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ABSTRACT

Quadratic and logarithmic equations were used to
predict yieJ-ds of wheat, barley and oats. combinations of
three variabl-es were tested in the equations: r) soil
nitrate nitrogen content and ferti-lizer nitrogen applied,
2) soil nitrate nitrogen content, fertili-zer nitrogen
applied, and water deficít on August 13th, and. 3) soil
nitrate nitrogen content, fertilizer nitrogen applied, and

water deficit on Jury 16th" The equations were derived
from experimental small plot data. crop yield data was

collected from the records of the Manitoba provincial
soil Testing Laboratory for the period 1967 to rg7o. Farm

yields \,'¿ere compared to yields predicted by the six
equations. crop yield data from farms was analysed in three
ways: 1) by grouping all data , 1967 to rg7o, 2) by years,
1967, l-968, L969 and 1970, and 3) by ag,ronomic soil groups.

Large variations in wheat yields occurred. from year
to year. rn general, yields predicted by equations which
incruded a water deficit factor accounted for these

variations. The predictability of the eguations \^/as best
when water deficit was cal_culated for Auqust I3th.
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Large variations in wheat yields v¿ere arso found
between the agronomic soir groups. Farm wheat yields were
most closely rel-ated to yields predicted from eguations
which included water deficit on fine textured lacustrine
soils, medium textured tilr soils with a high water
deficit, well drained coarse textured soil_s , and imperfectly
drained coarse textured soils with a high water deficit.
conversely, farm wheat yields were most closely related to
yields predicted from equations which included only soil
nitrate nitrogen and fertilizer nitrogen on med.ium textured
till soils with a low to medium water deficit and imperfectly
drained coarse textured soils with a medium water deficit.
Wheat yields from moderately fine textured lacustrine soils
were equally well related to yierds predicted by all
equations " wheat yields from medium to medium coarse
textured lacustrine soi-Is and from complex soÍls were not
closely related to yields predicted from any of the
equations 

"

The water deficit factor in the barley equations
resulted in highest yields being predicted when the water
deficit l-evel was highest. This was contrary to what
normally was expected.

Except for barley yields on medium textured tirl
soils with a 1ow water deficit and oat yietds on

moderatery fine textured l-acustrine soirs, farm yields of
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barley and oats \^/ere not closely related to yields

predicted from equations which included soil nitrate

nitrogen and fertilizer nitrogen variables only. Farm

yields of barley and oats were, on the average, 10 to 12

bu./ac" and 15 to 17 bu./ac" l-ower, respectively, than the

average predicted yields.
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TNTRODUCTTON

Response of wheat, barley, and oats to nitrogen
fertil-izer has been well establ-ished in previous fertility
studies. Highry significant correlations have been shown

between barley yields from smal1 plots and those predicted
from the level of soil nitrate nitrogen (NO 3_N) and

fertilizer nitrogen present at seeding time (soper et dL. ,

1971) " This was the basis on which the Mani_toba provincial
Soil Testi_ng Laboratory (¡¿"p"S"T.L" ) initiated the Target
Yield program for making fertilizer reconmendations. These

reconìmendations were based on the assumption that crop
yields throughout rrfanitoba were simirar when nitrogen
supply was constant and climate and manag,ement v¡ere

favourable.

Yield prediction equations v/ere developed from small
plot data- Farmers, however, often d.o not attain yields
equivalent to predicted yields. tr{hen the Target yield fer-
tilizer recorrìmendation progiram was introduced, the M. p. S. T. L.
had sufficient farm yieJ-d records to permit a comparison of
farm yields and predicted yields " yierd prediction equations
used, to date, did not include a measurement of crimate.
since water defícit values had been carcurated for weather



stations throughout Manitoba, a water deficit factor was

introduced into yield prediction equations to determine

if the relationship betv¡een predicted and actual farm

yields could be improved.

This study was initiated to determine if farm

yields of wheat, oats, and barley could be predicted

accurately from soil- No.-N, fertilizer N, and water deficit.



LTTERATURE REVTEW

A" Nitroqen

-g+
Nitrogen is an essentiar- erement for plant growth.

A 35 bu'/ac. crop of wheat requires r.9 pounds of nitrogent
per bushel 0f grain. Non-falr-owed crop land, however, is
generally row in avairabr-e nitrogen, thus fert.ilizers are
frequently added to supplement the soil nitrogen. Many
authors (young eú aL., 1967; peterson and Attoe, 1965)
showed that availabre soil nitrogen strongly i-nfruenced
yields of wheat, barley, ryê and corn. Experimental resur_ts
of Herron et aL' (196g) showed a significant correlation
(r = 0.91) betv¡een corn yields and residual soir nitrogen.
They found yields increased from 55 to r20 bu./ac. as more
residual nitrate nitrogen was present in a 1g0 cm. profile.
soper and Huang (1963) found barley response to nitrogen
fertilizer to be quite variable" when 60 Lb-/ac. of N was
applied on several p10ts, yield increased from 0.5 to 16.3
bu./ac" over the non-fertilized prots. variations in cro'
response to nitrogen fertilizer were attributed to
differences in the amounts of availabre nitrogen present in
the soil profile at seeding time. rn general, the greatest
'i Unpublished data P.f. Fehr" University of Manitoba. Lg72.
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increase in barley yield was obtained witrr the addi-tion of
60 Ib./ac. of N and 40 Ib./ac. of prOr. Alkier (Ig72) also
showed significant wheat yield increases wj-th the additions
of N at 60 rb-/ac. on nitrogen deficient soirs in Manitoba.

To determine nitrogen requirements of crops an
accurate measurement of avair_able soil nitrogen at seeding
time is required. Many authors indicated crop response to
nitrogen fertirizer was closely related to readily extract_
abre minerar nitrogen found in the soir profile (Nuttar et
aL', rgTr¡ young et aL., Lg67; peterson and Attoe, 1965;
synghal et aL', 1959)" soper and Huang (1963) found that
readily extractable Nor-N when measured to four feet showed
the best correlation (r = 0.95) with yield response to
fertj-lizer nitrogen. RecentIy, Soper eú aL. (Ig7L) stated:

"rn Manitoba it was found that the amount ofnitrate nitrogen in the soii piofile was avery good test for predicting cereal responseto nitrog€fl, and subsequentllí it fr." beenused as a soit test foi avaii"¡r" nltiðgãnin this province since t96j:;--
rn the past two decades many investigators have

concentrated on correrating crop yields and crop yield
increases to many factors, such as nitrogen, which affect
plant growth (young et aL., 1967; Keeney and Bremner, 1966;
Gasser and V'il1iams, 1963; SynghaL et dL., 1959; Cook et
dL', 1957) . The most common parameters studied in recenr
l-iterature \'veïe nitrogen, vrater and management factors
(Nuttal et aL., 1971; Sopcr, Ig7\; Geist et aL., rg70; Voss
et aL. , 1970). Soper et; aL. (1971) founcl that a measure of
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soil nitrate nitrogen was requir:ed to determine the quantity
of fertil-izer N requirecl for a particurar barley yield.
rnitially they determined total nitrogen in the above

ground portion of the plant by the Kjerdahr method and soil
No3-N using Harperrs modified phenoldisul-fonic acid method

(Harper, 1924). The best T2 value (0.84) indicated a

significant rerati-onship between nitrogen uptake by the
barley plant and soíl- No3 -N to a depth of 24 inches at
seeding time. The average recovery of added NH4 No3 fertilizer
\^/as 52 percent" An equation was derived to determine the
amount of NHuNo, fertirízer required t.o produce a predeter-
mined yieId. By re-arranging this equation a yield was

predicted from the soil No3 -N content at seeding time and

the leveI of applied t'lH4No3 fertilizer. A simple correlation
was determined between the predicted yields and yields used

to derive the prediction equation. The best correlatíon
(r2 = 0"69) was found when yield was expressed as a

logarithmetic function of soil No3 -N (expressed in a linear
manner) plus 0.52 x fertir izer nitrogen applied. This
method of yield prediction involved a determination of
nitrogen uptake from soil and fertilizer nitrogen r^¡ith a

subsequent determination of yierd frorn nitrogen uptake.
'f.Fehr' determined that the intermediate step of pred,icting

nitrogen uptake was not necessary. Ile found similar
correlation varues when yield was predicted directly from

'i Unpul:lished data. P. ï Fehr" University of Manitoba " Ig72



soif and fertil-izer suppries. soper (1971) also found

that tests for nitrog.en v/ere useful- in estimatinq vierd
increases of rapeseed.

In northeastern Saskatcher/¿an barley yields v/ere not
highly correlated with soil tests for NH*-N and NOr-N

(Nuttall et aL. , 1971). Hov/ever, a significent correlation
(r2 = o-74) was found between the logarithm of the yield
increase and soil test varues for Nor-N. when comparing

soil nitrogen, determined as No3-N and NH*-N plus No3-N,

R2 varues of 0.63 and 0.64, respectively, \,vere obtaÍned when

these soil test values \,vere correrated with yield increases
of barrey. There appears to be l-ittle advantage in
determining NHu-N as a soil test.

Yield prediction equations have been derived using
other parameters in addition to available inorganic soil
nitrogen and fertilizer nitrogen suppry. Geist et aL. (1970)

predicted yields of Moravian barley using mineral and fer-
til-izer nitrogen. rn 1966 and 1967 the R2 values were 0.61

and 0.34, respectively. By using a measure of organic
nitrogen plus mineral and fertilizer nitrogen the R2 values
increased to 0.65 and 0"41, respectivery. young et aL.

(rg67) found a positive correlation betr^¡een organic matter
and yield response of spring wheat grown mainry on fine
textured chernozemic soils

A general yield equation for corn was determined by

voss et aL. (r970). The for-r-owing parameters were studied:



(a) appJ-ied fertility
(b) applied fertiliLy plus stand and Jcarrenness

covariates

(c) indigenous fertitity
(d) management factors
(e) rel-atíve photosynthesis index

The 12 va]ues in relation to corn yields were 0.04, 0.33,

0"16, 0"19, and 0"46, respectively. correrations of various
combinations of these parameters, a*c, b+c+d, a*c*d*e, and

b*c*d*e interactions resurted in R2 var-ues of 0"20, 0.6'7,

0"76, and 0.80' respectively" The most important single
parameter in relation to corn yield was relative photo-

synthesis index" This v¡as an evaluation of soil moisture

stress based on estimated daily relative turgidity of corn

plants. The management factors are an index of seed.ing

date, grassy weed infestation, plant population, and plant

cropping history" The R2 values indicate a measure of the

relatíve photosynthesis index plus manag'ement factors
included with soil and fertilizer nitrogen account for a

large amount of the variation in corn yields.

