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APETRACT,

Ivaluatior of the irfluerce of scil rhveical and
atgrocliratic variakles or fakalear productior indicates that
2ccumulated secil ard stmespheric heat, evapotrarspiraticr
and so0il moisture surply are critical factors ir determirirc

seed and eilsge vields, Catisfacteory vields are ornly

m

chtained wher the scil meisture surplv ir the uprer porticer
cf the prrefile ies adecuvate ard wher the level of accurulated
gsoil heat at 20 om depth execeeds the atmospheric hest
accumuletion by approximately 100 unite, Greowth on the main
stem ceases after the receint of betwveen 1000 and 1150¢ soil
heat urits, the total]l withir these limits keirc deperdert
upen soil meisture surrly in the upper portior of the scil
rrofile. Fababkear preoducticr ir Maniteoka should rnct be
limited ky ervirormertal factore 1ir areas recievirg less
thar 1550 atmospheric heat wurits betveer May lst and
Septerber 30th and possessine a soil vwater deficit or

feptember 30th of less than 20 om,
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In 1978 the Deparwnent oif soil Scilence participatec
& i &

3

in a multidisciplinary project which was initiated to review
the agricultural potential of the high protein seew leguue

fhe responsibility ceslygnated to  this particuliar
portion of the project was an examination ox the inrluence
of the physical enviromment on  tne growth perrormance oL
this CXCpie This invelvew Lield, growth chanber ana

laboratory studies in which an atternpt was mace to  guantlly
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shysical variabies (£33} Crop gevelopmnent ar yield
productivity.

When this analysis was complete 1t was hopedw that the
relationsihips cdeveloped would allow prewiction of which

climatic areas in the Province would be moest sultable for

|

w

arge scale fielu production oi fababean seed and silsge.



IJI REVIEW U PREVIUUS KESTARCH

of Heoisture

An adeqguate scil meisture supply is & critical

reguirement for successful lecure growth (Salter ard Goode,

18€7). The lsvel +that c¢an ke regarded asc adeguate is

h

cepelident uporn the ability cof a crop to extract water under

the tensgicrn at which it ig bedno held irn the scil., 1Thie

0

meleture is reguired t¢ mairtain sufficiert éell turgcor o
azllew plart processes such as rphotesynthesis toe  ccaour
uninmpeded and alsc to provide a root ervirorment svitakle
for e hich rate of ritrogen fixatier Ly the nedulating
kacteria (Fue arc Boersma, 1971). If ar adeqguate molisture
supply is not maintaired throughout the growing season this
will ke reflected 1in reduced plant growih performarnce,

particularly in the case ¢f Vicia faka mincr which is a crop

ive tc crought kecause its ability to wutilize

[

very sensil
soil moisture reserves is limited (Listowski et al., after
Gliemmercth, 1252},

Field experimental results of El Nadi (197¢) orn Vicia
faka majecr indicate that grain yields may ke doubled whern
the melsture supply in the tep 15 am of prefile is
mairtaired akove average levels (le. greater tharn 20% of
weter on a dry scoil basis). This wes compared to irrigatino
when visuval symptoms of water stress were apparent in the

crog (i.e. less tharp 18% cf weter or a <dry scil basis).



Ixarination o©of the irrigaticr requirements of the horselrear

by wikali et al. (1268) have shevn that a frequency of water

plicaticr of twenty days results ir a 25% vield increase

4

i

b
j
s

o

¥

cver applicaticr every €¢ dave vwhen the amcunt of weter
applied die sufficient to raise the level tc field capacity
rlus 10%, UThis chkservaticr is supported Ly Listowski et

al.(1%€€) who record a 103% ircrease in horsebear (Vicia

fabka mincr) seed yield as the maximur soil water strese wes

increased from 20 tc 70% of availakle moisture. This

increase was alsc apperernt ir straw dry matter preoduction

for the same molsture treatments.

3

Jernee (12€3)  using krced beans( Vicia faka majcor) has

N

gtudied the influerce of scil meisture ir arcther fashior.
e established a set level of water table at varicus depths

.

in lerce pects. 1he respcerse in seed vield showed that the

25 ard 3¢ cn depth treatments vielded one third more thar
the 4¢ ard 56 o depth treatments. This reflects tle

initial <c¢heck in growth experienced by the plarts hefcre
they were akle to cktain adequate roct development at the
deeper vater takle depths, This emphasizes the reed for
adequate molsture supply in the dpitial orowth  stages 4if
gocod yields are to ke oktained,

“ach et 2l.(1%96€) in ar examinaticr of pcle Lkear
productivity moritored the maximum scil molsture tensicr at
20 om cepth to Cdetermire the reguired frequency of

irrigation tc preoduce optimum  vields, Yhen +the maximum



tenslicn  imposed was reduced from 4.5 to 0.9 bers, yvields

increased by €3%. Kuc and Foerama (1271) report that in  the
case of three week cld scvkheans (Glycine HMax, (1,) Merr.) as

[}

fa.

oll meisture tensicrn was increased from 0.35 to 2.50 bhars

h

o

rate of npitrogen fiwvation was reduced 41.5% with 2

T

corregpending 56% drop ir dry matter preductiorn, Similarly,
Burmar: and Bohment (1961) using great nertherrn keans, found
that ar incréase in the maxinum soil meisture tension from
0.5 te 1 kar results in a 42% decrease in seed vield,

-

legquate for

l]
e}

If scil mnmceisture conditions are ire

maximum crop growth performance ard the supply of irrigation

water is limited, then the growth stage at which +the

fan

supplemental irrication is applied may be coritical irn

ceternining the megrnitude of +the increase ip final ary

matter or seed yields (falter and Goode,l19%67). Liperimental

1

results of Il Ladi(l970) or Vigia Tara major show thet

supplementsl drrigaticer ir  the ped develcprent tc harvest

}

yrowth stage resulted ir a 29% vield increase over a checl

~
54

treatment. This compares with a 10% vield increase when the
supplemental irricatior occurred ir +the emergence to pod
development stace. This irdicates 2 greater plart
sensitivity of ¢rair vield to soil meisture deficit in the
later grewth stages, Foevever, maintenance of an adequate
meisture supply throuchout the enrtire growving ESeascn  vwas

clearly +the most saticfactory trestment resultinrg ir = 78%

vield increase over the drier check treatment.




