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ABSTRACT

To study the effects of plant density and nitrogen rates on the ability of canola (Regent
x Cobra; an inbred variety) to compete with weeds, an experiment was conducted as a
factorial complete block design with four replications. The treatments included four levels
of plant density at 150, 190, 230, and 270 plants m2, and four levels of nitrogen (N) fertil-
izer at 0, 46, 92, and 138 kg ha™. Results indicated that different levels of plant density
and N fertilizer had significant effects on the canola’s leaf area index (LAI) and dry mat-
ter accumulation, as well as on the weed’s dry matter at three stages of plant growth (ro-
sette, stem elongation, and 50% flowering). The addition of N fertilizer resulted in in-
creasing plant LAI and decreasing weed dry matter. Densities of 150 and 270 plants m?,
along with 138 kg ha™ nitrogen showed the highest LAI at the rosette and stem elongation
stages. The LAI at different plant growth stages was an important factor in enhancing ca-
nola’s competitiveness with weeds. There were significant differences between different
plant density and N fertilizer levels for traits such as plant height, pod bearing stem
length, biomass and seed yield. An increase in plant density significantly decreased the
pod bearing stem length and total pod numbers per plant (i.e. pod numbers in main
branches and sub-branches), but increased plant height. The highest seed yield was ob-
tained with 190 plants m™ along with 138 kg N ha™. This study revealed that optimum
plant density as well as N fertilizer may increase the competitive ability of canola against

weeds.
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INTRODUCTION

Since 1996 the production of oilseed crops
such as soybean, canola, sunflower, saf-
flower, sesame and cottonseed has increased
in Iran. However, the growing conditions
suggest that only a limited amount of canola
can be produced due to certain constraints
including the need for improved sowing
seeds, optimum stands, proper seeding dates,
weed and fertilizer management and proper
harvesting machinery. Among these con-
straints, weeds are one of the important fac-
tors in limiting canola production in many
countries. Weeds have a direct effect on
seed yield and the quality of seed oil. The
other factor is the quality of crop stands that

can affect seedling establishment, canopy
development and total dry matter accumula-
tion during the canola growing season. Crop
stands can also affect the weed population
and its growth.

Weed competition with canola has reduced
crop growth, leaf area and subsequently in-
creased infertile flowers and pods (Tomass,
1992). Moreover, weed competition and
crop loss in winter-sown canola will be more
severe as compared with the spring-sown
variety. Therefore, weed control at initial
growth stages is indispensable for gaining a
higher seed yield of canola (Blackshaw et
al., 2002). The most notorious weed species
in winter-sown canola include wild mustard
(Brassica kaber), foxtail (Setaria media),
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bedstraw (Galium tricornutum) and lamb-
squarters (Chenopodium album) (Tomass,
1992). In an experiment Esser et al. (1999)
examined the weed competition effects on
canola and showed that white mustard
(Brassica hirta) had the greatest affect in all
treatments. Similarly, the competitive ability
of weeds on canola was measured by weed
biomass. Davis et al. (1999) studied the ef-
fect of weed seeds of the Brassica family,
including wild mustard (Brassica kaber),
black mustard (Brassica nigra), birdrape
mustard (Brassica rapa), shepherd's purse
(Capsulla bursa — pastoris), flix weed (Des-
curainia sophia), thumble mustard (Sisym-
brium altissimum) and fieldpenny cress
(Thlaspi arvensis), on the quality of canola
oil and seed cake. They concluded that the
presence of two percent weed seeds in ca-
nola seed would considerably reduce the
quality of oil and seed cake.

Fathi et al. (2002) reported that increasing
nitrogen fertilizer and plant density caused a
boost in seed yield in canola and the highest
yield per hectare resulted from 225 kg N ha™
and a plant density of 90 plants per square
meter. Salehian et al. (2002) showed that
plant density significantly affected the num-
ber of pods, secondary branches and seeds
per plant. The maximum and minimum
number of pods and seeds per plant were
obtained at 110 and 50 plants m™, respec-
tively. However, the maximum and mini-
mum number of secondary branches were
achieved at 50 and 110 plants m™. Leach et
al. (1998) stated that increasing the plant
population to 110 plants m? decreased the
number of pods and branches significantly.
Prasad and Shakla (1991) concluded that
canola seed yield was affected by the inter-
action between plant density and nitrogen
fertilizer, whereby the optimal seed yield
could be achieved by increasing plant den-
sity and nitrogen levels.

