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Abstract: In order to investigate the effect of nitrogen rates and splitting on oil and seed yield of canola, a field
experiment was conducted at Jouybar (Iran) in 2008. The experimental was evaluated in a split-plot with two
rates of nitrogen fertilizer N , N  kg N ha  and check (N ) and three nitrogen splitting T  (50% in sowing time100 200 0 1

1

and 50% in stem elongation (bolting) begins), T  (25% in sowing time, 50% in stem elongation (bolting) begins2

and 25% in first flower opens growth stage) and T  (25% in sowing time, 25% in stem elongation (bolting)3

begins and 25% in first flower opens and 25% in flowering ends). Results indicated that N  had higher seed,200

straw and biological yield than N , so that seed yield relation to check had increased 111and 82%,100

respectively. T  had the highest straw and biological yields ,while T  had the lowest, respectively. The highest1 3

and lowest oil content was obtained with T  and T , respectively. The highest and the lowest nitrogen content2 3

was obtained with T  and T , respectively. N  had greater number of pods per plant and number of seeds per3 1 200

pod than N . T  and T  had the greatest and the least number of pods per plant and also number of seeds per100 2 3

pod, respectively. In interactions, Number of pods per plant and number of seeds per pod was the greatest at
N T and the least at N T . Interaction of N T  and N T  had the highest and the lowest seed oil content;200 2 100 3 100 2 100 3

respectively. The interaction between N  and T  and between N T  had the highest and the lowest seed200 3 100 and 1

nitrogen content, respectively. The interaction  between N  and T  and between N T  had the highest and200 2 100 and 3

the lowest seed yield, respectively. There is positive correlation between seed yield and number of pods per
plant. Consequently, low nitrogen and high splitting application decreased oil content , whereas, seed yield and
oil yield were increased by increasing nitrogen rates. 
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INTRODUCTION amount of organic C across landscape units [3-5]. Also,

The field area cultivated by rapeseed (Brassica napus fertilizer and soil [6]. Kutcher et al. [6] indicated crop
L.) in the world, it is grown on approximately 27 million response to fertilizer N in specific soil and climatic
hectares with increasing tendency (FAOSTAT Database, conditions is critical to improve crop production and
2006). Canola belongs to the family Brassicaseae is an reduce losses of N across the landscape units. Varying
important oil crop and currently the principal oil crop of the amount of fertilizer at different landscape positions
Iran. Canola is a relatively new oilseed crop that has been has been suggested as an appropriate technique to
developed from B. juncea mustard [1] and little optimize the efficiency of inputs and crop production on
information is available regarding the yield response of a hummocky landscape [7]. In the subhumid environments
canola about the rate and timing of N fertilization. Canola of western Canada, for example, canola crops responded
contains 40 - 45% oil and 20- 25% protein its seed. Oilseed positively to N fertilizer up to application rates of 180 kg
crops require adequate N supply for maximum N ha  [8]. Some hybrid cultivars of B.napus canola have
productivity [2]. The potential for N mineralization, a greater response to soil N supply than open-pollinated
immobilization, denitrification and leaching varies because cultivars under more favorable environments [8-10]
of large differences in soil moisture availability and the showed  that  for all  oilseed  species,  the seed yield was

this influences the availability of N to the crop from
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highly responsive to N fertilizer rates from zero to about Samples from the top 0.3 m of the field were collected
100 kg N ha  and thereafter, the rate of yield responses1

declined. Gan et al. [10] showed that  the amount of N
fertilizer required to achieve the maximum seed yield was
106 kg N ha  for rapa canola, 135 kg N ha  for alba1 1

