and Marsh (53) placed_tuo tensiOWeters. one in thevactive
root zone’130 cm) and'the other near the bottom of-the root zonel(60 cm),
:to measure soil matric potentials Water Was applied when the soil matric

| potential at the 30-cm depth approached 0.5 br but dld not penetrate to

lthe 60 cm depth until thefapplication time was nearly doubled twice withim)
_the season (Figure 2. 2) The degree of Success of this scheduling pr cedure
'depends largely on the instrument sensitivity -and the sofl prooeytie;?at o
‘the instrument Tocation. Even when - the problem of sensitivity is | _
.felinnnated by selecting instruments wfth small time constants (35, 46), other | |
. soil propertics such as- the infiltration rate. hydraulic conductivity, slopea y
" of the land and sOil heterogeneity’can affect the time taken for the irri- |
itgation water to reach the tensiometer porous cup Thus therirrigatiOn

~ amount may be either inadequate or- in gzcess of the desired amount wheh the .
3iten;iometer reading 1nd1catas when irrigation should be ended.. Th!
'measurement of the irrigation amount by this method is. therafore. very
L ap ximate. | \ ERRE o _' | _ i |
| In southern Alberta Dubetz and Krogman (l4) adopted 3 different
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approach. They applied an irrigation amount of 10 cm when tensiometer
readings at th& 30 cm depth was between -400 and -500 mb. The irrigation

xperience of

amount was chosen by d rule of thumb involving jodgement and
the investigators. The transfer value of this method can be impray
greatly by the use of soil moisture characteristic curves
p]otted‘ﬁrom tield-data. From-the sof!g&ﬁsture characteristic curve the
irrigation amoont may be ca]culateo for any rooting'depth using an uogsr
and lower preselected soil water potentjaI within which the sotitqoistore
is to be managed. The upper limit is field capacity and the iower\limit
is the allowable soil water potential at which'plant growth will not be -
impaired. The concept of f1e1d capacity has been d1scussed earlier,
bVarlous ranges of values of sotl water potential required for opt1mum
growth in Utah State have been comp11ed by‘Taylor (63). For smal] grains
the irrigation water.is applied when soi] matriCupotential reaches -400 to
. ;SOOrmillibars: thisvrange may be changed to -8 to -12 h;at'the time
of r{oening. These tigures were based oh_fnstruhent readings at the depth
of maximum root acti&ity-for~crops growing on soils that are low 1n'sa1t
content and well fertilized. Caution should be exercised when adopting
these values foh'different areas in vieh of the possfble effects of sotl;
plant and climatic factors that affect the relatiOn between soil water
'suct1on and plant water potentlal SOme studies are needed to determine -
thé magn1t¥de-of these effects and the}hvimportance«in-irrigation scheduiing
’ .f" The new approach of the tensiometer method that 1s discussed above
is an esact' method becauge it 1s capable of determining both time and .”

amount of 1rrigation prior to the time that the 1rrigation water is appiied.

| Also calculations can be made to adjust the 1rrigation amount when the



7 ' - 17

irrigation is late. This new approach is adopted in “this experament (
: {
2.2.5 -, 'Non- Exact Methods

This class of methods include some of the oldest irrigation
scheduling methods that are known in irrigation agriculture. Methods of .
the ;non-exact class involve the application of one or more soil - and
p]ant water criteria for schedu11ng 1rr1gat1ons A un1que feature of the
methods of this ﬁiass is that the parameters ‘that are used as criteria .
for scheduj1ng 1rr1gat1ons are either not measured or even when measurements

are taken, the readings only 1nd1cate when to 1rr1qpte The 1rrﬁ;at1on

amoum is purely guess work supported by the, judgment and expe@ience 0“

4
L

the 1rr1gator

‘The two main paranéters usually used as criteria for scheduinng
irrigations within the "non- exa\gzxclass are plant water 1nd1catbrs and soi]
appearance and feel. This topic will be discussed again in the latter part
of thishchapter In southern A1berta,:0ubetz and Krogman (v4) schedu]ed
1rr1gatlons for potatoes when the foliage turned dark green and w11ted
. Other cr1te51a used 1n schedul1ng 1rrigat1ons 1n the ron exact‘ c1ass are
1rr1gat1ng by the calendar, 1rr1gat1na on fixed rotation schedules and
. 1rr1gat1ng when the nelghbour does (11) |

'Non-exact' me thods have very little transfer value and yie]d

2

of crops 1(rlgated by .the methods often 1ack cons1stency Y1e1ds may vary .

)

from total crop fallure to amounts comparabIe to those obtained from the *

.use of ‘exact"” nethods. The y1elds of potatoes that were 1rriqated by‘

.;stua1~observat1on_of the crop and 611 val&ed from 15,15 to 27,70 %W
t/ha'(i4).' This range is Tikeiy'to'uiden—amongsgrowers-and‘withj

. different growing areas.
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9, 2.3 Spil; Plant and Meteoro1gg1ca] Parameters as Criteria for
?

Sdhedu11ng Irrlgpt1on 1

Irrigation scheduling methods by the three classes discussed

-

. ﬁrh’er involvg the use of some soil, plant and/or meteorological parameters.
Lg- en selecting the criteria for scheduling irrigation, the need to make the
L selections in relation to the existing conditions has been stressed by \

% Haise and Hagan (19). Where water is scarce or expensive, 1rr1qat1ons should

r

f‘be scheduled to maximize cfop production per un1t of applied water; where
“€$ Bd 1and is scarcer thaé water,, 1rr1gat1ons should be scheduled to maximize
crop product1on per unit of planted area. A compreheqa{ve literature review
of the various soil p]qpt and weather variables as criteria for scheduling
irrigations has been comp11ed by Halse and Hagan (19). A repetition of this -
,m;terlal is avo1ded here Howevgr, 1t 1s-pert1nent to discuss those
pgrameters that are enp]oyed ;n thws exper1maﬁt
\
o)

2. 3.1 s 'Plant-Water Indicatgrs. - A :

i

-

‘ For many years, plant water indicators have been used widely as
cn{teria for scheduiiné irrigation. Mederski.(45) has shown that the relative
}ates of water intake and loss by plants determine their interna]'water

’balance which‘represents the intégrated’intgra;§1on of plants with the
environment. Thus‘plant4water stress may be dsed as a criterion in . .
' degérminihg 1rri§ation néeds if the internal water Balapce can be determinéd;
The, géneral approaches to "the use of plni' indicators of -
- crop water needs have been out]ined by Hagan and baborde (18). Thus:
| '(i)' select an indicator of-plaht uater dqucit~uhjchﬁcan~be

e & e
observed before growth' is‘c ed ‘&

7\#

(i1) measure plant growth‘segling to 1rrigatg just prior to

- retardétibnvin growth,
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i) corre]ate plant growth responses with internal water
baﬁance us1ng such information as an advanced criterion
for 1rr1g511on
Plant-water indicators that have been used as criteria for scheduling
irrigations include visual indicators of wéter stress, e.g. wilting and
plant colour change; plant growth indicatcrs, e.g. leaf, stem and trunk
growth; leaf reflectance and temperature; and plant-water measurements
e.g. water content, and p]ant-wéter potential. A summary of various plant .
measurements_ and Fechniques investigated to schedule irrigations for °
various crops has been compiled by Hagan and Laborde (18)£
Onevof the most obvious'signs of plant-water stress is-wi]ting,

a physical manifestation of low pressure pote in the leafy and

succulent parts of piants. A number of stages of wilting have been reported
by Hendrickson and Veihmeyer (21). Gardner ghd Ehlig (15) showed that
wilting act.ually occurs when the pressdre‘ po '&m'»al is between tyo A0 th-ree
bars (-200 to -300 Joules/kg). The;symptoﬁs_df.wi1t1ng include drooping,
5uck]ing,:wrinkling, 11ing up of ieaf}margins and colour change.
Aithough some of these Wsual signs of plant hater indicators have been'
app11ed widely as criteria for schedul1ng 1rrigat1ons. it has frequently
been shown that most plants may be retarded before v1s;b1e wilting occurs
The use of plant water 1nd1cators as criteria for scheduling
1rclgattons 1s a fundamental approach, but the Iack of adequate and
convenlent techniques For plant-water meesyrement handicaps research and
the use of this metnod as a prectical guide to irriqat1on "

2.3;2 B Soil Nater'lndicators

-

. The first scientIfic approach to the irrigation schedulinq
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problem involve the use of some soil water indicators. The three major

L ]
groups. that were applied in this experiment are soil appearance and feel,
soil water content and soil water suction.

