_National lerary
of Canada . du Can

_‘Canadian Theses Service

Ottawa, Canada
K1A 0N4_

.

. " CANADIAN THESES

. ~ NOTICE

- The quality of this microfiche is heavily dependent upon the
" quality of the original thesis submitted for microfiiming. EveryT
- effort has been made to ensure the highest quallty of reproduc-

tion possible:,

If pages are missing, contact the unwersrty which granted the ’

degree

‘Some pages may have indistinct print especially if the original
pages were typed-with a poor typewriter ribbon or if the univer-
- sity sent us an inferior photocopy

Prevrously copyrighted materials (journal artrcles pubhshed
_ tests etc.) are not filmed.

Rep;oductton tn‘ fullr orin part of this film is g'ovemed ‘by the
Canadian Copyright Act, R.S5.C. 1970, c. C-30.

" THIS DISSERTATION
'HAS BEEN MICROFILMED
"EXACTLY AS RECEIVED

© NL-339(r.86/06)

Btbllothéque nationale

Services des théses 'canedlennes

o

THESES CANADIENNES:

AVIS

La quahté de cette microfiche dépend grandement de la quatité
de la thése soumise au microfilmage. Nous avons tout fait pour »
assurer une qualtté supéneure de reproduction. ‘

"S'il manque des pages, veurllez commumquer avec Iuniver-

sité qui a conféré le grade

i

La qualité d'lmpressmn‘de certaines pages peut laisser, &
- désirer, surtput si les pages originales ont été dactylographiées
- a l'aide d'un ruban usé ou si l'université nous a fait parvenir‘

une photocopie de qualité lnténeure

. Les documents qui fontdéjal objet ‘d'un droit d'auteur (articles
‘ de revue, examens publiés, etc.) ne sont _pas microfiimeés:

La reproduction, méme partielle, de ce microfilm est soumise /
a la Loi canadienne sur le droit d'auteur, SRC 1970, c. C-30. /

LA TH!':‘SE A ETE .
MICROFILMEE TELLE QUE
- Nous L’ AVONS RECUE




~ FHE UNIVERSITY OF ALBER™W S

&

”

™~

s L o | 5
EVALUATION OF FABA BEAN (Vicia faba L.) YIELD AND NJITROGEN
PRODUCTION IN CENTRAL ALBERTA.

BY .

/'~ CORNEL LAWRENCE RWEYEMAMU

.‘\

. ' ' \v
' . \
N O v B ) ‘\ ;’ . .
, A THESIS

b \

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH

"IN PARTIAL FULFILMENT OF .THE REQUIREMENTS FOR THE bscnsg‘j;\\&
. OF | \
MASTER OF SCIENCE
IN

— AGRONOMY
DEPARTMENT OF PLANT SCIENCE -

- EDMONTON, ALBERTA

FALL, 1986



Permission has been granted  L'autorisation a 2t& accord@e

to the National Library of d la Biblioth&que nationale
Canada 'to microfilm this du Canada de mi¢rofilmer
thesig and to "lend " or sell cette “th3se et de préter ou
copies of the film. _ de vendre des exemplaires du
' ’ , o film.
B . "\\ v N R
.The ‘author/ (copyrlght owner) L'auteur (titulaire du droit
has reserved other d'auteur) se ré&serve les
publication rights, and autres droits de publxcatlon,
neither the thesis nor ni 1la th&se ni de longs
extensive “extracts from it extraits de celle-ci ne
may ' be printed or otherwise doivent @&tre imprim&s ou
reproduced withodt his/her autrement_-reproduits sans' son

wEitten permission. autorisation &crite.

ISBN @-315-32295-0



' THE UNIVERSITY OF Anannma
" 'RELEASE roan

) s"@ -

€y,

NAME OF AUTHOR : CORNEL LAVRENCE RVE!EMAMU
TITLE OF THESIS: nvaluétlon Of Fabq,aean (Vicia faba L.)
~Y1eld And Nitrogen Production In lentral’

“ : Alberta..

DEGREE FOR'WHICH:THESIS WAS PRESENTED: Master of Science
YEAR THIS DEGREE GRANTED: 1986 " |
v 'v s , ,
- Permission i5 hereby granted to THE UNIVERSITY OF
ALBERTA LIBRARY to reptoduce single copies of this thesis -
and tO’lend or sell such copies for private, scholarly or
s . sclentific rese;;éh purpose only
The author reserves other publication rights, and
neither the thesis nor extenslve‘extract from it may be

printed or otherwise reproduced without the author's

written permission.

SIGNED ....;.....?..; ....... PP
| PERMANENT ADDRESS : |
o ', | P.0. BOX 113
KANYIGO - BUKOBA = =



. THE UNIVERSITY OF ALBERTA

FACULTY OF GRADUATE STUDIES AND RESEARCH

+

'The undetsigned certlfy that they have read, and

»recommend to—tie Faculty of Graduate Studies and Re;earch

for acceptance, a thesig entitled Evaluation Of Faba‘Bean‘
(Vicia faba L.) Yield And Nitrogen Production In Central .
Alberta submitted by Cornel Lawrence Rweyemamu in partial

ful filment of the reqﬁirements for the,deéree of Master: of

Science in Agronomy.

Date-’,




-ABSTRACT .

‘Thg efﬁecf of ieedlﬁg‘rgte on yleld, yield éompoﬁents
and-hitro;;n yield'of_VICIQ fQZ; L. was evaluated in «1994‘
and 1985 at ohe site in Cential Alberta, Canada. A
completely randomized block design experimqpt ;ith fouri
replications, contalnlng thtee" faba bean cuitivats
'(Acketperle, Aladin and Outlook) and one expezimental line
from the Unlvets;ty ofaA}berta breeding progtam (80F—21),,
-ﬁefe ﬁsed. One bagz;y ’(Hdzdeum vulgare 'L.) culFiQar‘
(Conquesf) was u;ed in the study. Two seeding :aﬁesfbf‘ 33
and 50 seeds/m? were used for the fabarﬁéanvtreqtmenés and
Solkg/ha seedlng‘ rate ;aﬁ used ;or bariey treatment.
Individual plots consisted Sf 8 rows, 6 métres’ long,
spaced 23 centihetres betweeﬁ rows and between blots. ‘Fp
fertiliier was - applled Faba bean seeds were inoculated
‘wlth Nitragin Company-q culture rhizobia aéu the rate of
610 grams per hectare. ‘. . | “

| Data was collected fo:'daysbto flowering, maturity,
and_ for plant héiEﬁt.yTDﬁéyield, seed yieéld, vegetative
ylAld,'HI,“seed yleld'gpr piaht,‘pods per'plan;, seeds per
pod, one thousand seed we ight, perceﬁt ‘germination,

|

production score and percent nitrogen were determined.
_ 2 . :

Total nltzoqeé\;:eld, net symbiotic nitrogen fixation and
economic value were computed. ‘
The seeding rates had a significant effect only on

‘;lv'
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blant dehslty;'pods pér plang in 1984 and 1985; TDM yleld

-, at Eloyering in L&&d;.plantﬁheight; HI; po:cont“ nlt:oqon'

at 29 Days After Plowering; nitrogen pzoduction lt
flowering and 29 Days After Flowerlng in 1985 Slqnltlcant
cultlvp; effect was quite common for m%gt of the va:iablef
'tésted while the ngnltlcaﬁﬁ -interactions bpetween the
seeding rates and the culEivgrs were very ‘rare‘ in this
study. o B ' : o
Thg'seed yleld Qaa correlated with ‘number of seeds

per plant, pods per plant and.also by number of seeds per

pod and 100Q seed weight. TDM yield was correlated with:

plant height, seed yiéld, vegetative yield, seed yield per

o plant; 1000 seed weight, production sébre, nitrogen

production and net symblotic nitrogen fixation. Nitrogen
productfoh wﬁsrcqr:elated to plént height,_pods'per plant,
" 1000 . seed weight in 1985, and to TDM, seed ylield,

vegetative yield, HI, seed yield per plant and pezcent

nitrogen in 1984 and 1985. Net symbiotic nitrogen fixation:

was correlaﬁed to Qeéd'y;eld per plani, plant height, HI
in 1985; and to TDM, seed. yield,'kptoductipn' score and
v nitrogén production in 1984 and 1985. ﬁaxley was bettér
adapted to dry-conditions than faba béan which did well in

a moister envlronment The net symbiotic nitroqen was very

variable zanglng from 23 to 185 kg/ha at maturity. The

nitrogen yie;d was 180 to 325 kg/ha ‘for faba bean and 138

.&:{,
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to 195 kg/ha for barley, with the value of §77.40 -to
gt _ : - T X
813 59.34 to $83.85, respectively. Due to the
LS, o ‘ - ' ‘
inc;nq_

e

’:ultivatmg;‘ '? seed, TDOM and nitrogen

produétlon,~1t_wus'no€l to/ recommend. the best

cultivar suitable for Central Alberta\\from the thfee
licensed fabd bean cultivars used in this study. However,’
the 33 and Sobseeds/mz seeding rates showed thdt depending
‘on seed size, they can result in plant density of 400 to

sod thousand per hectare‘which is recommended for growers

in Central Alberta. ,b )

\
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1. INTRODUCTION

¥

Faba bean, Vicia faba L. was introduced ’kto

a riculture in the late neolithic period based on the
avallable archeological evidence. The first €£findings  of

the'\crop date from the early bronze age (ca.3000 B.C.) and

were made 1n Eéstern Mediterranean region (Zohary, 1977).

£ diversity in Near East, faba bean
four dlrections. to Europe, along the

North Aflucan coast to Spain, along the Nile to Ethiopia

Hesopotamia to India (Cubero, 1974).
¥

Small faba ;bean, %&tia faba ~equina -and ‘minor,

and from

recently at racted some interest in Western Canada due to
their agronomic performance -and high protein content
_(Evans g; al.., 19721.§§iha be%n cultivars .from' Western
Europe were firet introduced ro Western Canada in the
early 1970s. Production began‘on about‘ 800 hectares in
Han}tobafyn 1972 and rose to 5600 hectares in Manitoba and
Saskarchewan the following year. 1In Adberra about 5000
hectares (of which 1500 hectares were virriéated) were
‘grown in 1978'(Krogman g;“il.;’1979). Faba bean is now anﬂ
eetablished grain legume in Western Canada. During 1973 -
1975, approximately 80% of the crop was érown for silage,
_put in recent‘years 75-80% of the faba bean was grown for

grain for'bhuman consumptlon. In 1981, the hectares

-_— T

declined to 1600 The decline was primarily due to the

slow movement and low price of the graln Most of the faba

-

1 .



bean for grain is uprodubed' in ‘the ‘irrigated areas of---

Southern Alberta. The crop foﬁfsilage is grown in both
Central and Northern areas of Alberta. -
. Faba bean is the fourth mostyimpOttant pulse crop in

the world after drybeans (Phaseolus-vulgarls Lf), dry peas

(Pisum sativum L.) and chickpeas (Cicer arientinum L.)..

Faba bean '15 an important source of dietary protein

especially in the rural commuditiqs in the less developed

countries where 'the crop |is mainly used for human

conéumptibn (Saxena and Stewart, 1983).4 In Europe, the

vwlarge seeded types have been used Ebr human"consumption

N

for a long tfme and small seededlitypes £o; animal feed.

(Thompson and Taylor, 1982). The crop was introduced to

Canada to‘be used as a protein féed for livestock due tq

high cost of aitetnative'.prdtein supplements in rec;ﬂ@
years. Research 6h the feeding characteristics of <aba
-
‘ Ce ) oo
bean at the University of Alberta and Manitoba indyéateg

that the crof can be used by all classes of livestock and

poultry (Agricuiture Canada, 1975; Manitoba Agriculture,

1981). R

Seed_yiélds of 2200 to 6329'kg/ha have been .obtained

by both farmers and researchers in the westgrn provinces

(Kondra, 1975; Albefta-Agricultuze, 1982). The yields have

—

been found to be related to cultlvar;‘agronomlc practices

and ehvironmental conditions. From resea;dh results it has

been concluded that faba bean yield in Canada is

unreliable and yield_‘%iuctuateﬁ widely fiom squbn to



_season'as.well as from location to location. |
It has.been Eouna that faba bean is a goodufnitrogen
: fixer in Western Canada. The amount of nitrogen fixed by
faba bean in Vestern Canada ranges from 54 to 146 kg/ha
have been reported (Rice, 1976; pean and  Clark, .1977;
Richards and éoper% 1932). R ) |

Faba hean iB Well adapted to £it into- cropping
rotation and cnn be groun on either summerfallow or, when
moisture is adequate, on well prepared cereal stubble in
Western Canada.vFaba bean can be used~as a . “break crOp"
l,when soil has become depleted through continuous cereal
cultivation. Faba bean is ' particulary »\appropriate
following corn in a rotation, since. faba bean is tolerant
- to atrazine residues in the‘soil. Since £aba. bean is a
e good nitrogen fixer it may increase residual soil nitrogen
for use by subsequent crops To obtain maximum yields,lr
seeds'should be inoculated with Rhizobium ,leguminosarum‘

strain. Nitrogen'application is not?usually required.
There is limited information on the ‘amount of
.nitrogen‘fixed by é:Ba bean and TDM productiOn in Central
Alberta. The objectives of this study were to evaluate the
_ relative Seed and TDM production and, estimate' nitrogen
fixation of four faba bean cultivars, Since faba bean 1is
regarded as "break'crOp"»the nitrogen balance, after grain
~ harvest was calculated. Conclusions should help both the

crop grouers and animal producers in »Central~ Alberta’ in

formulating rotation programs and understanding _the



adaptation of the crop.
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2 LITERATURE REVIEW
.2.1 Nomenclature and Dlst;ibution of Vic;a faba L.

The genus Viéi; is of the ' family Léguminqsae
(Fabaceae). It®is clear what 'is meant by flqla faba L. and
its botanical varieties, major, equina, minor, and,
| pauci&uqa, lbdt commonly - used@ English names can be
confusing (Bond, 1979). The spec1f1c  classification of
Hurhtovg (1937) 1nv§1ves the species being divided into
two subspecies, p{bcijhga, and eu-faba.? The ' eu-faba has
three varieties, large-séeded.var major, intermediate yér
equin;, and small ‘séeded'i.var- plnog (Hawéinf and
Hebblethwaite? 1983). In ﬁurqpe ;hd U.K.;‘ V.faba. equina
and minor aré usdaliy_refe:red to as .field beans,‘ and‘
major as broad bea;;l ,fhe field beans are further
subdivlded igfo horse beans (equina), thch may eithexn be
wihtet o; spring sowp tyées, and tick beans (minori. Broad
beans are often classified as either longpod or 'Windsor

. _beans. In;fhe U.S8.A. and in some 1nternational literature

eg. that ~ of THE-. . INTERNATIONAL - CENTER  FOR

Ed

| AGRICULTURAL RESEARCH IN.DRY AREAS (ICARDA), the = whole

species is known aé field beans (qug, 1979; :Hawtin and

Hebblethwaite, 1983). The term féﬁa'bean originated from

Canada and has been adopted?to denote the entire species. 

In Canada however, the term faba bean usually tefers.to V.

faba equina or minor (Bond}31§7§). Other names for ‘the
1

L 5
P
TN ) ,q“‘”‘ ®



" crop include “"Egyptian®, "taka", "garden®, "pigeon”,
"spring"”, "spanish‘, "wlntefﬁ. Hawtin and chblethﬁaitc,
1983) and“*ylcié" beﬁns which is anotﬁer term occasionally
used, but can 1nc1ude.narbonensls beans (Bond, 1979). 1In
this thesl#athe'naﬁe "faba bean" will be used to denote V.
- faba equina and minor.

From the centre of origin, ‘faba bean “production .
fspread to other parts of Africa, America and Eh%ope. The

3,

production of faba bean throughout the world 'can?Qe_

¥y, R

divided into a number of major geographical regions{

- ——

(i) America

[ i
According to Muratova (1937), faba bean made its way

3 ,
to NorégwAmerica first in i602,- when 'Céptaln Hosnold
sucdeSfUliy planted the crop on Elizabeth Island, off the -
coast of'Massachusetts.“ Ackerperle, Diana and Erfordia
were 1mportéd to Canada from Europe (Evans - and Slinkard,
1975). Aladin is the first Canadian-bred cultivar of faba
‘bean (McVetty et al., 198l). Outlook 1is the second.
cultivar (Rowland et al., 1982), Pegasus is the third
cultivar (McVetty et il-[ 1985) and the fourth cultivar
bfed_in Canada,is)Encore,-reiéased in 1985, adapted to
irxigated'areas of»W!sterg Canada where it isbthe highgst
yigldinq cultivar (Rpwlaﬂd et al., 1986). Production in
-Canada 1s_ma1n1§ in Manitoba, Saskatchewan and, Alberta.

- Faba bean, v. faba minor and V. faba equina seed |s
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exported for human' food and used for animal feed as whole
plant silage. . |

With cxcepfion of certain regioﬁa of California, and
more recently in norghern sta%ﬁg such as Nontani, faba
bean is rarely g;an in the U.S.A.. In Central and
Southern America, the crop is .grown in Brazil,‘bMexlco,

Guatemala, Ecuador, Paraguay and Peru (Hawtin aﬁd

Hebblethwaite, 1983).
(11) Asia

In Central Asia faba bean production can be divided
into three main‘ subzones: (a) Irrigated prqﬂuﬁtion in
Central and Southern Irad and Southern Iranf‘.(ﬁ) Rafhfed
production in higher elevated areas around the Casplan Sea .
in Afghanistan. (c) The  post monsoon period crop in
Northern India and Nepal (Hawtin and Hebblethwaite, 1983).
In Eastern Asia, China 15 the 1largest producer of faba
bean. However, recently the production has declined (Tao,
1981). Japan has also experienced substantial decline in

production (Kdgure, 1979; 1980).
(i11i) Europe

. \\
' “

(N

The faba bean prdduci&on ‘areas in Europe include
Northern ’éu:ope i.e. Northern Spain, Northern Italy,

Southwest Frqnée, Greece, Yugosla?ia, Sweden, Denmark and
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Finland. The,rar-:“if?réducers are Czechoslovakia, United

Kingdom and Fre }37us§fn§ and Martinez, 1980).

ot . -

(iv)‘xf;ica aﬁdbné Téerranean Region
) ' %

‘Faba bean is among the most important pulse crop |in
Ethiopia. Ethiopia 1is a net exporter (Hawtin and
Hebblethwaite, 1983) producing about 7% of the world
production (bella,' 1985; Telaye, 1985). T™he crop |s
important in EgyEt and 1in northe£n provinces of Sudan
(Saxena and Stewart, 1983).

The.crop is important in the Mediteziahean region,

which comprlsés the countries of North Africa, 1i.e.

*Morocco, Algeria, Tunisia, and Libya; - West Asia, {i.e.

Jordan, Lebanon, Syria, Turkey, Cyprus, and Southern
‘Eutope 1.?. Italy, Spain, Portugal, and South-West France
(Hawtin and Chancellor, 1979; Hawtin and Hebblethwaite,
1983).

{v) Oceania

To diversify agricultural production, alternate crops
including faBa bean is grown in South Australia. The
highest Yields are oSfained ~ from 'cultivaié of
Medltqgraneéh origin (Baldwin,.l980)l The crop 1is also
grogn on Canterbﬁry plains in New Zealand (Hawtin and

‘Hebblethwaite, 1983).

A
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- Faba bean ptoduction is Qidosptcad in temperate and -

sdbtfppigal regions of the wo§ld. A wide diversity of
types la"gzéwn, with - small—ieeded "minor and equina
cultivg:s being prominent in Nozthern Europe, ‘the Nile
Valley, Etﬁlopla, Afghanlstan, the. Indlian subcontinent,
and North America. In most othg: regions, such as- in the
Mediterranean Basin, Western Asia, China, Latin America,

. , N
major types are more important. Faba bean has played an

important part infthe agriculture of many regions in the
past. Decline of production has mainly been due to
competition with more profitable and reliable crops, such

as wheat, barley, and rapeseed.
2.2\ Growth and Development

ﬂ
aba bean is an erect growing annual le%pme with

hypogeal type of germination. The plant héiéht’tanq*s from

1.0 - f 5 metres and most of the commercial cultivars

[ B

possess ‘excellent stem strength. The pxants have an

. \
lndctJ;mt ate flowering habit with clusters' of four to

a}qht flowe at each node of the stem, but \few flowers

<

normally 6?330&% pods. The pods are borne along the length

of the stenm, ranglngvfrom 1l to 8 pods at each hode.. Each

pod«contnlhs three to four seeds. The seeds contéin 25 to
30'\ protein and are relatively high in energy ana-contain '
very little oil (Rowland, 1955; Evans, 1975; Mapitoba
Agriculture, 1981). \?

