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ABSTRACT N
The effects of row &egcing and seeding rate on seed
yleld and crop maturlty of rapeseed (8. napus L “and B.
C§mpestrfs L.) were studied for two.years in Central
'Alberta. A coﬁpletely randomized biock:design was used with
seed&ng'rates df 3, 6 and 9 kg/ha for B. campestris ’
geﬁotypes-(Candle and Tobin) and 4, 8 and 12 kg/ha for B.
' napus genotypes (Westar and §1-58442K). The row spacing used
was 11.5 cm and 23 cm in both spegies. ' ,
Data was collected forsseed*yield per 2m?, number of
:pods on the main raceme, number df secordary racemes per
" plant, number df pods on secondary racemes peE plant, number
of racemes per 2m?, humber»of racemes per plant}lOQO‘seed
weight, plant déns}ty affdne week after emergence, pladt
Vdensity at three’weeks after emergence, plant density a#

first flower, plent height, percent,seed oil /percent meal

,ﬁ.

protein, days to first flower, days to last ilower
"fldwer1ng perxod seed format1on period and time to maturlty

- of first pod '4‘ : .
@

For B campgstris, the 11.5 cm row spacxng resulted 1n
a s1gn1f1cant1y hlgher seed yxeld per plot in both years.

—

The narrow tow spacing had ‘a 51gn1f1cant1y hlgher seed y1e1d

- per plant in 1984 but was lower in 1985 For B. napus, the

o

23 cm row spacxng resulted in a s1gn1f1cantly higher number
" Y |

of pods on the,secondary“racemes in 1985,-
-»U;FThere vas a significantfdecreas& in the number of
racemes per plant, number of pods on the ma1n raceme, number

of pods per plant, number of seeds per pod, seed yield per

plant seed yield per plot npercent seed 011 and percent

v:

\
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meal protein as seeding rate was increased for both species

s

in both years: However, plant density and number of racemesg

>

per plot showed a significant increase with increased

seeding rate. Plants were shorter at higher plant densities.
The 1000 seed weight was not significantly affected by
seeding rate but was strongly affected by the genotype.

. Significant seeding rate x genotype and row spacing x

genotype interactions were common but three way interactions
. ‘

were rare.,
A {
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1. INTRODUCTION
Rapeseed (Brassica napus L. and Brassica campestris L.)

i; a major source of vegetable 0il and protein meal
:throughout the world. It ranks fourth in the world's
:production of edible vegetable oils and fifth in seed
production; this difference being due to its comparati&ely
high o0il content. Rapeseed production in Canada is a
relatively new enterpr1se ;ompared to_the production of ;/
cereals. Rapeseed was flrst grown commé¢c1ally in Canada in
1942, the stimulus being an acpte shortage of rapeseed in
the early 1940'5 (as" a result of World War 11). The oil was
urgently needed as a lubricant for warship steam engines in
Canadian, British and American navies. Today, it is mainly
valued for its edible oil and high protein content.
By-products of the oil crushinq industry are used to a
limited extent in various manufactured products (Pigden,
1981). Although the value of ‘the oil as an edible product

4
was well known, the first oil extraction for edible purposes

in Canada occurred in 1956 (Martin, 1970). .
| The majoE.éommercidi production is in the three Prairie -
brovinces (MQniEoba, Saskatchewan, Alberta) and in North
East Brit{sh‘Columbiaiwhere it is well adapted to the
northern climate, no}th of 49° latitude. Approxiﬁately 3.2
million hectares of spring rape were planted in 1985. Nearly
.-100 000 hecta?es in Ontario are devoted to winter rapeseed
production. f

Rapeseed offers a very important -alternative crob to
cereal érain pféduction in Western Canada since the land,

tillage,'harvesting,.storage and transportation equipment -

. | 1
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and facilities are virtually identical. The oilseed crushing
industry in Western Canada is mainly dependent on rapeseed.

Early rapeseed cultivars contained two components which
1ih@ted thei; use for human and animal conspmption; erucic
_;acid in the oil and glucosinolates in the meal. Rapeseed
.-meal is an excellent soerce of protein‘with a favorable
balance of amino acid for’livestock rations, "Qanola" is a
registered trademark used to designate cultivars of rapeseed
producing seed with less than 5% erucic acid in the oil and
40 mg glucocingﬁates per gram of oil free meal. Canola thus
denotes high quality oil and meak:Sultable for Human and
animal consumption. Virtually allkék the current rapeseeé
productlon in Canada is of Canola quality. Both the quality
img;pvement and wide adapsability have geen responsible for
.the recent expansion in the rapeseed industry both in Canada
and Europe (AlbertabAgric., 1982).

. Rapeseed is ‘the major oilseed produced in Canada and
canola oil accounts for almost half of all the edible oil
used domestically in Canada. Canada exports half of its
. rapeseed crop ﬁakinp her the number one exporter in .the
bworld In the past few years, the production of rapeseed has
1ncreased 0 such an extent that it has surpassed barley as
Canada's second valuable crop. It is not just a major source'
of food and feed but a major export crop, second only to
wheat ih importance as a source of farm cash recelpts.

Two species of rapeseed are grown in Canada;'the
‘Argentine type (B. hapus) and the Polish iype.(B.
campestris). The spring form is grown in western Canada

while the winter form is grown in Ontario. In western

Vs
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Canada, aﬁpf&ximateiy 50% of the total acYeage is devoted to
B. napus and the remaining 50% to B. campgstris The B.
campestris producés a lower seed. yield, lower pfotein and
o1l but‘the large proportion 6f its production is due to
early maturity. This is required because many production
areas have a low heat unit accumulation and shbrt frost-
free period. B. napus matures in about 95 - 120 days while
B. campestris matures in B0 - 90 days.

Reducing the time to maturity for B. napQS so that it
could be grown in areas now producing B. CampestPfS would
result in an increase in average seed yield and an increased
oil and protein content of the commercial c}op (Major and
C@arneski, 1976).

Most Canola growers use seed drills with furrow openers

- ced at 15, 18 and 23 cm, and have reported increased seed
‘s with double seeding. Usually B. campestris is seeded
at 4-7 kg/ha and B. napus at 5-8 kg/ha. Seeding§rate has
4béen reported not to have any effect on the seea yield in
this crop. The farmer is 1nterested in hlgher yields which
vcan only be translated into greater proflt if the product is
’?ttractive to the processor and to the consumer. .
The objective»of'this study was to assess the effects
iqf,row sﬁacing and Se%ding rate on séed yield and crop

maturity of rapeseed.

o



2. LITERATURE REVIEW

2.1 Growth Pattern

)
]

P The rapeseed plant g;s five d15t1nct phases of growth
as seen from the growth stage key of Campbell and. yondra
(1977) i.e. seedling, .rosette, bud, flowering aua/maturlty.
Three cultivars of B. napus (Target, Nugget-and Oro)
were evaluated in the field (Campbell and Kondra, 1977);
Target was latest for the growth stages during Ebe rosette
period. Jnitiation of elongation occurred on_the same day
for all cultivars. Target was earliest for first flower and
eariiest for all other subseguent stages, with the longest ¢
duration of periods §hbsequent to first flower and lofest
.rates of development in both the rosette and flowering
stages. Hence it would appear that time to first flower is a
major factor in determining time to maturity.

B. campestris reacﬁed all growth stages except onset of
stem elongation significantly earlier than B. napus and had
significantly higher leaf emergence ratesoduring all growth
periods gxasa, 1983). This pattern is in contrast to that
kt‘among‘genotypeé of B. népus where early maturing genotypes
with early first flower and early subsequent growth stages
-had significantly lower leaf emergence fates than did later
maturing genotypes. B. napus had significantlf longer gro&th
periods i.e. stem elongation phase and seed formation
period.- ) "‘ _
- Substantial variation exists among cultivars of B,
napus with rés;ect to the length of the two major :

pre-anthesis deGelopmental phases; vegetathé (seeding to

s



onset of elongation) and stem elongation (onséi of
‘elongation to anthesis) (Thurling and Vijendra, 1977; Major,
. 1980). Under controlled environments, the duration of the
vegetat1ve phase of B. napus 1s strongly influenced by
vernglization, photoperiod and growipng temperature The
duration of the stem elongation phase is affected by
~photoperiod and growing temperature (Major, 1980). The
direct effect of temperature on leaf node formation of B.
napus was more important than the inductive response (number'
of leaf nodes at initiatiqx) in determining flowering in all’
Canadian cultivars. ‘

Thurling and Vijendra (1977, 1979b) observed
considerable variation in flowering beh?viouf in the field
in Australia among cultivars of B. napuslwhich can be
explained in terms of temperature responses. A decrease in
temperature and/or decrease in day length significantly
delayed first flower. Under controlled environment, plants
grown at low tgmperature dempnst;ated a reduction in time to
initiation of‘flowering with increased vernaliz;tion up to 8
weeks. By contrast those grown at high teyperature were |
unresponszve to increases in vernalization beyond 4 weeks.
The number of leaf nodes formed prior to initiatién would
reflect the‘inductive,effect of température. Most cyltivaré
were found ‘to flower 3 or 4 weeks earlier under 24 hour
photoperiqa than under natural photoperiod. Under short
days, an ﬁncrease in the length of the wvernalization
treatmenf'was associatéd with a significant decrease in time
to initiation. An increase in day length is usually

associated with a reduction in both vegetative and stem



elongation phases.

In B. napus higher seed yield has been found ‘to be

associated with a longer period of vegetative growth

-

(Thurling and Vijendra, 1979b). Plant dry weight declined

with shortening of either vegetative or stem elongation

phases. Time of flowering is normélly an important

determinant of grain yield in areas where the growing season

1s of limited duration. This is in contrast to Canadian work

with B. napus where the growth characters which were

associated with earliness and rapid development were also

associated with higher yield (Campbell and Kondra, 1978).

’
The earliest maturing B. napus line flowered
significantly\earlier than the latest maturing genotype and.

had a significantly shorter flowering period (Degenhardt and

Kondra, 1981b). The period of flower production in Great

’

Britain spanned approximately three weeks in both high and
low yielding cultivars of B. napus (Allen and Morgan, 1975).
The growth~peri6ds enéing at first flower on main

raceme were generally negatiyely correlated with the
subsequent growth periods beginning at first flower
(Campbell.and,Kondra, 1977). This indicates that a long

period of development in the initial growth peryod is

'somewhat compensated for by a decrease in the Yength of

subsequent periods. However, correlations befween time to

~ growth stages were all positive and most were_significant .

indicating that earliness of initial growth stages

contributes to earliness of subsequent stages. The low

%

correlation of time to first flower on the main raceme with ®

the period first flower on the main raceme to first flower



on third secondary raceme indicates that time to first
flower on the main raceme has little effect on the duration
of this period.

