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Abstract Determining suitable planting time plays an important role in conformation of plant growth stages with
desirable environmental conditions which results maximum yield, therefore the experiment was conducted a factorial split
plot arranged in randomized complete blocks design with four replications in two planting time (PT) at one year. Main plots
consisted of two level of organic manure, (OM1) and (OM2) and five level of chemical fertilizer, (CF1), (CF2), (CF3), (CF4),
(CF5) and sub plots consisted of two cultivar(C) (Okapi and Zarfam). Results of composed variance analysis showed that
harvest index trait was significantly affected by planting time and chemical fertilizer, third level of chemical fertilizer
application had highest harvest index with38.33 percent that caused to observed highest seed yield with 2492 (Kg/ha) from
third level of chemical fertilizer application, so highest oil percent was observed from first planting time with 41.9 percent
that showed importance of suitable planting time, in continuance results showed that carotenoid content was significantly
affected by planting time and chemical fertilizer and highest carotenoid content was observed from third level of chemical
fertilizer application so in comparison between organic manure treatments results showed that Okapi cultivar with 0.49 (mg/g)
had highest carotenoid content.

Keywords Canola, Fertilizer, Organic manure, Planting time

the potential for environmental pollution. Farmyard manure
1. Introduction (FYM) and compost are organic sources of nutrients that also

. . ) have been shown to increase soil organic matter and enhance
During the last decades the acreage of winter oilseed rape grain quality. Introducing a good fertilization system can

has been increased considerably in the world [31]. Planting  |..1 {0 increase grain yield and improve food quality [11].
time affects canola yield, seed oil and protein production and - qornatsch et al [20] reported that Climate change affected
delayed sowing reduces total N concentration at 5-6 rosette 4o length of the growing season and growth duration of
stage by 50% in young mature leave petioles [11], so Farret 104 and subsequently the survival and reproduction of
al[6] concluded that rate of yield decline per week attributed high elevation plants. Nitrogen is the most expensive
to delayeq sowing have ranged from 3'2%“) 8.6%. Oil  fortilizer used to raise crop plants [29]. Majnoun Hosseini et
concentration reduced by 3% per month sowing delay they ;1 23] reported that the interaction effects of plant density
concluded reduction was due to increased temperature and ;4 nitrogen were also significant except for pods per plant
water stress during grain filling [11]. Marrison and stewart ;4 o] percentage and yield of plants. Nitrogen and sulphur

[26] 0bserv§d that flowering of rape is inhibited'above 27C. e among the most important elements in oilseed crop
Therefore, in the desert southwest, planting time may be production especially in canola [24].

important to avoid high temperatures at the end of the Jackson [15] found that the highest canola seed yields
growing season. . were achieved when 180 to 220 kg N ha-1 of nitrogen was

Fertilization is one of the soil and crop management ,,,1icq Canola nitrogen requirement is higher than cereals
practices, which exert a great influence on soil and grain . it is considered as a high nitrogen demanding crop [29].
quality [27]. Compared to cereals, canola requires a higher g, gyt et al [3] concluded that Rapeseed oil, compared
amount of nutrients. Proper use of fertilizer sources is ity other kinds of oil, contains low levels of saturated fatty
required to optimize the economic yield and to minimize , i4s 5 high percentage of oleic acid and an optimal ratio of
+ Cormesponding author: polyunsaturated fa'tty .acids for. both nutrition and feeding
mohsenjavaheri5757@yahoo.com (Mohsen Javaher) needs. Thus th'e obJ.ectlves of this research were to evalugted
Published online at http://journal.sapub.org/ijaf effect of planting time and the use of organic and chemical
Copyright © 2014 Scientific & Academic Publishing. All Rights Reserved fertilizer on canola yield and yield components.
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2. Materials and Methods

2.1. Site Description

Effect of Planting Time and the Use of Fertilizer on Canola Yield and Yield Components

