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‘ . ABSTRACT
A quantitati&e analysis of the growth, -development and yiela
of three genotypes of Brassica napus L. summer-typr :n 1579,

and eight genotypes of B. napus L. and two genotypes cf R,

[ - hd

campestris L. in 1980, were determined from field
experiments conducted in central Alberta.
.B. campestris p.greéched all growth stages, except

onset of stem,elongatioﬁ,~significanply earlier than

B. napus L. and correspondingly had a significantly sh§rter

stem elongation period and seed formation period. F.

campestris L. had sighificantly higher leaf emergence rates

! .during all growth periods. B. napus L. had significantly
greater crop dryﬁﬁeight at first floygr and fifteen days
after first flower and significantly greater mean crop
growth rate from seeding to first flower. Mean relative
growth ratés were significantly higher in B. népus L. than
B. campestris L. during all growﬁh periods. B. napus L. had
significantly greater lééf area index at first flowér and
fifteen days after first flower, significantly greater
axillary branch leaf area index at first flower,
sighific#ntly greater leaf area duration from first flower
to maturity of first pod, and significantly greater axillary-
branch leaf area duration from first flower to maturity of
first pod than B. campestris L.

Late maturing‘genotypé; of B. napus L. had
" significantly higher leaf emergence rates during all growth

periods than did the earlje; métuting genotypes, but were

S



significantly later in reachiné first axillary branch leaf,
first flower, first true leaf senesced and end of true
leaves. This study confirmed other studies which indicated
"number of days to first flower" as a major factor in ‘
determining the time to maturity in both annual rapeseed
species. Earlier maturing genotypes of B. napus L. had
significantly qreater mean leaf area ratiosvfrom Seéding'ﬁo
first flower, axillary oranch leaf area duration, and mean
felative growth rates over all growth pgriods. Late maturing
éenotypes had significantly greater mean unit leaf rate from
seeding to first flower, crop dry weight at first flowér and
fifteen.days after first flower, mean crop growth rates cver
all growth periods and greater leaf area index at first
flower and fifteen days after first flower. The

- significantly greater!axillary branch leaf area durations of
earlier matqring genotypes of B. napus L. is advantageous ,//
éince it coincides with seed fiiling and the axilia;y branch
leaves are located in close proximity to. the seeds.

The usefulness of mean relative growth rate as a
seleétibn too; in breeding programs warrants furﬁher study.
Given the greater’grbvth efficiency of earlier maturing
genotypes, they could be more productive at.highet seeding

rates than genotypes which are not as efficient.
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1. INTRODUCTION

Rapeseed has become a viable alternativeiéo cereal
production on the Canadian prairies. The importance of
rapegeed as a commerc.al crop in Canada began in 1942 in
response toO war-time demangs for industrial oil (Downey and
Bolton, 961). Since 1942, when 44,000 bushels were p;oduced
on 1300 hectare§ (Perkins, 1976), the rapeseed acreage has
expanded rapidly, reaching 2.1 million hecﬁares in 1980
(Prairie Grain Variety Survey, .1980). At preéent, 60% of che
rapeseed acreage in western Canada .is Brassica napus L.
forma annua (i.e. summer-typé (S.f.)) and 40% is B.
campestris L. forma annua. Although B. napus L. matures 10 -
14 days later than B. campestris L., it offers a superior
'quality package' and is also higher yielding. Recent
development of the high yielding, early maturing gulti?ar
'Altex’', has increaged'the percentage of rapeseed acréage in
Alberta sown to B. napus L. from 19% in 1979 to 38% in 1980
(Prairie Grain ‘Variety Survey, 1980). —

The primary factors leading to the acceptance and rapid
inc;ease in rapeseed utilization has been the improvement in
processing methods and the ability of plant breeders to
respond to regulations imposed on the quality of fhe oil and
meal. "Canola" is the term now registered by the Western
Canadian Oilseed Crushers Association for reference to seed
and seed products with 5% or less erucic acid and three
~milligrams per gram or less normally measured glucosinolates

(Adolphe, 1979). Rapeseed oil was approved for human use




to

under the Food and Drug regulatioﬁs of Canada in 1958
Degen£ardt, 1979), and has found its primary.Use in cooking
oils, margarines and salad dressings; Cooperative research
on many aspects of rapeseed processing and utilization has
resulted in rapeseed oii becoming the most widely used
edible o0il in Canada. In 1980, canola oil accounted for
approximately 47% of the deodorized vegetable 01l production
in Canada (Statistics .anada, 1980). Rapeseed meal that is
low in glucosinolates and high.in protein can be used in
livestock feed supplements.

'éanada is the world's leading rapeseed exporter. The
presence of a domestic rapeseed crushing industry has done
"much to stabilize market condiﬁions. Significant domestic
crushing was initiated about 1956, when rapeseed was first
crushed as an edible 0il product in Canada (Perkins, 197§).
Currently, with six crushing plants operating, the Canadian
rapeseed processing industry has the capacity to crush 3450
tons per- day (41.5 million bushels annually) (Degenhardt,
1979). |

In order for a crop cultivar to be attractive to
farmers, assuming all other variables are equal; it must be
high yielding. In the past, the attention of plant breeders
has centred on 'final’ charécters (i.e. yield components),
rather than on the development by which final characters are
{eached (Allard and Bradshaw, 1964). The present emphasis in
ﬁiant breeding methods is described by Thu;ling (1974);

"Significant improvements in crop yield have been
obtained through breeding, despite a limited



(at

understanding of how vield is inherited or of what
physiological characteristics of the plant determine
potential yield. At the present time, however, it is
recognized that a reassessment of traditional
breeding methods based on information from
biometrical and physiological studies of crop yield
is essential if further worthwhile gains in the
yilelding capacity of a number of crop plants are to
be achieved. Such reassessments have prompted
proposec 5 regarding improved methods of generating
and manipulating genetic variation in breeding
_populations, as well as considerations of new
selection criteria based on physiological .
characters. Although these reappraisals of breeding
methods have been largely confined-to intensively
bred crops in which declining selection responses
have been a cause for some concern, the underlying
principles are pertinent to any crop improvement
program.”

It is possible to alter g:owt.h ~haracteristics of
B. napus L. to produce increac:d seec Yield (Campbell et
al., 1978). In Canada and Australiz the major aim in
research is improvement in field through selection for
bettef'adaptation to the local environment, wHich includes
identificationnof an optimal developmental pattern. As an
example in B. napus L., the generally accepted genetic
éf >ciation between late maturity and high seed yield can be
‘broken by appropriate breediné and selection (Degenhardt and
Kondra, 1981a). Although daté from cultivar cohparisons
indicate that physiological analyses of yield should prove
useful in breeding programs, present analytical techniques
are such as to preclude widespread use of phbtosynthetic and
translocation measurements as a means of screening large
breeding populations\(Thurling, 1974).

?he objéctive of this s;udy wés to analyze

quantitatively the growth, development and yield of a wide



range of genotypes of B. napus L. and B. campestris L. and
apply the‘concepts of "Plant Growth An;lysis". This research
approach may pro&ide bhysiolqgical plant breeding criteria
and additional, information enabling manipulation of the

.

crop's environment to 1ts best advantage.



11. LITERATURE REVIEW
Cultivars developed repently in both rapeseed species
(Brassic- napus L. and B. campestris L.) are a result of
pressure from the processing industry to provide low eruc.c
acid content in the oil and low glucosinolate content in the
meal. Therefore the major emphasis in research regarding
rapeseed hqs:been concerned with its 'seed quality package'.
Changing crop development to increase yield, using

either genetic manipulation or husbandry requires
information on the physiological processes that determine
yield (Freyman et al., 1973). The seed yield of any crop
depends on the supply of organic and.inorganic nutrients
from the vegetative parts of the plant to the developing
fruits (Flinn and Pate, 1970). In cereals, the ear and
subtending leaf of the fruiting tiller make‘a major
contribution of photosynthate to the developing grain
(Thorne, 1965). Mobilization from senescin§ shoof tissues
also contribute nitrogen and other esseqtial elements
(Kreideman, 1966) . Sink capacity of the grain,
photosynthetic capacity pf the crop and pattern of
assimilate,distribution have also been identified as
suitable criteria in bréeaing for higher yield (Bingham,
1972).

| There is an abundance of information available on .
physiological'prqcesses in“cereals. Info&matioﬁfisAalso now'
accumulating for dicotyledonon seed crops. Sipcebmany of

-~

the dicotylédonous crops exhibit/axillary and sequential



flowering in contrast to the terminal and synchronous
tlowering of cereals, there 1s reason to suggest that they
might also differ basically in the mode of nutrition of

their fruits (Flinn and Pate, 1970).

Plant Growth»Analysis
Phillipson, 1966
"The biological capacity of the earth depends
ultimately on the energy received from the sun; and
man, to satisfy amongst other things his demand for
food, depends on the use to which this energy is put
by living organisms."”

Methods exist for tﬁe quantitative analysis of this
flow of energy at a fundamental stage: the growth of the
whole autotrophic plant in relation to its environment
(Hunt, 1978). The technique of quantifying the grbyth and;
development of whole plants by use of grovt; functions was
developed by British plant physioiogists and has bec?me
known by the informal title 'Plant Growth Analysis' ;abif

-and Carson, 1973). v

Growth involves changes in size, in form, and in
number, all of which are strongly interlinked (Hunt, 1978).
Hoﬁever, for_the purposes of this thesis, the term‘growth

;denotes an inéreaseiﬁnfsize, hence leaving out any
qualitétive concepts. When growth is considered as being
primary productivity of a population, community or
ihdividual, it may be defined‘as the net dailybgain in dry

matter production (Blackman, 1968). On average, 85-90% of

the dry matter of plants is carbonaceous méterial derived



from photosynthesis (Milthorpe and Moorby, 1979) .

Development refers to thgse changes in the form of the
growing plant or plant part thagpmay be regarded as a
consequeénce of differential growth along the various axes or
between different parts of the structure (Richards, 1969). A
more all-encompassing definitionﬁdenotes devefoﬁment as
"ordered change or pfogress, often towards a higher, more
ordered, or morq‘complex spaté" {Pidwell, 1974). Development
may take place without growth and vic; versa, but the two |
are often combined in a single process.

The growth of a~higher.blaqg ié intimately associated
with increases‘infcellunumber aga cgli size (Richards,

1969) . Ontogegetic trends in plant growth may be considered
in two phasesi First, when cell division pﬁedomina;es and is
not:conétféine&;by resource av;iiaﬁility, growth is
exponehti§l. As grovwth is ;rogressively restricted by
deplgtibn of.résource;,kioss of meristematic activity and
‘the pfbce;sés of maturation and differentiation, the growth
1ncrements per unit time decline to zero. In a population,
.Lnterplantdcompetition may become 1ncrea51ngly important in
‘determining'per plant resource availability as ontogeny
proceeds._u

Two asseséﬁents are required to carry out a simple
g:owth“anaiysis (Radford, 19675:

1. a measure of the plant mateérial present (W) and,

2. _ a measure of the magnitude of photoassimilatory system

of that plant material (A).



The Growth.Rate (GR) of an ;ndividuai planﬁ; or trop
Growth Rate (CGR) of a unit area of canopy céver, at any
instant in time (t) is definegyas ‘the increase of plant
material per unit of time' (Radford, 1967):

aw. | o (2.1)
i.e., GR or CGR = dt '

It follows from 2.1 that Mean CGR (CGR) over a time period

from t, to t, is given by (Radford, 1967);

t:
1 aw :
CGR = -—------ g -- dt (2.2)
t, - t, dt ‘
t,
therefore
W; - W‘ )
CGR = —---=~-~-- (2.3)
t: - t| ’ . ’

where W, and W, are the values of W at times t, and ts
respectively. This implies that the average slope along the
relevant portion of growth curve is simply the slope of the
straight line joining its two delimiting points (Richérds,
1969). The only assumption necessary to carry out the'
integration in 2;2, is that the total plant dry weight
varies without_di;continuity throﬁghout thg period t, to t,.
This condition is bound to be fulfilled in all plants
whatever their stage of development, ﬁnless some part of the
plant is physically removed, or cut from it during that
period. '

Absolute growth rate or crop growth rate varies yith-
initial plant size and time duration of growth before

measurement. For example, sunflower plants have a higher



absolute growth rate than chickweed at the same stage of
development, primarily dﬁe to initial size differences,
rather than to any differences 'in assimilation efficiency
(Causton, 1977). For comparative purposes, the rate of dry
"matter production is adjusted to compensate for absolute
differénces.in plant size. The absolute growth rate ai any
time, dwW/dt, divided'by W at the start of the growth
interval, 1s known as the Relative Growth Rate (RGR) and is
defined as 'the increase in plant material per unit of
material per unit of time' (Radford, 1967);
L 1 aw n
1.e., RGR = - x -- . (2.4)
W dt

Relative growth rate is‘akmeasure of the efficiency of plant

material in proddcing new material (Blackman, 1919).

Equation 2.4 is equivalent to (Radford, 1967);

RGR = -------=---- ' (2.5)
, at ~

, - .
therefore, Mean RGR (RGR), requiring the integration of

equation 2.5;

1 ' W. :
i.e., RGR = -—===----— [log(e) W] (2.6)
tz - t, . . Wy :
or
log(e) W, - log(e) W, . .
RGR = ----=-=—-=———emmmme _ (2.7)
tz - t~| -

Equation 2.5 tells us .that instantaneous relative growth
rate is the slope of the plot of the natural logarithms of W

against t (Hunt, 1978). Equation 2.7 will always give the

©
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correct RGR between two harvests regardless of the way the
plants are growing during the interval (Radford, 1967). If

the harvest intervals are long, RGR follows RGR only

3

crudely, but as the interQéls become shorter so the
correspondgnéé betw$en these two estimates becomes
progfessively clo;éf. S

A useful measure of the photosynthetic efficiency of
planﬁs is Unit Leaf Rate (ULR) defined by Briggs et al.
(1920) as 'the rate of increase of dry weight per unit leaf
area'; 5

1 aw
i.e., ULR = - x -- ‘ (2.8)
A dt
‘Unit leaf rate has also been called 'net assimila;ion rate;,
however the formér term is'ﬁost appropriate.(Evans,>1972}
Hunt,. - 1978). |

Mean ULR (ULR) given by-equation 2.9 (Radford, 1967);
W, =W,  (log(e) A; - logle) A,)

ULR = ----- - X Te-s---essssesoo-o-o- (2.9)
is appropriate for the ULR between two harvests regardless
of how the whole plant and leaf area are growing with
~ respect tc time, but subject to the constraint that there is
a linear relationship between whole plant dry'weight and .
leaf area. | |
| Leaf Area Ratio (LARi is an estimate of the leafiness
" of the plant and is.defined as 'the ratio of total leaf area

to whole plant dry weight' (Briggs et al., 1920),vIt is

equivalent to_ (Radford, 1967);
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LAR = A/W (2.10)

and over a harvest interval its mean value, LAR, is simply
given by; v '

(B W)+ (A /W) | “

LAR = ~—-==-=momoom—ee : (2,11)
if one assumes that LAR is linearly r;iatéd to time.