\» The pQSitiQe correlations of flowering rate on the

a

racemes with yield ihdicates that a rapid rate erl
is aé%gciated with high yield. The seed filling beriod ws
not cd;related'wich yield inﬁicating tgat it s not a
limiting facter (Campbell and Kondra, T978). .
First flower is more readily determined than maturi§§>-
especia{ly on single plant basis. The heritab}iitfes for-
first flower ranged from 21% to 61% in crosses between three
cultivars and for maturity, f%ey ranged from 16% to 36%
(Campbell and Kondra, 1978). This indicates that selection
for first flower as an indicator of maturity could result in
genetic gains. Evidence of dominance for ea;iy flowering'and
early ﬁaturity was found in all/ the crosses.
; Genetic analysis showed,thét heritabilities of duration
32 the vegetative pha§e and Aumber of leaf primodia formeQﬁ
prior to initiation i&dicated that genegic differences
g%counted for most of the variation within sowings (Thurling
and Vijendra, 1979a). 8Bminance was a major component of
non-additive genetic variation‘ih.both characters, whereasa
non-allelic interactions appééred to be significant only in
"the case of leaf number. The expression af genes determining
development pattern in spring rape was influenced by the -
environment, There are two types of genes~controlling
flowering times; genes involved in thé regulation of ’

_'vernalization responses and genes causing earlier flowering

but having no influence on the vernalization mechanism,



As for plant height, genotypic differences were quite
large, with the later maturing cultivars being significantly
taller than earlier maturing genotypes (Degenhardt and
Kondra, 1981b). Plant height had a ;ignificant negative
correlation with harvest index and 1000 seed weight for all
geﬂot}pes (Degenhardt, 1979). This was ngt unusuai since

/// plant Qé*gét and harvest index had a positive correlation
with vegetative yield and total yield. Similarly, the
negative correlation between plant’height and 1000 seed
weight was efpectedAsince plant height correlated negatively
with seed yield or harvest index and 1000 seed weight, the
latter geing positively correlated with harvest index. It

.appears that shorter plants transfer more nutrients into
larger seed size production.

Phenotyplcally, days to flower in B. juncea is not
assocxated with any other traits except plant height (Gubta,
1972). This 1mp11es that plant height is influenced-by days
to flower, There is a significant genotype ?nd phenotype
correlation between plant height and number of pods per
plant. This indicates that the number offpods per plant
increases significantly with plant height.

5 . : )
2.2 Photosynthesis and Assimilate Distribution-:
~ As plants grow, the proportion\ot purely sthctnral
material that they contain norm&lly ingreases (Hunt, 1979).
For this reason, Relative Growth Rate (RGR) cannot repain
constant for long and eventually must show a declin; as more
of the plant's material becomes incapable of directly ‘

. providing further increases in dry weight. Some résearchers

.
-
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this prefer models which not only allow the possibility of
this decline in the RGR with time, but naturally expect it.

The useful yield of any fruit crop depends to $ large
éxtgnt on the effective operatidn of processes wheréby
vegetative parts of the plant contribute organic and
inorganic nutrients tq the developing frﬁits (Lang anéyéhaw,
1965). , . .

It is clear that usually the leaf area will increasé as
growth proceeds, and with increa;ing'leaf area, the rate of
production of material by a551m1lag§pn will also increase;
.this again will lead to a still mene rapld growth and thus a
greater leaf area and a greater production of assxm;latxng
material and so on (Blackman, 19f?).

Growth and deve?%phent of B. napus can be considered

physxologxcally in four‘more or less distinct phases

accordiggnto ‘the pattern of dry weight production (Allen et
al., 1971). < ,

1. VegetatiJe or pre-anthe€sis phase in which crop growth
rate ¢(CGR) and leaf area index (LAI) increase lineérly‘and
attain a p;;k. ‘

27An approximate 2 - 3 week period immediately following
anthesis in‘which~there'is a marked'reduét{on;in CGR
coinciding with leaf senescence and:declining';AI. s _
3. A furtber 2 week period in which;CGR incréasps to a much
higher level than that attained in phase 1 and characterized
by a marked increase in £ke size and weight of pods.

4; A final period enaing ‘at full maturity during which toEal

. '™ N
plant weight decreases. ‘ s
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The following growth phases together with their
duration were identified in the oilseed'rape (B. napus) in-
Great Britain (Allen and Morgan, 1975).
1. Seedling and vegetative growth (week1 - week7):
This was a phase when there was predominanily vegetative
growth and i%so development of the flowering branches and
early developﬂ’nt of flowers. CGR and LAI increased linearly
and attained a ‘peak. From (wl - w4) LAI was increasing on
all plot§ and had reached maximum values by w5.
2. Flowering and early pod g}owzh (week7 - week10):
‘'This was a phase wheﬁ flowers opened on the terminal and
axillary inflorescence. The CGR slowed down even when the
leaf area indices were still high.
3.-Pod growth and ripening (weekl10 - week13):
This was, a period of rapid grow{h of olderspods on the
terminal and some of the axillary inflorescences and
‘abcission of some of the younger énd more apically
positioned pods. The dry weighfs increased markedly
notwithstanding the fact that leaf area indices were
declining 'and had reached zero by w13,
Brassica napué héd greater crop gry weights (CDWQ) énd
CGRs than B. campestris, the former could be considered as
being more efficient in producing dry matter since thg RGRs
were significanfly greater over‘ail growfh periods (Kasa,
1983). | -
‘ In both specées, the maximum LAI was obtainedbsome 2 -
3 months after sowing, but all leaf tissPe had generally
been lost within 6 weeks after this maximum -had bgen reached

©
(Thurling, 1974). B. napus had greater LAIs than B.
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campestris (Kasa, 1983; Richards“and Thurling, 19787. Leaf
agea is close to its maximum at!the éfart of flowering
(Clarke_and Simpgon, 1978a).

Leaves of both autumn and spring sowings rapidly
senesced after flowering and before the main stage of pod
development ;ook place (Scott et al,, 1973). This indicates
that photosynthetic tissue in stems and pods must make a
substantial contribution to seed development. It seems
unlikely that leaves which do remain will photosynthesize
very actively for at this stage of growth thg developing
pods and stem form a thick layer at the top of the crop and
only dim light can penetrate to the few remaining'léaves.

Earliér maturing genotypeé of B. napus tended to have
higher éxillary branch leaf frea indices and a significantly
higher axillary brgnch leaf area duratiom than did late '
maturing genotypes (Kasa, 1983). It has been suggested tﬁat
in selecting earlier maturing, higher yielding genotypes,
existing breeding programs are obtaining genotypes that have
an ever increasing percentage of total leaf area made up
from axillary branch leaves. This is advantageous since it
coincides with seed filling and axillary branch leaves are
located in close.proximity to the seeds. |

Sfomata distribution in several types of tissue
belonging to B. campestris c.v. Span and B. napus c.v. )
Zephyr indicates that there is poténtial for assimilation of
atmospher;c:carbon dioxide in pods, beaks, stems, pedigéls
and leaves of oilseed rape‘plahts (Major, 1975). Although
leaves, stems, pods and beaks were capable of assimilatibn,

-only leaves and stems were capable of exporting assimilates
M _ -



12

(Major and Charnetski, 1976). The components that acted as
sinks were roots, pods, seeds, beaks, apiees and barren
pods. Proximity of sink to source appeared to be important
‘ since assimilates exported to roots came from the lower
N\\\bostion of plants and more labeled assimilates yere found in
seeds, barren pods énd apices when the upper rather»than»i
lower portion éf plants was exposed to '*‘CO,

In a similar experiment, Major et al. (1978) using
'*CO, B. napus c.v. Zephyr have clarified the role of pods
in the formation of seeds which was questioned by Mafor and
Charnetski (1976). Although pods were capable of
assimilating '* CO,, they were still sinks for
photosynthates exported from stems and leaves. It was found
that lower leaves exported photosynthates to the seeds and
pods. The lower portions of the stems and upper pods did not
export much photosynthates to other parts, The seed was a
strong sink for photosynthates translocated from leaves,
pods and stems. »

The fully expanded leaves of vegetative rapeseeq\
contribute mainly to the development of the root system and
to the younger deQeloping leaves. But in plants beginning to
flower,'the fully developed leaves promote mainly structural
devéldbment of the part of the stem bearing the flower :(Brar
and Thies, 1976). The role of early plant growth of B. napus

“should be interpreted in terms of the accumulation of dry

matter in the seeds. The pre-anthesis phaée of growth was
-~ more important for B.. napus because dry matter increase

' between anthesis and harvest represented only 55% of the

total dry weight; while the post-anthesis phase of gtowth in
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B. campestris was more important since 85% of the total dry
weighglin all cultivars was aceumulated after anthesis
(Thurling, 1974b). The duration of the vegetative phase of
growth rather than the rate of growth determined the total
dry weight®of the plant. .

Brassica napus had greater crop dry weights (CDWs)
compared to B. \campestr'is (Kasa, 1983). CDW was ’
significantly greater for iater matur}ng than earlier
maturing geﬁotypes of B. napus at first flower and 15 days
after fldwering.

In B. napus, the dry weiéht of the whole plant has been
found to increase slowly till bolting and rapidly thereafter
(Inanga et al., 1979). The rapidlincrease of dry weight of
the whole plant was continued also in ripening period in
spite of marked defolietion due to senescence. The gross
photosynthesis performed by undefoliated plant population
began to increase at the hiddle period of ripening. The dry
weight of the pericarp increased fapidly after glowering and
reached the maximum value at the earlier stage of pod
development (Inanga et al., 1980). On the other hand, the
dry weight of seed incfeased gradually after flowering, and
reached maxxmum value at the later stage of pod development
Most of the dry matter needed for pod growtﬁ was
translocated from other organs during the period of pgrxca&p
growth and was provxded_by.pod photosynthesis during seed

.

development.

¢

During the ripening period, the pods possess relatively

high photosynthetic actiwity and extensive surface area.
: i
Moreover, the pods were located at the upper level in space
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8% the popuiatlon receiving most of the sunlight. Hence,
* -
oag of the photosynthesis of pods plus stefs might be

contr1buted by that of pods.

Therefore . in capeseed, leaves are the méip
photosynthe(ic organs Until flnwering but aé%er flowering,
pods fheESefﬁes do a};y an important role in contributing to
the productiog of dry matter in pods including seeds (Inanéa,
and Kumura, 1974)“ Seed format1on is directly affected by

the é551mﬁlatory pOtent1a1 during seed formatlon length of
i ] ks

- seed formatlon and prevalllng climatic condltaons during -+

—~-~

seed fonmation.'while»late.maturing genotypes have &

signiffcahtly greater‘Ptoduqtion potential, it is dfpén

limited by factors affectiﬁg seed formation (Kasa, 1983).
The pattern of dry matter and oil accumulation in the

seeds is similar and follows a sigmoid pattern (Fowler and

\

Downé%f 1970). According to Norton -and Harriii'f,bS), this
il

pattern can be divided into 3 phases:

t

Phase 1:

Seed weight was low, starch and ethanol soluble compéunds
accounted for 80% dry matter (D.M.)
" Phase 2: ’ ~
Seed growth'incfeaséd and storage oil and proteih vere
deposited accouhting for 40% and 20% D.M. respectively at
; the end of this'stage. Sta}ch, glucose and fructose were
utilized 1n th1s process.
Phase 3& '
Was largely co.cerned with the dep051t1on of oil and proteln
én fixed proportzons. Seed weight more than doubled while

§Qg;b.Mﬂ.cqmp051t1on remafﬁed constant. Sugars were

p .
- 23 : ,
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transferred from the Huﬁl to the seed to support this
: .

