
Journal of Applied Sciences Research 2(6): 301-305, 2006
© 2006, INSInet Publication

Corresponding Author: A.M. Gomaa, Agricultural Microbiology, National Research Centre, Cairo , Egypt.

301

Performance of Prickly Oil Lettuce Biofertilized with Pseudomonas under
Two Levels of Both Nitrogen Fertilization and Plant Density

1A.M. Gomaa, 2S.F. Hamed and 3M.K.A. Ahmed
 

1Agricultural Microbiology, 2Fats and Oils, 3Field Crops Research Departments,
National Research Centre, Cairo , Egypt.

Abstract: A field trial was implemented during the two growing successive seasons of 2002/2003 and
2003/2004 at the Agricultural Experimental Station of National Research Centre to look for an integrated
fertilization regime suitable for prickly oil lettuce. The proposed scheme of work is comprising of
biofertilization with Pseudomonas fluorescence, two levels  of nitrogen fertilization and/or two rates of plant
density. Both branches number and length of seeds area was not affected by the plant density per feddan, while
significant differences in favor of the low plant density were recorded for plant height, seed yield per plant
straw yield, biological yield and seed index. The high plant density significantly overcame the low one for seed
yield per feddan. Biofertilization induced matchable results to the nitrogen fertilization for the majority of test
growth and yield parameters. The comparison was in favor of the application of 40 unit of nitrogen per feddan
than 20 unit. The treatment of high plant density biofertilized with Pseudomonas in the presence of 40 unit of
nitrogen recorded the highest significant values of each of straw yield, biological yield and seed index, while
the increase in seed yield (kg/fed.) was not significant in comparison with the other treatments. Inclusion of
Pseudomonas to the various treatments increased oil yield (kg/fed.) and reduced the peroxide value. The oil
content of prickly oil lettuce ranged from 39.80 to 41.42 % being the highest with the biofertilized treatment.
The total saturated fatty acids ranged from 9.6 % to 12.0 % while the unsaturated fatty acids ranged between
87.69 % and 90.40% irrespective of the applied treatments.

Key words : Prickly oil lettuce, biofertilization, Pseudomonas fluorescence, nitrogen levels, plant density, oil
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INTRODUCTION

Prickly  oil  lettuce  (Lactuca  scarula  L.)   is   a
winter  oil  crop newly introduced to Egypt but has a
bright  future  and  hopefully  contributes  in  reducing oil
deficiency  gap.  It  has  been  cultivated in Upper Egypt
by  intercropping  with  another  crops but it may be a
good   idea   to   increase  its  cultivated  area  in  the
newly   reclaimed  lands  whether  in  the  South  Valley
or  in  the  New  Valley  regions.  At  the  time  being, it
is   not  enough  to  increase  the  plant productivity but
also  the  yield  quality  should  be  taken into
consideration to get healthy crops for human
consumption.  So,  an integrated fertilization system of
biofertilizers  and  reduced  doses of mineral fertilizers
should  be  adapted  to  meet  the fertilization
requirements  of  the  economic agricultural. Where
prickly  oil  lettuce  is  a  newly  introduced  crop  in to
the agricultural cycle in Egypt, the present work was
designed in search of the most proper treatment to get
high yield of good characters. So, the impact of
biofertilizer (Pseudomonas fluorescence) in the presence
of two levels  of the nitrogen fertilizer together with two

rates of plant density on growth, yield and seed oil content
and quality was studied.