2.3.2.1 Soil Appearg

A appearance in drought areas of the

ﬁ ‘ aﬁtwgers td eotamme rooting depth and

!usé yto improve practices where under-or

field by usang:e,.npii'
wetness of the V‘lxﬁ;
over-irrigation practi®esvprevail (70,71). Visual observations of soil and
plant appearance as criteria for scheduling inrigations are widely applied
by irrigators in southern Alberta (1&)f

2.3.2.2 Soil Water Content.

L4
Soil water content has been used as a criterion for scheduling
. \ . N

irrigation.in numerous experimente. - Spil water content mayAbe determined
‘either on a dry mass nasjs or on a volume basis, and thei}%lationship
between the two is given'by: o o . S

8, = emA | i
is the soil water ratio, -

14

where'év is the soil water rat1o, volume bas1s, 6m
mass bas1s and A is the apparent spec1f1c gravity of the soil.

' Soil water content on a dry mass basis ‘may be determined by
| graviﬁétrié sanpling Th1s involves soil sampling and oven drying (at 105 -
e110°C) to 3eterm1ne the ratio of the samplq which is water. The
mathemat1ca1,relat1onsh1p is.ae_fotlows: -

i Morw - NS-: Mo o

' where Ms+w is the mass of wet soil (solids plus water ) and s is the mass
.

of dry soil (mass of solids). The description ‘of various tubes and - augers

e .
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designed to take soil samples can be found in the literature (38,65).
Gravimetric soil sampling has been used by some researchers to study plant
response to irrigatton, bd€~because the method involves tedioUS>procedures
of soil sampling, it has not béen accepted by farmers for rootine use.
Other soil moisture determinations that are‘expressed of a dry ﬁaes basis
ninc1ude the 'Speedy' moisture tester and the oortable elegtrical probe. In
this experiment gravimetric soil samplings were used tojstudy soil moisture
conditions in some selected plots during the growing period. | |

Although the determination of soil moisture percentage on’a
volume basis can be dome directly from core samples, otfier indirect methods
are more popular. These methods include the neutron method, gannarray
attenuation and_the hot wire method. A brief account of the neutron method
which is empioyed tn~this research is discussed below. -

The physics of the neutron approach to the determ1natlon of soil
moisture on a volume basis was presented by Gardner and Karkham (16). The
procedure involves the-scattering of high energy neutrons from a probe
“which is lowered in a steel or aluminum access. tube. and detection of the
thermalfneutron flow from a counter. As the neutrons pass through the sofl .
mass, they are thermalized by the hydrogen portion of the 5011 water Thus
for a constant rate of emission of high energy neutrons and the-geometry.[
of the: area ‘the rate at which thermal neutrons\i>e detected is |
proportlonal to the number of hydrogen nuclei- present in the vicinity
. of the source and detector. - Some ca]ibration curves that rélate the

- count rate of thermal neutrons to the water ratio have been determtned"g'<:f

by many 1nvestlgators (66 72).
The shortcomings of the neutron prohe are radiation hazards. hfgh

-
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coet and maintenance problems. ther problems arefthe difficulty
encountered in installing the access tube in stoney'areas;'also the
access tube can obstruct normal farm practices. These shortcomings
hé}e genérally restriéted the use of the neutronvprobe to a research

tool. However, advantage can be taken of Jight-weight commercial rate

meters and ;epth probes on large fafms, such as those of corporations,
if skilled technicians are available.

The depth of water in the erop rootélone may be
computed using any of the above two ratios of soil-water content. The
mathematfcallre]ationships are given as:

d = BmAD
d=1900

v .
where d is the surface depth of water in the depth of soil D under.

. A

consideration.

2.3.3 . Soil Water Potent1a1

Soil water potent1a1 as a cr1ter1on for scheduling 1rrigation§
héS'an advantage over the use of soil water content. Many.investigators
have‘frequently shown thaf plants have a befter response;te.goilquterr‘
- potential than to soil water content (19, 65) In'fact, use Of'tha\§oil
_water apbroach to schedule 1rr1gat1on assumes no variation between soil S

' _‘water ntent and. ltS potent1a1 in\soils of all textura] groups. This «

- 'assumption 1s very gross Examination of the graph in Figure 2. 3 shows f; R

that the matric potential is lower at 25 percent avaiiab1e water
, depletion for loam,soil than for 50 percent depletion of sandy loam._,f

R The limitation of soil uater content in: sched011ng irrigations can be

_‘overcome by relating-water content to soil water potential LY lfst of o

variOus matric potentials ;t uhicn water should be applied for neny
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common crops has been compiled by laylor (63).

One major prdblem that is assotiated with the use of soil |
water patential as a criterion for scheduling irrigation is the selection
of the location for the monitoring device. An arithmetic integration
of soil water potential measured at various depths in the root zone -to

obtain a 51mple integrated value was proposed by Taylor (64) The

~difficulties invo)ved in this method was p01nted out: by~Haise and Hagan

(19) who recommended the use qf instruments placed at the depth of
‘maximum root activity. The fea51bility of this recommendation can be
| substant;at d by experimental results In southern Alberta Dubetz and
Krogman (14( have shown that the best yields of potatoes are obtained
'by tenSiometer scheduling, based on instrument read’hgs at a depth of
30 cm. An earlier study by Kunkel et al (37) showed that most of the
potatq(roots (70 percent) are found in the t0p 30 cm of. the soil. |
: Generally the instrument is. applied for crops with a shallow noot zone
and resistance blocks are recommended for deep. rooted crops However.
ilt is the range of measurement of water potential that is. limiting and
not the depth . of measurements Tensiometers that are designed to
. _méasure SOll water potentlal at a depth of lZO cm are available. |
| The tensiometer._also known as a mechanical root gives a
| 'direct reading of sofl matric potential up. to one bar.: However‘ more
. satisfactory raadings are obtained at readings below 0 8 b (31) |
‘.Perceptible progress has been made in the technology of tensiometers in
_’!-recent years and new units that perform adequately are available
.«icommercially Ihe~principle by which the tensiometer functions is uell
}:festablished and docunentrd ¥n ‘the ]iterature (31 32,53} and:Hence °

unnecessary dupllcatlon of this subject matter is avoided htr!. ;~;‘:l

A\

R
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. ‘ The tensiometer is practical and useful in ir;igation

_scheduling, particularly where high value crops are grown. Some

;-scheduling procedures employing the use ‘of tensiometers have been cited

earlier (14,53). The estimated use of tensiometers by 1956, were over

38,000 units in the United States of America and abeut 7,000 units in

_other countries (19).

- 2.3.4 Meteorological Approaches.

Evaporation and other weather variables such as solar

‘radiation and vapour pressure have been used to estimate evapotranspir-

ation. This is not surprising because there is avhigh'correlaxion

'between'evapotriﬁspifetiontand these variables (Table-2.2), Most"

'fexact:'methods'make‘use of the fpur-bdint determination suggested by

Haise and'Hagan,(19),'thus:
: (1) short term evapotranspiration eaies~ét yafﬁous stages
_. iof plant eevefOpﬁent, o | |
(f1) 5041 water retention char&cteristics.
(i) 'penn1ss1ble soi1 water deficit in relation to .
P evaporative demand and | N

C(iv) - the effective rooting depth of the ¢rop grown

: Meteorological parameters that are’ used as criteria for scheduifng

_' - irrigations should be able to suppty information about point (1) abqve S |

Various theoretica1 and quirical methods have been

B developed to estimate evapotranspiration These methods are classiffed.g'

A1) mags tramsfer mthnds. :

j;‘ii)~ energy balance mgthoas' L -
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(iii) combination me;hods. and
(1v) empirical methods based on meteorological data.
.The first three methods inyolve a comp11cated theoretical approach to the
gnergy balance between- the heat transfer to and from the plant and its
environment. Many of the variables are extremely d\ff1cu1t to ‘measure -
'vand the results are not accurate when calcu]at1ons are made on the
short-term basas ‘The emp1r1ca1 approach is by far.the least sophisti-
cated and most favoured forlscheduling irrigation. Solar energy and .
evaporation ?rom various surfaces are the main parahetgfs that have
.:baeh used'to estimate evapot;aﬁapjration for the purpose of irrigation
schedU1ihg. Between ihe two paraméters, evaporation f}am'vaéioush
.surfacei appears to be the most highly faaouked even thoughait has been

shown that sblar radiation'has a similar potential (26;34).