mustard and B. napus canola and 162 kg N ha  for the1

two juncea spp. Gan et al. [10] showed that earlier
flowering, longer flowering duration and greater tolerance
to drought stress exhibited by B.juncea canola make the
crop best adapted to the drier areas of the northern Great
Plains. Structured physiological responses to growth
resources limit the ability of crop plants to convert extra
photosynthetic biomass associated with additional N
fertilization into seed yield [11]. The minimum levels of S
are required to support N utilization and protein synthesis
in oilseeds while increased S fertilization rates are known
to result in higher levels of seed oil and glucosinolates
[12]. Seed yield of canola is a function of population
density, number of pods per plant, number of seeds per
pod and seed weight. The number of pods per plant is the
most responsive of all the yield components in canola [13]
and is determined by the survival of branches, buds,
flowers and young pods rather than by the potential
number of flowers and pods [14]. However, yield structure
is very effective, correlate and variable across a rate and
timing application of N fertilization. The objectives of this
study were to determine the effect of N fertilization on
start and duration of flowering, seed yield and biomass
production canola under conditions with different yield
potentials.

MATERIALS AND METHODS

Study Site: Field experiment was located 50 km northeast
of Jouybar (at 52°59'58" latitude and 36°47'33" longitude),
Iran, normallyreceives about 503 mm of total precipitation
annually based in 2008. Approximately 60% of the total
precipitation occurs from Oct. to March and during period
of this study. The mean growing season temperatures
from March to May were 14.5, 14.2 and 15.2°C,
respectively. The characteristics of the soil type and
residual soil available N, P and K were determined for
depth (0–30 cm) at the site, before seeding. The field
study was consisted of clay loam soil selected soil
properties are presented in Table 1.

and analyzed for available soil N. Organic matter was
determined by the colorimetric method. Soil pH was
measured from a saturated paste. Phosphorus was
determined by the method described by Olsen et al. [15].
Potassium was extracted with ammonium acetate and
measured by atomic absorption spectroscopy.

Experimental Design: The experimental design was split-
plot in randomized complete block design with four
replicates. Nitrogen rates included 100 and 200 kg N ha 1

and check(N0) and three N splitting T =50% in sowing1

time, 50% in stem elongation (bolting) begins (growth
stages 00 and 30), T =25% in sowing time, 50% in stem2

elongation (bolting) begins 25% and in first flower opens
growth stage (growth stages 00, 30 and 60) and T =25%3

in sowing time, 25% in stem elongation (bolting) begins,
25% in first flower opens and 25% in flowering ends
(growth stages 00, 30, 60 and 69). K and P fertilizer as
potassium sulfate and triple superphosphate (46–46),
respectively also applied broadcast while planting. N
fertilizer was applied during period of the field study.
Fertilizers were incorporated into soil 30 to 40 mm deep
using a shallow rotary tillage before seeding. The amount
of N from the blend fertilizer application was accounted in
the N rate treatments.Weeds in the canola were controlled
plots using the post-emergent herbicide was used in early
January 2008 to desiccate the crops. A Hayola 401 canola
cultivar was chosen for the study because of its early
maturity. This cultivar was representative and was popular
among growers in the north of Iran during the period of
this study.

Sample Analysis: Plot area was six rows wide (20 cm row
spacing) and 5 m long. The area of the plot (experimental
unit) was between 5 and 2 m . Plots were seeded on 102

Oct. and seeding rates were adjusted for seed size and
preseed germination of 60 to 80 plants m . The cultivar2

was planted at the rate of 5 kg ha . Plant population was1

determined by counting seedlings 10 to 14 d after initial
seedling emergence in 0.5-1.0 m  per plot. Seed samples2

(four per replication) were harvested from 4.5-m  (1.5 by 32

m) plots. Seed samples were dried at 55°C for 3 d and
weighed to determine seed yield. Seed yield were adjusted
to  12%  moisture  content.  Aboveground  plant biomass

Table 1: Selected soil properties for composite samples at experimental site in 2008.

Soil texture CEC meq/l K Ppm P ppm Total nitrogen % OM % pH EC µmohs/cm Depth cm

Loam 4.8 168.37 16.5 320 0.78 7.52 1.4 0-30
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wasdetermined by harvesting one 4.5-m  area of each plot The relationship between seed yield and nitrogen rates2

at maturity. The plant samples were oven dried at 50 to
70°C for 4 to 5 d and weighed. Nitrogen analysis of the
samples was conducted by Kjeldahl digestion, using a
Technicon to provide total N within the sample. Seed
samples were dried, weighed and analyzed for oil and N
content. One sample per treatment was analyzed for oil
content by near infrared spectroscopy (NIR). Results for
oil content were expressed on an 8.5% moisture basis. Oil
yield was calculated by multiplying seed yield by oil
concentration.