MATERIALS AND METHODS

A field trial was implemented during the two
successive seasons of 2002/2003 and 2003/2004 to look
for an integrated fertilization regime composed of
nitrogen fertilization , biofertilization in the presence of
the usual doses of phosphorus and potassium. Seeds of
prickly oil lettuce that obtained from the upper Egypt
(Esna region) as a local variety were sown in November
20th for both seasons in the nursery at the Experimental
Station of the National Research centre located in
Qalubeya Governorate, Egypt. A boosted dose of mineral
fertilizers (NPK) was applied once in the nursery during
soil preparation. After 40 days the homogenous seedlings
were transplanted (20 cm apart) to give plant density
17500 or 3500 plant/fed. (According to either one side or
both sides of the ridges that were cultivated). The
experimental soil texture was clay loam of the following
characteristics: pH, 8; total nitrogen, 115 mg/100g;
available  P  and  K,  2  and 20 mg/100g; organic matter,
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0.4 mg/100g; total microbial count, 6.8x107 CFU/g;
actionomycetes, 4.7x104 CFU/g and fungi, 2.3x104

CFU/g. According to the respective treatment,
biofertilization was applied during the transplanting
process with a liquid culture of Pseudomonas
fluorescence containing 6.2x107 cell/ml at the rate of
40L/fed[ 2 ] that applied directly to the soil. Calcium
superphosphate (15.5% P2O5) was applied during soil
preparation at the rate of 50 kg/fed. while ammonium
nitrate (33.5%N) was applied in two different rates i.e., 20
or 40 unit/fed. The nitrogen fertilizer was divided into two
equal portions, the first was added after three weeks of
transplanting and the second was applied after another
three weeks. Potassium sulfate (48 % k2O) that applied at
the rate of 50kg/fed. was divided into two equal doses
added in the same dates of N-fertilizer doses. At harvest
stage, fifteen guarded plants were picked up randomly
form the two inner ridges of each plot of the four
replicates for determining the various measurements i.e.
plant height, length of seeds area, branches number/plant,
seed yield, straw yield, biological yield, seed index and
seed oil content and its characteristics. For oil extraction,
seeds were dried and milled in an electric miller and then
extracted by soxhelt under reflux using hexane as a
solvent. Acid value, iodine value and peroxide value of
the oil were determined according to the analytical
methods described in Official and Tentative Methods[7].
Fatty acids were dried over anhydrous sodium sulfate,
filtered and analyzed using a Hewlett Packard 6890 gas
chromatograph (Hewlett-Packard, Waldbronn, Germany)
equipped with a flame ionization detector (FID).
Recording the chromatogram was performed with a HP-
Chemstation for GC systems (Software G 2970 AA,
version A. 0402).

The combined statistical analysis was performed
according to Snedecor and Cochran[8]  where the results of
the two growing seasons had the similar. Means of the
various treatments were compared by L.S.D. test at 5%
significance level. Simple correlation coefficient for all
possible combinations between plant grain yield and yield
attributes and characters was practiced according to Neter
and Waserman[6]. 

RESULTS AND DISCUSSIONS

The various comparisons either between both plant
densities, biofertilizers and nitrogen fertilizers or between
both nitrogen levels are presented in Table (1). For plant
density, it was found that each of the number of branches
and length of seeds area was not affected by the plant
density per feddan. On the other hand, significant
differences were recorded regarding plant height, seed
yield (g/plant), straw yield (g/plant), biological yield
(g/plant) and seed index where the comparison was in the
favor of the low density. Contrarily, the high density

significantly over came the low one for seed yield
(kg/fed.) parameters. No significant differences were
recorded between the biofertilizer Pseudomonas
fluorescence and the nitrogen fertilization for each of
plant height, seeds area's length and the number of
branches per plant. On the contrary, biofertilization
induced significant differences in comparison with the
nitrogen fertilization regarding seed yield (g/plant and
kg/fed.), straw yield and biological yield  (g/plant ) and
seed index (g). Further, Table (1) also indicates that no
significant differences between both applied nitrogen
levels  were recorded for each of the branches number per
plant and length of seeds area parameters. On the other
side, the high levels  of nitrogen (40 kg/fed.) surpassed the
low one (20 kg/fed.) for the rest of tested parameters. 

