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ABSTRACT

Two field experiments were conducted during 200072001 and 2001/2002
growing seascons at the Agricultural and Veterinary Training and Research Station,
King Faisal University. Results indicate that the irrigation treatments significantly
affected all estimated characters, except numbe. of branches/plant. lrrigation canola
every 7 days with the rate of 500 m % rrigation/ha or every 14 days with the rate of 650
mi irrigationvha resulted in increasing plant height, stem diameter, number of
pods/plant, number of seeds/pod, seed oil percentage as well as seed and oil
yields/ha. Water use efficiency reached the highest value with the irrigation of canola
pilants every 14 days.

Nitrogen rates had significant effects on all estimated characters. The higher
nitrogen rates {150-200 kg N/ha) were associated with an increase in all estimated
characters, except seed oil percentage, which took the reverse trend. The interaction
between irrigation intervals and nitrogen rates had significant effects on seed and oit
yields/ha.

In general, it can be stated that Irrigation canola every 14 days and fertilizing
with 200 kg N /ha produced the highest seed and il yields/ha.

INTRODUCTION

Canola (Brassica napus L.)is a name applied to edible oilseed rape
that has low erucic acid (less than two percent) and glucosinolates (less than
30 micromoles per gram of ocil-free meal). Recently, cancla is considered
among the most impaortant cil crops all over the world, ranking the second
after soybean. It is considered as one of the new crops with high water use
efficiency and higher drought tolerance that can be used for seed production
in arid regions ot the world. There is however little information availabie on
the water requirements for growing canola under irrigation conditions,
particularly in the Kingdom of Suadi Arabia.

El-Saidi ef al. {(1992) reported that plant height, number of
branches/plant, dry weight/plant and seed oil content were significantly
decreased by increasing water depletion up to 65% of maximum holding
capacity. Sims et al. (1993) reported that canola yields in Montana increased
greatly with increased availability of water, but lowered seed oil content.
Andersen et al. (1996) in Denmark found that seed yield, number of
peds/nlant and seeds per pod were strongly decreased by drought, whereas
the seed weight increased after drought during flowering. The straw yield was
less affected by drought. Leilah et al. (2002) under Saudi Arabia conditions,
reported that irrigation treatments had marked effects on seed yield and its
components.
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Nitrogen  fertilization has an impertant role in canola yield and quality.
Each increase in nitrogen rate up to 100 kg N/ha {Sheppard and Bates, 1880
and Taylor et al, 1991) and 213 kg N/ha (lbrahim et af, 1989) was
associated with marked increases in seed yield. Nuttal et af. (1992) found that
seed yield was increased with increasing nitrogen rates from 45 to 134 kg
N/ha, while seed oil content decreased from 45.0 to 42.4 %. N. Hocking et al.
(1897) stated that the highest dry matter production and seed yields were
obtained with 75 kg N/ha. They also added that seed oil content was not
affected by nitrogen rates. Brennan et al (2000) found thatseed and oil
yields were generally increased as N rate increased. Seed oil percentage
was not generally correlated with seed yield, although oil yield increased in
higher yielding crops. Cheema ef al. (2001) and Hocking and Stapper (2001)
stated that seed and oil yields were increased with increasing rate of fertilizer
application up to 0 kg N/ha.

There is however little information available on the water
requirements for growing canola under arid and semi-arid regions. The
present investigation was setup to study the effect of irrigation treatments,
nitrogen rates and their interaction on growth and yield of canola “variety
Pactol”.

MATERIALS AND METHODS

Two field experiments were conducted at the Agricultural and
Veterinary Training and Research Station, King Faisal University during the
two successive seasons of 2000/2001 and 2001/2002. Each experiment was
laid out in split plot design with four replicates. The main plots were devoted
to four irrigation treatments, i.e. irrigation at7, 14, 21 and 28 days with the
volumes of water namely 500, 650, 800 and 950 m3/ha/irrigation, consuming
11000, 7850, 6800 and 5800 m3/ha/season, respectively (Table 1). The sub
plots were devoted to four nitrogen levels, i.e., 50, 100, 150 and 200 kg N/ha.
Each sub plot included 5 ridges, each of 60 cm in width and 3.5 m in length,
occupying an area of 10.5 m’,

Table 1: Volumes of water in the evaluated four irrigation treatments:

3;|I1t:ohn'n§-3:e of vga:;rf (myfglume of wate:Ft J Tokatl v?lmu;r: ())f
I . m'/ha) receive ore a) received after] water a
Irrigation regime ( t)reatments lr)eatments received during
application++ application season+
Irrigation every 7 days 2000 9000 11000
Irrigation every 14 days 2000 5850 7850
irrigation every 21 days 2000 4800 6800
Irrigation every 28 days 2000 3800 5800
+ Rainfall not included, however it was rare {(may be neglected) during both seasons of

study.

