J.Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 6 (11): 1305 - 1325, 2015

INFLUENCE OF WATER DEFICIT DURING GROWTH &=y
STAGES AND NITROGEN FERTILIZATION RATES / cueckep
ON PRODUCTIVITY, OIL CONTENT AND SOME|{ “"n ™
WATER RELATIONS OF CANOLA CROP T«HH?V

(Brassica napus L.) IN HEAVY CLAY SOILS.

Moursi, E. A; S.AM. Attia~ and M.R. Abou-Mowafy .

*Soils, Water and Environment Research Institute, Agric.
Res. Center, Giza, Egypt.

” oil Crops Dept., Field Crop Research Institute, Agric. Res.
Center, Giza, Egypt.

ABSTRACT

A field investigation was conducted at the experimental farm, Sakha
Agricultural Research Station, Kafr EI-Sheikh Governorate during the two successive
winter growing seasons 2012/2013 and 2013/2014 to investigate the effect of
irrigation treatments (water deficit, during the growth stages) and nitrogen fertilization
rates on productivity, oil content and some water relations of canola crop in the North
Middle Nile Delta region. The station is situated at 31°07 N Latitude and 30° 57" E
longitude. It has an elevation of about 6 metres above mean sea level (MSL). A split
plot design with three replicates was used in this present study. The main plots were
occupied by irrigation treatments which were |1 (traditional irrigation, as practice by
local farmers in the studied area, 6 irrigations), I2(sowing irrigation + first post planting
irrigation (mohayaa) + one irrigation during flowering growth stage only, 3 irrigations),
Is(sowing irrigation + mohayaa + one irrigation during seed filling only, 3 irrigations)
and l4(sowing irrigation + mohayaa + one irrigation during flowering growth stage +
one irrigation during seed filling only, 4 irrigations), while, sub- main plots were
randomly assigned by nitrogen fertilization rates 15, 30, 45, and 60 kg N/ fed. for N,
N2, N3 and Ng, respectively.

The main results can be summarized as follows:-

* The highest values for irrigation water requirements were recorded under
irrigation treatment |y (Tradltlonal irrigation) and the values are 63.16 cm (2652.72 m¥/
fed.) and 62.14 cm. (2609.88 m /fed) Meanwhile, the lowest values were recorded
underirrigation treatment I3 and the values are 34.87 cm. (1464.54 m % fed. ) and33.70
cm. (141540 m ¥ fed.) in the first and second growing seasons, respectively.
Generally, the values of irrigation water requirements in the two growing seasons can
be descendedinorderli>l4 > |2 > Is. Concerning, water consumptive use, the highest
values were recorded under irrigation treatment I1 and the values are 36.80 cm.
(1545.39 m¥ fed.) and 36.40 cm. (1528.80 m¥ fed.). Meanwhile, the lowest values
were recorded under irrigation treatment Isand the values are 23.58 cm. (990.15m*/
fed.) and 23.20 cm. (974.40 m¥ fed.) in the first and second growing seasons,
respectively. Generally, the values of water consumptive use can be descended in
orderly > Is > I> > I3 in the two growing seasons. The values of water consumptive use
were slightly affected by nitrogen fertilization rates, where, the values can be
descended in order N4> N3z> N2 > Nz in the two growing seasons.

*Regarding, consumptive use efficiency (Ecu), water productivity (WP) and
productivity of irrigation water (PIW), the highest overall mean values for Ecu were
recorded under irrigation treatment ls. Meanwhile, for WP and PIW were recorded
under irrigation treatment Iz and the values are 72.41 %, 1.42 kg/ m®and 0.97 kg/ m?
for Ecu, WP and PIW, respectively. Concerning, the effect of nitrogen fertilization
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rates, the overall mean values for Ecu, WP, PIW can be descended in order N4 > N3>
N2> Ni.

Concerning, seed yield, some yield attributes, seed oil (%),o0il yield (kg/ fed.),
number ofracemes and number of days to 50 % flowering were significantly affected
byirrigation treatments except number of racemes in the two growing seasons and
1000 seed weight (g.) in the first season which not significantly affected by irrigation
treatments, for all the studied parameters. The highest mean values were recorded
under irrigation treatment l1 in comparison with I, I3 and l; in the two seasons.
Concerning, the effect of nitrogen rates on canola studied characters, it gave highly
significant effectin both seasons. Increasing nitrogen rates from 15 to 60 kg N/ fed.
increased all characters except seed oil content which decreased by increasing
nitrogen fertilization rates in the two seasons. Regarding, the interactions between
irrigation treatments (I) and nitrogen fertilization rates (N), there was significant effect
on seed yield kg/ fed., seed yield gm/ plant, number of days to 50 % flowering, seed
oil content (%) and oil yield kg/fed. In the second season only and plant height in the
two seasons, while, the other studied characters were insignificantly affected by the
interaction between (I * N).

Keywords: - Canola crop- irrigation- nitrogen fertilization rates- oil content- water
relations.

INTRODUCTION

Canola (Brassica napus L.) is known as rapeseed or oil seed rape. It is
one of the most important oil crops in the world (Bybordi, 2010). Its oil
contains 6 % saturated fatty acids and 94 % unsaturated fatty acids (high in
mono — unsaturated fatty acids), it has 50 % less saturated fat than corn oil
(Weiss, 1983). Canola is the third largest source of edible oil after soybean
and palm oil (FAS, USDA, 2014) providing 14 % of the world supply.

Canola seeds contain approximately 45 % oil or more and produce
meals with 35 to 40 % protein. The total cultivated area of canola all over the
world is about 36.10 million hectare produced 70.31 MMT seeds and 26.47
MMT oil (FAS, USDA, 2014). So, it can produce edible oils able to cover the
big oil gap in local production as the local production is cowering less than 3
% of the total national consumption.

In Egypt, canola crop is no longer commercially grown till now in spite
of the wide gap between the local production and national consumption of
edible oil, while cultivation of this crop in Egypt is still facing many problems
such as water stress, pricing and marketing system as well as high
competition with winter crops. This gap presents powerful acceleration to
increase the cultivation of canola and its industrial production in Egypt as it
has a powerful growth and productivity in desert. So, it will be a promise
winter oil crop in Egypt.

Under the importance of this crops. So, understanding the effects of
irrigation on canola growth, development, productivity and seed quality
especially in the newly reclaimed soils. Furthermore, increased competition
for increasingly scarce water resources will impose greater efficiency in
irrigation management practices. The most important factors affecting canola
crop production is the irrigation water regime and adding nitrogen fertilization
to plants. So, increasing vyield of canola requires improving agricultural
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practices i. e. irrigation deficit and nitrogen fertilization rates to achieve higher
seed yield and oil yields. Shahin et al. (2000) showed that increasing
available soil water content increases plant height, weight of 1000 seeds,
number of pods/ plant, weight of seeds/ plant and seed yield. Increasing
nitrogen fertilizer application rate from 20 to 40 or 60 kg N/ fed. Increased the
plant height, weight of seeds/ plant and seed yield. They also showed that the
seasonal evapotranspiration of rapeseed amounted to 612.1, 503.1 and
425.7 mm for irrigation intervals 20, 30 and 40 days, respectively. They also
added that nitrogen rates of 40 and 60 kg N/ fed. increased water use
efficiency by 14.63 and 31.97 %, respectively, as compared to 20 kg N/ fed.
Yield and yield components increased by increasing soil moisture content
(Sherif et al., 1995). Gammelvind et al. (1996) showed that water stress in
late wvegetative and early reproductive growth stages reduced the
photosynthetic rate in leaves.