» \ ‘ f



Faba bean has shown a typical C3 plant biochemical
process (Outlook and Fisher, L97§). On trahslogatlon, it

has bee%rtound, that thg bulk of assimilates- out of any

leaf move to the nearest sink (Fritz, 1973). Thus, in the
vegaﬁatlve plant the youngeét exporting leaves feed the
stem apex and new uhfdldlng leaves} basal leaves exbort
mostly downwards ‘to ;he stem ané“root ;}stem, and the
leaves in the middle of the plant can transport 'to the
upgf:-and lower sinks (Frit;,‘1973; Pearson, 1974). The

patt;zn of distribution howevei, varies to some ‘extent
thr;ughout the day (;eatson, 1974). |

Kippsoand Boulter k1973) and  Peat (1983) observed
that an accumﬁlation of assimilates: during vegetative

growth, particulary in stems ang roots dlsappeaied Quzlnq

fruit development. These assimilates were used mostly for

continued vegetative growth and accompanying flowez;ng and

were not ttanslocated to the developing fruits‘and Seeds.
Seed growth occurred predominantly as a result of current
photosynthesis, but became major sink for assimilates only
lafe in the cycle. Howevez; short term storage of
"assimilates during pod growth is impoitant‘foz futu;e seed
production. .
There'is no absolute requlrément for environméntal
conditions in order to initiate flowering in»faba bean but
the, timing of flowéfing and the posifidﬁ'of flowers on the

plant is markedly influenced by both photoperiod and by

growing ‘temperature (Evans, ) 1959). Low-témperature

10



vernalization or coor’qrowing condlklone ecc/}erete flower
initiation (Chakravarty gt gl.,'1956, Evans, 1959; Saxena
and Wassimi, 1979).

o —

An important feature.of the faba bean physiology has

been the demonetretlon that nitrogen fixation and nitrate

.ﬁpteke by the root eyetem can continue throughout the

period of fruit development (Cooper et al., 1979).

)
!

$
2.3 Yield

2.3.1 Components'df Seed Yielad

-

"

) Yield component studies in faba bean are much more
recent than studies of yield and yield components in small
greln'éezeels (Neal and McVetty, 1984). In faba bean seed

yleld is a product of a number of plants per unlt area and

four plent components: number of pod bearlnq nodes per

plant, number qf pods per ppd—bearing node, number of
seeds per pod and average seed 'size {Rowland, 1955;

Kambal, 1969 b; Ishag, 1973 ; Thompson and Taylor, 1977).

The most stable of these plant components in relation to

envixenment is' the number of'seeds per pod and average
seed size. | | T

Plant "deneity is determined by vazioue
coneldetetlensi/but is largely under grower(s). controle
Th:benvl:onment.generellj’playe little part 1ﬁ:the actual

number of plants obtained, within reasonable 1limits.

11
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Usually the la:qor the seed the lower the plant Qonslty at
which the yiéld plateau is t-achcd (Thompson and Taylor,
1977). Changing the plant dcnalty\;.lultl in’ vq:latton in
the other components of ylold The number of pod bearing
nodos pPer plant is the least stable of the components of
seed yle}d (Ishag, 1973; Thompson and Tayldr, 1977). The
number of podg pPer -plant is generally significantly
reduced at glg?gt plant d‘nslfies due to light competition
at dlf@ereht éimpg during development of the plant

(Thompsah and Tayior, 1977; Pandey, 1981; Thompson and

Taylor, 1982), and is slightly positively correlated to ~

seed yield (Kambdl 4969 b; Foti, 1979; Omar and Howtin,
&
1980, Pandey, 1981; and Neal and HcVetty, 1984)

R
~

The avaraqe number of seeds per pod is a relatiVely

'\

stable ‘character. The cultivars avgllable have up to nlno

'seeds per pod. Most of the cultivars used\in Canada have 2

to 3 seeds per pod (McVetty at al., 1986). Some

;12u

researchers have observed the positive correlation between - -

the number of seeds per bod and seed weight (Poulsen and
Knudsen, 1980). Seéds'por pod are unafzeéted' by‘ﬁgime of
= seeding, 1rt1gatlon reglues and aeedlng rates (Thompson
and Taylor, 1977; Fazah, 1981, McVetty et al. (iS?G), also
- by light competition (Thompson and Taylor, ;901‘). Usually
fewer seeds per pod are produceQ at the upper nodes who;e
qﬁzf@illéd ovules are very common (Ishag, 1973; Adack and
Lawes, 1976). | A, o -

Seed weight varies conslderably’inonq cultlvuta.‘ In.

L3
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"'addition:"considerablef variation’.within cultiwar when
'grown in differentvenyironmente.has‘been‘reported.’(Picard
" and Berthelem, 1980; McVetfy et al. (1981); McVetty et al.
'(1985);“Row1and et alryi1986)). Some _resulte »haweo shown

that earlygleaf‘senescénce' was linked with lower seed

o

'yieid (Dantuma and Thompson,' 1983) Light ~competition
@‘towards the end of the growing ‘season Can% result in fa
decrease in seed size (Thompson and Taylor, 1981).

” Flower abortion in faba bean is thé, single most
;fimpdrtant factora preventing athe' realization ~‘of,yield
potential (Kambal, 1969 a,\Free and wfiiiams, 1976; Peat,
Z19§2i Flower abortion is dﬁb to the limited availability

of sink capacity and competition between sinke‘ (Chapman

13

‘ﬁanvaeat,‘1978). Competitiqﬁﬁbetween‘=the vegetative -and

reproductive parts is the other‘mﬁinhreason‘ for  low and
unstable yield of faba bean. Pods which set first compete
for aasimilates with the growing root and stem apex and

_with the developing pods. Young pods ‘and vegetative sinks

"compete for stored assimilates in the stem, the” young pods‘

do not receive more than 10% of the - fixed carbon ‘untilr"

‘flowering has ended (Gehringer and- Keller, 1980, Gates et

e

?

aL 1983) ’ AN N o B
Yield is a complex character determined by agronomic,

'1genet1c and climatim factors In 'a three _year study,

!

»Canadian bred cultivars in  dry land testing, performed'
better rn Eastern Canada, than they did in Western Canadaﬂ

in the -Same. testing seasons.,Cultivars Encore, Aladin and>

€

-
. . ) . . N R
N : ; - . . - s S ) LA
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: Outlook,g%own in Bastern Canada had thelr greatest yleld
‘advantage pf about 30, 44 and 39% respectively over those'

grown in Western Cé%ada. Yield ln Eastern Canada was still "
@

higher than under irrigation in Western Canada by 12, 21

and 16% for the three cultivars. Yields of ‘Encore in

_Eastern Canada were only 95% of those of Aladin, but

Q

,)sllghtly greater Yhar Outlook (Rowland et al., 1986). In

L] .
an experiment tc Tomy :re faba‘bean yield and - cereal crop

yield (wheat), in Eastern anthestern provlncesiof Canada,
‘faba bean seed yieldsnvwere highest  in Manitoba (4,338
kg/ha) and; Qlightiy (338 kg/ha)"above the' wheat; 1in
siskatchewan, faba bean ylelds (2,836 kg/ha) were 618
kg/ha below wheat. In-the Eastern provinces, faba bean
Yields (3,263 kg/ha) were tonsiderably "higher (by 1088

-

kg/ha) than those of wheat, but - so were their

environmental variancesu‘ From these results it was

..?goncluded that the cereal crop waS‘better adapted to dry

conditions, while faba bean responded more favorably to a

. moister environment (Seitzer and Evans, 1976).

o~

2.3.2 Total Dry Matter (TDM) Yield

The maxlmum Values of faba bean TDM are attained

sometime before complete senescence of plant tissues, ithes

- decline in values durlng the later per iod of growth belng

attributed mainly to losses of senescent leaves . (Danatuma

and Taylor, 1983). TDM yields of 14.5 to :22.0 t/ha have

®

pr
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been recorded in the Netheridnds (Daotuma and Thompson,

1983). fnynaﬁ;toba 4.5 to 6.2 t/ha has’ been reported by

McVetty et al; (1986). A study to determlhe the valued of

: fabe bean asyforage crob 1n'Centra1 Alberta and compare

the zelative productivity of cultivars of faba bean on two .

diffexent soil types was conducted by Berkenkamp and
Meetes (1986) at Laéombe and Bluffton Research. stations.
In their study,'cultfbar Aladin produced.0.9 to 12;2 t/ha
while Outlook‘ produced 1.4 to 13.1 t/ha on the black
Hc@etnozemio'soil of Lacombe.?AtdBluffton on grey luvisolic
s0il, Aladin produced 2.9 to 7.9 t/ha and Outlook produced
3. 4 to. 7. 1 ‘t/ha. Cultivar Herz Freya had a highest TDM
production of 10 7 to 14 3 t/ha at Lacombe while Outlopk

had the highest TDM production f 2;9 to 7.6 t/ha- at

fBluf?ton. The mean TDM yields at Bluffton were less,_thén°

half those at Lacombe.

" The TDM production' has been found to incredse’

approximately lineagly witp'plant dénsity up to. a point

where competitibn\between'iodividuale for light and otherx

resources start. This results in the decline of relative

growth rate (RGR) of individual plants which. cadses. the

total yield to depart from its ‘linear relationship with
density, becoming asymptotic (Pandey, 1981). Research‘

results'have shown'that>the density required for maximum

seed‘yield is=s the minimum plant dehsity to .produce maximum

yield of dry matter durlng the period of ‘pod production

(Abo BI- Zatab et al., 1981)

15
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2.3.3 Nitrogen Yield

g

Faba bean produces large quantities of dry matter and‘

o

seeds of - very hlgh proteln levels, and thus has ‘a very
high demand for nitrogen. Faba bean ‘grown -in Scotland may
accumulate up to 19.8 t dry matter . per hectare containlng

3.2% N and yield up to 9 t/ha of dry seed (Sprent and

*Bradford ~1977). The protein content var ies .considerably

within varieties (Cubero, 1984) The protein content of

faba bean seed has been reported to range between 23 - 35%

(Evans QL 11, 1972; Bhatty, 1974) and of vegetative dry'

sf 7] .
matter to range between 2.3 to 3.2% (Sprent and Bradford,

1977; Day et al., 1979). The"average percent protein‘ in

been reported to be 17 8 to 18. 6% in Central Alberta.

‘Cﬁﬁﬂe protein productl n ranging from 1114 to 2520 kg/ha

- R

has been reported in CentraT- Alberta by ' Berkenkamp and

Meeres (1986). G o

2.4 Effect of Population‘Density‘and'Seeding Date
+2.4.1 Seeding Rate
" - Pleld surveys ‘have shown that many faba = bean

producers have been planting at 1ess -than recommended

seedlng rates with apparent succeas in Western Canada.

‘is‘

. the forage of the ljicensed cultlvars in Western Canada has



- .

: European research result; have shown that faba bean can be

' grown successfully over a wide range of seeding rates brf

plant densitles .(Hodgson and Blackman 1956° Sprent et gl

1977; Day et al. 1979; Kellaré and Burkhard, 1981). In
Manitoba, at 60 —“260 kg/ha seeding rates,“ ﬁeitzer and
Evans (1973) coﬁcleped that‘seedlng rates of 140 kgsrha or
more gqve jcoppareble' yields 'tfor the :‘tell, late;'
nonbranching eeltiver, Ackerperle. In e;ether study using
" the cultlvars, Aladin, Herz Freya and 0utlook McVetty g;
al (1986) concluded that seeding rate of 80 kg/ha ;esulted
in slgniflcantlyvlowwiﬁseed field aﬁd TDM productidn, ‘but
.reselted in the ﬁlghest seed welght and greatest,nuhber of
pedswperuplant{ Seeding rates of 120, 160 and 200 kg/ha
ekresulted in equivaient yield and TDM, but signifirantly
feher‘pode Per plant and reduced seed weight was noted As
rhe seedlng rate increased. ,In' éentral 'Alberta seeding
rates of 150 and 200 kg/ha gave equivalent seed yleld end
were significantly higher than the 100 kg/hav rate for
Erfordia and Klelnkornlge cultivars. A seeding rate o£ 200

kg/ha was found to be an optimum for faba bean as forage

'binbCentral#hlberte_(Berkenkamp and’Heeres,‘ISBG).

From the reeearch restlts in western provintes of .

CAneda, a seeding rate of L35 to 180 kg/ha 1s recommended,

]

- with the hlgher rates being ‘used for the larger-seeded‘

cultivars (Agriculture Canada, 1975). Studies in Central

Alberta”have'shown that’higher seeding rates at closer

dpaclng give hlgher seed ylelds. In Southern Alberta -the

11,
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period of production.

seedlng rate recommended for the small seeded cultlvars ls

“160 to 180 kg/ha while for large seeded cultivars seeding

rate of 180 to 210 kg/ha is . recommended (Alber;;
Agiiculture,‘isaéi, | “

| A number of reSearchers have reported that as Jplant'
densltyhincreasep, branching and number of pods’ reachln;'
maturlty decreases, but seed yleld 1ncreases in a range of

11 to 133 plants per 2m? but the seed size remains almost

'unaffected (Soper, 1952; Hodgson . and Blackman, 1956;
i X . 4 .

1981{. It has also been reported that high plant denslty

_results in increased mutual shadlng of leaves. This
»écontrlbutes to llmltatlon of carbon assimilates and hence
- abscission. However, it has also been shown that shading

of basal nodes ‘can lead to ‘more pod productlon at the top “

of the stem whereas defoliation of lower half of the. plant

‘depresses pod development in the upper part This could be

due to the alteration of the hormone balance withln plants
rather than to mutual shadlng (Hodgson and Blackman, 1956;
Sprent gt al,r 1977; Smith, 1982) High plant density seems

to favor early canopy development. and 'lncrease llght'

interception, but this advantage may be ’outwelghed by .a

‘ reduced harvest index. As observed by Abo El- Zahab .et al.-

. O_ '
(1981), the density to produce maximum seed yield was the

mlnlmum plant density to produce.maxlmum TDM - during. the

18
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‘Sprent et al., ” 1977; Barry and  storey,. '1979; Pandey, : -
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2.4.2 Row Spacing

-Bxperiments in the United Kingdom (McEwen, .1972;

19

Ingram and  Hebblethwaite, 1976), Sweden (Sjodin,‘ 1978),

\Cénada (Seltzer'and Evans,‘1973} Kondra,,;975) have shown

that narrow rows (12 to 18‘,cm)l partlcularly at hlghez‘

. seeding rates give the highest seed yields. Seed size and

protein are usually not ‘affgctéd. Results in Central

Alberta, showed that row spécing‘ did not effect seed

vprdteln, but affected the :percent. germinathn of the
haivested seed in ncﬁlgivér Vlséburgez Klein;orﬁige, ’an
1ndicatlon,‘that méfuriky “wa§~ also affeéted‘ in.‘ this
;ultIVar. The  narrowest row spécing 1n thiS'sEudy (15 cm)
produced the hlgh;;t perdenf«gézmination (Kondra, 1975).
The faba bean growers in Alberta'are advised to aim
for about 400,000 to 450}00& plants‘pet hectare in rows

spaced at 18 cm to maximize seed yield. This means that

——

A there will be 7 to 8 plants per meter. row (Alberta’

-Agriculture, 1982). In Manitoba a seeding rate ‘Of 46

plants/m? is recommended (McVetty et al., 1986).

2.4.3 Seeding Qaté

Optimum seéding date 6  nd@ on weather conditions ln“_

[+

L,

sprlng_and summer In a particular qountry. However, in

"countriea_whére hot or dry conditions start in ea}i& .

‘summer, sprlné,‘seedlhésf are not normally recommended

0



(Ziliotto anq Tonliolos, 1979) as'yields are Iikelygbto be

very low. In regiens wnere winters are very severe, faba

bean,ie seeded in sbri;g. In Western Canada, - faba' bean

‘should be planted early to obtain high ylelds. Seeding by
. X o

the first week of May er even as early as the last week of

: ‘ g o
April is recommended. Studies in Central Alberta inditate

that yield can be reduced Ey 9 to 12% for every week that -

-‘seeding is delaged after the first week of May (Alberta
-,Agricnltureq 1982). 1If delayed seeding is inevitable,
early maturing varieties such as Outlook and Alédin are
_ recommended (Alberta Agriculture, 1982). ‘

| Date of seeding has shown- significant effect on both
seed yield and seed quelity‘ in Central Alberta due to
early fall frosts damage to the crop (Kondra, 1975). 1In
Central Saskatchewan, the Eirst three weeks of May is the

optimum time for seeding faba bean After this time, yield

-decrease partially due to a nNwmr number of pods per plant

(Rowland, 1978). The same was vor+2d by McVetty et al.
(1986) in experiments coi2wcied .. Winnipeg, Menitdba.
Literaturefindicates‘that scedin  ate is an important

Mparameter to consider ihen.attempting to maximize yields.

20
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2.5 Nitrogen Yield Petermination
2.5.1 Nitrogen Accumulation

This method involves measuring the total nit%ogenn
accumulated in the cioﬁ.'lt is based on the - assumption
that the crop detivéd all its nitrogen via symblotic
fiiation'under fieid cbndifions. Gr&wth on low-fertlilty
soils or on 3611:.éitlflqlally'lmpoverished in avalilable

nitrogen is no guarantee that all nitrogen is Obtalned by

fixation (LaRue and Patterson, 1981).

£

2.5.2 Difference Methods

-,
“e

These methods refer to the meashre of fixation by the

nltrqgen accumulation technique when the contribution - of

‘8011 N to the total N of legumgs is estimated. Such

methods are also referred to as thex"N"pglénce" mzthodé.

" The "N;balance"'methodé are based on the "N balance"

~ between an Np-fixing (fs) and non-fixing (nfs) system

(Rennie, 1984 a). .The® W3 fixed = N yield (fs) - N yleld
(nfs) and

% N afa =[N yleld (fs) - N yleld (nfs)], 100
: N yield (fs)

where AN dfa is the ‘pe:cent,,plan£  N Qderived from the
atmosphere. } | ’ |

The "difference methods™ ﬁave bééﬁ used extensively

to estimnte'uz ffxationi(ﬂakue'and Patterson, 1981). When

7
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these methods are used, the two assumptions mad.iari: (1)
The. N-fixing plant (fs) an non-fixing piant [1.0._
reference plant. (nfs)], absorb the same proportion of soil
W and applied N &hring the growing season. (2) Both plants
will éaké "5 3911an1ﬁ proportion to the amount aval}able,
‘'and the differenc;‘ due to growth patterns and root
- morphology will not be slgniflcant (Mchllffe et al.,
1958). Hé&éver, an increase in total plant N due to
rhizobial inoculation may be the result of N2 fixatlén or
.increased efficiencyfof fertilizer or soil N use due to
the alteration of rooting‘habits (R;nﬁie, 1984 a). There

are three versions of the "difference methods", commonly

used.

0

2.5.2.1 Legume versus Non-legume
S0i1 N contribution ta-a_fixing legume 1is estimated
by growing a ﬁon-legume éoncur%ently vwith the 1legume.
Annual small grains, such as wheat, barley, \oats, and
sorghuﬁ have been used (Rizk, 1966; Fried and Broeshart,
1981; Richards and Soper, 1979; Fried et ;1,, 1983) .

Using this method, faba bean has been reported to fix

N at a :atebo£.54 to 111 kg/ha (Richards and Soper, 1982); '

10 to 60 kg/ha (Fried et al., 1983).