-

growth.

I3

If ﬁhere 1s a relatively brjef shortage in the supply

of carbon assimilates and it does not occur around the time

- <

of anthesis, then plants, although forming fewer pods, are
able to compensate for gpe loss in terms of pod and seed
yields by increased growth of the remaining pods (Tayo and

Morgan, 1973). The capacity for compensation is probablv of
. 4 '
‘great practical significance since the oilseed rape plant

has a considerable number of pods on the germipal and !

axillary inflorescencés which do not realize their full
potential growth. Several B. campestris (Brown Sarson)

cultivars showed high correlations between pod surface area

’

and yield (Maiti et al., 1970). .

Thurling (1874) has concluded that in both species, the

L

metabolic input of the~p1ant during flowering would be

diverted to a rapidly increasing number of growing points in
" the inflorescence, with theafesult that there is likely to

be intra—plant competition beé;een pods on the main stem and

newly formed shoots in the leaf axils. The rapeseed species
. .

differed, however, with respect to the way in which

metabolic input was utilized by the develﬁping

.

inflorescence. Since this limited metabolic input would have

to be partitgonea amongst a substantially greater 'number of

.

growing points within the inflorescence, a proportionately

¥ ’
smaller amount would be available to seeds developing in
each individual pod. As a consequence, the seeds formed in

each pod in B. campestris were significantly fewer in number

and lighter than those in B. napus.
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2.3 Yield and Yield Components

’

2.3.1 Seed yield per unit area

Seed yield ber Qnit area of rapeseed is a function of
number of pods per unit area, number of seeds per pod and
seed weight (Clarke and Simpson, 1978). In B. juncea, seed
.yield of an individual plant is genetically positively
qor;elated yith the number of primary branches, number of
p;ds per plant, 1000 seed weight and number of seeds per pod
(Gubta, 1972). ThiS‘pointskout thatlunit increase of these
characters increases the yield of thé plant; and éelection\
for these traits will lead to improvement in yield. For most
genotypes of B. napus studied, plant density, number of
racemes per square metre and number of racemes per plant
were not correlated with séed yield .per plot (Degenhardt and
Kondra, 1984). Only the seed.yield per plant was positively
correlated with seed yield per plét across all genotypes
while plant height correlated negatively with seed yield per
plot. )
‘ The numberlof seeds per pod in B. napus, B. campestris.
and white mustar8 is not much influénced by the.environhent .
and thus has the greatest influence on yield (Olsson, 1960
and 1974; Gubta, 1972). This'has been attributed to the ‘
indeterminate flowering habit of rapeseed andvthe fact thai
the number.of flower initials that develbp is usually
limited. Since high correlations are observed betﬁeeq number -
of pods per plant and plant yield, pod number must be

strongly influenced by the environment. In mustard, the
. ! ] .

highly significant and positive simple correlation
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coefficient of total yield per plant with pod length, nomber
of pods per plant, number of seeds per pod and seed weight
per pod shows that signifacant lmprovement iﬁ yleld can be
achieved through breeding and selection (Ahmed, ¥980; Gubta,
1972} .

Vegetative yleld was a major contributor to yield in B.
napus (Campbell and Kondra, 1978). The number of secondary
racemes, tertiary racemes and harvest index were also
important contributors. Components of yield have appeared.
attractive as alternate criteria of selection for high yield
as they are easy to measure and are usually more heritable

than grain yield itself.

2.3.2 Number of pods on main raceme

Since flowering and pod dewelopment in B. napus begin
first on the main raceme followed by subtending branches in
basipetal succession, assimilate availability is probably
greater for the main raceme than lower branches (Tayo and
Morgan, 1575). The first developed pods have a competitive
advantage in attaining full development. Later maturing
genotypes derive a significantly greater proportion of their
total seed yield per plant frdm the terminal inflorescehce
than do earlier maturing genotypes (Kasa, 1983). The pods on
thé méin racemes wbuld be competing for available
assimilates with pods on lower branches. 3

The terminal inflorescence in B. napus is particularly
important‘in that it carries more pods (approximately 45% of

the total) with a larger number of seeds pér pod than the

lower branches (Allen and Morgan, 1975; Kasa, 1983; Pechan



18

et al., 1980).

2.3.3 Number of secondary racemes per plant

Increased number of secondary racemes contributed to
increased plant size in B. napus thus resulting in higher
yield (Campbell and Kondra, 1978). Seed yield per plant had
a significant positive correlation with number of secondary

[ 4
racemes per plant.

2.3.4 Number of pods on secondary racemes per plant

There 1s inter- and intra-inflorescence competition for
the supply of assimilates and tﬁe earlier developed
inflorescences have a competitive advantage over the late(
formed ones; this is prog?bly of major importance in
determining the patterd@é} flower and pod development within
and between inflorescanéeé of B. napus (Tayo and Morgan,
1979).

High irrigation rate resulted in an increase in the
number of racemes per plant in B. ﬁapus wﬁiéh was probably
. due tp lengthening of flowering period (Clarke and Simpson,
1978). In B. juncea, the nuﬁber of secondary branches
.exhibited positive genotypic and phenotyxic association with
the number of pods per plant and number of seeds per pod
while there was no environmental association of the same

with secondary branches (Gubta, 1972),

2.3.5 Number of pods per plant
Seed yield per plant in B. napus had a positive

correlation with number of pods per plant. Increased number
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of pods contributes to increased plant size and hence hixgh -

yield (Campbeil and Kondra, 1978). In a greenhouse study of
B. napus, most pods which matured developed from flowers
whiph opened early in flowering (Tayo and Morgan, 1975).
This 1mplies that the ability of the plant to supply
assimilates to the 1nflorescence was of critical importance
in e%tablishing the potential number of pods. If there is a
relatively brief shortage in the supply of assimilates and
1t does notAoccur around the time of anthesis, then plants,
although forming fewer pods, are able to compensate for the
loss in terms ., of pod seed yields by increased growth of
remaining pods (Allen .and Morgan, 1975 and 19}9: Macgregor,
1981; Clarke and SimpééQ, 1978b). The capacity for
compensation is probablf&pf great practical significance
since the oilseed rape hagﬂé;nsiderable number of pods on
the terminal and axillary inflorescence which do not realize

their full growth potential.

2.3.6 Number of seeds per éod

The -number of seeds per pod in white mustard is so
strongly influenced by the genotype that selection for this
character can result in marked diff;rention in the éaterial'
(Olsson,.1960). The number of seeds per pod was ngbinu%h
influenced by the envitonment but can be changed by
selection in Sinabis alba (Olsgon} 1950{ 1974).lHowever, .
environmental and genotypic variation in number of seeds per
pod in B. napus and B. campestris have been observed (Allen

and Morgan, 1972, 1975; Thurling, 1974b). Irrigation

increased the number of seeds per pod in B.‘bampestrls
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(Krogman and Hobbs, 1975).

As pods develop, environmental factors do influence the
number 6f.seeds developing in each pod. The number of seeds
per pod declined progressively as B. napus approached
maturity (Mendham and Scott, 1975). Initially, pods of B.
napus contained 18 - 19 seeds, the number decliged rapidly
to 9 during equy pod growth and was 7 at maturity (Norton

and Harris, 1975).

2.3.7 1000 Seed weight

vThe 1000 seed wéight in B. napus, B. campestris and
white mustard was less influenced by the environmen§ than
the number of pods; suggesting that selection for éeed size
would be effective (Olsson, 1960). One thousand seed weight
exhibited a significant positive correlation with seed yield
ber plant and seed yield per plot (Campbell and Kondra,
1978; Degenhardt and Kondra, 1984). Cultivars of B. napus
and B. campestris differed in 1000 seed weight (Thurling,
1974b). Irrigation increased 1000 seed weight of B.
campestris variety Span (Krogman and Hobbs, 1975). Shading
of pods reduced seed weight per pod by 68 - 100% (Maiti et
al., 1970). Cultivars having big¢$i2ed silique suffered thé
most. Thus it was clear that the yield of Sarson per siliqua
was dependent on the photosynthetic green surface of the

silique.
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2.4 Effects of Row Spacing and Seeding Rate on Yield, Yield
Components, Seed Quality and Time to Growth Stages

Rapeseed (B. napus and B; campestris) is a rather
unigue crop in that variation in seeding rate or plant
population over relatively wide ranges have little effect on
yield under normal conditions (Bowren, 1980; Degenhardt and
Kondra, 1981a and 1981b; Kondra, 1975). This conflicts the
results of Clarke et al. (1978) who found that for both
drill and broadcast seedi@g, eac?\increase in seeding rate
resulted in a significant;inc;Z;se in yield.

The narrowest row spacing (15 cm) gave the highest
yield 1in both years aé both locations for B. napus c.v.
Zephyr and B. campestris c.v. Span and generally produced
the highest oil.content (Kondra, 1975). Percent meal protein
was not affected by row gpacing. Doubling'thé‘space between
rows from 7.5 cm to 15 cm significqntl} reduced yields in
both species (Christensen and Drabble, 1984), the magnitude
of response being affected by varietal factors. In B. napus,
increased seeding rate resulted in‘a/signifiéant decrease in
seed yield per plant, harvest index, number of racemes per -
plant and plant height (Degenhardt and Kondra, 1981a;
Vulliourd, 1974). The rate of seeding had no significant
ef%ect on 1000 seed weight. .

Doubling seeding rate from 3 to 6 kg/ha and 6 to 12
kg/ha resultea in'a 70% increase in actual plant density
while doubling seeding rate from 7 to 14 kg/ha resulted in
an B85% increase in plant density (Degenhardt ané Kondra,

1981b; Christensen and Drabble, 1984).
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When plant population density is low, the individual
blants tend to branch and spread out ;;re and pods generally
extend lower on the plant. At high seeding rates, most pods
are on the main raceme and thus in a favorable position for
interception of radiant energy for photosynthesis (Clarke
and Simpson, 1978; Bowren, 1980). At lower seeding rates,
the pods are distributed over a greater depth in the canopy
and light could have been rate limifing for photosynthesis
in the lower branches. With heavy stands, particularly under
drought conditions, competition between plants often results
in fewer and smaller pods concentrated on the upper part of
“ the plant. The number of racemes per plant had a direct
positive‘relationship with seed yield per plant (Degenhardt
and Kondra, 1981a; Clarke et al., 1978). Plants with more
racemes had higher yields.

It appears that more competition results in shorter
plants since plants in the higher seeding rates were
significantly shotter (Bowren, 1980; Degenhardt and Kondra,
1981a). Higher seeding rates in B. nabus are sometimégs used
to reduce straw length. Lodging was increased at high

seeding rates in B. napus c.v. Zephyr, B campestris c.v.

Span and Winter B. napug (Kondra, 1975; b:iliburd, 1974).
Increased seeding rate had no significant effect on
1000 seed weight 'in most studies (Degenhardt and Kondra,
1981a; Huhn and Schuster, 1975).. However, 1000 seed weight
tended to increase with increased seeding rate in both
drilled and broadcast material (Clarke et al., 1978).

