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ABSTRACT

eries of field trials to examine the growth and yield of two varieties of winter oilseed rape (Pronto
s bybwid md Lutin a semi-dwarf hybrid). The response to agronomic management was examined in
wrmes of variation in nitrogen rate, nitrogen timing and seed rate. The semi-dwarf hybrid variety Lutin
wal @ lower total biomass production and yield than the hybrid variety Pronto. In all trials Pronto
wodwced on average 12.78 % higher yield than Lutin. The higher yield of Pronto was associated with
ak :?r—:r_?'err:?e pod number per nt’, seed number per pod and thousand seed weight but lower branch
wwmber per plant. Pronto had higher biomass production, leaf area index and green area index
wghout the season when compared with Lurm The response to nitrogen rate varied considerably
with the mghest yield achieved at 250 kg Nha' in all experiments. Increasing nitrogen rate Jfrom 100
250 kg Nha' increased yield of both varieties on average by 17.91 and 20.85 % for Pronto and
Lagin re ~D€cmeiy when averaged across all nitrogen rate e jper:ments Increasing nitrogen rate
moreased branch number per plant, fertile pod number per m’, seed number per pod, and harvesi
moex during each growing season. Although there was no s:gmf cant effect of nitrogen timing on the
srowih and/or yield of oilseed rape, the highest yield was achieved in response to a 50/50 split with
% rsl dressing in early March and the remainder al the start of stem extension in April.

&ev Word : Brassica napus L , Agronomic management, nitrogen application, Pronto, Lutin

INTRODUCTION

Rapeseed is one of the major sources of vegetable oil, which comes from several Brassica
species belonging to the family Cruciferae (Syn. Brassicaceae). World production of rapeseed
Zuring the last five years increased to 38.00 million metric tons, from 32.50 million metric
toms, an increase of 14.5 % from the previous year. It has now become the second most

smportant oilseed crop in the world after soybean accounting for 11 % of world production.
There 1s now increasing interest in using rape oil for a number of industrial applications such
zs a renewable fuel (biodiesel), to produce lubricants and surfactants or as a feedstock for the
extraction of particular fatty acids.

Brassica napus L., commonly known as oilseed rape, rapeseed or canola, is very variable
including oilseed types as well as swedes, thus hybridisation might have taken place several
times among different B.rapa and B.oleracea types or related species (Olsoon, 1960; Song
and Osborn, ef al., 1992). Swede rape (Brassica napus) and turnip rape (Brassica rapa or
Brassica campestris L ) exist as annual and biennial type plants and both species contain
both spring and winter types that are predominantly grown in the cool temperate regions of
the Northern hemisphere such as Northern Europe, Canada and Asia.



(Nilseed rape has a high requirement for nitrogen (N). Increasing the nitrogen supply
moreases the rate of uptake and assimilation within the plant. Spring nitrogen application
supports the rapid growth which occurs with the onset of stem extension, from Growth Stage

=5 2.01). Current ADAS recommendations for spring mn‘ogen applications of 200 kg N ha™
when the potential yield is lower than 3.5 tha™ and increasing to 240 kg N ha™ for sites with
mgher vield potentials. Holmes (1980) and Almond ef al., (1986) have indicated that the
maonty of the crop’s nitrogen requirement should be taken up during the period beginning in
=’y of April and therefore, all nitrogen should be applied by this time. Frequently the crop

EoET :: itrogen between March and early April as a single application (ADAS, 1980).

foreover, oilseed rape is a suitable crop for preventing the leaching of nitrogen released
= _:».‘fcedmg crops, Sieling, et al., (1998). On sandy soils, application of nitrogen is
oreferable as a split dressing with half rates applied as soon as early growth occurs in the
pring and the remainder by the first week of April. An application of 50 % in February and
) %% in March produced the highest yield of 4.13 t/ha from a total of 282 kg N ha™ in work

zarmed out by Dawkins (1985).