Abdol- Amir and Abdol- Mehdi (2006) showed that number of pods per
plant, seed and oil yield decreased as water stress increased. Siag et al.
(1993) revealed that mean seed yield was 0.67 t/ ha. without irrigation and
the highest was 1.35 t/ ha. with irrigation at branching and siliqua
dewvelopment. They also pointed out that water use efficiency was highest
from a single irrigation at peak flowering. Asghar et al., (2003) revealed that
seed oil content decreased with the increasing of irrigation frequencies and
nitrogen rates up to 120 kg N/ ha. El- Mowelhi et al. (1999) rewealed that the
average of irrigation water apglied for canola varieties in Delta, Egypt were
2618.9, 2408.6 and 2168.2 m~/ fed. and water consumptive use was 1630.7,
1473.9 and 1329.7 m¥ fed. when irrigation water was applied at 40 %, 60 %
and 80 % depletion of the available water content, respectively. Niazi, and
Fooladmand (2006) showed that the irrigation at cumulative evaporation
value of 50 mm from class A pan resulted in a maximum seed yield of 3667
kg/ ha while a minimum yield of 2250 kg/ ha resulted from irrigation at 125
mm cumulative evaporation. The maximum and minimum seed oil contents
were obtained at cumulative evaporation from class A pan of 125 mm and 50
mm treatment were 47.63 % and 44.60 %, respectively. Bruck et al., (2001)
indicated that the low nitrogen supply will not only result in lower yield but will
also reduce the water use efficiency. Abd El-Rasool (2007) indicated that
increasing nitrogen fertilizer level up to 60 kg N/ fed. significantly increased
plant height, number of branches/ plant, 1000 seed weight, seed yield/ plant,
seed and oil yields/ fed. of canola.

Under the importance of canola crop and limitation of water resources.
So, make rationalization for canola crop irrigation becomes a must.
Therefore, the main targets for this present study were to:

1. Study water behavior of canola crop under the studied area,

2.Investigate the effect of irrigation treatments and nitrogen fertilization rates
on canola yield, yield components, quality and some water relations,

3.Study the most sensitive growth stage for water stress under the studied
area and crop and

4.Study the interaction effects between irrigation treatments and nitrogen
fertilization rates on yield, yield components, quality and some water
relations.
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MATERIALS AND METHODS

A field trial was conducted at the experimental farm of Sakha
Agricultural Research Station during the two successive winter growing
seasons 2012/2013 and 2013/2014 to investigate the effect of irrigation
treatments (water stress treatments) during the different growth stages and
nitrogen application rates on yield, yield components, oil content and some
water relations for canola crop in the North Middle Nile Delta region. The
station is situated at 31°-07' N latitude, 30°-57' E longitude. It has elevation of
about 6 metres abowe mean sea level (MSL). The site represents the
conditions of circumstances of the Northern part of the Nile Delta region. Sail
samples from different depths were taken from the studied site at each (15
cm soil depth) up to 60 cm. and analyzed for some physical and chemical
properties in Tables (land 2), respectively. The climatic conditions of the
studied area represent the Middle part of the North Nile Delta at Kafr El-
Sheikh Gowernorate. Some meterological data during the two growing
seasons were presented in Table (3).

Table (1): The mean values of some physical properties of the studied
experimental site.

gggth Particle Size Distribution Texture FC PWP AW Bd,

em Sand% | Silt % |Clay %| class % % (%) Mg/m?3

0 —15 16.56 | 23.00 | 60.44 Clay 42.20 | 21.85 | 20.35 1.16
15 —-30 17.57 | 25.07 | 57.36 Clay | 39.60 | 20.98 | 18.62 1.26
30 — 45 18.74 | 20.52 | 60.74 Clay | 38.44 [ 20.89 [ 17.55 1.32
45 — 60 18.28 | 24.88 | 56.84 Clay | 3740 | 20.33 | 17.07 1.38
Mean 17.79 | 23.37 | 58.85 Clay | 3941 | 21.01 | 18.40 1.28
Where:-

F.C % = Soil field capacity,

P.W.P % = Permanent wilting point,

AW % = Available water and

Bd, Mg/m3 = Soil bulk density

Table (2): The mean values of some chemical properties of the studied
experimental site.

Soil Ec PH (1: 2.5) Soluble ions, meq/l

gﬁf’th' dS/m si‘;'éévniti%rn ca™ | Mg™ | Na* | K* |cos"|HCos| o |s0s™
0-15 1.69 8.82 4.20 | 0.90 |12.00| 0.40 |0.00| 5.00 |8.20| 4.30
15-30 |[1.78 8.40 2.70 | 2.40 (15.00| 0.30 |0.00| 4.00 |8.20]| 8.20
30-45 [2.93 8.35 3.40 | 2.00 [24.40|0.40 |0.00| 4.00 |11.20/15.00
45-60 | 3.87 7.93 5.30 | 3.50 (33.00|0.70 |0.00| 3.50 |14.30/24.70
Mean |2.57 3.90 | 2.20 [21.10]0.45]0.00| 4.13 ]10.4813.05

Physical and chemical characteristics of the studied site:-

Physical properties of the studied experimental site such as soil field
capacity (F.C) was determined at the site. Permanent wilting point (PWP) and
available water were determined according to James (1988) and soil bulk
density was determined according to Klute, (1986). To study the soil texture, the
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particle size distribution was determined according to the International method,
Klute, (1986). The obtained results indicated that the soil texture is clayey.

Chemical properties of the studied site such as total soluble salts (soil Ec,
dS/ m), soil reaction (pH), both soluble cations and anions were determined
according to the methods described by (Jackson, 1973). So4-- was calculated
by the difference between soluble cations (meg/ L) and anions (meg/ L).

Table (3): Mean of some meteorological data for kafr EIl —Sheikh area
during the two growing seasons.
a- 2012/2013 season.
T (C) RH (%) Ws Pan
(m/sec)| Evap., | Rain,
Month Max. | Min. | Mean | Max. [ Min. | Mean [ at2m | mm/ | (mm)

height | day.
Nov. 25.32 | 15.47 | 20.40 | 89.53 | 61.80 | 75.67 0.66 1.87 | 28.20
Dec. 2135|1052 | 1594 [ 84.77 | 60.83 | 72.80 0.73 2.25 13.02
Jan. 19.22 | 7.62 | 13.42| 91.06 | 65.35| 78.21 0.52 1.99 | 78.74
Feb. 20.68 | 8.88 | 14.78 | 89.89 | 64.04 | 76.97 0.73 289 | ---—---
Mar. 2456 | 12.45| 18.51 | 79.48 | 50.84 | 65.16 1.03 446 | ---—----
April. 26.04 |1 15.87 | 20.96 | 74.20 | 43.90 | 59.05 1.11 5.30 8.40
May 314312185 | 26.64 | 75.03 | 45.78 | 60.41 1.20 6.35 | ------

b- 2013/2014 season.
T (C) RH (%) W;s Pan

(m/sec)| Evap., | Rain,
Month Max. | Min. | Mean| Max. | Min. | Mean | at2m | mm/ | (mm)

height | day.
Nov. 25.39| 15.14 | 20.27 | 87.00 | 64.43 | 75.72 | 0.80 228 | -
Dec. 19.64 | 851 | 14.06 | 92.07 | 67.61 | 79.84 [ 0.61 415 | 81.9
Jan. 20.34| 755 | 13.95| 93.69 [ 70.55 | 80.55 | 0.54 160 | 20.7
Feb. 20.64 | 8.19 [ 14.42] 9190 67.15 | 79.53 | 0.79 2.52 16.5
Mar. 229411171 | 17.33 | 86.10 | 56.80 | 71.45 | 0.96 3.14 | 26.2
April. 2750 | 1553 | 21.52 | 81.80 | 49.80 | 65.8 1.07 491 20.2
May 30.47 ) 1957 | 25.02 | 77.20 [ 48.60 | 62.90 | 1.14 587 | ----

Source: Meteorological Station at Sakha Agricultural Research Station 31°-07' N latitude,
30°-57' Elongitude withan elevation of about 6 metres aabove mean sea level.

*»The amountofrainfallis 128.36 mm (539.11 m® fed.) and 165.50 mm (695.0 m®/ fed.) in
the first and second growing seasons, respectively.