TABLE 2 2.2 CORRELATION OF EVAPOTRANSPIRATION BY ALFALFA WITH EVAPORATION
© AND OTHER WEATHER VARIABLES. (after Steed 1967).

N - . . s .

A

Type of evapora;jng syrface f ‘oo ,Corre]atiqn coeffiaient.
- or weather variable . .+ . L ro 7
. CIaSS:A_baDV' 7._ . i’ll o ’Ba?f;vﬂ‘.

, 4-ft buried tank ", R fv‘863**:!";- -
 ellani atnometer . ; 866** L
i Wind- : v; f*f " L;:..anf = - v'134;;
Ai_Vapor pressure deficit.;‘i'tf - a‘f' - n7§]?.a

e Significant at p 0.01
-0

';.;f_'- Significant at b5 ‘
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The devices tor measuring evaporation inelude open pans,
atmometers, water bodies and wetted soils. On citing the findings of
many workers, Tanner (62) confirmed that~over appropriate time periods
eVaporatios'fron such devices has a high correlation to evapotranSpiration
from vegetation‘amply supplied with water. Evaporation data from water
bodies'and soil are mainly used in watershed studies. On the other hand,
evaporation data from open pans and atmometers are more favoured in the
field of‘irrigation Pruitt (50) presented an extensive review of pan
evaporation as a method of estimating evapotranspiratioré The
' disadvantages of ‘the open pan are the cumbersome ‘size, large heat
- capac1ty, poor response to wind velocity, solar energy, Vﬁpour pressure
| deficit and temperature. To reduce the etfect of these weak points, 2
"method.of estimating open-pan evaporation:using radiation and otner?
elimate data'vas,propOSed by Christiansen (10). Other investigators |
pursued the development of-other deviees. o

| ;The deyelopment.of'the atmometer_to neasurg thefamOUnt of -
‘Qater evaporation into the atmosphere waS'first_reported bysHo]kaie et
al (29)_~ Atnometers'are simple; portable and inexpensive, and‘are free -
| ?of the disadvantages of the open pan. By'the'end of the 1950‘

atmometers of various types were in use (7.8) and an extensive testing

. of these devices under various climatic conditions became necessary

a;;In Canada, most investigators became interested in the black Beilani .
| ‘piate which was introduced by Holmes and Robertson (30) Korven and ; '
_'Hi1COx (36) repOrted that the Beliani piate gave the best resuits |
'(equai to the. ciass A pan). and is fow being used.wideiy for experimental ;

t"-“purposes in- the province of British Coiumbia. i

.
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In southern Aiberta most investigators were not satisfied
with the performance of the widely accepted Bellani plate; the main weak
points be1ng the flooding of the disc in strong winds and suscept1b111ty
to frost damage. Another weak point is the inconvenience of having to
fill the water reservoir daily,to prevent fTooding due to changes in
air.pressure in the water reservoir. ;he Gen atmometer which was
invented and manufactured in southern Alberta was designed to eliminate
these weak points. A detailed account of the Gen instrument is
presented by Smith et al (57).f‘In the budget procedure that is s lected
for this comparative test (the"Irrigation Gauge') evapotranspiration
. estimates computed from the Gen instrument ewaporation data is used as

a cr1ter1on for scheduling 1rr1gation.

2.4 The Test Crop - Bar]ey (Hordeum vulgare).

In view of the short time avatlable for this experiment the
| ch01ce of.a cron vith a re: etively short growing,;eason 1s an- advantage..
Barley 13 an. annual short season crop (90 days from plant1na to maturity)
'fand has a seasonal consumptive use of 40 - 60 cm in Southern Alberta '
(28) The mean da1ly evapotransp1ratlon at varlous stages of growth and
| percentage ground cover is presented by Hobbs and Krogman (28 Figure 4
h2 4). The effect1ve root 20ne 4s 120 cm but the crop may lodge on L
.;1rr1gation, espec1a11y dur1ng ‘the heading stage (2).. Barley does very
' well in relatively fertffe sandy 1oam soil and may reach a height of
-90~R0matmmﬂw. | | |
| Usua]]y the’ crop is ready for harvest when on denting the

‘kernel w1th the thumb nail the original shape is restored (41) The

=fy1e1d per hectare in A]berta varies from about 67 o 117 b1 p!r hectare (1)

. ' .
- C N ¢ - . . . R . . .
. N - S S " e
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Mean daily evapotranspiration for wheat, oats, and
barley, showing stages of plant growth and percent
ground cover at various . dates (after Hobbs and

Krogman, 1974). )
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The chemical content and physical properties of the kernels vary with
location. In Alperta, the‘statistical documentation of these parameters

have been complied by Martin et al (43).

2.5 Summarz

I
A thermodynam1c terminology was introducedw to enhance

subsequent dwscu5510n of soil and water re]at1on;h1ps The currently
accepted values of field capacity and wilting point are 1/3 and 15b
respectively. The minimum allowable moisture for oarley is 50
‘percert of the avoiTable'range. Three classe$ of irrigation schedu]ing
-mgthods were discussed and names were proposed for these classes, thus:
(i) Texact' - methods that indicate time and amount of
irrigation,
(iif approx1matlon - methods® that 1nd1cate the time but
accuracy in the est1mat1on of the 1rr1gat1on amount is
/ . questioned.

(ii1) 'non exéct‘ - methods thdt indicate the time but néeds
- experience and judgement to estimate the irrigation amount.
~In southern Alberta .the two. widely known schedu11ng procedures namely
~ the budget ('Irrigation Gauge') and the plant stress methods fa11 under,.
the first and the last classes respect1ve1y' Use of tensiometers in

schedu11ng 1rrigat1ons is new in southern Alberta but experimental

resu]ts indicate a ggod potential A modified version of Dubetz and

- Krogman s tensiometer method which will 1ncla¢se the transfer value has -

been proposed but the tack of sufffcient couparat1ve tests on these

available methods st111 1s needed



| CHAPTER 3
 MATERIALS AND METHODS

3.1 Experiment Location and Time.

The research was carried out during the summer of 1974. The
location was at the Canada Department of Agriculture Irriqétiqn
: Rgsea}ch Substation, Vadihal], Alberta. Vauxhall is a small farmind
community sitedsapproximately at latitude 50° 03' N and longitude 112°
08' W _and at an average eievation ofi780 meters above sea level. The
land consists of medium to coarse-textured soi}s underlain by glacial
till of reiative]y low conductivity and moderate to highﬂsai{nity. The
slowly permeable till close to the surface .could contribute to perched
water tables within the root zone if the soil is subjécted“to heavy
irrigations (4,51). | |
The trial was laid out on a Brown Chernozemi; Toam (Chin
Series) developed on al]uvial-lacustrine material (f4). This type is
»reﬁrgsentative of much of the irriqated'area of southerh Alberta. The
‘aVeragé soi]‘density'varie§‘from 1.5 to 1.6 am/cc and the available
water.holdin§'capacit} to the 120 cm depth is 13 to 18 cm‘(ld);
1.3 Clinate. o "

Vauxhall has an averége annua]_pfecipitation of.31;8 cm.