The aim of this study was to study the ef-
fects of plant population density and N fer-
tilizer rates on the ability of canola to com-
pete with weeds.
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MATERIALS AND METHODS

The experiment was conducted at Karaj,
Iran (Lat. 35°48'N; Long. 50°57°E; Alt.
1313m). Climatically, the area is in the
semi—arid temperate zone with a cool winter
and hot summer. Average rainfall is about
243 mm, mostly falling between November
to February. The soil was loam with 0.05%
total nitrogen, 7.4 and 180 ppm available
phosphorus (P) and potassium (K), respec-
tively. Soil samples were taken for analysis
before land preparation and were fertilized
on the basis of a soil test recommendation
with the basal dose of P (70 kg ha™ P,0s)
and K (75 kg ha™' K,0).

Plant density treatments comprised of 150
(dy), 190 (dy), 230(ds) and 270(ds) plants m™
and these were maintained by using the seed
rates of 6, 8, 10 and 12 kg ha™, respectively.
Nitrogen fertilizer that included zero (ny), 46
(1), 92 (n,) and 138 (n3) kg N ha™ was ap-
plied in the form of urea (46%N) in three
splits at planting, stem elongation and flow-
ering stages. The type of design was based
on a randomized complete block in a facto-
rial arrangement with four replications per
treatment. Sowing was performed on 29
September 2001 and the harvesting date was
14 June 2002. The size of plots were 5m x
3m with row spacings of 60 cm apart, sepa-
rated by two fallow ridges as a border on
each side to avoid nutrient leakage. A regent
x cobra inbred variety was used in this ex-
periment.

After land leveling and furrow preparation,
the plots were irrigated using the furrow ir-
rigation method (with a siphon) and subse-
quent irrigation was applied every 10 days
before the rosette appeared in autumn and
every 7-8 days during spring. No insect
pests and diseases were observed during the
growing season. The data were collected
separately for plants and weeds. Traits such
as plant height (cm), pods per plant and
seeds per pod measured by selecting 10
plants at random in a given plot. A 3.0 m
long a harvest sample was taken from the
two middle rows for measuring total dry
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matter, seed yield and other yield attributes.
To measure leaf area (LAI) and total above-
ground dry matter (DM), plant samples were
taken from the two center rows of each plot
by a quad rate of 0.25 m at three growth
stages (rosette, stem elongation and flower-
ing). Similarly, for weed count, identifica-
tion and dry matter accumulation samples
were taken at these plant stages. Analysis of
variance was performed using the MSTAT-
C computer software package. The main
effects and interactions were tested using the
Duncan’s multiple range tests.

RESULTS AND DISCUSSION

The analysis of variance for canola seed
yield and other traits (Table 1) at different
levels of plant density and nitrogen rates
indicated that these two agronomic factors
could enhance canola yield and yield attrib-
utes significantly (except oil percentage).
The interaction effects of plant density and
nitrogen were also significant except for
pods per plant and oil percentage (Table 1).

