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ABSTRACT

A field study was executed during 2006/2007 and 2007/2008 seasons on a sandy soil in the Experimental Farm of the
Faculty of Agriculture, South Valley University at Qena Governorate, Egypt, to study the effect of four plant population
densities, being P, (15 cm between hills, 1 plant/hill, 1 side of the ridge =46666 plantsifad.), P; (20 cm between hills, 2
plants/hill, 1 side of the ridge =70000 plants/fad.), P; (15 cm between hills, 1 plant/hill, both sides of the ridge =93333
planss/fad ) and P, (20 cm between hills, 2 plants/hill, both sides of the ridge =140000 plants/fad.), as well as four nitrogen
Jertilization levels (30, 45, 60 and 75 kg N/fad ) on productivity of canola Serw 4 variety.

The four plant population densities had a significant effect on all studied characteristics (plant height, number of
racemes/plant, number of siliques /plans, 1000-seed weight, seed yield/plant and seed and oil yields/fad, ). P, density of 70000
Plants /fad. gave the greatest mean values of all above studied characteristics. Meanwhile, seed oil content was not gffected

by plant population density.

In addition, application of 60 or 75 kg Nffad. significantly increased all above mentioned traits, but significantly

‘decreased seed oil content, compared to 30 and 45 kg N/fad.

The interaction between the two factors had a significant effect on the number of racemes/plant, seed yield/plant and
seed and oil yields/fad. The highest values of such traits were obtained when canola planted at P; (20 cm between hills, 2
planis/hill, 1 side of the ridge =70000 plants/fad,) and fertilized with 60 kg N/fad.

Positive and significant correlation coefficients were found between oil yield and its contributing characteristics,
except for oil %, which was insignificant. Crop equations were computed to predict seed yield/plant, seed oil content and
seed and oil yields/fad that resulted from the independent variable nitrogen rates and that might enable the use of the results
obtained from this study to be extrapolated to similar agro-climatic conditions.

So, planting at 20 cm between hills, 2 plants/hill, 1 side of the ridge (70000 plants/fad) and fertilization with 60 kg
N/fad might be recommended for increasing the productivity of canola under the conditions of the study.

Key words: Canola, population density, nitrogen, oil content, oil yield, correlation.

INTRODUCTION
anola (Brassica napus L.) is one of the important
Coil crops in the world, that ranked second after
soybean, concerning seed and oil production from
worldwide cultivated area (Anonymous, 2005).
Recently, canola is considered a new oil seed crop in
the newly reclaimed areas in Egypt because there is a
great shortage in edible oils, and large amounts are
imported annually from abroad. Canola, as a winter
crop, can play an important role to partially cover or
reduce this shortage. There is a growing need to
understand the effects of plant population density and
nitrogen fertilization rates on canola productivity and
seed quality, especially in the newly reclaimed soils. .
Plant population density is an important way
for increasing canola production. Bassal et al (1998)
found that plant height, number of branches per plant,
1000-seed weight, seed oil content, seed, oil and straw
yields/fad. were higher with planting canola either on
one side/ridge or in rows, 60 cm apart, and 20 cm
between plants. Sharief and Keshta (2002) found that
increasing plant Population density from 8.3 or 10.9 to
16.6 plants /m‘ significantly increased number of
branches/plant, seed yield/plant and seed and oil
yields’/ fad. While, the oil percentage was
insignificantly affected by plant population density.
Yousaf er a/ (2002) found that 10 cm between plants
produced higher grain yield of canola, compared to
other plant spacings (20 and 30 cm).

Nitrogen is one of the major inputs of canola
seed and oil production. In this concern, Abdel-
Gawad er al (1990) reported that the hizrhest seed and
oil yields were obtained from applying 60 kg N/fad.
Also, increasing nitrogen levels resuited in marked
increases in seed ,and oil yields and all yield
components, except for seed oil content, which was
markedly decreased as nitrogen rate increased (Leilah
et al, 2003). Also, increasing nitrogen fertilization rate
up to 40 kg N/fad. significantly increased yield
components and seed and oil yields/fad. (El-Demrdash
and Ali, 2005 and Abdel-Ati, 2006). Ei-Bably and
Awad (2007) revealed that increasing N fertilizer rate
from 15 to 60 kg N/fad. significantly increased plant
height, number of racemes, 1000-seed weight, seed
yield per plant and seed and oil yields /fad. Also, they
found that increasing N raie significantly decreased the
seed oil content. Qil conieni of canola seeds responded
negatively to the increasing N levels (Jackson, 2000
and Ahmad et al, 2007).