Statistical Analysis: Data were subjected to an analysis
of variance using SAS (SAS Inst., 2001). When F was
significant, statistical differences among the means were
determined using a DMRT 9 (  = 0.05). 

RESULTS AND DISCUSSION

Seed, straw and biological yields responded to
nitrogen fertilizer rates and splitting. There was significant
difference in seed, straw and biological yields, but the
interaction was non-significant (Table 2). The differences
in straw and biological yields followed a similar trend to
seed yield. In nitrogen rates, the differences between the
lowest and highest yielding crop was 57 g m  for seed2

yield, 160 g m  for straw yield and 217 g m  for2 2

biological yield. The preceding differences among
treatments  for  seed  and  straw  yields  meant  that
harvest  index  were  the  greatest for N , lowest for N .200 100

was linear. N  had higher seed, straw and biological200

yields than N  so that seed yield relation to check had100

increased 111 and 82%, respectively. Seed yield of N200

produced 14% more than N . Biological yield of N100 200

produced 11% more than N , which produced 42% and100

59%  more  than N , respectively. T  and T  had 447 and0 2 1

374 g m   (29% and 15%) greater seed yield at harvest2

compared with T , respectively. T  had the highest straw3 1

and biological yields and T  was the lowest, respectively3

(Table 3). Ogrodowczyk and Wawrzyniak [17] found that
flowering  duration  has the strongest direct effect on
seed yield. Optimal seed yield of 408 g m  occurred in the2

200  kg N ha , consistent with previous data from1

Jackson et al. [18], Popove [19] and Grant and Bailey [20].
Optimal seed yield of 447 g m   occurred  in  the T .2

2

Also, T  achieved the highest harvest index (Table 3).2

There was significant difference harvest index in nitrogen
fertilizer splitting (P=0.01). Harvest index of T  was3

intermediate among treatments, thus the harvest index
increase was higher when nitrogen was increased, but
splitting expects T  had decreased. Generally, N increased2

the harvest index in the canola plant, while high splitting
(T ) decreased the harvest index. Ali et al. [21]3

emphasized  the  strongest  direct positive effect of
harvest index on seed yield, followed by 1000 -seed
weight  and  number   of   pods   per   plant.  The
interaction  between  N  and  T   and  between  N  and200 2 100

T  had the highest and the lowest seed yield, respectively3

(Table 4).

Table 2: Mean square of seed yield, straw yield, biological yield, harvest index, oil content, N. content, seed per pod and pod per plant in canola.

SOV d.f Seed yield Straw yield Biological yield HI Oil content Oil yield N. content Seed per pod Pod per plant

Replication 3 1023 30081* 27291 5.5 1.4 53 2.3 4.9 15
N. rates 1 19642** 152386** 281450** 3.6 10.0* 1326* 12.1 * 240.7 * 1768
Error (a) 3 546 2442 3996 0.8 0.3 98 0.4 7.3 279
N. splitting 2 33682** 231530** 271278** 70.4 ** 103.9** 10582** 26.6 ** 28.3 ** 10375**
A×B 2 268 8732 12035 0.3 1.2 16 0.4 0.3 83
Error (a) 12 184 11415 11569 1.2 1.2 59 0.8 1.6 57
C.V. - 3.6 6.5 5.3 5.7 3.2 5.8 5.3 4.7 4.2

* Significant at P = 0.05, ** Significant at P = 0.01, ns, nonsignificant.

Table 3: Means effects of seed yield, straw yield, biological yield, harvest index, oil content, N. content, seed per pod and pod per plant in canola.