B" Moisture

Soil moisture stress can reduce wheat yields
considerably (Hutcheon and paul , l-966) . young et aL. (1967)

found as soil moisLure at seeding increased yield response



to nitrogen fertilizer increased. They found soir moisture
at seeding was a better indicator of yield response to
nitrogen than measuring precipitation during the growing
season. Baier ¿ú aL. (1964) also studied the infl_uence of
stored availabre soil moisture on wheat yields. They found
yields Íncreased untir moisture Ievels reached four inches,
after which they remained relatively constant. As rever_s

of stored avai-lable moisture increased, more applied
nitrogen was required to produce maximum yield increases.
Dubetz (1961) also found greater nitrogen fertirízer
requirements with increasing stored available soil- moisture.
Luebs and Laag (I969) conducted a barley experiment on a

sandy loam soil near Moreno, california. under the water
availability of a simurated growing season (irrigation)
they found a 550 Ro,/ha (21 per cent) increase in yield of
barley with the addition of 45 kg/ha of nitrogen. However,
90 kg/ha resulted in a L,470 kg/ha (6g per cent) reduction
in barley yierd compared to the check. The yierd reduction
h¡as attributed to g'reater soil moisture stress. The authors
suggested the yield of l:arley with 45 kg/ha of nitrogen
applied would have been reduced with a ronger period of soil
moisture stress

The time during the grorving season that moisture stress
occurred influenced the severity of wheat yield reduction
(Lehane and Staple, Ig62). Day and Intalap (f970) controlled
soil moi-sture stress on spring wheat by irrj-gation. They



found yietd reducti-on to be greatest at jointing, then at
flowering, and least at dough stages. The plants were

allowed to visibly wirt at these stages for each particular
treatment - soil moisture content was maintained at an

optimum level for the rest of the growing season. Robins

and Domingo (7962) also studied the effect of soil moisture
stress on yie1d. rrrigated spring wheat yield reductions
occurred with high soil moisture stress and were most

severe during or after heading.

Resul-ts showed a definite relatíonship between soil
texture and yields of crops giro\,vn at various soil moisture
l-evel-s (Lehane and Staple, 1965; Lg62). paul and Myers

(r97r) conducted greenhouse studies of wheat under which
two Black chernozemic soirs were subjected to soir moisture
stresses of 0"3 - 1 atm.,0.3 - 4 atm., and 0.3 r0 atm.
Yierds of rvheat g'rown on loam soils significantly decreased

with increasing moisture stress. yields of wheat grown on

clay soils significantly increased as soil moisture stress
increased from 0.3 1 atm. to 0"3 - 4 atm. yields at
0 ' 3 10 atm" were simirar to the 0. 3 4 atm. soil moisture
regime" The cray soils were adversely affected by low soil
moisture stress. CampbelL et aL. (I960) studied wheat
grown on a clay loam soir at low soir moist.ure stress. They

found yields increased from ll.5 to 26.7 g/pot by improving
the soil aeration" Lehane and Staple (f965 ¡ 1962) found
fine textured soi-ls \,r'ere more resistant than coarse textured
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soj-1s to increasing soil moisture stress.
wheat yield is closery rerated to evapotranspiration

(Voss el; aL. , I97O; Lehane and Staple, 1965). DeJong and

Rennie (r969 ) found wheat yields decreased on Brown soils
when water use was 1ow. This trend was not evid.ent on

Dark Brown and Black soils. The authors attributed the
yield decrease to a higher potential evapotranspiration on

the Brown soils. Baier and Robertson (1965) suggested a

measurement of potential evapotranspiration was a good

method of indexing crimate. They developecl a technique of
estimating latent evaporation from meteorological data.
Latent evaporation was converted to potential evapotrans-
piration by a simple multiplication factor )Baier and

Robertson, l-967). This measure of potentíal evapotrans_
piration plus rainfal-1 data was used to estimate irrigation
water requirements of crops. The factors considered in
this determínation were rong-term averagfe sunshine duration,
vapour pressure deficit, and wind velocity. Daily
measurements of maximum and minimum temperature as werl as

precipitation v/ere also required.

Temperature

characteristic ranges in temperature exist in which
plants will grow and reproduce. variations in temperature
within this range, howcver, may have sig.ificant effects on

plant yields. fn grccnhouse experiments, partridge (1971)
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found wheal- yields decreased when temperatures increased
from 15"C to 2IoC. Salisbury and Ross (1969) found simi]ar
plant yield reduction with high temperature. They suggested

this was a result of increased respiration rates relative
to photosynthesis rates" sosulski et aL. (r963) found

temperatures of 18"c and 24oc did not affect wheat yields
at row soil moisture stress and low fertility. However,

with 225 kg/ha of applied N, wheat yields d.ecreased with
increasing temperature.



METHODS

This study was cond.ucted using farm yield data
collected from the records of the Manitoba provinciar_ soil
Tesing Laboratory (M.p"S.T.L.). Wheat, barley, and oat
yields were studied for the years L967, 1968 , 1969 and rg7o.
These farm yields were compared to yields predicted by crop
response equations. A paired ú test was used to determine
if predicted yields were significantly different from actual_
yields obtained by the farmers. yield prediction eguations
!üere derived from experimental smal1 plot data. The factors
considered to influence yield were soil Nor-N and fertir_izer
nitrogen" Measurements of soil No3-N content' applied
nitrogen fert.ili zer I and crop yield tr^zere required for each
farm field" rn addition, water deficit factors had to be

calcul-ated" A major portion of the analysis was computerized.

Farm Data Collection

Farm fierds are norma]ly soil tested in late far_r or
early spring" To aid in the fertir_izer recornmendation trre
farmer is required to comprete an information sheet provided
by the M.P"S.T.L. for each field sampled (Appendix Al) . The
sheet provides information for the coning crop as rvefl as

A

L2
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the previous crop grown, yields obtained, and the amount

of fertirízer applied" rnformation considered in the data
coll-ection was (Appendix 1A) :

(1) Section A. Field and Soit_ Data

(a) laboratory number

(b) client number

(c) field number

(d) 1ega1 description
(e) crop to be grown lst, 2nd., and 3rd choice
(f) topography and drainage

(g ) area sampled

(h) month sampled

(i ) soil type

(j ) number of depths sampled

(2) Secti-on B. Cropping History of past. year

(a ) crop year

(b) crop glro\^/n or fallow
(c) crop seeded on fallow or breakincr or other
(d) yield per acre

(e) crop damage

(f) cause of damage

(g) nutrients applied N, prO' and KrO

(h) fertilizer applied according to previous

soil test
(i) use of manure
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Each soil sample was analysed for nitrogen, phosprrorus,
pH, lime carbonate, salinity, and soil texture. The

M.P.s.T.L" stored these resurts on compurer tape, risted
by l-aboratory number. For this study, the resurts of the
soil analysis v/ere examined and this data was recorded
along with the data from the information sheets.

To calculate a predicted yierd on a particur_ar farm,
field data on soil Nos-N and fertirizer nitrogen appried
were required. Farm crop yield was also requÍred to compare
to yields predicted for the farm fier-d. Because the data was
not available from one year's soir test record, the farmer
must have soir- tested for two consecutive years. The first.
year provided soil No3-N at seeding time and the second. year
provided crop yield and the amount of fertilizer applied.
The farmer's code number and the lega1 description r-ocated
the two successive years' soil samples on the same quarter
section, however, there was no direct method of determining
if the soil samples came from the same field. Thus, the data
availab]e was compared using the following criteria to choose
fields which had been soir sampred for two successive years:.

(1) wheat, barleyr or oats must have been srown
(2) no manure applied
(3) the field must have been fertirized accordincr

to M.p. S.T.L. recornmendations

(4) soil sampled to 24 inches
(5) the farm operator musl- have been the same



15

(6) the legal <lescription must have been the same

(7) el-ectricar conductivity of a r-1 soil water

solution had to be below 4 mmhos.

For some farms there were two or more fierds on one quarcer
sectÍon which fuffilled the first seven criteria. The

decision to include or reject data from these fields for
analysis was based on the following criteria:

(1) crop grown \^/as simir-ar to the crop for which a

reconmendation was requested
(2) field number was simil-ar
( 3) topography and drainage were simitar
t4) texture was similar
(5) soil type was similar
Approximately forty-four thousand fields were sampled

by farmers and the samples tested by the M.p.s.T.L. from 1966

to 1970. Much of the data obtained, however, was not utilized
for this study because fields were not fertirized according
to soil test recornmendations or wheat, oats t ot barley were

not grown. rn total- 7L6 fier-ds of wheat, 266 fields of oats,
and 40L fields of barley t^/ere selected for the data analysis.

B"

Farm r¡io'lÄc r^7êrô ^ompared to yields predicted by croÌl
response equations " The yierd prediction equations v¿ere

derived from experimental smarl prot data'l'. These exï:eriments

'Unpublished data. Ridley A. O., Racz G. J., Soper R. J.Urriversity of Manitoba- Lg62-Lg7O.



16

tested crop response to increments of fertilizer nitroqen
over a range of soil- No3-N level-s. other nutrients
required for prant growth were addecl or were pïesent in
adequate amounts" Therefore, yield was initial_ry predicted
from soil- Nos-N in the spring to a depth of 24 inches and

the amount of fertilizer nitrogen applied to the crop.
soper et aL. (1971) had predicted barley yields using
these parameters and found a highly significant correration
between predicted and experimentar smalr prot yields. Arl
crop response equations derived were l0qarithmic oï
quadratic.