At any instant in time the following relaéiénship holds
(Radford, 1967); |

1 dwW 1 dw A

- ——z = - g - - (2.12)

W dt A dt W ' !
or |

RGR = ULR x LAR
‘Simply expressed, the growth rate of the plant depends
simultaneously upon the efficiency of its leaves as

producers of new material and upon the leafiness of the

plant itself. Except iﬁzéery special circumstances,

RGR # ULR x LAR ' (2.13)

L

Eince equation 2.12 holds onlf Erudely for mean values of
the three quantitiegf Although'it is assumed that leaves are
the sole assimilatorf organs, pods and stém parts are also
sources Of‘photOSYnthates~during the seed production period’
(Allen et al., 1951; Brar and Thies, 1977).

~ The crop-oriented concept of leafiness in relation to
land area w;s térmed 'Leaf Area Index' (LAI) (Watson, 1947).
LAl is defined as.'the total leaf area of the plant material

per unit area of ground’ (Radford, 1967);
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i.e. LAI = A/P . s . : (2.14)

where P reprcsents the land area from which A was measured.
The overall yield of the crop is controlled both by the
efficiency of the leaves of the crop as producers of new

material and by the leafiness of the crop itself (Hunt,

°

1978).
As with RGR, instantaneously o

CGR = ULR x LaAI, (2.15)

"which fepresents thé central relationship in the study of
population and community growth (Huqt} 1878). However, in

most cases

CGR # ULR x LAI ‘ (2.16)

When LAI is plotted against time, the resulting curve
‘allows an examination'of the time-course of leaf area, but
also an‘éstimate of the {whole opportunity for assimi%ation'
(Watson, 1947). The iﬁteg}al of the area lying beneath thé
LAl vs. time curve was‘terméd fLeéf Area Duration' (LAD),
-sinée it takes account both of the magnitude of leaf area

and its persistance in time (Radford, 1967);
A , 1
i.e., LAD = ------- S A at . - (2.17)

In experiments involving most forms of plant growth
analysis, the experimenter has to decide which of two
appfoa;hes to take (Hunt, 1978):

(i) the 'classical approach', in which the course of events
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is followed through a series of relatively infrequent,

iafge samples, |
(ii) the 'functional approach’.in which the samples are

smaller but more frequent.
-The two approaches are not mutually exclusive if time and
space are no object. Theacalculat{on of various growth
parameters as mean values over the»beriod of time
intervening between two harvests has been the traditional
approach for moétvof the sixty years that have elapsed since
" the early origins of the subject. A major deficiency in this
approach is that?if does not péy due regafd to
timé—debendent ontogenetic‘changes in.growth parameters
(Nicholls and Calder, 1973). In addition, inter-harvest
variébility tends to yield markedly irregular trends in
relative growth rate and unif leaf rate when calculated by
the 'classicél'.methods (Venus .and Causton, 1979).:
| The basic relationships of A with t and W with t should

3

be our primary consideration, with a view to discovering the
form of these-growth curves (Radford, 1967). The main
“advantage‘;n usiné fitted curves is that inter-harvest
variability, which tends to result in irregular time trends
in derived growth functibns, are smoothed out (Venus and
“auston, 1979). A~series of estimates of fhe growth
attribute may7be calculated as many times as desired and

these estimates are less disturbed by biological

variability. .

-



Inevitably, since the main aim is a smoothing device,
the polynomial family of functions has been selected for the
purpose of growth analysis (Causton, 1977). The great
flexibility of the curves themselves and the simple
mathematical and statistical properties enable them to be
fitted to data by the exact and relatively straight—forward
methods of linear regression. When alternative functions to
polynomials are considered, particularly any that are based
on a simple but realistic biological mc’el, the immediéte
diffitulty is that they are statistica.ly non-linear (Venus
and Causton, 1978). Since polynomials are useful for
smoothing and forecasting purposes, the c<nly requirement of
the fitted curve is that it should closely fo._low the’
measured values of the growth attribute being neasured
(i.e., the curve is merely being used as a smoothing device
to provide a clearer picture of the trend involved when
presenting the results graphically). The particular
mathematical form of the function used is now regarded as of
no special pﬁysiolocal.significanee, but accuracy in the fit
becomes the primary aim.

Hunt, 1979

"The rationale behind the use of the fitted function
is then simple; if attempts to assess the reality of
growth result in a time series of observations
scattered randomly about that reality, then a
suitable mathematical function fitted to those
observations may be expected to regain much of the
clarity with which reality is perceived by the
experimenter. In a sense, the course of the flow of
understanding is reversed and the fitted function
reflects back - not perfectly of course, but at

least in the right direction - towards that reality

of which the observational data are an imperfect
’ /



estimate. Paradoxically, the fitted functioncan be
of more value to the experimenter than the data from
which 1t was derived." :

lGrowth Parameters

Trends in crop dry weight (CDW), CGR, RGR, UiR and LAI
can be used to interpret growth and yield differences among.
spécies, forma, and genotypes of Brassica. In particular,
the growth and development of B. napus L. (S.T.) can be
considered physiolsgically in four more or less distinct
phases according to the pattern of.dry weight productioﬁ
(Allen et al., 1971):

I. vegetative or pre-anthesis phase in which CGR and
LAl increase ‘inearly and attain a peak.

II. an approximate 2-3 week period immediately
following anthesis in which there is-a marked reduction in
CGR coinciding with leaf senescence and declining LAI. |

II1. a further 2 week period iﬁ which CGR increases to
a much higher level than that attained in‘phase I and
characterized by a marked increase in the size and weight of
pods. ' N | b

"IV, a final period endiné at full maturity during.which
- total plant weight decreases.

CDW of the highest-yielding cultivar of B. napus L. was
greater than lower-yieldiﬁg cultivars during two periods'of_
growth and deveiopment; dﬁring the flowering period when the
LAI's of the highest-yielding cultivar were supéfiér, and

during pod growth when the highest-yielding cultivar
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produced a greater weight of pods (Allen and Morgc ., 1975).
The total dry weight :of the plant at flnwéring to sémeA
degree reflects the potential metab.li- inout of the plant
(Thurling, 1974). In B. napus L. a sharp -eduction in the
total dry weight of the plant at anthesis was associated
with a decrease in the number of pods per plant, without any
significant change in the seed weight‘per pod. Althoﬁgh
there‘yas a slight rise in the total dry weight of B.
campestris L; (S.T.) over the same interval, there was still
a substantial reduction in the number of pods per plant,
whicg,‘howevert was associated with a proportionateiy
gréater increase in the seed weigﬁt per pod.(Thurling,
1974). v | “

. CGR of field grow~ B. napus L. }S;T.) increased during
vegetative growth and reached its highest levels prior to
-flowering (Allen et al., 1971; Ailen and Morgan, 1972, 1975;
Scott et al., 1973a; Major 1977;'Clarke and Siméson, 1978a).
The period of time over which CGR will decrease during
flowering and the extent of its decrease depend upon when
'flowering occurred with respect to maximum LAI. Although CGR
decreases significantly during flowering, it increases
rapidly during pod development, reaching ma#imal values
coincidiné with l;rgé'increases in.tﬁe size and Qeight of
pods (Allen et al., 1971; Allen and Morgan, 1975; Clarke and
Simpson,-1978a). In particual;, CGR of the highest_yielaing
cultivar amohgst four cﬁIEivars examined of B. napus L. '

(S.T.), was significantly greater than that ‘of the low
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ylelding cultiyars during two distinct phases of
development, the flowering and pod filling periods (Allen
and Morgan, ?975). However, 1n other studies (Scott et al.,
1973a; Major, 1977), maximal values of CGR during intensive
:dry matter accumulation in the seed of B. napus L. (S.T.)
was not evident. Infrequent sampling (i.e., weekly,
fortnightly) which is unable to detect short-term peaks in
CGR may have been the cause for these inconsistencies.-

No increase in CGR was observed for B. campestris L.-
(S.T.) during pod development in field experiments conducted
in western.Canada (Major, 1977). CGR was significantly
greater in B. napus L. than B. campéstris L. at all'5amplihg
dates except the first one. The peak in .CGR during pod
development of B. napus L. (winter-type (W.T.)) was much
more pronogpced‘than that of B. napus L. (S.T.) (Scott et
al., 1973a). The coincidence of pod deveiopment iq
B. napus L. (W. T.) with short term peaks in solar radiation
may have resulted in the higher peak in CGR during pod
development.

The RGR of B. napus L. (S.T.) was significantly greater
than that of B. campestris L. (S.T.) (Thurling, 1974).
However, a major shortcoming of Thurling's study was that
RGR's between species were compared oh the basis of days,
not developmen::zl phases.

The ULR of B. napus L. (S.T.) declined from a high
auring early vegetative growth to a low during floweridg,

but increased again during ripening (Clarke and Simpson,



1978a). The upswing in ULR during the ripening period,
suggests increased photosynthetic efficiency (Clarke and
Simpson, 1978a). A Simi;ar occurrence 1s present in other
s;udies of B. napus L. (5.T.) (Allen and Morgan, 1972,
1975). Hoﬁevér, this phenomenon is probably due to an
underéstimaée of the photoassimilatory area of the ﬁlant
(Milbourn and Hardwick, 1968). In B. nabus L. (W. T.)
ﬁaximum photosynthetic rate of the plant occurs before the
attainment of maximum pod area; after which the
phoﬁosynthetic réte of all piant pafts declined (Inanga and
. Kumara, 1874). The importance of pods and stems in producihg
carbén éssihilates (Brar and.Theis, 1977; Majo; and
Charnetski, 1976) results in a significant undere;fimatioﬁ.
The largest genotypic differences in LAI occurred
during the f10wering‘period of B. napus L. (S.T.) varieties
in which the highest.yieiding vériety had the greatest LAI |
(Allen and Morgan,/1975). Although genotypes differed in
rétes of leaf emergence, tﬁe genotfpe with the fewest number
of leaveé per plant had the highest LAI. However, during the
flowering period the genotypevwith the highgst LAI ﬁédrthe
greatest number of leaves per plant. However, in B..napus L.
(W. T.), LAI maintained relatively high values throughoﬁt
pod development. This is contrasted with reports for
‘B. napus L. (S.T.) whgre,complefe senescence éoincided with
pod onset (Allen et al., 1971). Maximum LAI was reached
approxim?tely tnree weeks after first flower in B. napus L.

(W. T.) and one week before first flower in B. napus L.



(S.T.) ﬂkScott et al., 1973a). LAl of B. napus L. (S.T.)
increased to a maximum during pre-anthesis and declined
‘thereafter, coinciding with the period of flower opening
(Allen et al., 1971). LAl's reached insignificantly low
values with the Qnsét of pod formation and ;gnesced to zero
as intensive pod growth began.

- The leaves of B. campestris L. (S.T.) senesced entirely
one week before maximum seed dry Qeight was reached, whereas
some of the leaves of B. napus L. (S.T.) remained green even
after seed dry weight had reached its maximum (Major, 1977).
This, combinéd with significantly higher maximum LAI in
B. napus L., resﬁlts in significantly larger leaf arearw
durations béing reported for B. hapus L. than B. campestris
L. (Thurling, 1974; Major, 1977). LAD after anthesis was
significantly larger in the higher-yielding B. napus L. (W,

T.) than B. napus L. (S.T.) (Scott et al., 1973a).

Developmental Morphology R#fameters

Another approach to‘growth;pattern analysis is the
quantitative description of major observable growth stages,
growth periods and rates of development (Campbell and
Kéndra, 1977). Growth pattern characteristics were analyzed
in reiationship to yield'aﬁd yield components to determine .
what traits were associated with high yield of B. napus L.
(S;T;) under low heat-unit conditions.

Time to first flower was a major factor in determining

_tHe time to maturity (Campbell et al., 1978). The cultivar

Ly
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Target (B. napus L. (S.T.)) was significantly later than the
cultivar Oro (B. napus L.) for all“growth stages during the
rosette beriod. Onset of elongation occurred on the same day
for both cultivars, while first flower and all growth stages
subsequent to first flower occurred significantly earlier in
Targeé than in the late maturing Oro (Campbell and Kondra,
1977). The correlation of first flower with matﬁrity was
significant for all three cultivars of B. napus L. (Campbell
et al., 1978), indicating that selection for eafly first
flower could result in éafly maturity. In B. napus L., the
earlier flowering and maturihg cultivar had é significantly
lower rate of leaf aevelopment ané-flowering rate of racemes
than the léter maturing cﬁltivar (Cémﬁbell and Kondra,
1977). '

A -

Iﬁ~§;eat'8ritain, the period of flowering préductioh
séanned a;;;oximately three weeks in both thé'high and low
yielding cultivars of B. napus L. (Allen and Morgan, 1975).
In western Canada, thé flowering period of fhe latesﬁ
maturing, lowest yielding cultﬁvar Oro (B. napus L.) spanned
21.3 days and decreased with delayed seeding, while the
flowéring pe:iod for the earliest maturing, highest yielding
genotype, 74-1382, spanned 19.4 days and.increased with
delayed seeding (Degeﬁhardt and'Kondra,.1981b).

Substantial variation exists among cultivérs of
B.\napus L. (S.T.) with respect to the lengths of the ﬁwo

major pre-anthesis dévelopmental phases: vegetative (seeding

date to onset of elongation) and stem elongation (onset of
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i
)

elongation to anthesis) (Thurling and Vijendra Das, 1977).
Under controlled environments, the duration of the
vegetative phase of B. napus L. is strongly influenced by
vernaliza” ion, pﬁotoperiod and growﬁng temperature (Thurling
Vijendra Das, 1977; Major, 1980). The duratioﬁ of the
stem elongu .on phase is affected primarily by photoperiod
& 7 groving temperature. Decreases in temperature were more
lwportan thaﬁ decfeases in photoperiod in significantly
delaying the appearance of“the first open flower. The direct
effeét of temperature on rate of leaf node formation of
B. napus L. was more important than the inductive response
(no. of leaf nodes at initiation) in determining flowering

‘time in all Canadian cultivars.