Experimental Layout:

The experimental design in this present study was a split plot with three
replicates. Irrigation treatments were allocated in the main plots, while,
nitrogen rates were randomly assigned to sub main plots. Irrigation
treatments started after the first post planting irrigation (mohayaa), these
treatments were |; (traditional irrigation, as practice by local farmers in the
studied area, 6 irrigations), |, (sowing irrigation + first post planting irrigation
(mohayaa)+ one irrigation during flowering growth stage only, 3 irrigations), I3
( sowing irrigation + mohayaa + one irrigation during seeds filling only, 3
irrigations) and |4 (sowing irrigation + mohayaa + irrigation during flowering
growth stage +one irrigation during seeds filling, 4 irrigations). Nitrogen
treatments (rates) were 15, 30, 45 and 60 kg N/ fed. The area of main

1309



Moursi, E. A. et al.

treatment (irrigation treatments) was 86.4 m?, while the area of sub main
treatments (nitrogen fertilization treatments) Was 7.2 m®. Plots were isolated
by ditches of 1.5 m in width to awoid lateral movement of water. Canola seeds
Serw 4 cultivar were sown manually on 20" and 16" Nowvember in the first
and second growing seasons, respectively. Planting was in hills 10 cm apart
and seeding rate was 3 kg/ fed. plants were thinned to one plant per hill after
30 days from sowing before the first irrigation. The preceding crop was maize
(Zea mays L) in the two growing seasons. Nitrogen fertilizer in form of Urea
(46% N) was added according to the tested treatments as one dose
immediately before (mohayaa irrigation). Phosphorus fertilization was added
in the form of calcium superphosphate (15.5% P,0s) at rate 30 kg P,Os/ fed.
during the tillage process. K,O was added with 24 kg K,O/ fed. before
mohayaa irrigation. All recommended agricultural practices were performed
through the two growing seasons. Canola plants were harvested on 25" and
19" April in the first and second growing seasons, respectively.
* Data collection:-
1- Irrigation water applied (IWA)

The amount of water applied was measured and calculated by using
submerged flow orifice with fixed dimension was used to measure the amount
of water applied, as the following equation (Michael, 1978).

Q=CA /2¢h
Where:
Q = discharge through orifice, (L/sec),
C = coefficient of discharge (0.61),
A = cross - sectional area of the orifice, cm?,
g = acceleration due to gravity, cm/ sec’, (981cm/ secz) and
h = pressure head, causing discharge through the orifice, cm.
2-Water consumptive use (m3/ fed.):

To compute the actual consumed water of the growing plants, sail
moisture percentage was determined (on weight basis) before and after each
irrigation as well as at hanesting. Soil samples were taken from successive
soil layers of the effective root zone; (0-15, 15-30, 30-45 and 45-60 cm.). This
method is one of the direct methods of water consumptive use which based
on soil moisture depletion (SMD) or so-called actual crop water consumed
(ETc) as stated by Hansen et al., (1979).

Cu = :;f'u * Dbi * Di * A
100
Where:
CU = Water consumptive use (m3) in the effective root zone, 0.6 m,
i = number of soil layers (1-4),
O, = soil moisture percentage, 48 hours after irrigation,
©,= soil moisture percentage before the next irrigation,
Dbi = soil bulk density (Mg/m ) of the concerned layer,
D; = soil layer thickness (15 cm) and
A= irrigation area (mz).
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3-Irrigation water efficiencies:
Water productivity (WP, kg/m3)
Water productivity was calculated according to (Ali et al., 2007).

Y
WP = —

CuU
Where:
WP = water productivity (kg /m3),
Y = seed yield in kg/fed and
CU = seasonal water consumption use (m3/ fed.).
productivity of irrigation water (PIW, kg/mg)

Productivity of irrigation water was calculated according to (Ali et al., 2007)
PIW =Y /IWA
Where:

PIW = productivity of irrigation water (kg /m3),

Y = Seed yield in kg/fed and

IWA = irrigation water applied (m3/ fed.).
Consumptive use efficiency (Ecu, %):

Values of water consumptive use efficiency (Ecu, %) were calculated

according to Doorenbos and Pruitt (1975).

Ecu = (ETc / IWA) *100

Where:
Ecu = Consumptive use efficiency (%),
ETc = Total evapotranspiration ~ consumptive use and
IWA = Irrigation water applied (m3/ fed.).

Ten guarded plants were randomly chosen from the central area of
each plot to awid the border effect in order to determine vyield, yield
components and quality.

The studied parameters:

1.Number of days to 50% flowering,

2.Plant height (cm): was taken at the distance from the ground surface to the
top of the plant,

3.Number of racemes,

4.Seed yield (g/ plant); was determined at harvesting ,

5.1000 seeds weight (g),

6.Seed yield kg/ fed,

7.Seed oil content (%): The oil percentage was determined from three
gragmmes seed sample using Soxholet method according to A.O.A.C.
(1990) and

8.0il yield (kg/ fed.): was determined by multiplying seed oil percentage by
seed yield (kg/ fed.).

Statistical analysis:

The statistical analysis was estimated according to the method of
Gomez and Gomez (1984) and treatment means values were compared
against least significant differences test (L.S.D) at 5 % lewel.
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RESULTS AND DISCUSSION

1-The amount of irrigation water requirements (IWR, cm. and m3/fed.):

Irrigation water requirements consider the summation of seasonal
water applied and amount of effective rainfall. Presented data in Table (4)
clearly showed that the amount of irrigation water requirements of canola
crop was affected by irrigation treatments (water stress) in the two growing
seasons. The highest values were recorded under irrigation treatment I
(traditional irrigation, as practiced by local farmers in the studied area,
control treatment) and the values are 63.16 cm. (2652.72 m i fed.) and 62.14
cm. (2609.88 m ¥ fed.) in the first and second growing seasons, respectively.
Meanwhile, the lowest values were recorded under irrigation treatment I3 and
the values are 34.87 cm. (1464.54 m ¥ fed.) and 33.70 cm. (1415.40 m ¥ fed.)
in the first and second growing seasons, respectively. Generally, the values
of irrigation water requirements in the two growing seasons can be
descended in order 11> 1> 1> |5.

Table (4): Effect of irrigation treatments and nitrogen rates on water
requirements (IWR) for canola during the two growing

seasons.
The overall mean
Irrigation Nitrogen 1° growing 2" growing values during the
treatments rates season season two growing
() (N) seasons

cm m° fed cm m>/ fed cm m® fed
N1 63.16 | 2652.72 | 62.14 [ 2609.88 | 62.65 | 2631.30
N2 63.16 | 2652.72 | 62.14 | 2609.88 | 62.65 | 2631.30
N3 63.16 | 2652.72 | 62.14 [ 2609.88 | 62.65 | 2631.30
N4 63.16 | 2652.72 | 62.14 | 2609.88 | 62.65 | 2631.30
Mean 63.16 | 2652.72 | 62.14 | 2609.88 | 62.65 | 2631.30
N1 35.07 | 147294 | 34.15 | 1434.30 | 34.61 | 1453.62
N2 35.07 | 147294 | 34.15 | 1434.30 | 34.61 | 1453.62
N3 35.07 | 1472.94 | 34.15 | 1434.30 | 34.61 | 1453.62
N\ 35.07 | 1472.94 | 34.15 | 1434.30 | 34.61 | 1453.62
Mean 35.07 | 1472.94 | 34.15 | 1434.30 | 34.61 | 1453.62
N1 34.87 | 1464.54 | 33.70 | 1415.40 | 34.29 | 1439.97
N2 3487 | 1464.54 | 33.70 | 1415.40 | 34.29 | 1439.97

la N3 3487 | 146454 | 33.70 | 1415.40 | 34.29 | 1439.97
N4 34.87 | 1464.54 | 33.70 | 1415.40 | 34.29 | 1439.97
Mean 3487 | 146454 | 33.70 | 1415.40 | 34.29 | 1439.97

N1 45.27 | 1901.34 | 44.30 | 1860.60 | 44.79 | 1880.97
N2 45.27 | 1901.34 | 44.30 | 1860.60 | 44.79 | 1880.97
N3 45.27 | 1901.34 | 44.30 | 1860.60 | 44.79 | 1880.97
N4 45.27 |11901.34 | 44.30 | 1860.60 | 44.79 | 1880.97
Mean 45.27 | 1901.34 | 44.30 | 1860.60 | 44.79 | 1880.97

Note:
Irrigation water requirements =(seasonal water applied + effective rainfall).
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Increasing the values of irrigation water requirements of canola under
irrigation treatment I, in comparison with other irrigation treatments (l,, I3 and
I;) may be due to decreasing irrigation intervals and hence increasing number
of irrigations under the conditions of irrigation treatment (I, 6 irrigations)
comparing with other irrigation treatments which exposed to water stress
during various growth stages (3, 3 and 4 irrigations) for I,, Iz and I,
respectively. Therefore, increasing the seasonal amount of water applied.
The amount of effective rainfall is fixed which is 128.36 mm and 165.50 mm
in the first and second growing seasons, respectively. Consequently,
increasing the values of irrigation water requirements. These results are in a
great harmony with those obtained by Ali et al. (2003), Ahmadi and Bahrani
(2009), Moosav (2012), Ansar et al. (2013) and Zareian et al. (2014). Data in
the same table also illustrated that the amount of irrigation water
requirements under irrigation treatment I, is higher than that under I3 because
of increasing vegetative growth. Therefore, increasing consumed water by
plants to compensate the losses by transpiration through plant organs. So,
increasing amount of seasonal water applied, and hence, increasing amount
of irrigation water requirements. These results are in a great agreement with
those reported by El-Mowelhi et al., (1999) and EI- Bably and Awad (2007).
They found that the highest values of irrigation water requirements are 61.51
cm., 54.08 cm. and 46.03 cm. (2583.42 m% fed., 2271.36 m°/ fed. and
1933.26 m?/ fed.) which irrigated at 45%, 60% and 75% depletion of available
soil moisture. Data in the same table declared that, the amount of seasonal
water delivered (applied) was not affected by nitrogen fertilization rates.