'P fh

MATERIALS AND METHODS

The field experiments were conducted to examine the effect of rate and timing of nitrogen
zoplication on the growth and yield of two varieties oilseed rape dunng the two growing
sczsons.  In both seasons, two rates of nitrogen 150 and 250 kg Nha were applied as
=mmonium nitrate (34.5 % N) with three different timings. The levels of nitrogen t:lmmg was
such that the proportion of 0.34/0.66 and 0.66/0.34 was used for the 150 kg Nha treatment

==spectively and the proportion of 0.30/0.70 and 0.70/0.30 for the 250 kg Nha™' respectively
combined with a standard proportion of 0.50/0.50 for both nitrogen rates. The experimental
_.;i:l in both seasons was a split plot design with three replicates within each main plot
amety) with nitrogen rate and timing application randomised within each main plot. The
mwirogen rates were split such that application occurred on March and on April.
Samples for growth analysis were taken from all plots at specific growth stages through
narvest. On each sampling occasion, unless otherwise stated 4 x 0.5 m rows were cut at
zround level. From the total (4 x 0.5 m) row sample a sub sample of 10 plants was selected at
==ndom and fresh weight of the following components (stem, green leaves, flowers, buds and
pods) was recorded. Yield component analysis was determined by taking 20 plant samples at
random from each plot just prior to swathing and storing in an air dried unheated glass house.
The 'ﬂlowmg parameters were recorded for each sample: branch number, total pod number,
tile pod number, total seed number, seed number per pod, thousand seed weight and
'.h_ est index.

RESULTS

. Crop dry matter production

Total crop dry weight production of both Pronto and Lutin varieties remained virtually
unchanged during the period from 104 to 172 DAS and there was not significant difference
between varieties at either of these dates. Data analysis in (Table 1) shown that at each
sampling point from 228 to 332 DAS, total crop dry matter accumulation was significantly
different between varieties with the variety Pronto produced more total crop dry weight than



the variety Lutin. Leaf dry weight accounted for a major fraction of crop dry matter and
mncreased from 172 DAS until 260 DAS. Leaf dry weight increased rapidly in the spring
Juring stem extension and peaked around the middle of flowering. At this point the variety
Sronta produced significantly more leaf material than the variety Lutin. From the middle of
flowering onwards the leaf material of both varieties declined. Stem dry weight of both Pronto
and Lutin varieties increased rapidly during the period from 228 to 332 DAS and there after
remained largely constant. At each sampling point from 228 to 332 DAS, there were
significant differences in stem dry weight between varieties. Pod dry weight of both Pronto
and Lutin varieties increased rapidly during the period from 260 to 332 DAS. Following
smzinment of maximum leaf and stem dry weight, dry matter accumulation was restricted
entirely to the pod. Data analysis in (Table 1) shown that pod dry weight was significantly
Zifferent between varieties at 260 DAS. At all sampling dates pod dry weight of the variety
Pronto was higher than the variety Lutin.

Table 1. Effect of variety on total crop dry weight, leaf dry weight, stem dry weight
and pod dry weight during the period from 104 to 332 DAS

| Days after sowing 104 172 228 260 304 332
(DAS) DAS  DAS DAS DAS DAS DAS
Total crop dry weight (gm”)

Lutin 155.9 1924  566.0 9224  1296.0 15356
Pronto 1986 2201 6723 11650 15093 18189 |
SE 0.75 1.07 175 3.53 3.68 177

Significance ns ns G i ' **

_ Leaf dry weight (gm”)

Lutin 119.7 1444  209.1 278.2 53.4 6.5
Promo 1535 1716 2387 3647 776 107 |
SE 0.32 1.30 1.60 2.73 0.41 0.06

 Significance ns ns » " * %
Stem dry weight (gm”)

Lutin 36.2 48.0 326.6 5389 623.8 7603

Promo 439 485 4109  668.7 7815 99438
SE 0.69 0.36 0.12 1.30 1.53 0.89
Significance ns ns i i el e
Pod dry weight (gm”)

Lutin - - - 105.2 618.8  768.7
Promo - S - 1315 6500 8134
SE - - - 0.89 2.74 1.86

| Significance - - - i ns ns

Data analysis in (Table 2) founded there was a significantly different between nitrogen

=es on total crop dry matter during the periods from 228 to 332 DAS with nitrogen rate of
g Nha™ gave the greatest response compared to 150 kg Nha™. Leaf dry weight and stem

dry \ewht accounted for a major fraction of crop dry matter and increased from 104 DAS
amtil 332 DAS. There was a significantly different between nitrogen rates on leaf and stem
irv weight during the periods from 228 to 332 DAS. Pod dry weight also significantly
:_:ternnt between nitrogen rates at three occasions from 260 to 332 DAS and the highest pod
iry weight occurred at 250 kg Nha™'. From the middle of flowering onwards the leaf material
'voth nitrogen rates increased. Also stem dry weight of both nitrogen rates increased rapidly
:';:n'ﬁg the period from 228 to 332 DAS. At each sampling point from 228 to 332 DAS, there



weme sigmificant differences in leaf, stem and pod dry weight between nitrogen rates and 250
iz Wha gave the greatest response compared to 150 kg Nha™.