22



2.5.2.2 Nodulating versus Non-nodulating Legqmev

™ The advantage of using non-nodulating genotypes as a

w
‘control is that the growth pattern, root morphology, and N

23

uptake pattern are assumed to be nearly 1identical (LaRue -

" and Patterson, 1981). Using this version, sonpan (Glycine

max L.) was estimated to f£ix 14.-to 84 kgN/ha (Weber,
1966). In soybeans, non-nodulating iso-lines are available
for only a few cultIVatQ. Unfortunately,- near isogenic,
hon-nadulatlng: and nqdulitlnq cultivars are not yet
available for faba bean (Laéue;and Patterson, 1981).

Ne v

2.5.2.3 Inoculated versus Non-inoculated Legume

This method requires a soi) free of native Rhizobium

species, cap&ble of establishing an effeétive symbiosis
with the legume being studied. It sometimes becomes

impossible to - have a so0il, free of native Rhizobium

species for contgol treatmenfs (Chnwdhuzy{ 1975; Kjig et

al., 1975), and in the areas yhereflequmes are routinely
grbwn, goils may no; have appropriate Rhizobium species
(Semu at al., 1979). When ‘' using ghls technique,
consi&etable c;zgvis_tequized'to prevent contamination of
uninoculated soil with Rhizobium species. Due to. these
zoisons, thlsvptocedure'hqs limited application in foutine
—cvaluatlon-of nitrogen fixation. With this vetslon‘ it is

assumed that root structure and function are not altered

A



24
by presence of nodules, although this assumption hasnto be
proven experlmentallg (LaRue and Paét;raon, 1981). Using
this version, Bezdicek ef al. (1978) 1in their two year
study at Prosset, Vth{ngton, working with soybean, the

c:ob was found to fix 263 and 311 kgN/ha in the two years,
2.5.3 15y Isotope Dilution

15N isotope diiution (ID) has been used to detérmine
the percent plant N derived from the fertllizet (\N dff),
soil (%N dfs), and atmosphere (SN dfa) in several 'annua; 
grain lfgumes (Rennie, 1984 a). In this method, thg fiilng V\\\
crop and non-fixing control are 4grown in soil to which 15N
has-been added as a small amount of labelleg' nitrate or
ammonium (McAuliffe et al., 1958). Tﬁe plant' obtaining
1part of its N from the atmosphere will\have less of the.
isotope. . : _ . —_—

Thus, N, fixed =

_ 15
1 - m;m*_i_rsn_gngaa_iial leld
[ atm, % N excess (nfa)] x N yleld (fs)

. .:_,//’

where: atm % 15N excess = atom & 15y excess and,jt 15y

h excess .15 ‘' calculated with refergnce to the
" natural 15y ‘dbundance of the atmosphere (e.g.

0.3663 atom % 15N (Rennle, 1984a),

atm. & 15N excess !tai
N dfa [1- atm. % N excess (nts)] X } .

After harvest, total N is determined. Analysis of

i x ' <
(R



15!: 14y ratio is then poztoimnd on a "VQ Nlcromoss 602 D
isotope ratio mass spectrometer™ (Rennie et al., 1978))
\Ato- s 13y oxcoos is calculated - with reference fo ‘the
natural abundance of ghe atmosphere _(6.3663 atom %
144) (Mariotti, 1983). The calculation of N afa (%
nitrogen derived from the atmosphere) is y1§1d-aé§35ae5c,

_zoqulzlng“only that the fs (Nz—fixing) and nfs (non-fixing

system) - assimilate identical{ proportions _ (but ~ not'
necessarily identical quantities) of .N from the 'soil'

and/or fertilizer (Rennie and fRehhie, 1983). The'

l

calcuiatlon of N fixed |is yield-dependent, because an

oatlmnte of N yleld of £1x1ng system is tequized, as shown

in the equation above. The isotope dilutiaon technique haé

been shown to have an inherently higher precision than
$ield-dependent 15y techniques such as the "A"—value oi

yleld-dependent "difference methods" for calculatlng SN

dfa (Rennie, 1979). Talbhott g; 11.7(1982)Aw0tk1ng with_sig

cultivars of soybeans concluded that spatial variability

~in N-Uptake in the non-fixing system was the main error

source when calculotlng SN dfa.

Ronnle (1984 a) working with soybeans and fioldbeans
(Phasoolus vulqarls L.) in Southetn Alberta, concluded

. that the 'difference method" was more reliable when aoil N

u

L)
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vas low, so that non-tlxlng plants showed : signs of -N -

do!lcioncy by anthesis. ‘The "dlffezonce' method" is loos

-

accurate than the 15N tachnlque to ostimate N2 fixation in

!lold qrovn logunos.



A number of workers have used the Isotope dilution
mefhod both in field and greenhcuse experiments to

estlnata nlttoqeh fixation in lcguuns. These lnclud.
’&

Broadbent et al.(1982) in California who estimated 61 k§

N/ha fixed by Ladino clover (TrlfolLum repens L.) and

Rennie (1984 a) in Alberta who sstimated 64 to 118 kg N/ha

Ii soybean (Glycifie max,L.). and 30 to 121 kg N/ha In
v .

field beans (Phasedus vulgaris L.) There is no infofmation

L

Yy
on this method used to estimate nitrogen fixation in faba °

bean (Vicia faba L.).

2.5.4 Acetylene Reduction
9

“\

The 15N dilution is an expensive method to determine

fixed N, and is insensitive "when compared with acetylene

_reduction which measures nitrogenase act;vity (Roubhle¥ﬁghk

al., 1983). Nitrogenase teducés acetylene to ethylene.

Thus we have, q2H2+2e‘+2H-a~CZH‘ instead of: N2+63’+6H* >

.. 2NH3 giving, in theory, .an _acetylene:nlﬁtoqen _ratlo of

3:1. Typically, freshly excised roots are incubated in a.

chamber, with 1 - 20N CpHp for 1/2 to 2 hr. A sample of.

thg gas phase is ghenAzemdyed,“and*the,'gthy%ehn produced.
"is measured by gas Chzomatogzaphy. In ﬁ;actice,_the ratio

“341£LS not usually obhained ‘and it is ess.ntlal to

. ~ctoas-check the aasay with 15N or total ‘N methods’ (Laaue

e

and Patterson, 1981; Roughley g; gl., 1983)

The “1135111ty of the acetylene reduction, to assess

.

. ‘26
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o nltrogenaae activity of the fleld q:own plants, requlres

that all noduleh be recovered Thls is extremely difficult

_to ensure wlth faba bean grown in heavy eolls. A number of

'varlations of the method have 'beenw described (Hardy et

»

al., -1973), and. lt has been found that hydrogen evolution
;aby £aba bean varies widely with plant age, temperature,

and envlronmental factors~(Rough1ey g; al 1983); Using

'this method in Western Canada, the va1ues of N -fixed by

1r£aba bean are reported to he 88 to 132 ng/ha,‘ n, Central
.iAlbetta (Rice, 1976), 37 5 to 146 ng/ha (Dean and Clark

'1977), andylﬁg ng/na.(Dean et’ il,, 1980) in Manitoba.

‘iZ:GPFaotorstffectlng Nitrogen Fixation

"¢ 2.6.1 Rhizobium Eéolod?’

There are many factors whlch can interfere with _the
‘nltrogen flxatlon process The amount of nitrogen £ixed by

the legume rhizobia symbiotic vsystem,.vis,‘lnfluencedt by

many chemlcal and physlcal factors ~of the envirbnnent,

which may affect the host-plant,vthe Rhizobium, _3nd the
ervelopment .and effective functlonlng ofp nodules.
Rhizobium is the generic name for the “bacteria/ forming

nltrogen'flxing nodules on Legumlnosae Rhizobla, 'whlcn

‘nodulate the faba bean, belong to Rhizobium leguminosarum,

tbut form nodules also on»the genus. Plsum, Lathyrus,, and

‘vLensa Ina aurvey of farmere' fields “in Manltoba, it was

27
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found that to obtain good yields~ and residual soil

'nitrogen,’ seeds of faba bean have to be inoculated )

.(Candlish and Clark, 1975). Studies have alsoc shown that

nitrogen fixation depends on'pre"sehassociations of plant
genotype and Rhizobium genotype.

he assoclations -are so
specific, ‘that it would not be possibie to predict the

general symbiotic performances of any istrain, except {n

. association with particular plant genotypes (Mytton et

al., 1977; E1- Sherbeeny et al., 1977 a,b). © 8imilar

/(1982),‘in relation_to. peas (Pisuma sativum L.). and> by .

Pinchbeck et al. (1980) in relation to spanish clover

(Desmodium sandwicense E. Mey).

Ineffective R. leguminosarum‘ in the soil can be

highly competitive against an applied inoculum of stralin

- e

' effective on faba bean (Button, 1975). Experiments in

Manitoba'hoWever, showed that acetylene reduction and

rield of faba bean, ‘inoculated with pea inoculum or

'uninoculated . (indigenous . soil fnoculum), were

significantlyv inferior_ to ‘faba‘ bean. inoculated with

rhizobia specific for fba beanf(Dean and Clark 1977).°

The growth of most strains of R. leguminosarum fis

reduced below pH S.O,-while the optimum range is a pH of
5.5 to 7.5 (Nozzis} 1965). The effect'of 5011 temperature
depends on . the soil type the optimum range is from 10° to

~18°C. High temperature has \a more negative ~effect - on

‘interactions have been discussed by Hobbs and Mahon“

Rhizobium in coarse textured soil than in fine textured or’
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o:ganic solls, and in molst, ;than ‘dry 50113 '(Marghall,
1964) Nodule activity stpps iﬁ faba bean,v'when - soil
temperatute ‘below 59 to 69 at l0cm depth, and nodule
development is very slow at 10°p (Fyson and Sprent, 1982).
?o: the formatlon and functionlng of - qodules, ‘a liberal
eupply of oxygen/is pecessary.- Soil oxygen leVele _are
usually well below 20 % and at ~.this levei, both nodule
e T .

formation and functioning will be suboptimal. Iron is

essential fer rhizobia, and low 'concenttatlons of salts

are benefiéial;

soll-water and nitrogen £ixing activity ?ddrlhg the

vegetetive' period (Sprent 1972) Hence, flxatioh of

‘ 5 "
nitrogen is maximum at soil moisture around field capacity

(szent,»%972; Sprent and Bradford, 1977; Foqlds, 1978;

Gallancher and Sprent, 1978). High ievels of§sa1ts in the

3011-also'zedece.Nz-fixation (Pilai and Sei, 1966; Islam -
@ - ‘ s

There is a high degree of correlation between

29

- ,and Gho&iah, 1981; El-Shakweel et al., 1982; and Yousef

and Sprent, 1983). : S o,

i

2.6.2 Methods of Inoculum Applicatioh

ffmthe; soils in the area contain no indigehous

" Rhizobium spp, ihdcu1ation results in eignificantf.yield

"1ncreases 1ng}ggumes ‘grown in the area. A survey of ‘72

‘inoculated fields of field beans (P. vulgazis) in SQuthern<

B

Albetta showed, th‘i only 7% had_sufflclent nedules' (<50
\. :%, it . . . . . )



o

Per plant) to support ,adequete’ growth, without the

additionbof fertilizer (Rennie and Kemp,,i983)._ Inoculant
can be applled‘dlrectly to seed or 1nd1fect1y through eoll
application. : | ‘

Using the direct . inoculation :method, powdered
inoculant may be applied as a dry powder, wlthout the use

of an adhesive agent. This method reehlts in poor

nodulation (Roughley et al.; _'1§83; ‘Elegba and  Rennie,

1984). Due to such results, the manufacturers have

- voluntarily removed this ‘methOd from . their ~list  of

recommended g 1cation methods (Elegba and Rennie, 1984)
AiternatheI

the powdered 1nocu1ant may be prepared as a .

gsuhpengion in water, applied to the seed, and then allowed"

to dry before sowlng (Roughley et al. 1983). Adhesive

agents (stickers of the 1nocu1ant to the seedcoat), 'which

R

- maintain the required effective contact between ' the.

rhizobia and the newly emerged roots have proven to be

very effective (Elegba and Rennie, 1984).

In Western Canada, Elegba and Rennie (1984) are the

-only workers who have reported on-the effect of different

inoculant adhesive agents .From their findings, the use of

water as an adhesive agent did not prove to Qg__su\table,

as the water dld not nourish the bacteria, or protect them

from desiccation. It was found that »the best adheslve

agents to be used by the farmers in Alberta, :Qere gum

arabic (40%, wt/vol), carboxymethyl cellulose (4%,
wt/vol), and wallpaper glue (10%, wt/vol). Also Nitrigum

3
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and Nitracoat, which are already in use in Alberta, were

gatiQtnctory.

Indirect 1ndculation refers to thé method by which

3

the rhizobia ateklntzoduced into the soil, separately from

the seed. With this”method, twohtechniques—are nsed: (1)
Spraying liquid inocula directly into the - soll, and (2)

»
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applying solld inoéula in one of several forms (Roughley o

et al., 1983). Schiffman and Alper (1968) reported the

appiicatioﬁ of liquid inocula successfully in Israel, for
inoculating g:ohn¢nuts (Arachis hypogea L.). Solid inocula

consists of coarse particles of peat 1mpre§nated with

rhizobla. This method is now common in the U.S.A. (Burton,

1975) . i

Indirect  app11cat1on“ is essential when theﬁ seed

»

- ) : E o . s
itself has been treated with a pesticide harmful to

rhizobia, when sowing seed with a very toxic seed-coat

'

facfot, or for sowing large areas<o£Agraln_1eguﬁes where,

because of seed size, the large volume of §eed.makeélother '

methods of inoculation 1hpract1ca1 (Roughley et al.;
1983). As éonflicting recommenBations exist on the effect

of seed-apbl;ed pestlcides,.e.g; Céptan on N, fixation by

R. legﬁmlnosgrum,'it is necggsary'to select superior N,

;tliing Stgalns'of,R. lequminosarum‘that are tolerant of,
bi resistant to, recommended rates of pesticides (Rennie
| g;'il., 1985). Recommendation for seed—aépliéd‘ pesticide,
Captan, ﬁas been achie?ed in the Rhizobium phaseoli -

?hascolu; vuigarls L. Np flxlng»symb10313~(Rennle,’1986).



2.6.3 Effect of Soii-Nltrogen

In faba bean production, fertilizer nitrogen is

rarelf applied, as there has been ‘a general assumption -

A »‘that nitrate uptake by iegumes results ifaa coﬁreeponding,

reduction in'nitrogenlflxetion, §tud1es have anown  that

_ the maximum demand of N in faba bean, is associated with

seed and pod development (Cooper gg»;l,, 1976).’,Howeber;,

some studies have shown that applied N does not affect the
nltrogen content of seed, compared to seed from plants

which recelved their nltrogen supply ekclusively. from

4

'Rhlzobium bacteria (Schroeder, 1983)

In the U.S.A., it has ' been shown that faba bean

[

' plants :provlde all the .requlred plantv nitrogen when

properly inoculdted in low s0il nitrogen (Lockerh&n 'QL.

al.., 1983), and 1n Hanltoba, lt was reported that a smell
‘.amount of soil n%trogen is beneficial to help the crop
groﬁth/ (Dean .and <Clark, 1977). In " Central” Aiberta,
Berkenkamp and Meeres (1986), reportpd that high fertility
solil produced high forage TDM, with higher percent protein
than the faba bean grown in the sites with lower
fertility. Under controlledc‘énylronmental : conditlons,
‘_plants which received no fertilirer; fixed 87§ ‘of- their
requlrements«(Rlchards and Soper, 1979).

Literature shows that yield, protein ‘content, ahd

symblotlc nitrogen fixation, - are ‘infrequently , and

32
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unpredictably affected by ;aie,-type, and timé of nitrogen

Iy

application (Richards and Soper, 1979; ;982; sdhroeder,.

1983).
2.7 Utilization

2.7.1 Seed For Huﬁah COnsumption _

rd

. The export market has,been the majgr outlet for' faba
f bean in Western Canada. The export market has not been
constant. ééypt.is'thg largeﬁéi\buyepb of rdéhadtan faba
bean. Egybtlans .prefer 'lafger seed beaﬁs _which are
consum?d whoie, while shalleribeéhs étéfgxoundAintb paste.
Eg?pt»lgunot a cohsistent buyer of Canadian faba'bean,_for
‘Canada's main competltdrS' in eipdrt market have also
lpcreased. The United Klngdom'supplies faba bean to Egypt‘
and produces both: large and gmail-—séeded« égop (Canéd;an~
Grain Council, 1984). The~m$1n domestic use of faba bean
 1q Canada is livestock feed. The market 1is dominated by

canola and cereals. The:‘domgstic market  for human .
‘éonsﬁﬁption‘is very small‘g;d largely gonf{néd to ethnic

<&

population (Rowland and Drew, 1982).
® .

2.7.2 Seed Foz Animal Feed

Y
)

Abcording to Canada Grain Council (1984)} faba bean

provides. an excellent on-farm protein supplement. Whole
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o

faba bean contain about 28 to 30% protein and is high in

iysine. They contain about 1% oil, and do not require
processinq..ThereEOre raw-beans are crushed or groond,.and
added to most rations as replacement of soybeanf meal,

tapeseed, or other vegetable meals. Extensive research on

feedingfcharactetistics of faba bean has shown that the

‘crOp can . bs used on all classes of livestock and poultry.
A ration containing 20% faba bean by weight, pzoduces
“highly satisfactory results on young pigs weighing in the
5 to 14 kg and 12 to 35 kg range.

- Faba bean is also utilized as a protein supplement in
commercially ptepared rations by feed mills in Uestern
Canada. Although ghere have been no problems associated
with £abavoean, feed nills only otilize it bon "a small
soale.oTﬁeir use is dependent on thei;:‘- price and
availability in relation to the price of‘ other protein
‘supplements such as soybean 'meal and ' canola  meal
(Craddock, 1974; Canadian Grain Council), 1984). Faba bean

meal Is worth about $0.17 per kilogram (Aherne, 1374).

2.7.3. Porage

The quality of faba bean seed as food and feed has

been extehsié%ly examined, but the whole plant as fodder
has received litte attention. TQg whole plant 'produces a
good guality silage. Dry matter intake uand body weight

gain were greater with faba bean than grass legume silage,

34
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but milk yleld and feed quality were similar for both
sources (McKnight and HéLaod, 1977). Faba bean  and
qgaas-iagume silages, with aﬁd without grain, were equally-—
.cdnsumeh and utilized by dairy heifers and lactating cows
(Ingalls et ;1., 1979). Thoralacius 'gg gi,, (1979) have
shown that faba bean (CV Diana) crop r;sidue, after. 

.threshing for‘seed,g was superior to wheat gttaw, -and

PN L

\\ leilaz to alfalfa-brome hay in feed value when fed to

X o
- \sheep. In Central Alberta, Aladin, Herz Freya and Outlook
P : . A

-

prédgced good ylé}}s’b{\ very high protein ' forage. The
.zedults showed that faba Wgan-ls valuable in supplementing,

low protein fodder in /1ntensive . feeding operation§

(Berkenkamp and Meepes, 1986).
2.7.4 Green Manure , | ’

vThejenergy shortage of the 1970s and knowledge that
nitrogen prlces may continue to escalate renewed interest
in grpwlpq legume as green manure crops to ' furnish
nitrogen (Reddy et 51;; 1986). Faba bean,‘likeimost other
legumes is known to ‘increasé soil nitrogenA levels and
éonsequently,“the productivity of sucéeedlng cereal crop
in Ubstgtn Canada (Canadian Graln Cduncllk 1984). The csgt
of 'lnocu}hm used is usually very ’low, costing
App:oxima£e1y"32.00 per hectare (Rennie, 1984b)."Renn1e
'(198]b) repo;ted the value of nltrégen'to be $70/ha when
the crop fixed 100 kg ﬁ/ha in V;atern Canada.. Using the’

-



current valnes of nitrogen fixed In Central kloerta and
tne amount of¥protein produced in Central Albert; as shown
by Berkenkamp and Meeres. (1986) the wvalue of nitrogen
produced is about $170/ha depending on the growing
conditions and the cultivar used. ' |
Tnere is no published work on the value of faba bean
used as a green manure crop in Western Canada.' Howevei,
'Townley-Smith and Slinkard (Personal Communication, 1984)

are evaluating the effect of faba bean as green manure

[ 4 R f
Crops on subsequent yields of wheat in Western Canada..