2- Seasonal water consumptive use:

Water consumptive use or which so-called evapotranspiration is the
combined upward movement of moisture from the soil to the atmosphere
through transpiration from plant surface and evaporation from the soil
surface. Data in Table (5) illustrated that the seasonal values of water
consumptive use were clearly affected by irrigation treatments and slightly
affected by nitrogen fertilization rates. Concerning, the effect of irrigation
treatments, the highest values were recorded under irrigation treatments (l1)
and the values are 36.80 cm (1545.39 m3/fed.) and 36.40 cm (1528.80 m?
fed.) in the first and second growing seasons, respectively. Meanwhile, the
lowest values were recorded under irrigation treatment (3'3) and the values are
23.58 cm. (990.15 m>/ fed.) and 23.20 cm. (974.40 m“/fed.) in the first and
second growing seasons, respectively. Generally, the seasonal values of
water consumptive use can be descended in order 1> 1,> > I3 in the two
growing seasons. Increasing the values of water consumptive use under
irrigation treatment (l;) in comparison with other irrigation treatments I,, I3 and
I, in the two growing seasons may be attributed to increasing amount of
seasonal water applied and hence, increasing moisture content in the
effective root zone. So, plants grow well with thick wvegetative growth.
Consequently, increasing exposed area to the sunlight in the late of growing
season and hence, increasing the losses by transpiration from plant surfaces
to compensate the water losses. Therefore, plants will take a large amount of
water to keep healthy and protect themselves from wilting. So, increasing
amount of seasonal consumptive use under the conditions of irrigation
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treatment (I,) in comparison with other irrigation treatments I, Iz and I, which
exposed to water stress through the growing seasons. These results are in a
great harmony with those obtained by Al-Barrak (2006), El-Bably and Awad
(2007), Moosavi (2012), Ansar et al. (2013), EAM et al. (2014) and Zareian et
al. (2014).

Table (5): Effect of irrigation treatments and nitrogen rates on seasonal
consumptive use for canola during the two growing

seasons.
The overall mean
Irrigation Nitrogen 1% growing 2" growing values during the
treatments rates season season two growing
(1) (N) seasons

cm m~/ fed cm m~/ fed Cm m~/ fed
N1 36.18 | 1519.56 | 35.90 | 1507.80 | 36.04 | 1513.68
N2 36.80 | 1545.60 | 36.10 | 1516.20 | 36.45 | 1530.90

s N3 36.90 | 1549.80 | 36.50 | 1533.00 | 36.70 | 1541.40
N4 37.30 | 1566.60 | 37.10 | 1558.20 | 37.20 | 1562.40
Mean 36.80 | 1545.39 | 36.40 | 1528.80 | 36.60 | 1537.10

N1 24.20 [ 1016.40 | 23.90 | 1003.80 | 24.05 | 1010.10
N2 24.30 [ 1020.60 | 24.20 | 1016.40 | 24.25 | 1018.50
N3 24.70 [ 1037.40 | 24.50 | 1029.00 | 24.60 | 1033.20
N4 25.10 [ 1054.20 | 24.90 | 1045.80 | 25.00 | 1050.00
Mean 2458 [1032.15| 24.38 | 1023.75 | 24.48 | 1027.95
N1 23.10 | 970.20 | 22.80 | 957.60 | 22.95 | 963.90
N2 23.40 | 982.80 | 22.90 | 961.80 | 23.15 | 972.30
N3 23.70 | 995.40 | 23.30 | 978.60 | 23.50 | 987.00
N4 24.10 | 1012.20 | 23.80 | 999.60 | 23.95 | 1005.90
Mean 23.58 | 990.15 | 23.20 | 974.40 | 23.39 | 982.28
N1 32.10 | 1348.20 | 31.90 | 1339.80 | 32.00 | 1344.00
N2 32.30 | 1356.60 | 32.20 | 135240 | 32.25 | 1354.50

4 N3 32.60 | 1369.20 | 32.50 | 1365.00 | 32.55 | 1367.10
N4 33.00 | 1386.00 | 32.80 | 1377.60 | 32.90 | 1381.85
Mean 32.50 | 1365.00 | 32.35 | 1358.70 | 32.43 | 1361.85

Regarding, the effect of nitrogen application rates on the seasonal
amount of water consumptive use. Data in the same table showed that,
nitrogen application rates have a slight effect on the seasonal amount of
water consumptive use in the two growing seasons. The highest seasonal
values were recorded under nitrogen application rate (N4, the highest rate of
application), comparing with, other nitrogen rates N;, N, and Nz in the two
growing seasons. Generally, the seasonal values of consumptive use can be
descended in order N4> N3> N> N; in the two growing seasons. Increasing
the seasonal values of water consumptive use under the highest nitrogen
application rate could be attributed to enhance growth rate and
photosynthetic activity as well as increasing plant canopy which reflected
more growth, leaf area and increase transpiration. These findings are in a
great agreement with those reported by Sharaan et al. (2002), El-Bably and
Awad (2007) and Mirzaei et al (2013).
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3- Irrigation water efficiencies:
Water productivity (WP, kg/ m3) and productivity of irrigation water
(PIW, kg/ m>).

Water productivity is generally is defined as crop yield per cubic metre
of water consumption. Water productivity defined as crop production per unit
amount of water used, (Molden, 1997). Concept of water productivity in
agricultural production systems is focused on producing more food with less
water resources. While, productivity of irrigation water is generally defined as
crop yield per cubic metre of water applied. Presented data in Table (6)
clearly showed that the owerall mean values through the two growing seasons
for WP and PIW were affected by both irrigation treatments and nitrogen
application rates. Concerning, the effect of irrigation treatments, the highest
owerall mean values were recorded under irrigation treatment I3 and the
values are 1.42 kg/ m*® and 0.97 kg/ m® for WP and PIW, respectively.
Meanwhile, the lowest owerall mean values were recorded under irri%ation
treatment |, (traditional irrigation method) and the values are 0.95 kg/ m~ and
0.56 kg/ m” for WP and PIW, respectively. Generally, the overall mean values
for WP and PIW can be descended in order 13> I,> 1,> |; and the overall mean
values for WP are 1.42, 1.35, 1.04 and 0.95 kg/ m?®, while for PIW the overall
mean values are 0.97, 0.96, 0.76 and 0.56 kg/ m°, respectively.

Table (6): Effect of irrigation treatments and nitrogen rates on water
productivity (WP, kg/m3) and productivity of irrigation water
(PIW, kg/ m3) for canola during the two growing seasons.