Apbroxima;ely'so percent (16.9'cm) of the total occurs during the summer

~ months and 25 percenf occurs durfng tbe“critjca] growing months. of May.
| s ahd Jﬁne when'tﬁe crops. are yoUng3and shallow rgotedQ The.hiéhgst :"
Eéfnfa11 amodnt,'avgkaging 6.4 cm océuré in June (Figure 3.1).j These
avgrége values were calculated from 21 yearudétal(19§3 - 1974)‘as‘ -
| _published Ez,the-canéda Atmosphefi; EnvirbnMeni Sefvic?s (47);. |
’ ) e ) ‘ .

s °

&
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The range of the averace mean temperature vanies from 3.3 to
26.7°C (22 years data) during the summer months,.the coolest and the
hottesF months being May and July respectively. The number of sunsnine‘
hours per month varies from 218 to 399 and the lowest and the highest
values are in May and June respectively. The average wind velocity varies
from 10.9 to 11.4 kn/nr with the maximum and minimum occurring in May and
July respectively,

3
L)

3.3 Experimental Procedures.

o
A randomized block design wés planned for the experiment. This
consisted of three plots per block running from north to‘south and six
replications, running from east to west (Fiqure 3.2). Each experimental
unit consfsted of a 9.1 m by 9.7 m pdot bordered with dykes on all four
- sides and two access tubes from which soil mo1sture content was monitored
by a neutron* scattering probe. -

4

The treatments consisted of three irrigation'scheduling‘methods,
namely: . ) ’

(i) | tensiometer**; plots irrigated when soil mafnic
potential as measured with nercuny fil]ed manome ter
ten510meter read *100 to -500 Mb

(ii)  the budget, a1so called the 'Irr1gatlon Gauge , 1.e.
plots 1rrrgated when about half the ava11able soil water

was depleted as ca]culated by so11 nbisture budgeting.

*  Neutron Scattering probe; mode] P19; Nuclear Chicago-Corporition. S
~ Chicago,- Ill., U.S.A. ' - o :

~

/

** Tensiometer: Sqtl Moisture Equipmént.Company;’3005 De La Vina Street,
Santa Barbara, Calif., U.S.A. . L, o

!
“
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Figure 3.2a. Field layout.
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(iii) the.'Farmer method', i.e. plots irrigated when the
p]ants»dispiayed first visual symptoms of moisture
stress. This was used as a check on the,ot;er two
me thods .

The'procedure for the tensioneter treatment was similar to that
described .by Dubetz and Krogman (14) but the amount'of-irriéation was
"'caiculated ﬁpomisoﬂi'moisture characteristic curves derived from plot

data The data for each plot consisted of vaiues pf grav1metric soil
. mOisture content at matric potentiais of 0. 10 0 30 and 15 bars. The.
procedure for these determinations were adopted from the u.s. D A ’
Handbook No. 60 (69) emp]oying the use of the pressure-plate*'(l/lo‘ . ';
and 1/3 b) and pressure membrane** (15°b) soil noisture extractors
The procedure used for the budget method was obtained by
personal communication from the Irrigation D1vi51on of the Alberta
Department of Agriculture. This requ1red measurements of some initiei
s0il parameters nauely s0il- noisture content to the depth of 120 om at
the time of p]anting. and the available moisture The initia1~soil
‘moisture content was determined by oravimetric means (65) " The availabie "
moisture was. determined by the difference between gravimetric moisture ‘
~ content at soil matr1c potentialsCZf 1/3 b and 15 b The procedure |

‘wfor determrning the 1/3 and 15b moisture percentages were as cited earlier,

* Pressure plate extractor. Cat No. 1200 | ‘ .

“.‘** Pressure. uenbrane extractor. Cat No 1000' Soil Moisture Equipment «
R Company. 3005 - De La Vina Street Santa Barbara. California. U S A. S
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lDai]ytevapotranspiratidn, in cm, was calculated by multiplying
.evaporation, in cubic centimeters, from a Gen atmometer by the appropriate
evapotranSpiration:ratio. For barley, the eVapotranspiration ratios for .
the various stages of growth are given as:
| ~up to June 1 0.00381*, i.e. 40 percent shade
June 2 to June 24 = 0.00%84*, i.e. shot blade stage
June 25 to July 30 ho.ob711*, i.e. leading soft dough
July 3] to harvest = 0.00457*, j.e. firm dough ripen1ng
Da11y evapotransp1rat10n and rainfall values were entered in the
appropriate columns. as discussed earlier (Chapter 2 and Appendi x 6)
Ra1nfa11 amounts in excess of that required to raise- the soil moisture'
;content to 1/3 b percentaqe were considered lost to deep percolation and
hence were not entered; a]so ra1nfa11 amounts which were less than 0 3 cm.:
were consrdered a% traces and were deleted

Irrraations were applfed when the dvfference between the net

: ,‘5011 water content at the twne of planting or the 1ast day of irrigation

and any subsequent day was" equa] or approximately equal to 50 percent e?’
"rthe avaflable moisture The crop root.zone was then recharged to the
| 1/3 gopercentage by 1rrigat1ng w1th an amount of water equal to half of
, the available nn1sture Ca]culations were based on a crop root zone of '
‘x 90 om- for the f\rst six weeks after emergence and 120 cm thereafteru v[91”
/ | - The procedure for the check method was obtained by persone?
::communication with sone of the farmers in the Vauxha11 Dtstrict. Thts :
:"fwas s«wlemented wi th the expertence and judgenent of both the auther and:- :
'so% of tbe older workers a't the Research Statlon.‘.’ The mthod requi'ned =
?~ran application of 10,2 cm of water when visual stgns of*wttttng wuwe

‘fdisplayed by the plants between 0900-to looo-hrs. Eer bariey. the leaf
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.
blade turned dark green, slightly wrinh]ed and curled in at the edges.
The fertilizer treatment for all plots was based on regular
farm practice in the area and consisted of 56 kg N andd56 kg P per ha,
- broadcasted uniformly and harrowed in before planting. The seéding rate :
was also gased on reou]ar farm- practice in the area and cons1sted of
dr11]1ng 1.80 h1/ha of seed barley (Galt var1ety) gjv1ng a
population of about 2, 3é5 000 plants peh hectare. The rowfspacinngas
15 cm thus allow1ng for an average of 60 rows per p]ot The.method of
1rrwgat1on in all three. treatments con51sted of f]ood1ng the plots from
..'15.2 cm 1ight weight aluminum gated p1pe, givtng a fairly uniform spread
‘}compagable'to a border dyke;system |
The cr1ter1on for Judg1ng the grains' readiness for harvest and
swath1ng was based on the recommendations of Lyster 041) Two types of
“samples were obtalned at the t1me of harvest, namely ' ‘
.d (a) harvest1no two rows on either side of a plot with a .
L sickle. after a 1. 3—m strip of crop on all four sides had
_been trimned off |

i

(b) _harvestfng the rest of the. plot by means of a motorized

’ cutter bar After swathing, the first sanple was used 1n o

';_f?t 'ithe det&rwdnation of the grain/total weight. by weighing
" both grain and strau together ahd reuefghing after threshing
.:f_The second sample. 1 e., the" larger sauple.'was alsa g:,;
o o threshed anﬂ the yieﬁd of grain per hectare uas dateruﬂned
'_3}4'ff;t;'Auxi1iauy __pgriuental Procpdg;g;\g:;j- L

| .' *ﬁf“ijr the purpoSes of soi] characte zation and enhancing of deta
analysfs. the fol!owing experimental procadurcs were carried outo

. oo
ses X

* . - L . N
R
ﬁ.
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Ana]ysis;og soil particle distribution. The revised
hydrometer method (3) was adopted using a Hami]ton
Beach d1$bersion machine*, cylinders and a streamlined
hydrometer**.

Gravimetric soil sampling. Before each frrigation_on

plots 4, 10 and 16, gravimetric.soil samples were taken

.(liﬁ-)

to study soi1 moisture'conditions throughout the‘growing.‘
season,

Neutron moisture measurement Measurements were.made

' 'every two weeks when the 1nstrument was availab1e on all

',plots throughout the season using a neutron scattering

probe, The procedure {s as described by Holmes, Iaylor

| and Richards (31). 'Tne'acoess tubes were‘made'from 3.8

(iv)

.cm alumlnum tubing driven to a depth of 120 cm, sealed

'at the bottom end and provided with a cover at tho top.

Noter table measurements In view of difficulties

'ﬂinvolved in obtaining the services of a hydraulic drdll

- ait was not possible to install the observation wells

‘" »:untﬂ June 27 A 2 5 cm perfooated PVC pipe was used for

- the weﬂ Hning ﬂeadings wero taken by the aid of an

W

_“air sounder. - e - o
',Study of mot deve\opment. TMs was done mkly on two

extra pr ts set aside for the study.v Irrigation

..*-V

-t

Rosearcb Divfsion. Lethbridge. Mbertl

L3 Bamﬂton Beach'Company, Racine, Hisconsin. Hydmter aod
- ore 'mnufoctured by the Taylor Instrunnt Co.. ﬂodles r.