21t

o
[

(19€3) examined the vield resporse of peas to
additicrns of mnmecisture et various growth staces ard he
considered that irricaticr in the pr eflevwering vegetative
rhase did ncot increas vields, Yhen the supplermental
irrigaticr was epplied orly in the flowering stage, seed
vield was increased by 30% over the check treatment;
similerly weter additiorn only ir the pod swelling stage
increased vyields by 20%. These results enphasize the

greater yield resporse resultine frem ensuring an adecuate

molsture supply ir the reprreductive growth phases., falter
and Goode (L867) have concluded from the work of

Relech (1952); Etolp (1957,19€60) and B rouwer (1¢49,1959) +that

-

vields of broad and field beans were also favourably
increased by supplemental irrigation cduring the meolsture
sensitive flowering stace and that irrigaticrn at the later

growth stages was Lkereficial. Eovever, for Vicia faba

major, Jenes(l963) considered that the attainment of a high
plant growth rate before fleowering was essential if good
seed yields were to ke oktained. Alse Maurer et E}.(1969)
fourd that there was no significant difference ir the total
cry matter productiorn of snap heanrs vher a mederate tension
treatmert (0.5 kar) was imposed in either the seeding to

flowering stage or the flowerinrg to harvest stacge,.



Atnosvheric Tehperature

Tt is clear that all crop types do nhet respend o
varying envircormental conditicrns in a similar fashiorn. Vet
near coptimal vields can generally be chtained urder a rarnge
of air temperature regimes given that other factors irvolvead
are non=limiting. The identificaticrn of the Loundaries ard
xtent of this range and the interaction of temperature with
cther envircrmental variables for particuler crops is as vet
only poorly uncderstood. Fodosorn: (L267) has shown that for

Vicia faka eguina relative ogrowth rates are pesitively

correlated with light and temperature and are Very Low (less
than 0.0 gm/om  per day) when mean weekly air temperature
sz less than § C. daxinum relative grovWtii rates coccurred at

hie study

ot

the hichest mnean tenperatures experienced in
(14-1¢ ¢)s Fe corcluded that horsebeans are less sensitive
to seasonal fluctusticons irn envirenmental conditions than
are sunflcowers,

Ivans (1657) considered variety Lo be a c¢ritical

variable in the response of Vicia faba major to temperature

conditiorns, For fast growing FPuropean spring beans

maxinua grovth rates occurred from 23 to 30 C and fer the
slover growlng luropean winter beans 20 to 26 C was optimal,
Fowever at the hichest temperatures most varieties were only
akle to sustain high growth rates for a short pericd of time
and a heavy yield of seed could ecually well be cbtained at

10 ¢ cver seven morthis as at 23 ¢ over four months. e




clained that these results show that i+t is net the effect of
hich tGemperatures per se that causes bean grovih &0 cease

uncder hot dry field corditicrs and +that Vicia faba major is

less adversely eflfected by high tewperatures than peas..
Irn the case of peas fletcher gt al.(l96¢) corsider
that a seasoral average maximun alr temperature of 20-21 C
represents an optimum level. Ionnecke et 2l.(1l971) claim
that ar increase in day - nicht temperature regime from 17/7
te 27717 ¢ may result 1ir a 70% decrease in seed vield.
ftanfield et al. (19¢€) consider that the optimal temperature
range for peas shifts with stage of plant maturity. This is
represented Ly a change from an optimum of 21/16 ¢ at +the
sixth node stage to 16/10 ¢ at maturity.

Listowski et al.(i%¢6) examined the irfluence of

L=

right temperature regime on the seed vield of Vicia faka

mincr and cencluded that high night temperatures (mean 2¢ C)
resultel 1in a reductior irn yield of 18% compared to a mean

£
L

richt temperature of 11 €., However the influence o nicht
temperature was not considered to be significant compared to
scil wmolsture treatments which recorded a vield increase of
103% when the s=cil water deficit was lowered from 70 tco 30%
of available moisture., ILvars(1857) supports the conclusion
that lower ©night temperatures are faveurable for the

productivity of Vicia faka. Feters et al. (1871) report that

in the case of soybeans (¢lvcine iam, L. derr.) a reduction

in the average right tenperature from 29.4 4o 1§.2 C resulis




ir. & 20% reductior in yield. Towever, fattah and Vort (1870)

U‘l

record a 35% increase in  the fresh rod weicht of kusgh

beans (Fhaseclus vulgaris L.) when night temperatures vere

raised from 21 to 26 O,

Ce.Lelioore (1974 ,Personal Cormurication) suggests that
fababeans will tolerate a warnm ﬂl;m ate up to certain levels

A

(2700 corn heat unhits anc aLCVQ this level yield return
will be ursatisfactory (the highest cerrn  hieat urit
accumulation in sanitoba is 2500 units) . Fe considere that
extremely high temperatures (greater than 32 <) will cause
alunost complete flower abortion and cessation of ped growth:

and satisfactory reproductive develcopnment is only likely to

coour below 30 o«

fell Temperature

The prcoductivity of a plant ig affected Lv the

f:

develcpment of its root system. This ir turn is strenoly

t is

!..l -

influenced by the envirommertal conditiors to which

exposed, of which a major component is soll temperature

(Sartain and Lielscrn, 1970C). In  the case of inroculated
legunes the effect of scil tawerature is of added

impertance as this is a controlling factor in the

productivity of the nitrocen fixing root nodule Lkacteria
Y 3 e o 2

which are in general the principal scurce of nitrogen te the
JYowing crop.

Kue and Peersma(l1971) ir a laboratory study using




three week ©ld scoykearns (Glycire #ax. (L.) lerr.) irdicated

that as reoot temperatures ircreased from 15.6 to 37.8 C
plant dry weight, net photeosynthesis and rnitrccen fimation
rate initially ircreased slowly and then rapidly to reach
cptinmum values around & temperature cf 27 C. This wes
fellowed Ly decreasing values as temperatures ircreased
further. A positive deviation from the optimal temperature
of 27 < was shown to result in a reduckion in nitrecen

fixatlon rate comparakle to that caused by ar increase in

soil molsture tension from Q.70-1.50 ber

L}

©

Hack and Ivarson(l972) in a field experiment using

"

soybeans (ulycine Haxz,.,) concluded that yield wags lingarly

related to increases in sclil temperature and heat
acounmiulatiorn. Experimertal results dncdicated a 43.4%
increase in yield when the accumulated scil heat at 20 o

-~

822 day decres

1d

deptl: was vralsed from a total of 859 to
units akove 5 C., i.e. The nunber of degrees C per day Ly
which the mean soll temperature at 20 on exceeds a Lase
tehperature of 5 &, the total Lkeing accunulated over the

growing season). lhere was alsc a mnatching decrease ir

Yield of €2.,4% wher the heat accunulatior wes lowered to 408

units. These values cerrespond  te mean daily soill
terperatures of ll.2, 17.7 and 31.2 < and this represents an

increase in yield or the warmer soil of (.54 ¢/ha per degree
C.

The experimental results of fartain and Nelscon (1270)



10

cr.  the soyhkean corcur with previcus workers in sugcesting
that optinum soil temperature values are near 28 C, They
2lsc consider that dry matter productivity is  satisfactery
cver the 20-35 C rarge but that akove this value a rapid
ceterioration in crowth performarce takes place.