The overall mean

Irrigation Nitrogen 1% growing 2" growing  |values during the
rates season season two growing

treatments (1) (N) seasons

WP PIW WP PIW WP PIW
N1 0.60 0.34 0.60 0.35 0.60 0.35
Iy N2 0.99 0.58 1.00 0.58 1.00 0.58
N3 1.07 0.62 1.07 0.63 1.07 0.63
N4 1.14 0.67 1.13 0.68 1.14 0.68
Mean 0.95 0.55 0.95 0.56 0.95 0.56
N1 0.69 0.48 0.70 0.49 0.70 0.49
I N2 1.48 1.03 1.47 1.04 1.48 1.04
N3 1.58 111 1.58 1.14 1.58 1.13
Na 1.65 1.18 1.66 1.21 1.66 1.20
Mean 1.35 0.95 1.35 0.97 1.35 0.96
N1 0.78 0.52 0.77 0.52 0.78 0.52
| N2 1.49 1.00 151 1.03 1.50 1.02
3 N3 1.64 111 1.65 1.14 1.65 1.13
N4 1.72 1.19 1.73 1.22 1.73 1.21
Mean 1.41 0.96 1.42 0.98 1.42 0.97
N1 0.60 0.42 0.60 0.43 0.60 0.43
s N2 1.11 0.80 1.10 0.80 1.11 0.80
N3 1.19 0.86 1.19 0.88 1.19 0.87
N4 1.25 0.91 1.22 0.91 1.24 0.91
Mean 1.04 0.75 1.03 0.76 1.04 0.76
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Increasing, the owerall mean values for WP and PIW under irrigation
treatment I3 (which received 3 irrigations through the whole growing season)
could be attributed to decreasing amount of water consumptive use and
water applied in comparison with other irrigation treatments which received
high number of irrigations. Consequently, increasing the amount of water
consumptive use and water applied and hence, decreasing the owerall mean
values for water productivity and productivity of irrigation water. These results
are in a great harmony with those obtained by El-Mowelhi (1999), El-Bably
and Awad (2007), Mirzaei et al (2013), Ansar et al. (2013) Zareian et al.
(2014).

Regarding, the effect of nitrogen rates (15, 30, 45 and 60 kg N/ fed.),
the highest owerall mean values for (WP) and (PIW) were recorded under the
highest rate of nitrogen application (60 kg N/ fed.) under all irrigation
treatments. Generally, the owerall mean values for (WP) and (PIW) can be
descended in order N4> N3> N,> N;. Increasing the owverall mean values for
(WP) and (PIW) under the highest nitrogen application rate could be
attributed to increasing seed yield under the conditions of nitrogen treatment
(N4). The low nitrogen application rate not only results in lower yield but also
reduce (WP) and (PIW). These results are in a great harmony with those
reported by Bruck et al., 2001, Butter et al.( 2006), EI-Bably and Awad (2007)
and Ansar et al. (2013).

Consumptive use efficiency (Ecu, %):

Presented data in Table (7) showed that, the values of consumptive
use efficiency were clearly affected by both irrigation treatments and nitrogen
application rates in the two growing seasons. Regarding, the effect of
irrigation treatments on the values of Ecu in the two growing seasons, the
highest values were recorded under irrigation treatment 14 (which received 4
irrigations during the whole growing season) in the two growing seasons and
the values are 71.79 and 73.03% in the first and second growing seasons,
respectively. On the contrary, the lowest values were recorded under
irrigation treatment |, (traditional irrigation 6 irrigations during the whole
growing season ) and the values are 58.26 and 58.58 % in the first and
second growing seasons, respectively. Generally, the values of Ecu can be
descended in order I4> 1> I3> I; in the two growing seasons.

Increasing the values of Ecu in the two growing seasons under
irrigation treatments 1, I3 and I, in comparison with traditional irrigation
treatment (I;) could be attributed to decreasing number of irrigations.
Consequently, decreasing the amount of irrigation water applied under the
conditions of these treatments because these treatments exposed to water
stress through the growing season comparing with irrigation treatment (I;)
which received the highest number of irrigations and hence increasing the
values of irrigation water applied. Therefore, decreasing the values of Ecu.
These findings are in a great harmony with those obtained by EIl-Bably and
Awad (2007), Ansar et al. (2013) and Zareian et al. (2014).

Concerning, the effect of nitrogen application rates on the values of
consumptive use efficiency (Ecu). Data in the same Table clearly illustrated
that, the highest owerall mean values were recorded under the highest
application rate of nitrogen (Ns) under all irrigation treatments.The overall
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mean values for Ecu can be descended in order 14> 1,> I3> |I; under nitrogen
fertilization rate (N4g) and the values are 73.47%, 72.24%, 69.87% and
59.38%, respectively. Increasing the values of Ecu under the highest
application rate of nitrogen (N4) in comparison with other nitrogen rates N;, Ny
and Nz in the two growing seasons might be due to under the highest rate of
nitrogen application; plants grow well and form thick vegetative growth. So,
the water losses by transpiration from plant surface increases and hence the
amount of consumed water increases. Consequently, increase the values of
water consumption. Meanwhile, the values of water applied were not affected
by nitrogen application rates. So, increasing the values of Ecu. These results
were confirmed by EI-Bably and Awad (2007), Ahmadi and Bahrani (2009),
Moosavi (2012) and Ansar et al. (2013).

Table (7): Effect of irrigation treatments and nitrogen rates on

consumptive use efficiency (%) for canola during the two
growing seasons.

- Nitrogen . _ y _ The overal! mean
Irrigation rates 17 growing 27" growing |values during the
treatments (l) N) season season two growing

seasons
N1 57.28 57.77 57.53
" N2 58.26 58.09 58.18
N3 58.42 58.74 58.58
N4 59.06 59.70 59.38
Mean 58.26 58.58 58.42
N1 69.00 69.99 69.50
I N2 69.29 70.86 70.08
N3 70.43 71.74 71.09
N4 71.57 72.91 72.24
Mean 70.07 71.38 70.73
N1 66.25 67.66 66.96
Is N2 67.11 67.95 67.53
N3 69.97 69.14 68.56
N4 69.11 70.62 69.87
Mean 67.61 68.84 68.23
N1 70.91 72.01 71.46
| N> 71.35 72.69 72.02
* N3 72.01 73.36 72.69
N4 72.90 74.04 73.47
Mean 71.79 73.03 72.41

Effect of irrigation treatments and nitrogen rates on
1-Seed yield (kg/ fed.):

Presented data in Table (8) clearly showed that the mean values of
seed yield (kg/ fed) were significantly and highly significantly affected by
irrigation treatments in the first and second seasons, respectively. and highly
significantly affected by nitrogen fertilization rates in both seasons.
Concerning, the effect of irrigation treatments, the highest mean values were
recorded under irrigation treatment I, (traditional irrigation) in comparison with
other irrigation treatments I, I3 and I, which exposed to water deficit during
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various growth stages in the two growing seasons and the values are
1468.13 and 1456.07 kg/ fed. Meanwhile, the lowest mean values were
recorded under irrigation treatment I3 and the wvalues are 1397.93 and
1384.20 kg/fed. in the first and second growing seasons, respectively.

Table (8): Effect of irrigation treatments and nitrogen rates on seed yield
(kg/ fed.), plant height (cm.) and number of racemes/ plant

for canola during the two growing seasons.
Seed yield (kg/ . Number of
Irrigation Nitrogen fed.) Plant height (cm) racemes/ plant
treatments| rates 1™ 2™ 1™ 2™ 1™ 2
(1) (N) growing |growing| growing |growing|growing|growing
season | season | season | season | season | season
N1 904.22 | 903.49 | 1443 143.7 4.6 4.5
Iy N2 1529.94 | 1513.53| 148.7 148.0 8.4 8.6
N3 1651.67 |1643.67| 164.0 163.3 9.2 9.1
N4 1786.69[1763.58] 167.0 166.3 10.3 9.6
Mean 1468.13 | 1456.07| 156.0 155.3 8.1 8.0
N1 705.29 | 700.50 | 142.3 143.0 4.7 4.6
I N2 1514.12 | 1490.22| 148.7 147.3 7.8 7.7
N3 1641.89[1630.23| 157.0 156.0 9.1 9.0
Na 1743.34|1740.19| 165.0 164.7 9.5 9.3
Mean 1401.16 |{1390.29| 153.3 152.8 7.8 7.7
N1 759.46 | 740.30 | 144.3 143.3 4.5 4.3
Is N2 1468.45|1453.53| 147.0 146.3 7.9 7.7
N3 1627.66 |1616.16| 155.7 155.7 9.0 8.8
Na 1736.11|1726.82| 164.0 162.3 9.5 9.4
Mean 1397.921384.20| 152.8 151.9 7.7 7.6
N1 806.70 | 800.41 | 1453 143.7 4.7 4.6
| N2 1511.86 |{1493.46| 147.3 146.3 8.1 7.9
4 N3 1634.84 |11630.25| 164.3 163.7 9.2 9.1
Na 1728.88 |1686.83| 166.0 165.7 94 9.4
Mean 1420.57 | 1402.74| 155.7 154.9 7.9 7.8
o I N1 79392 | 786.17 | 144.1 143.4 4.6 4.5
o or NNz |1506.00[1487.68| 1479 | 1470 | 80 8.0
levels N3 1639.01]1630.08] 160.3 159.7 9.1 9.0
Na 1748.76 |1729.36| 165.5 164.8 9.7 94
Irrigation (I)[ 44.573* [14.929 »*| 1.813** [ 1.226 *** n.s n.s
LSD 0.05 Nitrogen (N) | 46.608*** | 13.811*** [ 2,278 *** | 1,984 *** | (0.325 *¥** | 0.391***
1*N n.s 11.961%*| 1,973 * [1.718** n.s n.s