Table 1. Result of physiochemical test soil

Electrl.ca.l pH Total Organic Clay Silt Sand Absorppon Absorption
conductivity nitrogen carbon potassium phosphorus
(EC*10%) (%) (mg.g)
46.5 7.9 0.07 1.13 44 34 22 403 9.7
Table 2. Compounds of organic manure

pH N P K Ca Mg Zn S Cu
(%) (mg/kg)
Organic manure 7.45 0.74 0.49 0.31 745 1100 23 659 27

The field assay was conducted in 2013 growing season at
the Agricultural Research Center of Sanandaj, Iran that
located at (36° 11’ N latitude and 46° 19" E longitude) with
an altitude of 1393 m above sea during 2012-2013. This
region has a semi-arid climate (340 mm annual rainfall). The
soil texture of the experimental site is a clay loam, with a pH
of 7.9 and Ec=046 (EC*10% (using an Electrical
Conductivity Meter) (Table 1).

2.2. Experimental Design

A field experiment was carried out a factorial split plot
arranged in randomized complete blocks design with four
replications in two planting time (PT) at one year with
regarded management of time and quantity Main plots
consisted of two level of organic manure, non
application( OM1) (control) and application (OM2) and five
level of chemical fertilizer that fertilizer split to three section
in each treatment (CF1) consisted of non application in
planting time, application in shoot appearance stage and
beginning of flowering stage(with recommended measure),
(CF2) consisted of application in planting time, shoot
appearance stage and beginning of flowering stage (with
recommended measure), (CF3) consisted of application in
double leaf stage, shoot appearance stage and beginning of
flowering stage(with recommended measure), (CF4)
consisted of application in planting time(with recommended
measure), application in shoot appearance stage and
beginning of flowering stage (with increased 25 percent),
(CF5) consisted of application in double leaf stage (with
recommended measure), application in shoot appearance
stage and beginning of flowering stage(with increased 25
percent), and sub plots consisted of two cultivar (Okapi and
Zarfam), Each sub plot was 7.5 m long and consisted of 6
rows, 30 cm apart with intra row spacing of 5 cm to achieve
the plant density of 66 plants/m*, land of experiment was
plowed in autumn of previous year and in spring of
experiment year was disked , With attention to annual
rainfall mean, soil test and farmyard manure analysis results
(Table 1,2) application of chemical, organic manure and

phosphorus with attention to of physiochemical test soil
was about 150 kg/ha for chemical manure (Urea), 20t/ha for
organic manure (farmyard manure) and 140 kg/ha for
phosphorus. Evaluated traits consist of Pod number in main
stem, Pod number in secondary stem, pod length in main
stem, pod length in secondary stem, Harvest index, Seed
yield, Oil percent, carotenoid content. The estimation of oil
percent was extracted with petroleum ether using Soxhlet

[1].
2.3. Sampling

At maturity stage, 12 plants from each plot were randomly
selected for the measurement of yield components.
Harvested area was 7.5m x 1.8m in each plot. Seed yield of
canola was adjusted to 10% moisture content.

2.4. Statistical Analysis

The experimental data were statistically analyzed by
(ANOVA) using MSTAT-C, Version 1.41, Crop and
Sciences Department, Michigan State University, and
Duncan's multiple range in (P < 0.05) used to compare
means of traits.

3. Results and Discussion
3.1. Pod Number in Main Stem

Results of composed variance analysis showed that pod
number in main stem was significantly affected by planting
time, chemical fertilizer and organic manure treatments
(Table 3) and means comparison with Duncan's multiple
range in (P < 0.05) showed that highest Pod number in main
stem with 28 number was observed from application of third
level of chemical fertilizer, this positive effect was attributed
to importance of application time of chemical nitrogen
fertilizer (Table 4). During the period of grain formation in
other research result showed that nitrogen had importance
role in plants growth [20]. Nitrogen in plants had important
role and in addition chemical fertilizer and interaction among
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planting time x chemical fertilizer X organic manure had
significant effect on pod number in main stem (Table 3),
fourth level of chemical fertilizer (F4) had lowest pod
number in main stem, in comparison between cultivars
Okapi with 22 (number) had highest Pod number in main
stem so interaction between application of organic manure
and third level of chemical fertilizer, had highest pod number
in main stem that showed importance of application organic
manure and chemical fertilizer in double leaf stage.
Hokmalipou et all [13] reported that pod number of the stem
was significantly affected by genotypes and interaction
between the sowing date and genotypes. pod number of
fertile genotypes of canola, was affected by weather
conditions [25].