Similarly, increased plant density and ni-
trogen levels rendered a significant increase
in DM accumulation and the LAI of canola
at three growth stages (Table 2). The highest
DM accumulation at rosette stage (Figure 1)
was recorded at a density of 270 plants m™
for 92 kg N ha™ (dsn,) with 343.4 g m™. This
trend was generally observed for stem elon-
gation and the 50% flowering stages (Fig-
ures 2 and 3). The lower densities of 150
(d,) and 190 (d,) plants m™ with no nitrogen
application (i.e. ding and d,ng) had the lowest
DM accumulations at these growth stages.
The increased DM accumulation in canola
given the addition of plant density and nitro-
gen levels has resulted from rapid canopy
development, especially during the stem
elongation (vegetative growth) stage. The
LAI at this stage as compared to the 50%
flowering stage was greater at higher plant
density and nitrogen levels (Figure 5), which
might be due to a closer canopy, more light
intercept prevention and low leaf senescence
at higher plant densities. The treatment
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combination of 150 plants m™ along with no
nitrogen (ding) produced the lowest LAI at
all growth stages, whereas the addition of
plant density (d; and d4) and nitrogen levels
(n; and n3) led to a higher LAI. The in-
creased LAI in din; at the rosette (Figure 4)
and 50% flowering stages (Figure 6) possi-
bly resulted from the nitrogen level (n3)
whereas, under the d4n; treatment, the in-
creased LAI at all these growth stages could
be due to higher plant densities (d4) (Figures
4, 5 and 6). Cheema et al. (2001) reported
that increasing the application of N from 90
to 120 kg ha' resulted in a higher LAI com-
pared to the control with no fertilizer and
lower levels of nitrogen. Salehian et al.
(2002) showed that the highest plant density
(i.e. 110 plants m™) produced the highest
DM and LAI Lingisted and Mortensen
(1998) measured the LAI and photosynthetic
photon flux density (PPFD) in two old and
two new corn hybrids and reviewed the sup-
pression ability of these hybrids on velvet-
leaf (Abutilon theophrasti). The hybrids that
produced a higher PPFD had good suppres-
sion effects on velvetleaf growth and devel-
opment. Therefore, they suggested that op-
timum LAI and PPFD could be utilized in
integrated weed management programs.
Analysis of the variance of weed dry
weight (g m?) at different canola growth
stages (Table 1) revealed significant (p <
0.01) effects of plant density and nitrogen
fertilizer. The most effective treatments at
these crop stages caused reduction in weed
dry weight (p < 0.01) due to increase in
plant density and addition of nitrogen fertil-
izer. This reduction in weed dry weight
could be from the increased competitive
ability of canola plants, due to more and
rapid canopy development, such that a den-
sity of 270 plants m™ and the application of
138 kg N ha’' (d4n;) rendered the lowest
weed dry weight and the treatment of 150
plants m™ with no nitrogen fertilizer (d;n,)
resulted in the highest weed dry weight ac-
cumulations (Figures 7-9). Donovan (1994)
reported that a canola density of 300 plants
m” significantly reduced the adverse weed
effects on yield, and further decreased weed
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Table 2. Analysis of variances indicating the effects of plant density and nitrogen treatments
on canola leaf area index and total dry matter (g m™) at three growth stages.

Mean square

Rosette stage

Stem elongation stage  50% Flowering stage

S.O.V. df LAI D.M. LAI D.M. LAI D.M.
Replication 3 0.02™ 426" 0.02™ 8.95™  0.02™  2644™
Plant density (D) 3 2257 5548 7097 497577 3587 1499.83
Nitrogen rate (N) 3 1627 3581" 1487 43717 1717 163.60
Interaction (Dx N) 9 043" 15.17° 0.19" 1524 0.64" 39.56
Errors 45 0.03 4.04 0.07 5.28 0.05 20.75
Mean 3.03 262.0 3.87 406.3 3.41 2349.8
C.V.% 6.1 153 7.1 13.0 6.7 13.5
S.E. 0.173 2.001 0.264 2.298 0.224 4.55

Ns, * and ** are non — significant and significant at %5 and %1 percent level, respectively.

DM. Figure 9 revealed that weed DM at
later stages of canola growth (e.g. flowering
stage) would have been higher compared
with the earlier stages (Figures 7 and 8);
consequently, early weed control measures
taken in the field would curtail yield loss.

In thisexperiment, with the help of these
cultural practices such as increasing plant
density and nitrogen levels, the weed DM
was drastically reduced. In particular, at the
50% flowering stage the weed DM reduction
was two-fold with d4n; treatment as com-
pared to din, (Figure 9).

Paolini et al. (1999) stated that if certain
weed control methods in growing canola are
not possible, then the application of N could
bring about effective weed control due to
rapid crop growth and enhanced canopy de-
velopment. They also stated that the com-
petitive ability of sunflower with weeds de-
pended on the crop biomass at different
growth stages. Similarly, narrow crop spac-
ing (higher plant density) in canola could
suppress weeds and their growth (Donovan,
1994). In the present experiment, the follow-
ing weed species such as wild oats (Avena
fatua), lambsquarters (Chenopodium album),
wild mustard (Brassica kaber), flix weed
(Descurainia sophia), shepherd's purse
(Capsulla bursa — pastoris), foxtail (Setaria
media), sowthistle (Sonchus arvensis), bed-
straw (Galium tricornutum), red root ama-
ranth (Amaranthus retloflexus) and running
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mallow (Malva rotundifolia) were identified
in the field. Of these species the wild oats,
running mallow, bedstraw and sowthistle
had more density and kept their competi-
tiveness with canola plants. At three growth
stages, increasing plant density reduced the
relative density of garlic mustard, running
mallow and sow thistle significantly (the
data are not given); however, the relative
density of wild oats was not affected. The
effect of nitrogen fertilizer and the interac-
tion effects of plant density and nitrogen
levels on relative density of these weeds was
not significant.