Seed yield Straw yield Biological yield HI Oil content Oil yield N. content Number of seed Number of pod 
Treatments g m g m g m % % g m % per pod per plant2 2 2 2

Nitrogen rates N0 193 1149 1342 14.4 37.4 72 2.28 16.4 69
N100 351 b 1568 b 1919 b 18.3 a 35.2 a 125 b 2.62 b 23.5 b 173 a
N200 408 a 1728 a 2136 a 19.1 a 33.9 b 139 a 2.84 a 29.8 a 190 a

Nitrogen splitting T1 374 b 1844 a 2218 a 16.9 b 33.6 b 125 b 2.43 c 24.9 c 177 b
T2 447 a 1568 b 2015 b 22.2 a 38.5 a 171 a 2.74 b 28.6 a 220 a
T3 317 a 1533 b 1850 c 17.1 b 31.5 c 99 c 3.02 a 26.5 b 148 c

Values within a column followed by same letter are not significantly different at P = 0.05.
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Table 4: Interaction of seed yield, straw yield, biological yield, harvest index, oil content, N. content, seed per pod and pod per plant in canola.

Seed yield Straw yield Biological yield HI Oil content Oil yield N. content Number of seed Number of pod 
Treatments Levels g m g m g m % % g m % per pod per plant2 2 2 2

N0 - 193 1149 1342 14.4 37.4 72 2.28 16.40 69
N100 T1 345 c 1751 b 2096 b 16.5 b 34.0 c 117 d 2.37 c 21.75 d 170 d

T2 413 b 1463 d 1876 c 22.0 a 39.0 a 163 b 2.60 c 25.25 c 208 b
T3 295 d 1490 d 1785 c 16.5 b 31.0 d 94 e 2.89 b 23.50 cd 142 f

N200 T1 404 b 1935 a 2339 a 17.3 b 33.0 c 134 c 2.51 c 28.00 b 185 c
T2 481 a 1672 bc 2153 b 22.3 a 37.0 b 179 a 2.86 b 32.00 a 232 a
T3 340 c 1575 cd 1915 c 17.8 b 31.0 d 105 c 3.16 a 29.50 b 154 e

Values within a column followed by same letter are not significantly different at P = 0.05.

There was significant difference in seed oil content respectively. The interaction between N andT  and
with nitrogen fertilizer rates and splitting (P=0.05 and bteweenN  andT  had the highest and the lowest seed
P=0.01) (Table 2). Seed oil content ranged from 31 to 39%. nitrogen content, respectively (Table 4).
Seed oil content was decreased with increasing nitrogen There was significant difference in oil yield at
rate. This was largely a result of delayed maturity as nitrogen fertilizer rates and splitting (P=0.05 and P=0.01)
indicated by differences in maturity dates among nitrogen (Table 2). The maximum oil yield was obtained by
rates; negative relationship exists between oil and application of 200 kg N ha , even though a negative
nitrogen content and high temperature in grain filling relationship exists between oil content and increasing
period in May 2008. In general, high nitrogen rates nitrogen. Thus, low oil content duo to higher oil yield
reduced oil content at all treatments, consistent with when canola is fertilized at N rates exceeding 200 kg ha .
previous reports [18-20], this is probably due to nitrogen Oil yield under N  produced 10% more than N , which
delayingplant maturity and increasing grain filling period. produced 48% and 42% more than N , respectively. Ozer
The highest and lowest oil content was obtained by T et al.[23] showed that a significant correlation between2

and T , respectively. Nitrogen splitting increased oil seed oil content and seed yield per plant. Marjanovic-3

content at T , while oil content was derceased at T . Jeromela et al. [24] showed that a significant positive2 3

Nitrogen splitting effects on nitrogen and oil contents of correlation estimated between seed oil content and seed
the seed were inconsistent, T  decreased N and oil yield per plant (0.609**) leads to the conclusion that3

contents while T  increased seed oil content in the seed simultaneous selection regarding oil content and seed2