Increased seed1ng rate had no s1gn1£1cant effect on

percent seed oil and percent meal protein (Ohlsson, 1971 and

¥
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1972; Kondéa, 1975; Degenhardt, 1979). The lowest seeding
fate resulted in slightly higher oil while the highest
Seeding rate tended to reduce oil content. In @. napus, high
seeding rates reduced seed oil conteng in widely spaced but
not narrowly spaced rows (Ohlsson, 1971 and 1972: Kondra,
1975). This indicates that oil content of the seeds is
insensitive to plant competition. \

Increased seeding rate resulted in a significant
decrease in days to last flower, seed for@ation period and
days to maturity of first pod but had no significant effect
on days to first flower and flowering period in B. napus
(Degenhdrdt znd Kondra, 1981b). Since time to first flowef
and last flower seem to act as good indicators of time to
maturity of first pod, ‘then one could hasten maturity by
incréasing seed rate. The time to various growth stages and
duration.of growth periods was not consistently correlated
with seed yield. (Campbell and Kondra, 1978; Degenhardt and
Kondra, 1984). ‘

Where weeds are controlled a higher ?eedlng rate (6 -
& kg/ha) with a narrow row spacing (12 cm) is recommended
for B. napus (Nordestaagard, 1979). Hence in plants, plastic
responses and degree of plant plastitity make seeding rates,

row width and plant spatial arrangements important

considerations in crop proéuction (Skoskopf, 1981).
a2

L 3N 7



3. MATERIALS AND METHODS

3.1 Plant Material

Plant material used were two genotypes of B. napus
Summer Type (Westar and 81-58412K), the latter being from
the University of Alberta rapeseed breeding program and two

genotypes of B. campestris Summer Type (Candle and Tobin).

N

3.2 Location .

The two tests were conducted at the University of
Alberta, Edmonton Research Station (53° 30'N. Latitude, 113°
32' W. Longitude) during the 1984 and 1985 summer season, on
a clay loam soil (solonetzic black soil type).

The test was severely hit by drought in both years
which led to a significant seed yield reduction in B. napus
which suffered moisture stress at anthesis. Precipitation
figures for 1984 was 46.1 mm in July and 23.0 mm in August
and in 1985 the precipitation for July was 38.2 mm and 76.0
mm in August compared to the long term average of 88,7 mm '

~and 77.9 mm respectively.

3.3 Study Treatments and Experimental Design

" The field plot design was ; 2x2x3 factorial in a
comg}etely randomized block design with four replicates. A
seﬁérate experiment was conducted for each species
~consisting of 2 genotypes, 2 row spacings and 3 seeding
rates. For B. campestrfs,;the seeding rates were 3,.6 and 9
kg/ha with row spacing of 11.5 cm éﬁd'zxgo cm while 8. napus
was seeded at 4, 8 and 12 kg/ha with the same spacing '

24
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/
between rows. Individual plots consisted of 8 rows, 7 metres
long. \

The linear model for these experiments can be expressed

£

as: .

Yijkl=“+ Bi + Vj + Sk*R1+(RS)k1*(RV)j1*(VS)jk*(RSV)jkl+E’.ijkl
where -

Y = Observed treatment mean .

u = The potential population mean

B = Replication effect (1)

V = Genotype (7) ‘

S = Row spacing (k)

R = Seeding rate (1) B

-

E = Random error

3.4 Seeding
| Seeds were treated with granular Furadan (Carbofuran)
for protection against flea beetles. Weeds were controlled
in this experiment by incorporation of granular Treflan
herbicideg at 0.5 kg/ha active ingredient in the fall of
1983 and 1984. Some.hand weeding was done brior‘to the
fourthhﬁrue leaf stage. Fertilizer was broadcast and worked
in the Spring of 1984 and 1985 at the recommended rate of
100 kg/ha 11-55-0. In 1984 ana 1985, plots were seeded on
May 18th“and May 3rd respectively. .
Plots were seeded with a Swift‘Chrfent power seeder,
four row belt cone type press drill with double disc
openers, which has packing wheels before and after the seed
is p%gced in the soil. The pre-packing results in better

N

depth control while the after-packing results in better soil
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seed contact for better germination. Row spacing of the
seeder was 23.0 cm. The 11.5 cm was accomplished by

.

overseeding.

3.5 Analysis of Variance (ANOVA)
The data were analysed as a three factor completely

randomized factorial. The model was of a fixed form.

Table 1. Analysis of variance
Source of variation Degrees of freedom
Blocks or replications{(B) 3

Genotype(V) 1.

Row spacing(S) ‘ 1

Seeding rate(R) 2
Vs 1
VR 2
SR 2
| VSR 2

Error®BV+BS+BVS+BR+BVR+BSR+BVSR 33

Student Newman Keuls, SNK, (P=0.05), was the
statistical method used to show differences among row
spacing, seeding rate and genotype means, Days to dlfferent
growth stages arnd growth petxods were not analysed on a
treatment comblnatxon bas1s by analysis of variance since. no
dxfferences between replicates were obgerved.

/

. -
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3.6 Seed Yield per 2m:*

The sample harvested frcm the two sqguare metre area was
alr dried in cotton bags after cutting, until two days prior
to threshing at which time they were put in forced air
driers at approximately 35°C for two days. The seed yield
-was d;termined from the total yield sample. Aﬂ Almaco Plot

Thresher, rub-bar type was used.

3.7 Number of Pods on the Main RaCeme X,

The number of pods was determined by countin:\all pods
on the main racemes from ten plants chosen at rangom from
each plot outside the area to be harvested for yield, the

same plants were used to obtain 3.8, 3.9, 3.10, 3.11, 3.12,

3.13 and 3.14,

3.8 Number of Secondary Racemes per Plant

-

The number of secondary racemes per plant was- /

.

. {
determined by counting all those racemes apart from}the main

raceme from ten plants chosen at random from each p‘ot. L

g | | \ o

N
A/
-

3.9 Number of Pods on Secondary Racemes per Plant &”‘_‘“\

This was determined by counting all pods on secoﬁ&qil’)

racemes from ten plants chosen at random from each plot.

3.10 Number of Pods per Plant

-~

The sum of pods on main raceme and those on secondary

racemes. ’ '
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#3.11 Number of Seeds per Pod
The number of seeds per pod was determine&d‘from:

)
i

Seed yield per plant X 1
No. of pods per plant weight /seed

No. of .seeds per pod =

3.12 Seed Yield per Plant
The seed yield per plant in grams was calculated from

the seed yield per plot and the plant density.
N .
3.13 Number of Racemes per 2m’
The number of racemes per plot was calculated from the

number of racemes per plant and the plant density,

3.14 Number of Racemes per Plant

~

The numbeg\bf racemes per plant was determined on five
plants of each of the center two rows directly behind tﬁ;*&&&

harvested area. A raceme had one or more pods.

3

. . (s
3.15 1000 Seed Weight '

A thousand seed weight in grams was calculated from

L ’ .
four sagg}es of 500 seeds for each plot. .

3.16 Plant Density )
L J ° X )
[ An-area of two square metres was staked out aler

12

gétmination.'ﬁll density observations were made within this

area. Plants were counted at one week after emergehce, three

‘weeks 'afgipr emergence and at first flower.



3.17 Plant Height
Plant height in centimetres was determined from two o
measurements within each'plot when the plants were at the

stage of maturity of first pod. -

-

»

3.18 Percent Seed 0Oil . N
The percent seed oil of the whole seed was obtained by
analysis of a 26.2 gram sample from each seed yield samplé

by a Newport, Nuclear Magnetic Resonance Analyser.

3.19 Percent Meal Protein ' -
The 26.2 gram sample used for oil analysis was ground

in a coffee grinder. A 0.5 gram was subsahpled for micro-

Kjeldahl method analysis using acid digestion and steam

distillation. The percent meal protein was calculated using

the percent o%l and the'percent protein of the seed.

Percent meal pratein = Percent seed protein x 100
100 - pertent seed oil

3.20 Days to First Flower B 3
Days from seeding to first flower was recorded whenmﬁs%
of the plants had at least three open flowers on the main‘

v
raceme.
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3.21 Days to Last Flower
Days from seeding to last flower was- recorded when 75%
of the plants appeared to have terminated flowering on the

main rackme.

3.22 Flowering Period '
This was calculated as the period from first flower to -
last flower on the main raceme.
3.23 Seed Formation Period
The seed formation period is the number of days from
first flower to maturity of first pod.
3.24 Number of Days to Maturity of First Pod
Days from seeding to maturity of the first pod was

recorded when the majority of the plants had all black seeds -

in the lowest pod of the main raceme.

-



4. RESULTS AND DISCUSSION

4.1 Analysis of Var;ance

Row spacing had a significant effect on seed yield per
plot and seed yield per plant for B. campestris but not 8.
napus in both yéars. However, B. napus showed a sign;ficant
row spacing effect for number of pods on the secondary
racemes in 1985 (Table 2). Row spacing significantly
affected the plant density for B. napus in 1984 but not
1985. The converse being true for B. campestris. Plant
density was significantly affected by seeding rate for both
species in both years. The genotype had a significant effect
on plant‘density for both speciés in 1985 but only for B.
napus in 1984,

~Generally both seeding rate and genotype had a

significant effect on seed yield per plant,.numbec of seeds
per pod, number of racemes per plant, nﬁmber of racemes per
plot, number of secondary racemes per p}ant and plant height
for both species in both years. Seeding rate significantly
-affected the number of pods per plant and number of pods on
main raceme for both species in both years. The percent seed ..
oil'was significantly affected Qniy by seeding rate in B. |
campestris in 1985. While the.genotype had a significant
effect on 1000 seed weight and percent se;d oil for B.
campestris in 1985 and 1984 respectively.

Most of the significant two way interactions in B.

Campeétris were between genotype and seeding rate for the

31
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number of pods on the main raceme, number of pods per plant,
seed yield per plant and plant height. Genotype x seeding
rate and row spacing x seeding rate interactions were
significant for seed yield per plant for B. napus in 1984.

Because only three of the three way interaction of
means were significant, the comparison of méans 1s

restricted to the two way means. The three way interaction

means are presented in appendices 1 and 2.
N
4.2 Seed Yield per 2m* ,/
For B. Campestrfs, the 11.5 cm row spacing yielded

significantly higher than the 23 cm row spacing in both
years (Table 3). Row spacing had no significant effect on
the seed yield of B. napus in both years (Table 4). The
former agrees with the results of Christensen and Drabble
(i984) while the latter conflicts. .

Seediné rate had no significant effect on the seed
yield of B. campestris in both years (Table 3). This agrees
with the results of Degenhardt and Kgﬁdra (1981a and~1981b),
Degenhardt (1979) and Kondra (1975) The lowest seeding rate
(4 kg/ha) produced significantly higher seed yields for B.
napds in f984 but there was no Significant effect in 1985,

Thereﬁwas no significant difference in the seed yield
of the two B. campestris genotypes (Tobin ahd Candle) in
1984 (Table 3). However, the seed yield of Tobin was
significantly higher in 1985, For B. nabus, Westar yielded

sigmificantly higher than 81-58412K in 1984 but there was no



’significant difference 1n 1985,
There was a significant genotype x row spacing
interaction for B. campestris in 1985 (Table 2). This
implies that the response to row spacing varies with the

genotype.