8 . S oy '.)'_
oA LT "

| Tbe uuit was buﬂt Iocaﬂy by the Canado Dcpartmnt of Agricultun‘ e

c{nnders 5
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schedu11ng on the root development study plots
was by the budget nethod ‘It involved excavat1on
of a square_or rectangular hole in_the soil witg
one wall passing through the crown of a bartey
plant. The.excavation was stoppedAwhen a‘gentle
spfayihg offthe said wall did not eXpose roots at
the bottom}of the hole. Measurement of the
\rdoting.dépth waé then _taken by means of a tébe '

measure. .

3.5 Statistical Analyais. ‘

Anvana]ysis of varianca was uerformed on- the yield and
consumptive use data, and for the multlple compa;;son of means. Duncan 3
.Aprocedure (61) was used (/ﬁ\Student s t-test was. performed on some of
‘the y1eld data of thlS 1nvestigat1on and also those of earlier

1nvestlgators (14 27)



CHAPTER 4
RESULTS AND DISCUSSION

/

4.1  Results of Auxi]iagy Expérinents

The soil mechanical corybOSition, as’ determined by the
Bouyoucus method (3), varied frpm toam to sandy Toam (Tabie 4.1). The
_available 5011 mOisture varied from 9. 7 to 22.1 cm. The readings of the
neutron moisture sampling were used as a check on the data of the
graVimetric sanpiing Both readings have been presented graphica*’D in
. _Figure 4. l In mos t cases, the neutron meter readinqs were slight?}
.higher than the gravimetric p0551b1y caused by differences in site
selection for sampling. Taylor et al (66) have suggested that a 10
‘percent error or more should be expected. | B

The data from the measurement of the. water tabie are. presented
in Table 4.2. The- water tab]e was highest at oWl and lowest at OW3

“with' owz and OW4 having intermediate positions. The high water table at

TLOWY was caused by a leakage from the lateral line (Figure 3. 2a) and was

'__not noticed untii the second week of June. * The - drop in the height of- the
,-water table at OWl was due to deep percolation and tne use of moisture

,mby the crop after the lq\kage was repaired The risinq of water fn 0H4
. ‘was poSSibly -caused by deep percoiation losses from the adjacent corn :

_‘plots that were. subjected to frequent irrigations

'~4 2 ’., Irrigation Amount

o The methods for deterndning the irrigation amdunttfor tne three
scheduling methods have been described eariier The results areas
shown in Table 4. 3. A examp]e calcuiation for the tensiometer nethod

is presented in Appendix ‘. These irrigation amounts, that are computed
O , , - 4] - - . c T



&

<

42

TABLE 4.1§\"ﬂEK§UREMENT* OF SOIL MOISTURE CONTENT (AT FIELD CAPACITY AND

WILTING POINT), AVAILABLE MOISTURE AND SNIL PARTICLE SIZE

ANALYSIS DATA AT VAUXHALL, ALBERTA, 1974,
| "

Plot . 1/3b M.C. 15 M:C. A.M, _ Textural
No. (cm) (cm) (cm) % Sand % Si1t % Clay  Class
1173 7.6 9.7 7 18 M SL
2234 7.9 12.4 67 19 14 SL
30 1.8 - 69 N9 7 19. 9 st
4 32.3 12.5  19.8 47 33 20 L
5 27.7 10.7  17.0 o4 .30 16 L
6 23 135 188 sz 0 a2 sa
7297 12.717.0 48 30 22 . L
8  29.2° 3.0 16.2 g 24 18 SL

9 38T N7 200 5 32 14 SL
0 3.0 b TR 23 18 St

N 264 .2 152 - gy 25 18 st
: _ S . : , . af”

122" 3.1 1.5 216 43 2 25 L

B3940 3 20 g 25 - sCL

Mo %4 W4 54 2 o w26 L
5. 3.6 178 188 g 29 25 L
S 279 2 R A
7 3y N % L

oh F\aure 3 Zb

 ‘ t\bggxéé’on soil’ samp}wnq to the 120

cm depth at fOur Iocations as shovn )
ol - :
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- Figure 4,1, Calculated percentages of available moisture at 120 cm depth.
“ " A - based on gravimetric sampltng; B - based on soil moisture
~ budget (where irrigations were scheduled by thé budget method);
« € - based on soil moisture suttion at the 30 cm depth (where . °
' ~irrigations were schedule@by tensiometers); D - based on

.
_" neutron‘moisture measurgment . . "

y .
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TABLE 4.2: MEASUREMENT OF THE DEPTH OF WATER TABLE AT VAUXHALL, ALBERTA,

_ 1974,
Observation Depth of Water Table (m)
. Wells
Date - OWl  OW2  OW3 OW4
\'\w .
June 29 - \ 1.4 1.9 2.3 1.8
. AN v .
July 8 ‘1.6 2.0 2.1 - 1.8

July 15 1.6 2.0 2.0 . 1.8

—
from soil moisture characteristic curves instead of choosing flgures based
- on Judgement and experience w1th1n the area, varied from 5.5 to 6 4 cm,
These figures compare favourably u1th the figuwes used by Dubetz and
Krogman (t4). However, this*approach is better because it has more
.transfer value. - | \\‘ | |

A

4,3. ~ Crop Root Study. 2; "5\\

The. data from the crop root zone study (Fjgure 4.2) shows

‘!hat barley roots actually go deeper than 120 cm. However; thevdense
concentration of the f1ne secondary root system bd:e]y extended beyond the
"90 ¢m zone. A careful exam1nat1on of soil mo1sture dontent from each
quarter 1ayer of the crop root zone. prof1le showed’very 1itt1e change in
the fourth zone throughout the season. Thus th \high concentration of
‘roots w1th their 1arge total surface area 1n the tpp quarter to three
-quarters of the: profile. possrbly prov1ded the ma;or\eortel through which.
N

most of the. plants mo1sture needs were sat1sfied

-'4.4 o - 5011 Mowsture, Irr1gati0n "£vagotranspiration.

_ The . three methods of scheduﬁtng 1rrigations 1nf1uenced the dete -
of the first irrigat1on the 1rrigat10n interval and the tota\ amount of
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TABLE 4.3: IRRIGATION AMOUNTS FOR THE THREE IRRIGATION SCHEDULING METHODS
TESTED IN VAUXHALL, ALBERTA, 1974,

Plot No. ; : ‘wa Irrigation Amount (cm) at |

120 ¢m RUt Zone 90 cm Root Zone

Check

. 0.2
5 - - 10.2
g | 10.2
13 - 0.2

15 o \/ | 0.2

18 0.2
2 | 6.2 _ 5.1
3. | 6.2 L5 4
6 | - 94 16
7 I 8.5 7 6.8

R B 88 ' 1.6
17 | | w02 7.6

'TensibMéter ' ' | | . | |

‘s L 1" - o e S | ...;‘ " “IIE

% | . o 5.5
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water applied (Table 4.4). The budget method plots were the first to
receive the irrigation water. By comparison, the.tensiometer and the
theck method plots received the first irrigations four and 18 days
Fterwards respectively. The tensiometer method plots had the highest
number of applications scheduled with the shortest irrigation intervals
~while the ppposite was true for the cHeck plots. The budget plots were
tn’an intermediate positibn. No significant (P = 0.05) difference

existed among the mean storage losses of the plots. Hence there is no
real advantage in cho®sing one scheduling method over the other with a

view of minimizing storage losses.
On June 25, the soil moisture content (aravimetric) to the

fZO-cm depth on the tensiometer plot was depleted to a seasona1.minimum
of 61 percent of the avai]able moistyre range (Figure 4.1). This'w§s

. s1iqht1y 10Qer thah the seasonal average minimum pf 74 percent. The
June 25 and the seasonal average minima, as determined from the tensiometer
readings at the 30-cm depth, were 66 and 70 respectively. At the time that
the tensiometerrregistered the 66 percent'ayailab]e moisture, gravimetric' |

sampling et the bottom half of the roet-ZOne}shOwed a 90 percent aveilable
~moisture. The pecond irrigation, which was,scheduled on July 3, was
early and gravimetric Sampling to the 120-cm»zone'indicated that the soil
mowsture content was over the 100 percent ava1lab}e moisture level
The 5011 matric potential dropped ylth time as the crop’used
up m01sture and developed (F1gure 4 3, a,b c) A drop in matric . Qk
'potential was permitted until the tensiometer reading was. about 500 mb
and then the potenttqq was'restored,by epplication of the 1rrigatiop
“water. The rtSe in matric potential ebove 5300 mb Seemingly fuggeets:
deep percolation losses, However,icopeidering-the who'le root zope and ..

