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Abstract 
 

The objective of this study was to study the row spacing and planting density on grain yield of canola (Brassica 
napus L.) cultivars in Iran during 2008-2010 with sowing rates and two row spacing at some areas. Cultivars that 
varied considerably for early plant vigour responded similarly to varying sowing rate, indicated the same sowing 
rates which can be used for all cultivars of canola. Grain yield increased up to plant densities of 25-35 plants/m2 and 
was unaffected beyond that. Row spacing had minor effect except at Karaj in 2008 where 35cm rows produced 10% 
lower yield than 20cm rows. Oil content was unaffected by row spacing or plant density. Therefore in stubble 
retention systems, growers can increase row spacing to allow stubble flow, with little or no effect on yield or quality. 
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Introduction 
 

Rapeseed (Brassica napus) is now the second most 
important source of vegetable oil in the world and 
canola oil is considered healthy for human nutrition due 
to its lowest content of saturated fatty acids among 
vegetable oils and moderate content of poly-unsaturated 
fatty acids (Starner et al., 1999). Thus, it constitutes a 
great portion to supply the food requirements of the 
growing population. One of the major aspects of crop 
ecology, production and management which often limit 
crop production is improper crop spacing in the field 
(Dupriez et al., 1989). The seed yield is a function of 
interaction between genetic and environmental factors 
including soil type, sowing time and method, seed rate, 
fertilizers and time of irrigation among which, row 
spacing plays a vital role in getting higher yield 
(Hussain et al., 2003). In oilseed rape, row spacing or 
plant density vary considerably worldwide, depending 
on the environment, production system and cultivar. 
Previous studies have shown that plant density is an 
important factor affecting rapeseed yield. Plant density 

in rapeseed governs the components of yield, and thus 
the yield of individual plants. Al Barzinjy et al. (1999) 
investigated the effects of different plant densities 
ranging from 20 to 130 plants/m2 in rapeseed. They 
concluded that pods per plant, seed weights and dry 
matter per plant decreased as plant density increased. 
Sowing rates for canola in Iran have traditionally been 
approximately 5 (kg/ha) with the aim of establishing 
between 50 and 80 plants/m2. In general, this has 
resulted in adequate plant stands except where pests 
such as insects, birds or mice have reduced plant 
numbers at or soon after plant emergence. Traditional 
row spacing have been between 15 and 18 cm; 
however, the increased interest in retention of stubble 
has seen many farmers increase row spacing to as much 
as 36cm to allow for the flow of heavy stubbles through 
the seeding equipment. Breeding programs have now 
developed a range of canola cultivars which vary in 
early plant vigour. These cultivars vary from some 
hybrids and conventional cultivars which exhibit a high 
degree of early vigour to the triazine tolerant cultivars 
which produce very slow growth during winter. The 
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aim of this study was to determine the effect of row 
spacing and plant density on yield and oil content of 
canola cultivars which varied in early plant vigour at 
low rainfall sites in Iran. 
 
Materials and Methods 
 

The experiment was carried out at Karaj 
Agricultural Research Station, Karaj, Iran in 2008-
2010. Experimental site was clay loamy (25% clay, 
19% silt and 23% sand) with pH of 8.2 and electrical 
conductivity of 0.65 dS. 125 (kg/ha) ammonium 
phosphate and 85 (kg.ha-1) urea were applied prior to 
planting and appropriate practices were used for weed 
and insect control. The experimental lay-out was split- 
split plot based on randomized complete block design, 
with 4 replications. With cultivars as main plots, row 
spacing (20 and 35 cm) as split plots and sowing rates 
(35, 60, 85, 110, 160, 210 seeds/m2) as split-split plots. 
Cultivars used were Opera and Zarfam which had 
similar maturity but differed in early plant vigour. Plots 
were 15 m long by 10 rows (20cm row spacing 
treatment) or 4 rows (35 cm row spacing treatment). All 
plots were weed free and received adequate fertilizer. 
Plant densities were counted on two quadrates per plot 
when the plants were at the two leaf stage.  Additional 
trials were sown at Pakdasht and Shahriyar in 2010 to 
investigate the effect of sowing rate on the triazine 
tolerant cultivars Karoo and Hylite 200TT. Plot size, 
trial design and trial management were similar to those 
used at Karaj. Plots were machine harvested to 
determine grain yield, while oil content was analyzed 
using an NIR Systems 4500 scanning NIR 
spectrophotometer. The obtained data were subjected to 
analysis of variance as a split-split plot design using the 
Statistical Analysis System (SAS Institute, 1998). 
Comparison of means was performed by Duncan’s 
Multiple Range Test at P<0.05 (Table 1 and 2).  
 
Results and Discussion 
 

Trial crops were sown on 6 Apr 2008, 26 Apr 2009 
and 5 Apr 2010 at Karaj, well within the normal range 
of sowing dates. Growing season rainfall (April to 
September) at Karaj was 257 mm, 235 mm and 324 mm 
for 2008-2010 respectively. Trials were sown at 
Pakdasht on 4 Apr, 19 Apr and 9 May 2010 and at 
Shahriyar on 6 Apr 2010. April to September rainfall 
was 297mm and 310 mm at Pakdasht and Shahriyar.  In 
general, rainfall in 2008 was about average, 2009 was 
below average and 2010 was above average at all areas. 
 