Yield prediction equations \^iere developed for wheat

and barley directly from small- plot data for these crops.
However, small plot experiments conducted had not incruded
oats, therefore, prediction equations for this crop had to
be made by interpolation. rt was assumed. that yields of
barley and oats were equivalent when expressed in pounds

per acre of grain. Thus, barley equations were used to
predict oat yields. The barley equations, however, predicted
yierds in bushels per acre, therefore, the bar]ey yield in
bushels per acre had to be converted to an oat equivalent
in bushels per acre. This was accompl-ished as follows:

Bushel weight conversion factor =

48 lb. of grain per bushel of barley
34 1Ìr. of grain per bushcl- of oats

1 
^1-L " 
!i_L
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Thus:

(Barley Yield; bu./ac. ) (I.41) = Oat yiel-d; bu./ac.)

soils are generalry sampled in farl or earry spring,
however, some soils may be sampled just prior to seeding in
itlay. rt v¿as assumed minerarization began in May, therefore,
these soil samples woul-d show higher nitrate levels compared

to the fal-l or early spring samples. To correct for mineral_-

ization in the spring, B rb./ac. Nor-Nt \^/as added to the

soil test values for sampling dates prior to May lst.
A water deficit factor was included as a third

variable in the yield prediction equations to account for
some aspects of climatic variation in lrÍanitoba. To calculate
water deficit, potential evapotranspiration had t.o be

determined first" This was car-cur-ated on a daily basis
using the following formula d.eveloped by Baier and Robertson
(1967 i L965) :

E - 0.296 - 0.00315 T** * 0.00317 (r*u.* - T*ir,)

+ 0"00016s 0

where:

E - potential evapotranspiration (in./day)

T*r* = maximum temperature (.F)

T*. _ = minimUm 1-r=mnor: l-rrra (.F )-mlnq9g!u

O = solar radiation at the top of tire atmosphere

(ca1 ":cm. '-d.y-t )

'l'unpul:lishcd data. M.p.s.T.L. university of Manit.oba. 1.970.
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soil- water creficit is a cafculatecl var-ue'l' or inches of
water necessary to add by irrigation to maintai' soil v/ater
content at an optimum lever, providing actual and potential
evapotranspiration aïe approximately equar. The general
soil water balance equation was:

inches of readil_y
avail-able water +
on April 30t.h

precipita- potential evapo- inches ofEron on transpiration = availableMaY lst on May Ist. warer on
May lst

precipita- potential evapo_ inches ofcl-on on transpiration = availableMaY 2nd on May 2nd water on
May 2nd

For this study avairable water was determined d.aily by
adding precipitation and subtracting potential evapotrans_
piration from the previous day's water deficit. calcuj-ations
\i'lere made beginning on I'Iay lst when it was assumed there was
four inches of readily avairable water in the soi1. Daily
measurements of maximum and. m_inimum temperature were requi.red
to calculate potentiar evapotranspiration. Temperature and
precipitation records were obtained from weather stations
throughout Manitoba. Therefore, availabr_e soir water varues
were carculated for each of these weather stati.ons. The
calculation conti-nued from May r-st to May 2nd in the
following manner:

inches of
avail-able water +
on May lst

Watcr deficit was l-hen defined as available soi_l- water
't'.,'unpuÞlrshcd data.

I q7'r C " F. ShayJ<ewich. University of Manitoba
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multiplied by minus one. Water

made daily. For this study the
to July 16th and to August l3t.h.

deficit calculations are

calculations were continued

Each smalr plot yield and farm yield required a water
deficit value for July r6th and August 13t.h for the year the
crop was grown. For each small p10t, water deficit values
were calculated from the records of the weather station
closest to the plot site. For the farm yields, water deficit
varues chosen were those calculated from record.s of weather
stations located on similar soil associations and as cl_ose

to the field as possible.

Yield prediction equations \.,reïe developed for barley
by determining nitrogen uptake from soil nitrate nitrosen and

fertilizer nitrogen. A highry significanL correlation was

found between nitrogen uptake and barley yields (soper et aL.,
r97r) " They predicted yierd in two steps. rnitialry,
nitrogen uptake was predicted from Nor-N and fertirizer N,

and secondly, yield was predicted from nitrogen uptake. ïn
the experiment nitrogen uptake by the above ground portion
of the plant was obtained by sampri-ng grain and straw ar
harvest time and determining total N by the Kjeldal method.
Thev a'l sr¡ f rrrrnÀ 1.h¡ J- nn'l ,,¡¡¡çJ q!Ðu r\ru¿¡u e¿¡qu vrrrJ 52 per cent of the fertirizer
nÍtrogen applied to barley was tal<en up by the plant.

when this study was initiated in LgTo the same form
of prediction equations for barley and wheat (Tabre r,
Equations [2j and II], respectively) were in use ]¡v the



T
A

B
LE

 I 
Y

iê
Id

 a
nd

 N
iÈ

ro
ge

n 
U

pt
ak

e 
P

re
di

ct
io

n 
E

qu
at

io
ns

 f
or

 
lv

he
at

 a
nd

 B
ar

le
v.

E
qu

at
io

n
N

um
be

r

1. 2.

lrI
Y

 =
 2

3.
3 

Lo
gl

 o
(2

2.
8 

+
 0

.9
8x

1 
+

 0
.5

2x
2)

 -
 6

2.
4

B
Y

 =
 3

3.
6 

Lo
g¡

 o
 Q

Z
.8

 +
 0

.9
8x

1 
+

 0
.5

2x
2)

 -
 B

g.
3

w
y 

=
 1

1.
4 

+
 0

.5
43

x¡
 -

 
0.

00
23

gx
12

 +
 0

.5
32

x2
 -

 
0.

00
14

8x
'z

 +
 0

.0
00

51
2x

¡x
2

B
y 

=
 1

8 
.2

 +
 t

.0
1x

¡ 
- 

0.
00

63
2*

Î 
* 

0.
50

4x
, 

- 
0.

00
13

0*
l 

- 
0.

00
14

4x
¡x

2

!fY
*=

 5
0.

1 
Lo

gl
 o

(I
2.

6 
+

 I
.6

7x
1 

- 
0.

00
82

6*
f 

* 
0.

56
8x

2)
 -

 5
6.

1

B
Y

*=
 7

5.
7 

Lo
gt

o(
L2

.6
 +

 1
.6

7x
1 

- 
0.

00
g2

6x
i 

+
 0

.5
41

x2
) 

- 
82

.5

B
Y

*=
75

.7
Lo

gr
o(

5.
58

.+
1.

97
x1

 
-0

.0
11

7x
i*

o.
7L

Lx
2-

0.
00

11
2*

î-
 

0.
00

27
3x

¡x
2-

82
.s

N
ot

e:
 

W
'y

-=
 5

0.
1 

Lo
gl

e(
Z

) 
- 

56
.1

B
Y

*=
 7

5 
.7

 L
og

T
 s

 (Z
) 

- 
82

.5

y 
=

 L
2.

sB
 +

 L
.6

7x
7 

- 
0.

00
82

Ç
xf

 
z

N
 =

 5
.5

8 
+

 L
.g

7x
7 

- 
0-

01
-1

7x
í 

+
 o

.7
rr

x2
 -

 0
.0

01
12

x;
 -

 
0.

00
23

7x
1x

2
Z

 =
 V

 *
 

0.
56

8x
2 

(w
he

at
) 

or
 0

.5
4l

xz
 (

ba
rf

ey
)

3. 4" 5. 6. 1

R
eg

re
ss

io
n 

E
qu

at
io

n

V
nl

Y
 =

 w
he

at
 y

ie
ld

 
in

 b
u.

/a
c.

B
Y

 =
 b

ar
le

y 
lz

ie
ld

 i
n 

bu
./a

c.
xr

 =
 s

oi
l 

N
O

3-
N

 t
o 

2 
ft 

. 
(I

b.
/a

c.
)

xz
 =

 f
er

til
iz

er
 

ni
tr

og
en

 a
pp

lie
d 

(L
b.

/a
c.

)
Z

 =
 n

itr
og

en
 u

pt
ak

e 
by

 p
ta

nt
 f

ro
m

 f
er

til
iz

er
 

N
V

 =
 n

itr
og

en
 u

pt
,a

ke
 b

y 
pl

an
t 

fr
om

 N
O

3-
N

N
 =

 n
itr

og
en

 u
pt

ak
e 

by
 p

la
nt

 
fr

om
 N

O
g-

N
 a

nd
 f

er
til

iz
er

 
N

R
2

T
2

53
 

0.
65

18
0 

0.
69

53

18
0

B
9

18
0

0.
87

0.
83

0.
78

u.
 ö

4 N
)



2I

M.P"s.T.L.; therefore these equations were used to predict
yields for the preliminary anarysis of 1969 farm yields.
By L97r, when 7967 , L96B I and 1970 farm yierds were colrected,
the yield prediction equations devel-oped by the M.p.s.T"L.
had been updated. These ne\,v equations \,vere based on a

larger sample of experimental- smal-l plot data (180 barley
and 53 wheat observations). The mathematical_ models used

for the yield and nitrogen uptake prediction equations \dere:

(1) Yiel-d predicted from nitrogen upt.ake expressed

in a logarithmic manner. Nitrogen uptake was

predicted from soil NO3-N expressed in a

quadratic manner and fertilizer nitrogen
expressed in a l_inear manner. (Table I,
Equations [5] and 16l for wheat and barley,
respectively) " For barley yields, nitrogen
uptake was arso predicted from soil No3-N and

fertilizer N expressed in a quadratic form with
interactions between the independent variabl-es
(Table r, Equation I7l ) .

(2) Yield was predicted from soil NO3-N and

fertirizer nitrogen expressed in a quadratic
manner with interaction between the independent

variabl-es (Table I, Equations I3l and t4l for
wheat and barley, respectivel-y) .

A study of all the farm data was conducted with these
equations. upon compre{-ion of this stucly the water deficit
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factor was considered in an attempt to improve the level
of predictabirity. water deficit varues were determined

for the L97L experimental sma]l plot data. one weather

station, ât Gimli, was not considered to be representative
of plot sites because the station was located. close to
Lake winnipeg. Therefore, 20 barley and 2 wheat observations

had to be excluded from the small plot data. Six new

equations for wheat and six ne\.^/ equations for barley were

derived. Three quadratic equations predicted yield and

three quadratic equations predicted, nitrogien uptake from

the following independent variables (rables fï and. rrr, for
wheat and barley, respectively):

(1) soil NO3-N and fertilizer N

(2) soj-l NOs-N, fertilizer N, and water deficit on

(3)

August 13th"

soil NOs-N, fertilizer N, and water deficit on

July 16th.

To predict yield from nitrogen uptake, the logarithmic
equations from the previous study were used. This final
set of equations predict wheat and barley yields from the

same equation models. Therefore, to describe the mathematical

model and the variables used in predicting wheat or barley
yields, the following abbreviations were used for the sj-x

respective equations: Q2V, e3VÀ, e3VJ, L2V, L3VA, L3VJ

where Q represents quadratic; L represents logarithmic;
2V rep::cscnts 2 variablcs; 3V rcprcsents 3 variabfes; A
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represen'ts August 13th water <leficÍt; and J represents

July 16th water deficit 
"

Analysis of Farm Data

Procedures for analysis of wheat, barley, and oat
yield data were similar. The data for each farm yield
included the crop grown, its yield, the soil NO3-N level
at seeding tjme, the amount of fertilizer N applied,
and the water deficit values on July r6th and August 13th.

