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Abstract: 

In order to increase productivity in Egypt, we must be cultivate oil crops 

outside the Nile Valley to conduct the strategic goal to minimizing the gab be-

a tween oil production and its consumption. The field experiments were conducted 

::_ - in a sandy loam soil at Experimental Farm of the Agricultural Research Station, 

~ New valley Governorate during the winter seasons of 201112012 and 2012/2013. 

The objective of this investigates was aimed to study the productivity of two ca

nola genotypes under modem irrigation and fertigation systems which preferable 

as a new techniques in the newly reclaimed soils. The relationship among plant, 

soil and water are presented in the form of consumptive water (CU) and the wa

ter use efficiency (WUE) of two canola genotypes, fertigation levels and plant 

spacing under sprinkler and drip compared with surface irrigation systems. Re

sults revealed that tallest plants, No of primary racemes/plant, No of sili

quas/plant, seed index and consequently seed yield/plant (gm) were obtained un

der drip irrigation system compared with the other irrigation systems. Planting 

Serw 6 genotype under fertigation rate of 60, 30 and 36 kg/fed of N, P20 5 and 

K20, respectively with 10 em sowing space and one plant in hill must be recom

mended. The results indicated that highest water use efficiency (WUE) was ob

tained from sown Serow 6 genotype compared with the other genotypes. Drip 

irrigation system proved to be the best in decreasing consumptive use (CU) and 

consequently increased water use efficiency (WUE) compared to either sprinkler 

or surface irrigation systems. 

It could be recommended that soun of Canola Serow 6 genotype in hills 10 

em bet{v~en in rows 20 em abart one fertigation using 60, 30 and 36 g N,P205 

and K20, respectively during drip irrigation to maximize Canola productivity and 

increase water use efficiency under of soil condition ofNew Vally governorate. 

Received on: 21112/2013 Accepted for publication on: 12/1/2014 

Referees: Prof. El-Sayed M. M. Shalaby Prof. Aly A. Mohamed 



Mahmoudetal. 2014 

Introduction: 
Oil is consider as one of princi

pal food commodities related to 
Egyptian economic because the vast 
gab between locally oil production 
which reached 117 thousand ton and 
the consumption which reached 1.23 
million to annually in season 20 11 
F.A.O. (2011). This gab is improved 
from outside and consequently repre
sented big problem related to the 
country balance especially the foreign 
coins which reached 500 thousand $. 
Moreover, the agriculture soil which 
represented the old soils of the valley 
is less than 4% of total area in Egypt. 
These soil was grown with strategic 
crops such as cotton and wheat etc. 
while more than 96% of Egypt total 
area are desert soils. New soils are 
available for cultivation especially by 
Canola crop which grown success
fully in the newly reclaimed soils 
when fertilization and irrigation prob
lems will be solve. Drip irrigation 
system in desert improved plant 
height when compared with sprinkler 
one (Ali, 1999 and Ahmed, 2001 ). 
Highest irrigation frequency m
creased number of pnmary 
branches/plant, number of sili
quas/plant and seed yield. (Patel, 
1999). Ahmed (200 1) found that 
earliness 1uVsunflower wasn't affected 
significantly by irrigation systems, 
i.e. drip, sprinkler and surface. More
over, the drip irrigation system in de
sert land was favoured to seed index 
and oil yield compared with sprinkler 
one. El-Saidi et al. (1992) reported 
that seed oil content was increased 
with decreasing of water depletion. 
Patel (1999) and Quyyum et al. 
(1999) reported that application of 
nitrogen up to 120 kglha increased 
plant height. Regarding nitrogen fer
tilize N, Hassan & El-Hakeem (1996) 

reported that increasing N fertilizer 
rate up to 90 kglha increased height 
of 1g raceme significantly. Bali et al. 
(2000) stated that increasing P ratio 
up to 30 kglha increased this trait. 
Sharief and Keshta (2000) found that 
number of days to 50% flowering 
was increased significantly by in
creasing N ferilizer rate from 25 to 7 5 
kg N/fed. Cheema et a!. (200 1) 
showed that number of siliquas/plant, 
1 000-seed weight and seed yieldlha 
were increased by increasing N and P 
fertilizer up to 90 and 60 kglha of N 
and P, respectively. A significant in
crease in seed yield per plant was ob
tained when N applied at rate of 75 
kgN/fed. as demonstrated by Sharief 
and Keshta (2000). Brennan et al. 
(2000) concluded that increasing ofN 
fertilizer decreased seed oil content 
significantly. Canola yield and nutri
ent uptake are highly dependent on N 
fertility and peak seed yields occur 
with 120 to 180 kglha (Jackson, 
2000). Many researchers indicated 
that oil content of oilseed rape de
clined with increasing rate ofN fertil
izer that had positive effect on crude 
protein ( R athke et al . , 2005 ) , but 
Brennan et al., ( 2000 ) reported that 
high N rate did not always affect oil 
content. The effect of water stress on 
crop is a function of genotype, inten
sity and duration of stress, weather 
conditions and developmental stages 
of rapeseed (Robertson, et al., 2004). 
Seed yield potential of Brassica crops 
depends on the events occurring prior 
to and during flowering stage, while 
the reproductive period is most sus
ceptible to stress (Mendham et a!., 
1995). Masoud Sinaki et al., 2007) 
found that highest rapeseed yield re
duction was obtained when water 
stress occurred at flowering and then 
at pod developmental stages. More-
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over, seed yield reduction by short 
term water stresses during stem elon
gation, flowering and pod develop
ment were mostly associated with the 
reduction of pods per plant. Muham
mad et a/., 2007) found that highest 
seed yield was obtained with three 
times irrigation at early vegetative, 
flowering and seed fomiation. Under 
dry land conditions, soil moisture of
ten limits yield. Nitrogen only in
crease yield to the limits imposed by 
the moisture supply. Increased mois
ture supply increased the yield poten
tial of the crop and increased the 
amount of N required for optimum 
yield. 