Generally, the mean values of seed yield (kg/ fed.) can be descended
in order I, > I > I, > I3. Data in Table (8) also illustrated that, similarity the
mean values of seed yield under irrigation treatment I, and I3 because of the
equality of irrigation numbers under the conditions of the two treatments.
Increasing the mean values of seed yield under irrigation treatment | in
comparison with other irrigation treatments |,, I3 and 1, might be attributed to
elongation of plant cells, leaves area, number of racemes and effective lateral
roots which reflected in increasing dry matter accumulation and increased
seed weight and seed yield/ fed as well. Also, decreasing seed yield under
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stress conditions could be due to photosynthesis decrease caused by water
deficit in soil and so less production of photosynthesis material required for
seed filling. These results are in a great harmony with those obtained by EI-
Mowelhi (1999), Shahin et al. (2000), Al-Barrak (2006), El-Bably and Awad
(2007), Rad (2012), Moursi et al. (2013), Aiad et al. (2014) and Moursi et al.
(2014).

Regarding, the effect of nitrogen fertilization rate, data in the same
table showed that, the mean values of seed vyield kg/ fed were highly
significantly affected by nitrogen fertilization rate, where the highest mean
values were recorded under the highest rate of applied nitrogen (N4), which
gave 1748.76 and 1729.36 kg/ fed in the first and second seasons,
respectively. While Ny (15 kg/ fed.) gave the lowest seed yield/ fed. in the two
seasons of study. Increasing N lewels from 15 to 60 kg/ fed. significantly
increased seed yield/ fed. in the two seasons Table (8). Concerning the
interaction between the two factors, irrigation treatment 1; (traditional
irrigation) with nitrogen fertilizer rate 60 kg N/ fed. produced the highest seed
yield/ fed in the two seasons. Increasing seed yield/ fed by increasing
nitrogen fertilization rate might be attributed to increasing nitrogen rate
enables the crop to produce rapid leaf growth , increasing dry matter
accumulation which may positively contribute in seed filling and seed weight
as well. This is reflected in efficient partitioning of assimilate into economic
yield. Also, increasing nitrogen rate increases in metabolites resulted in
increases more number of racemes, and heaviest seed, that reflected
increases and seed yield/ plant and hence increased seed yield productivity/
fed. These results are in a great harmony with those obtained by Al-Barrak
(2006), El-Bably and Awad (2007), Ahmadi and Bahrani (2009), Ansar et al.
(2013) and EAM et al. (2014).
2-Yield attributes, seed oil (%) and oil yield (kg/ fed.):

Tabulated data in Tables (8 through 10) clearly illustrated that the
mean values of the studied yield attributes, seed oil (%), oil yield (kg/ fed.),
number of racemes and number of days to 50% flowering were significantly
affected by irrigation treatments except number of racemes in the two
growing seasons and 1000 seed weight (g) in the first season which
insignificantly affected by irrigation treatments. All the abovementioned
studied parameters recorded the highest mean values under irrigation
treatment I; in comparison with other irrigation treatments I, I3 and 15 in the
two growing seasons. Generally, the mean values of the abovementioned
studied parameters can be descended in order I;> 1,> I,> I3 for plant height,
number of racemes and seed yield/ plant. Meanwhile, 1;> 1,> I3> |, for 1000-
seed weight, seed oil content and oil yield in the two growing seasons.
Increasing the mean values of the abovementioned studied parameters under
irrigation treatment l; comparing with other irrigation treatments. As clearly
illustrated in Tables of yield, yield attributes, seed oil content and oil yield the
difference between irrigation treatment I, (6 irrigations through the season)
and Iy (4 irrigation through the season) is wery slight for all studied
parameters. Decreasing these parameters under water deficit conditions in
vegetative and early reproductive growth stages reduced the photosynthetic
rate in leaves and in particular, number of siliquae/ plants (Gammelvind et al.,
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1996). The largest contribution to net photosynthesis by canola leaves
occurred during the wegetative and early flowering stages (Chongo and
Mcvetty, 2001). Higher water deficit causes a lower seed oil content (Niazi
and Fooladmand, 2006). El-Mowelhi (1999) and Shahin et al. (2000) who
concluded that yield and yield attributes of canola were gradually increased
as a result of increasing the availability of soil moisture content. Also, these
results are in a great harmony with those obtained by El-Bably and Awad
(2007), Ansar et al. (2013) and EAM et al. (2014).

Table (9): Effect of irrigation treatments and nitrogen rates on 1000-seed
weight (g), seed yield (g/ plant) and number of days to 50%

flowering for canola during the two growing seasons.
1000-seed weight| seedyield (g/ |number of days to
Irrigation Nitrogen (9) plant) 50% flowering
treatments| rates i 2" 1™ 2 1™ 2™
(1) (N) growing |growing| growing |growing|growing|growing
season | season | season | season | season | season
N1 3.43 3.50 16.67 16.30 | 103.00 | 102.67
N2 3.80 3.80 28.20 27.97 | 103.33 | 103.33
It Na 413 | 420 | 3047 | 30.40 | 104.00 | 10367
Na 4.30 4.23 33.00 32.63 | 106.00 | 105.33
Mean 3.92 3.93 27.08 26.83 | 104.08 | 103.75
N1 3.47 3.40 14.00 13.33 | 101.00 | 100.67
" N2 3.73 3.63 27.07 26.97 | 102.00 | 101.33
N3 3.87 3.80 30.00 29.70 | 102.67 | 101.67
Na 3.93 3.83 32.00 32.00 | 105.00 | 103.67
Mean 3.75 3.67 25.77 2550 | 102.67 | 101.83
N1 3.47 3.40 13.00 12.67 | 100.67 | 100.33
Is N2 3.80 3.80 27.53 2740 | 102.33 | 101.33
N3 4.00 4.07 30.27 29.93 | 103.00 | 102.33
Na 4.17 4.13 32.13 31.73 | 103.33 | 102.67
Mean 3.86 3.85 25.73 2543 | 102.33 | 101.67
N1 3.37 3.50 14.87 1453 | 100.33 | 100.00
N2 3.90 3.90 27.87 27.80 | 102.67 | 102.00
4 N3 4.10 4.07 30.13 29.93 | 104.67 | 104.33
Na 4.23 4.20 31.87 31.83 | 105.00 | 104.67
Mean 3.90 3.92 26.18 26.03 | 103.17 | 102.75
N1 343 3.45 14.63 14.21 | 101.25 | 100.92
Overall [Nz 380 | 3.78 | 27.67 | 2753 | 10258 | 102.00
levels i N3 4.03 4.03 30.22 29.99 | 103.58 | 103.00
Na 4.16 4.10 32.25 32.05 | 104.83 | 104.08
Irrigation (1) n.s 0.133* | 0.819* [ 0.552**| 0.756 *** [ 0.596 ***
LSD 0.05 [Nitrogen (N) | 0.267 ** | 0.169 *** [ 0.927 ** | 0.542 *** [ 0.988 *** | 0.885 ***
I*N n.s n.s n.s 0.469 * n.s 0.766 *

Regarding, the effect of nitrogen fertilization rates, data in the same
Tables revealed that, all the abovementioned studied parameters were highly
significantly affected by nitrogen fertilization rates. Increasing nitrogen
fertilization rate from 15 to 60 kg N/ fed. increased the studied mentioned
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parameters except seed oil (%) which decreased by increasing nitrogen rate
to 60 kg N/ fed. These results could be attributed to role of nitrogen in
increasing growth, yield and yield attributes which reflected increase protein
content in the seeds and the relation between oil and protein content is
negatively correlated. These results are in a great agreement with those
reported by Mekki (2003), Malhi et al., (2006), Abdel-Ati (2006), Abd EI-
Rasool (2007), El- Bably and Awad (2007), Ansar et al. (2013) and EAM et al.
(2014).