Hdack (1973) hee shewn for field peazs (Pisum sativum

L.} that considerably hicher seed yvields were chtained at a
mean s0il temperature of 10,4 C compared to higher
temperatures of 18.5 and 28,2 <. However, maxinumn vine
welghts were recorded at the irntermediate scil temperature
18.5 C. These values correspond tc scil heat accunulations
at 20 cm depth of 334, 840 ard 1500 units.

khack and Vallen(ls74) in a study on white keans
report that a corsiderable ircrease in vield cccurs whern the
accunulated level of soll heat at 20 om depth is raised frem
€02 to 1004 urits (19.7 and 22.7 C telperature Ereathients),
representing a 0.7 ¢/ha change in vield per degree ¢ froem
the seascrnal mean temperature 19,7 C. This c¢learly shows
that white bkeans are closely related to scovbeans in their

goll temperature requiremenrts but field peas recuire a

radically different envirorment for maximum productivity,

Corclusions

“he review of previous resgearch shews that the
response of individuzl seed legume crops to enviromnertal

conditiors is highly varied. Fowever it is apparent that



11
ever moderate Cefiglits ir evailakle scil molsture result in

N

reduced crop vields., Vicia faka appears to ke relativel

.t
wd

o

sensitive to sc¢ll meisture status throughout the growing
seasor particularly in the reproductive growth phase.

It is c¢lear that +there Wwill ke a sigrificant

&

interacticn in the effects cf scil =ncisture, scil
termparature and atmcspheric tenperature; but fcr

nen=-limiting scil molsture conditions the optimum

n

atmospheric temperature range for Vicia faba mnmincr appear

nicht

(93

to be Letveen that of peas and soykears. Fich day am
temperatures are ikely +0 cause vield reduction and low
temperatures will probakly reduce the crop growth rate. The
effect of scil temperature variaticon on seed vyield 1is not

rresently krown for this crop,

e
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Fieid iunvestigations

The locations oL e experimental plots were
speciilically chosen in order tou embrace the widest possille
vauge of climatic counditions in southern Manitoba. This was

ceternined with reierence To maps prepared Ly

ykewlcen (1974) o In particular the soil water ceficit on

Sejptember 30th mnap amd the degree davs above 5 C May Tst -

September 30th nap were utilized to choose plots with as

large @ varlation in plant available soil woisture ang ailzr

tenperature conditicuns as possibile. The sites chosen wexe

3

Altona, seven osisters anc Pilot nound; site descriptions axre
alsplayew in Tables 1T anc 2.

beewlny cates were L4 - 5 weeks later than is
recommendad; the welay Dbelnyg ceaused Ly May reins ana the
neec. to share egulpment tine., The plots were strips (40 m x
5 m) located adjacent to fakaliean fertilizer +trials which
nelped to rewuce any bias in the wata analysis Lrom climatic

"euge effects”. bseedinyg rates (200 kyg/ha)

=
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H
o

<
[
)
[x3
o
o
5
o]

: o

culiture Lot Hoe Xi7.) was appliec at &« rate of 418 gm pex
100 ky of seed. Conventlal seedinyg egulpnent wWas UBEU.
Aagyuate weeu control was obtained by the use of Treflan

lwaukee, wWisconsin 5
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at  the Iecoumendeu rate as a pre-energence herbicice for
Control of wile cats. wsrcacleaved weeos werce removed by

hanaweediny of all plots,.

Ly
-

. - P
t

Triple super phosphate was epplieu et a rate of 15 kg

oL P ‘8L hectare tou  ensure adeyuate avallability of

L
phospnorus to the crop. Adeyuate U JOOG emergence was

achieved at all sites with very tew yaps in the plant stand.

The plant densities (means of 15 random netre quawrats)

wekle: ALtTon

26 plants/syenm, Pilot Mound 66 plants/sq.m  anc

o

.
[

seven Sisters 44 plants/sy.n.

Lnuvironmental Zaraneters Recorded. Rainfall and

maxinun and mininum  air  tenperatures were recorded

o

&

’,.v
o]
e

from seeding to harvest elther on site ©r in weatherx
stations within a two wmile rauwius oi the JERREIN wWeekly
putential evapctranspiration values (ci)  were calculated

from this data using the shortenec saier and Robertson (1565)

where Tmaxn = Dally maninwa air tenperature

Lange = Dally maxinun - caily wininum air

<

at the top oi the atmusphere in cad/syecn auring




1

o 21 Bl S T T S SR IR Y enrd verey s be hw s woeel g e - oy e o
BUla Tenpelatiles were neasured weendy with o set oL

)

-

therccouples &t the tollowing depthss Ce Ly 5, 00,20,50,100

anc 120 cwe Irom this deta scil cenperature heat units  at

<0 ¢ were calculated hmluJ 5 C as a Lase taenperatire, soll

WUlsSTure was Leasured we cekly bt 15 wn depth intervals to
2 . 1

¢m with a neutron prokbe” at a voitage setting of 1175 v.

Sinilar soil wolsture measurenents were also reriormed in g

Leasured in the laboratory
Shid il ,lduulc cylinders. The top half of  the soil Co L
g 1

Wag  saturatew  ana  aiter @llowing 24 hours for noisture
redistribution the watexr percentage o the webt portion of
the so0li colunn was Jdeterlhiihed on an overn “ry 501l Lasis.
Wilting pOlnts wvere estimated from iifteen  lar water
contents smeasurec  with a pressure  membrane  appal

These neasurenents Coupled with rainfell and suil nwisture

1..4.
-t
o
b

sata allowed calculation of & weeklv reCoru i ava
501l moisture levels 1or each 15 om  increment of soil
proiile. This Was alse  periormed 1in  nearby bariey

fertilizer trials and at Seven sisters the sell molsture

conditiovns were a1l80 recirued.

-

levels under fallow

e Hodel 58610 + 35920. Nuclear Chicayu Co. Zustin, Te

\A

16757, USBA,
'
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weekly
plants which were wven driecd for i
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I

Ly
appropriate stana density ractor. Relat
¢/he.wk were calculatea

7

Ve oIl

Ete

tria

ot

Lyoin this data. harvest
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arvest

yield reached & maximun

seeulny,

weeks
ranaeinly chosen

cf hand cuttinyg 32
replicate 25 plant eache
removed by hana and aliowed to alr dry in the
ten ways to wwo o She i

week
the seed

&4

Laboratoxry

perrormed by hand

jas oven dried et 65 C until constant
obtalned. This enabled calculation

yield which was then multiplied by th
o i

welght was
CL
give an

T

4 mean per plant
-
estin

¢

plant censity

latew yield o an area kasis in /ha. CGrain
pLoteln contents were asses

vaiues multiplied
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vetermined albter oven uriying
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wWas obtalileds.

Growth Champber studles

solil meisture experiments. The First experinent was
i E

conaucteu using surface horizons ol Almasippi sand  and Red

Fiver clay. Aun egulvalent oL Lour kg oi oven Gry so

!_1 N

iy
selvec to a maximum aggregate size oi § g, was placed in
plastic jpots; twenty pots of each s80il were used. The
fertility status of the scils usec is displayed in Table 3.