The yield prediction equations discussed in the previous

section were used to predict yields for each farm field.
These predicted yields were compared to the actual crop

yield. A paired ú test was used to determine the

relationship between act.ual and predicted yields. A

large ú value indicated predicted yields were signifi-
cantly dif f erent. from actual yields. lvhen ú values \,üere

low the equations accurately pred.icted. farm yierds, and

as the ú value approached zero the accuracy increased.

Dispersion of differences between actual and predicted
yields was measured by the standard deviation of the
difference. For example, a standard deviation of B bu./ac.
indicated that difference betr.veen actual and nre-dicJ. ed

yierds was vzithin plus or minus B Ì¡u . /ac. of the mean

dif f erence Sixlv-sr=r¡r'n nor gg¡l Of the time.

C"
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Farm data was grouped in three general v/ays, and. the
accuracy of the prediction of farm yieJ-ds by each equation
was determined for each group" The three groups were:

(1) all the farm data, 1967 to Ig7O, inclusive
(2) farm data grouped by years, Lg6-7, l_968 , 1969,

and I970, respectively
(3 ) agronomic soil_ groups

Groups (1) and (2) \,vere representative of the manner in
which fertilizer recoÍrmendations are presently made in
Manitoba; that is, one fertirizer recommendation for all-
fields in Manitoba with equivalent nutrient status.
However, crop yields across Mani-toba may vary in any one

given year with factors such as regional climatic variation,
soil texture, and internal and external drainage differences.
rn an attempt to improve the accuracy of predictions, yields
from soils of similar characteristics were grouped. together
giving several "agronomic groups". Agronomic soÍI groups

t''üere established by interpretation of prof ile characteristics.
Description of the soil- associations were found in Manitoba

soil survey reports (Ehrlich et aL., 1g5g; Ehrl-ich et dL, ,

1958; Ehrlich et aL",L957¡ Ehrlich et aL., 1956; Ehrlich
et aL., 1953; Ellis and shafer, 1943¡ Ellis and shafer,
1940) " The agronomic soil groups \^/ere:

(t) Moderately rvell- to wel-f clrained medium textured

Bl-aclc ti11 soil-s found above ilre escarpmenr
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consisting of:
(a) Waskada and Oxbow associations located in

southwestern Manitoba

(b) Newdale association located in west-central

Manitoba

(c) Manitou, Darlingford, and Snowflake associ-

ation located in south-central Manitoba

(2) Bl-ack water worked titl soils above the escarpment

consistinq of:

(a) Heaslip complex. These soils are located

in southwestern Manitoba"

(3) B1ack lacustrine and outwash soils above the

escarpment consisting of:
(a) Souris assocíation. This association includes

imperfectly to poorly drained coarse textured

soils of southwestern Manitoba lvhich have a

high water table in the spring"

(b) Stockton, l4iniota, and Marringhurst associ-

ations. These associations include well
drained coarse textured soí1s of central and

west-central Manitoba.

(c) Carrol, Glenboro, Wellwood and Holland

associations. These associations include

well drained medium to medium coarse

textured soils of central and south-central

ManitoÌ:a.
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(4) Black l-acustrine and outwash soirs below the
FstìârrlmêTì{- ¡nnqi q+.ina nt.ç vva¡o4Ð L¿¡tv uI .

(a) Altona and Almasippi soil- associations.

These associations i-nclude imperfectly
drained coarse textured soits with a hioh

water tabl-e in the spring. They are

located below the eastern edge of the

escarpment in the lr{anitoba 1owlands "

(b) Portage, Sperlirg, Oakville, Gladstone,

Riverdale, and Firdal_e soil associations.
These soil associations include well to
imperfectly drained medium textured soils
found in the Manitoba Iowlands.

(c) Red River, Gretna, Marquette, Morden, Fort
Garry, Emerson, Semple, Myrtle, Morris,
Peguís, Rathwell, and Westbourne soil
associations and the Horndean complex soil-.
These soils are imperfectly to poorly

drained fine textured soils found in the
Manitoba lowlands "

(d) Dauphin and Edwards soil associations.
These soil- associations include imperfect
to poorly drainecl fine textured soils found

in northwestern Manitoba.



RESULTS AND DISCUSSTON

Equations derived to calculate the amount of

fertil-izer nitrogen necessary to add to crops to achieve

"target yields" were based on experimental data from

small- p1ots. Vlhen the target yield program was implemented

by the M"P.S.T.L., sufficient farm data was available for
the previous several years to determine if the yields
farmers had achieved could have been predicted bv the

target yÍe1d equations. The reasons for selecting years

1966 to L970 were:

(1) before L966, data recorded by the M.P.S.T.L.

was not in a form that could be used for this study.

(2) data after 1970 was not used because this
study had begun prior to it being available.

(3) a large sample of farm data was available

for this period.

)o
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A. Relationship Between Actual- Farm and

Predicted YieIds of Wheat

1. Preliminary analysis of 1969 farm yield data

A study of the 1969 farm wheat data indicated that
some farm yields were significantry reduced due to facrors
such as hail, drought, excessive wetness, disease, etc.
The assessment of damage was made by the farmer and indicated
on the crop record sheets submitted with the soil sampl_es.

when data from fields which had incurred moderate or
severe crop damage were removed the relationship between

actual farm wheat yields and those predicted (Table r,
equation I1l ) was improved" Paired ú values decreased from

7-73 Lo 5.41 (Table rv). Both these ú values were hiqh

and indicated actual and predicted yields were significantly
different. The Ioçrarithmic equation was therefore, not
adequately predicting the farm yields. However, because

a lower ú value was obtained when yield data from crops

which had been moderatery to severery damaged \^/ere removed

from the sample, these wheat yields were subsequently

removed from the farm data set for all further analvsis.
Although this may introduce some bias the literature
(pehr, 197I) indicated that good predictions or targer
yields can be expected only with favourabre climate and

managemcnt. Removing this data was consistent with the
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TABLE IV. Effect of Moderately and gsvgrel-\¡ Damacredtr{heat Crops on the Relationsnip-Betwäðñ-Ãctuaf
and predicted yiel_ds

Farm Data
Tncluded in the

Analysis for the
l-969 Crop Year

Mean Yield
(bu. rzac . )

Actual Predicted

No. of
Farm

YieIds

Paired

Value

A)

B)

All yield data

I{heat yields
with moderately
.anrl qar¡ara'l r¡

damaged crops
removed

Max. pred.
wìolri qa1- ¡l-.

h \ hrì I 
^ ^oJJ pU./O,Vc

. .Jv pq./ av.

/l\ hrr /^^oTJ UU./O,W.

,40 bu" /ac.

100

B1

79

74

49

32 .0

34"2

J4.¿

34.2

33.9

33"5

39.1

39 ,0

39. 0

38. 6

38"1

36 "2

7 "73*,

5.41*

5.41*

5 " tiL*

4 .77*
2.37x

B1

c)

* Significantly different at p-0 
" 05.
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manner in which the small plot data was selected, i.e"
small plot data was not included in formulating prediction
equations if plots had been moderately or severery damagcd.

Wheat yields greater than 50 bu./ac. were predicted
when the nitrogen supply was high. However, fifty bushels

of wheat per acre is seldom achieved. To determine the

effect of the high predicted yields on the accuracy of
farm yield prediction, an upper predicted yield rimit was

set at 55, 50, 45, and 40 bu./ac. Farm data was removed

when predicted yields were higher than the limit for the

respective analysis" The ú values decreased from 5"4r to
2.37, respectively" This indicated that not all nitroqen
was being utilized for yield as the prediction equation

suggested. Alkier (7972) showed that any nitrogen applied

in addition to that required for yie1d, increased protein
content" This should be measured by the yield prediction
eguations, however, it was found that some farm field levels
of soil Nor-N or fertilízer nitrogen were considerabty

higher than the nitrogen levels in smarl plots. Therefore,

the yield prediction equations were only consj-dered vatid for
the range of nitrogen level-s covered by the small ptot data.

Thus the nitrogen levels for the farm fierds must have

been within the range covered by the small plot data before

the field was included in all further analysis. This

criteria was used because arbibrarily ]imiting maximum
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predicted yi-elds was not considered reasonabl_e

) Relationship of farm yields to ield redicted from

equations which included soil NO _N âlì41 liârf f I izer N

Yield prediction equations were recalculated, using
new data as it became availab]e (Table r, equation t3l
and t5 I ) " These updated equations showed that farm wheat
yield's i"e. from all fields , Lg67 to rg7o, inclusive,
differed significantly from predicted yierd (Table v and

vr). Both a logarithmic and quadratic equation were used

to predict yields " whire predicted yields were distributed
above and below actual yields, most frequently they were

above the actual yields. on the average predicted yields
were 5 to 6 bu"/ac. higher than actual yields. The

standard deviation of the difference between actual and

predicted yields was approximately 7 Lo B bu . /ac. This
is a relatively high standard deviation and may be due in
part to the manner in which farmers reported yields. often
yields are reported to the closest 5 bu./ac. incremenL,

for example 30, 35, or 40 bu"/ac. of ruheat, rvhile the
equations predict yields to the cl_osest bushel.

Crop yields vary from year to year; therefore,
farm yields \,vere grouped by years , 1967 Lo rg7o, respec-
tively, and compared to yierds predicted by quadratic and

logarithmic equations. Mean predict ed yields for each
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year varied from 38 to 40 bu./ac. while farm yietds
varied on the average from 28.3 bu./ac. in L97O to 36"9

bu"/ac. in 1968. In 1968 and 7969 farm yields were

generally much higher than in L967 and L97o; however, even

when farm yields were the highest they were not adeguately

described by yield prediction equations. The quadratic

equation (Table l, equation t 3l ) predicted yields v¡hich

were more crosely related to farm yields than the logarithmic
equati-on (Table r, equation t5l ) " The high yearry variation
in farm yierd may be due to seasonal variation in climate.
Yield prediction equations which considered only NO3 -N

and fertilizer N as variables did not account for this
variation" Thus in an attempt to partially measure climatic
variations, a water deficit factor was introduced into the

yield prediction equations.