Research in other countries snow that green manure does
increase 'soil organic matter and soil nitrogen as well as

other nutrients The beneficial effects of green manure on

soil physical properties are widely known as evidenced by'

“ increased water infiltration, water holding capacity,

water content, aeration, permeability, root depth and by

decreased soil crusting, bulk density, runoff and erosion
(ASA, 1984).

If faba bean is grown for green manure, the seed-cost

in this case becomes an important factor since the

‘seed-cost is high and the recommended seeding rates per

hectare are also high. -

\
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3. MATERIALS AND METHODS

3.1 Location . ' | \

-
-

The oxperimentg_wure carried out in 1984 and 1985 at
BEdmonton Rcsearqh Station,. University ofiAIberta, on clay
loam soil 53° 30'N. Latitude, 113° 31'w. Longitude.
Pzeclpltatibn over the growing season in 1934 wvas 249.4
‘mm, and 336.6 mm in 1985. The sites used Eér the
experiment in both years, had been under fallow for three
Years, and no fertilizer had.béen applied in the area for

the previous six .years.

-
3.2 Plant Material
o N
- e
- ’(" -
Three cultivars of Vicia faba'(gal ("Ackerperle”,

o
- "Aladin", and "Outlook") and one ‘experimental line from

the University of Alberta breed1n§ p:ograﬁ ("80F-21") were
used. Line &DF-ZI was the earllest to ‘matute, 93 qu§>
After Seeding (DAS), in 1984 and 100 DAS in 1985.
Cultivars: Outlook, Aladin, and Ackerperle matured in 99,
!101, and 103 DAS in 1984 and in 110, 113, and 118 DAS in
1985 respectively.

One barley'(Hordeum vulgafe L.) cultivar "Conguest"
was used in the study. Barley matured in 93 DAS in 1984,

, s
'lnd in 100 DAS in 1985 growing seasons.
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‘3.3 Bxperimental Design

3 -

- A completely randomized block design experiment with

four replications, containing four faba bean cultivars,

and one barley cultivar were used. Two seeding tate; of 33

and 50 seeds/m?2 were used for the four faba bean
cultiQars. Faba bean seeding rates Qeze ad;ust?d, based on
cultivar "86?-21",' for percent‘ geiminatioﬁ. The
corresponding kg/ha rates of viable seed are givin in
Appendix 1. _§egding rate for bafley was 50 kg)hl.
1nd1v1dual‘plots'conalgted of 8' rows; 6 metres long,
apaced-23 centimetres between rows and betgqen plots. 'No
fértillzet was applied. Plots were seeded with a "8w1££

Current Power Seeder", four row cone type’ press

E

drill,

with double disc openers, which has packing whéels before

and after the seed 1; placed in the so0il. The seeding
dates were May 7 and May 3 for 1984 and 1985 respectively.
Depth of seeding was 7.0 cm and the seeds were inoculated
with Nitragin Company Q Cultize (THE NITRAGIN COMPANY.
CLEARVATER, PLORIDA. 33516 U.S.A.) rhizobia using a direct
method. In this method, fhe pog?ergd lnoculaﬁt was applied
as a dry dust to the seed.at seeding. The rate of inpcdlum

applied was 610 grams per hectare.

Weeds were controlled by hand at 14, 30 and 50 days

after emergence.



‘3.4 Data Collection

S ;
/

3.4.1 Growth Stages o o

Daily observations. were nade, to obtain the number of
.--days from seeding, to the major different ' growth staqes
2hc days gzo- seeding to flowering, and to matnrity wvere
toco?dcd.~rhe days‘f:om stalng to tloﬁerlng were taken
vhod'79t p£ tﬁe plants‘in each plot had at 1least three o
' open flowers on the main raceme. Days to maturity were
taken when 80% of the plants had more than 25% blackpods
on the qain':acemn, In_ each ploé. The days' to growth
stages were not sfatiatlcally analyzed, because ho

vaz;abillty among the replicates was observed. - (m\\\

3.4.2J€ant Height | e ‘ \3

The plant heighb in centimetres was calculated as the
. average of tour naasurenenta within each plot, when the

plants vere at maturity.
3.4.3 Plant Density

4 Plant density was detetmined‘by'counting-cthé number
" of planta in two _square metres of each plot. The 'cgunts

U‘t. dono one dgy prlot to cach hazvesting datd

i,



3.4.4 Total Dry Matter (TDM) Yield
~Total dry matter yield  per two sgquare metres was
deflned as the vegetative yield plul tho seed ylcld. An
 area of two squaze metres was cut at the ground lovol from
the centre three’ rows by 2.9 metres of each plot with ' a
sickle. Whole plant saﬁpies were also ’pdivouted at
. flowering and 29 days after flowering (DAP) “o: TDM
analysis. The samples weie air dried in cotton bagsq'atter

cutting, until three days prior to the threshing, at which

time they were put in forced air driers at 40°C for foux

days.

'3.4.5 Seed Yield
‘ .

The seed yield per two squa?e metres fto; each pilot
was determlned from the TDM samples harvested at maturlty.
Threshing was done by using an "Almaco Plot Threshing"
rub-bar type. The same values from two square metrei were
used to calculate QeeF Yield in kg/ha. |

~

-.3.4.6 Vegetative Yield
The vegetative’yleld was calculated by taking the’

.difference betwaen TDM and'seed yield values.



‘was calculated for each plot.

a1

o - e P .
: S oo ' %
3.4.7 Harvest Index (HI) . ~ = .
The harvest lndex was obtained~by dividing the  seed
'yleld value by TDH value. '
' ,3.4.8 Seed lield per Plant
The seed yield per plot was divided by the plant
_density at maturity of the corresponding plot. ;

3.4.9 Number ofvPods'per Plant .

53

- At métuilty) gthe ‘averabe number* -oﬁfe pods .
calculated from twenty plants, chosen at raq?om ftom
glot. | ’, | NP : S i”':' L ,,MJW?;;

: : . c- . B " .
P e S Vi Lo

'3.4.10 Number of Seeds per Pod’ -

v ﬁ ; : .
I g Ry B
g o ! : i

onm each plant selé%ted for pod numberﬁ

;podslweﬁe'

f seeds per pod

taken at random, and the average numben«

. S S
. ;aﬁ\ AR _ PR
¢ 3.4.11 One Thousand Seed -Weight . o
N , ) . ) . R - "x, :'-',4 &
! o . L g B + ;':

After Ehreahlng; a thousandf"seedeb from 'eBCh SeQd?c

yield sample were welghed 3'5J



3.4.,12 Percent Germination

One hundred seeds from each plot were replicated four

times. Seeds were placed in damp paper towels in culd

"chambers, at 50¢ for‘ five days. The seeds were then

assessed\for embryo .growth (germination), and percent of

iy

germinated seeds calculated.

' 3.4.13 Production Score
_ A 13 ‘ -
The production score was obtained’by‘addindﬁthe seed

yieldﬁ(t/ha), hiolocical yield (TDM)'(t/ha),, and harvest
: . . o o » )

index (HI) for each sample (Stoskopf, 1981).

3.4.14 Percent Nitrogen :

Nitrogen analyses were.made'dn samples vharvested ‘at
75% flowering and 29 Days After Flowering (DAF). At these
.stages, vegetative and“reproductive parts . were not
separated At maturity, vegetative and reproductive parts
»were separated for nitrogen analysis, Barley was . harvested

at the time, when the ,earliest fabal&bean‘ cultivar . was

¢

ready for harvest, at flog}:ing and’ at ?9 DAF. At l:turdty
barley/was harvested when a thumBZnail dent in the

] remained visible for some’ time. { ' . 3

The N content was determined by analysing duplicate

’0 5 grams of ground samples for. each plot The grinding

/
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J;'wae lnltlally done, by. uslng "Thomas -Viley Laboratory Mill
Hodel 4", The samplee were reground in a coffee grinder,
ﬁType-KSMZ". A mlcro—Kjeldahl analysis using 40-tube block

digester and,eteam distillation, was used to determine the

- percent nltrogen.

' 3.4.15 Nitrogen Yield .

R oo =

e

’The' nitrogen yield was  calculated frgm

\\i ‘appropriate plot yield values.

. . U A ' : . .. '.\’
3.4.16 Net N, Derived From Symbiotic Fixation

~ Net;symbidtic nitrogen fixation of Ffaba bean was
| deternlned by subtracting total N yield in the barley TDM,

from total N yleld 1n the faba bean TDM.

. ﬁ'_ ; In uslng thls method, ’ there were two major

eesumptlons. First, ‘the nitrogen‘ contained‘ in  the
non- legume (barley), was assumed to arise totally from thev
soil nitrogen pool Secondly, the legume (faba bean) and
non legume took up soil nitrogen in proportion to the
amount available;\and differences due to growth patterns“

kend root m@&@hology were not slgniflcant (although no
evidence ehous that exploitation of soil nitrogen is equal _

between a legume and non- legume control)

" This "difference method" was chosen anong the number

'Vi'ds Jvallable for .estimating nitrogen fixed by



creﬁéy'because‘ltvls the most elmple'hethod‘that could be

used in thls experiment. Also, as polnted out by‘ Henzell

v .and Norrles (1962), there is no method available, which

can determine the absolute amount of atmoepherlc N, fixed

by legumes under fleld conditions.‘

The net quantity of N in faba bean derived from

symbiotic fixation, was calculated by the following

method: s-p-a

'-l il

DU Y

‘Where S="Quantity of N derlved symbiotic N fixation

'in faba bean (whole crop) ln kg/ha
- P= Total faba bean N (whole- crop) in kg/ha.
B= Total N’contrlbuted by the soll measured as

total N in bafley (whole c;oplgln.kg/ha.

The percent 'pf fixed nitrogen was calculated as

- follows:

AN Eixed =| Net N derived from sgmbiosis (8) Jx 100
Total N (P) |

a

3.4.17 Economic Benefit of N Fixation

)

 This. was calculated by using the current: faba 'beah

seed cost 1$/ha),t-and‘ current price for nltrogenus.
fertilizer (urea). The benefit cost ratio was‘]dalculatedk
by dividing the value of N fixed ($§ of. N fgfeq;\bez‘

hectare), by seed cost ($/ha).




otk

; ‘; Boil‘sumples for chemical,analysis were taken érom

SN

3.4.18 Nitrogen Balance

Ry s
e

Nitrogen balance was calculated as follous:

Total nitrogen fixed (kg/hu), minus total nitrogen taken
e R . ) ‘

off vith harvested grain (kg/ha), as outlined by 'Herridge

(1982).

3.4.19 Soil Sampling
| |

|
each corngg of the trial site and between the replicatlons

at. seeding time. Samples d‘rg taken to 0-6 and 6-12- cm

.\\

for four days, ground to pass through a2 mm sieve. The
soll samples were then sent to an Agricultural " Soil :and

Feed Testing Laboratory (ASFTL), Alberta Agriculture in

Edmonton, for onalysis'for NO3;"N; NaHCO3-extractable P;

45

%

solil depths. '
o - 8oil samples'were air dried in the laboratory at 25°;\\\

\

i
1
i

NH,OAC-exchangeable K; pH and. organic matter. (Carson,

b

personal communication 1984).

3.4.20 Analysis of Data .

The experiments were subjected to Factorial Analysls_

of Vhrlance_ for Eaba bean ‘data, and as RCBD for

"compar;sons with barley. ‘Each ‘year ‘was treated: as a

/
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separate experiment.

. Days of different giouth stages and growth pe:iods
were not analysed on treatment cdmblnatlon basis by
b . N . : . -

analxsis of variahce, sinéé{ no dlftetences between

replications ke:e observed.



(1) Anova for factorial analysis

‘Model: Yijk = U+Bi+Cj+Rk+CRIik+Eijk

47 .

1

F vaiue [Tabulatéd]

8ource of oDégtees of

Variation . Freedom 0.05 . 0.01
— v |

Blocks  (B) !E‘> 3

Rates A(R) 1 T 4,32 8.02

Cultivar (C) 3 3.07 4.87

Rates x Cultivar (RxC) 3 3.07 4.87

Brror .21

Total - 31 ‘

>

(1i) Anova for RCBD

®  Model: Yij = U+BI+T4+E1j

Source of .Degrees of

F-value [Tabulated]

Variation freedom A/,O.OSV 0.01 .
 Blotks (B) 3 i
‘Treatments (T) 8 2.36 3.36
Brror = - 24. ‘

Total " 35

\

The cultivar means in allitreathénts wére compared using

the Duncan's Multiple Range Tes%;;} P=0,05.

@



The

simple

correlations

\
among

yleld

Seyrgy
R

‘relatcd

characters and those related tov nltroqeh fixed were

-

Y

-

calculated for both years.
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4. RESULTS AND DISCUSSION

4.1 General Observations

The enviroﬁmental data emphasize the cdntrasting
conditions in 1984 and 1985 especially for tainfall' apd
'goil.mbl;tute (Appendix I1). In 1984, 1less than 250‘(mm
preclpltaé;on fell during the growing season. In’ £985;
over 336 mm df preéipitation fell during the growing
seasonf In'the 1984 grdwlng -season; the soil moisture
content Eeldw 15 cm (soil-depth) went as low as =15 ‘bars
(whlch.ls’the permanent wilting point), but in the ‘1985
gtowing’season the soil moisturé' content never went as
low. , [ |

The soil NO3 - & was 48 and 30 ppm at 0-6 and 6-12 cm
s0il depth in 1984, fespectlvely, and 14 and 11 bpm in
1985. The soil pH was 5.9 and 6.2 for both soil sampling
depths in botﬁ years'(Appendix I111). |

The prominent weed species in both experiments were:
redroot plgweed (Amaranthus - retrofluxus L.), lambs
'qua:ters"(Chenopodlum album L.),' chickweed (Stellaria
media L.), common gioundsel (Senecia. vulgari# L.),
pineepple ueed (Matricaria matricarioides L.), " barnyard
grass (Echinochloa crusgalii L.), Canada thlstle (Cirsium
"Ma;vense L.) and volunteer rapeseed. Hand hoeing controlled

eftectively ‘most of the weeds.

Diseases and pesté of faba bean that have. been
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pteValent in Burope and other parts of Western Canada were
not present in either year of this study..
@

" 4.2 Growth Stages

The number of days after seeding .(DAS) to first
jflower were 53, 56, 56, 58 in 1984 and 58, 64, 64 and 67

in 1985 fbr 80F-21, Outlook, Aladin énd- Ackergerle,

‘respectively (Table I). DAS te maturity were 93, 99, 101

éhd 103 in 1984; 100, 110, 113 and 118 in 1985 for 80F-21;
Outlook, Aladin and Ackerperle, respectively. " Barley
. matured in 93 and 100 DAS in 1984 énd 1985 respectively.

Hatuflty in 1985 was delayed in all cultivars as compared

to 1984 probably because 6f the cooler damp weather which

occured during the maturation period.
4.3 Plant Density

The seeding rates had a significant effect on plant
density at flowering and maturity in both yYears (Table 2).
"The cultivaz effeét’was‘slgnificantkonly‘at' flowering in
1985. There was no significant interaction effect.~ Within
jthe cultivars, the high seeding rate resulted in
-significantly hlgﬁer plant densities ‘in most cases. This

is more evldént in tpe' 1985  results than in the 1984

‘results fT;ble 3). Within seeding rates there were very -

few significant differences among cultivars.

50



Both seeding rates in 1984 resulted in plant
d.ﬁsitiea lower tbanhfhoae ;ecommengtd in Alberta, But in
the 1985 giowlng season, the'SO,seeds/m2 resulted in the
recommended range of a piant density of 400 to 500
thousand plants per hectare”of cultivars 1like Ackerperle
(Albeéta Agriculture; 1982). The results in this study,
show that depending on the ‘seed size, thé 33 to 50
seeds/m? should give an'adequate - plant dénslty - for thé

faba boqn growers in Central Alberta.
4.4 Plant Height

vThe seeding rates had a significant effect in 1985

~ (Table 2). The cultivar effect was significant in both

years. There wag no significant interaction effect in
either years. Comparison of 1low and high seeding ;Ate
within cultivars indicated no significaq& differences. The
earliest maturing line (80F-21), had ;gﬁlficantly lower
plantvhelght in 1984_at both seedi rates (Table 4).
Plants in 1985‘were generally shorte? than those 1in the
1984 experiment.

‘Paba bean literature does not indicate the effect of
seeding rates on plant hfféht in Western Canada. Sjodin
(1978) in Sweden concluded, in ‘contrasé to Hodgson and
Blackman (1956) that plant height , decreased with

-increasing seeding rate.

The zesults in the present study show that plant
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héight was hagher“than thatrreportqd by researchers who
have tested some of the cultivars used in this study in
different Research Stations "in Western é&nadac Av;rago
plant height in‘this study was 107, 116 and 106 cm for

cultivars oﬁtlook, Aladin and Ackerperle in 1984;>1

respectively and 93, 101 and 97 cm inv1985. McVetty'g;‘gl.

LY

(1981) reported 100 and 95 cm Eok‘ ltivars Aladin and

‘Ackerperle, respectively, while and et al. (1986)
zeportéd plant height of 89, 102 and 108‘cm for cultlivars
Outlook,‘ Aladin and Ackerperle, respectlvelf. The
tempezatﬁre, iainfal}, light and edaphic factors ‘may be

the key factors affecting plant height.

4.5 Total Dry Matter (TDM)

At maturity the faba bean crop contained 30 to 40%

82

~
~

dry matfer on a fresh weight basis. This is in aqteement <

s

with ‘the value given by Alberta Agriculture (1982).
Seeding rates had no significant. effect on TOM yleld in
both years at 511 harvest times ekégpt at flowering in
:1584 (Table 2). Cultivar effect was significant at
‘fIOWering and maturity in 1984 and 1985. The interaction
'gé%iét was not signlf;cant in Bath years. The seeding
rates ‘effect reported in this study>on>TDH yield in both
year; is in agreement with th#t reported by McVetty QE al.
(1986).

TDM productl%p increased with time and the maximum

————



values were attained at maturity (Table 5). In 1984 and
.. 1985, the TDM ylelds at flowering were 1low raﬁqing from
0.76 to 2.08 t/ha. This stage would be too early for a

.silage hlzves;.v At 29 DAP, in 1984 there were no

significant differences between treatment means. 'However,

~1n 1985 at 29 DA, Outlook (50. seeds/m?) and Ackerperle -

(33 seeds/nzi had TDM ylelds signlflcantly higher than all

4

oth.r treatmnnt meansﬁ &At maturlty, there were few

siqniflcant differencess*betulan t:e méﬂt aﬁ! ns. The

high ylelding enyidf lqg;;tas ( uxmum yieﬂ.dw "’plot“sT in .

Scotland (Thompsén,i . Taylor, 198&) and in’ North East
iy A
Polder in the Nqﬁh{tlinds XDantuma and Gtashoff 1984)

The' TDM values-iﬁfk ﬁhls :study are ~h1qher than those

uported by m:vQ 'M n (1986) m their two year study

in Hanltoba,

16,02 t/ha. Hov&é

to those repor:

e hlghest TDH productlon reported was

{H valpes 1n thls atudy are similar
) ’- g/'l

_yBetkanamp. and Neeres (1986) in

*

-;gantzll Albert

g ”thélr study

g

ked vith a nuhblrxof cultivazs fn

3
iumin and’ outiook 1 hi»ack

ﬂllﬁhelri study,

the TDM production 3
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in 1984 and £zom‘8.69 to 13.64 1@11985.

A barley treatment was included in a Randomized
QOmplete Block Analysis to make a compailaon 19029 faba
bean._treatments and barley which 1is commonly grown for

"sllage (Appendix IV) Batiey had  a slgnlflcnpgly hlqhot

TDM production than faba bean treatments at £f§f y
'DAF and maturity in 1984 and at 'Elowérirg *{35‘ (Table
6). Barley was not sigﬂiticantly dikfetent -roﬁ faba bean
g"t;uaggents at 29 DAF and matun‘ty in 1985. Comparison oé
. faba bBean and barley TDM production, showed that faba bean
averaged 66% of barley in 1984 and 106% in 1985. TDM
.pzodudtion of oats (Avena safiva L:)‘was tethted to be
higher than faba beén by Bérkénkamp (1984) in Central
Alberxta. | |

The higher,TDﬂ production of\ﬁarley in the ary year

of 1984 could have be&n due to the higher root densﬁiy,
( '

duration and rate of extensloh since faba bean is
_ . £
inherently shallow rooting (80 to 90 cm) compared to.