The Pimasippl sand was trested with 20 ppm 5 applied as Ko 80y

ang the R

River clay recieved 20 ppm of P applied as Kb POy
Sixn  iababeans (variety »Ackerperle) were innoculated with
i

Legune-ald" and planted in each pot eud after emergence the

plants were thinned to three per pot. 'Field capacity’

values were uweterninec as previously dJdiscussec. wilting

percentages were estimated from 15 atmosphere jercentages
rethyiens glycol 6000 us cescribed by wWillians and
shaykewichi(19%69) .

Five wisture treatments were inposed with Lour
Yepiications for each soil, the i{irst three treatmenits were

25, o0 and 750 maximuwn available water deiicit anc the

41 o

Chesapeake 2ve, Colunbus,
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itourth ana Lifth trestments were the sale as th Tirst anc

-t

secolie until Llowering when the méxinun ovailalble water

dericitc was recuced Lo 7

growth chamber were 15/10 C cay and night veyime wnd the
elative hunidalty regime was L5,
set CTo provide a 16 houx

illumination increased ©o  a maniun liidway  throuyh

L

photopericd  and then wecreased in vrwer ©o simulate natural
variations in sunlilight es experienced in the fieldé.

lhe seccna enperiment was almest identical to  the
first experinent except thet a new comercial inncculisn was
useu: dHitragin (Laba bean) o  culture

atiwospheric tenperature e

C
ey
r/_
i__
s
0
¥
©
-
"
C
p
©
M
o
H
o
¢
s
{
T
o
-
G

ueyrees C. alu the nunbex
T

In  the third and ifcurth experiments the s0ils usec
weie Sdlipeel ~row the rield experimental plots, the seed
variety was changed to Diana to complement the Lield
cots ol seil from kbothy the Altona anc

i
&

ilteen

fet

experiments,

seven slsters sites were usew but there was only suificient

Space  Loxr  ten Lrom  the Pilot mouna site. The moistur

y €6 and 1008 wmaxinws avallabie

L

treatnents enployes were 3

und site

water dericit; except for the soil from the Piiot
which ¢la not include & 66% maxinag avaiiable water deficit

treatinent. Otherwise conwitions were icentical +o the
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Amklent experinents, mwncugh  ditragin

lanoculated seeu (Diana) was planteq at weelly intervals fox

Six weeks €O ensure euwrgence of 30 seeulings per week, The

plowth chamber tenperature setting was 20/15 C cay and night

4]
P
.

regylie, and soil noisture was naintained at i capacity,.
One week alter seediny che sestlilngs were transplanted into
pots o©r scil from the Seven Sisters site, three plants rer
POt.  These were ygrown in the growth chamber 10r & ifurther
week and then gplaced in  another Jrowtn chnanber set at a

censtant 10 Co Aiter allowing wwe ways  Lor  tenperature

arvestedu to

b

equilibration 15 of the plants (five pots) were h

H

&3]

vetermine dry weight. Tue renalnder o« the plants were
grown Lor a further 5 days anc then harvested Lo determine

the increase in dry weight., S0il moistur was malntained

0

close to rielu capacity throughout the experiment. This

i

experiment was repeated crposlng the plants in the second

-~

[t}

growti chamber 1o tenperatures c
Care was taken to ensure that all plants were at a similax
we 0L development belore transfer into the second growth
chamnber, any  samples that oild ncit neet this reguirement

were rejecteu and a substitute pot was ubilized.




Piglu daperiment

1e Cropn Growth Paraueters
:"

a). Dry Metber Production: A gross variation in  growth

rate, character anu performance 1is eviwent in Table 4.

Analysis ©Lf the curves oIl accunulated iy matier production
per week (Figure 1) indicates that curing pod Liiling at

week 10 the productivity at Pilot Hound was twice as  great
as that at Aitona ano two-thirds yreai

Sisters. Production then ceaseu at Pilot Houna, it increased

Jreater total at Altona enu at seven

it  continuved wabatea up o 14 when plant growth was

L) . Seed yuality anc yielus: There was a large variation

within the replicates at each site, however the lakye numnber

of replicates taken (32) ensuredu an accurate rep

,_,
{
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rl
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o
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n
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w
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o the crop perioimance at
in Tables 5 and 6 enu can kbest be vescribew as  average Lo
jeleleiy conpareu Lo yxevious YEALSe TwO wWay analygis oL

variance incicated that location was & signlficant factor in

oy LF. 3 ana 4. aowever

[¢a)

it
‘_l
O
¥
!

vielu ueterminatl
funcan's multiple range test failed tO uifrexentiate at the
954  conficence level Dbetween yields at Seven 3isters and

Pilot icuna; though kboth were significantly greater than at




ALTCS .
<)oo

that up to week 10 similaricy

Sisters 10y these

un the wawiln stem and

it  continued
narvest; indlcating a gyreater
this site,

main stein ceased at least

I
| e
o
({I

Pilot Hound and

[¥8
Ui
w
®

]

2o Climatic Parameters.

Rainfall
growing season, Pilot Hound

first 10

the o

in yreater heat

tion andd 1ig

S\\

evapora
tenperatures,

narveste

velcal Parameters.

rainiall

Was

stem and dudal Developument:

node production

thereiore six weeks

LOOXLY
only receiving
weeks oL yrowth, June and
Altong
rowing season, particularly in

than either seven &Sisters or Pidlot

20

In Taki it can be seen

enls FOUNG anG

nowever

&

Sisters aino

inceterminance in

node vevelopment on

o
o

twe  weeks earlier thar

earlier than at seven

distributec thrcughout the

5 the

Se
July keilny

appears Lo  have been

the lattex

HOulidle This was

unit  accumulation, potential

maxlnaun AT miniman

P

was the only site aifected Ly




weeks ©i the yrowing season, reserves of avallable nvlsture

i the s0id proved Lo ke a critical vaeriabilie

Pilot MHouna availalle

~
°
st
2
o

CL ol 3.!“:0.\.”1.11 L(‘,.L.J«U.thmu.\.«&, (TC-:D-LG

gater

H

ot

molsture sugply in the top hall of the proiiie was g
than at  the other sites 1n the rirst hall ou the growing
seascn, but consiuerably lower in the letter half. Molsture
withdrawl in the iababean plot was fairly similar to that of

the barley. This can be seen in &

values at 20 o were selected

as keinyg the wmost representative 0 root envirousental
conuitions anu also provice a temperature recora Irom which

nort terw osciliations are campened indicating uwore clearly

4]
ot
=

1..)

the real trend in chanyglny tenperature conultions (Table
107 . Altona appears 1o have experienced overall wallkern

tenperatures than elilther oif the cther twe sites.