Effect of a r,vater deficit variable on the accuracy oå

farm yield prediction

A new set of yield prediction eguations (Table II)
\dere derived in order to include a variable which partially
described climate. This variabre was a water deficit
factor" fn the first calculations water deficit on

August 13th was chosen because it approximated the end of

^r^ñ nrnr'r'{-}r Literature SttrrrrosJ- oð J-h,aJ- whr..af r¡i o'l ri!rLç!ctLu!ç ÐuyyuÞLUu LltoL wr¡çqL yI(:Iu

recluctions because of soil moisture stress were qrearest

?
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when the plant growth stagc was from jointing, to heading,

and after heading (Day and Intalap, Lg70; Robins and

Domingo, 1962). A second water deficit date, July l6th,

vias chosen to approximate the heading stage of wheat growth"

tne K

The addition of a water deficit factor improveci

values for the quadratic yield prediction and

nitrogen uptake prediction equations (Table rr). To assess

the effect of the water deficit factor, predicted yield.s

were calculated with decreasing water deficit at various

levels of soil No3-N plus fertilizer nitrogen (Tables vrr
and VIII) " Except at low nitrogen leve1s, the equations

which included a water deficit factor predicted yields
which increased with decreasing water deficit" This

indicated that unfavourable temperature and precipitation
could be limiting wheat yields. Also, as nitrogen l_eve1s

increased there was greater yierd response to decreasing

water deficit. This was consistent with the 1iterature
where Bauer et aL. (l.964) showed that as stored available
soil moisture increased, more applied nitrogen was required
to produce maximum yield" At low nitrogen levels where no

yield increase was predicted; lack of nitrogen \{as

assumed to be the factor limiting wheat yields. One

other trend was noted; at high water deficit levers there

was litt]e or n.r \z'i ol rl rêeÐonse to the higher nitrogen

l-evel-s. The Àugust water deficit equations even predicted

a yield reduction when soil NO"-N r,vas increased from 30 to
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60 Llo./ac. A similiar trend was found by Luebs and Laag

(1970). fn a simulated grassland experiment with

equivalenL rainfall they found barley yields when compared

to the check increased with 45kg/ha fertilizer N and

decreased with 90 kg/ha fertilizer N. They suggested higher

l-evels of nitrogen increased plant proliferation, thus

increasing transpiration. This has the effect of increasing

soil water stress and subsequently decreasíng yie1d.

Yields predicted by the Q3VA and Q3VJ equations

\,vere similar at 1ow soil NO3-N levels; however, as soil
NO3-N increased to 60 l.b"/ac"the Q3VJ equation predicted

slightly higher yields than the Q3VA equation"

The logarithmic equations which included a water

deficit predicted yields similar to the quadratic equations

which included a rvater deficit. Two slíght differences

however v'lere noted: (i) predicted yields increased slightly
with decreasing water deficit at low nitrogen levels and

(ii) predicted yields at high nitrogen levels and low

water deficit were lower with the loqarithmic than with the

quadratíc equations at both periods of moisture deficit"
Water deficít as a variable in the yield prediction

equations resulted in large yield variations at constant

nitrogen levels. Several problems associated with the

water deficit factor musi- be considered when it is used

i n n nrofli r.J. i nr¡ ôñììã1- i nn TheSe inCIUde:*I--
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(1) Data for carculating water deficit values \,r'er:e

obtained from weather stations located as close as

possible to the experimentar smalr plot sites. The

amount of precipitation, however, can vary considerably
over short distances, therefore, the water deficit at
the plot site may d.iffer from the water deficit at the
weather station. An accurate measure of water d-eficit
could be obtained by recording temperature and precipi-
tation at the experimental prot sites, but this was not
done "

(2) The large amount of experimental ptot yierd data
required to cover alr possible combinations of low to
high soil NO¡-N, fertilizer N, and water deficits are
not available and this presents a major problem. These

combinations must be considered in order to develop a

good yield prediction equation.
(3) Potential evapotranspiration is cal-culated and

used in the yierd prediction equations. This introduces
a possible error which could be overcome if actual
evapotranspiration could be measured.

(4) ft ís assumed that four inches of
readì-ly available on May lst" The amount

available may vary between years and with
teristics such as texture.

water is
¡¡r,.^'t 1--a(-LLrctI!y

soil charac-

Although the probl_ems

factor does attempt to relate

are numerous, the water deficit
precipitation and potentÍa1



r+z

evapotranspiration thus partially accountíng for climatic
variations. rt is, at present, the only methocl of measuring

climatic variables ín a way which rvill permit their recog-
nition in a yield prediction esuation.

Prior to the analysis of the farm yield data with
the rvater deficit equations it was necessary to understand

the effect the water deficit factor had on predicted
yields" Yields predicted by the e3VA, g3VJ, L3VA, L3VJ,

Qzv, and L2v were compared to the farm wheat yields of
rg67 to rg7o, inclusive. An excerr-ent relationship was

found between the actual wheat yields and yields predicted
by the Q3VA and L3VA equations (Table IX). For both
equations the mean predicted. yield ivas 34.6 bu,/ac. compared

to a mean actual yield of 34.7 bu"/ac. The ú values of
0.05 and -0.11, respectively, were very Iow and showed

farm yields were accurately predicted over the four years.
The standard deviation of the difference between actual and

predicted yields was 9.9 and 8.7 bu./ac., respectivery
(Appendix A3). This large variation iuould appear to present
a major problem in attempting to accurately describe farm
yields with yield prediction equations. The other four
equations, Q3vJ, L3vJ, L2v, and Q2v had ú values of 3.4g,
6"28,9.08, and L2.L, respectively. Although ú values
indicated actual and predicted yierds \.vere significantly
different, they also showed the July water deficit equations
predicted yields more closely rel-atecl to actual yiel-ds than



T
A

B
LE

 r
x 

E
ffe

ct
 o

f 
th

e 
w

at
er

 Ð
ef

ic
it 

F
ac

to
r 

on
 th

e 
A

cc
ur

ac
y 

of
 F

ar
m

 w
he

at
, 
yi

el
d 

pr
ed

ic
tio

n

R
eg

re
ss

io
n 

E
qu

at
io

n

N
o.

 o
f 

;
D

at
a 

G
ro

up
 

F
ar

m
 

A
ct

ua
l

Y
ie

Ld
s 

bu
. 

,/a
c 

.

A
II 

Y
ea

rs
L9

67
-I

97
0 

39
6

rY
ô 

I

19
68

19
69

r-
97

0

96

34
.7

32
.2

27
 

1

28
.O

¿
uo

12
.1

*

9.
83

*

5.
62

*

4.
46

*

7.
85

*

O
J

* 
S

ig
ni

fic
an

tty
 

di
ffe

re
nt

 
at

 p
=

g.
65

.

;
ú 

P
re

d.
V

al
ue

 
bu

./a
c.

JU

39
.5

5Y
.U

40
.1

38
.3

JY
.9

9 
.0

8*

8.
 0

6*

3.
23

*

3.
49

t

7.
31

*

;
ú 

pr
ed

.
V

a1
ue

 b
u.

/a
c.

Jö
.5

5ð
.õ

37
 .r

-0
. 

05

-0
.9

6

-1
 .

45

2.
75

*

3.
43

*

x
¿

 
P

re
d.

V
al

ue
 

bu
.,/

ac
.

J4
.b

31
.1

JO
.f

36
.4

5¿
-¿

-ô
 

I 
I

-I
 .

60

2.
84

*

3.
92

*

N
o.

 o
f 

;
F

ar
m

 
A

ct
ua

l
rr

-e
l.q

s 
þu

../
ac

.

J4
. 

b

36
.2

36
 .4

32
.7

43
8

12
2

¿
uo þJ

R
eg

re
ss

io
n 

E
qu

at
io

n

t
V

al
ue

J¿
.V

37
.1

33
.7

;
P

re
d.

bu
. 
/a

c.

3 
.4

9*

1.
69

o.
13

? 
?l

 *

4.
64

*

;
ú 

P
re

d.
\7

¡l 
rr

a 
Ìr

rr
 

/-
^

a1
 

À

2a
)

JJ
. 

tJ

6.
28

*

4.
99

*
Jf

,. 
J

J 
| 

.ó

JÞ
. 

J

35
.6

L.
 

¿
L

2.
67

*

7 
.0

6*

il\ t¡
J



44

the two equations which did not include a water deficit
factor. When yield was predicted from soil NO3 -N and

fertilizer N only, the average yield was 3.6 to 4.8 bu./ac.
greater than the mean farm yields " The results indicated
that the prediction equations which included a v¡ater

deficit measured in August accurately predicted farm yields
and these equations would be best suited to making farm

fertilizer reconmendations " Generally farmers did not grow

as high wheat yields as the nitrogen fertility levels

suggested they could. It would appear that adverse temper-

ature and precipitation began to limit wheat yield response

to nitroqen.

Considerable yearly variation in farm yields was

noted in the previous fa::m yield analysis. To determine

if yield prediction equations which included a water

defìr:if - hotter exnla'i ned the vearlv r¡ai:iation in farmve v , V q! ¿q UJV¡¡ ¿¡l lql

yields, the data was analysed by years. Analysis of the

data indicated that this occurred. For example, comparing

t_he O2V and C) ?\7¡ +.i ^*^ +L^ ^*^di r-,f od w.i o'l riq inyL u )¿ J vÕ çY uo LI\-rIIÞ , utlç ILIEO,J,I [Jres¿U uçu ] f EruÞ

bu./ac. \,vere 39.0 and 31.1 in 1967, 40.I and 36.1 in 1968,

38.3 and 36"4 in 1969, and 39.9 and 32.2 in 1970. Comparing

these to the mean actual yields of 32.2, 37.I, 33.7, and

28"0 bu./ac. from L967 to 1970, respectively, the mean

predicted yields for the Q3VA equation foll-or,v the mean

farm yields closely. In contrast, for the Q2V equation, the

greatest variation in mean 1:redicted yield between any two



45

years was l.B bu./ac., from 40.1 bu./ac. in 1968 to 38.3

bu-/ac. in 1969. The ú values showed farm yields \¡,/ere

accurately predicted by the e3V.A, L3VA, and e3V,: equations
in l-967 and 1968; however, in 1969 and 1970 predicted yields
were generally higher than the actual yields. This

suggested the water deficit factor accounts for a rarqe
portion, but not all of the yearly variatj_on in farm yields.
rt was likely yield reductions courd be attributed to
factors such as weed control, seeding date, ponding of
water¡ or others, including management in general. Although
these three equations predicted yields which were signifi-
cantly different than farm yields in Lg6g and rg7o, their t
values showed they predicted farm yields more accurately
than the other equations. The fourth water deficit eguation
L3vJ, predicted more constant yierds from year to year;
however, it did account for some of the yearly variation.
The L2v and Q2v equations did not account for any yearly
variation in farm yields. comparing these two equations
there is a definite trend for the L2v equation to predict
yields lower and therefore closer to farm yields.