The effects of treatment on canola height
revealed that the combination of 270 plants
m™ with 138 kg N ha'! (d4n;) resulted in the
highest plant height, mainly due to plant
competition and higher nitrogen levels (p
<0.01). In contrast the lowest plant density
with no fertilizer (dyno = 150 plants m™ with
zero N) produced the shortest plant stature
(data are not presented). Norris et al. (2001)
studied the effects of tomato spatial ar-
rangement and population density on barn-
yard grass (Echinochloa cruss-galli) and
concluded that the high shading capacity of
tall tomato plants reduced the height and
growth of barnyard grass. Our study also
showed that the weed dry weight (Figures 8-
10) was reduced due to competition and the
shading effects of tall stature plants at higher
density and nitrogen levels.
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Figure 1. The interaction between plant density and nitrogen levels on canola dry weight at the
rosette stage.

O n0=0 N kg/ha m n1=46 N kg/ha O n2= 92 N kg/ha 00 n3= 138 N kg/ha

500 - a ab a
o £ f ef de cd C cd P —
5 40, § h 9 9 hi —
£ 3001
g
= 200
g
S 100 |
0 i
d1=150 pl./m2 d2=190 pl./m2 d3=230 pl./m2 d4= 270 pl./m2
Plant density

Figure 2. The interaction between plant density and nitrogen levels on canola dry weight at stem
elongation stage.
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Figure 3. The interaction between plant density and nitrogen levels on canola dry weight at the
50% flowering stage.
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Figure 4. The interaction between plant density and nitrogen levels on canola left area index at the
rosette stage.
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Figure 5. The interaction between plant density and nitrogen levels on canola leaf area index at stem
elongation the stage.
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Figure 6. The interaction between plant density and nitrogen levels on canola leaf area index at the
50% flowering stage.
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Figure 7. The interaction between plant density and nitrogen levels on weeds dry weight at the
rosette stage.
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Figure 8. The interaction between plant density and nitrogen levels on weeds dry weight at the
stem clongation stage.
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Figure 9. The interaction between plant density and nitrogen levels on weeds dry weight at the
50% flowering stage.
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Figure 10. Interaction effects of plant density and nitrogen levels on canola seed yield.
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Figure 11. Main effects of plant density and nitrogen levels on canola pods number per plant.
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With increasing plant density along with
nitrogen levels the canola seed yield in-
creased (Figure 10), but it was maximized at
dons (190 plants m™ + 138 kg N ha) and
minimized at dny (150 plants m™ + zero N).
Fathi et al. (2002) have reported a higherca-
nola seed yield with the addition of plant
density at 90 plants m™> + 225 kg N ha.
Here, the higher seed yield was achieved
(Figure 10) at 190 plants + 138 kg N ha
(dyn3) and this was not significantly different
with 190 plants m™ + 92 kg N ha™'(d,n,).

Increasing plant density reduced the num-
ber of pods per plant (p < 0.01), whereas the
addition of nitrogen increased the number of
pods per plant (p < 0.05) (Figure 11).
Cheema et al. (2001) have reported that the
increased canola seed yield was mainly due
to increasing the number of pods per plant;
in contrast to this result, here the higher den-
sities resulted in lower pods per plant (Fig-
ure 11) but gave a higher seed yield (Figure
10). Further more, the increased canola seed
yield was not correlated with pods per plant.

On the whole, the results revealed that
higher plant density and the addition of ni-
trogen could enhance canola seed yield and
its attributes; however, it seems that the ca-
nola crop is sensitive to higher plant densi-
ties. Granted that the LAI and DM increased
along with increased plant density at differ-
ent plant growth stages and resulted in re-
duced weed dry matter accumulation, yet
maximum canola seed yield in this study
was achieved at 190 plants m™.
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