‘Photosynthesis and Assimilate Distribufiop

The attainment of characterisfic form and function in a
~crop plant depends upon a chain of interrelated events,
thch are sequential in time, and subjecf to the modifying
influences of nongenetic forces (Adams, A967). The "law of
limiting factors" supplies much of the rationale behind
cohtemporary discussion bf whether supply of assimilates
(i.e., source) or the capacity for their storage (i.e.,
sink) limits crop yields. In cereals, grain filling is
largely dependent on photosynthesis and environmental

: conditions after flowering, but the capacity for storage is
‘determined by conditions before flowering. In plants with

sequential axillary flowering, the period when storage

e
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capaciﬁy is determined 6verlaps the pé?iod,of storage
itself, and mutual adjustment of the two cbmponents may be
more readily achieved.

]

The time of first flower is pivotal to determination’ of

maximal LAI at anthesis and LAD from anthesis. By

definitfén, first flower determines the duration of the

vegetative period and also largely determines subsequent
reproductive periods (Campbell and Kondra, 1977, 1978),
which depend on the assimilate supply for realization of its
reproductive potential. The relative importance’of.the
vegetative period and reproductive pefiod in determining
final economic yield is not fixed,:but varies with the
”genotype and agronomic treatments imposed, all interacting
and superimposed upon prevailing environmental conditions.
The role of earlj plant growth in B. napus L. (S.T.)
should be interpreted in terms of the accumulation of.dry
matter in the seeds (Brar ana Theis, 1977). Fulfy expanded
leaves in vegetative blants-contribute assimilates'mainly to
thé iounqer developing leaves and t§ the root system. During
active development of the terminal and axillary |
inflorescences of B. napuénL,, the gain in weight from
photosynthesis by an area of leaves whichﬁwas senescing and
declining in size was'nearly'balanced by the ‘lossin weiéht
from resbiration (Allen et. al., 1971), the rate of which
probably was increasing with active development of flowers

(Gaastra, 1963). This indicates increased demand for

assimilates due to increased respiration rates in



reproductiie structures beginning with flower bud
developmént. Respiration is not an independent pfocéss, but
1s closely related with the physiological activity of
different plant tissues. Little information exists
concerning respiration rates of various plant organs
throughout the ontogeny of crop growth.

The physiological basis for differenceslin the yield of
seed forle népus L. (S.T.) in different varieties can be
linked with differences in number of pods per. plant, which
in turn, are princiéally determined by the leaf area at
- anthesis and LAD from anthesis (Allen and Morgan, 1975). In -
plants beginning to flower, fully developed leaves, which
were located on the middle to uppér portion of the stem,
promoted mainly the structural development of the’part of
the stem bearing the flower (Brar and Theis, 1977); Of the
proportidn of l&belled photosynthates eiﬁdrtediby the fifth
leaf, approximately 70% was utilized in structural.
Adevelopment of the rapidly elongating stem and developing’
buds. A drop in ULR of B. napus L.‘(S.T.)vduriﬁg the
flowering period, probably was due to the lower ‘
photosynthetic efficiency of ageing and senescing leaves and
the increased rate of respiration of the inflorescence
(Allen and Morgan, 1972). High yielding genotypes of
B. napus L. devéioped more pods because they were able to
maintain a better raie'of‘supply of'carboh assimiiates to
the pods when theif namber and the number of seeds théy

contain were being determined (Allen and Morgan, 1975). The
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low yielding‘variety had more unprodﬁctive, lower positioned
inflorescences,vwhich_would have drawn on the'supély from
the leaves which subtended them. These assimilates otherwise
would have gone to the earlier-developing pods carried on
the higher positioned iﬁflorescences,foillary
'inflorescences depend for their supply o% carbon assimilatgs
on those they manufacture themselves and on those which come
from the leaves which subtend them and leaves inserted
vertically below them (Tayo, 1974). The overwhelming
evidence supports the need for the maintenance ofia large
and photosynthetically efficient leaf area at antheéis.aﬁd
over the period when the number of seeds per pod is'being
determined (Allen and Morgane 1972). Also, minimiéing the
number of non*pfodUCtiGe inflorescences leads-to an increase
in the supply of carbon assimilates to productive pods .
(Allen and Morgan,.1975f. In glasshouée ekéeriments with

B. napus L. (S.T.), the first flower to open was the most
basal one on all inflorescences and flowering proceedéd
acropetally (Tayo and Morgan, 1975). The terminal.raceme was
first to flower, followed later by axillary ingiorescences
on the first, second, third, fourth énd.fifth node
refpectively. The period of flower opening over the whole
plant spanned 26 days, which also represénted'the flowering
per;Bd of the terminal raceme. While flower production
.ééased aboﬁt the same time on all ihfloreséences, the last
axiilafy inflorescence-tolfloﬁer bore open flowers for.only

14 days. Compensation for inadequate pollination in B.

1
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campestris L. (S.T.) resulteé in a longer period of
flowe:ing, increased flower production, and heavier seeds
Swilliams, 1978) .

Abortion, the failure of pods to elongate, increaée in.
girth and become seed bearing,'was substantial for both
B. napus L. (S.T.) and B. campestris L. (S.T.) (McGregor,
1981). Abortion occurred predominantly towards the end of
the flowering period.or after, and was most prevalent on the
later-developing inflorescences. The likelihood of a flower
setting decreased progressively from the iOwest to the V
uppermost flqwer, and pods low on the terminal raceme
contained more seeds than those at the top (Williams, 1978).
Thé number of flowers produced far exceeded thé,number of
péds fofmed (Tajo and Morgan, 1975).'While.most’ﬁlowers were
formed on terminal raceme .and basal and middle regibns'of
the axillary'iﬁfloréscencés arising from the uppermost 3
nodes, only 45% ;é flowers which did open déveloped into
" pods which Qere retained. Most plants of B. népus L. carried
a terminal raceme with nine_axi}lary racemes of,whichyonly
the upper five bore both open flowers and pods; floier'budé
on other inflorescences aborted as»developmenf'pfoceeded.
Secondary inflorescences developed on some axillary
~‘inf19rescences, but few bore flowers and none retained pbds.
Seventy-five per cent of'the pods retainea.to maturity were
formed from.flOwers which opened.within a period of eleven
daYs after anthesis. This finding wéé supported by Allen and

Morgan (1975), who found that approximately 75% of the total

»
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number of pods were on the terninal raceme. "he smallest and
therefore later formed pods were lost in the later stages of
development (Allen and Morsan, 1975).

In B. napus L. (S.T.) 20% .or 40% bud removal at
flowering did not diminish seed yields per plant or number
'of pods per plant (Williams and Free, 1979): The ability of
cultivars of B. napus L. to reduce abscission of,flowers and
pods has been suggested as a major,yield—determining factor.
Both the number of pods and number of flowers were reduced
with shading of leaves for one week from first flower and
ome week thereafter, while shading from two. weeks after
first flower reduced only the number of pods (Tayo and
Morgan, 1979). These results suggest that the number of pods
which develop and'are retained can be regulated by the |
sopply of carbon asaimilates'to the infloreseence throughout
the. perlod from f1rst flower untll three weeks thereafter.
Similarily, defoliation- of B. napus L. at first flower
"significantly reduced‘seed yield per plant, number of pods
per plant, and number of branches per plant (Clarke, 1978).
Defollation.at the end of flowering had no siénlficant\
effect on seed yield or yield oomponents. Shading of leaves
one or two weeks after anthesis showed compensatlon for
\reduced pod“numbers b& an increase in'seeds per pod in the
basal and middle~regions (Tayo, and Morgan 1979). Stresées
in the supply of ‘carbon assimilates around the time of
.anthe51s are partlcularly harmful,‘51nce, 1n add1t10n to

reducing the. number of‘pods which develOp, they appear to

-
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restriét the capacity for compensatory growth in the pods
that remain when the supply returns to normal. In |

B. napus L., the limited growth-of’pods following shading
for one week from anthesis may have been due to fewer ovules
capable of fertilization and fewér cells available for
expansion asia consequence of the reduction in carbohydrate
supply during differentiation of the ovary (Tayo and Morgan,
1979). | ‘

Defoliation of B. campestris L. (S.T.) during late
anthesis resulted in a significant yield feduction of
approximately 50% (Freyman et al., 1973) of the control's
Yield. befoliation shortly after floweringAin B. napus L.
(S.T.) reduced yields 50%; removing half the leaves or
shading all of them reduced yields to 70% of the control,
and shading half the leaves reduced yields to 90%\of the
control (Holland, -1971). | )

The more severe redhctions'in the number of pods and
seed yields with thé leaf removal treétment can be
correlaﬁed with shoréages of carbon assimilates which would
"have followea leaf removal (Tayo and Morgan, 1979). The
removal of leaves two weeks before anthesis was least
streszui because of the regeneration of leaf area through
the expansion of bracts agd the development of éxillary
shoofs; Where.the number of pdds had been reduced the most
(i.e. shading for two wéeksApfior to anthesis), the meén'pod
weight was highest;';nd where pod reduction was leastb |

(shading for two weeks, two weeks after anthesis), the mean

A
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pod weight was the smallest (Tayo and Morgan, 1979).
Differences in mean pod weight were associated more with
differenced in numbers of seeds pef pod than with any other
character. These results point to the importance of the
supply of carbon asﬁimilates from before until well after
anthesis in regulating the numbers of flowers, pods, and
seeds, whfch develop as well as the weights attained by the
individual pods and their constituents (Tayo and Morgan,
1979).

Irrespective of the stages of development over which
shading took’place in B. napus L. (S.T.) the reductions in
- mber of pods occurred in the middle and apical regions of

- inflorescence (Tayo and Morgah, 1979). This indicates
that the basal and first developed pods have a competitive
advantage over the younger, more apically positioned onéé
when the supply of assimilates is aecreased. Both inter- and
intra-inflorescence competition is probably of major
importance in determining the pattern of flower and pod

development within and between inflorescences (Tayo and

Morgan, 1975). Removing fifteen of the most basal flowers or
pods led to an increase in the supply of assimilates to the
more apically positioned flowers and pods. The basal and
older pods responded more in terms of heavier pod walls and
seeds, ghiiévthe'more apically positioned and younger pods
developéd more seeds per pod as well as heavier pod walls

(Tayo angwaorgan, 1979).
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High correlations between pod surface area and seed
yiéld have been reported for B. campestris L. (S.T.) (Maiti —-
et al., 1970), while similar relationships have not beén
reported in B. napus L. (Clarke and Simpson, 1978b). This
may be due to a relatively greater contribution to seed
yield by leaves than pods in B. napus L. Leaves exert .an
early effect on seed yield by influencing thevdevelopment of
sink capacity. The correlatidn between LAI and seed yield
would be expected tc be greater than-betwéén pod area and
seed y:=1d.

| Ccmpensation 1s inevitable when sequentially’developing
yiel components share a common sourcé;of metabolites
(Adams, 1967). No compensation betwgen number of pods per
plant and number of seeds per pod could be thé result of
seed number being influenced by assimilate productibn in thel
pods themselves, whereas pod number was‘influenced by
assimil;tes supplied by leaves during the flowefing period
(Clarke and Simpson, 1978a). Compensation by seed size for
iow pod or seed number in B. napus L. cultivar Tower was
found by Clarke and Simpson (1978b).

Seed weight increases of B. napus L. (S.T.) wvere
associated with a decrease in the weight of the pod wails,
suggesting a movement of assimilates from the pod wall to
the seeds (Allen and Morgan, 1975). Since increased seed
number per pod under irrigation may héve resulted from
increased assimilate supply and greater é;d surface area,

Clarke and S:impson (1978b)_sugges£ed that the number ‘of
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seeds per pod is determined primacily by the ability of the
individual pod to supply assimilates at the time when final
seed number is being determined. A technique of radiography

employing the use of X-radiation to compare inter-.and

" intra-inflorescence pod development has indicated a close

correlation between pod size and anber of seeds per pod
(Pechan et al., 1980). The terminal inflorescence carries
more bods with large numbers of seeds. Apically positioﬁed
pods are smaller and carry fewer seeds (Williams, 1978).

These findings are in accordance with the observation that

‘when the distance from source tc sink increases, the amount

- of assimilates reaching the sink decreases (Biddulph, 1969).

Defoliation of B. campestris L. (S.T.) at late ant:esis
resulted in significantly reduced yields, in which

defoliatéd plants yielded apprcximately 65% of the intact

plants (Freyman et al., 1973). Leaves, stems, pods and beaks

all possess stomata' and have the potential to assimilate CO;
(Major, 1975). In studies utilizing '*CO, to assess the'rolé
of leaves in the formation of seed of both annual rapeseéd
species, photosynthates wére translocated from leaves to the
seed (Freyman et al., 1973). The uppermost’ true iéaf of
B. napus L. (S.T.)-transiocates nearly 75% of its
assimilates to the growing fruits (Brar ana Theis, .1977).
Roots, pods, beaks, seeds and apices were éinks for
assimilates in both rapeseed species (S.T.) while both stems-
and- leaves were found to export '*‘C-labelled assimilates

(Major and Charnetski, 1976). Photosynthates produced in



leaves of both rapéseed\species (S.T.) were translocated
;electively to the pods in which seed= were filling, and
there appeared to be no translocatibn to4barren pods
(Freyman et al., 1973). Lower leaves of B. napus L. (S.T.)
exported photosynthates to the root, whereas upper stems and
leaves exported photosynthates to seeds and pods (Major et
al., 1978)f Seeds were a strong sink for photosynthate
transloéation from léaves pods and stems. Although pods were
capable of assimilating "Cbz, they were also sinks for
photosynthate exported frém stems and leavés.