4. bLata Aunalvsis

Reyression teciniyues were employved to analyze the

amount o©ox variation in plant yrowth parameters (dependent
variables) expiained by a series oif environmental parameters

(indepencent variables). The dependent varialbles considerec

are ilsted Leiow

RGRy = Crop relative yrowth rate (y/ha.wk).

PUAT = Per plant ary welght {(gin) .
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socunblated Ccrop wry matrer proauction {y/ha) .

Nulilber GI Giifferentiated noues.

=

O
=
|

ent yrowth rate (waw/day) .
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o
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The ilncependent variakles considered

PAIN = Total weekly rainiall (cm).

FAXC = Mean weekly maxinun teuperature (C).

MINC = Mean weekly minimuan cemperature (C)o.

deekly soll tenperature et 40 cu (C).

¢
O
H
=

il

deekly soll tenmperature heat unit recelpt ot 20 <

v
'__.:
NE
o
c
1}

+
i

L&QLJtﬂ’ i-eo ('l’ - 5-0) Za .
ATHU = Jeekly a«ir tenperature heat uni
ASTH = Accuwnulated soill metric heat units at 20 wm gepth.

!

[ = AccduLated alr tewp

erature metric heat units.
VLI = Avallable soll nwisture (cw) to

LVEF = Availalbie soll molsture (om) Lo

AVTH = aAvailable soil molsture (aa) to 30 cu cepth,.

LVAD = Hean weekly potential evagotranspiration (au) .

CS5I = Lvaporative wenand stress lL.e. weekly neisture

conswiption to 60 cm - weekly potential evayotransplration

(cr) o

evapotransplration («m) .
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EaST = LUll nolsture werlicli stress tou 50w wepth i.e.
avaliapie soll mwisture to 30 cn - weekly potential
evapotranspiration (Cn) .

Initial linear regyressions on  the vata as a whole

(weeks Z-14) and consigering only the values or weeks 5-11

ilmination oL insignificant independent

'...m

lew tC the @l
variables. The remainder were then reanalysed with multiple
non=-linear regyression which incorporates quadratic  and
interaction variables in the wate processing. In wost cases

established frum <the

highly significent relatiwr
analysis hetween ali plant wevelopment variables and

wers PRGR  and

envirommental Lactors,
KGR  which were both assoclatea with low correlation
coesficients indicating that they pussessed little variation
in coummon with the independent variables tested.

The eguations liisted Lelow were yeneratec using the
week Z-14 data set; any relationships consicered +¢ Le
it are not shown.

statistically not signii

1) PLWT = -13¢4 ~0.10671T(AATE) +0.7136 (AVHE)
TO0I33T(ASTH) +0.8983(EVAP) (LVAP) +0.07166 (AVHE)
(AVHI) -0.00001126 (ASTH) (ABTH) = (.5975(2VAP)
(AVIHTY)

k= 0‘9‘5, Delle = 1.45’
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Z) . GDWT = L3.36 +0.2325(ABTH) -U.2312(AATH) *+

1. 015 (AVEF) (AVEF) - 40297 (BVAD) (AVEFL)

3). HOD = L.060 +3.871(AVFT) + 0.03277(ASTR) -
G. 0001147 (ASTH) (A8TH)Y =0 OLSLES (AVIE) (BVEHT) =
1.5595 (EVAD) (AVFF) +0.20441(KVAP) (AVHL) .

222 0,98, Sebe = 1427
by . STET = 10,34 +0.3054 (ASTH) = 0.1599 (BATH) =
0.00006165 (ABTH) (ASTLY +0. 374 (AVHE) (AVEFY -

0. 3547 (BVAD) (AVHE) =Z.514 (EVAR) (AVEE) .

= 0068, Sed. = 499

5). BSCRD = -0.402z +0.003636 (FAXC) (COTIL) -0.002230
(AVHE) (COIL) .

L= 0.53, See = 0421

The equations listec below wese generatec using the
week 5-11 cata set; insignilicant reiationships were

omitted.

). DPDWD = 10467 + 2.292(AVEL) =0.04456(ARTL) +
0. 0BLLS (RSTH) —1.2046 (AVET) (BVAL) .
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C. 401 (AVEF) (AVI'F)

.,}_.

7) e UDWT = LU,33 +13.,96(EVAP)

&) o HNOD = ~T4.17 + 0.1287(ASTu) - G 05902 (AATH)

=0 00003834 (ABTLH) (ASTH)

o WTUT = =85.34 +0.3102(ABTH) -0.000167 (RATH) (AATL) »

10) « SCGRD = =4.039 +0.01594 (ASTH) - 0.000071182
(ASTIH) (ABTE) +0.1529 (LVAP) (AVTH) .

Growth Chawber LZxperinents

Results are displayed in Tables 11, 12, 13 ana 14.
in  Table 11 results are yiven 1oxr the treatnents involving
the hed River Clay but it is clear that noduliation iailed Lo
take place negating this nali oi experiment 1. Ho results
are ylven Lor experiment 2 which was terminated at week 5
when the covlant nlulu(water) was cut ofi at the mains in
the growth cnamber room without prior notice and all lants
were kildied by ovveraecating. Similarly only limited results

are given Lor experiment 3 which was also Frematurely
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terminatec at week § by a mecaanical hreakdown of tne yrowth

chamber temperature control which again killea the plants by

-

overheating.

Consiuerable Giisficulty was alsc experienced in
proviaing arn anvironusent suitable for adeyuvate seesu
formatlion. Unuer cunstant tenperacure ana  nunlaity

conuitions the plant's yrowth habilt eppesrec to bLe largely

4+

indeterminate anu true seed maturity was never reachec in

riments. This situation was intensifi by  the

the QRpe

('n
h

breakeown ©f meaningius sSull wwlsture treatments. AL
about nine weeks the plants becawe so large that the entire

availablie wmoisture supply Wwa cften consumed in ohe «ay.

2]

This reilects a serious weakn in performing solil nolsture
experiments under pot coanditions.
The unsatiscactory nature o Lhe Lirst foux

rerlenced when the ambient temperature

Thne results ©iL experiment 5L ave

indicated b maxinum

AL higher anc

lowel tenperatures prouuctivity was considerably requced
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Irtrecuction

The irfluences of the phvsical envircrment con crop
growth perforrance are complex and hichly interdepencent,
Legure productivity is particularlyv sersitive to variaticrs
in temperature and moisture factors owirg to & dependence or
svrkbictic nitrecgen fixaticn. In this study ar attempt is

made teo  investigate these irterelatienships, to determine

the relative impertarce of certain physical envircormental

joh}

variakles

e

T ¢ assess the maonitude of their irndividual

~

e produchivity of the

and ccnbirned effects on t

*

Tre culminsticr of this aralysie 1s a consideraticn of the
diversity ir physical envirormert experienced ky the varicus
reciors of the province ard a recommendatior as to which of
these regions would be satisfactory fcr good fakakean seged
ard silage production.