Concerning the interaction, Hosseini er af
(2006) reported that the highest seed yield was
obtained with 190 plants m? with 138 kg N ha™. On the
other side, the highest values of the yield auributes and
seed and oil yields were gained when canola plants
were sown at the widest space (30 cm) and fertilized
with the highest TOMF rate at 5 tons TOMF + 40 kg
N/ha (Ali, 2007). Mobasser er al (2008) revealed that
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apphcatlon of 138 kg N ha™ and plant density of 80
plants/ m* were recommended for obtaining the best
plant attributes.

The present investigation aimed to study the
effect of plant population density and nitrogen
fertilization on agronomic chmctenstxcs, seed yield

MATERIALS AND METHODS
Two field experiments were carried out at the
Experimental Farm of the Faculty of Agriculre,
South Valley University at Qena Governorate, Egypt,
during 2006/2007 and 2007/2008 winter seasons.
Some mechanical and chemical properties of the

and seed oil content of canola. experimental site are presented in Table 1.
Table 1: Some characteristics of soil of the experimental site.
%0 Q @ e | B |Bgm| © |22 |2 | "2
§ | & | 2| E|BE|F|ES| = |%E |gi|4E
I T B 5 o 3 z |88 |BE
~ ~ et e [}
e 3.5 7.0 89.5 | Sandy | 7.92 2.84 0.50 0.32 7.83 185
2~ 35 6.5 90.0 Sandy 8.01 2.87 048 0.31 7.52 181
The experimental treatments were as follows:
Data of each season were subjected to analysis
1- Plant population density (P): P;= 15 cm between of variance and the test of homogeneity of variance

hills, 1 plant/hill, 1 side of the ridge (46666
plants/fad.), P, = 20 cm between hilis, 2
plants/hill, 1 side of the ridge (70000 plants/fad.),
P; = 15 cm between hills, 1 plant/hill, both sides
of the ridge (93333 plants/fad.), P, = 20 cm
between hills, 2 plants/hill, both sides of the ridge
(140000 plants/fad.).

2-Nitrogen fertilizer rates (N): 30, 45, 60 and 75 kg
N/fad.

The treatments were arranged as split plots in
randomized complete blocks design, with three
replications. Main plots were devoted to plant
population densities, while, sub-plots were assigned to
nitrogen levels.

Seeds of canola Serw 4 variety were sown on
the 5% of November in both seasons. Nitrogen
fertilizer, in the form of ammonium nitrate (33.5 % N),
was added in four equal doses, at sowing and at 21, 42
and 63 days after sowing. Phosphorus and potassium
fertilizers were applied, in forms of calcium
superphosphate (15.5% P,0Os) at the rate of 30 kg P,Os
/fad. and potassium sulphate (50% K,0) for rate of 50
kg K,O/fad at sowing. Other cultural practices, like
irrigation and weeding, were carried out as
recommended. The sub-plot size was 24 m* (8 ridges,
5mlongand60cmapart) The preceding crop was
forage sorghum in the first and second seasons.

Canola plants were harvested on April 25* in
both seasons. Ten guarded plants were randomly taken
from each sub-plot to determine plant height (cm),
number of racemes/plant, number of siliques /plant,
1000-seed weight (g) and seed yield/plant (g). Seed
yield (kg/fad.) was determined from the six central
ridges. Seed oil percentage was calculated by using the
modified Saxhlet Apparatus and pure petroleum ether
as a solvent, according to A.O.A.C. (1984). Oil yield
(kg/fad.) was calculated by multiplying seed yield
(kg/fad.) by seed oil content (%).

was done (Bartlett's test of homogeneity) and the
combined analysis of both seasons was performed, as
described by Gomez and Gomez (1984). The
significant differences among the treatment means
were judged with the help of Duncan's multiple range
test (Duncan, 1955). In the interaction tables, the
pooled data were only recorded, where capital and
small letters were used for the comparison among row
and columns means, respectively.