1 .
cereals (120 to 200 cm) as reported by Hebbthwaite (1984).

The root density and penetration have ?Een ‘found to‘ be
important 1in exploitation of soil mqlsture reserves
(particdlaiy if water becomes 1limited ‘;n a period of
drought). This could have resulted in faba . bean having
jless vater available to it as ddmparad to~th§ birley'crop)

k]

especially in 1984 which was a dry year.

-

sS4
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4.6 geed Yield (kg/ha)

S

T The seedingirates'had no significant effect in 1984

R B a _ . :
and 1985 on seed yield (Table 2). However, cultivar effect .

was significant in‘both years. There ‘uas no significant

interaction between the seeding drates and cultivars4 in
3 LT o

1982 but it was significant - in . 1985. There were few

significant differences between treatments The results?in

- 55

this study are in contrast to those reportedh by Kendra:‘.

¢

(1975) who observed that seeding rates 1signiEIEantly’

affected seed. yield using two smallﬁfaba bean cultiva:s,

Ertodia and Wiseburger Kleinkornige in Central Alberta In

his study it was observed that the low seeding rate _(33

seeds/m?) produced the lowest yield while 33 and .50j

\Q.

seeds/m2 seeding rates did not differ” signifiéantly in

e R
yield The results in this study are in agreement with
- ,

those reported.by McVetty g; al. (1986) ywho; worked with'

\\the cultivars Aladin, Herz Freya and Outlook and observed

w yield\\ reported ‘in this study /are similar to " those

that seed ylield was unaffected at seeding rates 33 and ‘56
seeds/m2 in Hanitoba. .

Seed yield in 1984 ranged frdm 2741 to 4001 kg/ha
(Table 7) and in 1085 ranged from -3853 to 6009 kg/ha Seed

repdrted~by_xondra (1975),, Alberta Agr}culture (1982),7h
. - Rowland et al. (19625" ¥aba bean.literature indicates that

in SOuthern Alberta, where it is drler, yield is ‘usually

lousr than that reported in the present results unless the

s
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' results of Seltzer and Evans'.(1976) who concluded from'n

-t

crop is. lrrigated (Kroqman e; al. (1980), Rowland g; gL

(1982), Rovland g; al. (1986))

}

Comparing the results ln thls study and the Eaba bean

llterature, if the crop is seeded in the first week of
May, the farmers can use any of the . current licensed
cultivars at 33 seeds/m seeding rate for seed production.

Spch a. low seeding rate can result in maxlmum proflt due

/
tO'the reduction of the hlgh/ seed costq reaultlng' from
4 L

high seeding rates per hectate currently, recommended in

.“, | - | B ®

zWestern Canada , ‘ - .

/w
Seed yield of barley wés not‘signiflcantly different

‘from faba bean treatments ln 1984 which was relatlvely a

dry year (Table 8). In 198g barley yield was significantly‘

/ |
lower than Aladin (50 seeds/m )/\Fhls is similar to the

their study that whea#' was better’ adapted to dry

condltions, whlle faba bean responded more favourably to a

mol ter envlronment
4.7 Vegetative Yield

5 d' Thd seeding ‘rates had no signifiéant .pffect' on

€ e

vegetative yield (Tablé 2)' The cultlvar effect on
"vegetative*yield ‘was. signiflcant in both years. There was

ftno slgnificant lnteractlon between the seedlnq rates nd

"o

cultivars 1n both . years. The‘ signlflcant dlfferencesv

*

'between trea ments were few (Table 9). Barley.gvegetatlve :

[
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_yiJid was significantly higher "than any faba 'bean-rate
‘treatments in 1984 but not in 1985 (Table -10). This is

“slmiﬁar to Tpﬁfresults at maturity. ' | o

4.8 Harvest Index‘(HI)
@.t .\ I
’ The seeding rates had no significant effect on the HI
in 1984, but had a significant effect on’HI in 1985 (?able

2). The cultivar and Jthe interaction effect were not

.\'%\=::

57

sighificant in 1984 and 1985. The seeding”™ rate _effect on

i

. HI in 1984 in this study is in agreement with the results

- lower Hi than all"other treatments (Table 11):.. The HI

" reported by‘Kellar~and‘Burkhard (1981) for cultivar Marisf

Bead and'tbe?resﬁlts by McVetty et al. (198f) who reported

on cult@?&rs Outlook, Aladin and Herz Freya.

" In'1985, Aladin (33 seeds/m ) had a significantiy

values ranged from 0. 40 to 0.47 in 1984 and 0. 3 to Q.50

/

'in 1988, The/ HI value is of less importance “to tbe

>

farmers, but it is character used in »many studies to

provide soﬂe measnre"of the partition of assimilate
between’ thelseed product and the rest of- the plant

In 198 barley HI was significantly lower than all
faba bean treatments (Table 12). In‘1985. barley'»HI ~was

| signbficantly lower than a11 ‘faba bean treatments except,
QBOF-21 (33 seeds/m ) and Aladin (33 seeds/m ). The low HI
valued in barley show that the crop has lower ‘partition of

_ Aassimilate between seed and the rest of the .plant “than
: 6‘ g ,i"‘-y ' : ' ’ ) . ,,:.'

f'

J

s . K
¢ 5 . . -
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faba'bean crop.
l“;" N '

4.9 Seed Yield Per Plant

¢
o

The ‘seeding rates had no significant effect on yleld-

per plant'in both years (Table 2). The cultivar effect was

significant in both years. The interaction of ,seeding rate

and cultivars wae not aignificant in' 1984, but wasz

significant in 1985.
The seeding rate effect on yield per plant reported

in this study is in contrast to those reported by other

researchers including El-Saeed (1966), Kambal (1968) who'

S8

reported that as seeding rate increased, yield _per - plant','

decreased, but yield per unit area of land increased. The'

inon—sigﬁificant interaction effect Mon( yield ‘per. plant
reported in. thie study is inaagreement with 'the results
repotted by Salih (1981) rﬁ Sudan.

e

a‘$

bet’,eﬁwtreatments ‘(Table 13) JIn 1985, Ackerperle (50

sepds/m } had a significantly higher yield per plant than

all otherﬁtreatments

...)_ -

Thewﬁ%?d yield per plant is very important trait to
the Eaba bean breeder, however, it "Is of ;1ess importanceb

L] - :
to the farmer who is usually interested in the crop yield

per unit area.

“

1984 " there were few significant diffezences ‘
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4.10 Number of Pods per Plant

The eeeding>rates and cultivars had a significant

effect on. the number of pods per plant 1n‘ 1984 and 1985
{

(Table 2). The interaction of seeding rates and cultivars

was not significant in both years.

59

The seeding rate effect on pods per plant in thi&“ﬁm

study is in agreement with results by El-Saeed (1968),

Salih (1981) and McVetty et al. (1986)' in 8Sudan and
Manitoba,-Canada, _respectlvely,‘ who reported' that ~the
number of pods ber plant droppeé as  the seeding rate
increased The cultivar differpﬁces reported ln this study

P «f» .
has also been reported by ° a. number of ‘researcners

including S8jodin (1978) in Sweden who workﬁd' on three

cnltivars: Primus, Sving and 8V0560, and El-Hosary et al:

(1983) who Qorked with a set of "sixteen cultivare, in

Egypt. ~ .

In 1984 and 1985, there were few significantly

different treatment means'on‘pod igﬁdénction (Table 13).

The values of pods per plant reported in this study are

LY

hlgher than those reported by McVetty et al. (1986) who
ueed cultivars Aladin, Outlook and Herz Freya and reported
values o£ 15 4 and 12, 8 pods per plant at the 100 and« 150

kg/ha seeding rates. -
*

13



4.11 Number of Seeds per Pod .

The:seeding rates, cultivars and_interaction between
seeding rates and cultivars had no significant eftect on

the number of seeds per pod in 1984 .and 1985 (Table 2),

Such results have also been reported by Thompson and

Taylor (1981) in Scotland and McVetty et al. (1986) 1in

Manitoba. Even under irrigation (Farah, 19813; or““where'
competition for light has been vimbosed (Thompsoq andb

- Taylor, 1981) the number of seeds per pod has proven to be

5
B

the most consistent component of yield.

 The reshlts in the present study indicate that the

‘ average number of seeds per pod is a stable character.
4.12 One Thousand Seed Weight

The seeding rates had no significant effect on one
thousand seed weight in 1984 apd,‘19q5> (Table 2). The
cultivar effect was signifiiiit in both years.  The
interaction of seeding rates and cultlvars was slgnlflcant

in 1984 but not in 1985. . C

g@fth@re; . 1s’s£udy"areV1n agteement with the
| ' Blackman (1956) who repocted that

the.seed welghﬁvremained cbnstihﬂ over a wtde zange of

seeddng rates. Th findlngs in thfs study are in contrast
7

to the results tepozted by *. Ishpg (1973a), Seitzer and

Evans (1973), Kellez and Burkha:d (1981) who teported that
. ‘ . Ky .



seed slzo increased with seeding rate’ 05 McVﬁtty et al.
(1986) who reported that seed weiqht detlined
significantly from a maximum seed weight at 100 kq/ha Qged
rate to minimum seed weight at 250 kg/ha. The cultivar
effect on seed we;ght has been reporfed' by a number of
workers including Bianco et al. (1979), Picard and
Berthelem (1981), McVetty et al. (1981), Rowland et al.

(1982), Rowland et al. (1986) who reported that seed

weight varies considerably bétween cultivars and sometimes

-,

within cultivars. Picard  and <B?;theiem (1981) reported

that there was a considérable variation wlth}nua’”cultivar
when grown in different énvironmeﬁts. dInM the - present
results Ehpxe were few signlflcant dgfférénces befweeﬁ
tt%pfments.:0 | | -
Seed weight is  the component‘ of yiéld ihwawhich
compensatIOn of earlier lossgs of pods may occur thus"in

~certain environmuntal conditions enhancing final yield.

4.13 Percent Germination

The seedlng rates dtd"“ TS e gn "1cant eifecf.

1»“&@::@ wag»no>slgn&£1cant lnteraction effectlﬁﬁgtween the’

. SN
leedlng zate and: the cultivazs 1n 1984 and 1985.

= 'ff The results on seedlnq rate effect ‘are. ‘in- aéiéewgdg?

with thef r‘§p1t3= by Kondra (1975) who :epdttﬁd' that

11 .fw T ::‘m‘-‘i

¢‘yea:s. However,*

61
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. seeding rate did not affect percent ~germ1natlon

significantly in an experiment carried out in Central
Alberta using cultivars Erfordia and. Kleinkoénlge. The

cultivar effect on petcentigermlnation could be throdgh

the difference in seed size or- maturlty. In 1984, the

~earliest maturing treatment (EOF-21 at 33:and Sogseeds/mz)

had the significantly higher»percént germination than the

other faba bean treatments (Table 14). In 1985, Aladin (33

. and 50) had the lowest percent germination. The results in

this study show that line 80F-21 which vhad the an'llest

'seed size and earliest maturity, had the highest percent

germination in both years.

The iigh percent germination in the present study

- shows that the seeds had completed the normal development

at harvest as reported by El-Bagoury (1975). From the
percent germination:- data in this study, it can be
concluded in contrast to Kondra (1975) that seeds

harvested in the Edmonton area from the crop sown {n the

first week of Hay,~can 'bé used as._a seed source for

planting subsequent crops.

4.14 Proﬁuction Score

L3

" L4

The seeding.rates had no significant effect on the

production score in 1984 and 1985 (Table 2). There were

significant cultivar. and interaction effects on the

*producytqﬁf;cpre in both years, Literature on ’faba bean
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does not show any productlon scores. Such values have?been ;

A

repozted on barley, corn and wheat (Steskopf, 1981).

There were few significant differences between

treatments in both years (Table 15). Altﬂough the general
literature on barley, corn and wheat shows that production
scores are eepecielly useful to show the most: resgonsive
cultivaze (DeLcughery -and Crookston 1979), production
scores were not effective in making a differentiation

bet,Pen treatments in the present study.
4.15 Percent Nitrogen (%N)

The seeding rates had '%%%ﬁ31§?1£1caﬁt veffect on
percent nitrogen in 1984 and 1985 eXcept at 29 DAF in 1985
(Table 2). The cultivars had a significant effect at
flowering, 29 DAF lnk che whole-crop ‘and in vegetative

184. The culéivar effect was also

parts at matuzi&y'ihi”
slgniflcant on seed,ﬁ&ﬁ%ogen at Taturlty in 1985. There

was no signlficant@ intetaction effect between seeding

rates and cultivats in both years.

c Since the giotein’pezcent was calculated by using a
converslon Eactor SN x 6 25, the Mé;gatment effects cn
ptoteln followed the same pattezn as percent ‘nittogen

(Tables 18 and 19).

The lack of seedlng rate effect on percent’ nitzocen _

'fQPOItQQ in the 'ptesent study is in 'égt%ement with
E .

flndings'giported by Seitzer and' Evans (1973); . Kondra
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"maturity of seeds.

.‘6')'

(1975), and McVetty et al. (1986).

The lack of cultivar eftect 6n seed percent  nitrogen
reported in 1984 few differences in 1985 1s in contrast to
hbstiof the information on faba bean in the literature
which sﬁaws that there are large intra-varietal variation
and 1ntet§ar1eta1 variations {in seed percent nitrogen
(Grlffltbs and - Lawes, 1977; Griff}ths -and Lawes, 1978).
The variability for seed percent nitrogen |is bbth by
genetic content and environmental components (Bond, 1977)

and symbiosis withlparthcular R. legumlnosarun: (Gxiffiths
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and Lawes, 1977). Picard (1977) has also suggested that -

high seed percent nitrogen may be associated with late

O

The results on protein values are in agreement with

those reported by Bhatty (1974), Kondra (1975), and Evans

et al. (1982) who worked with faba bean in Saskatchewan,

.Central Alberta énd Manitoba, respectively. Black-seeded

genotypes have been repo;ted to have higher percent
nitrogen values than brown-seeded genotypes (Singh and
8ingh, 1984). In this study; there' we;e no appreciable
differences among the black-seeded line (80F-21) and the
other thiee yellow-seeded cultivars i.e. Outlook, Aladin
and Ackerpeile used. -

The. barley percent nifzogen was significantly

different from all faba. bean treatments in 1984 and 19&>
except in vegetative parts in 1985 (Table 17). The seed

l/_petcent nlt;ogen reported in this study . are similar to



that reported by Alberta Agriculture (1984).. The values of
percent nitzogeh reported in this study for vegetative
parts are also in agreement yith that reported by “Alberta

&
Agriculture (1984) for barley straw from "Conquest"

cultivar grown in Alberta. The literature shows that

nitrogen levels of barley ateaggnérally.hiqher in southern
crop districts of Alberta than in the North.

The seed ptotein values reported if” this study (ngie

18) are below those reported by El-Sayeed gt al. (1982).at
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A
—

ICARDA where seed protein in world collection faba bean

was analyzed and values were up to 37.8t‘and values of 41%
have Qeen repérted by Pic§rd (1977) ln‘France. The values
in this study and thbse found in the literature show that
it is possible“ for faba bean breedé:q in Canada to
increase protein values in the existing cﬁltivars for feed
purpose if need should arise. |

From this study, it 1{s shown that all llcensed
cultivars can be used to pr;duce high quality férage and
seed for use as a protein supplemgnt_in feed. The protein
values at flowering and 29 DAE_Qhow that faba. bean crop
can be har ested at those growth stages as whole ‘plants

for high quality silage and farmers can use any of the

currently licensed cultivars at 33 seeds/m?2 seeding:. rate

for seed and vegetatlye production. The vegetative parts,
after threshing for seed, can be used to feed the

livestock since the percent nitrogen in vegetative

material was supeiiorlto barley straw (Table 19) and that
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of wheat and barley as réported by Thoralacius ot al.

(1979) and Alberta Agriculture (1984). (

4.16 Nitrogen Yield
;

The seeding rates had no significant effect on
nitrogen yield 1nA1984 and 1985.except'et flowerlng and 29
DAF in 1985 (Table 2). The cultivar effect . was not
significant at 29 DAF in 1954 and in seeds at ‘maturity 1in .
1985. The interaction effect was not signiézz:;;u in both
yeets.

Barley had a significantly higher nitroqen yield than
{aba bean treatments at Elowezing in 1984 (Table 21). Seed
had a significantly loyer nit:ogen yielad while berley
vegetative parts had the significantly higheg nitrogen
‘yield at maturity in 1984. Barley had - the signiflcantly
lower total nitrogen yield at 29 DAF and at maturity in
1985. '

. The protein yield at 29 DAF (ie. when the pods in the

lowest 1nflotescences are Eully developed in size)

indicates that the cultivars can be used to produce very:
high ptotein forage which is valdableiln supplementfng low
protein foddez iﬁlintenslve feed Operations.

*

4.17 Net Symbiotic Nitrogen leetionv : {
N "':' \{, %,
O 4 \ \ v%n \
. . N
P v 8 A
The seeding rates had no‘slg?}t;;ant ettect on %;he}i f %

3
B
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amount of nitrogen fixed by faba bean in 1984 ~"a'rul”“VVJ.VS'*OS ‘

(Table 2). The cultivar effect was aiqni&}cant on net
nlttoqcn £ixation in both years while ghe lnteractiqn
effect was non-significant.

The results on the effect of seeding rate oﬁ nitrogen

fixation reported in this study are in agreement with

those reported by Sprent and Bradford (1977) in Scotlaﬂdb’
and Witty gt al. (1980) in England who observed that plant °

déhslty did not have much influence on nitrogen _flxation»

per unit area and within the range of economic seeding
‘ .

rates, fixation per unit area remained remarkably =

constant. The cultivar effect in this study |is 1ﬁ‘

agreement 'to éhat reported by El-Sherbeeny &t al. (1977b)
in Wales, U.K. who reported that in the ~eight faba beéﬁ
cultivars examined, large differences 1n'nitrogen fixation
were apparent between them. The absence of lnteractlo; in

this study is however in contrast to that reported by

El-Sherbeeny gt al. (1977b). In 1984, there was no net
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n
>

nittOgen fixation until maturity (Table 24). At maturityﬂff

Outlook (50 seeds/nz) had a significantly higher amount. ofll
net’ nitrogen fixed than line 80F-21 (50 seeds/m )t.

‘reatnont which had the Jlowest amount ‘of net nittogen
tlxatlon. In 1985, net nitrogen flxation was observed vat

. tlowntinq only 1n~ Aladin (50 seeda/m );' At

29 ‘,DA'E’
cultlvat Outlook \&irseeds/mz) had thn slgnlficant1  '
not tixltlon than all other tteatmenta.» At ;mgtur;ty fe

ttqntticant differences were obserqu

5.