. . : . . o *
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TABLE 4.4: [IRRIGATION DATA FOR THREE METHODS OF IRRIGATION SCHEDULING

CONDUCTED AT VAUXHALL, ALBERTA, 1974.

Initial

25.4

Plot No. No.
& Mean of soil
treat- First interval Irri- mois- Irrigation Storage
- - ments irrigation (days) gations ture amount losses Cu*
(cm) (cm) (cm) (cm)
Check
4 July 5 J' 2 3.8 20.3  19.6  .29.5
5 - Julys 17 1 34.0 10.2 1.8 39.6
8 © dulys 8 2 3.0 20.3 18.0°  39.4
13 ly 4 . 12 2 31.0 20.3 24.6 351
15 July 4 12 2 32.5 20.3 . 22.6 . 37.6
18 Julys - 1 32.0 10.2 236  26.4
Mean 1.7 32.0 17.0 21.6  34.5
Budget | |
2 - June 14 10.3 4 30.7 & 241 2. 40.9
3 Jihe 14 10,6 4 29.0 24,1 19.8 404
6 Jure 14 - “11.5 3 29.0 21,6~  19.3  38.4
7 CJune 14 143 33.5 22.1° 2.1 .42.7
10 June 13 - 13.5 * 3 .4 216 13.5 424
17 June 14 16 ‘3 33.8 22,9 ~.25.4  38.4 .
Mean June 14 " 3.3 30.5 2.9 19.8 40.6
Tensiometer . o A
1 “June 18 - - 27.2 - 10,2 . 19.8  25.9
9 June 17 . 7.6 6 32.5 20.5 19.1 394
N June 17 8.5 5 2.7 254 - 208 39.4
12 ¢ aume7 1030 T4 s 254 2.9 432
W Jgune 17 10.3 4 3.5 . "20.3 19.6  40.4
16 - . June V7 8.5 5 32,0 - 25.4 . 25.9 - 38.6
Mean . 48 N8 2.8’

40.1

. * CU —;conSumpiivé use.
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the fact that tensiometer porous cuyps were 30 cm beiow ground surfaoe,
this apparent absurdity can be-explained. The calcu]attgb-of,t;e.irrigation' :
amount was oased on a 126 cm root zone.'hence there must be sooé deep
peroo1ation from the top quarter of the rootkzone to the second,-third
‘and fourth zones to etfect tomple e recharging. Examination of graph A
of the tensiometer (Figure 4;1)1ﬁethoe indioat:s.that the.soi1rmoisture

content of the entire root zone seldom exceeds 100 percent of the
~available range. Thus deep percolation losses, if any, were minimal.

The matric potential graph for‘plot~l Qas particularly

»different from the others (Figure-4.3e). vTHis‘atypical-result wae .
: caused by the 1eekaoe trom'the eobterraneah lateral line*f The sub-
1rr1gation from this leakage maintained the soil matr!c potehtiai above
. -500 mb durino most of ‘the growing season. |

| A unique prOperty of tensiometer schedu1ing is illustrated by
the above unfortunate problem The sub-irrigat1on from the leakage was '
sensed by the tensiometer. and hence fewer irrigations were schedu]ed

o This unique property can be a disadvantage on 1arge farms A set of .
" tensxometers that are located around a local leakege will schedule fewer

_;‘_1rrigations than normal for the entire fie1d and hence Cause reduced o
Cyleles. - - e R
RETRa Considering the extent of the dynamic Qoot zone in the ” t;i”-
*‘scheduling procedure for the budget method reduced over~esttmetion of the

- soil moisture hy at’ least 2 - The tineliness of the chenqo (fron~90

‘} icm to 120 cm.lfter the firs‘ six ueeks) 1u the cn]eulations 1: eupported hy
W the shape lof the graph (Fig‘ re 4 z) m Mghest nte of root /)
| ,-"‘_‘de've'lopment that extended 0 nd. the second. half of the root zone ’f =
4ﬂi:coinc16ed with the chenge !n reot zone depth. Qy Jun! 13 and July 12 B .:?Q;
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soil moisture to the 120.cm depth on the budget method plots was depleted
" to 49 percent accord1ng to the budget procedure (Figure 4.1). The values
of 52 and 48 percent that were detenmned gravzmetmcaﬂy’ on these’
respect1ve dates agree closely with the budget calcutations. 1In
'comparisonawith the tensiometer metﬂbd calculations, soil moisture to the
30 cm depth on,the days that the soil moisture content was m1n1ma1 was
.15 percent and zero percent respecttvely The crop did not develop sr;ns:
~of wilting at this twme because the soil moisture content in the second :
‘half of the root zone on these respective dates was 82 and 7='percent

This conf1rms the suppos1t1ons -of Dubetz and KrOgman (14) ‘It appears,
, therefore, that to maintain the soil moisture-cbntent in the top half of.
the root zone'above a minimum a}louable of 50 percentt then,the averade
minimum allowable of the-entirefroot Zone must be above 50 percent'

. From June 28 to July 5 “the soil moisture content on‘the’check

'plots was depleted from about 50 percent to 42 percent available moisture
Stress to the crop was more severe than was apparent because at this time.‘f

‘the so1l moisture content in the top half of tQS root zone was depleted

~ fron n']ne pE‘Fcem to zero percent. . This per"lod cotncided with the

,>~booting stage of the crop.,

5 5 » Crop Yietgrand Qualiéy. | ;
| - There was no signfficant'difference (P = 0 05) between yields ;f, _4!5
) that were obtained from the two different sets of sauples taken during _; @
;‘jthe harvest The neans of crop yieids from the b get and the '
53}teneiometer vlots were sign1ficent1y htgber (p = 0. 05’ than those ;‘i‘V”ff .;y.tf
f_of the check plots by ¥ 67 t and 2 54 t per'hectare respectfve]y.
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(Table 4.5). Also, there was no correlation between the total.
irrigation amounts and the corresponding crop yields. Hence
the difference in y1e1d have been brought about mainly by the

’t1m1ng of each app11catlon

The relat1vely Tower y1e1ds that were . obta1ned from the check
.plots was caused by the 5011 moisture cond1tions, discussed under

sectlon 4 2. The s1gn1f1cantly Jower (P = O 05) ratios between the grain
‘y1e1d and tota? y1e1d above ground surface that were obta1ned from these
same plots po1nt to the fact that with improper 1rrigat10n timinq, grain
y1e1d is inpa1red more. than straw yield and vice versa. The relatively .
low yield fro; P]ot 17 has been caused by h1gh soi] novsture stresses

The so1l ‘of the Vauxha]l substation 1s qu1te heterooeneous Sauples that
- were obta1ned for character1zatsoq wlthin a 0. 13 ha area indicated 2

.sandy clay for plot 6 and Jloam for plot 17 uhile over 50 percent of the
| entire sanple lot was sandy 1oam (Table 4, 1) Plots 11 (SL). 16 (SL)

. and 18 (SL) which were adjacent to the north west and east respectively ;

.'.of Plot 17 had avaflable morsture vhlues of. 15 2 15 7 and 15.5 cm ":A\
; erespactive}y ﬂy comparison the ava11agye moisture value of 20 4 cm

‘obtained from Plot 17 was qutte high Overesﬂmatfon of ava\hble o :,'

rmoisture lmered the effective minimum aﬂowable moisture as cowpared to

the budget calcuIation and hence the undestrable plmt stress and the e

."14;‘ B

+ l‘.
| f

| attendant poor ymd - f. _‘ ;_- .