The interaction between irrigation (I) and nitrogen rates (N) had
insignificant effect on most studied parameters except seed yield (g/ plant),
seed yield (kg/ fed.) number of days to 50% flowering, seed oil (%) and oil
yield (kg/ fed.) which were significantly affected by interaction between (I * N)
in the second season and plant height in the two seasons.

Table (10): Effect of irrigation treatments and nitrogen rates on seed oil
(%) and oil yield (kg/ fed.) for canola during the two growing

seasons.
Irrigation Nitrogen Seed oil (%) oil yield (kg/ fed.)
treatments rates 1™ growing | 2™ growing | 1° growing | 2™ growing
(1) (N) season season season season
N1 46.43 46.63 420.33 421.31
" N2 45.90 4557 702.24 689.82
N3 45.60 45.33 753.13 745.10
Na 44.87 44.63 801.68 787.08
Mean 45.70 45.54 669.35 660.83
N1 46.53 46.10 328.16 322.93
N2 45.53 44.67 689.52 665.68
l2 N3 44.87 44 .37 736.66 723.25
Na 43.83 4413 764.16 768.01
Mean 45.19 44.82 629.63 619.97
N1 46.67 45.90 354.47 339.81
| N2 45.57 45.13 669.05 656.05
3 N3 44.87 44.40 730.23 717.58
Na 44.63 44.30 774.88 764.98
Mean 45.44 4493 632.16 619.61
N1 46.60 46.20 375.81 369.79
s N2 46.00 45,77 695.48 683.52
N3 45.17 45.13 738.28 735.79
Na 44.30 43.90 766.01 740.55
Mean 4552 45.25 643.89 632.41
N1 46.56 46.21 369.69 363.46
Overall N; 4575 4528 689.07 673.77
mean for N
levels N3 45.13 4481 739.58 730.43
Na 44 .41 44.24 776.68 765.16
Irrigation (1) n.s 0.268 *** 21.949 ** 7.500 ***
LSD 0.05 |Nirogen (N)| 0.554 ** | 0227 *** | 23.819 ** | 7.173 **
I*N n.s 0.197 * n.s 6.212 ***
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CONCLUSION AND RECOMMENDATIONS

In Egypt, under the current situation of water and the shortage of oil
production which may be reached more than 95 % of the country needs. So,
rationalization of irrigation water and cultivation winter oil crops such as
canola (Brassica napus L.) are becoming a must. Therefore the present study
recommends that under water scarcity and the importance of this crop,
canola crop can be irrigated three or four irrigations instead of traditional
irrigation (6 irrigations) to maximize both water productivity (WP), productivity
of irrigation water (PIW) and consumptive use efficiency (Ecu), also, under
these conditions, the decreasing in yield and other yield attributes are very
slight and not significant in comparison with traditional irrigation (control 6
irrigations). So, we can save irrigation water by about 1000-1200 m®/ fed. and
keep the productivity without significant decreasing.

REFERENCES

Abdel — Ati, A A. (2006). Sowing methods of canola under different level of
organic and mineral fertilization in calcareous soils. J, Agric. Sci.
Mansoura Univ., 31(4): 1861-1873.

Abd El-Rasool, S.M. (2007). Response of canola varieties (Brassica napus,
L.) to planting methods and nitrogen fertilization. Ph.D. Thesis, Agron.
Dept., Fac. Of Agric., Kafr EI-Sheikh Univ., Egypt.

Abdol- Amir, R. and B. Abdol- Mehdi (2006). Determination of optimum
irrigation level and compatible canola varieties in the Mediterranean
environment. Asian J. of Plant Sci. 5 (3): 543-546.

Ahmadi, M. and M. J. Bahrani (2009). Yield and yield components of
Rapeseed as influenced by water stress at different growth stages and
nitrogen lewvels. American- Eurasian J. Agric. & Enwviron. Sci., 5(6): 755-
761.

Al- Barrak, K.M. (2006). Irrigation interval and nitrogen level effects on growth
and yield of canola (Brassica napus L.). Scientific J. of King Faisal
Univ. Basic and Applied Sciences, 7(1): 87-103.

Ali, N.; F. Javidfar; J. Y. Elmira and M. Y. Mirza (2003). Relationship among
yield component and selection criteria for yield improvement in winter
rapeseed (Brassica napus L.). Pakistan J. of Botany, 35(2): 167-174.

Ali, M.H., M.R. Hoque: A.A. Hassan and A.khair (2007). Effects of deficit
irrigation on vyield, water productivity and economic returns of wheat.
Agricultural water management, 92 (3): 151-161.

Aiad, M. A.; E. A. Moursi; R. A. El- Dissoky and M. M. Amer (2014).
Response of maize crop to irrigation under different rates and doses of
nitrogen fertilization in the North Nile Delta region. J. Soil Sci. and
Agric. Eng., Mansoura Univ., Vol. 5(1): 97-113.

A.O0.A.C. (1990). Official methods of analysis, 16" Ed., Washington, DC.,
USA.

Ansar, Z.; Maedeh Kamali and Mehdi Baradaran Firouz Abadi (2013). Effect
of irrigation and nitrogen on two canola cultivars. Inti. J. Agron. Plant.
Prod. Vol., 4(7): 1409-1418.

1322



J.Soil Sci. and Agric. Eng., MansouraUniv., Vol. 6 (11), November, 2015

Asghar, A.; M. K, Munir; M.A. Malik and M. F. Saleem (2003). Effect of
different irrigation and nitrogen levels on the seed and oil yield of
canola (Brassica napus L.) Pakistan J. of Agric. Sci. 40 (3/4):137-139.

Bruck, H.; I. Lugert; W. Zhou and B. Sattelmacher (2001). Canola water use
efficiency lower under low nitrogen supply plant nutrition: Food security
and sustainability of agro- ecosystems through basic and applied
research fourteenth. International plant nutrition colloquium, Hannower,
Germany. Pp. 400-401.

Buttar, G.S.; H. S. Thind and M. S. Aujla (2006). Methods of planting and
irrigation at various lewels of nitrogen affect the seed yield and water
use efficiency in transplanted oilseed rape (Brassica napus L.) Agric.
Water manag. 85(3): 253-260.

Bybordi, A. (2010). Effect of salinity on yield and component characters in
canola (Brassica napus L.) cultivars, Not. Sci. Biol., 2: 81-83.

Chongo, G. and P> B. E. Mcwtty (2001). Relationship of physiological
characters to yield parameters in oilseed rape (Brassica napus L).
Canadian J. of plant Sci. 81(1): 1-6.

Doorenbos, J. and W. O. Pruitt (1975). Crop water requirements. Irrigation
and Drainage paper, No. 24, FAO, Rome.

EAM, O.; MA El-Galad, KA khatab and FAF Zahran (2014). Canola productivity
as affected by nitrogen fertilizer sources and rates grown in calcareous soil
irrigated with saline water. Glob. J. Sci., Res., 295: 137-143.

El- Bably, A. Z and M. M. Awad (2007). Effect of irrigation and nitrogen
fertilization on productivity, seed quality, and water use efficiency of
canola (Brassica napus L.) in North Delta, Egypt. Alex. J. Agric. Res.
52(3): 91-97.

El- Mowelhi, N. M; M. S. Abo Soliman; A. A. Wahdan; E. E. Shawky; S. M. El-
Barbary and M. M. Saied (1999). Preliminary tests for canola varieties
under Egyptian conditions. The 3" conference of on- farm Irrigation and
Agroclimatology. Vol. No. 1. Pp: 130-140.

FAS, USDA (2014). Foreign Agric. Senice, United State Dept., Agric.

Gammelvind, L. H.; J. K. Schjoerring, V. O. Mogensen; C. R. Jensen and J.
G. H. Bock (1996). Photosynthesis in leaves and siliques of winter
oilseed rape (Brassica napus L.). Plant and Soil. 86(2): 227-236.

Gomez, K.A. and A.A. Gomez (1984). Statistical procedures for Agricultural
Research, second (Ed.) Willey and Sone Inc. New Yourk.

Hansen, V.; W. lIsraelsen and Q.E. Stringharm (1979). Irrigation principles
and practices,4™ (ed.), John Willey and Sons, New York.

Jackson, M.l (1973). Soil Chemical Analysis. prentice Hall of India private,
LTD New Delhi.