RESULTS AND DISCUSSION
I-Effect of plant population density:

Tables 2 and 3 show the effect of plant
population density on seed yield and its attributes.
Significant effect ,was found on all studied
characteristics in both seasons and combined analysis
of the two seasons. The P, of 70000 plants /fad (20 cm
between hills, 2 plants/ill, 1 side of ridge) gave the
largest height (¢cm), number of racemes/plant, number
of siliques /plant, 1000-seed weight (g), seed
yield/plant (g) and seed and oil yields/fad (kg). P,
significantly increased seed yield by 29.3, 8.7 and
15.7% and oil yield by 25.7, 9.1 and 15.9%, compared
to P, of 46666 plants /fad (15 cm between hills, 1
planthill, 1 side of ridge), P; of 93333 plants /fad (15
cm between hills, 1 plant/hill, both sides of ridge) and
P, of 140000 plants /fad (20 cm between hills, 2
plants/hill, both sides of ridge), respectively, over both
seasons. The superiority of P, might be explained by
the most suitable distribution of canola plants over the
soil surface, which resulted in an effective use of light
and other growth factors, which increased the
metabolites of canola plants. Analogous findings were
documented by Bassal et al (1998) and Sharief and
Keshta (2002). On the other hand, Yousaf et a/ (2002)
found that plant spacing at 10 cm between plants
produced higher grain yield of canola, compared to
other plant spacings (20 and 30 cm).
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Table 2: Mean values of plant height, number of racemes/plant, number of siliques /plant and 1000-seed weight of canola as affected by plant population
densities and nitrogen rates in the two seasons and combined analysis.

Plant height (cm) Number of racemes/plant Number of siliques /plant 1000-seed weight (g)
. Treatments Scasonl | Season? | Comb. | Seasonl | Season2 | Comb. | Seasonl | Season2 | Comb. | Seasonl | SeasonZ | Comb.
Planting density (P)":
P, 146.0¢ 139.0¢ 142.5¢ 1258 2 1200a 1229a | 3258a | 313.0a | 3183a | 2825c¢ | 2642¢ | 2.733¢
P, 1608a { 1565a 15868 | 12.29a | 1199a | 12.14a | 3251a | 3133a { 3192a { 3.233a | 3.033a | 3.133a
P, 153.8b 1472b 150.5b | 10.88b 10.28b 10.58b | 3153b | 302.6b | 309.0b | 3.058b ]| 2.867b | 2.963b
P, 153.7b 14530 1495b | 1053b 980b 10.17b | 3152b | 301.5b | 308.0b | 3.042b | 2.842b | 2.942D
F-test % [ 1] .= " * *% * . * [ 1) *% (1]
Nitrogen rates (kg N /fad.):
w 30 1422¢ 1339¢ 1380¢ 9.62¢ 9.05¢ 934c¢ 3023c | 2883b | 2953¢ | 2.850b | 2.650b | 2.750c¢
hat 45 148.1b 142.1b 145.1b | 10.58b 10.17b 1045b | 313.0b | 299.0b | 3060b | 2942b | 2.742b | 2.842H
60 1619a 1559a 1589a | 12962 1243a 1269a | 330.1a 321.1a | 325.6a 3.175a { 2.983a | 3.100a
75 162018 156.0a 159.0a 13.13a 1243 a 12.78a | 336.0a 3220a | 3279a 3.192a | 3.008a | 3.079a
F-test ' ** - [ * . s s ** " " '
Interactions:
PxN NS NS NS * b * NS NS NS NS NS NS
P x Season NS NS NS * NS NS | NS NS NS NS NS NS NS
N x Season NS NS NS NS NS NS NS NS NS NS NS NS
P x N x Season NS NS NS NS NS NS NS NS NS NS NS NS

o: Planting density (P): P;= 15 cm between hills, 1 plant/hill, 1 side of the ridge (46666 plants/fad.), P, =20 cm between hills, 2 plants /hill, 1 side of the ridge (70000 plant/fad.),
P; =15 cm between hxlls, 1 plant/hill, both sides of the ridge (93333 plants/fad.), P4= 20 cm between hills, 2 pla.nts/hnll both sides of the ridge (140000 plants/fad.).
** Denotes significance at .05 and 0.01 probability levels, respectively - N.S : Indicates not significant.
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Table 3: Mean values of seed yield/plant, seed yield/fad., seed oil content and oil yield/fad. of canola as affected by plant population densities and nitrogen
rates in the two seasons and combined analysis.