5



At maturlty ln 1984,7thé maximum net nitrogen flxed
was 43 kg/ha by Outlook (50 -.eddvuz). In 1985, the 29 DAP

and maturity results show that faba bean £1xeq relatively

a higher aqount of nltrogen than in 1984. In 19885, -36 to
58 of the plant perceot nitrogen was from fixation. The
net amount of nitrogen estimated in 1984 |s lower than
~ that reported in the literature, while the 1985 results
fanada as reported by Rice (1976), Dean 14 al. (1980);
‘.Richard and Soper (1982)

The’ teeults show that nitroqen rdﬁuiremente were‘ not

fully met from symblotff fixation and a substantial amount

of nitrogen came from the aoil ‘The wide range of the
>

amount of nltrogen fixed-by faba bean reported ‘ln this

study is common in field experlmental results as' observed

by Nutman (1976). T g

-

The variable amouhte of net fixed,nxgrogeﬁ’ estimated

T~

in this study could be due to a number of 'eftecte that
influence the physical and chemlcal factoéﬁ which do
affect the host and Rhizobium ‘interaction. Since Western

L]

Canadian soils do not have indigenous rhizobia for faba

.bean (Candlish and Clark, 197s5; Rennie et al. 1982), :

therefore competition between indiqenoua rhlzobial strains

are in agreement with the literature values for Ues;ero

and ‘those applied did 'not arise  in this study. The :

o independently Controlled genetic varietions _among’' the

gfcultivars used end the Rhizobium used may heve influeneud

i*the reeulte on nltrogen o fixetion, as reported by
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le 8herbeeny et il (1977a), El- Sherb&eny g;gal (1977b); '
Hytton QL ll (1977) and Dean and Clark (1979)
% The amount of nltrogen fixed ln 1984 and 1985 between
fh29 DAP and maturlty suggest that farmers can plough in the Td\
V"crop after 29 DAF if the crop ls ‘to be usedA as- green?.
| manure.‘ | ’ o - B
. " : . . ‘ .. ' . ‘ ‘(’.“
og”i.lp\Economic Benetlt‘or:NetpﬁltéogendFiration‘ n7k$i" @ ;r
- The econpmlc benefit results show that the> value‘gott

‘ithe nitrogen fixed at maturity, was\b to 40% of;‘the 1seed

- | N

cost in 1984 when’ the nltrogen. value wa $0 43 per,l
"kllogram (Table 25) In 1985, “th[re was«~higher economiC°

’ benefit when 43 to 140% of the seed’ cost were reccvered

: = The ;alues of; benefit cOst ratio of 1984 and 1985 arec
'vhlg_gr than that reported by Townley-Smlth land Slinkard..
. (Unpublished 1984) for. faba bean grown in Western Canada;
hy@ere the ’ lue of 10% was reported ‘The beneflt cost -
iratlo:.in the present study 7Qow that the econonic benefit'

caﬁ lmprove as° the nltrdgen—supplying’power of the' soil o

7 ) ST
declines, the prlce ofﬂ;itrogen fertllizer increases -and’ -
B . . ; w . ‘ . -‘l/
fthat of the- seed decreases’w Co R ,f,
L 2

?7om the‘present study, 1t can be conckyded thaﬁ?faba ffv“

gkbean can bé)used to produce a frelatively. cheap green
nanure whic;?cah be used to m&lntain the soil’ fertility._

Thls could nake zﬂémers saVe ;% expensive attxflclal NH
SIS L
ﬁtertllizers anx reduce environmental hazards (pollution?

¢ . L
R A ERR - . , RNURA * - S



; 4.19‘ Economic Value of -Nitrogen Yield ’ o !

‘ \ ' b S
At seedlng the sollfpltro ua.lues were 320 15 and o

$8.41 per hectare for 1934‘,endf aséﬁ tespectlvely (Table *

26)‘.. At harvest the total nitrogen produced ‘(“!in TDM) by .

. . ] "(g.’,
faba bean crop had a value of $92.07 . and $113.04 per
hectare for 1984 arid 1985, respectlvely Of these :values,‘ \

'310 28 and 354 77 were from nitrogen flxatlon for 1984 and
~‘1985 The grain nitrogen in faba bean was equivalent to -
v$66 54 and $91.79 for 1984 and 1985. 'Th barley crop
‘yielded nitrogen equivalent w0 $81 79 and $56. 58 for 1984
e ,
vaﬂﬁ%s 'l‘he galn contalned vni.l:rogen equivalent ‘to ;e
3}’2 53 and $37 52 for, 1984 and 1985 r‘resp_‘ectlvely. The
amount of the net soil nitrogen - balance was".‘ a | loss of
130 83 4kg/ha in 1984 and 86 O%kg/ha in 1985 In economlc g
values, the soil nltrogen balance (CMS) s a loss "of
$56 26/ha and $37 02/ha ffr 1984 and 198§ respectlvely
As expected the TDM harvest a?’ turlty had a value of .

$92 07 and $11 d/ha ln 1984 or "faba bearf and $ 79 and .
et 13,0 % £ -
$56 58/ha 1n 1985 Eor barley "l'he harvest of barley graln

Lo }A 6?‘}“'5?
resulted ,}-nto a loss of nltrogen .eq?.‘l;l_‘_

SR
33'1 52/ha in 1584 and %é.,/zespece;ﬁly
' . Most of the nlt,rogen Wa's %emovﬁ‘

éj“’b:fté‘-iz’_. 53 ‘ahq

. OE
r’\pl:c»duction at the*t“fme of harVest as 1t was cont%‘lmd “‘Q _

the gralns harvested (Table 20). 'rhls means 1- the seed 1s

e

- harvested,_as 13 usually the case, luost of the nitrogen ls

o ! - <y o . . . . Bt
. ; : - LT e : e
R 2 . - R R - e



reu?ved with the narvested grain‘crop.‘ Depending on the
environnental ccnditions and. agronomic practicee, faba
bean c;op can reduce the soil nitrogen status.

| Although it is usually sald that faba bean fit//well
iinto a rotational system because the succeeding no7/fixing
;nitrogen crop does benefit from nitrogen fixed Tby» the

previous faba bean crop, farmers should be awaré that,

_when the faba bean grain is harvested, the non-£ixing

crop - suCCeedin the crop: may not benefit from a
significant inc ease ‘in %itrogen. The benefit noted during

the rotation prOgram(e) could be mainly due to the}‘fact

that the legume crop does imprbve the soil structure: and‘

. break disease cyc}es,\and.not'fromwthe enrichment of tne
Bbi}‘with nitrogen as suggested by Squ_literaturei

L

4.20 Simple Correlations - N i
;f " In 1984, plant density was significa ~ correlated
with vegetative yield; pods per plant and production score
'(ﬂable 27). In 1985, plant density was correiated %qnly

\l“

W e
RER TR
1

with seeds . per pod. . EE Aﬂ
" v .
Plant height was Asig%ificmntly ¢correlated to* TDM,

‘ seed yield, vegetative yield in' 19%4 and 1985,. Thiﬁ

‘varieble ’had also a higqﬁ%’ significant 'negative‘

{
_-corref&tion with pods per Ph \nt .and  was significantly
o) T )

Lcorreiated with eeeds per pod, 1089

" s
’fgeraination in »1984 and with sjed yield per plant

_eeed weight, percent

n

h



N
A}

; prodnction score, nitrogen ptoduction and net amount of

nitrogen f£ixed in.l985. |

TDM was significantly correlated to’ plant height
seed yield (kg/ha), vegetative yield in 1984 an§91985 TDM
‘was also correlated to 1000 seed weight, productiOn ecore,u

nitrogen production and net symbiotic nitrogen in.el984;

also to seed yield per plant, production, score, nitrogen"

& rproduct!on and net nitrogen fixation There was a

significant negative correlation between TDM and the seed

) percent nitrogen in 1985.

Seed yield (kg/ha) was significantly correlated’ to

plant height, TDM, vegetativé}yield, HI, seed yield per
, plant, pods per plant in 1984 and 1985' seede per poq,

1000 seed 'weight in 1984 ‘production eCore,' nitrogen
prqduction and net symbiotic nitrogen fixed inf 19&4 vand\

Z.1985 Seed yield was negativel correlated to the. seéd |

percent nitrogen. ,
. ¢

72

Vegetitive yleld was significantly correlated withi"

plant density in 1984; plant height, TDM, seed yield'

production score, nitrogen productibn;in -1984- and 198S5.

There was a significant negative correlation with s@éd_<

Yiébd per plant in 1984} seed yleld per

d “in . 1984‘

1985,,1000 seed weight and percent germinat

HI was significantly correlated;to plant height

1985 and to sFed yield in 1984 and 1985 It waea also‘

significantly correlased to 1000 eeed weight in 1984,

production score,'nitrogen production in 1984 and . 1985 lnd-

~
T . O™

and_
:



'Llnet symbiotic nitrogen in 1985. . - P

Seed yield per plant was significantly correlated to
plant height and. to TDH in 1985, to seed yield in 1984 and
.1985. 8Se yield per plant was negatﬁtely correlated to

vegetative yield in 1984, but w&s significantly correlated |
. to pods per plant in 1984 and 1985; pods per ~plant; 1000

'
seed weight, production score in 1985 and to nitrogen

production in 1984 and i@%&, also to- net symbiotic,
‘nitrogen xa 1985 SRR f _»N , AU

Al

E?d' per plant*yere signifitantly correlated to useed*

i.'

yield and sped . yieldq;er pleant in *1984" angq }%@5 " There

wpre significant correlations between pods per plant- and

\ B

1000 seed weight, production scof&( net &itrogen fixation'

O

in 1985 and’ nitrogen«production in 1984u qggisas Pods ‘per

-plant neqatively correlated with plant density, plant

height and production score in 1984 ", ﬁ. .

h ]
 Seeds per pod weif significantiy correlated'to ‘plant

- ‘density, seed yield and percent germination in 1984 There

T

wﬁs a significant neqative correlation between seed per:

pod and plant height in l984 and with vegetative yield ~in

Ayt

1984 and 1985. » o

-

The 1000 seed weight was significantly correlategr to

'plant hélght, TDM, HI and percengﬁ germination .1984.

”There were significant correlationsn betweeu' 1000 seed

wproduction in 1985 and significant negative correlatione

Aﬁ)
between 1000 eeed weight and vegetative yield in 1984 and

weight with seed yield,. seed yleld per plant and nitrogen -
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’ M . o J o . R R
seed ercent nitrogen in 1985. N\’ : L v

ﬁ P 9 ‘\/\ o
B S Percent germinatlon was negatively correlated"tol

v:nlflcantly Correlated to plant

-1n '1984; and to plant helght, ‘seed -

" pet plent and pods per’ plant .n 1985. .There were

‘{_tficant correlatlons with TDM, vegetative yield and HI

1984 and 1985 However, the . percent germlnatlon, was

1

, negatively correlated to productlon score in 1984. \./,

&

yleld in’ 1984, ~but@_»

Production score was . slgnlfrcantly cortilated ko .

‘plant de*yrand seed yield in.1984 and to planb helght
and seed ?ﬁeld per plant in 1985 There were slgnltlcent
| co‘telatlons Wen TOM, vegetatlve’ yleld HI nitrogen

-

.ﬁ, <productlon and net nitrogen Elxatlon in 1984.and 1985

”TDM, seed yield (kg/ha) and 1000 seed weight 1in '1985}

. A :
There were signlficant _correlations tﬁith _ nitrogen

- productloﬁ 1984 and.1985 .

e e Nitrogen production was slgniflcantly correlated to

'plant height in 1985, «to TDH seed yleld,. vegetabf
'5'y1e1d, HI, seed yield per pla t in 1984 and- 1985, pods per
t plant, 1000 seed welght 1n 1985- to productbon score ln

1984 to seed pezcent nitiogeﬂ and to nitxogenﬂfixetion 1n

D': [
R <

1984 an 1985‘n@;

v

Net nitrogen fixhtiqn wae:elgnlflcently correlated to'

‘“,plant height in 1984, TDH, seed yield in’ 1904 end 1995 and

.cr”

f}f- Seed percent nltrogen was negatively ;orreleted to

A
v

A\l
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gg“r

‘plent height aqg see

. . . | .

5 | R y :

T - U v o =
» »~g . e

A ‘0‘,- AL

to HI, seed yield per plent ln 1985, eipo' production

scare end as expected to nitrGQen £1xQ¢1;§_ln bd?" 

The highly‘signlficent correlatlon repdtﬁedﬁfbetween*

75

plant density -and eeeds,per pod in 1985 (Table 27)’ kﬁ};tff- iy

contraeé\qa ‘that reported by Neal end Mcvetty (1984) ThEv

eignif nt correlatione reported between plant helght and
1006 seeﬁ' wglght ln 1984 is " in agreement with that

reported by El- Hosary et al. (1983) in Egypt; and Neal’and

=

leld per plant was also reported by-

‘Hcvetty (1984) ln Mai toba The slgniflcant correlatlon«of

EBl- aggarx~e; al. (1983),’and Neal and Mcvetty (1984).

'Tbﬁ eignificant correlatidns~ wlth-‘seed yleld ‘per-

plant in. 1985 and withﬂ)oo eeed welg,ht 1n~8“m' 5

7egreement with Neal and“’Mcvetty (1984) The lack noffl

' (15533), but is in contﬂpat to Naql (1%?1), and ]ii'l 'ap
:Hcvetty (198q£ who reported a slgniftcant eletion

.

betveen ™M ahd HI. =

The . slgniéicant correlations 3% HI uwith 'seed yield

L —

“and 1000 seed welght is 1n Agreement wIth that reported by

Neal " and’ Mc:;%ty%?(1984) However, the significant
A E :

‘correletion with plant helght is in contrast to that |

Creported by Neal and HcVetty (1984i\ who reported the

P

uﬂcorreleldon of TDM with HI {s in aqredment with Bshaq;l_ h

stqnificant negative corzelatlon from thelr exper;mehtaI.

;ea&lts. R ”._:t SE o
) e
The eignitlcant co:reletions between seed yield peré

A

plent~and helqht, TDH ere ln egreement wlth El- Hosary '3%

i N



4

Rl

eignif!cant correlation'between seed yield per plant and
qf

pods per plant in.both years are in agreement -with Ishag

- (1973a); Neal and Hcvetty (1984), but are in contraet to

\5’0‘

‘jsl—Hosary et gl 1!03)»-3«m Th; omhlghlym L lflcéﬁt,
_, / X’ 2199

' correietion betWeen seed ‘yield per plant and. 1000 seed

‘tlght in 1985 ls slmllar to that, reported by . Ishag

(1973a); El-Hosary et al;:(1983); and Neal ‘'and McVetty

" (1984), ' ’. f» o ’, ) ' '

The'absenee of correlétione between pods per plant’
. and seeds per pod reported in the 'pr sent fstudy ‘is in.

confrast to El-Hosary g; al. (1983) wh reported a highiy

ne ative correlation between the two varlables, but is.

sim ar to that of Neal and HcVetty (1984)

The eigniflcant,correlatlon of¢ seeds per pod ,wlth

plant density is in contrast to that reported by Neal and

McVetty (1984). The negative ccrrelatlon with plant height

1s in agreement with that reported by El Hosary et Ql ’

(1983) ‘ _ .
The ngnificant cbrrelation of iOOO‘seed”weight ;with
plant heigyt is slmilar to that reported by El Hosary g;

al. (1983), and Neal and McVetty (1984). The 1000 eeed»

o

weight with TDu, HI correlatlons haVe also ‘been rebertedi

"by Neal and McVetty (1984)

R

“The lack :of 'a Qbrrelation between net vsymbiotlc :

LI ' ne,
'~fn1trogen Eixation and plant deneity in 1984 nnd 1985 is ln
',agreenent with the results reported,by»aprent»end Bradford

[ ‘e
LRI L ®

. S | | | 76
K ¢ a_f (1983); ‘and"l,leal and Mc‘ﬂ;etty (1984) respectively. The

S
AT
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(1977) and Vitty gh al. (1977) who repotted t a; nitroqen

£ixation remained constant within the range of economic
e

seeding rate per uhit area. . A significant rrdﬁations‘
f between the net symbiotic ‘nitrogen and TDM repo?ted in;

?‘

& '

’ this study show that nitrogen EiXation is yieldJHEpendent
as teported by Rennie (1984a) din_ soybeans and those

' reported between the net symbiotic nitrogn .amd nitrogen

‘ production are in aQieement with Graham and Setter i1983)‘

\~whoo reported . such cozrelations,. in cowpeas (Vigna

unguiculata (L) Walp).

The significant corzeiations with TDM <in this study g

show that TDM can ptovide a good estimate of the Erop's
A
,ability to perform in the given environment in which it is

_grown. The seed yield ‘per. plﬁmt,vpods pez plant and- 1000

 seed weight ‘can be good estimators of =eed yield per .ohit,.

area within a fanée'of économic seeding"rates.'peri unit

area. :,

The negative correlations between the seed niEtogen

N

',,content and TDM, seed yield -5seed weiqht show that . an

17

increase in fapa bean seed quality would be difficultn

since an increase in seed percent nitrogen {or porcent

pzoteig) will likely result in a decrease in seed Yyield.

oo
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5. SUMMARY AND' CONCLUSIONS

4 * n
B

As expected, seeding rate ‘had a significant etfect*on
plant density in both years. Seeding rate also aftect&?g
" plant height (1985), TDM at flowering (1984), ﬂI (1985),‘
pods per plant, percent nitrogen at’“29 ,PA; (1985%),
nitrogen yieldi(ISBS) at flowering and et ZS‘SAF. Hoﬁever,
 there was no significant effect on major econonii & tr;its o
such as TDM at 29 DAF and at maturity, 'seed iﬁild, p;rcent
nitrogen and nitrogen yield at maturity Percent nitrogen
and nitrogen yieid at 29 DAF were affected in 198S5.

The cultivar effect was significant.on plant denaityj
at flowering (1985{; plant height (1984 and 1985); 'Tdn
yielg at’ flowering and maturity, seed yield per‘ area 'e
. per plant, pods per plant one thousgnd seed eightﬂ
Vegetative yield,‘ percent germination an"produc\tion score
(1984 andwl985). Cultivar effect was aloo %ignificant on
. percent nitrogen at flowering and 29 DAF and‘in;Vegetétive ‘
parts (1984)\£Nitrogen Yield waa affected by cultivar.
effect at flowering (1984 and 1985), 29 DAF (1985). _1ﬁn
seeds (1984), veqetative.parts and TDM (19;4 and 1985)' at.
naturity..ﬂowever;fthe cultivar ‘eftect' was ’inéonsistent
between Years and few significant differenéLs between -
treatnents ‘were found. Thereiore all 1licensed cultivar)

- are equaily acceptable forfseed or- silage production.rciﬁz_
.1nteraction ‘effect ot aoeding rate x . cultivar w-s“f

aigniticant only on loeq yield per unit area and per plant -
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. (1985),~opo thousand seed yelghi'(isad), production score
(1984 and 1985). | o
The seed yléld was highly corzalated to number of
aeeds per plant, pods per plant and to the lesser extent
to number of seeds per pod and~one thousand seed weight;

The number of seeds per pod was nearly thém same in  four

cultivars used his study. The HI's responded in

. o ' - .
lnvagpa direction to vegétaéive y&&ld, The bBatley HI's

&

were signifléantly }ower than those of faba, bnen. This
'w@’ e e ‘."“3‘9“? A - v
shows that‘barley_h:jl a lower partition of assimllate

between seed and,th ,e;fﬂbfrthe plant than faba bean. The:fil
/ - : .

)

perform in the qlven envlronment in which it is grown. The \

significant cdrrelationswwith TDM in thlg':tudy show that

= f
TDM ‘can ptovide a good estimate of the crop's ability tq‘

 seed yteld per plant and thousand seed weight can be good

A .

estlmators of seed yield per unlt,a;ea'wlthln a range of

S

»

econonic seeding rates per unit area. “ e negat{ve
corzelations between the sjid nitrogen contegt and ‘pDM
aeed yield, seed weight show that an 1ncrease in faba beap
seed quallty would be difficult to obtain, since -an
v‘lnchAse in seed percent nltrogen (oiu percent protehn)
wlll llkely result in a decreage 1n .seed yleld.
The maximum TDM values w*fe attained at’ maﬂbtity The_
: cotrolltlons betwnen TDM and, plant height, see¢ yield, 'b
v.qctative ylold, productlon scoxe, nittogen yield were;

llqnitlcant and ‘letlvﬂp Productlon acores were 'not‘

h!t.cthn in ukinq a dl!ﬁbnnnat’ bet:vun thh cultivaz/ /
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performance. Barley 'was better nqapﬁnd to d:y

environmental conditions than faba bean, while fnba bean

responded favourably toia moister environment as meéasured

&

by TDM.

'Nitrogen yleld was |correlated to plant.-hgléht, pods °

Ber plant, 1000 seed we1ght in 1985, and to' TOM, seed |

yield, vegetative yield, HI, seed yield per . plant and o
_‘Aﬁ!;‘ -

pezcent nlttogen in 1984 and 1985. Net symblotlc nltro&gn’ \
‘fixation was cdorrelated to seed yield per’ 'plant Rlant
nelqnt, HI in 1985; gnd_to TDM, seed yield, p:oduétlon
score and‘nit#ogen productioqbin 1984 and 1985. -

1"

. X
'The‘}axxmum net nitrogen fixed per hectare was 185 kg

which accounted 57¥"of the total seasonal ‘symbiotlcélly

Eix N. The nltrogen requirements were not fuhf} met from
symbiotic fixation and most of‘it was from the soil. The (

variable amounts of net symbloﬁlc fixed nltzogqn in ’thfb‘ni !