Table(2) shows the dual interaction either among
plant density and mineral or bio-fertilizers, plant density
and nitrogen levels  as well as nitrogen levels  and the
biofertilizer. Except the length of seeds area, no
significant differences were recorded between the various
dual interaction treatments among plant density and
nitrogen or bio-fertilizer for the rest studied parameter. It
is worthy to mention that the comparison in the favor of
the treatment that consisted of low plant density and the
biofertilizer Pseudomonas fluorescence that significantly
overcame the other treatments. Concerning the dual
interaction among plant density and nitrogen level, the
significant variations were found for each of the length of
seeds area, seed yield (g/plant and seed yield (kg/fed.)
where the plants of low density treated with 40 kg/N/fed.
Significantly outmatched the other treatments, while
significance in seed yield (kg/fed.) was registered with the
t reatment of high plant density biofertilized with
Pseudomonas fluorescence. With the exception of seed
index (g) parameters, similar results were obtained owing
to the dual interaction among nitrogen levels and the
applied biofertilizer for the remainder tested parameters.
Table (3) demonstrates the impact of various tested
treatments on the different tested parameters for brickly
oil lettuce. The results show that insignificant variations
were recorded between the various tested treatments for
plant height, length of seed area, branches numbers per
plant, seed yield per plant and seed yield (kg/fed.).
Contrarily significant differences among the various
treatments were found regarding each of straw yield,
biological yield and seed index. It is  worthy to mention
that inclusion of Pseudomonas fluorescence to the diverse
treatments resulted in significant increased in comparison
with the non-biofertilized ones except the treatment of
low plant density + 20kgN+ Pseudomonas where the
increases were not significant for straw yield and
biological yield. 

For oil content of prickly oil lettuce, Table (4)
indicates the associative impact among nitrogen
fertilization and biofertilization in presence of both plant
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Table 1: Impact of plant density, nitrogen fertilization and its doses and biofertilization on certain growth and yield parameters of prickly oil lettuce.
Treatments Plant height Length of Branches Seed yield Straw yield Biological Seed index Seed yield

(cm) seeds area (cm) (No./plant) (g/plant) (g/plant) yield (g/plant) (g) (kg/fed.)
Low density 123.7 22.8 8.1 9.80 221.3 230.89 1.057 348.03
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
High density 121.5 22.3 8.0 7.18 171.7 178.84 1.007 501.84
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D. at 5% 1.3 N.S N.S 0.18 7.5 7.68 0.034 8.33
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N- fertilizer 122.2 22.1 7.9 8.39 190.5 198.93 1.009 417.53
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pseudomonas 123.0 22.9 8.1 8.59 202.4 210.81 1.055 432.34
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D. at 5% N.S N.S N.S 0.18 7.5 7.68 0.034 8.33
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 N unit 122.0 22.4 7.9 8.16 188.3 196.50 0.997 408.34
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
40 N unit 123.1 22.6 8.1 8.83 204.6 213.23 1.068 441.53
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D. at 5% 0.8 N.S N.S 0.10 4.0 3.90 0.017 5.88
N.S: not significant

Table 2: The dual interaction among the various studied factors and its influence on certain growth and yield parameters of brickly oil lettuce.
Treatments Plant height Length of Branches Seed yield Straw yield Biological Seed index Seed yield

(cm) seeds area (cm) (No./plant) (g/plant) (g/plant) yield (g/plant) (g) (kg/fed.)
Low Density + N 123.6 21.8 8.0 98.71 214.5 224.21 1.028 344.06
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Low Density + Pseudomonas 123.8 23.8 8.1 9.89 228.1 237.58 1.086 352.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
High Density + N 120.8 22.4 7.9 7.08 166.6 173.64 0.991 491.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
High Density + N 120.8 22.4 7.9 7.08 166.6 173.64 0.991 491.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
High Density + Pseudomonas 122.2 22.1 8.1 7.29 176.8 184.04 1.023 512.69
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D at 5% N.S. 1.2 N.S N.S N.S N.S N.S N.S
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Low Density + 20N unit 122.9 22.1 7.9 9.26 214.8 224.01 1.030 323.81
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Low Density + 40N unit 124.4 23.4 8.2 10.34 227.8 237.78 1.084 372.25
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
High Density + 20N unit 121.1 22.8 7.9 7.05 161.9 168.99 0.963 492.88
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
High Density + 40N unit 121.9 21.8 8.0 7.31 181.4 188.69 1.051 510.81
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D at 5% N.S 1.0 N.S 0.15 N.S N.S. N.S. 8.32
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 N unit + Pseudomonas 122.6 23.0 8.1 8.27 194.4 202.64 1.031 413.19
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
40 N unit + Pseudomonas 122.3 22.8 8.1 8.91 210.4 218.97 1.079 451.50
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D at 5% N.S. N.S. N.S. N.S. N.S. N.S. 0.024 N.S.
N.S: not significant