- ents Seed yield/plant (g) Seed yield/fad. (kg) _Seed oil content (%) Qil yield/fad. (kg)
Seasonl | Season2 Comb. Seasonl | Season2 | Comb, Seasonl | Season2 | Comb. Seasonl | Season2 { Comb.
Planting density (P)":
P, 3050 a 2867a 2958a 871d 803 d 8374d 45.13 4485 4499 395¢ 3684 3824
P, 3067a 2873 a 29.70a 1065 a 1038a 1051 a 46.47 46.04 46.26 493 a 468 a 480a
P 26.83b 23.65b 25.24b 1011 b 955b 983 b 45.63 45.94 45.79 455b 424 b 440H
P 2692b 23.50b 2521b 950 ¢ 867 ¢ 908 ¢ 4547 4521 45.34 431b 397¢ 414¢
F_test * L 1 ] e L 2 ] L 1] t 1) N.S N.S N"S s [ ] ] ¥
Nitrogen rates (kg N /fad.):
30 24.17¢ 2092¢ 22.54¢ 840¢c 783 ¢ 812¢ 48.29a 4839a | 4834a 406 ¢ 3719b 3%¢.
45 27.16b 23.56b 25.36b 913b 854b 884 b 4671 b 46.52b | 46.62b 426 b 39 0b 411b
60 31.16a 20.58a 30.38a 1075a 1004 a 1040 a 43.99¢ 43.72¢ | 4386¢ 474 a 439a 456a
75 3242a 3048a 3145a 1069 a 1020a 1045a 4371 ¢ 4342¢ 43.57¢ 467 a 442a 455a
F-test 8 % * . (1 ] L 24 L 13 8 e (2} e *h
Interactions:
P X N * . ] » L 13 L 1] NS N’S Ns t 1] L ] L 1]
P x Season NS NS NS NS NS NS NS NS NS NS NS NS
N x Season NS NS NS NS NS NS NS NS NS NS NS NS
P x N x Season NS NS NS NS NS NS NS NS NS NS NS NS

o: Planting density (P): P/= 15 cm between hills, 1 plant/hill, 1 side of the ridge (46666 plants/fad.), P, =20 cm between hills, 2 plants /hill, 1 side of the ridge (70000 plants/fad.),
. .. P3y=15 cmbetween hills, I plant/hill, both sides of the ridge (93333 plants/fad.), P, = 20 cm between hills, 2 plants/hill, both sides of the ridge (140000 plants/fad.).
* " Denotes significance at 0.05 and 0.01 probability levels, respectively - N.S : Indicates not significant.
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Data listed in Table 3 showed that seed oil
content was not affected by population density in the
first and second seasons and combined data. Similar
results were reported by Sharief and Keshta (2002).

1I-Effect of nitrogen fertilizer rates:

Results of Table 1 indicated that the soil fertility
of the experimental site was poor due to the low
content of organic matter and total nitrogen. So, the
response of canola to the application of nitrogen was
pronounced.

Data in Tables 2 and 3 revealed that nitrogen
fertilizer rates had significant effects on all estimated
characteristics, in both seasons. Increasing nitrogen
fertilizer rate from 30 to 60 kg N/fad. significantly
increased plant height, number of racemes/plant,
number of siliques /plant, 1000-seed weight, seed
yield/plant and seed and oil yields/fad. by 15.1, 35.9,
10.3, 12.7, 34.8, 28.1 and 16.3% , respectively, over
the two seasons. However, the differences in all
estimated characteristics with raising nitrogen level
from 60 to 75 kg N/fad. were not significant at 5 %
level of probability. These results could be attributed
to the role of nitrogen, which enhanced plant growth.
These results are similar to those obtained by Abdel-
Gawad et al (1990), El-Demrdash and Ali (2005),
Abdel-Ati (2006) and El-Bably and Awad (2007).