The management of canola in 
Egypt particularly on desert land and 
in the new valley are scanty so far. 
Therefore, the need for precise irriga
tion management for canola in Egypt 
have been solicited. Thus, knowledge 
of consumptive use of water, 
evapotranspiration is necessary in 
arid and semi-arid irrigated areas of 
the world (Jensen et a/. 1990) and 
very essential for estimating water 
requirements (Doorenbos, and Pruitt 
1997). Numerous investigators em
phasized that environment and vege
tation properties are the most signifi
cant impacts on evaporative and tran
spiration processes which reflect up 
on the consumptive use or evapotran
spiration (Hassan, 1980 and Jensen et 
a/. (1990). Maximization of canola 
seed production per unit volume of 
irrigation water owing to the limita
tion of water resources through fmd
ing proper systems of irrigation and 
fertilization management such as a 
network of sprinkler and drip systems 
of irrigation. Concerning the con
sumptive water use and water use ef
ficiency of the grown canola crop, Ali 
(2002) indicated that the water use of 
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canola crop under drip irrigation in 
sandy soil were 1794.6 and 1794.3 
m3/fed. Which produced the maxi
mum seed and oil yield/fed. The sub
sequently water use efficiently re
corded, i.e. 1.07 and 1.10 in 
1999/2000 seasons, respectively. Drip 
irrigation in desert land reduced water 
consumptive use ( CU) when com
pared with sprinkler or surface irriga
tion for sunflower crop (Ahmed, 
2001). Moreover, Ali (1999) and 
Ahmed (200 1) showed that WUE for 
sunflower were increased by using 
drip irrigation as compared with 
sprinkler and surface irrigation. The 
highest value of water use efficiency 
(WUE) for seed production was ob
tained by the treatment of 25% from 
the allowable soil moisture depletion 
(ASMD) (El-Wakil et a/., 1992). 
Moreover, Dawood and Hamad 
(1995), Phene et a/. (1993) and Ah
med (200 1) reported that WUE sig
nificantly increased with drip irriga
tion when compared with sprinkler 
one. Ahmed et a/ (2007) . found that 
oil content increased significantly up 
to 20 kg S \ha but further increase in 
S level did not enhance oil content. 
Oil content responded negatively to 
the increasing N levels. Ahmed and 
Bahrani (2009), found that full irriga
tion and highest N level had the high
est plant height, number of branches 
per plant, seed and oil yield. How
ever, increased N levels decreased 
seed oil content and had no signifi
cant effect on 1 000- seed weight. 
Overall, supplying sufficient water to 
rapeseed crop, comparison with 225 
kg\ha Of N fertilizer are important to 
produce higher yields. 

Khosro et al., (2012) found that 
highest percentage of oil was ob
tained from farmyard manure and 
compost application and highest oil 
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yield belonged to combined applica
tion of chemical and organic fertilizer 
treatment. 

The present research was aimed 
to study the productivity of two ca
nola varieties by using new systems 
of irrigation and fertigation under 
New valley conditions. 
Materials and Methods: 

Three experiments were con
ducted during 201112012 and 
20112/2013 seasons. These experi
ments were subjected to surface, 
sprinkler and drip irrigation systefUS. 
Each experiment of each irrigation 
system included three variables the 
first include genotypes, fertigation 
and plant spacing with the drill sown. 
Two Canola genotypes Serw 6 (Local 
one released from oil crop Depart
ment in Agricultutre Research Center 
(A.R.C.) and Pactol (Introduced from 
France). The second include two lev
els of combined macronutrients stud
ied were 40, 15 and 24 (first) and 60, 
30 and 36 (second) of N, P20 5 and 
K20 kg/fed, respectively. This level 
was chosen because our hypothesis in 
this respect refers to the limitation of 
leaching expected by using new sys
tems of irrigation and the third in
clude four plant spacing was studied, 
i.e. 10 em within drill one plant in the 
hill, 10 em with drill two plants in the 
hill, 20 em within drill one plant in 
the hill and 20 em within drill two 
plants in the hill. 

The three studied variables were 
distributed randomized in four repli
cations through each experiment ac
cording to the importance of each 
variable in a split-split-plot design. 
Therefore, the varieties were allowed 
in the main plots, fertigation in sub-

plot and sowing plant spacing in the 
sub-sub-plots. Each plot was 1/200 of 
fed. The experiments were conducted 
in the New valley Agriculture Re
search Station, the soil is sandy loam. 
Physical and chemical properties of 
the represented soil samples were 
shown in Table 1. It should be noted 
that the experimental soil is supplying 
with a network of sprinkler and drip 
irrigation systems. These systems are 
connected with fertilizer tanks using 
the injection method of flowing the 
soluble nutrients added through the 
irrigation water of each fertigation 
system. The nutrients flowing 
through each system must be solved 
in the irrigation water before applica
tion. Therefore, the selected forms of 
macronutrients have to be soluble 
such as Ammonium Nitrate 33% N as 
a source of irrigation. Phosphoric 
acid 85% P20 5 as a source of Phos
phorus. Potassium sulfate 48% K20 
as a source of potassium. Each rate of 
nutrients applied was splitted into 8 
times. This splitting was done to di
lute the concentration of such com
pounds to avoid harmful effect of 
high concentration on leaves and 
roots of canola. The seeds of varieties 
were sown in hills 10 and 20 em 
within the drill, which was 7 m long 
and 50 em apart between drills, i.e. 
among lines with one and two plants 
were left per hill during thinning. 
Therefore, the theoretical population 
densities for plant spacings were 
studied was 168.000, 84.000, and 
84.000 plant/fed. for the spacings of 
10 and 20 em, respectively with one 
and two plants per each hill, respec
tively. 
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Table (1): Some physical and chemical properties of a representative soil 
sample used in the experimental site in New Valley Agricultural 
Research Station. 

Soil pH EC 
Soluble cations Soluble anions 

CaC03 meq/100 g soil meq/1002 soil depth 1:1 (l:lextract) 
% C03+ em suspention dsm -t ca+l Mg+l Na+1 K+t 

HCOJ Cl 

0-15 8.21 0.66 8.02 0.310.25 0.26 0.09 0.01 0.31 0.30 
15-30 8.33 0.71 8.00 0.30 0.22 0.070.10 0.04 0.32 0.30 
30-45 8.27 0.69 8.11 0.33 0.25 0.08 0.030.02 0.30 0.27 
45-60 8.31 0.71 8.25 0.20 0.28 0.25 
Soil Available nutrients Mechanical analysis % 

depth Ppm 
em N p K Sand 

0-15 160 3.48 110 66.3 , 
15-30 90 4.15 128.7 66.3 
30-45 88 3.58 111.6 64.7 
45-60 102 3.12 109.2 61.9 

Five guarded plants were taken 
from each plot to measure yield and 
yield components traits. These traits 
were number of days to 50% flower
ing, plant height, number of primary 
racemes/plant, number of sili
quas/plant, seed index (Average 
weight of 1 000-seeds, g) and seed 
yield/plant. 