At the stage of most inteﬁsivg accumulation of dry
matter.in the seeds of B. napué L. (5.T.), the sil&que walls
and stem parts bearing siliques showed a relatively high
photosynthetic activity compared to that of the leaves (28%
and 41% resbectively;.leavés = 100%) (Brar and Theis, 1977).
Correspondingly high quantities of assimilated '‘C were
delivered by these organs to the gro;ing seéds; leé&es 37%,
sil?qug walls 32%, and stems 31%. In this study and others
involving either B. napus L. or B. campestris L. (S.T.), no
distinction is made between ieéves which are attacbed to the
main stem and fhose'attached to the stem part~beafing
siliqﬁéé. ‘ - |

A study‘of total dry matter production in relatidn to
leaf aréa suggests thaf the source of assimilates for.flower
and early pod deveiopment is different from that for later
"pod growth (Allen and Mofgan, 1975). Up to the time of

emergence ~f green pods: flower and post-fertilization
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deveIopment depends primarily on assimilates supplied by the
leaves and, to a lesser degree, stems. Seed weight appears
to be determined late 1in the'r;pening phase (Norton and -
Harris, 1975), while pod number is determinediihmediately
following flowering. Since reductions in pod number were
compénSated for by increased number of seeds per pod, seed
number is primarily determined by assimilates available
'shortly after first flower. However, after the fofmationbof
pods, it seemé prbbable that the green pods produce the N
\assimilatés for their pwn growth and that of the seeds which
they contain and thus leaves become decreasiqgly important.
as'sources ofvassimilate for their growth (Allen and Morgan,
1975; allen et al., 1971). | o

The best avenue for yield improvement would be to
improve the supply of metabolic ihputs during the
development'bf each yield component (Adams and Grafius,
1971). For B. napus L. (S.T.), this would mean increasing
leaf area, or its duration, to sﬁppiy assimilates during pod
deVelopment, and.also increasing pod area or photosynthetic
rate to supply assimilates for seed growth (Clarke and
Simpson, 1978b). Limitatiqn of branching and increasing pod
numbers on the main raceme could also be beneficial in terms

of increased yield and earlier maturity (Clarke and Simpson,

1978b) ..
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Yield Companents and Interrelationships

| Seed yield per. unit area of rapeseed is a function of
number ofﬁpods per unit arég, number of seeds per pod, and
weight per sqed. In examjhing the effects of p}ant denéity
and irriéation on yield; 1000 séed weight and plant density
were the most important components of yield (Clarke and .
Simpson, 1§7Bb). The number of pagg per unit area increased
with increasing plant density wh%f% number of pods per plant .
declined. This led to a negativé correlation between number
of pods per plant and seed yield, which was in contrast to
Thurling's (1974) finding of a positive correlation between
seed yield\;nd number of pods per plant in B. napus L.
(S.T.). This would‘be expected at a fixed density, sincé
-number of pods per plant and number of pods per unit area
would be.directly related (Clarke and Simpson, 1978b).
According to Degenhardt and Kondra (1981b), number of plants
or number.of raéemes per plant are not major factors»of seed
yield per unit aggaf/

Observatiéﬁs of single plantsfpf.three genotypes of

B. népus L. (S.T.) grown in the field in solid stands,
indicated thét the major contributor to seed yield pef plant
' n@as veget;&ixe yield (Campbell et al., 1978); Further field
studies with five géhotypes of B. napus L. indicated that
only harvest index had a consistently high correlation with
seedlyiéld per unit area. Therefore, harvest index could be
a promising évaiuation criterion for selécting genotypes in

a B. napus L. breeding program for seed yield and early

o



34

maturity (Deéenhardt and Kondra, 1981b) Slmllarlly, harvqst
index was the single most 1mportant character 1nfluenc1ng
seed yield per unit area in three cultivars of B. napus L.
(s.T.) méaéured under field conditions. Variation in harvest
index was independent of total yield of thé plant (Thurling,
1974) . |

' Seed yié#ld per unit area of B. napus L. (S.T.) was.
determined primarily by the number of pods per plant and the
number of seeds per pod, which in turn paralleled LAI in
field experiments exémining the effects of n;trogen (Allen
and Morgah;;1972; 1975; Scott‘et al., 1973b) and genotype
(Allen and Morgan,-1975). ﬁnder western Australian
conditions, seed yields are primarily infiuénced by the
number of pods per plant (Thurling,r1978).‘

In four cultivars of B. campestras L; (S.T.)‘grown in
Kuwait as spaﬁed single plants, seed yieldlber plant was
positively and linearly assoéiated with pod length, number
of p&ds.per plant, number of seeds per pod.and seed weight
per pod; all four component characters were interelated with
plant height (Ahmed, 1980). Oﬁ the average, 30% of the
variability in seed yleld per plant in B. campestris L. was
due to 1ts assoc1at10n with these four component characters.
In B. napus L. (S.T.), increases in pod dry welght were
largely responsible for increases in -total plant dry weight
duriﬁg pod'development (Allen et.al., 1971), but average pod
weight and average seed weight were n;i:associatedjwith’seed

yield per unit area (Allen and Morgan, 1972). Although the

~

/

v
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Simple cofrelation coefficient between seed.yield per plant
and plant height was nonsignificant in B. campéstris L.,
plant height exhibited a significant effect on seed yield
per p;ant-independent éf other plapt characters examined
(Ahmed, 1980). Tall.plants usually had more branches and
more pbds;per plant than did short plants. Contrary td this,
eéflyématuring, ﬁigher—yielaing genotypes of B. napus L.
which were shorter, had highér harvest indices, and lower
vegetative yield than the taller, late-maturing'genotypes,
indicating that the selectioﬁ of shorter plants within
breeaing material wouyld be most desirablé (Degenhardt and

- Kondra, 1981a).

Seéd yigld per unit area Qas'assqciated primarily wieh
total plant dpy weight at final harvest, which in turn was
most closely.cor;e;afed with the duration of the vegetative
period‘in field_eiperiments examining the efféﬁts of seeding
.rate and date on Canadién’spring cultivars of B. napus L.
grown as. winter crops in Western :ugtralia (Thurling, 1974).
Similar'findings in oﬁhef studies were observed within an
individual genotype of B. napus L. HowéQer,'fOr any given
éeeding date the.genotype with the shortest vegeta;ive
period had the highest seed yield. (Degenhardt and-Kondra,
1981b). In the same way, within one genotype of B;.nabus L.,
number of ‘racemes per unit area was not a major factdr in
detefmination of seed yield per unit area.

" The total dry weight of the plant at final harQest and

first flower of B. napus L. (S.T.) were both significantly
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correi;fed Qith the three leaf/size parameters; maximum LAI,
LAD afterbanthesis, and leaf—weigﬁt ratio at anthesis
(Thurling, 1974). Maxiﬁum LAI, LWR at anthesis, harvest
index aﬁd pod production period all maée significant
contributions to seed yield per unit area of B. napus L.
(Thurling, 1974; Scott'et al., 1973a). Peak CGR during pod
development,~p9d growth .rate, pbd dry weight, and total
plant dry weight at anthesis paralleled seed yield per unit
area (Allen et al.,v1971; Allen and Morgaﬁ,_1972; Scotp et
al., 1973b). CoR paralleled LAI from germination to pod
onset (Allen et al., 1971). A ciose linear relatiohship.
between LAD and maximim LAI was observed in B. napus L.
(scott et al ., 1973b).

.Total plant dfy weight and flower number at the time of
floral initiation are significantly correlated to final
yield (FaSry,l1979). Below a spécific threshold, if is the
productfon potential which is limited and is correlated with
the dry matter pfesent in the plant at the gime of ..
initiation of elongation. Above a specific threshold, there
occurs ‘the phenomenon of competition Qithin'the_blant and
between plants, which restrict the full yield potential of
the plant (Fabry, 1979). | |

| Since time to flowering and length of the seed
formation periods did not give the same ranking of génotype
as seed yield, there appeared to be no direct relationship
~between duretion ofsflowering or seed formation and seed

yield amongst genotypes of B. napus L. (Degenhardt and

¥



Kondra, 1981b). This finding corresponds with those of
Campbell et él. (1978)-who found that seed fiiiing period

. was not a significant féctor in determining seed yield.fThe'
positive correlations of flowering rate of racemes with seed
yield per plant indicates that a rapid rate of flowering is
associated with high yield (Campbéll et‘al.,\1978).
‘Earliness of the,stageé and periods, up to and including
first flower on the third secondary raceme, increased
duratioﬁ of the flowering periods first flower to last
flower and first flower'té end flower also charécterize‘
plants with hich yield levels (Campbell and Kondra, 13578).
Growth rate, floweringrrate, and rate of dry'matter ' |
accumulation during seed formation ugder cool érowing

> conditions may be major fac;ers in yield determination

(Campbell et al., 1978).

\



I1I. MATERIALS AND METHODS
. Plant Material
The plant material included in this study was chosen to
répresent a range of maturity dates under central Alberta
conditions.

- Two.cultivars of B. napus L. (S.T.) ('Oro’ ana‘
'Regent') and an experimehtal‘line from the University of
Alberta breeding program ('74G—13827)1were ﬁsed in the field
experiment carried out in 1979. The line -74G-1382 and
cultivars Regent and Oro ﬁature in approximately 105, 111
and 117 days, respectively. |

Ten genotypes from two species (B. napus L. (S.T.) and
B. campestris.L. (S.T.)) grown in central Alberta were used
in the field experiment carried out in 1980. The four |
experimental lines (746—1582 or "1382", 75G-908 or "908",
75G-2180 or "2180" and 7SGi19993 or "1999B") and four
‘cultivars ('Altek',"Towef;, 'Regent’' and 'Oro') |
representing B. napus L. (S.T.) mature in approximately 105,
107, 108, 108, 108, 110, 111, and 117 days, respectively.
Two cultivars of B. campestris L. (S.T.) ('Candle' and 7

'"Torch') mature in ap?roximately 96'days.

Location
The two field experiments were conducted on a clay loam
. soil (solonetzic black soil type) at the University of .

Alberta, Edmonton Research Station. Temperature,

.38

° “5
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precipitation and sunshine hours were recorded at a nearby

<

meteorological station (Appendices 1, 2 and 3). Stored soil
moisture was adequate for germination andgrowth in 1979,
However, because of low soil moisture reserves in 1980, one

sprinkle irrigation of 20mm was applied at ‘the cotyledon

.

stage.

|

Y

5

V

e

Design of Experiments 7
I :
All genotypes in both years were replicated four times
in a randomized block design. In 1979, plots we- - m long
and 11,6 m wide with 52 rows per plot having 22.7 cm spacing
between rows and‘2.0 m spacing between blocks. In.1980,_
plots were 6 m long and 3.6 m wide with 16 rows per plot

having 22.5 cm spacing between rows, and 2.0 m spacing

between blocks. .,

Seeding'
Fertilizer waswaoadcast and worked ‘in tﬁree days prior_
to seeding, at the recommended rate of 100 kg/ha of 11-55=0
(11 kg/ha actual N, 55 kg/ha actual P) in 1979. In 1980,
soil ﬁests indicated no nutrient deficiences and therefore
no fertilizer was applied.
Weeds were con;rblléd by the incd?poratidn of
| trifluralin herbicide at 0.5 kg/ha active ingredient four
dayé prior to seeding in 1979. The test-site in 1980 was:
virtually free of weeds and no herbicides were appiied.

There'were no weed problems in either year.
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Seed was treated with carbofuran granules to control
fle; beetles in both years. There were no séfiogs pest
problems in either yéar.

g The seed for ééch row was -individually packagéd_tq
provide_approximatelnyOO'geeds-per 6 m row in eéch plot for
béth years. In 1979 and 1980, plots Qere seeded on May.9 and
Méy 8, respectively, In both years the seed was placed
approximately 1 cm to 2 cm beléw the soil surface. Seeding
rate, seeding ucte and depth of seeding were'typical - f
cultural practi-zes endorsed by central Alberta farmefs.
Plots were seeded with a Swift Cu;rent powgr seedér, four
fﬁw cone-type press drill with double disc opéners, which
has wheels_packiné the soil before and after the seed is

.~ placed in fhe,soil.;l |
Sﬁmpling Pro;édure

Visdal observatiohs in the field of germination, plant
deﬁsity,‘leaf emérgence and onset of stem elongation were
taken at regular intervals untii June 8 in 1979, and until
May 20 in.i980. Subsequently; gfowth, development'énd yield
were measured on samples cut at soil level from 0.5 m? areas
in 1979, and from 0.25 m* areas in 1980. All sampling sites
én both years were bordered by 0.5 mrof discard area between
rows and 0.25 m of discard area within fow;;

In 1973, samples were taken at two-day .intervals
throughout the growing season, beginning June 9 and ending

cg. '
September 7, providing a total of 46 harvests. In 1980,

>
Ps
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samples weré taken at two-day intervals from May 21 through
t§ June 28, afief which sampleé were taken at four-day
intervals‘until September 5. A total of 38 harvests were
taken in 1980. After harvesting, the plant material was
brought to the field lgboratory'whe:e thé pe ent
observations and measuréments wereirercorded. The samples -

were placed in férced air dryers at éO degrees C for 48

hours after which their dry weights were measured.

Quantitative Analysis of Growth

The growth stage key (Table 1) Qas used in defining the
majér observable develdpmental events.

Obséryationé, measurements, qrvcélculatiéns were taken
on the following growth, develqpmenz and yield

characteristics. All variables are expressed in terms of

-

land area basis. T -

1. Emergence of true leaves (code tl,1, tl1.3, tl1.5, and

£1.7)

\

The time between time' of seedihg (TOS) to emergence
of first true leaf was rercorded when visual :
observations determined that 50% of the plants exhibited
an exposed first true leaf a minimum of .5 cm in length.
Determination of tl.3, fi.s and tl.7 was similar.

2. Onset of stem elongation (coﬁe se.0)

TOS to onset of stem elongation was recorded when

visual observations determined that 50% of the plants

had thé first and second nodes growing apart. -



Code
tl.1
tl.3
tl.5
tl.7

se.0

abl.!
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Table 1. Growth Stage Key

Stage

True Leaf
True Leaf
True Leaf

True Leaf

Onset of stem

elongation

Axillary branch

leaf 1

{
True Leaf
senesced

First flower M

1

~J

End of <rue

leaves

Maturity of

first pod

Description

Emergence of the first true leaf
Emergence of the third true leaf
Emergence of the fifth true leaf
Emergence of the seventh true leaf

Onset of internode\elongation

Emergence of the first leaf on an

"axillary inflorescence

Senescence of first true leaf

First flower on the main
inflorescence
Senescence of the last true leaf

Seeds in the lowest pod cf the main
raceme all dark colored ’



3.

(82}

>
[9%]

First éxillary branch leaf (code abl.1)

v

TOS to emergence of first axillary branch leaf was

&3]

reccrded when visual observations determined tha:t 50% ¢
the plants exhibited an exposed first axillary branch
leaf a minimum of .5 cm in length.
First true leaf senegced {code sz..1)

TOS to senesence of firs: :Qre leaf was recorded
when visual observations determined that 50% cf the
plants exhibited the first true leaf to be 50% cr’
greater senesced.