‘b

valu% of the net fixed nlttogen ?15* this .
$10. 28 and 354 77 for 1984 and 1985, respectivefY; 
nitrogen yield averaged Zlf -and 26% kg/ha in Eabaﬂibean
"which valued 392 02 ang-‘4i13 04 £oz 1984 and 1985,
respectively while bar ey yielded 190 and 139 kg/ha 'whlcﬁ .
had the value of $81.70 ane 859.77 for 1984 and 1985,

¢

respectively. The nltxogtn yleld valucs and the anou‘; ~o£[
-nitzoqen,tixcd b.tw.gn 29_0»! qnd’tllturlty lququ;

ghat
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- farmers can plough-in the crop*aqtit 29 DAF |{f the ctgg,

to be used as green manure.
* © The results in this study may be helpful to bo

bean researchers and growers in ! Cen Alberta. The

licensed cultivars performed well " the lower seeding

currently recommended by
: . -~
Alberta Agriculture for growers. Since yield increase were
t LI ' , ~
minimal for increase in 'seeding rate from 33 to 50
(¥

socdl/nz lt is hnlikely-that fd‘!her 1ncreasés in seeding

rate of 33 seeds/m2 than that

'tlte would result in any‘indtease in yleld Before the 33

aeeda/nz si'h;ng rate is usgd, however, the grower' should

favouzable for hfgh tate of emergence, since density below‘

47that zecopmcnded‘fot‘Centt:I Alberta could result into

’
L]

, 319n1£1chnt1y reduced TDM, aeed yield " and - nitrogen -

productlon It was not posglble to recommend one best

ol i

’\*the area of production with qraln harvested leading to the -

concluslon that' faba beam crop caAn- reduce the soil

nit:ogen statys.

§
|

Qnaute that seed and ‘envlronmental condltlons are

# - y’ ’J ' " 4 m:,.‘ ¥
180 obsgived that most oﬁ the nltroqen vas temoved from™

81

ngc_nnd cultMg to. be. uggd in Centtal Albezta. It was .

e
why
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Table 1. Days to and date of floyetlnq and-maturity i
Growth : * ] v
Stage ° Cultivar® 1984 1985 ‘1987’ 1985
Plowering 8Q?—21m ‘ 53 - .58 June 49 " July 1 \
ont}ook 56 64  July? Julysé N
ladin 56 64  July 2 July 6 ;oo )
kerpet 58 67 July 4  July 9 o
Conquest 47 53 June 23 June 23 / ’
Maturity 80p<21 93 100 Aug. 8 - Aug. 11 /
‘ 0dtlook N~ 99 110 ‘Aug. 14 Aug. 21/ |
Aladin mr 113 ‘Aug. 16  Aug. 21/ J f
Ackerperle ©103 7118 . 4 Aug. 18 - Aug. 29, . = ‘
Conquest 93 ' 100 . Aug. 8 Aug. Ey o ‘/ S
° \ B S e L
¥ / ‘
*DAg® Days After Seedtng., . / n
1 Conquest Barley Cultlvat - -~ ! / . f



- Table 2. Pactorial analysis of variance

-~

. [ : ‘ ’
¢ . Rate - Cultivar Interaction
) (R) {C) *_BXC)

‘Variable Tested : .
to : 1984 1985 ,1984_19p5 1984 1985

| ‘ ) Pl

,-Plant Density (per m? Yy ' Dy C -
' » at flowering LE SR | NS % N3~ NS
| at maturity - LA * NS NS - N8 NS
Plant Height (cm) - NS Ld] L) x " N8 . NS
~ Total. Dry Matter (tons/ha). R o : :
: -+ ' at flowering * NS % .t NS -NS~
’ at 29DAF" - NS~ N8 NS NS - NS N8
- at maturity - N8 NS t x NS NS
Seed Yield (kg/ha)’ S NS - Ng: % * NS b
' Vegetative Yield (tons/ha) -~ ~~ NS NS LA NS NS
Harvest Index - ‘NS ** NS NS NS . NS
Seed yield per plant (grams) . NS NS ~ & sx . NS *
Pods per plant . . . I S S "NS NS
Seeds per god "~ NS. NS - NS NS NS NS
~ ‘Thousand seed weight (grams) NS - N3  xx’ & o2& NS
T Percent germination - N8 N8 X % NS - NS :
Production Score .. . NS NS LI LOSER
Perceént nitrogen : ) , : :
at flowering ' NS NS . NS NS NS
at 29DAF - ' ' NS L x NS NS " N8
' in seeds at naturity NS NS NS % NS~ NS -
in vegetative parts - o
at ‘maturity ‘ NS N . * NS NS . NS,
, Total MN at’ maturity ’ NS NS NS NS - N8~ NS
Nitrogen Yield (kg/ha) o - : : I
at flowering - - ___Ns LA NS N8
at 29DAF NS * NS .t ‘NS NS
in seeds at naturlty NS NS % NS NS NS
in vegetative parts ; , : , '
at matutity s NS NS LA N8 NS
‘ Total N at maturity NS NS t * N3 NS
Net symbiotic S '

N fixation o ) NS - NS * %t . N3 - NS

*%,% gignificant at 1% and 5V level respectively.
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Qfable 3. Plant density” (2m™2) of Eaba bgan"
" ‘ . . “‘ ) . . N . . *
S e : . o e —em )
"PABA BERAN | Lt N _AT | AT
 SEEDING RATE © CULTIVAR "~ FLOWERING .- MATURITY
(seeds/m“) - N ’ | _
33 " 80F-21 27 cd* | 27¢
Outlook ‘ 27 cd 25 c
“Aladin 26 d 25 ¢
, Ackerperle 25 da : 25 ¢
50 . 80F-21 . a2a - 33 ab.
\=—Datlook~ 35 b . 34a.
- Aladin 38ab . - 28 bc
Ackerperle 33 bc \ 31 be
T . —_— : ‘\
" com e B N
SR - © 1985 '
33 , 80P-21 _‘ 3 b 42 a
' ’ Outlook: : 36 b 32 b
Aladin - 34b 31b
Ackerperle 35b 31b
\ 50 8OF-21 47 a 3a
\ o B - Outlook 49 a 39 a
k \ © Aladin 47 a 42 a
L : a 40 a

Ackerperle 47

o — |

* Means within each column followed by same letter are significantly
different at the 0.05 level as determined by Duncan's Multiple Range
Test. | ‘ ' , ' '



Table 4. Plant helght (cm) of faba bean |

~

..

FABA BEAN sssgm@ _ CULTIVAR
RATE {seeds/m‘) ‘ ‘ 1984 1985
33 80P-21 9 b - 89 be
Outlook 106 a 95 ab
- Aladin 116 a 103 a
Ackerperle 106 a 95 ab
50 80F-21 96 b 83.c
. Outlook 107 a 91 bc
‘ Aladin 115 a 103 ,a
112 a 98 ab

Ackerperle

* Means within each’ column followpd by same letter are not
significantly different at the 0.05 level as determined by Duncan s

Multiple Range Test |

~

PN

J

"~ 88

’



* Table 5. Total dry matter production (tons/hectare) of faba bean

1984 .

PABA BEAN AT AT AT
SEEDING AIB .CULTIVAR . PLOWERING 29 DAF- - MATURITY
- (seeds/m*) L e S "
4 : . 2 :
33 80P-21 « 1.25¢ - 6.29 a 6.74 b
Outlook 1.53 bc 6.46 a 8.62 a
Aladin- . 1.81 ab 7.42 a 8.28 ab
Ackerperle 1.46 bc 6.51 a 9.03 a
.50 sor-21 1.52 be 6.53 a 7.36 ab
o Outlook 2,03 a 6.62 a 8.91 a
Aladin 2,08 a 6.02 a 8.56 a
; Ackerperle 1.72 abc- 6.54 a 7.68 ab
¢ ] . o )
) 1985
33 ~ gop-21 0.76 c 6.75 b 9.56 be
, Outlook _ 1,34 abe 8.89 b - ~10.50 bc
Aladin 1.31 abc 8.95b . 12.19 ab .
Ackerperle 1.03 abc 10.76 a 11.50 abc
50 80P-21 0.92bc 6.2l b 8.69 ¢
4 Outlook: 1.13 abc  10.26 a . 10.8} abc
" Aladin 1.72 a 8.44 Db 13.64 a
P Ackerperle 1.63 ab 7.68 b 11.00 abc

Heans vithin each column followed by same letter are not
significantly different at the 0.05 level as determined by Duncan s
Nultiple Range Test.



~ Table 6. Total dry matter production (tons/hectare) of taba bean

and barley. -~ '
g 1984
FABA BEAN AT AT AT AFABA BEAN
SEEDING CULTIVAR FLOWERING 29DAF  MATURITY COMPARED TO
RATE(Seeds/n?) RARLEY TDM
33 ~ 80F-21 1.25¢*  6.29b 6.744 55
Outlook 1.52 b 6.46b 8.62 bc 70
Aladin 1.81 b 7.42 b 8.28 bc 68
Ackerperle  1.46 b 6.510 b 9.03 bc 14
50 . 80P-21 1.52 b 6.53 b 7.36 cd 60
Outlook 2.03 b "~ 6.32 b 8.91 bc 73
Aladin . 2,08 Db 6.01°b "8.56 be 70
Ackerperle 1.72 b 6.54.b 7.67 bcd 63
, Conquest 5.79 a 15.08 a 12.27 a -
. 1965 --
33 80P-21 0.76 d 6.75 a 9.56 bc 92
Outlook - 1,34 be 8.89 a 10.50 abc 101
Aladin 1.31 be 8.95a 12.19 ab 117
Ackerperle - 1.03 cd 10.76 a 11.50 ab 111
50 80F-21 0.92 cd 6.2 a 8.69 ¢ 84
. Outlook 1.13 cd  10.26 a 10.81 abc: 104
- Aladin 1.72 b 8.45 a 13.64.a 131
Ackerperle 1.63 b 7.68 a 11.00 abc . 106
Conquest 2.34 a 7.08 a 10.34 abc -
Means within each column followed by same letter are not

significantly different at the 0.05 level' as determined by Duncan's
Multiple Range Test.- ‘

87
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fable 7. Seed yleld (kilograms per hectare).

A

"88

) .

PABA BEAN
SREDING RATE CULTIVAR 1984 1985
(seeds/m“) ' L
33~ " goR-21 2741 b* " 3853 ¢
v Outlook 4001 a 5281 ab.
Aladin 3390 ab 4272 bc
Ackerperle 3756 a 5134 abc
50 8or-21 3338 ab 4121 bc
o ‘Outlook 3851 a 4769 abc
- Aladin 3985 a 6009 a
Ackerperle 3436 ab 4846 abc

Means vltﬁln each column - followed by sane.

Ay

letter are not

significantly different at the 0.05 level as determined by Duncan's
Multiple Range Test.

4



Table 8.'§eed yleld of faba bean and bqtld} (kllﬁqzall'pcr hnctaﬁéhl

FABA BEAN |
SREDING.  RATB CULTIVAR 1984 1985
(seeds/m*) ‘
33 80P-21 2741 b* 3853 b
Outlook 4001 a 5281 ab
Aladin 3390 ab 4272 b
Ackerperle 3756 a 5134 ab
50 80P-21 3338 ab . . 4121 b
Outlook " 3851 a 4769 ab
Aladin 3985 a 6009 a
Ackerperle 3439 ab 4846 ‘ab
. Conquest 3529 ab 3953 b
* Means within each column followed by same letter are not

‘significantly different at the 0.05 level as determined by Duncan's

Multiple Range Test.

[
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Table 9. Vegetative yiald of faba bean (tons par hecfare).

s
8 Tk R

(seods/p )
33 sor-21 4.00 c* 5.71 abc
Outlook . " 4.62 abc 5.22 be
Aladin’ 4.89 ab 7.92 a
Ackerperle 5.27 a 5.37 abc
50 sor-21 102¢ 4.57 c
: Outlook a 5.06 a . 6.04 abc
Aladin " 4.58 abe 7.63 ab
Ackerperle 4.24 be 6.15 abc‘
Means within each 'colunn ‘followed by same letter are

not

 alqn1£1cant1y different at the 0.05 level as ‘determined by Duncan's

Multiple Range Test.

90



Table 10. Vegetative }leld of faba bean and barley
(tons per hectare).

PABA BEAN
SEEDING RATE - CULTIVARS 1984 1985
(seeds/m*) s
.33 80P-21 4.00 a" 5.71 ab
Outlook 4.62 bcd 5.22 b
Aladin 4.89 be 7.92 a
Ackerperle 5.27 b 6.40 ab
50 - BoP-21 ‘4,02 4 4.57 b
Outlook 5.06 b 6.04 ab
Aladin . 4.58 bcd 7.63 a
Ackerperle 4.24 cd 6.15 ab
Conquest 8.74 a. 6.42 ab
Means within each column followed by same letter are

not

significantly different at the 0.05 level as. detetnlned by Duncan's
Multiple ‘Range Test.
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 Table 11. Harvest index of faba bean
FABA BEAN .~ HARVEST INDSX
SEEDING RATE . CULTIVAR 1984 1985
(seeds/m‘).
37 . gor-21 0.41 a* 0.40 a
. ’ Outlook 0.46 a 0.50 a
Aladin 0.40 a 0.35 b
Ackerperle 0.42 a .0.45 a
50 sor-21 0.45 a 0.48 a
Outlook 0.43 a .0.44 a
Aladin - 0.47 a 0.44 a
, 7 Ackerperle. 0.44 a 0.44 a
]

Means within eacﬂ column followed by same letter are not
significantly different at the 0.05 level as determined by Duncan's
Multiple ‘Range Test. \ -

-

»



Table 12. Harvest index of faba bean and barley.

PABA BEAN
SERDING RATE CULTIVAR 1984 1985
(seeds/m”)
33 80P-21 .0.41 a* 0.40 cd -
Outlook 0.46 a 0.50 a
Aladin 0.40 a 0.354d
. Ackerperle 0.42 a 0.45 abc
50 80P-21 0.45 a 048 ab
Outlook 0.43 a 0.44 be "N 0
Aladin " 0.47 a 0.44 be. . \
. Ackerperle 0.44 a 0.44 be
Conquest 0.29 b 0.38 d :

Means within each column followed by same:

letter' are not

significantly different at the 0.05 level as determined -by Duncan's
Multiple Range- Test.



A

Table 13. Seed yield per plant (g), number of podu per plant, number
of seeds per pod and 1000 seed weight (g).

L]

o

1984
PABA BRAN SEED YIELD MNUMBER OF NUMBER OF 1000 SEED
SEEDING RATE CULTIVAR - PER \ poDS PER SEEDS PERR WEIGHT(g)
(seeds/n¢) PLANT (g) PLANT . POD
33 sor-21  10.3 be' 22.6-a 3.5a - 271 cd
- Outlook 15.9 a 20.1ab 3.4a 329 be
Aladin’ 13.6 abc 1.2 bc 3.2 a- 410 a
Ackerperle 14.9 ab 20.6 ab 3.3 a 438 a
-50 sor-21 . 10.0 c 17.5%c -3.4 a asd
_ oOutlook 12.0abc  17.1bc 3.4'a 335 b
_Madin “13.8 abE 15.1 ¢ 3.3 a 447 a
Ackerperle 10.9 bc 18.5 be 3.3 a 339 b
1985
33 sor-21 9.2 b 200 bc 3.8 a 263 be
Outlook 13.7 b 25.9 a 3.6 a 353 ab
Aladin 11.5b 20,9 bc 3.7 a 435 a
Ackerperle 21.0 a 17.7 ¢ 3.6 a 384 a
's0 ——  sow-21 10.1 b 23.0ab 3.7 a 265 be
Outlook 12.0 b 22.1 abc 3.9 a 255 ¢
Aladin 14.6 b 21,0 bc 3.9 a 413 a
Ackerperle 12.5 b 18.4 be 3.6-a 386 a

* Means vithin each column followed by same letter aze_not
significantly different at the 0.05 level as determined by Duncan's
Multiple Range Test. ’
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_ fable 14. Percent germination of faba bean. -

i . . g

PABA BEAN

—RERCENT GRRMINATION
SEEDING TR CULTIVARa 1984 . 1988
(seeds/m¢) '

33 © . sor-3l 98 a* 96 a
" Outldok 85 ¢ 90 be

. Aladin 89 be 80 e
Ackerperle 89 bc 93 ab

50 - 80P-21 99 a 92 ab '

,Outlook 87 be 86 cd

- Aladin 88 bc 84 de
Ackerperle 92 b 93 ab

X

* Means within each‘cold-n followed by same letter are not
significantly different at the 0.05 level as determined by Duncan's
Multiple Range Test.



Table 15.;Pioduct16n score of faba bean.

14

" PABA BEAN

4

SERDING RATE  CULTIVAR , - 1964- 1985
(seeds/m®) L ‘ .o '
33 80R-21 ' s0.5 ¢* 53.4 bc
| Outlook -  58.62a * 65.8a
5 Aladin 52.7 bc 51.5¢c. .
Ackerperle . 54.8 abc 61.6<ab’
50 80P-21 . . 557ab - 60.8 ab
. Outlook '55.8.ab . 59.6 abc
“Aladin ' 59.5 a - 63.7a

Ackerperle | 56.2 ab 59.9 abc.

Heans within each colunn folloyed by same letter are not

slgnlficantly different at the 0.05 as detetnlned by Duncan' s Hultiple

Ranqe Test
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Table 16. Nitrogen content (N) of faba bean

- Multiple Range Test.

p
/’ :
1984/- ' |
e »
Y ) . 7 o
FABA BEAN S AT // AT AT MATURITY
SEEDING RATE CULTIVAR FLOWER}NG 29 DAF SEED VEGETATIVE TOTAL
(seeds/m*) - i - PARTS '
o Ve . 9 .
/o *
33 80F-21 44bc" 3.9¢c 4.3a 1.5ab  2.7a
' Outlook 4.4 be 4.2ab 4.3a 11l.3ab 2.7a
Aladin 5.0 a 4.0bc 4.4a 1l.4abc 2.6 a
Ackerperle 4.8 ab 4.4a  4.3a 1l.3abc 2.6a
50 - 80F-21 . 4.4 b 4.0bc 4.4a 1,6a - 29a
' "~ Outlook 4.3 bc ,3.9bc 4.4a 1.2abc 2.8 a
Aladin ’ . 4.0 be 4.0bc 4.3-a 1.2 abe' 2.7 a
Ackerg;r1e~ 4.6 abc 4.2ab 4.3a 1l.1c . 2.5a
5 )/r T ‘ ‘v 1
/ 985
// .
/ , ’ o
33 /eor-21 4.4 a 3.7a 4.7a 0.8a 2.4 a
/ Outlook. 4.5 a 3.9 a 4.5 abc (.8 a 2.7 a
/ Aladin 4.7 a 3.9 a 4.4 abc 0.8 a 2.1.a
/ Ackerperle 4.6 a 3.8a 43c 0.8a 2.4 a
50 © . 80F-21 4.2a  3.5a 4.6ab 0.8a  2.6a
’ Outlook 5.0 a 3.7a 4.5 abc 0.7 a 2.4 a
Aladin 4.7-a 3.6 a 4.4 bc - 0.8 a 2.4 a
Ackerperle - 4.5 a 3.7 a 4.4 abc 0.8 a 2.4 a
Heans within each column followed by same letter are not
' significantly different at the 0.05 level as determined by Duncan's

97
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Table 17. Nitrogen content (\N) of faba bean and barliey.

1984

PABA BRAN AT AT ) ' ‘
SERDING RATE CULTIVAR FLOWBRING 29 DAF SEBED VEGETATIVE TOTAL

(seeds/m*) PARTS
“8o0P-21 . 4.3bc" 3.9¢ 4.3a 1.5ab  2.7a
't Outlook’ 4.4 abc ° 4.2 abc 4.3 a 1.3 abcd 2.7 a
i Aladin 5.0a- - 4.0abc 4.4a 1.4 abcd 2.6 a
. Ackerperle 4.8 ab 4.4 a 4.3a 1.3 abcd 2.6 a
BOF-21 © 4.4 abc  4.0bc 4.4a 1.6a 2,9 a
., Outlook 4.3 be 3.9bc 4.4a 'l.2abc 2.8 a
. Aladin 4.0 c 4.0 bc 4.3 a 1.2 abc 2.7 a
~ Ackerperle 4.6 abc 4.2ab 4.3a 1.1 4 2.5 a
~ conquest' 2.9 d 2.04 2.8b 1.14 1.6 b
o ) > .