4.3 Number of Pods on the Main Raceme

Row spacing had no significant effect on the number of
pods developing on the main raceme for both species in both
years (TabTes 33-and 4). The lerst seeding rates, 3 kg/ha
and 4 kg/ha for B. Campesfris and B. napus respectively,
resulted in a significantly higher number of pods on the
main raggme in both years.

Tobin produced significantly more pods on the main
raceme for B. campestris in 1985, There was no significant
difference between the B. napus genotypes 1in bdth_years. The
»genotype x seeding rate interaction was significant for B.
campestris in 1984 (Table 2). This implies that the effect
of seeding rate on the number of pods developing on the main
raceme varies with genoctype.

‘ e
4.4 Number of Secondary Racemes per Plant

Row spacing had no significant.effect on the number of
secondary racemes per plant for both species in both years
(Tables 3, and 4). The lowest seeding rates, 3 kg/ha and 4
kg/ha for B. campestris and B: napus respectively, produced

significantly more racemes per plant in both years. This
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suggests that an increase in the space available to each
plant results in larger number of racemes. These results are
in agreement with the findings of Olsson (1960) and
Degenhardt and Kondra (1§81a).

Tobin and Westar produced significantly more secondary
racemes per plant on average for B. campestris and B. napus

respectively in both years.

4.5 NPmber of Pods on Secondary Racemés per Plant {

Row spacing h;d no significant effect on the number of
pods developing on the  secondary racemes in B. campestris
(Table 5) but had é significant effect in B. napus only in
1985 (Table 6) with the 23 cm row spacing producing more
pods on the secondary racemes per plant. The lowest seeding
rates, 3 kg/ha and 4 kg/ha, produced significantly more pods
on secondary racemes for B. campestris and-B. napus
respectively in both years (Tables 5 and 6). These low
seeding rates had corresponding high seed yields suggesting
that pod number has a large influence on seed yield. Pod
~number was dependent on plant density showing a decline with
1ncreas1ng seeding rate. #hese results ahree w1th those of
Allen and Morgan (1972) that the ab111ty of the oilseed rape
plant to supply a§51m1lates during flowering is important in
determining the numbef of pods formed. The pods and seeds on

the upper portion of the main raceme would be competing for

available assimilates with pods on the lower branches.

e
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Candle produced significantly more pods on the
secondary racemes for B. campestris in 1984 while Tobin
produced significantly more 1in 19?5.
| There was a significant genotype x seeding rate
interaction for B. campestris in 1985 (Table 2). This
indicates that the effect of seeding rate on number of pods

on secondary racemes varled with the genotype.

4.6 Number of Pods per Plant

Row spacing had no significant effect on the number of
pods per plant for both species i1n both years (Tables S and
6). More pods were produced in the low seeding rates, 3
kg/ha and 4 kg/ha for B. campestris and B. napus
respectively. Compensation for thin stands occurred via
increased number of pbds per plant. This resulteéain B.
campestris showing no significant difference in seed yield
in both years and in only one year for B. napus '

Tobin produced significantly more pods per plag} for B.
campestris in 1985 but there was no significant difference
in 1984 (stle 5). There was a significant genotype x
seeding rate interaction for B. campestris in both ?ears

" (Table 2). This implies that the effect of seeding rate on

number of pods per plant varied with the genotype.
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4.7 Number of Seeds per Pod

Row spacing had no significant effect on the number of
seeds per pod for both species in both years (Tables 5 and
6). The 4 kg/ha seeding rate produced significantly more
seeds per pod for B. napus. in both years while the 3 kg/ha
produced significantly more for B. campestris only in 1984.
(CBmpensation for the low plant density due to low seeding
rates occurred through increased number of seeds per pod for
both species in both years.

ToSin and Westar produced siénificantly more seeds per
pod for B. campestris and B. napus respectively in both

years. p

4.8 Seed Yield per Plant

Seed yield per plant varied significantly between row
spacings for B. campesiris in both years but there was no
clear pattern (Table 7). There was a significant effect of
seedin§ rate on seed yield per plant for both species in
both years with the lowest seeding rates, 3 kg/ha and 4
kg/ha, producing the highest seed yield per plant for B.
iiieestris and B. napus respectively (Tables 7 and 8). These
fééults agree with those of Degenhardt and Kondra (1981a).

Westar had a significantly higher seed yield per plant
in both years for B.yrapus (Table 8) while Tobin produced a '
significantly higH€:>:eed yield per planf for B. éampestris

only in 1985 (Table 7).
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4.9 Number of Racemes per 2m’

Rd\\fpacing had no significant effect on the number of
racemes per plot for both species 1n both years (Tables 7
and 8). The highest seeding rates, 9 kg/ha and 12 kg/ha,
préduced significantly more racemes per plot for 8.
campestris and B. napus respectively 1n both years. This
agrees with the results of Degenharat and Kondra (1981a).
The 1ncrease 1n the number of racemes per plot was probably
due to a corresponding 1ncrease in plant density.

Candle and 81-58412K produced significantly more
racemes bgr plot for B. campestris and B. napus respectively

in both years.

4.10 Number of Racemes per Plan;m

Row spacing had no signific;nt effect on the number of
racemes per plant for both species in both yea.s (Tables 7
and B8). The lowest seeding rates resulted in'significanﬁiy
more racemes per plant for both species in both years. These

results agree with those of Degenhardt and Kondra (19841a).

Westar produceq'significantly more racemes per plant
for B. napus in both years (Table 8). The number of racemes
per plant varied significantly between genotypes of B.

campestris but -there was no clear pattern (Table 7).
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4.11 1000 Seed Weight

Seeding rate had a significant but variable effect. on
the 1000 seed weight for both species'in both years (Tables
11 and 12). Tobin produced significantly heavier seeds than

K

Candle for B. campestris in both years (Table 11). The ,//
strong genotypic effect on 1000 seed weight (Table 2) agrees
with the resulaﬁ of Degenhardt and Kondra (198ta). Seeds of
81-5 8412K wegéﬂigaﬁxfxcantly heavier than Westar for B.
napus in 1985 but mot in 1984 (Tables 12).. This component
was not much influenced by many of the treatments applied
hencte selection for seed size would be effective. High seed
ylelds were associated with heavier seeds while low seed
ylelds were associated with lighter seeds. This is in
agreement with the results of Kondra (1975b and 1977a) and
C}arke (1978b). Overall, B. napus genotypes had bigger seed

size than B. campestris genotypes.

4.12 Plant Density per 2m?

The 11.5 cm row spacing resulted in a significantly
higher plant density at one and three weeks after emetgénce;
and at first flower in 1985 but was significantly lower in
1984 for B. campestris (Tables 9 and 10). Whereas the 23 cm

-row spacing ;esulted in:a signif@canly higher plant density~
at one and three-weeks after emergence, and at first flover
fo; B. napus in 1984 but was lower in 1585. Plant density

was significantly higher with each increase in seedimg rate

for both species in both years. Since the lower plant
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density had a significantly higher seed yield for B. napus
in 1984, then these results agree with Donald (1963) that
density dependent mortality did not reduce plant population
to a level giving the maximum seed yields.
-

4.13 Plant Height

Row spacing had no sigﬁificant effect on plant hghght
for both species in both years (Tables 11 and 12). The
highest seeding rate (12 kg/ha) resulted in'significantiy
shorter planté in B. napus in 1985. This 1is in agreement
with the results of Degenhardt and Kondra (1981b). The
presence of competing neighbors in the higher seeding rate
reduces plant height. B

Candle was significantly taller than Tobin for B.
CampéStPfS in 1984 (Table 11) while Westar was significantly
taller than 81-58412K for B. napus in both years (Table 12}.
The genotype x seeding rate interaction was signif;cant for
B. campestris only in 1985 f;dicating that seeding rate had

a variable effect on B. campestris genotypes with respect to
. -

.
e

plant height.

ERR—

et

.i.14 Percent Seed 0il

'Ro; spacing had no significant effect on oil conteﬁt
‘for both species in both years {(Table 13 and 14). B.
campestris produced sighifieantly high oil content in the-3

kg/ha seeding rate in 1985 (Table 13).
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Tob:n produced significantly higher oil content for B.
campestris in both years while Westar produced significantly
higher o1l content for B. napus in 1984 but not in 1985
(Tables 13 and 14). These variable results agree with Olsson
(1960) that although the o0il content of the seed is modified
by weather during ripening, plant nutrition and degree cf
ripening, 1t 1is less variable than seed yield and yield

;
components.

éi.15 Percent Meal Protein
Row spacing and seeding rate had no signf??kanL effect

on percent meal protein for both species in both years
(Tables 13 and 14). Tobin had a significantly hiéher méal
protein in 1985 for B. campestris while 81-58412K had a
significantly higher meal protein for B. napus in 1985. The
genotypes that had a lower percentage seed oil had a
corresponding higher meal protein. Although this
relationship is likely to restriég»simultaneous selection .
for both percent seed oil and pefcent meal protein,rGrami

-and Stefan son (1977) have shown that ﬁheée characters are%
under additive gene action and that standard plant breeding
procedures, e.g. recurrent selection, are likely to increase

- percent protein and percent oil either independently or

¥ together.

Lo,

o
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4.16 Days to First Flower
S A
Means for row spacing, seeding rate and genotype did
not show much variati’3 (Tables '5 and 16) for both species

in both years.

4.17 Days to Last Flower

Means for row spacing, seeding rate and genotype did
not show much variation (Tables 15 and 16). All genotypes
terminated flowering early in both years. This could have
been due to moisture stress/at anthesis which led to early

flower senescence.

4.18 Flowering Period
Means for row spacing, seeding rate and genotypes did
not show much variation (Tables 15 and 16). This period took

about two weeks in both species increasing to three weeks

for B. campestris genotypes }ﬁ the second year.

'4.15 Seed Formation Period

Means for row spacing, seeding rate and genotype did
not show much variation for the seed formation period
%Tables 17 and 18). Apart from B. campéstri$ in 1985, this

period was of two weeks duration.



4.20 Time to Maturity of First P?d . -
ﬂeaﬁs for row spacing, seeding raté and genotype did
not show much variation (Tables 17 and 18). The data
indicates that the time tQ maturity of first pod was nine
days longer in the seeond year for B. napus genotypes -
whereas it was .only two day? longer for the B. campestris

genotypes.

42
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5. CONCLUSIONS AND RECOMMENDATIONS

The 11.5 cm row spacihg was superior to.the 23 cm row
spacing for B. campestris since it produced a higher seed
yield per plot and per plant. The lack of advantage for the
narrow row spacing in B. napus may have been due to the
drought conditions which severely reduced seeé)yield 1in this
species.It appears that B. campestris would benefit frém
narrow row spacing in terms of seed yield. Researchers
should further evaluate the merits of narrow row spacing in
both species in other environdents. It could be recommended
to producers on tg}al basis sinée the same conclusion is"
supported gy Christensen and D;abble (1984).