1

In the 1974 crop yvear fabakean growtlhh clhiaracter arnd
productivity was determined by the comkbined irfluences of
temperature, evaporation ard scil meisture., Ffeed yields and
dry matter productior were reduced due to stressed growth
corditiocrs dimposed by iradeguate soll molsture reserves and

hich levels of potential evapotranspiratiorn during the

]

vegetative, flovwering ard ped development growth stac

]
2
o
n
©

Atmespheric and scil temperature interelaticnships, irn

corjurctior with soil moisture eavailebility in the upper
4 N
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perticr of the scil profile were resporsible, for
deterriring the rate of sten development and the date or

which upward growti or the mair stem ceased.

foil Holsture ard Ivapoktranspiratior Iffects

Un  consideraticn of the reosression equaticns listed
in Chapter four cre corclusicr immediately apparent is that
g€cll mceisture and evapotranspiratior are resporsible for
explaining a large proporticn of the variarce recordied in
the plart greowth paraneters, This is ncot ar unexpected
corclusior freom data generated ir a growth vear ir which

precipitaticr was nmuch reduced in the mid = summer morths.

It supports the experimental resultes of Listowski et

al. (18€€) and the opinicns of Salter anrd Coede(l967) who
gtress the impertarce of soil moisture ir the development cof

legure crops such as Vicia faba ard lisum sativun,

“ke magnitude of the effect of scil mcisture or plart
grewtilh can be chserved in Takle 15 which shows that Iquaticn
1l predicts ar ircrease ir plant dry weicht of between 20 ard

Y

<5% as available soil moisture supply is ircressed from 6-~14

I, ‘he assurptior made ir this particular case is that
soll temperature corditions are favourakle (e.c,

AELE-AATT=100) anc that potential evapctranspiratien is
cerstart. Clearly if this latter factor 1is alleved o
increace, which is extremely likely wunder Lot dry

cerditiors, then the effects of meoisture supnly weuld becorme
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of gtill cgreater impertance., %he mecharisms by which plart
cgrewth is reduced may orly reasorakly ke discussed ir a
girmlified fashior in thiec study but it is clear +Lhat two
majocr physiclegical conditierns are irvelved., Firstly there
will ke a reducticr ir plent cell turger pressure asg the
water poterntial ir the zore surrcunding the roots is
decrezsed te such an extert that the plant is nc leorger able
to extract water at a sufficient rate. This may result ir a
terperary clesure of the stomatal cpenings and & consecuent
reducticr in photsyrthesis and transfer of nutrierts withir
the vplant erd +trarsfer of carbchydrates te the ncdulatino
bacteria. Cfecorndly a redugticn in the water potential ir
the area irhabited by the Rhigzobia will result in a decrease
in ritroger fixaticr (Fuo and Poersma, 1°971).

Cualitative evidernce for the effects of scil moisture
cr plart developmert wag chserved at Altena and feven

Sistere; where during the vecetative and flowering phases of

develepment, temporary wilting of the crop occurred during
the early afternoon pericd of highest rotential
evapctrarspiration, The results of growth chanber

Ixperiment £ show a supperting trend te the previous
cornclusicrns with plart dry welcght being increased by bhetwesn
33 and 100% by decreasSing the level of maximum availlable
s0il water deficit experienced (Takle 13),

It has been suggested Ly several authors (Jones, 19637

falter ard Goode,1267; and El Lagl 1970} that Vicia faka is
s
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a crop which 1s subject €0 an enhanced sernsitivity to

molsture stress durirg particular orowihh stages, The
results of urowth Chamber Ixperiment 1 do nct display thisg

effect (fable 11). Lowever the fisld experiments previde
evidence to indicate that this suggesticr is wvalid. At
Filet Hournd water supply was adeCuate until after pcd set

had ccourred ard though the resultant seed vields were best

t this site, protein contert was reduced. This cortrasts

£

with sltera where scil moisture appeared to be a limitinc

facter  to growth during the vecetative, flowering and early

ped set stages. Jaiple rainfall in later weeks was unable to
conpensate for this retardatich in  cdevelopment., At feven
fisters plart avallable moilsture was ir Chorf supply during

the vegetative phase but during the flowering stage, thouch

rainfall receipt was rnot coreat, it was at least well

[
La.

stributed in time ard the plants were under less Stress

than at Altona. &8 a result seed vield at Sfeven Sisters

_‘,1
%
0

cemparakle to  that at Filot sdound and proteiln content was

congiderakly Ligher, possibly due to either arple rainfall

,_)

anc lower temperatures cduring the peod fillirg stage or the
fatlure of the seed to reach Full maturity due to frost.

These chkservaticrs wculd seem to support the views of

rm

alter ard Goode (1967) that for Vicia faba the flovwering/pod

n

etting stages are particulaerly sersitive t¢ meoisture
stress. lYurthermore it weuld seem that low soil mnmcoisture

supply in- the pod f£illirg stages of growth may inhikit
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proteir develcphent in the seed Ly depriving the plant of

its gsymkictic nitrcgen sSuPPlye “he cenclusions of
vones (1263) would alsc appear to be valid but for dry matter

rroductior rather thar seed vield. Cince at Sfever Cisters

!_) -

relative growth rate in the vevetative phase (Takle £4) was

4

rd had Seven fisters attained

N
¢

lover tharn at Filot Mounrd
comparable values, dry matter productiorn could well have
apprcached 13-15 t/he.

The effect of scil moisture supply orn dry matter
procduction can also be ochserved in Table 1¢ which shows a
thecretical evaluatiorn of equatior 1lc ir which
evapotrarspiratior ise lield corstant. fThese results clearly
show that when 1000 so0il temperature heat units have
accumulated, growtl or the mair stem will cease wher water
supply ir the top 30 cm of profile is lew. If water supply
is high growth will continue until 125-150 additicral heat

further

jvl

urits have keen accumulated and thig results in
1-2 weeks growth represented by an increase of 1=2 t/ha of
ary matter.