densities   on   oil   yield   and   its   content   of  fatty
acids.  The  percentage  of  oil  content in prickly oil
lettuce  seeds  ranged  from  39.80  to  41.35,  while the
oil  yield  (kg/fed.)  ranged  between  128.5  and 210.6
due   to  the  diverse  treatments  being  the  highest  due
to  the  application  of  40  unit  of nitrogen associated
with biofertilization with Pseudomonas and high plant
density meanwhile the least value was recorded with 20
unit of nitrogen and low plant density without
biofertilization.

It   was   observed  that  inclusion  of  Pseudomonas
to  the  different  treatments  resulted  in additional

increase  in  oil yield (kg/fed.) when compared with the
non-biofertilized  ones.  The  total  saturated  fatty acids
of  brickly  oil  lettuce  (palmetic  and  stearic) ranged
form   9.60%   to  12.31%  being  the  highest  with high
plants  density  fertilized  with  40  unit  of nitrogen and
the  lowest  with  high  plant density also but fertilized
with 20 unit of nitrogen. Biofertilization of brickly oil
lettuce   with   Pseudomonas   yielded   total  saturated
fatty  acids ranged between 9.88% and 11%. Concerning
the   percentage   of   total   unsaturaded  fatty  acids
(Oleic and linoleic), it ranged from 87.69% to 90.40%
(Table 4), where the highest percent was found with the
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Table 3: Impact of plant density, nitrogen fertilization and its doses and biofertilization on certain growth and yield parameters of prickly oil lettuce.
Treatments Plant height Length of Branches Seed yield Straw yield Biological Seed index Seed yield
(cm) seeds area (cm) (No./plant) (g/plant) (g/plant) yield (g/plant) (g) (kg/fed.)
Low Density + 20 NU 122.6 20.8 7.8 9.11 205.9 214.99 1.011 321.25
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Low Density + 40 NU 124.5 22.8 8.3 10.31 223.1 223.44 1.045 366.88
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Low Density + 20NU 123.3 23.4 8.1 9.41 223.6 233.04 1.049 326.38
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Low Density +20NU + 123.3 24.1 8.1 10.36 232.5 242.11 1.123 377.63
Pseudomonas
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Low Density + 40NU + 124.3 24.1 8.1 10.36 232.5 242.11 1.123 377.63
Pseudomonas
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
High Density + 20 NU 120.3 22.9 7.9 6.98 158.8 165.73 0.914 485.75
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
High Density + 40 NU 121.4 22.0 7.9 7.18 174.4 181.55 1.034 496.25
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
High Density+20 NU + 122.0 22.6 8.1 7.13 165.1 172.25 1.012 4500.00
Pseudomonas
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
High Density + NU+ 122.4 21.9 8.0 7.45 188.4 195.83 1.068 525.38
Pseudomonas
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D. (5%) N.S. N.S N.S  N.S 7.9 7.81 0.034 N.S.
N.S: not significant; NU, nitrogen unit

 Table 4: The associative effect of nitrogen doses plant destiny and biofertilization with Pseudomonas on seed oil yield and its various fractions of
prickly oil lettuce. 