The lowest seeding rate producéd the highest seed yield
in both species, and doubling seeding rate from 3 to 6 kg/ha
and 4 to 8 kg/ha reduced seed yield by about 4% and 9% for
' B. campestris and B. napus respectively.‘However, the higher
seeding rate may be required where stanq.egtablishment and
weeds érera problem. The 3 kg/ha and 4 kg/ha could be used
in areas where environmental conditions are favorable and
stand establishment is not a problem. Plants tended to be
shorter at higher plant densities therefore, the possibility
of reducing straw. length using higher plant densities should
be looked into. The farmers have to strike a balance in this’
case because there is a risk of increased lodging at higher
plant densities. -

Tests should be conducEéd,fE’detérmine the advahtages
of broadcast seeding over drilled seeding; and the hoétk»

\

\\\
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suitable seeding rate in either case. Broadcast seeding
should result 1in é better distripution of plants than
drilling in rows 1if uniform stand establishment can be
achieved. The significant two way interactions between
genotype and se=ding rate, row spacing and seeding rate
emphasize the need to test new genotypes for the most
appropriate row spacing and seeding rate in a particular

environment.

This study supports that of Degenhafdt nd Kondra

(1981a) that plant density or the number of Jrbcemes per unit

|

Pt
area are not major factors determining seedﬁy\eld per unit

area, hence more studies should be done on gEgLal ped
number, seed_humber per pod and seed size as the three
imporﬁant components of seed yield. Plant breeders should
select plants with many pods with the hope that increased

productivity will be achieved.



Table 2. A suomary of the factorial analysis
of variance for all the variables.

1984 1985

Variables Species B v R % B VvV R s
Seed yield B. campestrls . - - o . . - .
per 2m?* 8. napus - se o - - - - -
No.oft pods B. campestris - - +4 - - e ee -
on main rac. B. napus S - e - - - e -
NG .of sec. 8. campestris - te oo - - . *e -
rac./plant 8 napus - . o e - - s oo -
No. ot pods 8. campestr's - - es - - se e -
on sec. rac. 8 napus - - e - - - *s o
/ plant
No.of pods 8. campestris - - . - - ee se -
/plant 8. napus -~ - ee - - - e -
No.of seeds B. campestris - s es - - ee se -
/pod 8. napus - ee.ee - - s ee -
Seed yield B. campestris - - e se - es es o
/plent 8 napus » es o - - s -
No.of rac. B. campestris - s se - *s e 0 -
/2m*® 8 napus - s oo - - s o0 -
No. of rac. B. campestris - ss se - ~ e es -
/Plaﬂt 8. napus - . s - - s se -
1000 seed B. campestris - «¢ - - - e - -
wveight 8. napus - - - - - ee - -
Plant dens. g, campestris - - 44 . "o se se e
1 veek 8. napers - 28 82 oo - o8 o9 -
Plant dens. &. campestris - - 4, . - se se e
3 veeks 8. napus T %0 se se - ee se -
Plant dens. 3. campestris - - 4, .° s es e os
first flo. B. napus - s% se s ~ se ee
Alant B. campestris - 44 - . e - . .
‘t;nqht 8. napus <. ws es - * e op -
¥ Seed 0il g, Canpestris ss s - . * ee se -

8. napus e - o . - -
;f:::: 8. campestris se - - - - ee - .

n 8 .
8. napus - .- - o el

B, V, R, 5 .

Treatments

. . . Tl
Replncat;on, Genotype, Seedin
Bow spacgng respectively,

Not Significant, Signiticant at” 5x, and
Significant at 1y respectijvely, '

9 rate, and
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Table 2 cont. A summary of the factorial analysis

of variance for all variables.

Variables

Seed yield
/2 m®

No.of pods

on main rac.

No. of sec.
rac./plant

L]
No. of pods
on sec.rac.

No. of
/plant

pods
No.of seeds
/pod

Seed yield
/plant

No. of rac.
/2 m’

No. of rac.
/plant

1000 seed
veight

Plant dens.
1 veek

Plant dens,
. 3 veeks

Plant dens.

at tirst tlo,

Plant
height

X Seed
oil

X Meal
protein

o2 o ow

Species

L ®®

@ W

22 o v 2o ©o ow

8.

campestris
napus

campestrils
napus

campestris
napus

campestris
napus

campestris
napus

campestris
napus

campestrl|s
napys

campestrls
napus

cémpestrls
napus
campestris
napus

campestris
napus

1

Vs

campestris -

napus
campestris

8. napus

o ®

om om

.

campestrlis
napus

campestrls
napus

campestrl!s
napus

Interactions

984

VR

SR

VSR VS

ts -

1985

VR SR

VSR
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Table 3. Effects of row spacing, seeding rate and genotype
on seed yield per 2m?, number of pods on the main raceme
and number of secondary racemes per plant for B.

campestris

Seed No. of No. of
yileld pods on sec.rac.
per 2m? main rac. w per
per plant plant
1984 1985 1984 1985 1984 1985
Row spacing 11.5 632b 468b 49a 41a 3.8a 7.1a
(cm) (S) 23.0 558a 424a 48a la 3.7a 8.0a
Seeding rate 3 618a 4¢61a 52b 45b 4.3b 9.2b
(kg/ha? (R} . 6 590a 441a 46a 39%a 3.6a 6.9a
9 576a 436a 46a 39a 3.4a 6.6a
Genotype Candle 587a 427a 48Ba 39%a 4.1a 6.8a
(v) Tobin 603a 465b 48a 43b 3.4a 8.3b
SxR 11.5 3 667b 481a 52b 44b 4.3b 8.3ab
6 622b 461a 47¢c 40a 3.7b 6.9%a
9 606ab 461a 48bc 39a 3.5a 6.1a
23.0 3 - 570a 441a 52b 45b 4.3b 10.1b
6 558a 420a 46a 38a 3.6a 6.8a
9 547a 412a 45a 39a 3.3a 7.2a
VxS Candle 11.5 623b 431a 50a 38a 4.2b 6.4a
23.0 551a 423a 57a 40ab 4.1b 7.2ab
Tobin 11.5 640b 504b 48a 44c 3.4a 7.8ab
23.0 566a 426a 48a 42bc 3.4a 8.8b
VxR Candle 3 605a 458a 54a 42b 4.8d 7.9a
. 6 .581a 416a 44c 37a 3.9b 6.2a
9 575a 407a 46bc 37a 3.7bc 6.1a
Tobin 3 631a 465a 50ab 47c¢ 3.8bc 10.4Db
6 600a 465a 48bc 40ab 3.3ag 7.5a
9 578a 466a 46bc 41ab 3.1a 7.1a

a - d groupings within a column, means followed by the same
letter do not differ significantly (SNK P = 0.05)
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Table 4. Effects of row spacing, seeding rate and gehotype
on seed yield per 2m?, number of pods on the main raceme .
per plant and number of secondary racemes per plant for

B. napus

Seed No. of No. of
yield pods on sec.rac.
per 2m? main rac. per

per plant plant
1984 1985 1984 1885 1984 1985

Row spacing 11.5 519a 526a 34a 3la 3.7a 4.8a
(cm) (S) 23.0 523a 505a 343 33a 3.6a 5.0a
Seeding rates & 568b 539a 38c 37b 4.2c 6.0b
{kg/ha) (R) 8 500a 500a 34b 31a 3.6b 4.6a
12 495a 507a 30a 29%a 3.1a 4.1a

Genotypes Westar 581b 527a 33a 33a 3.8b 5.3b
(v) 81-58412K 462a 504a 35a 31a 3.4a 4.5a
SxR 11.5 4 575b 558a 38a 36b 4.2c 6.0b
8 512ab 480a 34ab 30a 3.7ac  4.5a

12 471a 540a 30b 29a 3.2a 4.0a

23.0 4 562b 520a 38a 37b 4.1c 6.0b

8 489a 520a 34ab 31a 3.5%5ab 4.7a

12, 519ab 475a 30b 29a 3.0a 4.3a

. VxS Westar 11.5 586b 538a 33a 32a 3.9%a 5.4b
23.0 576b 516a 33a - 33a 3.7a 5.2b

81-584 12K 11.5 452a 514a 35a 30a 3.4a 4.2b
23.0 471a 494a 35a 32a 3.4a 4.9ab

- VXR Westar 4 616¢C 533a 37ab 37b 4.5b 6.6cC
8 544b 553a 33bcd 31a 3.8b 4.8ab
12 582bc 495a 29d 29a 3.2ab o'.5ab

81-58412K 4 521b 545a 39a 35b 3.8b 5.5b

8 456a 447a 35abc  30a 3.4ab 4.3a

12 408a - 520a 31cd 29a 3.0a 3.8a

@ - d groupings within a column, means followed by the
same letter do not differ-.significantly (SNK P = 0.05).



Table 5. Effects of row spacing,

on number ¢of pods per plant,

number of pods on secondary racemes per plant for

campestris

B.
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seeding rate and genotype
number of seeds per pod and

No.of pods No.of No.of pods
per plant seeds per on sec.rac.
pod per plant

1984 1985 1984 1985 1984 1985

Row spacing 11.5 155.%a 112.8a 6.3a 7.3a 110a 72a

(cm) (S) 23.0 152.2a 120.5a 5.5%a 7.9a 104a 80a

Seeding rate 3 197.0b 149.6b 7.8b B.9a 149b 105b
(kg/ha) (R) 6 140.9a 102.1a 5.5%a 8.2a 95a 63—

- 9 124.1a 98.2a 4.5a 5.7a l 78a 32a

Genotype Candle 162.4a 97.0a 5.%a 5.9a 117b  b%8a

(3{\ Tobin 145.6a 136.3b 6.4b 9.3b 97a 93b

S x R 11.5 3 189.7b 138.5b 8.4c 8.8b 147b 94b

6 150.4a 101.5a 5.9ab. 7.7ab 104a 62a

9 127 .5a 98.4a 4.6a 5.4a 80a 59a

23.0 3 204.3b 160.7b 7.1bc 8.9b 152b 115b

6 131.5a 102.7a 5.1a 8.7b 85a 65a

9 120.7a 98. 1a 4.4a 6.0ab 76a 5%a

V x § Candle 11.5 169.8a 92.6a 5.3a 5.4a 126a S4a

23.0 155.0a 101.4a 5.6a 6.3a 108a 62a

Tobin 11,5 142,0a 133.0b 7.3b 9.2b 94a 89b

23.0 149.3a 139.5b 5.4a 9.4b 101a 98b

V x R Candle 3 224.7b 113.4a 6.7ab 7.8b 180b 71a

6 136.2a 93.1a 5.4ab 5.7ab 92a  56a

9 126.3a 84.7a 4.3a 4.2a 80a 47a

Tobin 3 169.3a 185.9b 8.8¢c 10.0c 119a 139b

6 145.6a 111.1a 5.5ab 10.7c 897a° 71a

9 111.8a 4.8ab 7.2b 76a 71a

122.0a

a-c groupings within a column, means followed by the same
(SNK P=0.05

letter do not differ significantly
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Table 6. Effects of row spacing,
on number of pods per plant,

number of pods on secondary racemes per plant for B.