T Iquaticr 3 .ig treated irn a similar nanner,
assumirg a mear value for evapeoraticr and tokal water supply
te 105 em cdepth in the profile te be constant (&VIE), the
results cererated (Table 17) show thet a decrease ir the
avallakble moisture supply in the upper half of the profile
will lead to a considerable decrease ir the rumbar of nodes

-

differentiated on the main stem. This implies that under
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dry conditicns leaf numbers ard therefore total leaf area
will be lower reducing the plart's photosvnthetic potential:

algo the active growtilh period of the main stenr will be

1]

siicrter corseqguently depressing yields of dry matter,

The apparent sicgrnifigance of the cokservaticrs of this
gsection cor the production of good fabakean crops in Hanikcha
is profcund. A considerable porticn of the provirce is
ircluded irn ar area which possesses a s0ll meoilsture deficit
cn  September +the 30th of gresater +thar 20 cm, Thig is
digplayed irn rigure € which has bkeen derived from data
presented k¥ fhayvkewich (1274). This area weould appear to
represent cernditicrs that are teoe dry for adeduate seed or
sllage producticr. The effect of dry conditiors is further
intersified by the likeiihocd of recelving conrly limited
precipitation in July when the c¢rop is ir the mcoisture
censitive flowering stece. Only areas in which the upper
vorticr of the scil profile 1 maintained at reascnable
levels of available moisture throughout the growirng seascon
car be expected to produce good yvielde of high proteirn seed
or silage. This condition weuld probebly be experienced 1in
areas where the scil moisture deficit is less than 1% om ard
this includes orly a small portior of the acricultural zore

of the Irovirce (Ficure €).
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R

LHtrnosnhe

4
[t

¢ and foil Tenperature

Ikeminetion o©f Equatiors 1=10 indicates +that the

critical inveolvenant of soll moisture ir fakabearnr

(B

procductivity is mateched in impertance bky the irteractior
between envirommental temperature variakles. It is clear
that the effects of temperature and moisture are to a
suvbstartial degree conplementary through +the acticen of
evapotranspiration. LoweVer the independent influence of
heat on plant productivity and development may alsc be
conegiderakle.

it would appear from the resylts generated from
Lguaticns 1 and 9 which can ke chserved in Takbles 18 and 18
that corop productivity is dependent upon a favourable heat
“alarce hetween the soil and atmosphere. Good growth orly
cceours when the heat socuwaulation of the solil is

gignificarntly greater than that accumulated in the

atmosphere (1. ASTE=LATI=100). If +this balance 1is not
held, stressed growth conditicns appear tc prevaill. This is

evidert in the case of Altona vhere (AATE) was greater thar
(#»ETE)  througheut the growing seascrn, whereas the reverse
situaticn held true for most of the growlng seasor at the
cther sites. The magnitude of this effect can Le observesd
in the vield data presented in Takle 5.

st this time no conclse explenation can ke offered Ly

which thieg heat relaticnship affects fakakear growth.

owever a gomparisonl between Fquatiorns & and 11 indicates
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3

o]

large proportion of the heat influence is derived

n

fror the interacticrn between evapotransplratier ard =o0il

melsture,. These eguaticrs were generated in arn idertical
Y =

fa

n

hion

&

with the same data set except that ir Iquation 11
14 &

the accumnulated heat urit variables . (ASTH) ard (HATLE) were

rot incluced in the anelysis,

I¢ration S. (Qata set weeks 5-11)

= =§5,34 +0.3102 (AETF) =0.000167 (LATF) (AATH)
2 .
= 0092 SOLO: 6-2

iguation 1ll.{Rata set weeks 5-11)

cTRT

Yheres S¥ET

= 53,61 +26.74 (BVEE) 42,205 (EVAP) (BVAE)

~0.07968 (aVIE) (AVIE) =0,001038 (BVAFX) (Vi)

i

Stem helght om.

ASTH = Accunulated scll temperature metric heat
units at 20 cm depth.

AATE = Accunulated air temperature metric heat
urits,

AVEY = Avallable scil nmoisture(cm) to 45 cr  depth

AVEF = Avallable soil meisture (em) to 105 ca depth

Fotential evapotranspiration cm.

it

IVal

The considerable similarity betveern the two equations
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weuld appear to indicate that the tvwo sets of irndependent
variakles used are in <fact Lhighly interdependent., This

-

would sucggest that soill wmelsture and evapotranspiraticn

(;

onditions experienced ir the field are quite adequately
described by the irteracticn ketween accumulated levels of
soil ané atmospheric heat. &n importart ohservaticn to he
made from this cornclusicn, in consideration of field worlk
efficiency, is that heat data c¢arn be gathered with
significartly less investment in ecuipment ard labour time
than is necessary in the collection of soil moisture data.
It would alsc seen likely that a further stress
component described by the @WELT) = (@BATF) relaticnship will
Le that imposed in whiclk air temperatures stinmulate rapid

egetative growth & Ls not matched by a correspondirg
vegetative <rowth +thet 1 not matched by rrespordir
wt, P

increase in the rate of syrkictic nitrogern fixation. This
latter process 4is influenced by the lower scoil temperature

ard could result in nitrogen deficiency ir the rplant
relative to its currert growth potential,
Invircrmental heat accunulaticorn appears tc have a
rther profiocund influence on plart development. It would
appear frow Takles 16 and 18 that conce the scil has
accunulated Letween 1000 and 1150 heat units, grewth on the
maln  stem will cease. rababeans are a crop +that is
- considered to possess an indeterminate growth habit that is

rencered determinate by danitoka's climate and it would seem

that 4t is +this scll heat accumulation factor that is
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respensible for initiatirg the physiclogical changes vwithin
the plant which results in a total emphasis or reproducticn.
This okservation is given gereral support Ly Ivans (1657) who
reports that there is an inverse relationship Dbetween

duraticen of high growth rates in Viecia faka and embient

tenperature,.

The effects of individual temperature parameters
weuld appear to ke less directly inmportant thar heat
accumulation factors when eguations 1-10 are considered,
though a considerable degree of covariation will clearly
exlst between these variables and (%£TH) and @BATE).,  In the
case cof maximum temperatures (AXC) it is possible to
suggest that the observations of Evans (1557) are ccrrect.
e reperted that the maximum temperature otimunm  for

Iurcpean fpring seeded varieties of Vicia faka was bLetween

23 and 30 <. A&s (HAXC) rarely exceeded this optimal range
during the field experimental period it is fair to sucgest
that fabakeans are less sensitive +to hich amnbi
terperatures than a crop such as peas Nornecke et al.,
i871).

ae far

u
mn

right temperaturcs are concerned the
failure of (IINC) to appear as a significart varialble ir the
regression analysis carn be explained by the conclusicns of
Listowski ?E.iéf(1966)° They chkserved that lower aicht

teliperatures were wmore favourakle for horsekeans but the

effect of this varialkle wasg minina ir relaticn to the



effects of variaticre irn solil meisture, Therefcre 1t seems
reaccrakble te agsulie that though (ITHC) may have had a snall
role in Cetermining plent growth its effect 1in the
recression aralysis has been toc suall ©o appear as a

gicrificant variable compared to th

aoeunulationr paraneters,

it is ckeble that a similar

s

the 0il temperature variakles

which are cver shadowed in th

S
[

s it 1s interes to ob

Meverthele ting

d.

tem growth rate is partially descri

i

betweer soil and maxinum air tempexr

temperature alcones %4his illustrates

the envirommental reguirements of &

in determiring plart develcopnent,
Further evidence for the
temperature perameters in the re¢gres

field experimental data is given

hamber Ixperiment 5 (Table 14 and &

would appear te indicate that young

to temperature variation over a fair

is reflected in their growth rat

vlace between 15 and 23 C and fairly

above and Lelow these temperatures
at temperatures as lew as b te
Lemperatures 30 o 33 C growth takes

e scll moisture and hea

situvaticn exists for
amined (COIL)Y and (&7TIU)
e aralysis by (BSTF).
cerve in Fguatior 5 that
Lbed Ly an interacticn

ture rather than by air

the c¢ritical rcle of

he irncculating kacteria

masking c¢f individual
ssion analysis of  the

by the results of growth

icure £). YThese results
fababeans are sensitive

ly narrow range and this

€. Cptimum greowth takes
acgute reducticon ocours

kut growth still cccurs

g§ C. At very hich
place but at levels




38
cornsiderably Lbelow the cptimun.