Table 2. Effect of nitrogen rate on total crop dry weight, leaf dry weight, stem dry
weight and pod dry weight during the period from 104 to 332 DAS

Days after sowing 104 172 228 260 304 332
(DAS) DAS  DAS DAS DAS DAS DAS
Total crop dry weight (gm”)
150 kg Nha' 172.0  202.7 5098 962.9 12926 1560.1
250 kgNha! 1825 2098 7286 11245 15124 17944
SE 0.72 1.79 233 3.42 4.09 375
Significance ns ns i e e *
Leaf dry weight (gm”)
150 kg Nha' 134.4 155.2 200.4 297.6 49.9 6.9
250 kg Nha! 1392 1608 2474 3453 8LI 103
SE 0.54 1.11 1.50 1.47 0.52 0.05
Significance ns ns . " > *
Stem dry weight (gm)
150 kg Nha' 37.9 475 282.9 561.6 648.8 820.3
250 kgNha' 422 490 4545 6462 7566 9348
SE 0.42 0.38 2.04 2.08 2.84 224
Significance ns ns e il i i
Pod dry weight (gm’)

150 kg Nha - - - 103.7 594.2 732.8
250 kgNha! . S - 1330 6748 8493
SE - - - 2.13 2.61 2.38

Significance - - - . i s

There was no significant effect of nitrogen timing on total crop dry matter at all
wcasions, and also nitrogen timing was not significant effect on leaf, stem and pod dry
wengnt at all sampling dates (Table 3). Data analysis of the response of the two varieties to

< “erent nitrogen rates and nitrogen timing application not interaction between them on crop
&y weight production.

Total biomass, yield and yield components
The variety Pronto had greater total biomass and yield when compared to the variety
_=uin. Total biomass production for the variety Pronto of 1818 gm™ was significantly higher
“han the variety Lutin of 1535 gm™ but Pronto having a harvest index of 0.37 was lower than
e variety Lutin with a harvest index of 0.39. The yield was significantly higher for Pronto
5.70 tha” than the variety Lutin of 5.95 tha respectively (Table 3). There was no
stistically significant difference between varieties in terms of plant number per m?. But
Sere was significant difference between varieties in terms of branch number per plant as
=t is hybrid semi dwarf plant had more branches than the hybrid Pronto. The average
sranch number the variety Lutin was significantly higher than the variety Pronto. There was
= significant difference between varieties in terms of fertile pod number per plant, fertile pod
sumber per m” and total pod number per m? with Pronto produced more seed yield because
of more seeds per pod and greater seed weight. The number of fertile pods per m” and total



memher of pods per m® was significantly greater for the variety Pronto compared to the

anecty Lutin

Table 3. Effect of variety on total biomass, yield and yield components

Lutin Pronto SE Signif

Yield (tha”) 5.95 6.70 0.005 e
Biomass (gm’z) 1535.64 1818.85 1.77 *
Harvest index 0.39 0.37 6x10"  ns
Plant number per m* 54 56 0.25 ns
Branch number per plant 14 11 0.08 *
Fertile pod number per plant 160.19 204.34 0.87 **
Fertile pod number per m’ 8650.26 11442.48 78.55 ¥
Total pod number per m’ 10749.05 14734.12 95.91 *
Seed number per pod 11.33 12.91 0.006 *#
Seed number per m’ 98007.44 147722.42 954.83

SW 4.47 5.25 0.004 *
Seed yield (gm”) 438.09 775.54 5.20 *

Table 4. Effect of nitrogen rate on total biomass, yield and yield components

150 250 SE Signif

kg Nha' kg Nha-1
Yield (tha”) 5.94 6.71 0.015 *
Biomass (gm'z) 1560.08 1794.41 373 L
Harvest index 0.38 0.47 9x 10" ns
Plant number per m* 53 57 0.14 **
Branch number per plant 11 13 0.09 b
Fertile pod number per plant 175.47 189.35 0.55 b
Fertile pod number per m’ 9300.01 10792.95 39.10 e
Total pod number per m’ 11839.22 13644.14 42.35 x
Seed number per pod 11.00 13.29 0.057 b
Seed number per m’ 102300.11  143438.31 603.17 b
TSW 4.81 5.02 0.013 ns
Seed yield (gm?) 492.06 720.07 4.03 s