50-

seeding rate and gemptype
number of seeds per pod and

same letter do not significantly different (SNK

napus
No.of No.oft No.of
pods seeds pods on
per per sec.rac.
plant peod per plant
1984 1985 1984 1985 1984 1985
Row spacing 11.5 77.6a 72.7a 8.9a 7.0a 44a 40a
(cm) (S) 23.0 78.0a 84.7a 6.4a 6.4a 51b S5S1b
Seeding rate 4 100.7c 82.8b 12.2b 8.5b 62c 70b
kg/ha (R) 8 77.6b 87.2b 7.8a 6.3a 44b 38a
12 55.2a 66.0a 7.la 5.2a 25a 29%a
(
Genotype Westar 75.0a 83.0a 117.4b 7.7b 42a 49a
(v) B1-58412k \ 80.6a 74 .3a 6.7a 5.6a 46a 43a
S x R 11.5 4 104 . 2c 83.1ab 11.,1b 8.9c 66a . 66¢
8 75.2ab 77.3ab 8.2a 6.3ab 41bc 32ab
12 53.5a 57.5a 7.3a 5.7a 24c 23a
23.0 4 97. 1bc 82.6ab 13.3b 8.1bc 59ab 74c
8 80.0abc 97.1b 7.3a 6.3ab 46abc 45b
12 56..9a 74 .5ab 6.92 4.8a 27¢ 35ab
V x S Westar 11.5 77.6a 78.4a 11.0b 7377b 45a 46ab
23.0 72.4a 87.6a 11.7b 7.8b 3%a 52b
81-58412k 11.5 77¢7a 66.9a ~6h7a 6.3ab 42a 35a
23.0 83.6a B1.8Ba 6.6a '4.9a 49a 50b
V x R Westar 4  102.8¢c 92.8a  14.3c 9.5¢ 66a  76¢C
8 72.3ab 86.2a 9.9b 7.9c 39bcd 40a
12 49.9a - 70.1a 9.9b 5.8ab 21d 31a
81-58412k 4 98.5¢ 72.9%a 10.1b 7.5bc 59ab .64b
8 82.9bc 88.2a 5.7a - 4.6a 48abc 36a
12 60.5ab 61.9a 4.2a 4.7a 30cd 27a -
a-d grouping within a column, means followed by the
P=0.05)
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Table 7. Effects of row spacing, seeding rate and genotype
on number of racemes per plant, number of racemes per 2m?
and seed yield per plant for B. campestris

No.of rac. No.of rac. Seed yield

per plant per 2m* per plant(g)
1984 1985 1984 1985 1984 1985

) )

Row Spacing 11.5 4 .8Ba 8.1a 311a 572a 2.8b 2.1a
(cm) (S) 23.0 4.7a 9.0a 312a‘ 500a 2.5a 2.3b
Seeding rate 3 5.3b 10.2b 201a 434a 4.1c 3.2c
kg/ha R) 6 4.6b 7.9a 321b 47 3a 2.2b 2.1b
9 4.4a 7.6a 412c 700b 1.6a 1.4a
Genotype Candle 5.2b 7.8a 343b 682b 2.6a 1.3a
(v) Tobin 4.4a 9.3b 281a 389a 2.7a 3.0b
SxR 11.5 3 5.3b 9.3ab 212a 461a 4.2d  3.0c
6 4.7a 8.0a 301b 547ab 2.4c 1.9b
9 4.5a 7.1a 421c 707b 1.6ab 1.3a
23.0 3 5.3b 11.1b 191a 407a 4.0d 3.4c¢
6 4.6a 7.8a 341b 3993 1.9b 2.2b
9 4.3a 8.2a 404c 692b 1.5a 1.4a
vxS Candle 11.5 65.2b 7.4a 354b 718b 2.6a 1.2a
23.0 5.1b 8.2ab 332b 645b 2.6a 1.5b

Tobin 11.5 4.4a 8.8ab 269a 4243 3.0b 3.0c .
23.0 4.4a 9.8b 293a 354a 2.4a 3.1c
VxR Candle 3 5.8d 8.9a 216a 5694 4.1c 2.0c
6 5.0c 7.2a 349c 5914 2.1b 1.2b
9 4.7bc 7.2a 463d 886e 1.5a 0.8a
Tobin 3 4.8bc 11.4b 187a 300a 4.1c 4.4e
6 4.3ab 8.5a 293b 354b 2.2b 2.8d
! 9 4.la 8.1a 362c 513 1.7a 1.9¢

; LY
a-d groupings within a column, means followed by the same
letter do not differ significantly (SNK P=0.05)

[od



Table 8. Effec-s of row spacing,
on number of rocemes per plant, number of racemes per 2m?

seeding rate and genotype

and seed yield per plant for B. napus
No. of rac. No. of rac. Seed y1¢ld
per plant per 2m? per plant(g)
1984 1985 1984 1985 1984 1985
Row spacing 11.5 4.7a 5.8a 322a 387a 2.2a 2.3a
4fcm) (S) .0 4.6a 6.0a 353a 370a 2.2a 2.5a
Seeding rate 4 5.2c 7.1b 199a 249a 3.8¢c 3.9c
kg/ha (R) 8 4.6b 5.6a 343b 386b 1.8b 1.9b
12 4.1a 5.2a 471c  500c 1.2a 1.3a
Genotype Westar 4.8b 6.3b 292a 338a 2.8b 2.8b
(v) 81-58412k 4.4a 5.6a 383b 418b 1.72 2.0a
SxR 11.5 q 5.2c 7.1b 212a 261a 3.6e 3.8c¢
8 4.7bc 5.5a 324b 392b 1.9d 1.7ab
12 4. 2a 5.0a 430c 508c 1.2b 1.3a
23.0 4 5.1c . 7.1b 186a 237a 3.9¢f 3.9
8 4.6abc 5.7a 362b 380b 1.6¢c 2.1b
12 4.0a 5.3a 511d 492c 1.1%a 1.4a
VxS Westar 11.5 5.0b 6.4b 29%a 373b 2.7b 2.6b
23.0 4.7ab 6.2b 284a 304a 2.8¢c 2.9
81-58412k 11.5 4.4a 5.2a 345b 401Db 1.7a 2.0a
23.0 4.4a 5.9ab 421c 436b 1.7a 2.0a
4 » b.
VXR Westar 4 5.5c 7.6¢C 190a 238a 4.5f 4.34d
8 4.8b 5.8ab 300b 340b 2.2d 2.5b
A12 4.2ab 5.5ab 385¢c 438c¢ 1.6¢c 1.6a
81-58412k 4 4.8b 6.5b 208a 260a 3.0e 3.4c
. 8 4.5ab 5.4a 385c 433c 1.4b 1.4a
- - 12 4.0a 4.8a 556d 5624 0.8a 1.1a

T

a-f groupings within a column ,means followed by the
same letter do not differ significantly (SNK P=0.05)

.
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Table 9. Effects of row spacing, seeding rate and genotype
on plant density at one week after emergence, three weeks
after emergence and at first flower for B. campestris

Plant Plant
density density
3 weeks first flower

emergence .
1984 1985 1984 1985

Row spacing 11.5
(cm) (S) 23.0

Seeding rate
kg/ha (R)

Vol e QW)

Genotype Candle
(v) Tobin

SxR 11.5

oo wm OO WO W

23.0

VxS Candle 1
2

Tobin 1

2

VxR Candle

-t

rébTn

WOHhWOoO W

Plant
density

1 week
emergence
1984 1985
256a 289b
273a 234a
i51a 170a
272b 240Db
371¢c . 373c
273a 351b
256a 171a
‘155a 188%ab
246b 277c
366c 399e
146a 151a
298b 204b
376c 346d
270a 3884
276a=~x314c
241a 189b
270a 153a
146a 232c
278b 3284
3%4c 393e
155a 108a
265b 152b
2474 252c¢

262a 316b 263a 303b
27%a 247a 273a 238a

15ta "176a 153a 175a
277b 259b 277b 253b
378c  409c 374c 383c

275a 382bk 276a  365b
263a 180a 26la  175a

156a 196a 159ac 200a
251b 295%b 25%7a 290b
279¢ 4574 373b 4174
147a 156a 147c 149a
303 222a 298ac 215a
376c  362c 375b 349c

+ 275a  430c 277a 407c¢

274a 335b 274a 323b
249a 202a  249a  198a
277a 158a  273a 152a

146a 241ic 148a 243c
283b 3474 282b 3394
295¢ 560e  397¢ 513e
156a 111a 158a 106a
272b 170b  273b 167b
361c  259c 3524  253c

a-d grbupings within a column, means followed by the
same letter do not differ significantly (SNK P=0.05)
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Table10. Effects of row spacing, seeding rates and genotype
on plant density at one week after emergence, three weeks ™~
after emergence and at first flower for B. napus

Plant Plant Plant

density density density
1 week 3 weeks first
emergence emergence flower

1984 1985 1984 1985 1984 1985

Row spacing 11.5 287a 257a 287a 280a 2B5a 284a
(cm) (S) 23.0 332b  242a 334b  257a 324b 260a
Seeding rate 4 151a 136a 156a 144a 156a 143a
kg/ha (R) 8 307b 260b 310b 278b 298b 278b
12 469¢c 352c¢ 470c 383c 460c 395¢c

Genotype Westar 256a 205a 26la 220a 254a 226a
(v) 81-58412k 262b 294b 363b 317b 356b 317b
SxR 11.5 4 153a 144a 162a 152a 164a 150a
8 278b 264b 282b 286b 276b 288b

12 429c 364c 428c 402c 413c 413c

23.0 4 148a 129a 15ta 135%a 147a 136a

8 3364 257b 339d 271b 3204 - 268b

12 509e 340c 511e 365¢c 506e 376c

5 2473 —226a 254a 243b 248a 247Db
0 265a 184a 268a 196a 259a 205a
5 326b 288D 328b 317c¢c 321b 32ic
0 398b 300b 399¢ 318c 390c 315¢c

VxS Westar

1

23
81-58412k 11.
. 23

127a 118a 136a 126a.’137a 124a

VxR Westar 4
8 261b 222b 267b 225b 250b 232b
. 12 380c 276bc 308c 273c 323c
- 81-58412k 4 1744 154a 162a 1744 162a
: _ 8 354c 299c , 332c  346¢c 324c
12 560e 4294 560e 4594 546e 4674

a-e groupings within a column, means followed by the
same letter do not differ significantly (SNK P=0.05)

~—
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Table 11. Effects of row spacing, seeding rate and
genotype on plant height and 1000 Yeed weight for
B. campestris '

Pilant 1000
height seed
(cm welght (g)
4 1984 1985 . 1984 1985
Row spacing 117.5 ° 104.9%a 98.7a 2.882a "2.397a
(cm) (S) 23.0 104 .6a 97.4a 2.865a 2.422a
Seeding rate 3 105.8a 99. 2a 2.871a 2.409b
kg/ha (R) 6 104 .2a 99. 3a 2.877c 2.432c7
9 104 . 3a 95.7a 2.872b 2.387a
Genotype Candle 106 .8b 98.4a 2.85%7a 2.343a
(V) Tobin 102.7a 97.8a 2.890b 2.476b
SxR 11.5 3 104 .9a 99.6a 2.891¢ 2.4074
6 105. 2a 101.4a 2.885e 2.887b
9 104.7a 95. 2a 2.870c 2.397c
23.0 3 106.8a 98.9a 2.952a 2.41e
6 103.2a 97.2a 2.869b 2.477¢
g 103.8a 96.2a 2.8754 2.377a
Vx5 Candle 11.5 106.6b 99, 2a 2.875b 2.325a
.- : 23.0 107.0b 97.6a 2.847a 2.361b
Tobin 11.5 103.2a 98.2a 2.897d 2.470c
23.0 102.2a - 97.3a 2.883c 2.4824d
VxR Candle 3 108. 34 102.4b 2.869c 2.365c
. 6 106.3cd 99.0ab 2.861b 2.347b °
9 105.8bcd 93.9a 2.8482%a 2.317a,
Tobin 3 103.4abc 96.1ab 2.8744d 2.4544
6 102.0a 99.6ab’ 2.893e 2.517¢
9 102.7ab 97.6ab 2.903f 2.457e

a-f groupings within a column, means followed by the
same letter do not differ significantly (SNK P=0.05) .