Study the relationship between 
plant, soil and water including the 
following traits consumptive water 
( CU) and the water use efficiency 
(WUE) of studied varieties under 
sprinkler and drip compared with sur
face irrigation systems in the New 
Valley. The irrigation schedule was 
based on the flowing rate of each sys
tem/hour, i. e 30 m3/hour/fed in 
sprinkler irrigation system and 3 li
ter/hour for each dripper in the drip 
one. 
Calculation of CU and WUE: 

a-Water consumption use (CU): 
calculated by using the equation de
scribed by Israelsen and Hansen 
(1962) as follows: 
CU = (moisture % after irrigation -
moisture % before irrigation)/1 00] x 
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Soil texture 
Silt Clay 
28.0 5.7 
28.0 5.7 Sandy loam 
29.2 6.1 
30.4 7.7 

irrigation depth (0.6 m) x bulk den
sity (1.381 gm/cm3

) x cultivated area 
(one feddan). Samples of soils for 
each experiment and for each depth 
were taken every two days to calcu
late the evapotranspiration all over 
the growing season. 

b- Water use efficiency (WUE), 
calculated by using the formula de
scribed by Begg & Turner (1976) as 
follows: 
WUE = Seed yield in kg per feddan I 

Evapotranspiation m3 /fed. 
The mature canola plants for 

plot were harvested, and seed yield 
was weighed in kg/plot and trans
ferred into seed yield in kg/fed. 
Moreover, oil yield in kg/fed was cal
culated by the multiplication of oil 
percentage by seed yield in kg/fed. 
Also, 50 gm of air dried seeds repre
senting each replicate were ground 
into fine powder for determine the 
Crude oil content (%). It was esti
mated using Soxhlet apparatus and 
petroleum (60-80 b.p) ether as sol
vent according to A.O.A.C. (1995). 
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Statistical Analysis: 
Each experimental was sub

jected to analysis of variance for 
split- split plot design as described by 
Gomez and Gomez (1984 ). Means 
were compared by using L.S.D. at 5% 
level of probability. 
Results and Discussion: 
The main effect of the studied vari
ables. 
A. Growth traits : 

Means of plant height and num
ber of primary racemes/plant as af
fected by canola genotype are mani
fested in Table (2) Plant height and 
number of primary racemes/plant did 
not exert any sigpificant affect be
tween the studied canola genotypes. 
Number of primary racemes/plant 
tended to be reacted significantly to 
the genotypes studied in favour of 
Serw 6 under surface irrigation. This 
result is only true under surface irri
gation. El-Ghamary et al. (1992) in
dicated that the differences between 
cultivars in this respect were not sig
nificant. However, drip irrigation 
gave the tallest plants compared with 
the other irrigation systems. This may 
be due to the genotypic behavior in 
combination with the environmental 
conditions which may be suitable for 
Serw 6 variety more than Pactol one. 
Similar results in this respect were 
detected by Om Prakash et al. (2000). 
Regarding fertigation effect in this 
respect the data exhibited in Table (2) 
indicated that fertigation rates of 60, 
30 and 36 kg/fed. of N, P20 5 and 
K20, respectively produced signifi
cantly tallest plants when compared 
with the lower doses studied. This 
trend was achieved under all irriga
tion systems. This indicated that the 
recommended amount of nutrients 
favored growth of canola plants and 
consequently plant height at harvest. 

This trend is in general accordance 
with those obtained by Ahmed (200 1) 
and Kandil et al. (2001). The same 
trend was obtained in the number of 
primary racemes/plant except under 
sprinkler irrigation. This indicated 
that the second fertigation treatment 
favored this trait because this doses 
favored previously plant height as 
shown before. Similar tends in this 
respect were revealed by Ahmed 
(200 1) who found that the number of 
primary racemes/plant was increased 
significantly with increasing N and 
P20 5 fertilizers up to 60 and 30 
kg/fed of N and P, respectively. 
Moreover, the results Table (2) 
showed that spacing within drill af
fected significantly plant height and 
the number of primary racemes/plant 
under all irrigation systems except 
under drip irrigation in second year 
for latter one. The narrow spacing of 
10 em within drill produced the tall
est plants when compared with the 
wider ones especially under drip irri
gation. This is to be expected since 
the narrow spacing may cause highest 
competition among canola plants for 
light as well as nutrients and conse
quently plants tended to be directed 
towards the light. These results are in 
general harmony with those obtained 
by Buttar and Aulakh (1999). On the 
other hand, Mekki (1990) and Thakur 
(1999) reported that plant height was 
not affected significantly by plant 
density or spacing. The significantly 
wider spacing may be due to that 
wider spacing produced lower first 
primary raceme to the soil surface 
when compared with the narrow one 
as shown before. In addition to, low 
competition expected among canola 
wider spacing plants may cause the 
increase of number of primary ra
cemes/plant. Similar results in this 

' 
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respect were obtained by Thakur 
(1999). Results in Table (2) revealed 
that plant height tended to be reacted 
positively to irrigation system studied 
in favour of drip irrigation in the two 
growing seasons. This tend could be 
ascribed to that holding of soil mois
ture content in the root zone, which 
tended to be higher than field capac
ity (7 .4 by volume) in case of trickle 
irrigation as mentioned by Cho and 
Yamammoto (1973). This in tum en
couraged the growth of canola plants 
by using this system. 
B- Earliness trait: 