It can ke corcluded from the results of this
experirent that the impertarce of { 481) and (@ATY) irn  the
figld cata aralysis is not entirely restricted to a mere
cescription cf the effects of high petential
evapotrarspiration as was previcusly suggested in comparisor
of Iguaticns ¢ and 11,

The relevarnce of the conclusicons of this sectien is

~

evident 4in that 1f the level of atmespheric heat is too

creat, then fababean productivity will be reduced, larcely

meisture stress, Inltial danitoban

j«})
Liad
D
H
o
0
[
0
©
D
ot
0
in
o]
!.J
}..)

vield trials by Ivans et al(l972) and feitper (LS73) suggest

|
|

that reascrable yields may be cobtained in certain areas.
Fewever guite considerakle fluctuaticern in productivity

ceccurred between 1970 and 1971. ior example seed yield at

w

Virnipeg was almost +wice as large in 1971 than it vas ip
e | 3

1970, &t dorris and Glenlea very low yields were regorded

scrikbed to inadeqguate rainfall anc

Y

in 1972 a&and this was
peor root development.
¢r the Lasis of ihe experimental results generated in

a heat urit

Cy
Al
[
Bt
fu
pas

this 1974 preject it would ppear
zccunulation of Letween 1550 anc¢ 1575 units probably
represernts a realistic boundary keyernd which Zfabkabean seed
vields will be reduced unless molsture reserves are
excepticnal or supplemented, rfor silage preduction a long

N

preriod of stem growth ig desireable. Therefore an
i ot




accumulation of less thar 1500 heat urite would appear Lo
a more satisfactory upper limit, The «distribution
seagcral heat accumuletiorn for wWanitoba 1s displaved

ficure 7 and has bkeen derived from data presented

Shaykewich (1974),
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VI SUMUARY

1), *Ccil moisture su»nlvy, particularlv that of the
urper pertion of the ecil profile, vas fourd to ke =&
Ceminant influence ir fabakear productivity, It was
reeporsible for determinire the lercth of the orowing seasor
er the mair stem after the accumulatior of 1000 escj?
terrerature heat units., $o03il moisture supprlv was carakle of

reducirc orowth rates ir the vecetstive stace and the

fte
e

mresition of stress durirc the flewerina or earlv ped set

“taces was  found to reduce final vields, It waee alsce

2,

suspected that low soil meisture supplv irn the ped  £illine

staces could result ir lower seed proteir cortents,

2). The interelazatiorshin retveen levels of
accumulated heat in the atmosphere ard that of the scil was
fournd te be a critical varialle ir Geterriripe fahabrear
crowth rerformarce. This was fourd to lercelv characterize
the stress impesed by hich votertial evarctrarepiration
rates resultirce fror hick air terperatures, Accordire to
the relatiorships develered from experimertal data if
urstressed crowth was to tale rplace the s0il temperature
heat urit accumulatior had to exceed the atmcenkeric heat

accumuletion hy approximetelv 100 urits. The level of seil

Lt

heat accuruletior was fourd +c¢ be an extremely irpeortart




Facter ir determinine the lercth of +ime ir vwvhichk orevth
tock rlace or the mair stem ard ultimatelv therefore defined

+he seedinc to maturity crovth sezsorn,




L2

VIT CONCLUEIONE

4
~

It cean be ceorcluded om this studv that the physical

o+

mrlicatiers or the likelihood of

Jode

envirorment has profound
csuccessful larce scale productior of fakakears in Mariteola,
Tt is clear that evcess heat, hich rates of

cient reserves o©f ecil

Ide

rsuff

fte

evapotranspiration and

mit yvields ard ir combiratior

-

moisture will irdividually 1

)

0

will prevent satisfactory seed or silage producticer, The
effect of these ervirormertal variahles mav ke observed ir
Fiecure 8 vwhich delimits a larce area of the Frovirce ir
vhick the full rreductior rotertial ef fakakears weould pet
he realised ir most vears, This is hased vrcer & seaccral
atmospheric hest limit of 1850 urite ard a scil moisture
deficit or Ceptember 30tk of 20 cm., Tweo smaller ereas, the
Meorden, Meorris, Altore triarcle and the Vecskada recior eare
2lso cdelimited by either a heat accumvlatior of greater than
1650 heat urits or 2 scil water deficit or feptemkher 30th of
creater than 25 cm, There tve areas are corsidered to ke of
cnly limited petential for productiorn of this cron,

This map irdicates that the =area of the Provirce
recgarded as suitable for successful arrual preoductior cof
fabakbeanrs 1is cceorsiderakly reduced, Therefere in future
cereral crop recommenrdaticrs for fakakears it would ke

advieakrle for 2 corsiderable degree of cauticr to Lbe




L3

excercised,

Thie cornclusior is rarticularly arplicahle for the
rreviocusly recommended practice of very earlv seedireag, This
would appear to be undesireable due te the existence of a
larce terperature differential between scil and atmosphere
ir early Spring. Further surnort fer later seeding is agiven
by fimons (1274) whose researeh inte the gerrninztiorn of
fababeans indicated that minirum seil temperature
requirements were between 10 and 12 C. These scil
terperatures are rot normallv experienced under very early
seedino conditions at 5 em depth in Manitrba,

In order to assess the true impact of the rhvsical
envirerment con fababear productien, it is impertart +o
appreciate that the findirncos of this study are hased on data
frem only one corowing seascen, This clearly limits the
initial confidence with vhich prediction of fabhabean orowth
rerformance c¢an he made from the reletiorships gererated ir
thie study. It is therefore important that at least +we
further vears of research is rerformed to irvesticate the
studies' validity and to refine ite corclusicrns. This data
wouléd alsec erable Ceterminstion of eron rreoductivi+y urder
varyino enviremmental conditiors on a basgsis of seed vield
rather thar dJdry matter ovroductior, It would alse tFe
ressible  to develer a fababean arowth urit based uper the
rarticular temperature recuirements of the ecrop vhiek would

result ip the developrent of a more reliakle productivity




reotential map., Iurther resesrch would alse seem te  be
recessary ir evaluatine the irfluence of scil moisture
availability and envirormental temperature or the rrotein
content of corain ard silace., This wvould aid predictior of
the cuality of fabsbear crops ard consecuertly allow
assessment of potential vegetekle nroteir production from

fababeans per unit area of Maritoha,
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