First flower (code £f.1)

TOS o first flower'was reccrded when 56% cf the
plants had at least one open. flower on the main raceme.
End of true leaves (code etl.()

TOS tc end of true leaves was recorded when 50% of

the plants had rno true leaves present. A living true

AN

leaf was defined as one having 50% or more of its area

G 2k
A

in a green state.
Maturity cf first pod (code m.1) . -

TOS to matur::cy of the first pod was recorded when

30% of the plants had all mature brown colored seeds in

the lowest pod of the main raceme.
Stem elcngation period (se.0 to f.1)
The stem elongation period is the number of days

onset of stem elongation to first flower.

th
't
O
3

Seed formation period (f.1 to m.1)
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12.

13.

14.
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The seed formation period is the number of days
from first flower to maturity of first pod.
Leaf emergence rate

Leaf emergence rate was calculated for the period
tl.1 to se.0, se.0 to/f.1 and tl.1 to f.1. Simple linear
regression was employed in determining leaf emergesée
ratej Leaves per plant were regreséed on DAS (time)
giving a leaf emergence rate expgessed as "leaves per
plant per day". "
Crop dry weight

Crép dry weight is the total dry weight Af plant
material above soil level present in a 0.5m? area in
1999, and obtained for a .25m? area in 1980.
Mean crop growth rate -

| CGR was calculated for,the pre-anthesis period (TOS

to f.1),'segd férmation period (f.1 to m.1) and over the
complete life cycle (TOS to m.1) using equation 2;3. The
pre-anthesis period is primarily vegétative and the#
post-anthesis period is primarily'reproductive.
Mean relative growth rate

RGR was calculated on a land area basis for the
pre—aqthesis period (TOS to f.1), seed formation period
(f.1'£; m.1) and over the complete life cycle (TOS to
m.1) USing‘equation 2;7.
Leaf area index °

LAI was calculated from the‘planpﬁsubSample leaf

area and plant density. Measurements of leaf area were
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based ;n a random subsample of ten plants in 1979, and a
random subsample of five plants in 1980. Subsampling was
done at each gampling date from the time true leaves
became apparent until m.1. | |
Mean unit leaf rate
- ULR was calculated for the pre-anthesis period (TOS

to f£.1) usiné equation 2.9. The assumpﬁions required for
the use of equation 2.9 limits the calculation of ULR to
the pre-anthesis periodf
Méan leaf area ratio

o fiﬁ was calculated for the pre-anthésis period (TOS
to -f£.1) using equation 2.11. The aséumptions reguired
for the use of equation 2.11 limits the calculation of
LAR to the pre-anthesis period.
Leaf Area Duration a

LAD was calculated from the integfal Ef the

function describing the relationship between LAI and
DAS, between growth stages f.1 and m.1, using eguation
2.17.‘This growth period was chosen since the

assimilatory capacity of the leaves is of most interest

during the seed .formation period.

Axillary branch leaf area index (ABLAI)

ABLAI was calculated as the totalAaxillary leaf
area from the subsample and plént density;-Measurements
of axillary branch leaf area were made only in 1980 and
were based on a random subsample of five plants.

Subsampling was done at each sampling date from the time

[>

[
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éxilléry leaves became apparent until m.1.
Axillary branch leaf area duration (ABLAD)

ABLAD was calculated from the integral of the

-function describing the relationship between ABLAI and

DAS, between growth stéges f.1 and m.1, using equation

~ 2.17. Measurements of axillary branch leaf area were

made only in 1980,
Plant density

Plant density was determined by counting the number
of plants invO.Sm2 sample in 1979, and a 0.25m? sample
in 1980. "
Seed yield

Seed yield was determined from the total yield
sample from a O.Sm’ area in 1979, and a 0.25m?® area in
1980. An Almaco plot thresher, rub-bar type was used.
Harvest index

The harvest index was obtained by.dividing the seed
yield by the total yield.
Seed yield per main raceme

Seed yield per mair raceme was determined from
measuring the seed yield per main raceme from a ten

plant subsample at m.1l. Measurements on seed yield per

main raceme were made only in 13979.
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Analyéis of Data
1. Analysis of variancev(ANbVA)
‘-tThe data from 1979 were analysed as a randomized
hblock. The daté from 1980 were analyzed as a nested
design. ‘Each year was treated as a separate experiment.

"~ —-(1) ANOVA for 1979 field experiment

Sourcé& of Degrées of - F-value
variation : freedom 05 .01
replicate : _ 3

genotype : 2 5.14 10.92
‘residual} 6

Total _ 11

(ii) ANOVA for 1980 field experiment

Source of - Degrees of F-value
variation ' freedom .05 .01
replidaté 3

species oo 10.13 34.12
genotype/species 8 2.35 - 3.35
replicate x 3

speéies |

residual - 24

Total _ 39

The valid error for "species" is "replicate by

species”, whereas for "genotype within species”, the
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'vaiid error is the residual.

Observed mean sample values were used in the ANOVA
analysis for both years ih determining all growth stage
énd growth period variables. In determining leaf
emergence rate, simple linear regression was applied to
observed mean sample values. The B values from the
resulting linear polynomials were used in the ANOVA
~analysis. |

The observed values for crop dry weight were
transférmed té natural logarithms to render their
variability more homogeneous wifh'limeAas evidenced by
examining the residuals. Polynomials of varying degree
were fitted to the transformed data by the least squares
‘method. The polynomial of best fit is indicated in an
analysis of variance table, which-}or each variate
yields the ratio of the regression mean square for each
particular order of fit to its residual mean square. A
t-test was performed on the final coefficient of the
poiynomial to determine whethér or not the addition of a
further term giving a higher-degree of polynomial was
justified by the improvemént in fit. The highest order
polynomial .that was justified was used, however, the
same order of polynomial was used for all genotypes and
ali replicates. Through interpolation, prediéted values
- were obtained for each genotype g} replicate at specific
‘developmental stages (i.e., f.1, 1SDAF, m.1) for

comparative purposes. The cubic polynomial (1979) and
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the quadratic polynomial (1980) were employed. Predicted
values obtained from the above procedure were utilized
in obtaining CGR and RGR. Predicted mean values were
used in the ANOVA analysis in comparing RGR and CGR
values.

A similar procedure was used to obtain predictéd
values for LAI and ABLAI as that described for obtaining
predicted values of»crpp dfy weight. However, the
obser;ed values for leaf areas were not transformed to
natural logarithms, since an anélysis of»residuals'did
not justify this transformation. Predicted mean values
of LAl and ABLAI were used in’the ANOVA analysisi

Predicted values obtaiﬁed from the procedures
outlined for crop dry weight and LAI Qere utilized in
determining ULR and EXﬁ: )
| Observed values were uéed in the ANOVA analysis for

both years in determining plant density, seed yield and

seed yield per main raceme.

- "/



IV. RESULTS
In 1979, genotypes of B. Hépus L. (S.T.) aiffé;eé
siénificantiy for all growth stages except tl.! and se.0
(Table 2). Of the two'growth periods analysed, there were
significant differences for stem elongétion period,.but not
‘seed formati&% period. Significant differenceg among"
genotypes for all growth paramétefs were indicated except
for ULR and LAR (Table 2). Among genotypes of B. napus L. in
1979, all'yield components except for seed yield differed
.significantly among genotypes (Table 2).

There were significant'differences between species for
all growth stages and growth periodsm(Table 2). Among the
gfowth parameters, only CGR (f.1 to m.1), TGR (TOS to m.1)
and ABLAI (15DAF) did not differ significantly (Table 2).
Among the seed yiéld.compongnt éharactefs, significant
differences were indicated for seed yield, but not for
hafvest index or plant dénéity.

In 198G, there weré éignificant differences among
genotypes of B. napus L. for all growth stages ekcept tl.1
and all growth pe;iods except seed formation périod (Table
2). From tl.1 to f.1, the leaf emergence rate indicated
significant differences‘among genotypes; howéver, from tl.1
to se.0 and se.0 to f;1 the difféfenéés among genotypes for
leaf emergence rate were not significant (Table 2). Among
the g:owth‘parameters; CDW (m.1), CGR (£, 1 to m.1), CGR (TOS
to m.1), LAI (15DAF)- and LAD'indi;ated»no significant

differences for seed yield components (Table 2).

- 50
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Table 2. Summary of analyses of variance for all variables .
Within Within : Within Between
. Brassica Brassica Brassica Species
¢ napus L. napus L. campestris (1980)
(1979). (1980) L. (1980)
tl.1 n.s n.s. n.s * -
tl.3 * * n.s. *
tl.5 * x n.s *
tl.7 * x n.s. *
AN
se.(0 n.s. * n.s. x
abl.1 * * n.s. *
stl.1 * x n.s. *
f.1 * x n.s. x
etl.0 * * n.s. ¥
v
m. 1 % x n.s. *
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Table 2. Summary of analyses of\variante for all variables

(continued)

Within Within Within Between
Brassica Brassica Brassica Species
napus L. napus L. campestris (1980) .
(1979) (1980) L. (1980)
SEP (se.d to * * b n.s *
£.1)
SFP (f.1 to n.s. n.s n.s *
m.1)
LER (tl.1 to * n.s. * *
se.O)
LER (se.0 to * n.s. n.s *
f.1)
LERK(t1.1 to * * n.s. €
£.1)
COW (£.1) * w ‘n.s.. s
CDW ( 15DAF) * * n.s. *
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Table 2. Summary of: analyses of variancesfor all variables .
: {continued) ' S ' ' L

_‘\J

—wifﬁinh Within . Within Bétweén
Brassica Brassica - Brassica Species
“2pus L. | napus L. campestris (1980)
(1979) (1980) . L. (1980)
CDW (m.1) x - n.s. - n.s. *)
el
CGR (TOS to o * n.s. =
£.1) | '
CGR (f.1 to * n.s. . n.s. N n.s.
m.1) -

( . - o
CGR (TOS to * n.s. - . N.s. . n.s.
m.1) N
RGR (TOS to b3 x . * x
£.1)

RGR (f.1 to x * n.s x
m. 1)

N

RGR (TOS to £ . PO "

L 8.1



Table 2. Summary of analyseé of va

(continued)

54

riance for all variables

Within

Between

“Within Within
Brassica Brassica Brassica Species
napus L. napus L. campestris  (1980)
(1979) (1980) (1980)
= \
LAI (f.1)~ * * n.s. *
LAI (15DAF) * n.s n.s. *
ULR (TOS to - n.s. * n.s. *
£.1) -
LAR (TOS to n.s. x n.s. *
£.1) :

" LAD * n.s. n.s. *
ABLAI (f.1) * n.s. * -
ABLAI (15DAF) * - n.s. n.s.
ABLAD - * n.s. *
harvest index * n.s. n.s. n.s.
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Table 2. Summary of analyses of variance for all variables
(continued)

Within Within Within Between
Brassica Brassica Brassica Species .
napus L. napus L. -~ campestris (1980)~
-(1979) (1980) L. (1980)
~plant density . * n.s. n.s.. n.s.
% seed yield * - -
per main raceme

seed yield - n.s. n.s. n.s. *

n.s., * - non-significant and significant respectively, at p

< .05.
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True Leaf Growth Stage:

In 1879, 74G-°3

v ear

[

tl.3 than all other Zenctvypes, and sign:ificant
ing tl.” (Tabtle Z). The cultivar
reached tl.t% 7 signiijcantly éarliér than all
genotypes. No-sign:ificant iiffe;ences were found for

of days to tl.7. - ;iD’ .
N

.
B. campestris™®iL. was significantly earlier than

vy

B. napus L. in reaching all true leaf stages in 1980

4). The largest difference occurred at tl.3 where B.
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Table Z. Means for leaf growth st: :s (days) (1979)
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£. napus L. '
A 1 oR- < N - Y. 3 N
: SEL, Tower was s.gnificantly later in reaching -.

o

and tl.3 than al:l other genotypes (Table 4). Orc was
signii sntly earlier in reaching tl.5 than all other
genotypes and significantly earlier than Tower, ~5G-1999B

-and 75G-2180 in reaching ti.7.

For growth stages tl.i, £1.3,tl.% and tl1.7, there were
&‘: . . . . )
no significant differences between genotypes cf 5.
Fiathe

campestris L. (Tabtle 4).

;n'both years thQ\thfee genotypes of B. napus L. ' ore,

Regent, 74G-1382) indicated a similar gr-wth pattern. ¢ o

Y

However, in 1979 there were significant differences am>; T

<
-

’r‘
~these three genotypes for tl.3 and tl.7, while in 158C 72
- | o
significant differences were indicated among Qerotypes at A
these true~l=af stages. ;1.' - .
> o _ - v o S

w ;.zk



w)
i

1980

\

{

(days

Table 4. Means for leaf growth stages

u)

(a8 ]
I

™M

(A0 |
v

=

42

36.E6%

(@]

u)
oy

oy

[

15.8%

i e

napus

B.

(¢ 9]

58}
[

(@]

(48]

E camnc.

(4]
(18]

i
(58]

Q
)

«J

[1¢]
[@D]

)

)
s
)

£
(W

Y9
™)

V]
Y8

w

Iy
[

lel}
]
24

.abc

—~
= .

0
()

58]

™

O
e}

(]

0
(]

(]
)
)

O
N

<)
-n

A}
Q
D

[§¢]
18]

3

- m

[N
[6N)
(A

bc

.

pl
(9]
r

Q
1

33

(4
[e0]

N

(]
Ve

L il
(28]

L3
W
W

W
4]

w

Q \

Q-

i

(58]

L1
Y8

ARy
3]

i

&)
[R]

D

<3

Y]
et

~£

Re
V)

O
(34

W)
S8

™)

cwer

wn

(A8

)
tnH
o

.8

[\
ot
jo)

(&)

&)

1]
(90

)
(AR

Y8

0
N

Q

(]

™

A

G-

1a
O
£

'Y
[
'y
. L
Wy &
CY ot
LI
L)
W
vi®
R
(LG
Q
o
v wn
IR IR
[SENY)
v a
She Q
V)
waogl
N
I O
Ty 4
B}
I
o
R
O 51
[\
(S
S Q)
4 )
(]
et
=]
1]
(G )]
wu Q@
(SN ¢
@ 4
¢
(S
St
n
L v
0 Q
(SRS
[V
0 w©
[Tl
[
L YY)

o




" 59

Onset of Stem Elongation l‘ AN

! ~

[
There were nc significant diyfferences among genotypes

of 8. napus L. for ﬁeuQ\in 1979 kTable 5).' eyt

B. . napus L.,wés significantily earlier in reaching se.0
; i / J

/
-
AN |

than B. campestris ﬂ: (Table 6) |

In 1980; 75Gl21gb;\Z4G-1382, 75G—§08, and 75G-1999B
were all significantly ear}igf in‘rgaching se.0 than either
Tower or Regent (Table 6).. o

'There were no significant gifferences between genotypes
of B. CampeStPis-L,.forvséféz(Table 6). |

In 1979, no significant differences among Oro, Regent

énd 74G-1382 occurred. However, in 1980, Regént was

significantly later for se.0 than 74G-1382.