Results presented in Table (2) 
showed that irrigation system had a 
positive effect on the average inter
vals to 50% flowering under all irri
gation systems. Sprinkler irrigation 
system caused canola plants to reach 
50% flowering earlier than drip one. 
While, surface irrigation system 
caused to 50% flowering late when 
compared to the other systems. The 
present trend could be attributed to 
that canola plants subjected to sprin
kler irrigation system suffer from 
some water stress which may lead to 
the present results. As known that 
stress makes the plants grow earlier. 
However, the same trend was ob
served through the first season. These 
results contradict those obtained by 
Ali (1999) and Ahmed (2001). More
over, results in Table (2) showed 
marked differences in earliness char
acter among studied genotypes in the 
three irrigation systems. The results 
indicated that Serw 6 genotype was 
earlier than Pactol. This trend may be 
due to genotypic make-up in combi
nation with environmental conditions. 
The same trend was obtained by Om 
Prakash et al. (2000), Sharief and Ke
shta (2000), Ahmed (200 1) and Ali 
(2002). Whereas earliness characters 
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failed to react significantly to the dif
ferent fertigation rates studied under 
surface irrigation system. The present 
results are in harmony with that ob
tained by Ahmed (2001). On the con
trary, Sharief and Keshta (2000) 
noted that number of days from plant
ing to 50% flowering was increased 
by increasing nitrogen fertilizer ap
plied. Spacing within drill did not af
fect significantly earliness character 
as shown in Table (2) under sprinkler 
irrigation system. However, narrow 
spacing under surface irrigation in the 
contrary of drip irrigation caused 
earliness relatively with wider one. 
Such findings are in a good accor
dance with those stated by Mekki 
(1990). 
C- Yield and yield components : 

a. Number of siliquas/plant: 
Results presented in Table (3) 

showed that number of siliquas/plant 
tended to be reacted positively to irri
gation system studied in favour of 
drip irrigation compared with the 
other systems. This trend could be 
ascribed to that holding of soil mois
ture content in the root zone, which 
tended to be higher than field capac
ity (7.4) in case of trickle irrigation as 
mentioned by Cho and Yamammoto 
(1973). This, in tum, encouraged the 
growth of canola plants such as plant 
height and number of primary ra
cemes/plant as shown before and 
consequently increased number of 
siliquas/plant. Means of number of 
siliquas/plant seemed to be signifi
cantly different among the studied 
canola varieties. However, Serw 6 
surpassed Pactol genotype under drip 
irrigation system The present trend 
may be due to genotypic behavior in 
combination with the environmental 
conditions, which may be suitable for 
Serw 6 genotype more than Pactol 
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one. This caused increased in plant 
height and number of primary ra
cemes/plant of Serw 6 genotype led 
to an increase in number of sili
quas/plant. Such findings in this re
spect are in good accordance with 
those obtained by Raihana et al. 
(2000). On the other hand,, Ahmed 
(200 1) concluded that differences be
tween oilseed rape cultivars in num
ber of siliquas/plant were not signifi
cant. Regarding fertigation effect in 
this respect, the results exhibited in 
Table (3) revealed that fertigatiop. 
rates of 60, 30 and 36 kg/fed. of N, 
P20s and K20, respectively, produced 
significantly highest number of sili
quas/plant when compared with the 
lower doses studied. This indicated 
that the recommended amount of nu
trients favored plant height and num
ber of primary racemes/plant of ca
nola as shown before which in tum, 
increased number of siliquas/plant. 
Such findings are in the same line 
with those obtained by Om Prakash et 
al. (1999) and Qayyum et al. (1999). 
Concerning spacing within drill effect 
on number of siliquas/plant, results 
presented in Table (3) showed that 
narrow spacing produced highest 
number of siliquas/plant when com
pared with wider under all irrigation 
systems except under drip irrigation 
which the wider spacing produced 
highest number of siliquas/plant 
when compared with narrow one. The 
statistical analysis proved that these 
differences were significant. This 
trend is to except since the wider 
spacing produced highest number of 
primary and secondary racemes/plant 
when compared with narrow one. 
These, in tum increased number of 
siliquas/plant with wider spacing. 
These 
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Results confirmed the findings 
of earlier researchers (Arthamwar et 
al., (1996), Mobasser et al., (2008) 
and Siadat et a/.,(2010). Plant popula
tion of 80 plant m2 recorded signifi
cantly higher siliqua number per plant 
(86.70) as compared to 120 plant m2 

which caused lowest siliqua number 
per plant (73.68) as shoun in (Table 
1). Generally, lower population in
creased and higher population de
creased number of siliquae per plant. 
These findings are in agreement with 
those of McGregor (1987), Ali et al. 
(1996) and Cheema et al. (2001). Ni
trogen and plant density interaction 
showed that most siliqua /plant 
( 115 .6) was noticed in 200 kg ha-l 
nitrogen application rate and 80 plant 
m2 (Table 1 ). Similar results have 
been observed by Kazemeini et al. 
(20 1 0) on rapeseed in south of 
Iran. This trend is in a general agree
ment with those obtained by Buttar 
and Aulakh ( 1999) and Thakur 
(1999). 

b. Seed index : 
Mean of 1 000-seed weight as 

affected by canola varieties are 
shown in Table (3). 1000-seed weight 
exhibited to be non-significantly dif
ferent among studied canola varieties 
under all irrigation systems. Ahmed 
(200 1) pointed out that 1 000-seed 
weight was not reacted significantly 
to studied oilseed rape genotypes. 
Regarding fertigation effect in this 
respect, the results shown in Table (3) 
revealed that fertigation rates of 60, 
30 and 36 kg/fed ofN, P20 5 and K20, 
respectively produced heaviest 1000-
seed weight when compared with 
lower doses studied in the two grow
ing seasons. These differences were 
significant only under sprinkler and 
drip irrigation system. The recom
mended doses of fertilizers favored 
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canola plants growth as explained be
fore reflected 1 000-seed weight. The 
present trend is in harmony with 
those stated by Om Prakash et a/. 
( 1999) and Sharief and Keshta 
(2000). Also, results in Table (3) re
vealed that spacing within drill af
fected significantly seed index in the 
all irrigation systems in favour of 
wider spacing specially under drip 
irrigation. This trend may be due to 
that wider spacing may lead to less 
competition among canola plants for 
light as well as nutrients and conse
quently increased amount of metabo
lites, which contributed in heavy seed 
weight. The obtained results are in 
harmony with those reported by Tha
kur (1999). 

c. Seed yield/plant (g). 
The results in Table (3) stated 

that seed yield/plant tended to be re
acted significantly to studied canola 
genotypes. However, Serw 6 variety 
surpassed Pactol one in under all irri
gation systems. This trend is to be 
expected since Serw 6 genotype sur
passed Pactol one in each of plant 
height and number of primary ra
cemes/ plant, number of siliquas/plant 
and 1 000-seed weight as indicated 
before. These, in tum, increased seed 
yield/plant for Serw 6 genotype more 
Pactol one. Similar results in this re
spect were obtained by Sharief and 
Keshta (2000). 