Data showed that the addition of the water deficit
factor improved the accuracy of farm yield predictions.
ïn general, better predictions were made when water deficit
vüas calculated on August r3th. Good manag,ement is required
to achieve a taro¡-1- r¡io'lrl l¡ut this factor was not measured.
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F'rra¡J- nr ^^-cnomic Soit Groups on the Ef ficiencv ofJJ!!vvç \.! rrY¡v¡¡v¡irrv rJvrr gJ

Farm Yield Prediction Equations

sufficient experimental data were not availabfe to.

cal-culate yield prediction equations for all soir types

when the Target Yiel-d program was put into effect.
Therefore, all data were poo-led and prediction esuations

were derived which were assumed to be valid for Manitoba

in general. Because of the rarge ouantity of farm data,

it was possible to arrang,e the farm data according to
soil characteristics into "a.g'ronomic groups" and examine

the equations and data to determine if some equations were

more suited. to predicting yields on certain soil Lypes "

The analysis of farm data arranged by agronomíc

soil groups showed farm yields \,vere more accurately
predicted in some areas when the water d.eficit factor was

included in the yierd prediction eguations while in other
areas it was not. Farm yierds v/ere compared to yierds
predicted by the L2V, Ç-2V, L3VA, e3VA, L3VJ, and. 03VJ

equations" occasionally, the number of farm observations

within an agronomic soil group varied. some farm data

were omitted because the calcurated water deficit for the

farm fields v'/ere not within the range of the water deficit
values for smal-l plots. For the follovring ana.rysì-s of each

agronomic soil qroup the results are shown in Table X,

while the prcdiction ecJuations used are shown in Table rr.
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Throughout the discussion the water deficits calculated

for soils within an agronomic soil group v/ere referred to

as low, medíum, and high. Water deficit values from the

four years were averaged, and if they \,rere below one

inch the soils within the group were considered to have a

low water deficit, if they vùere between one and six inches

the water deficit was medium, and above six inches, was

high. The resul-ts of the analysis of farm yietds in each

agronomic soil group were:

(1) Ti11 soils above the escarpment consisting of:

(a) Waskada loam to clay loam and Oxbow loam

to clay loam

High water deficit values were calculated

from weather stations within these soil
associations. Farm wheat yields were not

signifícantly different from yields predicted

by equations incl-uding a water deficit
variables. These equations predicted yields
which averaged 31.4 to 35.2 bu./ac. compared

to a mean actual yield of approximately 33.5

bu. /ac. Farm yields were most accurately

predicted by the Q3VJ, L3VA, and Q3VA

equaLions. The L2V and Q2V equations had mean

predicted yields approximately 5 bu./ac.
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higher than the mean actual yields and the t
values indicated the actual and predicted

yields were significantly different.
The addition of the water deficit as a

variable in the yield prediction eguations v/as

effective in improving the accuracy of farm

yield prediction" Sínce the water deficit
cal-culated for these soils v¡as high, lower

predicted yields resulted. Because the water

deficit factor was mainly based on daily
precipitation and temperature, it appeared

these factors vrere limiting farm yields
compared to those predicted from nitrogen
status only. The 25 to 40 year average

precipitation (Figure 1) and water deficit
(nigure 2) show four weather stations at
Deloraine, Pierson, Waskada and Boissevain

which are located on Wasl<ada or Oxbow soil
associatj-ons. Precipitation tended to be

relatively constant throughout Manitoba.

A comparison of the long term precipitation
and water deficit maps showed that potential
evqpotranspiration was a larger factor in the

variation in water deficit throughout Ir4anitoba

because of smal-l- var:iations in precipitation
between weathcr stations.
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Possiirly for these soils, high pot.ential

evapotranspiration was the major reason for

I owr=r farm vi eldS. The hi-har ¡^r:f or ¡^f iCitrYqu9! uç.

trend and lower farm yields would support the

previous soil classification system whereby

these soils !,/ere delineated as Dark Brown

Steppe-Black Earth transition soils. This zonal

classification, based on climate and vegetation,

indicated these were the most arid soils in
Manitoba

Factors, other than temperature and

precipitation, may be responsible for the lower

farm yields " These soils, especially in the

rolling and undulating areas, are characterized

by eroded. knolls which rvould not be included in
a representative soil sample " Probably the

knolls would have a lower nutrient status and

therefore, would not be expected. to yield as high

as the more humid parts of the field" These

soils also have many shal-low potholes and

Saline afeas ¡^rtri nh i n mânv câsês . tha fafmef

seeds with the fiel-d. I{owever, they may not

yield as high as other areas of the field"

These knolls, potholes, and saline areas,

al tholloh tlrr.v nrnlr:l-rl rz nnnqljl11lg a Smal_1

ac-reâ.rr¡ in J-hc fiold- mâ\/ lower the bushcl Ðrlr¡rrql u¿¿u p ur¡¡çr _YUr
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acre yield. Farm mana,gement, including such

factors as seeding date and weed control may

also affect farm yields, however, this v/as not

measured. Considering these factors it was

difficult to determine the amount, if âoy, of

yield reduction which was due to unfavourable

temperature and precipitation. The small

plot experiments ¡ on which the prediction

equations are based, were located in central-

and east-central lt.Ianitoba. No experiments

were conducted on the Waskada or Oxbow soil

associations. Until sufficient experiments

have been conducted on these soils the results

indicate that fertilizer recommendations would

be imptoved. in this area by including water

deficit was a variable in the yield prediction

equations.

(b) Newdale clay loam

Medium water deficit values v/ere calculated

for these soils. Farm yields were not

significantly different from yields predicted

by the L2Vt Q2Y, and L3VJ equations. The mean

predicted yields for the L2V and Q2V were 39.2

and 40.7 bu./ac", respectively, compared to a

mean actual yield of 37.6 bu./ac. The LzV

equation, with a ú value of 0.79, most
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accurately predicted farm yields in th_i_s

agronomic soil group. The mean predicted yield
of 35"6 bu./ac. for the L3VJ equation was

slightly lower than the mean actual yield. The

Q3VA, L3VA, and 83VJ equations predicted yietds
whích were considerably lower than farm yields
and therefore dj-d not accurately predict yields 

"

In comparison these three equations were the

most accurate ìn nraÄìn+ìng farm yieJ-ds in the

Waskada soil group. It was suggested the actual

evapotranspiratJ-on was ðloser to the potential
evapotranspiration in the Waskada area,

therefore, the equations inclucling a water

deficit more accurately predicted farm yields"

Conversely, in the Newdale area the actual

evapotranspiration v¿as 1ikely considerably

lower than the potential evapotranspiration,

therefore, farm yields v/ere higher than yields
predicted by these equations.

Results of this analysis suggested

fertilizer recornmendations can be made for the

Newdale soils on the basis of soil_ NO'-N and

fertil-izer N variables only, or by a logarithmic
model equation which incl_udes a water deficít
variable "
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(c) Ittanitou clay loam, Darlingford clay loam,

and Snowflake clay loam

The ivater deficit values calculated for

these soils were very 1ow. All equations,

except the L2V, predicted yields which v/ere

significantly different than actual yields
In the previous two soil- groups the L2V and

Q2V equations predicted yields which \,vere on

the average higher than yields predicted from

equations which include a water deficit variable "

However, in this area, where a low water deficit
was calculated mean predicted yields were lower

when the equations included soil NO3-N and

fertilizer N variables only. The three

agronomic soil groups, Waskada, Newdale, and

Manitou had rvater deficits rated high, medium

and low respectively. The mean predicted

yields were approximately 32, 33 and 43 bu"/ac"
respectively compared to mean actual yields of
33.5 e 37 .6 , and 36 "4 bu. /ac. , respectively.
Farm yields woul-d appear to rise, then become

constant as the water deficit decreases.

Horvever, the equations did not measure this
ar-r-trral-¿-l r¡ Th ie m¡r¡ l-ro rll.^ {- n i ^-^^^"-ou\- Llr e. Lrj_Ly - Je tO l-na0eqUate

small plot data on soils wjth a lricrh Nlô"-N

contcnt.
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Complex soils above the escarpment consisting of:
tâl Hôãqtln
\14/

Wheat vields for these soils \{ere

significantly different than yields predicted

from al-l equations. The August 13th water

deficit equations, however, predicted yields

closest to farm yields. These equations had a

mean predicted yield of approximately 35 " 5

bu"/ac. compared to a mean actual yield of
30.5 bu./ac. A mean predicted yield of 35"5

bu"/ac. was much closer to the farm yield than

40.0 and 4L"9 bu"/ac" for the L2V and Q2V

eguations, iespectively. Heaslip soils are a

water worked till and have a gravelly layer

0 to 24 inches below the surface. This

restricts root penetration and moisture flow

and causes a possible change in moisture use

by crops. These soils are found in an area

adjacent to the Waskada-Oxlcow soils which

indicates the medium water deficit calculated

for these soils mav have been too l-ow.

Lacustrine and outwash soils above the escarpment

consisting of:

(a) Souris sand to loam

Yield data from farms in thj.s agronomic
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group \^¿ere limited. only 1I farm yielcls were

selected. The r,vater deficit values cal-culated

for these soils were bery high. Even though the

data sample was small it indicated that a measure

of water deficit was reguired in order to
predict farm yield. This was consistant with
the resul-ts of Lhe l{askada-Oxbow soil group

which occurs in an ad'iacent area.