The lack of significant differences 1n the mans of tho gnin s

chemical analySes (Tab!e 4 5) Justi ﬂos the chofce of orain bushe1 wefght

3
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~as the main criterion for determining the marketahility oﬂ feedlbariey
(personal communicationxwith.graih elevator agents). Though slight
_ . A
N differences»éxisted among the means of the grains protein content, the
differences were not significantly hioh enough to justify the choice of y
any one particuiar batch of grain over the others with a view of saving
on protein suppiementS‘durinq feed compounding. - The means of the‘qrain
‘grade groups from the plots that were irrigated by the budoet method and
the tensiometer scheduling were No. 1 and their hectolitre weight means were .
significantly higher (P = O{QS) than those from the check plots; the!
mean grade group of the latter beino,No. 2. y o
Although the hectoiitre.weights obtained-from this'experiment .
were within the range that is officia]iy recoqnized for the vauxhl11 area (43), .
their means were slightly lower than the officiai value. Possibly this
difference is due to the barley .variety used in the experiment. The’ mean
: _chenncai va]ues of the grain compare fauourabiy‘with the officia] values.
The mean yieid of ‘grain from p]ots;that'were.irrigated by the.budget;method
were comparabie'to)what was. obserued by Hobbs and‘Krooman (27). A simiiar
'pattern of yieids of these three scheduiing treatments on potatoes was '
observed by Dubetz and Kroqman (14) but ‘the treatments did not affect the ;
- specific gravity of tubers A reason for the superiority of. the tensiometer

g over the other two methods has been discussed earlier (Chapter 2)

’4 6 Efficiency Measures - Hater Use Efficiency, Returns‘per |

1-'. Hectare* and Returns per Appiicatioﬂ* .

The treatments did not affecf the water use efficiency and- the
: returns per application (Table 4, 5) However, the total doiiar returns

, per application fr0m the tensiometer and the budget plots exceeded that of _“
- * Appendix 5 O ’ AR
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A ) |
thé chectjplots by $532.88 and $356.98 per hectar‘::éeggﬁtfvely. These

values differed at the five percent level of sianificance (P = 0.05).

The relative levels of water application and the total dollar

1.‘
'

1
¥

| returns per app1ication follows the total product curve- (39,42, Fiqure
‘4;4a). .The relative variation of the mean values of the number of

app1ications and the returns per application seem to follow the law of
\ . :

f; diminishing returns (Figure 4;4b).“ However, the.lack of significant

;differences among the_mean va]ues of the returns per application does

;hot'permit-the proof of this law using the data from this experiment.

The decreases in marginal returns (the dollar returns, $/ha cm) with -

'Nncreas1ng varaab!e input (number of irrigations) 1nd1cate that at least

the plots that were irrigated by the budqet and the tens1ometer methods

were ut11121ng the 1rrlgation appl1catwons within stage II of the tota]

«product curve. Here the total product is represented by the tota] |

(fA do]lar returns per hectare.. The staoe of business operation on the check -

ﬂplots is uncertain but the two p0551b1e posit1ons are either in stage | |

4or the lower part of stage 1I. |

;,j : '. Frequently, the econom1sts have shown that the region of ‘the

-~

total product curve for the best business operation is in stage

-

ab1e input from the (; &

.

Stage iI i's defined to 1nc1ude the range of th

point at which the average product of the __rdable input (the nunber

-L"b——..t
S ATy

- of applicatlons) is maximum to. the point at which- the margtnal product )

(returns per application $/ha) is zero. Thus the plots that used the

S «u.a;’.a!

budget and the tenstometer methods were*more profitable with 1rrigation
J than the plots that used the check method

14
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4.7 ' Judgement of Schedulina Methods.

The relatively low yield and hectolitre weight that were obtained
from fhe check piots were caused by improper timing and poor judg;hent
of the irrigation amount. Though this method produced the hiqhestiﬁa
returns per application (not significant at P = 0. 05) ,economic analysis
indicated that the operation of the plots as simulated farm business
units at this level of water application were not'eeonomica1 fron the
application of irrigation. The grain quality (No. 2 feed bar]eyi and
water use efficiency were pnor'and the total dollar returns were quite
lTow ($565.88/ha). This method is the least desirable in order of merits.

There was$no significant difference (P = 0.05) between the
yields from the quset and the ténsiometer plots. quever, the mean'
yield differences thaf were signf?icant at the one percent level.of
signifieance (P = 0.01) calls for a re- exam1nat1on of the data and
compar1sons w1th the data of. other 1nvestlgators The’ resu]ts of
_ erper1ments by Dubetz and Krogman (14) had shown that the tensiometer ;
scheduling method was superlor to the budget method for irriaating
potatoes.: The mean y1eld differences were sign1f1can§ at the f1ve ‘
p9rcent level of s1gn1f1cance (P = 0 05). They also reported that in
.u51ng theﬁtens1oneter scheduling- the minimum a]lowable m01sture was

never be]ow about 60 percent of the available range. Calcu]ations from

~ the present 1nvest1qatlons a]so 1nd1cated that the minimum a]]a&able

: nn1sture 1n the tensiometer plots had, an average value of 72 percent
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. Y

Wobbs et al (24) héd_ghbwn that there waé a strong teﬁhency for no yield
benefits\to,be derived from the maintenance of soi) moisture at levels
hidher thgn 50 percent of the available moisture. Hoyever, they explained
that the arowth of potatoes was better at 75 percent minimum allowable
moisture., This agrees with the‘findings of other investiqators (44,52).
Further investigations by the same team (27), using data collected over
eight years, indicated no sianificant difference (P = 0.05) between yields
of barley irrigated at 50 percent and 75 percent minimum allowable mo1sture

A Student-t test performed on the y1e1ds obtained from the
A app11cat1on of the budget method with 75 percent minimum a]]owable
mo1sture and by tens1ometer scheduling (Table 4.6) did ndt yield any
s1qn1f1cant difference for both potatoes'(P = 0 4) and barley (P = 0.1).
AThese findings strongly suggest that the 1ncweméht in crop yield that
were obta1ned by tens1ometer schedu?aaa had been brought about by the
fse of a high minimum allowable moisture and not necessarily due to better
sensihg of the irrigation needs by tensiometers, This is different from the
explénatibn given by Dubetz and Kreqman (14). The budget method is capable
of performing as we11 as the teﬁh1oneter method if the minimum allowable
moisture is fixed at the same level at which the tensiometer oper;tes
Possibly the yields from the tensiometer plots would be identical to
those of'the‘budget’p1et§ it}bqth me thods were.operatéd witﬁ the saﬁe |
miﬁimum,allowable nnisture levels. This fact can be substantiated bw
~ further research at various 1evels of mlnimum al1owab1e moisture
D)ff1culties in measurlng soil matric potentia] at the Tow .moisture levels

- are foreseqn However, in such situationSv*resistance méthods may be

used" o o
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TABLE 4.6: CéMPARISON OF YIELDS USING BUDGET AND TENSIOMETER SCHEDULING.

.

»

Yield of Potato (t/ha)

75% M.AM. ' ' "Tensiometer' (Equivalent to
over 60 percent M.A.M.)
35.34 o a37.28
44 .95 ‘ 39.09
52,16 - 40. 44
X,44.15 . Y238&94

X's not different at P = 0.4 significanc‘

- Yield of Barley (t/ha)

75% M.A.M.** ' Tensic;meterD (EduivaTent to
72 percent average of
available range)

4.95 | - RPN
5.6 - , - 5.79
438 | | 5.

3.97 A | 3
4.57 . . | 5.48

Se 5.19

7433 | |

Y, 485 - o X, =549

". - . P )
X's not different at P = 0.1 signfficance

L BN

*  Hobbs. and Krogman 1965

+  Dubetz and Krogman 1973
+ ** Hobbs and Kroaman 1970 _ .
@ Present investigation - A
.,.



CHARTER 5
SUMMARY AND CONCLUSIONS
A comparative study of three methods of schedu11ng irrigations
for barley was conducted at the Canada Department of\Agr1cu1ture
Irrigat1on Research Substation Vauxhall, Alberta. The exper1ment was
conducted during the summer of 1974, and the treatments were:
(a) irrigate when plants d1sp1ayed the first visual stress
symptoms (check method),
(b) soil moisture budgeting or 'Irtjgation Gauge' (budget‘
method), ‘
“(c) irrigate when soil tensiometor readinas were -400 to -500
mb (tensiometer method). |

The following 1nferences and conc1u51ons were drawn.