It is clear from results pre
sented in Table (3) that fertigation 
had a significant influence on seed 
yield/plant in both seasons only under 
drip irrigation system in favour of the 
second level of nutrients, i.e. 60, 30 
and 36 kg/fed of N, P20 5 and K20, 
respectively. This may be due to that 
the highly doses of nutrients in
creased each of plant height, number 
of primary racemes/plant, number of 
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siliquas/plant and 1 000-seed weight 
as illustrated before and consequently 
increased seed yield/plant. The pre
sent results are confirmed with those 
obtained by Ahmed (200 1 ). Spacing 
within drill had a pronounced signifi
cant effect in this respect under all 
irrigation systems of study in favour 
of wider spacing as recorded in Table 
(3 ). The present results are logic since 
wider spacing enhanced each of 
number of primary racemes/plant, 
number of siliquas/plant and 1 GOO
seed weight as explained before. 
Such findings are in a good line with 
those obtained by Buttar and Aulakh 
(1999). Y ousaf and Ahmad (2002), 
Danesh -shahraki et a/. (2008) and 
Kazemeini et a/. (20 1 0). They found 
higher seed yield of rapeseed at 
higher levels of both nitrogen and 
plant density. 
The first order interactions: 

Regarding the interactions in
volved in plant height, the results in 
Table (4) showed that the interaction 
of genotype X Fertigation .did not ex
cert any significant effect on plant 
height under the irrigation systems 
except sprinkler irrigation. The 
maximum value (204.2 em) was ob
tained under drip irrigation for Serw 
6 with fertigation rates of 60, 30 and 
36 kg/fed. of N, P20 5 and K20, re
spectively. Also, the interaction of 
variety X spacing has the same trend 
as aforementioned. The presented re
sults in Table (4) revealed that tallest 
plants for Serw 6 and Pactol were ob
tained under narrow spacing (10 em) 
under all irrigation systems. The ob
tained results revealed that tallest 
plants (200.7 em) was obtained under 
drip irrigation with fertigation rates of 
60, 30 and 36 kg/fed. of N, P20 5 and 
K20 3 respectively under narrow spac
ing (10 em, 2 plant/hill).Regarding 



Mahmoud et al. 2014 

this interactions on number of pri
mary racemes/plant seemed to be sig
nificant for both varieties with ferti
gation rates of 60, 30 and 36 kg/fed 
ofN, P20 5 and K20, respectively and 
narrow spacing ( 10 em, 2 plants) for 
Pactol and ( 10 em, 1 plant for serw 6). 
Regarding the interactions . involved 
in this respect (Table 4) showed that 
the interaction of genotype X Fertiga
tion tended to be significant in the 
two growing seasons of study. The 
results showed that Serw 6 surpassed 
Pactol in this response to the recom
mended doses of nutrients especially 
under both sprinkler and drip irriga
tion system. Concerning the interac
tion of genotype X spacing which 
proved to be significant in the two 
growing seasons. The results revealed 
that Serw 6 variety surpassed Pactol 
as rate of response to wider spacing. 
The interaction of fertigation X spac
ing tended to be significant in the two 
growing seasons. Results showed that 
wider spacing surpassed the narrow 
one in the response to the low doses 
of nutrients. Regarding the interac
tions involved on No of siliquas/plant 
(Table 5) showed that the interaction 
of genotype X Fertigation gave 
maximum number/plants (1 051.2) for 
Serw 6 with the second fertigation 
ratio under drip irrigation system. 
While, genotype X spacing for Serw 
6 with 10 em spacing with 1 
plant/hill and for Pactol with 10 em 
spacing with 2 plant/hill gave the 
maximum number/plant (1061.6and 
1145.0), respectively. Also, fertiga
tion X spacing seemed to be signifi
cant for both varieties with fertigation 
rates of 60, 30 and 36 kg/fed of N, 
P205 and K20, respectively and nar
row spacing. The same trend was ob
tained to some extend under sprinkler 
and drip irrigation system. Regarding 

the interactions involved on seed in
dex results in (Table 5) showed that 
the interaction of genotype X Fertiga
tion seemed to be not significant ex
cept under all irrigation systems for 
seed index. While, genotype X spac
ing for Serw 6 with 10 em spacing 
with 1 plant/hill and for Pactol with 
10 em spacing with 2 plant/hill. The 
interaction among fertigation X spac
ing were significant under drip irriga
tion and seemed to be significant for 
both fertigation rates. Regarding the 
interactions involved on seed yield/ 
plant, the results in Table (5) showed 
that the interaction of genotype X 
Fertigation, genotype X spacing ferti
gation X spacing seemed to be not 
significant for both seasons except 
under drip irrigation system. Such 
findings are in a good line with those 
obtained by Ahmadi and Bahrani 
(2009) found that the interaction be
tween N levels and water stress 
treatments showed that full irrigation 
and 225 kglha N application had the 
highest seed yield, pods per plant 
and 1 000-seed weight. Diepenbrock 
(2000) suggested that duration of 
growth is crucial for enhancing bio
mass and seed yield. Daneshmand et 
al. (2009) suggested that at water 
stressed conditions, those rapeseed 
cultivars which were able to maintain 
their relative water content at high 
levels had higher seed yield. Increase 
N application significantly increased 
seed yield, mainly due to an increase 
the number for pods per plant and 
seeds per pod Buttar et al (2006) and 
Diepenbrock (2000). Yousaf and 
Ahmad (2002), Danesh -Shahraki et 
al. (2008) and Kazemeini et al. 
(20 1 0), they found higher seed yield 
of rapeseed at higher levels of both 
nitrogen and plant density. 