1985

33 80F-21 4.4 a 3.7a 4.7a 0.8a 2.4 a
Rit1 ook 4.5 a 3.9 a 4.5 ab*0.8 a . 2.7 a
‘Madin 4.7 a 3.9 a 4.4 ab /0.8 a 2.1 a
“Ackerperle 4.6 a 3.8a 4.3b 0.8a 2.4 a
50 80F-21 4.2 a 3.5 a 4.6 ab 0.8 a . 2.6 a
Outlook 5.0 a 3.7 a 4.5ab 0.7 a 2.4 a
"~ Aladin. 4.7 a 3.6 a 4.4 ab 0.8 a 2.4 a
Ackerperle 4.5 a 3.7 a 4.4 ab 0.8 a 2.4 a
Conquest 3.1 b 1.8b 2.2c 0.8a  1.3b

* Means within each column followed by same letter are significantly

different at

Test.

~the 0.05 level as determined by Duncan's Multiple Range
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Tabie 18. Percent ptoéeln.of faba bean (WN x 6.25)

)

99

1984
PABA BEAN ‘ AT AT AT MATURITY .
SEEDING RATE CULTIVAR FLOWERING 29 DAF SEED VEGETATIVE  TOTAL '
(seeds/m“) ' ~ PARTS

.33 80FP-21 26.9‘bd' 24.4c  26.9 a 9.4 ab 16.9 a
Outlook 27.5 bc 26.3 ab 26.9 a 8.1 ab 16.9 a

Aladin 31.3a 25.0 bc 27.5 a 8.8 abc 16.3 a

Ackerperle 30.0 ab 27.5a 26.9 a 8.1 abc 16.3 a

50 ~° 80F-21 | 27,5 Le 25.0 bc 27.5a 10.0 a - 18.1 a
Outlook  26.9 bc 2.4 c 275 a 7.5 abc  17.5 a

.Aladin 25.0 ¢ 25.0 bc '26.9 a 7.5_abc 16.9_a

. Ackerperle 28.8 abc 26.3 ab 26.9 a 6.9 c 15.6 a

1985

33 sO0P-21  27.5a  23.1a 29.4a 5.0a 15.0a
Outlook 28.1 a 2.4 a 28.1 abc 5.0 a 16.9 a

Aladin 29.4 a 24,4 a 27.5 abc 5.0 a 13.1 a

Ackerperle 28.8 a 23.8a 26.9c 5.0 a %.0 a

. N

— 50 - 80F-21 26.3 a 21.9a 28.8ab 5.0a 16.3 a
Outlook 31.3a_ . 23.1a_ 28.1abc 4.4 a 15.0 a

Aladin  29.4a’ 22.5a 27.5bc 5.0 a 15.0 a

Ackerperle 28.1 a 23.1 a 27.5 abc 5.0 a _ 15.0 a

* Means within each column followed by same letter are not significantly
different at the 0.05 level as deternined by Duncan's Multiple Range

Test.
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Table 19. Percent protein of faba bean and barley (N x 6.25)

1984 . O

N

" PABA BEAN " ar AT AT MATURITY |
SEEDING QATE CULTIVAR  PLOWERING 29 DAF  SEED  VEGETATIVE  TOTAL

(seeds/m*) PARTS .

kX g0P-21  27.0 be* 24.1'c 26.7a  9.7ab 16.9 a
Outlook ® 27.5 abc. 26.1 abc 26.8 a 8.1 abcd 16.9 a

Aladin  31.5a  25.2 abc'27.7a 8.7 abcd 16.3 a

Ackerperle 29.8 ab 27.4a 26.8 a 8.0 abcd 16.3 a

50 . . §0P-21  27.4 abc 24.7be 27.7a 10.2a  18.1a

~ '“outlook  26.5 bc  24.4 be 27.8a . 7.6abc 17.5a

Aladin _ 25.2c  24.8 bc 27.1a. T3 bed 16.9 a
Mkerperle 28.8 abc 26.5ab 26.6a  5.5d._  15.6a.

o
o
o

s}

a
-
o
o

Conquest 17.9d  12.8d . 17.6

1985

33 80P-21  27.4a - 23.0a 28.9a 47a 15.0a
Outlook 28.3 a 24.1 a 28.2ab 5.0a 16.9 a
Aladin 29.4 a 24.0 a 27.6 ab 5.2 a 13.1 a
Ackerperle 28.6 a 23.8a 2.9b 5.1 a 15.0 a

50 80?-21 .26.4 a 22.1a 28.7 ab 5.2 a —~ 16.3a
Outlook - 28.1 a 22.8a 28.1ab . 4.6 a 15.0 a
Aladin’ 29.1 a 22,3 a 27.3ab 5.0a 15.0 a
Ackerperle 27.9 a 23.1 a 27.4 ab 5.2 a 15.0 a
Canuesf. 19.6 b -

[

L -]

[
o

EIEEN 13.9¢c 5.0

* Means vlthln.each column foll&védzgzmsa-e letter are significantly
different at the 0.05 level as determined by Duncan's Multiple Range
Test. _— _



Table 20. Nitrogen yield of faba bean (kilograms per hectare).

Ackerperle 73.4

284.2

1984
FABA BEAN CULTIVAR ' AT - AT
'SEEDING FLOWERING 29 DAP = SEED  VEGERTATIVE TOTAL
RATE(seeds/m?) - ‘ YIBLD
33 i 80F-21 '53.8c*  245.3a 117.9b 60.0a  177.9 d
‘ Outlook 67.3 bc ~ 271.3 a 172.0a 60.1 a  232.1 ab
Aladin 90.5 a 326.5 a 149.2 ab 68.5 a ~ 217.7 cd
Ackerperle 70.1 bc 2804& a 165.3 ab ‘'68.5a ~ 233.8 a
50 80F-21 66.9 bc  287.3 a 146.9 ab 64.3 a  211.2 cd
Outlook 87.3 a 291.3 a 169.4a 60.7 a.. 230.1 bc
Aladin . 83.2 a 258.9 a 171.4a 54.9 a 226.3 cd
Ackerperlé.’79.1 abc’ 281.1 a 147.7 ab 46.6 b  194.3 cd
1985
33 80F-21  .33.44  249.8 ab 181.1'a 45.7 bc 226.8 b
Outlook - 60.3 abc  349.7 ab.237.6.a- ~41.8%bc  279.4 ab
Aladin 61.6 abc  349.1 a'187:9'a .63,4 a4, 251.3 b
Ackerperle 47.4 cd  408.9 4 220:8'a* | 58.9bc 271.7 ab
50  80P-21 38,6 cd  217.4 ab 189,58 . 36.6c  235.2 b
Outlook - 56.5 bcd 379.6 ab 214.6 a- '42.3 bc  256.9 b
Aladin 80.8 a 304.4 ab 264.42a 61.0a " 325.4 a
ab ab 213.2 a  49.2 abc 262.4 ab

* Means within each cblunn
dlfferent at 0.05 level as

101

followed by same letter a:g)not significantly
determined by Duncan's Multiple Range Test.
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Table 21. Nitrogen yield of faba bean and barley |
(kilogram per hectare). ' E
v o ‘ 1984
PABA BEAN AT AT
SEBEDING RATE CULTIVAR FLOWERING 29 .DAF SEEBD VEGETATIVE TOTAL
"~ (seeds/m¢) PARTS
kK 5 80P-21 53.8 ¢* 245.3a 117.9 bc  60.0 bc 177.9 b
Outlook 67.3 bc 271.3'a 172.0 a 60.1 bc 232.1 a
“"Aladin 90.5b . 326.5a 149.2 ab 68.5 b 217.7 ab
. Ackerperle 70.1 bc 280.0 a 165.3 a 68.5 b 233.8 ab
50 | 80F-21 66.9 bc 287.3 a 146.9 ab 64.3 b 211.2 ab
Outlook 87.3 b 291.3 a 169.4 a 60.7 b 230.1 a
Aladin 83.2 b 256.9a 171.4 a 54.9 bc 226.3 ab
Ackerperle 79.1 bc 281.1 a 147.7 ab 46.6 ¢ 194.3 ab
Conquest 167.9 a 30.6 a 98.8c 96.1 a 194.9 ab
1985
33 80F-21 33.4b  249.8 abc 181.1 b  45.7 b 226.8 b
' Outlook 60.3 ab 349.7 ab 237.6 ab 41.8 b 279.4 ab
Aladin 61.6 ab 349.1 ab 187.9 b 63.4 a 251.3
Ackerperle 47.4 ab 408.9 a . 220.8 ab 50.9 ab 271.7 ab
‘80 80F-21 38.6 ab 217.4 bc 189.6 b 36.6 ¢ 235.2 b
Outlook 56.5 ab 379.6 ¢ 214.6 ab 42.3 b 256.9 ab
Aladin 80.8 a 304.4 ab 264.4 a 61.0 a 325.4 a
Ackerperle 73.4 a 284.2 ab 213.2 ab - 49.2 ab 262.4 ab
c 87.0c ab 138.4 ¢

* Means wvithin each column followed by same letter are not signlficantlyn
different at the 0.05 level as determined by Duncan s Hult!ple Range

Test.
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Table 22. Protein yield (kg/ha x 6.25) of faba bean.

103

1984
FABA BEAN CULTIVAR AT AT — AT MATURITY
SEEDING FLOWERING 29 DAF SEED VEGETATIVE TOTAL
RATE(seeds/m?) " YIBLD
33 gor-21 336 c* 1533 a 737 b 6a 1112 d
' Outlook 421 bc 1696 a 1075 a 376 a 1451 ab
Aladin 566 a - 2041 a 933 ab 428 a 1361 cd
Ackerperle 438 abc 1750 a 1033 ab 428 a 1461 a
50  gOF-21 418 be 1796 a 918 ab 402 a 1320 cd
Outlook 546 ab 1821 a 1059 & ., 379 a 1438 be
Aladin - 520 ab 1618 a 1071 a EEN 1414 ¢
Ackerperle 494 abc 1757 a 923 ab _ 291 4 " +1214—cd

/* 1985

33 goP-21  209d 1561 ab 1132

a | 286 bc
- Outlook 377 abc 2186 ab 1485 a 261 bc
, .Aladin 385 abc 2182 ab 1174 a 396 a
e Ackerperle 296 cd 2556 a 1380 a 318 abc
50 80P-21 ° 241 cd 1359 b - 1185 a 229 ¢
Outlook 353 bcd 2373 ab 1341 a 264 bc
Aladin 505 a 1903 ab 1653 a 381 a
Ackerperle 459 ab 1776 ab 1333 a 308 abc

1418

1746
1571
1698

1470
1606
2034
1640

b

b

ab

-

* Means within each column followed by same letter are not significantly

~ different at 0.05 level as determined by Duncan's Multiple Rate Test.

0
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Table 23. Protein yield (kg/ha x 6.25) of faba bean and barley.

.

1984

104

FABA BEAN CULTIVAR AT

AT

——— AT MATURITY

SEEDING PLOWERING 29 DAF SEBD VEGETATIVE TOTAL
RATR(seeds/n?) Y1Ed
N

33 80FP-21 336 c* 1533 a 137 be 376 bc 1112 b

Outlook 421 bc 1695 a 1075 a - 376 be 1451 a
Aladin 566 b 2041 a 933 ab 428 b 1361 ab
Ackerperle 438 bc 1750 a 1033 a 428 b 1461 ab
50° 80P-21 418 bc 1796 a 918 ab 402 b 1320 ab

Outlook 546 b - 1821 a 1059 a 3719 b 1438 a
Aladin 520 b 1618 a 1071 a 343 bc 1414 ab
Ackdtperle 494 bc 1757 a 923 ab 291 ¢ 1214 ab
Conquest 1049 a 1885 a 618 c 601 a 1218 ab

1985

33 80FP-21 209 b 1561 abc 1132 B 286 b 1418 b
Outlook 377 ab 2186 ab 1485 ab 261 b 1746 ab
. Aladin 385 ab 2182 ab- 1174 b 396 a 1571 ab
Ackerperle 296 ab 2556 a 1380 ab 318 ab 1698 ab

50} 80P-21 241 ab 1359 be 1185 b 229 ¢ 1470 b
) OutXook 353 ab 23713 ¢ 1341 ab 264 b 1606 ab

. Aladin 505 a *1903 ab 1653 a - 381 a 2034 a
Ackerperle . 459 a 1776 ab 1333 ab 308 ab 1640 ab

Conquest 453 a 769 ¢ 544 ¢ ab 865 ¢

321
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Table 24.- -unt of net nitrogen fixed by faba bean
“ﬁ vlogtals pet hectaze)

AT i SN

4 MATURITY __PIXED
1984 1985 1984 1985

33 80F-21 - - - 127 ab - 88 b - 39 -
Outlook - - - 191 a 41 ab 143 ab 18 51
Aladin - - - 191 a 28 ab 112 ab 43 45
Ackerperle - - - 253 a 38ab 134 ab 17 19

50 80F-21 - - - 88b . 23 b 84 b 11 k1 I

. Outlook - - - 18 c 43 a 121 ab 18 )
Aladin - - 179 ab 36 ab 185a = 16 57
Ackerperle - - 124 ab - 128 ab - 48

’ !
- No net nlttoqqn fixation

"Heans witﬂin each column followed by same letter are not

significantly different at 0.05 level as determined by Duncan's.
Multiple Range Test. .

’1\\\/
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Table 25. Ecnonomic B@notlt of nitrogen fixation in faba bean relative
: to fertilizer nitroges

\
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1984
PABA BEAN CULTIVAR SERD COST Kg N PIXED/ha VALUE OF BENEFIT
SERDING ($/ha)*- . PIXED cosT
RATE | {8/ha) RATIO
(seeds/n?)
33 sor-21 " u - - -
Outlook 44 41 18 0.40
Aladin 44 28 12 0.27 3
Ackerperle 44 37 16 0.36
50 80P-21 66 24 10 - 0.15
Outlook - 66 43 18 0.28
Aladin 66 36 16 0.24
Ackerxperle 66 - - -
! 1985
33 80P-21 44 88 38 0.86
' Outlook 44 143 61 1.40
Aladin 44 112 48 1.09
Ackerperle “ . 134 57 1.31
50 sor-21 66 84 36 0.55
Outlook 66 121 58 0.88
Aladin 66 210 90 0.43
Ackerperle 66 128 55 0.84

C gt

1 Baged on faba bean seed costing $0.44/kg (1985).

2 Baged on urea nitrogen fertilizer costing 0.43/kgN in Alberta and

1008 Eettlllzer use efficiency.

§
i
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Table 26. Nitrogen balance sheet

VARIABLE
1984 I 1985
FABA BEAN
a2
i_30il nitrogen at seeding [0-12cm depth] 46.87 - 19.56
: . (820.15) ,  (88.41)
Total nitrogen yield [Crop NI T 214.11 262.88
- (892.07) ($113.04)
- Symbiotic fixed nitrogen [Average] 23.91 - 127.38
_ - (810.28) (854.77)
Nlttogeh derived from the soil - - 196.20 138.56 "
\ ' . ($81.79) (859.58)
Nitrogen taken off with harvested grain 154.74 213.47
' ($66.54) (891.79)
Nitrogen taken off with harves¥ed TDM 214.11 262.88
'($92.07) (8113.04)
Nitrogen taken off wlth'vegetatlve material only 59.38 9.4
(825.53) ($21.25)
S0il1 nitrogen balance * | -130.83 -86.09
Net soil N balance (CAN $/ha)t | ($-56.26) ($-37.02)
BARLEY
Total nitrogen from “the soil 190,20 138.56
: ' ($81.79) ($56.58)
Nitrogen taken off with harvested TDM 190.20 138.56
' ($81.79) (856.58)
Nitrogen taken off with harvested grain 98.90 87.26
($42.53) (837.52)

* 8011 N Balance (kg/ha) = N fixed (kg/ha) - N taken off with faba bean
harvested grain (kg/ha)

* Based on appropriate cost of fertilizer (Urea) i.e. $0.43/kilogram.

™
.
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Table 27. COtiill'tldni uoné all variables across all faba bean ™
cultivars and replications 1984 above; 1985 below.

i . -

|
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Appendii I. Initial percent germination, seed size and seed rate.
'CULTIVARS INITIALA  SEED SIZE . “SEED/m? x‘q‘f )
GERMINATION (g/1000, SEEDS) 33 50 !
« o ‘(kg/ha. viable seeds)
80F-21 98 240 80 120
- Outlook 95 348 115 175
Aladin 92 409 135 205 it
Ackerperle 92 366

120 185




Appendix II. Env‘t‘i’onnental data for 1984 and 1985 growing seasons.

[N
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PINE DURING THE TOTAL  T0TAL

NBAN 30[& KEAN AIR

NEAN RELATIVE HUMIDITY  NEAN SOIL TENPER-

bogi26 to Sept.2 164 . -

GROVING SEASON RAINPALL TRRADIANCE MOISTURR™ _IRMPERATURE  HUNIDITY ATURR DRLOW 10ch_
© () 40041001- (BBLOVW 15 MAX.  MIN.  MAL. NN, X ML,
Rt cabars) % o¢ o o¢ o o
fay 2telayl3 .0 2141 471 1335 058, 8.0 4542 . 1LTE 6T
May 14 to Nay 27 S9.0 400,73 <053 1551 4T 919 S.M 1378 .0
Kay 28 to Junelt 620 521.03 443 1,03 692 0.6 1.6 16.26 100
Juell to June2d 20.0 62059 ., 0.1 .56 LM N3 0343 LA 1400
Jue2S to July 8 176 63042 -3 .53 L0 271 4%y 1Ll 1L
July 9 to Jely?y 3.0 902y <1505 2659 K5 9519 46T nn o 1m
T dly30 te Meg 12 2.6 SEN.13 0 1027 .44 1220 e . .7 16U
Mg.13 to dug.27 2.6 3231 <1039 U253 LIS 06D 3T 1.4 W
log.28 to Sept. 2 1.6 1M <17 160 36 8629 3L .31 167
fotal cainfall .
(na} .4
1985
May Ltoday 16 5.0- - - - - - - - -
My 17 to June 2 10.2 {75.10 -4.80  20.60 460 83,00 3.0 16.8¢ 11,76
June 3 to Jume 23 3.9 - - - - - - - .-
June2d to duly 1 2.5 11204 YU B 1% | RO I TR T} B T WO 1.7 W18
Julyls to Aeg 20 150.4  G41.0 .51 5.5 T2 85T 39S 1,66 1M
Mug.19 to dug 25 4.2 8.9 ST 3 AL 52,58 16.81 1346

Totil ralafall
(wn) 3.6

! Peld Capacity is about -0.33 bar; Permaneat filting boilt is about -15 bars.
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Appendix III. Some soil characteristics at experimental sites at
. seeding time for 1984 and 1985 growlng seasons .
(Avarage of Samples).

¢

" loam

Fine

YEAR SEEDING SOIL TEXTURE.SOIL REACTION _SOIL N SOIL P SOIL K
'DATB TYPE : _{(pH) (ppm) (ppm) (ppm) _
A 0-6 6-12 0-6 6-12 0-6 6-12 0-6H-12
cm cm cm cm cm Ccm cm cm
1984 7/5/84 Clay Fine 5.9 5.9 48 30 19 18 299 313 ’
: ~ loam | ‘
1985 4/5/85. CIay 6.2 6.2 . 14 18 11 11 327 319

In both years harvesting was done in August of each year.



Appéﬁdlx‘lv. Randomized complete block analysis of variance summary.,

VARIABLES TESTED 1984 1985
Total Dry Matter (TDM) ’
at flowering = ® £
at 29 DAF R NS
at maturity - kR *
Seed Yield T kR *
Vegetative Yield * %
Harvest Index = AR L
Nitrogen Production
at flowering LR L
~at 29  DAF o - * *
in seeds at maturity LA *
in vegetative parts at matuzity kR &i\

Total %N at maturity

x%, % gignificant at 1% and 5% level respectively.
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