(b) Stockton loamy sancl to sandy loam, Miniota

, sandy loam, and Marringhurst sandy loam

Wheat yields from these soils, which had a
medium water deficit, were not significantly
different from yield predicted by the e3VA,

L3VA, Q3VJ, and L3VJ equations. The mean actual
yield of 31"5 bu./ac. was generally 2"0 to 2.6

bu" /ac " lower than the mean predicted vields "

However, for equations, Q2V and L2V I the mean

actual- yield was 4 to 5 bu,/ac. lower than the

mean predicted yields. Due to the inherent
lower water holding capacity of well drained

sandy soils it was not surprising that wheat

yields in these areas were lower and. were

more accurately predicted when a measure of
water deficit was included in the yiel-d

predíction equations.
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(c) Carrol clay loam, I{olland very fine sancly

loam to clay loam, Glenboro very fine
sandy loam to clay loam, and Wellwood

clay loam

A lov,¡ to medium water deficit was

determined for these medium textured soils.
Yields predicted by the six equations averaged

from 39.0 to 4I.9 bu"/ac. When compared to
actual yields which averag,ed 33.8 bu./ac., the
predrcted yields \,,/ere significantly higher. No

explanations are offered which would account for
the large di-fference between actual and predicted

yields. The L2V equatj_on showed the lowest t
ValUe When ¿g1-rrr'l :n,:l nraÄiCted yieldS v¡ere

compared.

Lacustrine and outwash soils below the escarpment

consisting of:
(a) Altona sandy loam to loam, Almasippi loamy

(4)

s and

Data indicated

soils v¿ere greater

equations including

medium water defici
coarse textured soi

duc to a relat-ivclv

that farm yields on these

than those predicted by

a water deficit factor" A

t was cal-culated for these

ls. The high yietds may be

high rvater tabl_e resulting
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from an impervious clay layer below the sands.

This would modify the actual_ water deficit
because v¿ater def j_cit, as calculated and used

for this study, was based only on surface

variables, rainfall, temperature and solar
radiation " One hundred and e]even and BO

farm fields were included in the analysis with
the equations which included the July and August

water deficit factors, respectively. Thirty-one
fields were not included in the analysis with
the equations which included an August water
deficit because these water deficits had

increased beyond that calculated for the small
plot sites. Excluding the 31 fiel_d yield data

resulted in ân inr-ro:qa in mean farm yield Of

2"4 bu./ac. The fields which were removed

likely incurred yield reductions due to
unfavourable temperaLure and precipitation.
Therefore July 16th may be too early to
measure rvater deficit "

Farm yields, which averaged 39 bu./ac.
from B0 observations, were not significantly
differcnt than yields predicted by the e2V and

L2V equations. The mean predicted yields were

39 - B and 38.6 bu. /ac - , respect.ively. The

equations which included the Auqust rvater
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deficit factor predict.ed yiclcls significantly
different from the actual yiel-ds on the

average predicted yields were too low. For the

L3VJ equation, when the mean actual_ yield
dropped to 36"6 bu./ac. for lll fields,
predicted yields \{ere closely relat.ed to farm

yields. Uowever, yields predicted from the

83VJ equation were significantly different
from actual yields. If farm fertilizer recom-

mendations \,\7ere to be made for the potential
yields indicated by these equations, the L2V,e2V,

and L3VJ equations would give the best results.

(b) Portage very fine sandy loam to silty clay,
Riverdale silty clay, Sperling 1oam,

Oakville silty clay loam to clay loam,

Gladstone sandy loam to silt.y cIay, and

Firdale loamy sand to clay loam

These soils had a medium (one to
six inches ) water deficit. The ú values

indicated actual wheat yields \,^/ere not

significantly different than yields predicted

from all- six equations. Compared to mean actual
yield of approximatcly 36 bu./ac., mean

predic'bed yields for the L2V and e2V equations

were slightly higher, and for the e3VJ, L3VJ,
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Q3VA, and L3VA were 1ower.

(c) Red Ríver clay, Gretna clay, Marquette

clay to clay l_oam, Morden loam to c1ay,

Fort Garry c1ay, Emerson silty loam to
silty clay, Semple clay loam to clay,
Myrtle loam to clay, Morris c1ay, peguis

clayo Rathwell clay l_oam to clay, tr{est-

bourne clay, and Horndean clay.
Wheat yields in these imperfect to poorly

drained clay soí1s were not signíficantly
different from yields predicted by the e3VA

and L3VA equations " Mean predicted yields of
32.0 and 31"9 ba"/ac", respectively, were very
cl-ose to the mean actual yield of 32.8 bu./ac"
The July water deficit equations predicted.

yields which averaged approximately 36 bu./ac"
while the mean predict.ed yields from the LzV

and Q2V equations v¿ere higher at 37.7 and 38"9

bu./ac., respectively.

The clay textured soils of the Red River
Val1ey have a medium calculated water deficit.
This, combined with the high water retention
capacity of clay soilsrsuggicsted farm yields
should be high and woul_d be accurately
predicted from NO3 -N and fertil_izer N onlv.
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Ilowever, farm yields were best described rvith

the August water deficit factor included in the
rzì ol ¡l nrarf ì n+ j 6¡ êCf ìtâf i Ons tl.hrnrrnhnrr.|- theÈ/rçs¿ eYus . r¡¿lvuY1¡vuL

analysis for the other agronomic soil groups the

August water deficit equations have predicted,

on the average, yields from 31 to 36 bu./ac.
The L2V and Q2V equations had mean predicted

yields from 36 to 41 bu./ac. Farm yields on these

clay soils were approximately equal to those

predicted by the equations including a water

deficit. Farm vields were lower than yields
predicted from the equations including NOr-N and

fertilizer N variables onIy. This is consistent

with the work of PauI and Meyer (1970) who have

shown that wheat yields on clay soils \^¡ere

significantly lower with low compared to medíum

soil moisture stress. Campbell et aL. (1969)

increased wheat yields significantly by improving

soil aeration in clay loam soils with a low soil
moisture stress. Reduced yields on these clay

soils may be due more often to excess water

resulting in poor soil aeration than higher actual

or potential evapotranspiration. However, the

August water deficit equations predicted yields

which \^/ere not significantly diffcrenL than the

actual yields; therefore, .if fertilizer
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recommendations were macìe for these soils by

the use of the yield prediction equations

studied the e3vA or the L3vA equation wourd

best describe farm yields.

(d) Dauphin c1ay, Edwards silty loam to
silty clay

The number of observations for these soils
was low, thus the accuracy of yield prediction
\,vas 10w. rn addition, the August water deficit
values for Lhese farm fier-ds was outside the
water deficit range of the experimental smal1

plot data. The analysis, hoi,vever, showed farm
yields in the area were not significantly
different from yields predicted by the e3VA

and L3vA equations" The L2v and e2v equations
predicted yields which averaged 7 to B bu./ac.
higher than the mean actual yierds. rndications
were the incrusion of the August 13th water
deficit in the yield prediction equations

improved the relationship between actual and

predicted yields.

small plot wheat experiments, on which the yield
prediction equations were based, were conducted on six soil
associations, Almasippi, Artona, l4anitou, Newdale, Red

River, and wellwood. The first four associations made uÞ
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approximately 70 per cent of the totar observations. rt is
significant that farm yierds on these soil-s were accurately
predicted by equations, inclucling soil No3-N and fertilizer
N variable only. with the exception of Red River, the

agronomic soil groups where the water deficit factor was

required in the equations in order to accurately predict
farm yields had no soil associations where smal1 plot
experiments had been conducted. This would indicate vield
potentials under "favourable climate" were accurately
measured by small p10t experiments. By growing crops

"favourable climate" was reflected in the yields produced;

thus a climatic factor, i.e. water deficit, was not
required" However, the water deficit factor improved

considerably, the accuracy of farm yield prediction when

attempting to extrapolate small plot yields to many areas

of Manitoba.

B " Relationship Between Actual Farm and

Predicted yields of Barley and Oatg

Farm yields of barrey and oats were compared to
predicted yields using the procedure as outlined for r^¡heat.

Farm yields that had sustained moderate or severe crop

damage v,/ere removed from the data set. The equations used

for the barrey and oat study v/ere derived from smarl_ plot
barley data. It was assumed that oats and barley viel_ds
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\Â/ere similar when expressed in rb./ac. The equations
predicted barley yields in bu./ac.¡ therefore, when the
equations were used to predict oat yields, the barrey
yields predicted were multipried by the bushel- weight
conversion factor of L"4L giving an oat yield in bu./ac.
For example, given a farm yield with 30 rb./ac. soir_

NO3-N, 30 l-b./ac. fertilLzer N added and a yield of
69 bu"/ac. oats, a yield would be predicted in the
following manner:

(1) Use Lhe quadratic barley yield prediction
equation (Tabl_e I, equation t4l )

(2) Bar1ey yield predicted = 56 bu./ac.
(3) Assume barley yierd (rb./ac.) = oat yierd

(lb "/ac")
(4) To convert barley yield in bu./ac. to oat yield

in bu"/ac. use the ratio of their busher- weights
48 lb./bu
ffi = I"4I. Therefore the predicted
oat yíe1d = 56 x t.4l = 79 bu./ac.

(5) Thus Lhe farmer achieved 69 bu./ac. compared

to a 79 bu./ac. predicted yield.
For the forlowing results and discussion of oats and

barley the yield prediction equations v/ere adjusted for
oats "

Barley and oat farm yields were compared to yields
predicted by a quadratic and two rogarithmic equations
(Table r, equations [4], [6], and I7l) " The loqarithmic



66

equations were similar except fertilizer nitrogen was

expressed in a linear manner in equation t6l and in a

quadratic manner in equation t 7l . The yiercls predicted
from equation t6l and l,7l were very simirar, therefore, the
term "logarithmic equations" in the foll_owing resul_ts and

discussion refers to the resurts of both equations. The

results of the comparison of actuar and. predicted yields
are shown in Tables xr and Xrr for barley and oats,
respectively 

"

Farm yields of barley and oats from l-967 to LgTo were

significantly different from yields predicted by the
quadratic and the logarithmic equations. For barley the
mean actual yield of 48"7 bu"/ac. \^zas l0 to 12 bu./ac. lower
than predicted yields. similarly for oats the mean actual
yield of 67.0 bu./ac. was 15 to 17 bu./ac. loiver than the
predict.ed yields. For both crops the quadratic equations
predicted slightly lower yields ilran the rogarithmic

r-: ^*- Ìrequarrons. rlo\^zever, the analysis of farm yields of barley
and oats showed the prediction equations used did not
adequately predict farm yields.

Crop yields may vary from year to year, therefore,
the farm data was examined by years and these yierds \.vere

compared to yields predicted by the quadratic and logarithmic
equations. Mean farm yierds showed a large yearly variation
compared to relatively constant mean predicted lzields. This

was consistent with the mean farm yierds for wheat. For
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barley, mean farm y-ields ranged from 42.8 bu./ac. in L967

to 55.8 bu./ac" in 1969. The largest seasonal variation
ín oat yields also occurred in these years, from 57.2 bu./ac"
j-n L967 to 72"9 bu./ac" in 1969. Over the four year period

mean predicted yields for barley and oats were relatively
constant at approximately 60 and B3 bu./ac., respectively.