Seed oil content was significantly decreased as
nitrogen fertilizer rate increased, but, insignificant
effect to increasing nitrogen fertilizer rate from 60 to
75 kg N/fad. was found (Table 3). Over both seasons,
seed oil content decreased from 48.34 1o 46.62, 43.86
and 43.57 % with increasing nitrogen levels from 30 to
45, 60 and 75 kg N/fad., respectively. Several reasons
have been given by different researchers for the
decrease in oil content with increasing N rates.
Kutcher et af (2005) stated that it might be due to the
dilution effect of increased seed yield with increased N
fertilization and the inverse relationship of protein and
oil content. Jackson (2000) believed that N delayed
plant maturity, which resulted in poor seed filling and
greater proportion of green seed. Hoimes (1980)
reported that a better supply of N increased the
formation of N containing protein precursors so that

4}

protein  formation competed more strongly for
photosynthates, as a result, less of the latter were
available for fat synthesis. Likewise, Rathke ef af
(2005) linked this fact with reduced availability of
carbohydrates for oil synthesis at high N application.
The decrease in oil content of canola with the
increasing levels of N was consistent with other
reports (Ahmad et al, 2007).

11I- Effect of interaction:

The interaction effect of plant population
density x season, nitrogen fertilization x season and
plant population density x nitrogen fertilization x
season was not significant for all traits. Such results
indicated that plant population density or nitrogen
fertilization treatments showed similar effects from
one season to another (Tables 2 and 3). The interaction
between plant population density and nitrogen
fertilizer rates had a significant effect on the number of
racemes/plant, seed yield/plant and seed and oil
yields/fad. in the first and second seasons, and over
both seasons, as presented in Tables 2 and 3. Results in
Table 4 indicated that the largest number of
racemes/plant was obtained when N fertilizer was
applied to P; at 60 ar 75 kg N/fad. Data in Table 4
showed that increasing N level from 30 to 45, 60 and
75 kg N/fad. significantly increased seed yield /plant
under all plant population densities. In addition, 60 and
75 kg N/fad. were insignificantly different under all
plant population densities, except for P, and 75 kg
N/fad., where 60 kg N/fad. was significantly superior
in seed yield /plant. Also, data in Table 4 showed
different response of plant densities to increasing N
rates concerning seed yield/ fad. Increasing N level
from 30 to 75 kg N/fad. increased seed yield by 42.9,
26.9, 27.3 and 20.7% for P,, P, P; and P,, respectively.
Resuits in Table 4, also, showed similar trend for oil
yield/ fad. The highest oil yield /fad. (521 kg) was
obtained from planting canola at 70000 plants/fad. (20
cm between hills, 2 plants/hill, 1 side of the ridge) and
fertilized with 60 kg N/fad. (Table 4). Several workers
studied the interaction between plant density and
nitrogen fertilization, such as Hosseini ¢ al (2006), Ali
(2007) and Mobasser er al (2008).
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Table 4: Interaction between plant population deusities and nitrogen rates on number of racemes /plant,
seed yield/plant, seed yield/fad. and oil yield/fad. of canols, over both growing seasons,

Number of racemes/plant
Variables Planting density®
P, P, P, P,

Nitrogen rates (kg/fad.):

30 1033 Ac*? 10.52Ac¢ 853 Bc 797 Cc

45 1133 Ab 11.52Ab 853 Cc 1043Bb

60 13.75Aa 1335Aa 13.20Aa 1047Bb

75 1408 Aa 13.19Aa 1203Bb 11.80Ba
Nitrogen rates (kg/fad.): ' Seed yield/plant (g)

30 24.83 Ac 2342 ABc 2092Bb 21.00Bc

45 29.17Ab 2721 ABb 19.58Cb 2550Bb

60 31.33Aab 3400Aa 30.83Aa 2533Bb

75 33.00AB a 34.17Aa 29.63BCa 29.00Ca
Nitrogen rates (kg/fad.): Seed yield/fad. (kg)

30 659Cc 913 Ac 862 ABb 812Bc

45 810Cb 980 Ab 851 BChb 894B b

60 937Ba 1153 Aa 1120 Aa 949Ba

75 942 Ca 1159 Aa 1097 B a 980Ca
Nitrogen rates (kg/fad.): Oil yield/fad. (kg)