(Table 3). Nitrogen × splitting interaction increased oil yield per plant is possible to be done.
content, while N decreased oil content was detected at There was significant differences in number of pods
N T  (39%). The interaction between N  and T  and per plant with nitrogen fertilizer rates and splitting (P=0.05100 2 100 2

between N  and T  had the highest and the lowest seed and P=0.01) (Table 2).Application of N  had greater100 3

oil content, respectively (Table 4). number of pods per plant and number of seeds per pod
There was significant difference seed nitrogen than N . T  and T  had the greatest and the least number

content at nitrogen fertilizer rates and splitting (P=0.05 of pods per plant and number of seed per pod,
and P=0.01) (Table 2). Seed nitrogen content was respectively (Table 3). Thurling [25], Ozer et al. [25]and
increased with increasing nitrogen rate between up to 200 Ali et al. [26] have estimated strong direct effect of
kg N ha , seed nitrogen content increased by 4.4%. number of pods per plant on seed yield per plant.1

However, nitrogen content of the seed averaged 2.7%. However, Marinkoviæ et al. [27] did not confirm such
Contrary  seed nitrogen content was increased conclusions. In interactions, number of pods per plant
substantially with increasing N rate. There was 4.5 and and number of seeds per pod was the greatest for N  xT
9.4% less oil content at 100 and 200 kg N ha  than at 0 kg and the least for N  x T  (Table 4). Tusar- Patra et al. [28]1

N ha , respectively. Similar results was recorded by concluded that the strongest effect on seed yield was1

Hocking et al. [23]. Seed nitrogen content differed among estimated for number of pods per plant followed by
treatments: T  and N  achieved the highest seed nitrogen number of seeds per pod and 1000- seed weight. While2 0

content. Nitrogen content of N  x T  was intermediate Marjanovic-Jeromela et al. [24] indicated the correlation100 1

among the other treatments. The highest and the lowest between the number of pods per plant and seed yield per
seed nitrogen content was obtained by T  and T , plant kept strong, estimated correlations between the3 1

200 3

100 1

1

1

200 100

0

200

100 2 3

200 2

100 3
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number of pods per plant and seed oil content as well as REFERENCES
number of pods per plant and 1000 - seed weight were not.
Similar results were reported by Guo et al. [29], Behl et al.
[30] and Ozer et al. [23]. Pospišil and Mustapiæ [31]
indicated that a positive correlation between number of
pods per plant and seed yield per plant but they found no
correlation between number of pods per plant and 1000-
seed weight.

Nitrogen had little effect on TGW (Data do not
show). Increase N rate decreased TGW. This was largely
a result of increased number of pods per plant and number
of seeds per pod. The TGW was reduced by splitting
application in T . Ali et al. [21] indicated a negative1

correlation between number of pods per plant and 1000-
seed  weight.  Low  correlation  between  1000- seed
weight  and  seed  yield  per  plant.  It  probably would
affect seed oil content since there is strong correlation
between 1000- seed weight and seed oil content. Many
authors estimated significant positive correlation between
1000-seed weight and seed yield [21, 23, 25] However,
Pospišil and Mustapiæ [30] did not confirm such
inferences.

CONCLUSIONS

Yield components relationships in canola are
complex, also there are compensate, especially with
different density and nitrogen fertilizer rates and splitting
application. Whereas, seed yield was related to yield
components also severely were affected by nitrogen rates
and splitting. Although there are extensive investigate on
yield and yield components on canola, but quantitative
and qualitative effects and thresholds of responses,
especially with different density and nitrogen rates and
splitting is variable. Kirkland and Johnson [32] recognized
the promoting early flowering in oilseed crops was one of
the key management strategies to avoid hot weather
during the reproductive period. There is positive
correlation between seed yield and number of seeds per
pod and number of pods per plant. Consequently, low
nitrogen and high splitting duo to decreasing seed oil
content that this effect there is not nitrogen content,
whereas seed yield and oil yield had increased when
nitrogen increase. Finally, it was concluded that in canola
must be increase nitrogen application and the best
nitrogen rates was N  but, splitting is dependent plant200

density, climate, soil and precipitation. Finally, the best
splitting was T because plant in the growth stage of stem2

elongation had high requirement to nitrogen.
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