There were two major limitations with these equations,

The first was their inability to accurately predict farm

yields, especially when farm yields were 1ow" The second

was their inability to account for yearly variations in
farm yields 

"

In an attempt to account for this yearly variation,
which may have been caused by climate, the water deficit
factor was introduced into yield prediction equations

(Table XIII) and the data was analysed using the same

procedures as were conducted with the farm wheat data.

Vields of barley predict.ed by equations including a

water deficit factor and al-so bv esuations without the

water deficit factor are shown in Table XIII. At 3, 0,

and -3 and L, -I, and -3 inch water deficit on August.13th

and July 16th, respectively, the yields predicted by al-I

equations were simil-ar, irrespective of the water deficit

factor. However, at all nitrogen levels the highest yietds

were predicted with the highest water deficit, which was

uncxpected. High water deficit measurements indicate

potential evapotlanspiration was high and./or precipitation
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T/\BLE xrrr Barley* yields in Bushels per Acre predicted
by Several Equations at Varj_ous Nitroqen and
Water Deficit Levels.

¡lO3 -N - FerLil-izer N (lb.rzac. )

10-0 10-40 10-80 30-0 30-40 6 0-0

Water
Equation Deficit

( inches )

Q3VA

9

6

3

0

-3

4B

40

36

35

3B

62

55

52

52

55

73

o/,

o¿t

65

69

62

54

49

47

49

7s

68

60

63

66

76

67

61

5B

59

Q3VJ

5

3

1

-1
3

50
/l^

35

34

3B

b4

55

51

51

55

75

67

63

64

69

61

52

4.8

47

51

75

66

62

62

67

70

61

57

57

61

OU64AO
=J

6B5336Q2V

L3VA

o

6

?

0

-3

49

43

39

37

5t

61

57

55

54

55

68

66

64

o4

65

61

5B

55

54

54

69

67

65

64

69

66

o4

64

o+

L3VJ

5

J

I
-1

3

54

44

37

35

40

b4

57

53

s3

57

70

63

63

66

64

57

53

53

57

7I
66

OJ

64

ot

69

o¿r

61

62

65

6455?oL2V

*Note: oat yielcls = 1.41(barley yields)

55 65 64
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was loln/, therefore, it is like]y barley yield would be

reduced. The equations, however, suggested the yields were

increased under these conditions. No explanation was

offered for the effect water deficit harl ôn nredìr'rafl yield
for barley.

Farm data analyses are shown in the Appendix (arr to
AlB) " Normally as precipitation increases and potential
evapotranspiration decreases, water deficit decreases.

Barley yield would be expected to increase unless the soils
became saturated" This would be consistent with wheat yield
prediction equations whích inc]uded the water deficit factor"
For barley, yearly vari-ations in farm yields, which were

attributed to climate, were not improved with the incrusion
of a water deficit factor. Further study is necessary to
develop a water deficit val-ue or other measures of climate
to improve the barley yield prediction equations.

Farm yietd data was examined when it was arranged in
agronomic soil groups to determine if barley and oat yield
within these areas could be predicted. Due to the rimited
number of farm yield data for these crops some soil groups

had less than 10 farm yields and were therefore not

included in this discussion.

with the exception of the quadratic equation on the

Manitou soil group, the equations (Tabre r, Equations [4],
[6], and I7l) did not adequately predict yields of barley
(rabJ-e xrv) . The rr{ani1,ou soil group had a mean actual_
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yieJ-d of 57. B bu./ac. compared to a mean predicted yield of

61.9 bu./ac. using the quadratic equation. The other soil

groups had mean actual yields of approximately 45 to 50

bu. /ac. which were 10 to 15 bu. /ac. lower than their mean

predicted yield.

Mean actual yields of oats reported by farmers varied

considerably" Yiel-ds of oats ranged from 55"7 bu./ac. in
the Waskada soil group to 76.7 bu"/ac. in the Manitou soil-

group. With the exception of the Portage soil group, farm

yields of oats were significantly different from yields

predicted by the quadratic and logarithmic equations.

In general, the f arm yields of barley and oats \¡¿ere

considerably lower than the predicted yields. This may be

due, in part, to yearly climatic variations and soil

characteristics" Horvever, experimental data from 1962 to

I970 indicated high yields were possible.

Vüheat yields \,vere relatively well described by the

yield prediction equations. With a few exceptions this v¿as

not consistent for barley and oats " Therefore, in relation
to the potential yield of the crop as suggested by their
prediction equations, wheat yields \,\iere generally higher

than yields of oats and barley. This was liJcety due to

better management of wheat than barley and oats " In the

past, wheat has been the most important crop grov/n by

farmers. It most frequently was grown on fall-owed land,

and therefore hael a prefcrential position in the crop
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sequence compared to barley and oats, which were often
grov¿n on stubble. This suggests that better management

would improve barley and oats yields to a greater extent

than wheat yierds. Ho\nrever, yearly crimatic variations must

be measured by the yield prediction equations before farm

yield for oats and barley can be predicted \,,rith consistency.



SUMMARY AND CONCLUSIONS

small pIot. research had i-ndicated that plant uptake

of nitrogen and yierds obtained were rel_ated to soil t{o 3-N

content and fertilizer N applied. The M.p.s.T.L. developed

logarithmic and quadratic yield prediction equations using

a measure of soil Nor-N and fertil-izer N applíed. sufficient
farm yield data r^7as availabre frorn the records of the
M"P.s.T.L" to compare yields farmers obtained with predicted
yields. However, it is generally recognj-zed. that, many

factors influence yield. One factor, i.e. climate, can

be expressed as water deficit. Therefore, water deficit
was introduced as a third variable in the yield prediction
equations.

Farm yields of wheat, oats, and barley were not
adequately predicted when soil- Nor-N and fertilizer N

\.rere the only variables included in the equations. Examina-

tion of data by years indicated. that the mean actuar yÍelds
were extremely variable compared to relatively constant
mean predicted yields. Total- nitrogen supply recommended

for crops should have resulted in uniform yierds, therefore,
the variability in farm yieJ-ds was presumed to be due to
variations in climate. A water deficit factor was

75
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introduced as a thírd varial¡1e in the yielcl prediction
equations as a measure of climate. I¡Iater deficit increased.

as potentiar evapotranspiration increased and precipitation
decreased. predicted yields and farm yields were expected
to decrease with increasing water deficit. As the water
deficit decreased predicted wheat yields increased. However

for barley the water defícit equations indicated that
highest yields were predicted at the híghest water deficit
l-evel-s. Yields decreased untit a medium water deficit was

reached, then remained constant through the lower water
deficit l-evels. No explanation is suggested for this trend.
This yearly variation in farm yields of barley and oats was

not explained.

Farm wheat yierds, when examined as one data group,
were accurately predicted by the equations which included
a water deficit variable. Horvever, when data were examined

by years farm yields \,,'ere accurately predicted in Lg67

and 1968 but were generally lower than predicted yierds in
L969 and L970. For 1969 and LgTo the equations which
included the water deficit variables predicted farm yields
more accuratery than equations which incl-uded soir No3-N

and fertilizer N only. Thus, the water deficit factor shourd
be a major consideration for inclusion in nrodiol-'inn

equations.

Farm yield data were examined for agronomic soil



1'7

groups and the accuracy of farm yield prediction equa-

tions was determined. The results f or wheat showed that

no single type of prcdictJ-on equation was best for a1l_

soil groups. This suggests that fertilizer recomnienda-

tions shoul-d be made using two types of prediction

equations:

(1) Equations which include NO3-N and fertilÍzer
N variables. Agronomic groups which are best

predicted by these equations are:

(a) tr{elI drained, medium textured, till
and lacustrine soíls with a low to

medium water deficit. These soils are

located above the escarpment in central,
west-central, and south-central

Manitoba "

(b) Imperfectly drained coarse and medium

textured, medium water deficit soils
located bel-ow the escarpment in the

Manitoba loivlands "

(2) Equations which include NOg-N, fertilizer N,

and water deficit varÍabl-es. Agronomic groups

which are best predicted by these equations are:

(a) Well- drained, medium textured, high water

deficit tiIl soils; complex soils; and

i mnprfr.r.J-'l r¡ rl ra i nr.Ä r-nr rca-'l-av{-rr rnÄu! q ¿¡¡Uu t 9Vq! Oç Uç4 LUt_ çU ,

" high water deficiL lacustrine soils
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located above the escarpment in south-

western Manitoba.

(b) Well drained, coarse textured, medium

water deficit outwash soils l-ocated

above the escarpment in central and west-

central Manitoba.

(c) fmperfect to poorly drained, fine textured

medium water deficit lacustrine soils
located below the escarpment in the

Manitoba low]ands.

(d) fmperfectly to poorly Crained, fine
textured, medium water deficit lacustrine
and alluvial soils of the northern portion

of the agricultural area of Manitoba.

When examined by agronomic soil groups farm yields
of barley and oats also showed considerable yield variation.
With the exception of bartey in the Manitou soil group

and oats in the Portage soil group, farm yields were not

adequately predicted using equations including soil NO3-N

and fertilizer N variables onlv.

The conclusions are:

(1) In g'eneral, the best types of equation for

predicting yields of wheat \,vere the quadratic

and logarithmic equations which included a

water deficit factor. Ho\nrever, logarithmic

equations which did not incl.ude a v¡ater deficit
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(2)

(3)

(4)

factor adequately predicted farm yietds for
areas other than southwestern Manitoba and

fine textured soils of the Red River Va1ley.

The logarithmic equation model which includes

NOg-N and fertilizer N variables only is the

model used by the M.P.S.T.L"

Farm yield varíations occurred rvhich could not

be explained totally by soil NOs-N and

fertilizer N. Further study of the effect of
climate, i,e., water deficit could account for
yield variations "

Yield prediction equations generally did not

accurately describe farm yields of oats and

barley " Furthermore, predicted yields were

generally further from actual yields when a

water deficit factor was included in the vield
predicti.on equations.

Farmers dÍd not achieve yields of barley and

oats that these yield prediction equations

indicated. This may be due to better
management on small plots than farmers provide

for fields of barlev and oats.
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