A general increase in yield was obtained in response to increasing levels of nitrogen
wroed (Table 4). There was a statistically significant difference between nitrogen rate in
=== of total biomass, yield and yield components. Increasing nitrogen rate from 150 to 250
Lgm= gave significantly increased the yield from 5.94 to 6.71 tha! and total biomass from

%80 0 1794 gm™ and also harvest index from 0.38 to 0.47 but it was not significant.
mereasing nitrogen rates significantly increased fertile pod number per plant and also total
sl mumber per m’. There was a significant increase in seed number per pod, seed number per
= and seed vield in response to fertiliser nitrogen application. Although there was a trend for
merzzsing TSW in response to increasing nitrogen fertiliser application it was not significant.

There was no significant effect of nitrogen timing on biomass production, seed yield and
vield components. But application of nitrogen timing in proportion of (50/50) % was a greater
response on biomass production, yield and yield components compared to the others proportion



nitrogen timing. Data analysis of the response of the two varieties to different nitrogen rates
and nitrogen timing application not interaction between them on yield and yield components.

DISCUSION

Many studies have found that large differences exist between potential yield and national
average yields, which indicates that a significant yield improvement could be achieved with a
greater understanding of crop physiology, especially identification of the major physiological
limitations to yield formation. Mendham et al., (1981) and Bilsborrow and Norton (1984)
identified a critical reduction in assimilate level during the post flowering phase of growth
which may lead to the abortion of reproductive sinks, which in turn limits final seed yield.
Clearly, from this study it may be possible to establish a greater understanding in terms of
nitrogen supply and manipulation of plant density required to maximize the yield of two
hybrid varieties of winter oilseed rape with contrasting growth habits.

Results from this study show that differences in plant height between Pronto and Lutin
produced large differences in canopy structure, total biomass production and yield. The winter
oilseed rape variety Pronto is a tall hybrid plant with a plant height at maturity 20-35 c¢cm
higher than the variety Lutin which is of semi-dwarf stature. The reduced plant height of the
semi-dwarf hybrid variety Lutin resulted in a decreased total biomass, yield and leaf area
index when compared to the taller variety Pronto. During the growing season Pronto
produced a greater crop structure in terms of leaf area index and green area index which
provided the framework for increased radiation absorption and assimilate production. Growth
response of crops in the spring appears to be an important factor in determining whether the
w7z of the crop at flowering will impose any restrictions on the final yield of the crop
shorrow, 1985),

o)

Differences in seed yield of both varieties was related to differences in yield
components i.e. fertile pod number per plant, fertile pod number per m?, seed number per pod
= the individual seed weight at final harvest as shown by Mendham et al., (1981) and
Drepenbrock, (2000). The potential yield of the crop is determined by the photosynthetic
czpacity which is related to the size of the crop and leaf area at flowering (Allen and Morgan,
1575: Bilsborrow and Norton, 1984). Results during the three growing seasons showed that
Pronto produced more leaf area and hence absorbed more solar radiation at flowering than
Lutin. This was similar to studies by Allen and Morgan, (1972).

Increasing nitrogen rate from 150 to 250 kg Nha™ increased yield of both varieties on
zverage by 19.0 and 21.8 % for Pronto and Lutin respectively when averaged across all
mirogen rate. The maximum total biomass production of both varieties occurred at the high
mitrogen rate of 250 kg Nha™. This was supported by an increase in stem, leaf and pod dry

cight during the growing period. This is in agreement with Allen et al., (1971), Holmes

1980). Mendham, (1981) and Morgan, (1981) that the beneficial effect of nitrogen fertiliser
s manifested through its influence on crop dry weight production and harvestable seed
oroduction. Increasing nitrogen rate produced greater total pod number but a decrease in the
number of fertile pods that were retained to final harvest. Scott, ef al., (1973) reported that
zpplication of 300 kg Nha™ reduced dry matter production, leaf area and seed yield compared

10 an application of 200 kg Nha™.

i
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