_First Axillary Branch Leaf

The line 74G-1382 was significantly'earlier thén
Regent, which was significantly earliergthan Oro in 1979
(Table 3). |

E. :ampéstrfs L. was signif{;aﬁiiy earlier for abl.!

. et ke <

tn2s B. napus L. (Table 6).

. #-:.?&;‘\' ‘; . . ' .
In "88C, Oro was signifi£§§&§¥ later in reaching abl.!

_than a.l cther genotypes (Takble 6).

There were nc significant c:fferences béigbenmcenotypes-
5 U .. s - N atld

. @»}_ et
Table &), - -5, R

ci E. campestris L. fcr abl.i |
In "ST9 and 8980, 74G-1382 was significaﬁ:l§§%ar1:er,

-

fcr® an. than cultivar Orc. There was nc significant
S:iference petweer "4G-7382 and Rggent .n [380; nowever, in
> <
L
P
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Table 5. Means for Growth Stages (days) (1979)

se.0 ~abl. stl." £
. - 4
Oro 31.0a 58.5¢ “50.0c 61.0¢c
Regent 31.5a 54.0¢b 48.5t 57.0b
1382 30.0a 56.0a 47.0a 5:.5a '

a - Values in the same column with the same letter are not

significantly different, SNK Test p < 0.05.

1979 74G-1382 was significantly earlier for abli.‘' than

Regent.

First True Leaf Senesced
For stl.! 1n 1979, 74G-1382 reached stl.! significantly

r than Regent, which was significantly earlier than

(14
o
"
"_.J
-
3]

cultivar Oro (Table 5).
B. campestris L. was significantly earlier for stl.! ,

e 6).

|

than £. napus L. (Tab
:n '980, Oro, Regen:t and Tower were significantly later
than all ®ther genotypes {Tatle €).

~

Candie and Tcrch of B. campestris L. were not

t’

significantly different for stl. ' {(Table 6:.
In both years, 74G-'38zwas significantiy earlier than

= . R
e:ther Orc or Regent :n reaching.sti.’ ..

et -
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Torch 32.0a

Table 6. Means for groﬁth stages (days) (1980)
N
se.0 abl.1 stl.1 L1
L
B. napys L. 29.6% 40.7% 48. 1% 55.4%
B. camp. L. 32.0 37.0 43.0 46.5
. Oro . 30.5bc 50.0b 50.5b- 63.0d
" Regent 32.5¢ 40.0a 50.0b . 57.0bc
1382 28§ba5\ 39.0a 45,5a 52.0a
19998.w 29.0ab 99.5a 46.5a 53.0a
2180 - 27.5a 39.0a 47.5a 55.0abc
908 , 28.0ab 39.0a 46.5a 51.0a {
Altex- ~ 29.5ab . 39.0a 47.5a 54.0ab ]
Tower - 32.0c 4C.Oa 50.5b 58.0c
Candlé 32.0a 37.0a 43.5a 47.0a.
37.0a 42.5a 46.05.

e - Species means significantly different at p < 0.05.
a - Values in the same column within each species with the

same letter are not significantly different,

0.0¢8.

SNK Test p <
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 First flower

Among genotypes of B. napus L. in 1979, the
experimentél line, 74G-1382 was signific&nflf eaflier than
Regent, which was significantly earlier than Oro (Table 5).
74G-1382 flowered approximately ten days ahead of the
cultivar Oro.

B. Cambestris L. was significantlf earlier in reaching
f.1 than B. napus L. (Table 6). The difference was
_approximately nine ﬂE;Q.V ©

B In 1980; Oro, Regent and Tower were slgnificantly later

than 74G-1382, 75G-19998 and 75G-908 for f.1 (Table 6). The
time between the earliest flowering genotypecandvthe latest
flowering Qenotype spanned approximately twelve d;ys.

Thererwere no significant differencgs between genotypes
of B. cémpestris L. for.first flower (Table_é).

In both years, Oro, Regent and 74G-1382 had the -same

G v
e

ranking for first flower. : B SR

End of True Leaves

For etl.0 inv1979, 74G-1382 was significantly earlier
in reaching etl.0 than all other genotypes (Table 7).
‘ B. campestris L. reached etl.0 significanmtly earlier
than B. napus L. (Table 8). _ '

In 1980, Oro, Regent and Tower, were significantly
- later than 74G-1382 in reaching etl.0 (Table 8). |
Thé}e_were no sighifi;ant differences between genotypes'

of B. campestris L. (Table B).
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‘Table 7. Means for growth stages and growth periods (days)

(1979)
etl.0 m. 1 : SEP " SFP
oro ©  106.5b 113.0c 30.0c 52.0a
Regent 104.5b 109.0b 25.5b 52.0a
1382 o  96.0a 103.0a 21.5a 51.5a

v

a - Values in the same column with the same letter are not
significantly different, SNK Test p < 0.05.

In both years'Oro, Regent and 74G-1382 had the same
ranking for days to end of true leaves. | . ] 
Maturity of First Pod

For days to maturity of firét pod, 74G-1382 was
significang;yhearlier than Regent, wgich was significéé%iy"
earlier than Oro in 1979 (Table 7);' |

In 1980, B. campestris L. was significantlg earlier in
reaching m.1 than B. napus L. (Table 8). The differenée.was'
approximately fourteen days.  " |

For maturity of first pod, 746*1382 and 75G-908, were
both significantly earlier than Ofo,'Regent and Tower in
1980 (Table 8). There was apﬁrbximately ten days.diffefence
between the eafliest and latest maturing genbtypes. .

The;é,was ﬁo significant difference between genotypes

of.B. campéstPiS'L. for maturity of first pod (Table 8).



64

‘Table 8. Means for growth stages and growth periods (days)

(1980)
etl.0 . m.1 . sep SFP

B. napus L. 101.4% 109.4% 25.8% 59.9%

B. camp. L. 88.0 95.0 14.5 48.5

Oro - 108.0c 115.0¢c 32.5b 52.0a
Regent 104.0bc 111.0b ' 24.5a ' 54.0a

1382 © 96.0a  106.0a  22.0a 54.0a
19998 100.0ab 108.0ab* 24.0a 55.0a

2180 99.0ab  108.0ab  27.5a’ 53.0a

908 - 101.0ab ~  107.0a 0 23.0a 56.0a - - 7
Altex © 100.0ab 108. 0ab 24.5a 54.0a
Tower 103.0bc 111.0b 26.0a v53.0a
Candle T 87.0a  96.0a . 15.0a  49.0a
Torch 89.0a = 94.0a 14.0a 48.0a

* ~ Species means significantly different at p < 0.05

a - Values in the same column within each species with the
same letter are not significantly different, SNK Test p <
0.05. ' S

—_—
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Maturity rankings were the same for genotypes 74G-1382,

Regent and Oro in both 1979 and 1980. °

Stem Elongation Period
The stem elongation period pf 74G—1382 was
significantly shorter than that of Regent, which was
sighificantly shortér than that of Oro in 1979 (Table 7).
B. campestris L.had a sigrificantly shorter stem
elonga&ion period than B. napus L. in 1980 (Table 8). The
difference Qas‘apprbximately eleven days.-

In 1980, Oro had a s:gnificantly longer stem elongation

.
period than all other genotypes of B. napus L. (Table 8).

. Apart from Oro, there were no other significant differences

among genotypes.

There were no siénificant differences between genotypes
of B. campestris L. for stem elongation period in f§§o‘
(Table 8). = . I )

in both years, Oro had a significantiyv}gpger\stem

'elongatioh period‘than either Regent or 74Gf§§§5.‘The
_‘differenée between the shortest and longest stem elongation

period among thesé'genotypes in both 1979 and 1980 was 8.5

days.

Seed Fbrmation_Pe;iod
There were no significant d.fferences among genotypes

of B. napus L. in 1979 (Table 7).

o



LS
" 66
B. napus L. had a significantly.longer seed formation
.period then B. campestris L. (Table 8). The SEP df
B. napus L. was approximately eleven days longer.thah B.
campestris L., but the SFP only 5.5 days-longerﬂ
There were no signi%icant differences among(genotypes
of é. napus L. for seed formation period in‘f980\(Table 8).
Genotypes og B. campestris L. demonstrated no
significant differences for seed formation period (Table 8).
In both years; Oro, Regent énd 74G-1382 did not differ
significaﬁtly for SFP. The ieﬁgth cf the seed formation

period among these three_genotgpgg varied by only 2.5 days.

Leaf Emergence Rate

In each periéd analysed, the létgr maturing>0%o had a -
sigﬁificantly higher leaf emergence rate than éither Regent
‘or 74G-1382 in 1979 (Table 9). |

From-tl.1 to f.i,\Regent had a significantly greater
leaf emergence rate fh;;’746—1382. After attainment of tl.1,
Oro developed a new leaf approximately every fourth day,
whereas 74G-1382 fééuired five days to develop a new leaf.

B. campestris L. had a significantly higher leaf |
emergence rate than B. napus L. during all periods analyséd
(Table 10).

In 1980, differences among gehotypes of 6. napus L. for

leaf emergence rate were significant for only the period

Vi

from tl.1 to f£.1 (Table 10). During this period, Oro had a : %

significantly higher leaf emergéhce rate than all other
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Table 9. Means for leaf emergence rates (leaves/plant/day)

1 (1979)

A

\

se.O_to f.1

tl.1! to se.0 tl.1 to f.1

Oro
1ﬁ Regent
74G-1382

0.28b 0.24b 0.26c
0.24a ” 0.'9a 0.22b
0.23a . ~ 0.16a ‘ 0.20a

a -"Values in-the same column with‘the same letter are pbt
significantly different, SNK Test p < 0.05.
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Table 10. Means for leaf emergence rates (leaves/plant/day)

(1980)
tl.1 to se.0 = se.0 to f.1 £1.1 to f.1

B. napus L.  0.13% C0.23% 0.23%

B -camp. L. 0.21-. . '0.28 0229

Oro. 0.14a ‘0.27a ; 0.28c
Regent 0.15a 0.22a : 0.24b

s .

1382 © - 0.10a 0.20a 0.18a
1999B 0.12a 0.22a 7.21b
2180 : "0.1ia . 0.24a : 0.22b -,
.o A
908 - 0.13a 0.26a +0.24b
Altex 0.11a ~ 0.21a .. 0.22b
Tower - 0.15a ‘ _ 0.24a 0.24b
Candle 0.18a 0.28a ~0.27a
Torch . 0.24b . 0.29 0.30b

*+ - Species means significantly different at p < 0.05.

a - Values in the same column within each species with the
same letter are not significantly different,. SNK Test p <
0.05. ’ _ '

T~ ) LY
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L

genotypes, whereas 74G-1382 had a significantly lower }eaf“
emergence rate than all other genotypes. Leaf emergence
rates during the stemAelongation period were approximately

double those durinqttl.1 to se.O0.

‘There were significant differences between genotypes of

B. campestris L. for leaf emergence rate (Table 10). Torch

had a significantly higher emergence rate than Candle'dufjng*

these perdods. ‘
In both years,.Oro, Regent and 74G-1382 followed a
similar pattern for leéf emergence ratg.during the period
ti.1 to f.1..In 1980, no significant differences among these
genotypes fbr leaf emergence rate were evident during’the
stem elongation perioc and tl.1 to se.O;'However, in 1979,

Oro had a significantly highefflggf emergence rate than

: AR
. Regent and 74G-1382 during theggéperiods.

<l -

Crop Dry Weight

Oro had>a significantly'greéter.crop dry weight than -
74G-1382 at £.1, 15DAF, and m.1 in 1979 (Table 11). |

Regent was siqnificanLly greater than 74G- .2 at £.1
and 15DAF, but a:lm ‘ thé.difference between these two
genotypes we: not-signifiqgnt. : ‘ .

B. napus L. had a significantly greater crop dry weight
"than B. Campestris L. at f.1, 15DAF and‘m.1 (Tableﬁ12),.The~
largést!@dfferenée occurred at ﬁSDAF, where B. napus L. was

approximately 107:grams heavier than B. campestris L.

l/f
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Table. 12. Means.
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There were ~C S.gn.licant Z.:fferences pectween genciivpes

& sigrnificantly greater crap

1

nd '5DAF than 74G:W382.»ﬁowever, in 1676,

yan
f

Orc had a 51gnlflcan 1y greater crop drv welght at m. 1 than

both Regent and 74G-1382 whereas 1n.1980 no?&igngflcant

differences were_detectedvamong these three ‘genotypes..

. Sl

1

Mean Crop Growth Rate ' @ ) o
From seedlng to f , Oro and Regent had a 51gn1facantly
hlgher CGR than dla 74G—1382 -whlle'from f;1 to Tfj’ Oro-and

74G-1382 were. 51gn1f1cantly hlgher than Regent (Table 13) .

From seedlng to,m. 1 Oro was 51gn1f1cantly hlgher than-*

elther Regent or 74G 1382

A0 ' T e ~

o
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“m, 1, op@fromfseeding to m.1.

o

Table 3. Means for mean crop growth rates grams gday

1Q°Q
Yy
-
seec .z T < : - o seeCc:C IC T.n
L

Te- 2. RrGr = LTw L TTr
gl S.Thr TL.D¥C £ e
Rere™- 1A~ T la C
xece 2.l 3 c ) ‘2cC
PN - i ) L PR
KR .o c.z:c 4.27a

l‘gf‘
a - Values :n the same cciumn with the same etter are not
significantly diiferent, SNK Test p < 0.C%

B. népus'L; had a significantly greater.CGR from

“seeding to f.! than did B. campestris. L (Téhle 14). There

were no 51gn1f1cant dlfferences between spec1es for CGR" f;om'

f.1 to m.1 and seed1ng to m. 1. ;g; . “_ L R,

523

Oro had a 51gnif1cantly higher CGR than all other‘

genotypes»from seedlng to £.1 in 1980(fable 14) . _ S??