++ Volume of water before treatments appiication {2000 m’ha) was 1000 m'/ha,
immediately after sowing and two irrigations were applied at 10 and 20 days after
sowing, each with 500 m*fha.
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Soil analysis (the upper 30 cm of the soil surface) of the expenmental
site indicated that the soil was sand in texture with pH = 7.8, ECe = 4.4 dsm™,
N, Na, K and Ca contents were 16.0, 14.1, 27.3 and 12.1 Mmeq / L
respective!y. Because canola seeds are small, geod seedbed preparation
through two perpendicular plows, good harrowing, leveling and ridging.
Thereafter, the experimental land was divided into main and sub-plots and
the area de-marked for corridors, which separated the main plots.

Canola seeds were hand-planted on ridges, 60 cm apart and 15 cm

between hills. Thereafter, the field area was watered. This was on the last
week of October in both seasons. Plants were thinned two times, the first was
done at 21 days after sowing to secure 2-3 plants/hill and the second was
after 35 days from sowing to secure the healthy plant/hill. Nitrogen was
applied as urea (46.6 % N) at the aforementioned levels. it was added into
three equal portions, the first was added after the first thinning. The second
portion was applied after the complete thinning and the rest was added after
80 days from sowing. Plots were weeded as needed through hand hoeing.
Other normal agronomic practices for canola production were followed,
except the studied treatments.
Estimated characters: At maturity, when canola plants turned a straw color
and seeds became dark brown, ten guarded piants were randomly selected
from each experimental unit, uprooted, tied and left to dry, thereafter the
following characters were estimated: Plant height {cm), stem diameter {cm),
number of branches/plant, number of pods/plant, number of seeds/pod, 1000-
seed weight (g). Plants in the two central ridges in each plot were harvested
for seed yields/m?, which converted to record seed yields (t/ha).

Seed oil percentage was determined according to A.O.A.C.(1980),
then the oil percentage was calculated on dry weight basis. Qil yield (t/ha),
was calculated by multiplying seed yield (ha) by seed oil percentage.

Water use efficiency (WUE) for irrigation treatments was estimated
using the followmg equation:

WUE (kg/m®} = Seed yield (kg/ha)/ volume of irrigation water (m*/ha)
Statistical analysis: Obtained data in the two seasons were subjected to the
proper analysis of variance of the split plot design, according to Gomez and
Gomez (1984). New Least significant difference (NLSD) at 0.05 % leve( of
significant was used to compare the treatment means (Waller and Duncan,
1969). Computations were done using SAS (1996).

RESULTS AND DISCUSSION

1. Effect of irrigation treatments:

Data listed in Tables 1, 2 and 3 indicate that treatments had
significant effects on all estimated characters, except number of
branches/piant in both seasons. Irrigation canola every 7 days receiving the
highest volume of water was associated with the highest plant height, stem
diameter, number of pods / plant, number of seeds / pod, 1000-seed weight,
seed oil content as well as seed and oil yields/ha.

821



Leilah, A. A and S.A. Al-Khateeb

Table (1): Averages of plant height (cm), stem diameter (cm) and
number of main branches/plant as affected by irrigation
intervals and nitrogen levels during 2000/2001 (1) and
2001/2002 (ll) seasons.

Plant height Stem diameter Brancheslblant
Treatments TR T [ n [
Irrigation intervals:
7 days 172.8 168.6 26 2.5 11.8 1.4
14 days 165.3 189.7 - 2.3 2.2 11.8 116
21 days 154.2 154.8 2.0 1.9 12.1 11.4
28 days 143.6 140.6 1.7 1.7 10.3 9.8
NLSD (5%) 9.8 6.2 0.2 0.2 N.S N.S
N-levels (kg /ha):
50 140.2 138.9 1.9 1.8 10.4 9.8
100 160.1 154.3 21 2.1 11.2 10.7
150 164.7 161.5 23 2.2 11.9 1.7
200 171.0 168.9 2.3 22 12.3 12.2
NLSD (5%) 6.0 5.8 0.1 0.1 0.7 0.7

Table (2): Number of pods/plant, seeds/pod, and 1000-seed weight as
affected by irrigation intervals and nitrogen levels during
2000/2001 (1) and 2001/2002 (ll) seasons.