30 317Cb 441 Ab 414 ABb 396 Bb

45 387Ca 454 Ab 386CbHb 418 B ab

60 409Ca 521Aa 489B a 407 C ab

75 412Ca 504 Aa 469 B a 433Ca

*: Planting density: P;= 15 cm between hills, 1 plant/hill, 1 side of the ridge (46666 plants/fad.), P, = 20 cm
between hills, 2 plants/hill, 1 side of the ridge (70000 plants/fad.), P; = 15 cm between hills, 1 plant/hill,
both sides of the ridge (93333 plants/fad.), P4 = 20 cm between hills, 2 plants/hill, both sides of the ridge

(140000 plants/fad.).

** Means followed by the same letters are not significantly different.

1V- Correlation and production equations:

Data of simple correlation coefficients between
oil yield of canola and its contributing characteristics
are presented in Table 5. It can be seen from such data
that positive and highly significant correlation
coefficients were found between oil yield/fad and plant
height (0.699), number of racemes/plant (0.496),
number of siliques /plant (0.434), 1000-seed weight
(0.747), seed yield/plant (0.514) and seed yield/fad
(0.922). On the other hand, oil percentage, on one

hand, was negatively and highly significantly
correlated with plant height (-0.499), number of
racemes/plant (-0.504), number of siliques /plant
(-0.530), 1000-seed weight (-0.433), seed yield/plant
(-0.397) and seed yigld/fad (-0.549), as well as, it had
insignificant correlation with oil yield/fad. These
results are in accordance with those obtained by
Sharief and Keshta (2002) who found positive and
significant correlation between oil yield/fad of canola
and plant height and seed yield/fad.

Table S: Simple correlation coefficients of oil yield/fad. as affected by oil yield attributes (data over

both seasons and treatments
Variables 7 6 5 4 3 2 1
Y: Oil yield/fad -0.187 0922 | 0514 {0.747 | 0434 [0.49 |0.699
1-Pant height -0.499" [0.783" | 0.596" |0.752" | 0.723" {0.515" .
2- No. of racemes/plant | -0.504" | 0.597"" | 0.763" | 0.502*° | 0.652" -
3-No.of siliques /plant -0.530" | 0.578" | 0.775" | 0.563" .
4-1000-seed weight 0433 | 0.805" | 0.484" -
5- Seed yield/plant 0397 | 0.592" -
6- Seed yield/fad -0.549" -
7- Seed oil content -

**Significant at 0.01 level.
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Data in Table 6 showed that a linear and
positive relatonship was obtained between the
nitrogen rates and cach of seed yield/plant (r =0.650),
seed yield/fad (r =0.674) and oil yield/fad. (r =0.468).
Equations in Table 6 indicated that each one kilogram
of nitrogen applied further increased 0.212 g/plant,

5.705 kg/fad. and 1.550 Kkg/tad. of seed yield/piant,
seed yield/fad and oil yield/tad, respectively. On the
contrary, a negative and linear relationship was found
between nitrogen rates and seed oil percentage (r =-
0.706). Seed oil percentage decreased by 0.114 % with
application of one kilogram of nitrogen.

Table 6: Regression equations, regression coefficients and correlation coefficients between oil yield and
selected oil yield attributes (Y) and nitrogen fertilizer rates (X), data over both seasons.

Variables Regression equation Regression coefiicient | Correlation coefficient

Seed yield/plant ¥=16.33+0212X 0.212 0.650

Seed yield/fad ¥=6453 + 5705 X 5.705 0.674 "

Seed oil content ¥=51.58- 0.114X -0.114 0.706 "

Qil yield/fad ¥=13472+1.550 X 1.550 0.468 "~
**Significant at 0.01 level.

Finally, it could be concluded that, under the Duncan, D.B. 1955. Design and Analysis of
conditions of this study, the highest oil yield of canola Experiments. 2 Ed., John Wiley and Sons.
was produced by planting at 20 cm between hills, Inc., New York, U.S.A.
thinned to two plants /hili and planting on one side of El-Bably, AZ. and M.M. Awad. 2007. Effect of
the ridge, as well as application of N at the rate of 60 irrigation and nitrogen fertilization on
kg N/fad. productivity, seed quality and water use
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