James, L. G. (1988). Principles of farm irrigation system design. John Willey
and Sons Inc., New York, 543.

Klute, A.C (1986). Water retention: laboratory Methods. In: A. koute (ed.),
Methods of Soil Analysis, part 1-2”d(ed.) Agron Monogr.9, ASA,
Madison, W1 U.S.A, pp. 635 — 660.

Malhi, S. S; R. Lemke; Z. H. Wang and S. Baldev (2006). Tillage, nitrogen
and crop residue effects on crop yield, nutrient uptake, soil quality and
greenhouse gas emissions. Soil and Tillage Rese. 90: 171-183.

1323



Moursi, E. A. et al.

Mekki, B. B. (2003) Yield and chemical composition of rapeseed (Brassica
napus, L.) varieties in response to nitrogen fertilization. The 11"
International Rapeseed Congress, 6-10 July. Copenhagen, Denmark
(lm: 915-917.

Michael, A. M. (1978). Irrigation theory and practice. Vikas publishing House
PUT LTD New Delhi, India.

Mirzaei, A.; Rahim Naseri; Ali Moghadam and Mohammad Esmailpour-
Jahromi (2013). The effect of drought stress on seed yield and some
agronomtic traits of canola cultivars at different growth stages. BEPLS
Vol. 2(10): 115-121.

Molden, D. (1997). Accounting for water use and productivity. SWIM paper 1.
International Irrigation Management Institute, Colombo, Srilanka.
Moosau, S. G. (2012). The effect of water deficit stress and nitrogen fertilizer
levels on morphology traits, Yield and leaf area index in maize. Pak. J.

Bot., 44(4): 1351-1355.

Moursi, E. A.; Manal A. Aziz; M. A. Aiad and R. Kh. Darwesh (2013). Effect of
water stress, biofertilizers and nitrogen application rates on cowpea
yield and some water relations in the North Middle Nile Delta region. J.
Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 4(11): 1289-1311.

Moursi, E. A. ; Manal A. Aziz and Mona, A. M. EI-Mansoury (2014). Effect of
length of irrigation run and nitrogen rates on productivity of some wheat
cultivars, some water relations and nitrogen content in heaw clay soils.
J. Agric. Res. Kafr El- Sheikh Univ., 40(3)

Niazi, J. and H. R. Fooladmand (2006). Irrigation frequency and irrigation
requirement of three different rapeseed cultivars in Zarghan area, Fars
Province. J. of Sci. and Tech. of Agric. And Nat. Resour. 10(3): 71-82.

Rad, A. H. S.(2012). Study of water stress effect on yield and some
Agronomic Traits of Spring rapeseed varieties. International Journal of
science and advanced technology, Vol. 2 No. 2. February 2012.

Shahin, M. M.; M. M. EI- Koliey and M. F. Wahba (2000). Rapeseed response
to irrigation and nitrogen fertilization. Egypt J. of Soil Sci. 40(1/2): 35-
47.

Sharaan, A.N.; K. H. Ghallab and K. M. Yousif (2002). Performance and
water relations of some rapeseed genotypes grown in loamy sand soils
under irrigation regimes. Annals of Agric. Sci., Moshtohor. 40(2): 751-
767.

Sherif, M. A.; H. A. Awad and A. M. Osman (1995). Influence of some factors
on water requirement by rapeseed. Proceeding of the second Conf. of
On-farm lIrrigation and Agroclimatology. Vol. No. 1. pp.:130-140.

Siag, R. K.; S. Kumar; B. L. Verma and V. Singh (1993). Effect of irrigation
schedule on yield, water use and oil content of Toria (Brassica napus
var napus). Indian J. of Agro. 38(1): 42-44.

Weiss, E. A. (1983). Oil seed crops. Pp. 161-215 Longman Group Limited.

Zareian, A.; Hosein Heidari sharif Abad and Aidin Hamidi (2014). Yield, yield
components and some physiological traits of three wheat (Triticum
aestivum L.) cultivars under drought stress and potassium foliar
application treatments. Int. J. Bio. sci. Vol. 4, No. 5, pp. 168-175.

1324



J.Soil Sci. and Agric. Eng., MansouraUniv., Vol. 6 (11), November, 2015

LAl Jo g Al drendl) cVara g cilidll gad < 358 IR Bluall el il

I Al ) ) 8 Y Sl puanal Ailal) clBNlal) aang g 3 (6 giaa g

T sagd (e dana ke dane ke el ¢ g s £ g8 gl gl

o =8 3aal) dge) 5N Gigand) 38 e -dind) g Blaall g ) ) Sigay g

=5 —due ) 30 Gugaa) 38 ja -Autial) Jualadl Eigag deaa— A 3 Jualaall Eigag acd *
el

IS Fill i Al — L dae ) )3l &gad) Aoy Al de el Al )l 338y ol

@38 IR 3Ll (a) ) Cllelae LEE AL 0 Gy YOI E/Y Y CYOIF/Y VY sl anse

Jmanad Al Glial) anyg Gy il (g stna s Aalill e o bia g ) el S ara g (i) gal

L\.G)J‘_\_\A‘_\\‘)‘)SAM)J‘EDAA‘JBJAM‘&S” e\é;.u.n\(u ) Jas g Jlad dahiag Y 4l

“-Il-})“)lz ‘deJ.&S\uALquM(L;al_r_d)“_ll_})‘t)h_uls@\}@mu&\ckﬂ\@d)\ Ol

e o5l el Ada po (B4 ) Holilan el ) by T) I3 (0 5 s se (B4 +ollas +ae) )

e s Slelaal) Lai | (O2d) oDl Als ja (A2 + 0 Sl Als e () Holilas +ie] ) w2y £)

IR FSIPEX S WS 2D SRR QG CNpii| PR SUNS TR RGN ) DA EPON | [ B PENG R | YNV Ll DA PN

st Al e Nge N3 ¢ Nope Ny &lenall

th L Lpadli (S uiliil) aal

vaw_uts(,m}ummﬂummuﬁj\w\u (e o)) Iy s Aldes o o
I3 o dldlae s "d;u(m\da\m(um/ TaYY. TAA) e TN (] Ta Y0¥ YY)
S s IV sl B (u‘-ﬂ/“e\i“’ £ ) am FYV e (08 0 VETE 08) au TEAY Ll
s NS (B Iy <y < <y b WS T L 5 Sy Aladll g olae ApaS i il e
Al

[Ta 1080 ¥4 au YU ALl all Iy s Alebna i e il ) ITI ol Al o
|3‘5)J\uﬂwu&®@u\d)ué_wweudgluslj(um/ e\oMA ) pu YU Ee e (0l
Sy I a gl 8 ()ad/ Taave g ) s YYLY ¢ (O)ad/ ﬁ”'-"’)ﬁ““‘-”‘ axdll 5
Leaii i Sl o om0 dpansll Y dney ooy JS i LAl DY) a8 sl e
saill ensa S 3 N < Ny < N < Ny ol WS Ul

Al el e e Bl 5 Aol sl 3aa s Al 50l ¢ al) Y] 36l o
Al 5 ASlgtasal) oyl s 5] Al ol Lty Iy (5,1 Alebae ond ) gLV
) NG 36l o faaS AV 5 e faaS N EY VY €Y aill s g (sl Aldae nd il
g il dal) quﬁuwg%ﬂ\quuLAA\jW\ oluall Bas g Aualiy) el ¢
A ) ansge S (8 Np < Np < N3 < Nj o LS Leasi i 08 A g paal) clelisll e

) Aeb s lad fanS 3l J sane SIS )50 il (ssinay allisSas )52l Jsana o
33 ol e sl s s iy 128 [ aaS T (i g S el 5 1y ) Adalae Cans
e sl dpal) 330 50 3 (e ) Apal) ol Lai L 018/ aaS T i il el

_Q\AQ/Q?;S'MQM
/Pésjju\dwg;;wmﬁuu_k;i (N) s 5 asanll 5 (1) s CDllaa (g Jelill) o
(%)g_u‘)nu_.q‘)_sq_\n&)_m.“ J.\A).\“ 0p © u_;;euY\m“_‘Lu/P”;d\ dw‘u\m

.( | * N) u—%uﬂ‘ yandll 5 LsJ‘ qu\-u O Jeldily (gsina pe I uﬂd gl

1325