Treatments . Pods/plant Seeds/pod 1000-seed wt. (g)
1 [ [ " [ | i

irrigation intervals:

7 days 199.8 190.3 44.3 42.4 3.0 29
14 days 197.4 181.2 4238 41.2 28 286
21 days 185.9 158.2 38.7 38.1 25 24
28 days 153.2 134.8 335 343 20 1.8
INLSD (5%) 210 17.2 24 28 0.2 0.2
N-levels (kg fha):

150 143.5 1359 27.4 22.3 2.2 20
100 172.9 155.9 38.6 40.5 2.4 23
150 194.4 173.7 42.6 43.2 28 25
200 2254 200.1 49.4 50.1 2.9 27
NELSD (5%) 12.8 8.7 1.7 2.1 01 0.1
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Table (3): Seed oil content as well as seed and oil yields/ha of Pactol
as affected by irrigation intervals and nitrogen levels during
200072001 (1) and 2001/2002 {ll) seasons.

LI' Seed yieid Seed oil Oil yield
reatments (thha) {%) {kg/ha)

i | li | [ I
irrigation intervals:
7 days 3.324 3.954 39.9 41.8 1326.3 | 1652.8
14 days 3.305 3.868 39.8 41.5 13154 | 1605.2
21 days 2.624 2.931 39.4 40.8 1033.9 ; 11958
28 days 2.107 2.380 38.8 39.9 B17.5 947.2
NLSD (5%} 0.219 0.197 0.7 0.8 101.7 994
N-levels (kg /ha).
50 1.673 1.535 414 42.3 892.6 649.3
100 2.742 3.047 39.7 41.2 10886 | 1255.4
150 3.265 3.987 38.9 40.6 12701 | 1818.7
200 3.682 4.565 38.1 39.7 1391.8 ; 18123
INLSD (5%} 0.189 0.160 0.4 0.5 97.2 84.6

Irrigation canola every 14 days came in the second rank, producing
insignificant differences in numbers of pods/plant and seeds/pod, seed oil
content as well as seed and oil yields / ha, compared with the irrigation every
week.

The lowest means of all measured characteristics were shown with
prolonging the irrigation intervals. The increase in seed oil content with the
increase in volume of irrigation water can be ascribed to the adequate supply
of water which enhances the carbohydrate accumulation, and this in turn
increased seed oil percentage (Taiz and Zeiger, 1892). Similar results were
confirmed by Abbas et al (1999) and Leilah et al (2002) who stated that
seed oil content of cancla was increased by shortening irrigation intervals,
and hence increasing soil moisture avaitability.

Great reduction in seed and oil yields/ha was noticed with exposing
canola plants to drought by increasing irrigation periods to three and four
weeks, where the volume of irrigation water was decreased. Over both
seasons, seed yields decreased from 3.639to 3.587, 2.778 and 2.244 t/ha
with prolonging irrigation period from 7 to 14, 21 and 28 days, respectively.
This reduction in seed vyield represented 1.46, 31.01 and 62.2% with
prolonging irrigation period from 7 to 14, 21 and 28 days, respectively.

Oil yields/ha followed the same trend producing 1489.5, 1460.3,
1114.9 and 882.4 kg/ha showing a reduction of 2.00, 33.6 and 68.8 % with
prolonging irrigation period from 7 to 14, 21 and 28 days, respectively. The
reduction in seed vyield/ha could be attributed to the reduction of pods/plant,
seeds/pod and 1000-seed weight. The reduction in growth and seed yield
with the drought can be attributed to the role of water deficit in inhibition
photosynthesis and maintaining plant rigidity {Salisbury and Ross, 1994).
Therefore, when the maximum potential is reached (irrigation every 7 days),
additional moisture will result in no further increase in yield and may cause
yield reduction through poor soil aeration and/or increased plants lodging and
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insects infestation. Similar results were confirmed by Andersen et al. {1996)
and Leilah et al. (2002).