3 K3y

51gn1f1cant dlfferences were 1nd1cated for: CGR from £.1 to

~ R & 1 B ' '
There were no significant differences between genotypes

of B .campestris L. (Table 14).

-

=

ﬂn 1979 and 1980 both Oro and Regent had 51gn1f1cantly N

o
s

o

{]*hlgh&r TGRs from seedmg to £.1 than digd 74G- 1382 G

/;?TL'§mong these three genotypes for CGR from £.1 to:

'd/seellng to m.1 were 51gn1f1cant in 1979, but not in '
; .3&;. s )‘j’ LR e ’ ) \“.}\ X
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Table 14. Means for crop growth rates ugrw%?'déy)--19803 - .
. . ] o 7 ..
seec:ing toofL fLt toomlL seeding tc .
y .
‘B. napus . ".63% ©2.35s , 2.03s
EB. camp. L_. .00 2.53 .78
s
Orc 2.75¢ 62a “2.24a
) : Pt
Regent 1.75¢c , 2.05a 1.90a ‘
| B S ‘ i ¢
1382 1.28ak . ' 2.73a 2.02a
19993 1.56bc ©2.79% 2.19a \
2180 L7 1.73¢c & 2.45a . 2.08a : SN
1908 _ 1.09a 3.00a © 2.10a
 Altex 1.70c 1.84a < 1.77a
T ) oy
" .Tower . 1.65¢c ' 2.727a 1.94a .
Candle - : *0.92a . 2.34a 1.64a
Torch _! .~ .1.07a | 2.71a "1.91a
. o SE . T . ) . ) . 14
* - Specfes means significantly different at p < 0.05. :
° . ~ R ’ 9 . ’_)" g ) ,‘"
a - Values in. the same column within each species with the —
same letter are not significantly different, SNK Test p <
0.05. ; : :
b .,'; \) . &2 v
g O 0\‘ 3 &
b . L Sy o 9 Py '




ity

vay

h

=

‘'Mean Relative Growth Rate &)

In all growth periods, the RGR of 74G-13B2 was
significantly greater than that of all other genotypes in

. 1979 (Table 15).
LB, campestris L. had a significantly higher RGR than
'é,AnapuS'L.‘over all growth periods analysed in 1980 (Table

160 0 - | |

Oro, Regent and Tower had a significantly lower RGR

from seeding to f.1 than all other genotypes in 1980 (Table

A6) From f.1 to m.1,‘756-908 had a significantly higher RGR

[N

thén Oro, Regent;'Altex and Tower. From seeding to m.1, Oro,

had a significantly lower RGR than did 74G-1382, 75G-1999B, ’
75G-2180, 75G-908 and Altex. - | 1
. . AT ‘o , R . .
Table. 15. Means for mean relataive gréwth‘ratés ’
(grams/gram/day) - (1979) ' E&$ﬂ . ‘ }}iV
i : “ b’)
;.‘ | ‘seeding to f.1. f.1 to m.1 seeding to m.1!
S " )
Oro. - , .183a © .017a .107a - S
Regent . .195b - ~ .015a° . .109b
T 74G-1382 ¢ .204c - .027h :115¢
- o e
_yé>miValues in the‘same.column with {hg‘same-letter are not"'
significantly different, SNK Test p < 0.05.
- ; ] ;;(_5
L 5 -

~ : L4 .
SR i
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Table 16. Means for relative growth rates (gtams/gram/day
\ >
(1980) B
\)
.seeding to f.1 .f,j:tofm.J seeding ‘to m. 1
B. napus L. . 186% ‘ .016% .102+%
B. camp.L. .207 ©.027 ' . 115
oro o .174a .008a o .099a
Regent .183b .014ab " .100ab
1382 .192c -, -022bc ~.105c
1999B .193¢ .019bc © .104c
. . ’ : li
2180 . 188¢ . ~.016ab 7 .104c
908 .192¢ .025¢ T .105¢,
Altex  .191c  .103ab, .102bc .
Tower © . .179b | .015ab "~ .101ab "
Candle s .204a - .026a ‘lf‘;'iﬁh@j13%§_ ‘;¥5; ’”:.fg:..,,3,
Torch - .211b ©.027a B REL N ;
R l - - », . : ' .xdg. .
. ‘__-i;u; o o ’ . =

I Spec1es means 51gn1f1cantly dlfferent at p < 0.05.

Q'“*
a - Values in the samq column W1th1n each gpec1es w1th the - =~ L
same 1etter are not 51gn1f1cantly dlfferent SNK Test p 5 é%' ‘

;) S . R Ty
N T («. 4 :et‘ .

..5"?"9 ¥ & -
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a - Values in the same column wlth ‘the sape lq&ﬁer ar not
&%,
B w

. significantly dlfferent

Table 17.

Means for leaf area.indexes (m?, mean unit leaf

3

77

rate (grams/m?/day) and mean leaf area ratio ¢m?/gram (1979)

[

.LAI

LAI

15DAF

ULR

seeding to

£.1

LAR

seeding to

£.7

Oro
Regent

1382

3.22b
2.99b
2.03a

3.22b

3.09b

2.37a

38.06a -

39.67a

35.06a

.0038a
.0040a
.0035a

e
&7
e
ok
X
it
e
; 3
5 4
3 LN
34
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:
N
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There were significent.differences between genotfpes of
B. Campestnis L. for.§§§ from seeding -to f.1 and from
seeding to‘m‘l (Table 16).vTorch had a signrficantly higher
RGR than Candle durlng both of these growth perlods. From
f.1 tom.1, no 51gn1f1cant dlfferences between genotypes of

B. Campestrls L. were detected.

v - v
In both 1979 and 1980 and over all growth periods, "
74G-1382 haé’a significantly higher RGR tha§@§id Oro.
Leaf area index \
| Oro and Regent were significantiy larger than 74G-1382
at both f.1 and SDAF in 1979 (Table 17). |
B. napus L. had a 51gn1f1cantly greater LAI at f. 1 and
155AF than, dldoB campestrls L (Table 18). .z
&L‘:vﬁThere Were*51gﬁ1frcant dlfferenees émongngenotypeé of ;}”
B. napus L. for LAI atwf.1,“5ﬁ¥ not at 15DAF in 1980 (Table U
.185. Oro and Tower hed‘signifieantiy higher ‘LAI's at f.1
'_thenvdid 74G-1382.
There were no 51gn1f1cant dlfferences in LAI between
genotypes @é B. campestﬁls L. (Table 18).
In 1979, Oro and Regent had 51gn1f1pantly greater LAI's
at f.1 end 15DAF than did 74G-1382, whereas in 1980 no
.significant differences were detected}%mqu these three )
.genofypes.‘ ‘ | | N
o 1 = * ‘:
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Table 18. Means for leaf area ihdexesv(m’; mean unit leaf

rate (grams/m’/day) and mean leaf area ratio (m?/gram)

(1980)
LAI LAI ULR LAR
£ 15DAF seeding to seeding to
o £.1 CfL
B. napus L. 6.89% 6.90% 16.38*  ,0098%
B. camp.L  4.56 . 4.70 14,44 .0124
oro " 7.84b 7.20a 23.70c  .0057a .
Regent - 6.46ab 6.54a ©18.28b .0081b
1382 5.46a . 5.73a 15.5%ab .0106bc
1999B 7.14ab 7.47a ©14.79ab  “ ,010%bc
2180 7.70ab  7.70a 15.198b - .0102bc
908 5.87ab 6.36a 12.27a .0136c
Altex  ~6.85ab 7.00a ~...0094b
Tower : 7{78b : 7.17a .0102bc o
Caﬁgge © 4.60a .0133a

Torch - 4,52a ‘y

* - Species means sﬁgnif?cantiy different at p < 0.05.
a - Valuesg in the same_co;;mn within each épecies with -the
same létter are not significantly'aifferenf, SNK Tesffp <
0.05. - -, .

. A o | | ('ﬂ <
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Mean unit leaf rate

‘There were no significant differencé§ among genotypes
oﬁ3§. nabus L. for ULR in 1979 (Table 17).

B.ﬁnapus L. had a Siggifieantly greater ULR from
seeding to f.1 than did B. campestris L. (Table 18).

Oro had a 51gn1f1cantly greater ULR than all other
genotypes 1n,§98%y(Table‘ 8). The experlmental line,
75G-908, had a s@énifiéantly smaller ULR than did Oro, Altex'

and Regent.

)

There were no significant differences in ULR between

genotypes of B. campestris L. (Table 18).

In 1980, Oro was significantly greater than 784 -

and Regent for ULR whereas in 1979 no significant

w3y
l~?

Mean leaf grea ratio

Theqﬁgwére no significant differences emong genotypes

e

of B. nap&s L, for LAR in 1979 (Table 17). ' f%y,
"B. napus L. had a significantly greater LAR from o
seeding to f.1 than did B.. campestris L. (Table 18).
The experimental llne, 75G-908, had a signifcanrly - oy
higher LAR than Oro, Regent and Altex in 1980'(Table‘18).
Oro had a Ssignificantly lower LAR thafiyall other‘genoéypes{
“ There were no 51gn1f1cant151fferences between genotﬁges
of B. campestris L. for LAR in 1980 (Table 18).
In 1979 no 51gn1f1cant differences were detected among

Oro, Regent and 74G- 1382 forJLAR whereas in 1980, Oro had a.

Cogs K ’ ' . ' .
,_ . 2 . . . L . TR
.,n.ﬂ . . s [ - . L ° :



significantly lower LAR than Regent or 74G-1382.

Leaf area duration
| Oro and Regent had 51gn1f1cantly higher LAD's than did
74G-1382 in 1979 (Table 19). |

B. napus L. had a siggifieanely greater LAD'then did B.
Campestris L. (Table 20). | h
S

ihere were no sighificant differences among genoﬁypes

of B. napus L. for LAD in 1980 (Table 20).

There were no significant dlfferences between genotypes k

oﬁ.B campestris L. (Table 20). o

A In 1979, both Oro and Regent were significahtly'larger
'tggn 74G-1382 for LAD,‘whereas in 1980, no significant
differeqsesvwere'detectea amongvtheseAFhree genotypes.
Axillaryggrdhch leaf area index . ,
B. ﬁapust. had a significaheiy'geeeter'ABLAI at f.1
A £ﬁaﬁ did B. campestris ﬁ. (Table 20). THere were no

significant differences.between species for ABLAI at 15DAF.

At f.1, Oro had a significantly lower ABLAI thad'either ‘

75G-2180 or Tower in 1980(Table 20). At 15DAF, 75G-23§0. had

.‘y

a significantly higher ABﬁAI than did Oro.
There were no 51gn1f1caht dlfferences between qenotypes

of B. campest‘ms,L for ABLAI at f.1 or 15DAF (Tab{’ﬁ 20)

A~ y}p

o



Table 20. Means for leaf area.duration'(m-2 days), akillary

branch leaf area index (m?) and axillary br- ~af area
“duration (m? days) (198¢( )

LAD ABLAI ABLAI BLAD

f.l‘to m. 1 f.T-' ' 15DAF f.1 to m.1
B. nagys L. 65.2% 1.36% o 2.20  ' 26.2¢ "
B. camp. L. 39.7 .92 TR 15,5
oro 7 0.92a . 1.28a 7 14.2a
Regent \1:2}95_ ; “f1.96a5 X 21.9ab. 
1382 ‘1. 16ab ;;;J- 2.00ab 32.7p, .
19998 1.24ab5§;m¥ 2.08ab “'. :22.7ab‘.~ | |
2180 008 1.88c Y {/° 2.88p . 42.0c
908 - 63.3a 1.20ab 2.40ab . .. 25.3ab
Altex | © 65.8a 1.48abc, - 2.52ab gé.sb
_Toﬁef . 69.0a ' 1.72bc . -'2.40ab/ | 23,9ab
Candle . 39.7a.  1.12a  1.92a 15. 32
Torch 40.2a - .i\ ;76a‘ o 1.88a . 18.7a

S . o T Y
* ;-Species means sigﬁificantly difféfe;;ﬁ  p < 0¢o§,~_ -
‘a - Values in the same colqmnvwifhin each species withlfﬁe' _
same le;téf/;re notlsigﬁifiqanéﬁy'aiffe;eqt; gNK'Test p.£f ; ﬁgfafgkg;
005 B | - ¢_  . - -u~; m R
T .o '3’k} e
4 . | | s . '

- 3
e - S, ‘
. ‘,')‘::!‘ i o« T

=y
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Table 19. Means for leaf area duration (m? days) (1979)

r
f.1 to m.1
Oro : 57.1b
Regent | - o 56.1b
1382 B 44.9a \
- ‘r\‘\'yf

R .
a - Values in theX#ame column with the same letter are not

significantly different, SKE Test p < 0.05.

ar

¢

Axillary branch leaf area duration

B. napus L. had a significantlylgr%eter ABLAD than did

1

B. campestris L. (Table _205.

The line, 75G-2180, hadveieignificantIY,larger ABLAD h
than all other genotypes in 1980 (Table 20). 2 |

Thereﬂwefe no significant differences ih ABLAD-betweeh'
“'genotypes of?B;'campeStPfS.Lf (Table 20). ; :
| SR | ii&

: éllant density. | S . ;%;” @‘Q‘ ‘J

Regent had a significantly higher plant density than

74G-1382, which in turn was significantly greater than the

cultivar Oro (Table 271). B _ e
1'5 . v A .,
’ 7 - ) . 14 Xy
; g : K|
= . v Y
r - K ' ‘\ ‘ /r‘“
03 h : ., (.\ (Y
G N i ket . ' -
' : 4 : ' .
@ E e
& o .
- 4 T -s&
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Table 21. Means for plant density #plants/0.5m?), harvest

index, seed yield (gms/0.5m?) and"percéntage of éeed'yield

derived from the main raceme (1979)

plant harvest seed yield % seed
density index yield per

| main raceme

1
.

oro . 54.4a .30ab 129.6a 66b
Regent 67.1c .31b ’ 115.3a | 63b
1382 58.4b  __.28a 113.0a . 50a

- . ) ~

a - Values in the same column with the same’' letter are not

significantly different, SNK Test p < 0.05.

There were no significant differences between species

“in 1980 (Table 22).

There were no significant differenéés among genotypes
of B. napus 1. for plant denéity in 1980 (Table 22).

There w_.re no sighifiéant differénces between genotypes
of\B. Cambesthis L. for plant dehsity in 1986 (Table 22).

Haryest index

A

Regent had a significantly greater harvest index than

did 74G-1382 in 1979 (Table 21).