3.2. Pod Number in Secondary Stem

Regarding pod number in secondary stem result showed
that organic manure had significant effect in (p<1%), pod
number in secondary stem and highest pod number in
secondary stem was observed from first planting time with
51(number) and lowest pod number in secondary stem was
observed from second planting time. So organic manure,
chemical fertilizer, cultivar treatments had significant effects
on pod number in secondary stem (Table 3) this positive
effects were attributed to increasing pod seed, in mean
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comparison Okapi had highest pod number in secondary
stem (Table 4). So interaction among planting time X
chemical fertilizer X organic manure had significant effect on
pod number in secondary stem. Degenhardt and Kondra [4]
reported that with delay in sowing date pod number per
plant decreases. Nitrogen is one of the most important
elements that plays a key role in plant growth and yield so
protein synthesis, protoplasm, cell size, and photosynthetic
activity and thus provides huge pods [37].

3.3. Pod Length in Main Stem

Results of composed variance analysis showed that pod
length in main stem was significantly affected by organic
manure(Table 3) so means comparison with Duncan's
multiple range in (P < 0.05 ) showed that highest pod length
in main stem was observed from first planting time (Table 4)
thus pod length in main stem in plants have been affected
from organic manure, so results showed that interaction
between planting time % chemical fertilizer x organic manure
had significant effects on, pod length in main stem, Okapi
cultivar with 7 percent had highest pod length in main stem
and in comparison between chemical fertilizer levels showed
that third level of chemical fertilizer treatment had highest
pod length in main stem.

Table 3. Results of variance analysis traits under treatments effects

Mean square

Pod number Pod number pod Pod length in . .

S.0.V df in main in secondary length in secondary Harvest Seed yield oil carotenoid
stem stem main stem stem index percent content
PD 1 1123.600" 20362.65" 112.225™ 68.906" 177.55" 20237907.6™  499.4™ 0.232"
Error(Rep) 6 199.4™ 36.43™ 2313™ 2.223™ 86.08™ 13650962" 0.4™ 0.024™
CF 4 663.3" 4150.1" 13.8"” 75" 498.7" 2034794.9” 33.3" 0.182"
PTxCF 4 91.3" 757.2" 2417 0.9™ 54.02" 376318.8" 1.7 0.006"™
oM 1 422.50" 1883.7" 8.10™ 22" 1.4™ 850597.2" 1337 0.003™
PTx OM 1 108.90” 2.7 3.02" 45" 58.8" 544288.9" 1.1 0.001™
CFx OM 102.8™ 496.9™ 3.75" 22" 31.6" 106780.9™ 47" 0.035™
PTxCFxOM 37.9" 4525 1.217 0.47™ 6.08"™ 46219.0% 0.2 0.009™
Error 54 15.4™ 55.7 0.47" 0.46" 8.8™ 15355.4™ 0.6™ 0.050™
C 1 160.000” 4323 12.10” 455" 15.006™ 92160.0" 3.5% 0.057"
PTx C 1 28.90 131.4™ 2.02 45" 0.05™ 50.6%* 0.3" 0.001™
CFx C 4 101.5™ 223.5" 1.53" 21" 63" 21756.5™ 0.8™ 0.019™
PTxCFxC 4 41572 153.953™ 0.494™ 0.603™ 5.119" 16011.172™  1.243™ 0.014™
OM x C 1 22.500™ 3.906™ 0.900™ 0.506™ 6.006™ 504.100™ 0.018™ 0.033™
PT*OM x C 1 8.100™ 5.256™ 0.225™ 0.506™ 3.306™ 31304.025™  0.138™ 0.026™
CFx OM xC 4 15.859™ 200.359"™ 1.087™ 1.428™ 18.756™ 76767.428"  1.056™ 0.015™
PTXCFxOM xC 4 7.344" 201.522%%* 0.194™ 0.084"™ 5.244 23709.697°  0.723™ 0.009™
Error 60 7.771™ 22.652" 0.525™ 0.635™ 1.840™ 9596.612™ 0.672™ 0.022™