Table 12. Effects of row spacing, seeding rate and
genotype on plant height and 1000 seed weight for

napus ’
Plant 1000
hei?ht : seed
(cm - weight(g)
1984 1985 1984 1985

"~ Row spacing 11.5 903.7a 103.3a 3;219a 4.49%a
(cm) (8S) 23.0 - 102.3a " 102.6a 3.194a 4.454a
Seeding rate 4 104.2b‘105.8b 3.274c  4.397a
kg/ha " {(R) 8 103.5b  102.6a 3.178b  4.468b
12 101.2a 100.4a 3.167a  4.556¢
Genotype ‘Westar _ 107.8b  108.9b 3.252a  4.350a
(V) 81-58412k 98.1a 97.0a 3.16%a  4.462b
SxR 11.5 4 103.8b  105.6b 3.238e  4.462b
8 104.6b  103.6ab 3.179d  4.462b
12 102.7ab 100.7ab 3.165a 4.556d
23.0 4 104.6b 106.0b 3.311f  4.331a
8 102.4ab 101,6ab 3.178c  4.474c
12. 99.8a 100.1a 3.168b  4.556d
VXS  Westar) 11.5 - 108.7b  109.7b 3.207c  4.337a
' 23.0 107.1b  108.1b 3.297d  4.362b
B1-58412k “11.5 98.7a.  96.9a 3.181b  4.6504"
23.0  97.5a°  97.1a 3.141a  4.546¢
_'vin Westar 4 , 108.3¢c 111, 1¢c 3.362f 4.219a
, 8 108.6c  109.0c 3.181c ' 4.374b
: - 12 106.7¢  106.6¢c . . 3.212e  4,456¢
81-584 12k 4 100.1b  100.5b 3.186d: _4.575e
. 8  98.4aB 96.2a 3.176b -.4.562d
12 95.8a 94.2a °  3.121a. 4.656f

‘a-f groupings within golumns, means followed‘by the
same letter do not differ significantly (SNK P=0,05)
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Table 13,

Effects of row spacing,

seeding rate.and
genotype on percent seed oil and percent meal protein
for B. campestris

()
% Seed o1l % Meal protein
1984 1985 1984 1985
Row spacing 11.5 43, 3a 47 .9%a 48.2a 51.0a
{(cm) (S) .0 43, 6a 48 .0a 48.5a 51.1a
Seeding rate 3 43.6a 48 .3b 48.1a 50.8a
kg/ha (R) 6 43.5a 47 .8a 48.6a 51.0a
g 43, 3a 47 .7a 48.4a 51.2a
Genotype Candle' 43.1a 47 .4a 48.4a 51.2a
(V) Tobin 43.8b 48 .5b 48 .3a 51.4b
SxR 11.5 3 43.6a 48.3d 48.1a 50.9a
6 43.3a 47 .7ab 48.5a 51.0a
9 43.1a 47.5a 48.0a 51.0a
23,0 3 43.7a 48.2cd 48. 50.8a
6 43.6a 48 .0bc 48.7a 51.1a
9 43.5a 47 .8ab 48.7a 51.3a
VXS Candle 11.5 43.0a 47 .2a 48.2a 51.4b
23.0 43.3ab 47 .6b 48.6a 51.4b
.Tobin 11.5 43.,7bc 48.5c 48.2a 50.5a:
23.0 43.9c 48.4c 48.4a 50.8a.
VxR Candle 3 43,2ab 47.8b 48.3a 51.3bc
6 43.1b 47.3a 48.4a 51.2bc
y 9 43.0b 47.1a 48.5a. 51.6c
Tobin 3 44.,0a 48.8d 48.0a 50.3a
6 43.8ab 48.4c 48.7a 50.8ab
9 43.6ab 48.3c 48 .2a 50.8ab

a-c group1ngs within a column, means followed by the
'same letter do not differ significantly (SNK P=

b

0.05)



Table

14. Effects of row spacing, seeding rate and

genotype on percent seed o0il and percent meal protein

for B. napus

% Meal protein

% Seed o1l
1984 1985 T 1984 1985
Row spacing 11.5 41,92 49.7a 52.9%a 57.0a
(cm) (s) 23.0 41.9a 50.1a 52.5a 56.0a
Seeding rate 4 42, 3a 50.4a 52.5a 56.1a
kg/ha (R) 8 41.7a 50.0a 52.7a 56.4a
12 41.8a 49.5a 53.0a 56.9a
Genotype Westar 42.9%a 50.0a 52.5a 55.0a
(v) 81-58412k 40.9b 49.8a 53.0a 57.9b
SxR 11.5 4 42.6a 50.2a 53.1a 56.2%a
8 41.4a 49.4a 52.5a _ 56.6a
12 41.8a 49.7a 53.1a 58.0a
23.0 4 42.0a 50.5a 51.8a 55.8a
8 41.9a 50.6a 52.8a 56.3a
12 41.8a 49.3a 52.9a 55.7a
L J
VxS Westar 11.5 42.7b 49,.6a 52.5a 55.3a
23.0 43.1b 50.5a 52.4a 54.7a
81-584 12k 11.5 41.2a 49.9a 53:3a 58.6b
23.0 40.7a 49.8a 52.6a 57.2ab
VXR °~ Westar q 43.5b 50.4a 52.3a 54.6a
8 42.6b 50.2a 52.4a 55. 1a
. 12 42.6b 49.6a 52.6a 55.3a
81-58412k 4 41.1a '50.3a 52.6a 57.5a
8 40.8a 49,8a 52,9a 57.7a:
12 41.9a 49.4a 53.4a 58.4a

va -
a-b groupings within a column, means followed by the
same letter do not differ significantly (SNK P=0.05)

-~
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Table 15. Effects of row spacing, seeding rate and
genotype on days to first flower, days to last flower
and flowering period for B. campestris

Days to Days to Flowering
first last period
flower flower
1984 1985 1984 1980 1984 1985
Row spacing 11.5 40.2 42.3 54.6 64 .1 14.4 21.8
(em) (S) 23.0 40.3 43.2 54.4 64.6 14,2 21.4
Seeding rate 3 40.5 42.9 54.6 64.6 14 .1 21.7
kg/ha (R) 6 40.1 42.9 54.5 64.6 14.4 21.7
9 40.2 42.6 54.5 64.0 14.3 21.4
Genotype Candle 40.3 42.7 54.7 63.4 14.4 20.8
(v) Tobin 40.2 42.9 54.4 65.3 141 22.4
Q

Table 16. Effects of row spacing, seeding rate and
genotype on days to first flower, days to last flower
and flowering period for B. napus

Days to Days to Flowering

first last period

flower flower

1984 1985 1984 1985 1984 1985
Row spacing 11.5 48.4 56.3 61.4 69,2 12.9 12.9
(cm) (S) 23.0 48.2 56.9 61.4 70.0 13.1 13.2
Seeding rate 4 48.4 57.0 61.5 69.8 13.1 12.8
kg/ha (R) 8 48.4 56.5 61,2 69.4 12.9 12.9
12 48.3 56.3 61.4 69.7 13.1 13.4
Genotype ~Westar 48.3 55.4  61.3 68.9  13.0 13.4
(v) 81-58412k 48.4 57.8 61.4 70.4 13.1 12.6

=r

L3
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Table 17. Effects of row spacing, seeding rate and
genotype on the seed formation period and days to
maturity of the first pod for B. cappestris

Seed formation Maturity of

period first pod
1984 1985 1984 1985

Row spacing 11.5 43.7 41.6 84 86
(cm) (S) 23.0 43.7 40.9 84 86
Seeding rate 3 43.5 411 84 86
kg/ha (R) 6 43.9 41.2 84 86
9 43.8 41.4 84 86

Genotype Candle 43.7 41,2 84 86
(v) Tobin 43.7 41.2 84 86

. l;?,‘v

Table 18. Effects of row spacing, seeding rate and
genotype on the seed formation period and days to
maturity of first pod for B. napus

Seed formation Maturity of

period ° first pod
1984 1985 1984 1985
W)

Row spacing 11.5 49.5 50.6 98 107
(cm) (S) 23.0 49.7 50.1 98 107
Seeding rate 4 49.7 50.0 .98 ' 107
kg/ha ~(R) 8 49.7 50.1 98 107
12 49.6 50.6 . 98 107

Genotype Westar 49.6 51.5 98 107

(v) 81-584 12k 49.6 49.2 98 107
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Appendix 1.Three way interaction means for seed yield per
2m* and the number of pods per plant for B.napus in 1984 and
1985 respectively. .
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Appendix 1.Three way interaction means for seed yield
per 2m’ and number of pods per plant for B. napus
genotypes 1in 1984 and 1985 respectively.

Genotype Row % Seeding No.of Seed
(v) spacin rate pods yield
{cm) (S kg/ha (R) per per 2m?
) plant
1985 1984
Westar 11.5 4 113.6c 662.84
8 65.3abc < 572.4cd
12 56.4ab 523.9bc
Westar 23.0 4 71.9abc 569.5cd
8 107. 1bc 516.5bc
12 4+ B83.8abc 640.7d
81-58412k 11.5 4 52.6a 486 .8abc
8 89.4abc 451.0abc
12 58.6ab 419.0ab
81-58412k 23.0 4 ' 93.2bc 554 .4cd
. 8 87.0abt 461.3abc
- 12 65.2abc 398.0a

a-d within a column, means followed by the same letter do
not differ significantly (SNK P=0.05) . . .

-s.e of meafs for seed. yield per 2m?*=26.7
s.e Of means for number of pods per plant=10, 6
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Appendix 2.Three way interaction means for seed yield per
plant for genotypes of B. campestris in 1984.

][Genotype Row spacing Seedin% rate Seed yield
R)

jfg(y) (cwm) YS) kg/ha per plant(g)
v
~ Candle 1.5 3 3.9d
o 6 2.3bc
‘ * 1.5a
23.0 ° 3 4.4e -
.6 1.9abc
) ; 9 1.4a
- Tobin 1.5 "3 ' 4.6e
i , -6 2.5c
. 9 1.8ab
b
23.0 3 ‘ 3.6 A,
S 6 1.9abc
9 - p1‘6a .
. . 4 . \
a-e w1th1n a column, means followed bp the same letter do
not d1ffer s1gn1f1cant1y (SNK P 0 05) 'y . ..
- - f - . e : ’ o

s.e of means=0.%6 . R C .
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