' 
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The second interaction order: 
The second interaction order be

tween varieties, fertigation and plant 
spacing on plant height (Table 6) the 
results showed that plant height was 
significantly affected under sprinkler 
and drip irrigation. In for Serw 6 
were (162.5,182.4,cm) and for Pactol 
(166.0,186.5,cm) in first and second 
seasons, respectively While, under 
drip irrigation for serw 6 were (191.0, 
210.9,cm) and for Pactol genotype 
were (183.3, 206.0,cm) in the first 
and second seasons, respectively. 
These findings were true under' the 
second level of fertigation (60, 30 and 
36 kg/fed of N, P20 5 and K20, re
spectively) with ·narrow plant spacing 
(10 em, 2 plant in hill). In this re
spect, No of primary racemes/plant 
has no significant effect under all ir
rigation systems. Earliness trait (50% 
flowering) seemed to be significant 
under surface and drip irrigation sys
tems. The obtained results in Table 
(7) indicated that both genotypes 
gave highest No. of siliquas/plant un
der the second level of fertigation 
(60, 30 and 36 kg/fed of N, P20 5 and 
K20, respectively) with narrow plant 
spacing. Seed index has no trend in 
the contrary of seed yield/plant which 
tended to be significant under all irri
gation systems. Al-Kaisi and Yin 
(2003) reported that the interaction 
between irrigation and N on seed 
yield of com was significant and var
ied by year and also seed yield re
sponse to N levels was affected by 
irrigation and year. Y ousaf and 
Ahmad (2002), Danesh -Shahraki et 
al. (2008) and Kazemeini et al. 
(20 1 0) and they found higher seed 
yield of rapeseed at higher levels of 
both nitrogen and plant density. 
Seed and oil yields/fed : 
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Regarding genotype perform
ance in this respect, results recorded 
in Table (8) showed that seed 
yield/fed tended to be reacted signifi
cantly to genotypes studied under all 
irrigation systems in favour of Serw 6 
genotype. Maximum seed yield/fed 
(1702.3 kg/fed) was obtained for 
Serw 6 under drip irrigation system. 
The present trend is in a general ac
cordance with those obtained by Rai
hana et al. (2000) and Kandil (200 1 ). 

The results obtained in Table (8) 
emphasized clearly that highly rec
ommended doses of nutrients signifi
cantly favored average seed yield/fed 
under all irrigation systems as com
pared with low doses in the two 
growing seasons. This is to be ex
pected since the highly doses of nu
trients enhanced each of plant height, 
number of primary and secondary ra
cemes/plant, number of siliquas/plant, 
1 000-seed weight and seed 
yield/plant as illustrated before which 
consequently contributed in the in
crease of seed yield/fed. Similar re
sults were detected by Cheeema et al. 
(200 1) and Kandil eta!. (200 1 ). 

Results in Table (8) revealed 
that seed yield/fed react significantly 
to plant spacing within drill in the dif
ferent irrigation systems. 

Concerning genotype perform
ance in seed oil content, the results 
presented in Table (3) revealed that 
different varieties studied did not af
fect significantly canola seed oil con
tent under drip irrigation. Mean
swhile, this trend was significantly 
affected in favour with Serw 6 geno
type under both surface and sprinkler 
irrigations. Such findings are agree
ment with those declared by Ahmed 
(200 1) and Ali (2002). Results in Ta
ble (8) stated that fertigation rates af
fected significantly canola seed oil 
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percentage in favour of higher doses 
of nutrients, i.e. 60, 30 and 36 kg/fed 
of N, P20 5 and K20, respectively. 
The present trend is due to the fact 
which proved that positive correlation 
is existed between nitrogen rate and 
amino acids which, in turn, increase 
protein content as shown in Table (8). 
This may be on the account of seed 
oil percentage. The same trend was 
detected by Cheema et al. (2001). 

Regarding plant spacing within 
drill effect in this respect, the data 
exhibited in Table (8) proved th~t 
plant spacing within drill did not af
fect significantly canola seed oil con
tent under surface ·irrigation systems. 
However, canola seed oil varied 
slightly between the two spacing 
studied in favour of wider one. Such 
findings are in a good line with those 
obtained by Hassan and El-Hakeem 
(1996) who found that seed content 
of oilseed rape was increased signifi
cantly by increasing plant density. 

Oil yield/fed was significantly 
affected with canola genotype in fa
vour to Serw 6 in both growing sea
sons and under all irrigation sys
tems.The same trend was obtained 
under the highly doses of fertigation 
rates except under surface irrigation 
system. Results reported that plant 
spacing within drill affect signifi
cantly canola seed oil yield/fed under 
all irrigation systems. Regarding the 
interactions involved on seed 
yield/fed, the results in Table (9) 
showed that the first order interaction 
of genotype X Fertigation gave 
maximium seed yield/fed (1420.8) for 
Serw 6 with the second fertigation 
ratio. While, genotype X spacing for 
Serw 6 with 1 0 em spacing 1 
plant/hill and for Pactol with 10 em 
spacing 2 plant/hill were significant 
with fertigation rates of 60, 30 and 36 

1,., 

kg/fed of N, P20 5 and K20, respec
tively. The interaction among fertiga
tion X plant spacing. seemed to be 
significant for both genotypes with 
fertigation rates of 60, 30 and 36 
kg/fed of N, P20 5 and K20, respec
tively and narrow spacing. Regarding 
the interactions involved seed oil con
tent, the results in Table (10) showed 
that the first order interaction of 
genotype X Fertigation, variety X 
spacing, and fertigation X spacing. 
seemed to be significant for both va
rieties with fertigation rates of 60, 30 
and 36 kg/fed of N, P20 5 and K20, 
respectively and narrow spacing 
.Ahmed et al (2007) found that the 
nitrogen x Sulfur interaction values 
indicated that oil content was higher 
when nitrogen and Sulfur were ap
plied in combination at the rate of 40 
kg nitrogen /ha and 20 kg Sulfur !ha, 
respectively. It has been reported by 
several researches that combined ap
plication of S and N enhances the oil 
and protein contents of the seeds of 
Brassica genotypes. The excessive 
nitrogen in soil, as a nutrient material, 
generates harmful materials in seed 
oil and causes its difficult extraction 
(Karimian kelishadrokhi et a/.2009). 
Presence of N compounds in seed oil 
complicates the procedure of oil ex
traction and increases the amount of 
undesirable materials such as glu
cosinolates Zangani, (2002). Zhao et 
al. (2006) and Omirou et al. (2009) 
concluded that glucosinolate content 
increased with the increasing rate of 
N. Highest oil content in N2 (60,30 
and 36) treatment comparing to other 
nitrogen levels might be due to de
creasing the amount of N-compounds 
in the seed oil. Seyyed et al. (2013) 
stated that there was significant dif
ference between different levels of 
nitrogen about grain oil and protein 