Grain yield 

No difference in grain yield occurred between 
cultivars at Karaj in all three years. The 20cm row 

spacing produced significantly greater yield than the 
35cm spacing (1558 and 1434 kg/ha respectively) at 
Karaj in 2008 but had no effect in the other two years. 
Narrow rows have also been reported to give higher 
grain yields than wide rows in Brassica napus 
(Morrison et al., 1990). The study of four different 
concentrations of 1, 3, 6 and 9 plants per square foot of 
rapeseed, three planting dates, they observed an 
increase in density to 32 plants per square meter 
increased performance, but observed the increasing 
density of the reduced performance. The highest yield 
on 16 April and the densities were 32 plants per square 
meter (Christensen et al., 1984). Plant density in 
rapeseed governs the components of yield, and thus the 
yield of individual plants. A uniform distribution of 
plants per unit area is a prerequisite for yield stability 
(Diepenbrock, 2000). 

At two regions, (Karaj in 2009 and Shahriyar in 
2010) grain yield was unaffected by plant density 
(Table 1 and 2). At these two sites, the lowest plant 
densities achieved were over 20 plants/m2. Similar 
responses to plant density have been reported by 
McGregor (1987), Van Deynze et al. (1992) and Leach 
et al. (1999). No interaction occurred between cultivar 
and sowing rate in three trials at Karaj, indicating that 
cultivars with considerable differences in early vigour 
responded similarly to varying sowing rate. Van Deynze 
et al. (1992) in Manitoba also reported a lack of cultivar 
by sowing rate interaction between conventional and 
hybrid cultivars, even where hybrids produced 24% 
higher yields and 50% higher total dry matter than 
conventional cultivars. This resulted in an optimum 
plant density of 25-35 plants/m2 which was well below 
the normally recommended plant density for canola 
crops. The only site where higher plant densities than 
25 plants/m2 were needed to produce maximum yield 
was at Karaj in 2008, however the lower plant densities 
still produced about 85% of maximum yield (Table 
1,2). 
 
Oil content 

Oil content, where tested, was not affected by 
cultivar, row spacing or sowing rate. A lack of any 
effect of sowing rate on oil content has also been 
reported by Morrison et al. (1990) and Leach et al. 
(1999) while Van Deynze et al. (1992) showed a small 
decrease in oil content as sowing rate increased to 9 
(kg/ha). Similarly, Morrison et al. (1990) found few 
consistent effects of row spacing on oil content. In 
practical terms it seems that row spacing and sowing 
rate can be varied with little effect on oil content; this is 
of particular relevance in Iran where farmers are paid a 
premium for oil content over 40% and penalized for 
less than 40%. Potter et al. (1999) reported that oil 
content was not affected neither by row spacing nor 
plant density in both low and medium rainfall regions.  
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Table 1: Effect of plant density on grain yield of canola in Karaj, Iran 
 Karaj 2008 Karaj 2009 Karaj 2010 

Sowing rate 
(plants/m2) 

Plant 
population 
(plants/m2) 

Grain yield 
(kg.ha-1)   

Plant 
population 
(plants/m2) 

Grain yield 
(kg.ha-1) 

Plant 
population 
(plants/m2) 

Grain yield 
(kg.ha-1) 

35 24.61 1376a 23.647 913a 13.3 1110a 
60 41.195 1414a 42.158 905a 23.3 1278a 
85 57.566 1525b 64.2 948a 32.1 1308b 
110 71.69 1507b 85.493 949a 35.2 1290b 
160 111.066 1525b 110.424 913a 57.9 1284b 
210 137.388 1565b 144.985 900a 64.3 1247b 

 
Table 2: Effect of plant density on grain yield of canola at Pakdasht and Shahriyar, 2010 

 Pakdasht 4 Apr  Pakdasht 19 Apr  Pakdasht 9 May  Shahriyar 6 Apr  
Sowing 

rate 
(plants/m2) 

Plant 
population 
(plants/m2) 

Grain 
yield 

(kg.ha-1)   

Plant 
population 
(plants/m2) 

Grain 
yield 

(kg.ha-1) 

Plant 
population 
(plants/m2) 

Grain 
yield 

(kg.ha-1) 

Plant 
population 
(plants/m2) 

Grain 
yield 

(kg.ha-1) 
35 9.4 1216a 14.8 966a 8.6 569a 22.3 1313a 
60 22.4 1271a 33.3 1046ab 19.2 664ab 28.8 1349a 
85 28.4 1316a 46.2 1040ab 19.2 717ab 45.6 1464a 
110 49.6 1331a 57.4 1081b 33.0 728b 64.4 1324a 
160 57.4 1304a 71.2 1058b 38.8 753b 57.8 1445a 
210 66.7 1326a 97.2 1071b 41.1 695b 81.9 1389a 

a,b Means followed by the same letter are not significantly different at P=0.05 
 
Conclusion 

Cultivars that varied considerably for early vigour 
responded similarly to varying sowing rate. Therefore, 
growers can use the same sowing rates for all canola 
cultivars. Grain yield increased up to plant densities of 
about 25-35 plants/m2 and was unaffected above this. 
Row spacing had little effect except at Karaj where 
35cm rows produced 9% less yield than 20cm rows in 
2008. Oil content was unaffected by sowing rate or row 
spacing. 
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