There were no significant differences in harvest index

/

between species in 1980 (Table 22).
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Table 22. Means . -lant density\(#plants/0.25m’), harvest

index, and seed yield (gms/0.25m*) (1980)

plant density“ harvest index seed yileld

B. napus L. 29.6 200 69.6%
 B. camp.L: . 28.4 Y  46.0
Oro | 32.4a .16a  .; -58.4a
Regent  26.3a ©.20a . 73.0a
1382 7 27.0a C .21a : 57.4a
19998  32.1a | .23a . 92.5a
2180 _30.75 N .20a 66.9a
308 25.3a  2ia 73.3a .
Altex 30.4é .20a ‘ 64..7a
Tower 32.3a . .ZCa 70.0a
. & b
Candle _2B.4&a .24a 43.7a
Torch . 28.4a o 21a 48.3a

* - Species means significantly different at p < 0.05.
"~ a - Values in the samé column within each species with the

same letter are not significantly different, SNK Test p <

0.05.
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There were no significant differences among genotypes
of B. napus L. for harvest index in 1980 (Table 22).
There were no significant differences between genotypes

of B. campestris L. for harvest index in 1980 (Table 22).

Seed yield per main raceme
There were significant differences among genotypes of
" B. napus L. for seed vield per main raceme :in %78 .Table

of 1ts

wn

b 14

21). Oro der:ived o6 eec yviel.c from the ma.n raceme,

(L
[@)]
(2

0% ¢ ¢rom the

L3 o)

whereas "4G-13E2 only derive :ts seed viel

main raceme.

Seed yield

There were no significant differenceé for seed yield -
among genotypes‘of B. napus L. in 1979/(Table 21).

B. napus L. had a significantly higher seed yield than
did B. campestris L. (Table 22). B. napus L. yielded ' 1/2
times that of B. campestris L. .

There were no significant differencesifor seed yield
among gehotypez/éf B. narus L. in 1880 (Table 22).

There were no s’ ' gnificair: differences bgtweeﬁ genotypes

of B. campestris L. .c .2 ield (Table 22).



V. DISCUSSIONS AND SUMMARY

B. campestris L. vs B. napus L.

B. campestris L. reached all growth stages except se.0
significantly.earl&er than B. napus L. and had significaﬁtly
higher leaf emergence rates during all growth periods. This
pattern is in contrast to that among genotypes of
8. napus L. where early maturing gcnotypes with early f.1
and early subsequent growth stages had significantly lower
leaf emergence rates than did later maturing genotypes.

B. napus L. had significantly longer growth periods (i.e.,
SEP and SFP), greater crop dry weights and higher CGRs than
B. campestris L. However, B. cémpestris L. had significantly
greéter RGRs over all growth periods and could be considered
as being more efficient in producing dry matgrial.

The significantly greater reproductive potential of
B. napus L., established du;ing vegetative ;}owth, was
evidenced by greater crop dry weight at f.1. The superior
assimilatory potential during seed filling (i.e., LAD and
ABLAD) of B. napus L. was available to meet the demands
necessitated by reproductive requirements. These factors -
reproductive potential-and assimilatory potential during
seed filling - were important in leading to significantly

higher seed yield in B. napus L. than in B. campestris L..

87
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Gendfypes of B. campeStPiS L.

Between genotypes of B. campestris L., very few
characters indicated significant differences, and those
differences were small. The two genotypes are the'only

commonly grown cultivars in western Canpada.

‘Genotypes of B. napus L.

The seedling period extends from the emergence of the
cotyledons to the unfolding of the first true leaf (tl.1).
In the event that more frequent observations were conducted
and more replications grown, better estimates of tl.1 would
have been obtained. The time taken to reach tl.1 may be
viewed as a measure of the velocity of the germindtioﬁ
process, or -in effect a measure of cold tolerance, since
temperature is one of the major environmental factors
affecting germination.

There was a tendency for later maturing genotypes‘to be
earlier in reaching true leaf growth stages. This
distinction was most noticeable at tl.5, wﬂere Oro was
significantly earlier than other genotypes in both yéars.

The determination of initiation of se.0 is much more
difficult than other growth stages. It appears that the
differences between genotypes for se.0 are much more
difficult to detect due primarily to the subjectivity
employed in making the observation and to the rapidity with
which stem elongation occurs. Earlier maturing genctypes of

B. napus L. in 1980, tended to be earlier for se.0. In



describing the stages of organogenesis in B. r.apus L.
(W.T.), at the time;o£ flower iditiation, the meristems
"produce cells which differentiate into floral.buds where
before they were forming leaf buds (Faﬁr;, 1979). The date
of commencement of stem elongation is regarded as an
approximation of the time of floral induction. Total plant
dry weight of B. napus L. (W.T.) at the time of floral
init:ation is linked to the final yield:or a threshold value
(Fébry, 1979). Below this threshold it is the production
potential which :sxldmited_and is correlated with the dry
mattqf present in the plant at the time of onset of stem
elonéztion. Above this threshold there occurs the phenomenon
of competition within the plant and between plants which
restrict the yield potential of the plant.

The earliest maturing genotype‘was significantly
earlier in reaching abl.t1, stl.1, f.1, etl.0, and m.1 than
the latest maturing genotype. This represents a reversal in
trends from that indicated for ;rue leaf growth stages. The
leaf emergence rate from tl.1 to f.1 was significantly
greater for the late matﬁring genotype than the earlier
maturing génotypes. These results are,similar to those which
indicated that the cultivar Target (B. napus L.) exhibited
many characteristics whigch would tend to make it a late |
cultivar (e.g., lower leaf emergence rate during the
‘pre-anthesis period); however it was significantly earlier

in days to first flower and maturity (Campbell et al.,

1978).

4



In 1980, when there was an e*ceptionally dry
environment until approximately thirty days after seeding,
the leaf‘emergence rate from tl.! to ge.O of B. napus L.
genotypes was approximately one-half the leaf emergence rate
in 1975, wvhen moisture was not a limiting factor.”Howeve:,
leaf emergence rc:e in both years from tl.1 to f.1 was
almost 1der*ical for those genotypes of B. napus L. that .
were analyzed in both years.

In both years, genotypes of B. hapus L. that were early
maturing were also significahtly earlier in reaching f.1.
This concurs with other studies, which have found that deys
to first flower is a major factor in determining the time tc
maturity in annual rapeseed species (Campbell et al., 1978).
The heritabilities for f.1 ?anged from 21% to 61% in crosses
between three cultivars of B. napus L., while for m.1 they
ranged from 16% to 36% (Campbell et al., 1978). This
indicates that selection for first flower could re-ult in
better genetic gains for early maturity.

By defihition, first flower determines the duration of
the vegetative period and also appears to affect the
duration of subséquent reproductive periods (Campbell and
Kondra, 1977, 1978). The relative importance of the
vegetative period and reproductive period in determining
final economic yield, is not fixed; but varieé with the
genotype, the agrondmic tfeatments imposed, and

environmental conditions.
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Both anr .al rapeseed species exhibit axillary and °
sequential flowering in contrast to the terminal and
synchronous flowering of cereals. Therefere, large
aiSC'epancieS‘in time of maturity exist at the
inter-inflorescence level, but we can‘assume they are just
as great:at the intra-inflorescence level. In the field,
rapeseed flowers over an extended period and the decision
when to harvest must be a compromlse between allow1ng
maximum yield development part1 ularly in later maturing
seeds on the lower racemes, and av01dance of excessive seed
loss through shattering of early ripening pods. Since the
majority of seed yield comes from the terminal
inflorescence, a raqdom sample of crop»plants should be
examined primarily on seed development within the terminal
inflorescence to determine optimdm harvesting time.

There were significant differences among genotypes of
B. napus L. for SEP in both years, whereas for SFP no
significant differences were detected. In another study
among genotypes of B. napus L., at any given seeding date,
the genotype with the shortest pre-anthesis periodvhad the
highest seed yield, while over all seeding dates, an
individual genotype produced a higher seed yield from the
longer pre—anthesis period (Degehhardt and Kondra, 1981b).
This indicetes the importance of maximizing reproductive
potential as it relates to an optimal developmental pattern

of a particular genotype to its environment. The fact that

early maturity is not necessarily associated with a

LR A
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reduction in seed yield is particularly+obvious since the
early maturing genotypes were not signifdcantly‘lower
yielding than the later méturing genotypes.

Crop dry weight was sighificantly greater for later
maturing than‘earlie: m;turing genotypes of B. napus L. at
£.1 and 15DAF in both years, However, only ,in 1979 were
there any significant differences a&ong genotypes of
B. napus L. for cfdp dry weight at m.1. The reiationship
between crop dry weight and seed yield is inconsistent,
since the greater reproductive potential of late maturing
genotypes is often not realized in higher éeed yields. Seed
yield is directly affeqted by the assimilatory potential
during seed filling, length of SFP and prevailing climatic
variables during seed formation énd filling. For example, if
adverse énvironmental conditions prevail during-intensive
dry matter accumulation in th% seeds, the reproduétive
potential established during the vegetative phase will not
be realized. |

The earlier maturing éénot;pes had éignificantly lower
CGR from time‘of'seedikg €0 £.1 than the later maturing
genotype. However, Eéﬁ from £.1 to m.1 amongst these
genotypes, indicaﬁed no significant difference. This
confirms an earlier conclusion, i.e., that while lafe_
maturing genotypes have significantly greater reproductive
potential it is often limited by factors affecting seed

filling.



notypic rankings for CGR were
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reversed from those for RGR in b:gp yéars. RGR represents

the effiéiency of the crop in prgluction of new material.
The growth parameter, CGR, is more a measure of the size of
the élant than a measure of velocity of growth, and
therefore varies gimilarly with crop dry weight.
In both years the earlier-maturing genotypes of
B. napus L. had significantly greater ﬁaﬁs over all growth
peridds analyéed than did the later maturing genotypes.'
Previous research indicates that the earlier mafuringv
experiméntal lines have significantly outyielded the later
gmaturing genotypes'of B. napus L..(Campbell et al., 1978).
Later maturing genotjpes ?f B. napus L. had
significantly higher ULRs. than did the earlier maturing
genotypes in 1980. Earlier maturing genotypes of B. napus L.
had significantly higher LARs than did the later maturing
genotypes 1in 1980. The usefulness of ULR measured after
an;ﬁesis becomes less meaningful because the true
photosynthetic surface of rapeseed is underestimated (Major,
1975; Major and ;harnetski, 1976). The importance of pods
“and stéms in preducing carbon assimilates :Brar and Thies,
1977; Major and Charnetski, 1976) results in a significant
underestimation.
In1979, the later &aturiné cultivars of B. napus L. had
significantly higher LAIs and LAD, whereas—in 1980 the
results were léss clear. However, in 1980 there was a

tendency for earlier maturing genotypes of B. napus L. to
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have higher AB;AIs than 'did later maturing genotypes.
Further, in 1980 the earlier maturing genotypes of

B. napus L. had significantly higher ABLADs then did the
later maturing cultivars. The contribution that axillary
branch leaves make to the accumulation of dry matter inthe
seeds‘has not been researched. High—ylelding genotypes of
summer B. napus L. developed more pods, because it was able
to maintain a better tate of sdpply of carbon assimilates to
the pods when their number and the number of seeds they |
contain were being determined (Allen and Morgan, 1975). Ehe
low yielding variety had more unproductive,~lower~positioned
inflqrescence&, which would have drawn on the supply from
the leaves that subtended them and which would have
otherwise 'gone to the earlier developing pods carried on the
higher positioned inflqrescences.wkxillary infloreseences
depend for their supply of carbon assimilates on those they
manufactpre themselves; those wtxeh ;come from the leaves
which subtend them and leaves 1nserted vertically below

them. The contrxbutlon of a§51m11ates to the developing

seeds by ax1llary‘branch~l¢ay%§ plays a major role in final

seed yleld The overwh' ming\gVidence points to the

Y

e
ol

\f, v .. \
ma1ntenance of “a“lard ;nd»photosynthetlcally efficient leaf

.area at anthes;%\and ove% ‘the. per1od when the number of

\\ /
seeds per: pod 15 being fixed while. m1n1m121ng the number of
non-product1ve 1nflorescences. It is probable that a hlgher

percentage of assimilates 1n ax1llary branch leaves are.

transloqated to seeds than those produced in true_leaves

Al
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‘simpiy due to proximity.

There were no significant differences among genotypes
of B._napus L. for plant dens‘:y in 1980, while in
1979,small significant d. ‘ferences were detected. No further
analysis or adjustment of variab’':s that may be related to
plant density was performed in this study, due to the
expected complexlty of that relationship and the confounding
nature of such an analysis. .

Seed -yield differences among genotypes cf B. napus L.
were not significant in either year. These results aﬁe
inconsistent with previous findings- (Campbell et al., 1978;
ﬁegenhardt‘and Kondra, 1981b), which found the earliern
, maturing genotypes gave the highest seed yield. The
unusually long, favorable fall in 1979, compared w1th the .
adverse climatic conditions, which occurred during the same
period in 1980, undouptedly would have had a significant
effect during seed formation in realization of reproduction
potentiai.

Fifty per cent or more the seed yield per plant is

derived from the terminal inflorescence. The first developed

>

pods have a competitive advantage in attaining full
deveiopment over the»younger mote apicaliy positioned ones
especially when the demand for assimilates is high. The
later maturing genotypes derive a significantly greater
proportion of their total seed yield per plant from the
terminal 1nflorescence thap do earlier maturing genotypes. .

This is due to the greater axillary leaves assimilatory



Jo
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.

potential during seed filling of earlier maturing genotypes,
which allows for greater seed filling on axillary
inflorescences.

In:.selecting earlier maturing, higher ylielding
genotypes, existing breeding programs are obtaining . ¢
genotypes that have an ever increasing percentage of + -tal
leaf area made up from axillary branch leaves. This is
advantagegus since it coincides with.sggd filling and the’
axillary branch,leaveslare located in close proximity to the
seeds. It is ulso evident that the earlier maturing
genotypes are more efficient on a ?rop of‘per unit area
basis in producing new plant material as indicated by ﬁigher
* RGRs. The usefulness of mean relative growth rate as a
selectién tool ip breeding programs warrants further
egamination. Given the grater growth efficiency of eéfliér

. \ ,
maturing genotjpes, they could be more prcductive at higher
;eeding rates than gérotypes which are not as cfficient. a
Plant breeders should also give special attention to ‘

minimizing the number of inflorescences and thus reducing

the inefficiencies of wasted photosynthesis.

3
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