.• ...._ 
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percentages in 1% level, Highest and 
lowest percentages of grain oil, were 
obtained from 0 and 240 Kg nitrogen 
treatments. 
Effect of variety, fertigation and 
spacing on CU and WUE: 

Results presented in Table (11) 
explained that studied genotypes did 
not exert any significant effect under 
all irrigation systems on consumptive 
use ( CU) except the second growing 
seasons under surface and drip irriga
tion. The highly CU values were ob
tained for Pactol compared with Serw 

' 6 genotype. Serw 6 may decrease the 
evaporation rate and consequently 
decreased ET .or CU of such geno
type. This may be due to the different 
genotypic among genotypes studied 
which led to different growth attrib
utes (El-Wakil et al., 1992) or my be 
due to plant density (Kramer and 
Boyer, 1995) which means that 
evaporation from the soil usually de
creases as stand density increases. 

The effect of different genotype 
on WUE, results showed that studied 
genotypes significantly affected water 
use efficiency in the two growing 
seasons. Sere. 6 genotype surpassed 
Pactol one in this respect. This could 
be explained that maximium seed 
yield/fed and lower consumptive use 
obtained by using Serw 6 genotype as 
indicated before which consequently 
raised water use efficiency (WUE). 
The same trend was obtained by 
Sharma and Arvind (1991) and El
Wakil et al. (1992) 

Results demonstrated in Table 
(11) denoted that fertigation rates af
fected significantly consumptive and 
water use efficiency in favour of the 
recommended doses of nutrients in 
the two growing seasons produced 
highest seed yield/fed and the lowest 
amount of water consumptive use 
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when compared with the lower one. 
These, in tum, increased water use 
efficiency. This finding was in har
mony with those mentioned by Ka
tole and Sharma ( 1991) and Rana et 
al. (1991). 

Regarding spacing within drill, 
the obtained results showed that plant 
spacing within drill significantly af
fected this trait through the two grow
ing seasons under all irrigation. Nar
row hill spacing gave the minimum 
values of consumptive use CU and 
consequently gave maximum water 
use efficiency WUE. This results are 
in agreement with 

Rana et al. (1991) stated that 
water use efficiency was increased 
with increasing plant density except 
the second season under surface irri
gation. 
Effect of the first order interaction 
of variety, fertigation and spacing 
on consumptive use (CU) and water 
use efficiency (WUE): 

Results in Table (12) clearly 
that the interaction of genotype X 
Fertigation did not exert any signifi
cant affect on CU and WUE except 
on WUE in the first growing season 
under all irrigation systems. The 
highly WUE values were obtained by 
using the second level of fertigation 
under both canola genotypes. The 
maximum water use efficiency values 
(WUE) were obtained for Serw 6 
genotype with the second level of fer
tigation. This results are true in both 
growing seasons under all irrigation 
systems. The interaction of genotype 
X spacing turned to be significant 
only under sprinkler irrigation for 
both CU and \VUE. Results showed 
that CU values under wider hill spac
ing were high compared with the val
ues under the narrow one. This hill is 
true under both varieties genotypes. 
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In the contrary of, WUE under nar
row hill spacing was significantly af
fected compared with the wider one. 
The interaction of fertigation X spac
ing revealed that WUE significantly 
affected under both sprinkler and drip 
irrigation systems. The highly WUE 
values were obtained under the first 
and second level of fertigation with 
narrow hill spacing. This results are 
in agreement with Zohreh Ansar et al. 
(2013) all estimated Ncriticals) for all 
irrigation levels were higher than the 
current recommendation of 130 kg N 
ha-l. This show the capability of in
creasing canola genotypes yield in 
study region by reasonable increasing 
of fertilizer rate (decreasing gap be
tween recommended N rate and esti
mated values) in advisable irrigation 
regime (12). Cultivars tended to re
spond similarly to irrigation and ni
trogen for seed yield, but Talayh was 
more efficient than Sarigol in respect 
to response to diverse treatments. 
Effect of the second order interac
tion of variety, fertigation and 
spacing on CU and WUE: 

Results in Table (13) clearly in
dicated that the second order interac
tion had no significant effect in con
sumptive use under all irrigation sys
tems under study. Meanswhile, water 
use efficiency (WUE) under sprinkler 
irrigation system tended to be signifi
cant compared to drip or either sur
face irrigation. The obtained results 
showed that cultivation of Serw 6 in 
narrow hill spacing fertigated with 
the second level of nutrients (60, 30 
and 36 from N, P20 5 and K20 kg/fed) 
gave the highest water use efficiency 
(WUE) when compared with the 
other interactions. This results are in 
agreement with Zohreh Ansar et a!. 
(2013) all estimated Ncriticals) for all 
irrigation levels were higher than the 
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current recommendation of 130 kg N 
ha-l. This show the capability of in
creasing canola cultivars yield in 
study region by reasonable increasing 
of fertilizer rate (decreasing gap be
tween recommended N rate and esti
mated values) in advisable irrigation 
regime (12). Cultivars tended to re
spond similarly to irrigation and ni
trogen for seed yield, but Talayh was 
more efficient than Sarigol in respect 
to response to diverse treatments. 
Zhang et al. (2004) have reported 
WUE values that are higher under 
deficit than adequate irrigation, espe
cially when irrigation is applied to 
critical stages of plant development. 
Lower WUE with increasing irriga
tion interval more than 70 mm. MAD 
could be due to the decrease in seed 
yield with increasing the drought pe
riod. 

Mandai and Sinha, (2004) re
ported that the increase in root bio
mass, length and volume. Thus, nu
trient application positively influ
enced the WUE. The greater increase 
in seed yield in N2, N3 and N4 over 
Nl and relatively less increase of the 
corresponding ET have evidently re
sulted in significantly higher WUE 
with the treatment of 70 mm MAD, 
particularly in the case of application 
the highest N rate (270 kg N ha-l). 
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Table 2: Effect of irrigation systems, varietis, fertigation and spacing on growth and earliness traits of Canola, 201112012 and 
2012/2013 seasons. 