C V(%) 13.04 11.84 10.77 12.54 423 4.68 2.04 30

ns, Non significant; *, Significant at the 5% of probability level(P< 0:05); **, Significant at the 1% of probability level (P <0:01). C, Cultivar ; CF, Chemical

fertilizer; PT, Plating time; OM, Organic manure
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Table 4. Mean values of traits as influenced by treatments

Pod number in Pod number in Pod lengthin  Pod length in Harvest Seed Oil Carotenoid
Treatment main stem secondary stem main stem secondary index yield percent content
(Number) (Number) (Cm) stem (Cm) (%) (Kg/ha) (%) Mg/g)
First PT 24a Sla 8a Ta 35.4a 2248a 41.9a 0.52a
Second PT 19b 29b 6b 6b 28.8b 1737b 38.3b 0.45b
CF1 18.94cd 33.94c 6.500b 6.063bc 31.00c 2010c 39.90b 0.4559b
CF2 19.44¢ 37.03¢c 6.594b 6.344b 30.13¢ 1975¢ 39.66bc 0.4447b
CF3 28.84a 59.22a 7.844a 7.125a 38.31a 2492a 41.92a 0.6166a
CF4 17.31d 29.84d 6.094c 5.844c 27.91d 1828d 39.42¢ 0.4309b
CF5 22.34b 40.94b 6.594b 6.406b 33.13b 2155b 39.68bc 0.4847b
OMI 20b 37b 7a 6a 32b 2019a 39.8a 0.48b
OM2 23a 44a Ta 6b 32.2a 2165b 40.4b 0.49a
Okapi C 22a 42a Ta Ta 32.4a 2116a 40.3a 0.51a
Zarfam C 20b 39b 6b 6b 31.8b 2068b 40b 0.47b

3.4. Pod Length in Secondary Stem

Results of composed variance analysis showed that pod
length in secondary stem was significantly affected by
planting time, organic manure, chemical fertilizer and
cultivar (Table 3), so highest pod length in secondary stem
was observed from third level of chemical fertilizer with 7
(Cm) per plant and comparison between organic manure
treatment showed that all level stand in statistical equal
group (Table 4) Nitrogen (N) fertilizer increases yield by
influencing a variety of growth parameters such as the
number of branches per plant, the number of pods per plant,
the total plant weight, the leaf area index. Interaction
between planting time and organic manure so between
organic manure and chemical fertilizer had significant
effects on pod length in secondary stem, in comparison
between cultivars Okapi with 7 (Cm) had highest pod length
in secondary stem. Khan et all [18] also concluded that
positive significant correlation between seed yield and plant
height, pods per plant, seeds per pod and pod length.

3.5. Harvest Index

Harvest index trait was significantly affected by planting
time, chemical fertilizer (Table 3) and means comparison of
with Duncan's multiple range in (P < 0.05) showed that third
level of chemical fertilizer application had highest harvest
index with38.33 percent and lowest harvest index was
observed from forth level of chemical fertilizer application
with 27.9 percent (Figure 1). Taschler et all [34] concluded
N fertilizer had significant influence on seed yield,
biological yield and oil yield. It had no significant influence
on the number of seed per pod, a thousand seed yield, oil
percentage and harvest index. Interaction between treatments
showed that planting time and organic manure so chemical
fertilizer and organic manure had significant effects on
harvest index, cultivar and interaction between chemical

fertilizer and cultivar had significant effects on harvest index.

Keivanrads et all [17] reported that the effect of N fertilizer
was significant on seed per pod, a thousand seed weight, seed

yield, biological yield, oil percentage, oil yield. In
comparison between cultivars Okapi cultivar had highest
harvest index with 32.4 percent (Table 4). Cultivar had
significant influence on seed yield, thousand seed weight, oil
percentage, oil yield, biological yield and harvest index [32].