™~

o

Foay
R

R P The treatments did not affect the mo1sture storaqe Tosses and
water use eff1c1enc1es (no,s1gn1f1cant d1fferences at P =

‘ 0.05). The mean values of the storage losses were 21.6, 19.8 and
21.8 cm for'the check, budgetanqttensjometer methods fespéctively.'
The respective values of water use efficiepciés-uereIthl, 20.2

and 24.0 t/ha-cm x 100.

.

2

‘2. The mean -‘consumptive use values of the budget (40 6 cm) and
 the tens1ometer (40 1 cm) methods were signiffcantly hiqher ?
(P =0.05) than those of the check mlethod by 6.1 and 5.6 cm o
resbectivoly;' Thevnnan’consunptivotusé valuélof the Check |
i me thod (34 5 cm) was lower than the potent1a1 value. Thfs -

N value (34 5 cm) was . lower than the evapotranspiration esttnatas:

t-AGZ- . .
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~as calcylated from the Gen atmometer (42.9 cm, Appendix 6) and the
10-year average of 40.1 cm reported by Sonmor (58).
By using the tensiometer method, the minimum allowable moisture
was equivalent to about 72 percent of the available moisture
range. |
The use of soil moisture characteristic curves to determine the
irrigation -amount of the tensiometer method was satisfactory
AlsG the t1me11ness in the change of the extent of root zone
(from 90 to 120 cm) in the budget method was sat1sfactory
The mean total irrigation amount app11ed by the budget (22 7
cm) and the tens1ometer (25.4 cm) methods were s1gn1ficant1y
higher (P = 0.05) than that of the check method by 5.7 cm and
8.4-cm.respective1y Also, there was no correlat1on between
the irrigation amount and the-yield~of grain.
The mean nunber of applications of‘the budget (3. 3) and the
tensiometer .(4.8) methods were stgn1ficant1y higher (P =.0.05)
than that of the check nethod by 1.6 and 3 5 Efspectively
‘The mean grain y1e1d per hectare of the- budget (4.62 t/ha) and
' lthe tensiometer (5.49 t/ha) methods were 51gnificantly higher
,( = 0. 05) than that of the check method by 1.27 and .
2.54 t/ha respective1y A]so. the mean ratios of grain to totaI
yield above- ground of the budget (59 percent) and the
tensiometer (60 percent) methods were signffieantIy higher
‘s;(P £ 0 05) than those of the check method by 13 and 14
percent respectively This 1nd1cates that ‘the check method
| .produced more straw yield in relation to grain y1eld “The
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budget and the tensiometer methods have been shown to perform
equally well when theyhare operated at‘the same level of
minimum allowable moisture.
The budget and the tensiometer methods-produced better quality |
grdin (hectolitre weight means were 59.2 and' 58. 1 kg
respectively - No. 1 feed bafley)_than the check metRod (mean
hectolitre weight was 46.5.kg - No. 2 feed barley). However, the ¢
treatments did not affect the ca1c1um phosphorus and prote1n
content of the gralns .
" The treatments did not-affect the mean va1ues ot the retorns
per app]lcatIOHS, the mean values were $346.17, $276 57 .and
$234. 07 per hectare for the check budget and the tensiometer
:methods respectively. However, the total fetorns per hectare .
of the budget ($922t86) and the tensiometer (33098.76) methodsv
wer% signiffcantly'higher (P =40. 05) than that of the check
" method by S356 98 and $532. B8 respectively
M1cro-econom1c analysis of the returns from water app]ication
'tind1cate that the budget and the tensiometer methqps were more
prof1tab]e from the application of 1rr10ation than the check -
method. o
The folTowinq recommendations are proposed for further work
A conparative test of the tensfometer and the budget me thods may
o be conducted to compare thefr performance at various equiva]ent
~ levels of minimum hvaileble moisture. | | ,- ’ |
.The test to prove the }ow of dfunnishino returns by compi!ing data
of number of uater applications and the. total dollar returns per

.A B ' +

3:hectare
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APPENDIX 3:. MEASUREL SOIL NAT‘N
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APPENDIX 4: CALSULATION OF THE IRRIGATION. AMOUNT FROM THE SOIL MOISTURE
CHARACTERISTIC CURVE OF PLOT 11. ’

o . ']

Percentace soil moisture at -300 mb = 14,5%

Percentage soil moisture at -500 mb = 11.5%

Irrigation amount, d = ?%%.

where P is the percéntage soil moisture difference at
-300 mb and -500 mb; A is the apparent speci?ic gravity

(= 1.5) and D is the depth of crop root zone (= 120 cm)

g-40 1i5 120) _ 5.5 em. .~

b
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APRENDIX 5: CALCULATIO& OF THE RETURNS PER HECTARE AND RETURNS PER
APPLICATION,
b
The price of the various grades of feed barley as given by
some of ihe grain elevatbr companies in the Edmonton area (during January

1975) are:

Hectolitre Weight* Grade Price/Tonne*
(k) o - (§/¢) |
56.3 and above v 200.39
‘Below 56.3 to 53.8 2 192.86
Below 53.8 3 184,82 ‘

'(tons/ha)(grade'price/ton)

Returns per hectafe

H . (5.38 t/ha)(200.89 $/t) -

6

$1080.79/ha.

o ... Returns per hectare
‘Returnsvpeh/app11cat1on * No. of appTications. 7

 ($1080/ha)

$270.20/ha.

. . - L N v . - . .l
‘ 1Y

“

>y ) :’ .
’ ’, . ;-'gigf
, -
. r) N : . :‘ 3 R ‘: -
©* Origimal figures converted tometrlcg . .
S
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APPENDIX 6: EVAPORATION AND PRECIPITATION DATA AT YAUXHALL, ALBERTA,

1974,
Evaporation () Precipitation . Calculated
Date From Gen ‘- Record (cm) Evapotranspiratton(ET,cm)
Atmometer (ctm) Daily Cumulative Daily Cumulative Net
. EK KE(Ei) Deficit
May 1 20 ' .08* ' 0:08 0.08 0.08
> 32 0.08% 3 0.13  0.21 0.13
3 58 S - 0.23 0.44 0.44 .
4 56 0.20  0.64 0.64
5 97 , - 0.38 1.02 1.02
6 19 | 0.38 , 0.08. -1.10 0.72
7 98 0.38. 1.48 1.10
8 50 0.56 0. 0.20° 1.68 0.74
9 54 038 129 0.20  1.88 0.66
10 . - 38 0,18* - 0.15 2.03 0.81
1 30 . o 0.13 2.16 0.94
12° 42 Tr. ‘ 0.1  2.31 1.09
13 0 - <9.38  1.60 0.00  2.31 0.7
14 32 T - 0.13  2.44 0.84
15 % 1.02 2.6 0.13 -~ 2.57 0.05
16 20 e 0 10% S 0.08 2,65 0.03
7 29 192 3.7 0.0 2,75 0.99. -
18 ) - 0.36 4.10 0,03 278 1.32
19 21 | - 1 0.08 2,86 1.24
20 26 Tr. 0.10 - 2.96-1.14
21 35 | © 0.3 ¢ 3.09 1.01
22 - 54 - 0.200 3.29 0.8
23 - .78 ; 0.30- 3.5 0.51
24 80 L 0.30 . 3.89 -0.21
s 104 - 0.4 - (3.3 0.20
2 126 - .0.48 - 4.78 0.868 i
.27 STV SR 1. Tr. - 0.15 4,93 0‘3 ‘.‘ 
- 2B - L I 0015 5,08 0.98
9 20 . .18+ S 0,08 5,16 1,06 I
3 30 008 ... Q13 52 1 o
3 80 - - o 0.2 5.4 Y ga
~* Considered as tracé - . .
- Tr. Trace. .. D . '
o » ’ . f a
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APPENDIX 6

Continued
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. Evaporation‘(E)

~ Date

June -

From Gen
Atmometer (cm) Daily Cumulative D

Precipitation
Record (cm)

. Calculated
Evapotranspiration(
aily Cumulative Net

o EK

KE(Ei) Deficit

ET,cm)
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0.05%
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0.76¢
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0.05
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0.41 '
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15.26 11,16
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APPENDIX.6: Continued
) |
. ’ >
. . —— .
Evaporation (E) Precipitation Calgulated. 4
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