-
Agronomic traits Earliness traits 

r--
Plant height (em) No. of primary racemes/plant 50% flowering 

-
Treatments su SP Dr su SP Dr su SP Dr 

---=~----Yl Y2 Yl Y2 Yl Y2 Yl Y2 Yl ¥2 Yl ¥2 Yl ¥2 Yl ¥2 Yl Y2 
Variety 

Serw6 133.9 143.1 154.1 174.7 177.5 196.6 8.4 8.0 6.8 7.7 13.5 14.9 102.8 103.8 79.2 80.8 86.9 85.4 

Pactol 132.8 141.7 154.6 174.9 170.6 191.8 7.6 7.7 6.6 7.8 14.1 15.9 104.3 109.3 78.3 79.9 93.2 93.1 
F. value NS NS NS NS NS NS ** * NS NS NS NS ** ** * * * ** 

--I-· 
Fertigation 

"' 
40,15,24 130.8 141.2 149.7 170.1 168.9 187.8 7.8 7.7 6.6 7.7 13.5 15.3 103.6 104.6 78.5 79.9 88.3 88.1 

60,30,36 135.9 143.7 158.4 179.3 179.2 200.5 8.2 8.0 6.8 7.9 14.1 15.6 103.4 104.5 79.0 80.9 91.8 90.4 
F. value ** * ** ** ** ** * * NS NS * * NS NS * * * ** 
Spacing 

10 em I pi 135.8 144.7 157.6 178.1 173.9 194.3 7.8 7.8 6.5 7.4 13.5 15.1 102.2 103.6 78.5 79.8 91.8 89.6 
10 em 2 pl 142.2 150.8 160.3 180.6 181.2 199.7 6.9 6.8 6.0 7.2 13.3 15.3 103.3 104.3 78.5 80.1 89.6 88.9 

20 em I pi 122.6 131.9 147.7 168.1 168.1 189.3 9.2 8.7 7.6 8.5 14.8 16.2 104.5 105.6 79.3 81.8 91.6 88.1 

20 cm2 pi 132.7 148.3 150.6 172.3 172.9 193.6 8.1 8.2 6.8 8.1 13.6 15.1 103.8 104.7 78.7 80.3 87.4 90.3 

-

f---
F. value ** ** ** ** ** * ** ** ** ** ** NS * ** NS NS * ---~ 

L.S.D. 0.05 4.3 4.9 

Su. : surface irrigation 
Sp. : Sprinkler irrigation 
Dr :Drip irrigation. 

•••••••••••• '(,. :1,--'l. 

2.2 2.3 5.6 6.5 0.5 
-· .. 

1 0 em 1 plant/hill 
1 0 em 2 plant/hill 
20 em 1 plant/hill 
20 em 2 plant/hill 

0.6 0.2 0.4 0.5 0.5 0.6 -

Y1: growing season 201112012 
Y2: growing season 2012/2013 

- 0.6 0.9 
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Table 3: Effect of irrigation systems, varietis, fertigation and spacing on yield components of Canola, 2011/2012 and 2012/2013 
seasons. 

"--· 

Treatments -- su -· 
Yl Y2 

Varity 
Serw6 717.2 725.6 
Pactol 765.2 765.5 
F. value NS NS ---
Fertigation 
40,15,24 667.6 666.8 
60,30,36 814.9 824.3 
F. value ** ** 
Spacing 

r-· 

10 em 1 pi 858.3 866.1 
10 cm2 pi 840.5 802.2 
20 em 1 pl 590.7 616.2 
20 cm2 pl 675.3 697.7 
F. value ** ** 
L.S.D. 0.05 11.9 17.6 

Su. : surface irrigation 
Sp. : Sprinkler irrigation 
Dr : Drip irrigation. 

No. of siliquas/plant 
SP Dr 

Yl Y2 Yl Y2 Yl 

420.7 431.9 951.6 976.4 3.1 
397.7 408.1 864.4 912.1 3.0 

NS NS * ** NS 

385.6 396.5 837.5 865.7 3.0 
432.8 443.6 978.5 1022.9 3.2 

** ** ** ** NS 

443.8 455.3 964.5 994.3 3.2 
443.7 454.3 742.4 807.9 3.2 
370.4 381.2 1064.0 1088.5 3.0 
379.1 389.5 

** ** 
18.9 18.9 

861.1 886.9 3.1 
** ** ** 

67.0 12.2 0.1 

10 em 1 plant/hill 
10 em 2 plant/hill 
20 em 1 plant/hill 
20 em 2 plant/hill 

su 
Y2 

3.7 
3.8 
NS 

3.7 
3.8 
NS 

3.8 
3.8 
3.7 
3.8 
* 

0.1 

Yield com_l)onents 
Seed Index 

SP 
Yl Y2 Yl 

3.3 3.3 3.5 
3.2 3.3 3.5 
NS NS NS 

3.1 3.2 3.3 
3.3 3.4 3.7 
** ** ** 

3.2 3.3 3.4 
3.1 3.4 3.5 
3.5 3.2 3.5 
3.2 3.4 3.4 
** ** * 
0.1 0.1 0.1 

Seed yield/plant (!,!m) 
-Dr su SP 

Y2 Yl Y2 Yl 

3.6 28.8 28.7 27.7 
3.7 21.8 22.7 25.8 
NS ** ** * 

3.4 24.8 25.2 26.5 
3.9 25.9 26.2 27.0 
** NS NS NS 

3.4 23.1 24.1 25.5 
3.8 21.4 22.7 24.1 
3.5 30.0 28.5 30.3 
3.8 26.8 27.4 27.2 

* ** ** ** 
0.1 1.5 1.2 1.2 

Yl: growing season 201112012 
Y2: growing season 2012/2013 

" \f .. 

Y2 

28.8 
27.0 
** 

27.5 
28.2 
NS 

26.7 
25.5 
31.0 
28.3 

* 
1.4 

Dr 
Yl Y2 

38.3 37.7 
34.7 36.6 

* * 

33.9 35.5 
39.1 38.8 

* * 

36.6 36.8 
34.5 34.0 
39.2 40.5 
35.7 37.6 
** * 
2.1 4.3 
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