Keivanrads et all [17] reported that the effect of N
fertilizer was significant on biological yield and harvest
index. In comparison between cultivars Okapi cultivar had
highest harvest index with 32.4 percent (Table 4). Cultivar
had significant influence on seed yield, thousand seed weight,
oil percentage, oil yield, biological yield and harvest index
[32].

3.6. Seed Yield

Planting time, organic manure and chemical fertilizer had
significant effects on Seed yield in (p<1%), (Table 3) and
means comparison with Duncan's multiple range in(P < 0.05)
showed that third level of chemical fertilizer had highest
seed yield with 2492 kg/ha so 2248 and 2165 kg/ha were
observed from first planting time and application of organic
manure respectively, that showed importance of suitable
planting time and application of organic manure (Figure 2),
Jansinka et all [16] concluded that with delay in sowing date
seed yield decreased that similar to findings of Taylor and
smith [35] observed that seed yield declined when sowing
date is delayed, in comparison between planting times result
showed that first planting time had highest seed yield that
showed importance of suitable planting time, result showed
that interaction between planting time and organic manure
and planting time and chemical fertilizer so interaction
among planting timexchemical fertilizerxorganic manure X
cultivar had significant effect on seed yield and Okapi
cultivar had highest seed yield (Table 4). Fathi [7] observed
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™, so result of one research showed
that the highest canola seed yield were achieved when 180 to
220 kg N ha of nitrogen was applied. Absorption of other
nutrients is also strongly related to sufficient nitrogen [15].
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Figure 2. Interaction effects of organic manure and chemical fertilizer on seed yield

Interaction between organic manure and third level of chemical fertilizer had highest seed yield, this positive effect was
attributed to indicate importance role of organic manure and application of chemical fertilizer in leaf bud stage.

3.7. Oil Percent

Oil percent was significantly affected by planting time, chemical fertilizer and organic manure (Table 3).

Thus result of means comparison with Duncan's multiple range in (P < 0.05) showed that highest oil percent was observed
from first planting time with 41.9 percent and second planting time with 38.3 had lowest oil percent (Table 4), that showed
importance of suitable planting time that similar to findings of Mackinnon and fettell [22] reported that with delaying in
planting time grain yield was decreased so delayed planting time had significant reduction on grain yield and oil grain. Jakson
[15] reported that application of N at 120 kg/ha (N2) gave the maximum oil content. Cultivars had significant effect on oil
percent and interaction between planting time Xorganic manure and chemical fertilizer x organic manure had significant
effects on oil percent. Okapi cultivar had highest oil percent with 40.3 percent (Figure 3).

Different letters within each group of a column indicate significant differences at P < 0.05 according to Duncan's
multiple range test. C, cultivar; CF1, First level of chemical fertilizer; CF2, Second level of chemical fertilizer; CF3, Third
level of chemical fertilizer; CF4, Fourth level of chemical fertilizer; CF5, Fifth level of chemical fertilizer; OM1, Non
application of organic manure; OM2, Application of organic manure; PT, Planting time.
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Figure 3. Interaction effects of organic manure and chemical fertilizer on oil percent

3.8. Carotenoid Content

Results of composed variance analysis showed that
carotenoid content was significantly affected by planting
time and chemical fertilizer (Table 3) Carotenoids, which
include carotenes and their oxygen containing derivatives -
xanthophylls, play many important biological functions in
plants. In chloroplasts they act as accessory pigments in
light-harvesting complexes and transfer energy to
chlorophylls [30], so means comparison with Duncan's
multiple range in (P < 0.05) showed that highest carotenoid
content was observed from third level of chemical fertilizer
application (table 4). So in comparison between organic
manure treatments results showed that Okapi cultivar with
0.49 (mg/g) had highest carotenoid content.

4. Conclusions

Our results showed that organic nitrogen source had
significant effect on growth, yield and oil percent of canola
and yield of plants was increased with application of
nitrogen fertilizer in double leaf stage, shoot appearance
stage and flowering stage with recommended scale.
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