Water use efficiency (WUE) for the evaluated irrigation treatments
were graphically depicted (Fig. 1) to recognize the ratio between seed yield
and voiume of irrigation water. It showed that irrigation canola plants every 14
days associated with the highest values of WUE in the two seasons of study.
It also revealed that values of WUE were 0.33, 0.46, 0.41 and 0.39kg
seeds/m’ water, over both seasons. From this result, it can be stated that
irrigation canola every 14 days was the most benefit irrigation treatment
under the conditions of this study.
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Fig. (1): Water use efficiency (WUE}, kg/m®, of canola in relation to the
studied irrigation treatments

2. Effect of Nitrogen levels:

Canola responded strongly to nitrogen fertilizer rates producing
significant effects on all estimated characters. Data listed in Tables 1, 2 and 3
show that plant height, stem diameter, number of pods/plant, number of
seeds/pod, 1000-seed weight as well as seed and cil yields/ha were
increased by increasing nitrogen rate from 50 to 200 Kg N/ha. Such increase
in growth parameters with the increase of nitrogen rates can be attributed to
the role of nitrogen as an important building substance from which the living
material or protoplasm of every plant cell is made (Salisbury and Ross,
1994). The increase in number of pods /plant may be due to the active role of
nitrogen in forming more flowering branches in which more flowers and
eventually more pods can develop. Similar observations were reported by
Taylor et al. (1991), Hocking et al. (1997) and Cheema et al. (2001).

Results in Table (3) indicate that seed oil contents in the two seasons
were significantly decreased from 41.9 to 40.5, 39.8 and 38.9 % as nitrogen
rates increased from 50 to 100, 150 and 200 kg N/ha. Over both seasons,
nitrogen fertilization had a great role in enhancing seed and oil yieids/ha,
Seed yield/ha was significantly increased from 1.604 to 2.885, 3.626 and
4.124 t/ha and oil yields/ha from 663.4 to 1165.3, 1424.0 and 1592.5 kg/ha as
nitrogen rates increased from 50 to 100, 150 and 200 kg N/ha, respectively.
The increase in seed yield with the increase of nitrogen level could be
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attributed to the increase in seed yield components where increased with
raising nitrogen levels. Taylor et al. (1991) and Nuttal ef al. (1992) and
Hocking and Stapper (2001) came to similar results. High levels of nitrogen
usually show an abundance of shoot growth that reported in the present
study. Although flowering and seed formation have been reported to be
retarded by excess nitrogen (Salisbury and Ross, 1984).

Although the percentage of seed oil was decreased with the increase
of nitrogen rate, the total oil produced per hectare increased because of the
increased seed yield as shown in Table (3). The reduction in seed oil
percentage with the increase of N fertilizer levels could be attributed to the
disturbance of carbohydrates transiocation mechanism (Salisbury and Ross,
1994). Alternatively, enzymes imbalance could also had high contribution in
this concern (Salisbury and Ross, 1994). The adequate nitrogen promotes
vigorous piant growth and development Therefore, plants with adequate
nitrogen, in the absence of other limiting factors, develop a larger structure
from a very early growth stage with increases in dry matter hecoming
progressively greater throughout the crop's growth. Taylor et al. {1991),
Nuttal et al. (1992) and Hocking and Stapper (2001) came to similar results.

3. Interaction between irrigation treatments and nitrogen levels:

The interaction between irrigation treatments and nitrogen fertilizer
rates had significant effects on seed and oil yields/ha in the two seascns of
study. Data graphically illustrated (Fig. 2) reveal that the highest seed
yield/ha was obtained with irrigation canola plants every 7 or 14 days and
adding nitrogen fertilizer with the rate of 200 kg N/ha, while the lowest seed
yield was noticed with the irrigation every 28 days and fertilization with the
rate of 50 kg N/ha. Qil yield/ha was significantly higher under irrigation every
7 or 14 days and fertilization with 200 kg N/ha (Fig. 3). Great reduction in oil
yield/ha was noticed with prolonging irrigation interval to 28 days and adding
the lowest nitrogen fertilizer level (50 kg N/ha).

In general, it can be stated that canola “cv Pactol” can be
successfully grown with high yield potential when irrigated every 7-14 days
and fertilized with 200 kg N/ha under the environmental conditions of Al-
Hassa Oasis.
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Fig. (2): Seed yield (t/ha) as affected by the interaction between
irrigaticn treatments and nitrogen lsvels, over both
seasons. Bars = NLSD (5 %).
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Fig. (3): Oil yield (kg/ha) as affected by the interaction between
irrigation treatments and nitrogen levels, over both
seasons. Bars = NLSD (5 %).
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