Treatments Oil content Oil yield Palmetic Stearic Total  Oleicacid Linoleic Oleic/ Total Saponification Iodine value Acid value Peroxide value
(%) (kg/fed.) acid (%) acid (%) saturated (%) acid (%) linoleic unsaturated (meqO2/kg oil)

fatty acids ratio (%) fatty acids
Low Density+ 20 NU  40.00 128.5 8.60 3.40 12.00 32.80 55.20 0.59 88.00 184.95 112.00 1.10 5.15
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Low Density+ 40 NU  39.80 146.0 7.19 2.43 9.62 34.00 56.38 0.60 90.38 191.95 112.35 1.14 5.58
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Low Density + 20 NU+  41.42 135.2 7.83 3.01 10.84 33.00 56.16 0.59 89.16 190.38 112.16 1.10 4.80
Pseudomonas
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 Low Density + 40 NU +  40.33 152.3 7.98 3.02 11.00 33.00 56.00 0.59 89.00 192.90 114.03 1.14 4.15
Pseudomonas
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 High Density +20 Unit  40.74 179.9 8.65 3.66 12.31 32.19 55.50 0.58 87.00 184.27 115.22 0.88 4.00
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 High Density + 40 NU  40.26 199.8 7.12 2.48 9.60 35.68 54.72 0.65 90.40 192.38 118.00 0.90 4.80
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 High Density + 20 NU +  41.35 206.8 7.95 2.72 10.67 33.59 56.74 0.59 90.33 185.80 117.70 0.88 3.70
Pseudomonas
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 High Density + 40NU+  40.09 210.6 7.14 0.74 9.88 34.46 55.66 0.62 90.12 195.43 118.01 0.90 3.60
Pseudomonas
NU, Nitrogen unit

Table 5: Simple correlation between seed yield of prickly oil lettuce
and the other various tested parameters.

No. Source R
1 Plant height (cm) -0.358 *
2 Length of seed area (cm) 0.369 *
3 Number of branches/plant 0.410*
4 Seed index (1000 seed weight, g) 0.445 *
5 Seed yield (g/plant) 0.813 ***
6 Straw yield (g/plant) -0.368 *
7 Biological yield (g/plant) 0.763 ***

high plant density fertilized with 40 unit of nitrogen while
the lowest was recorded with low plant density fertilized
with 20 unit of nitrogen. Slight increases were produced
in the total unsaturated fatty acids owing to
biofertilization with Pseudomonas associated with 20 unit
of nitrogen against the corresponding non- biofertilized
treatments . with regard to both parameters of

specification and iodine values of brickly oil lettuce, few
differences were registered in the favor of the biofertilized
treatments compared to the non-biofertilized ones. 

Furthermore, the biofertilized plants of brickly oil
lettuce produced oil of lowest measures of peroxide value
and oleic/palmetic ratio that are considered the most
important factors in oil determining quality. For the acid
value, no variations were found between the biofertilized
and  the  non-biofertilized  prickly  oil  lettuce plants.
Table (5) shows the simple correlation between seed yield
and the various studied parameters. A positive significant
correlation was found between seed yield (kg/fed.) and
each of length of seeds area, number of branches per plant
and seed index. Further, a highly significant correlation
was recorded for seed index and biological yield. On the
other side, seed yield of prickly oil lettuce was negatively
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correlated with each of plant height and straw yield
parameters. 

Being a newly introduced oil crop to Egypt, prickly
oil lettuce has no specific fertilization policy and
consequently the available literature on it is scarce. For
plant density, the low density significantly overcame the
high density in plant height, seed yield (g/plant), straw
yield (g/plant), biological yield (g/plant) and seed index.
On the other hand, the high density significantly
surpassed the low density for seed yield (kg/fed.) . The
obtained results are on the same line with those obtained
by Mekki et al[5]. Regarding comparison between the two
applied nitrogen doses, the obtained data clearly show that
the comparison was in favor of 40 unit /fed. For the
majority of tested parameters, while insignificant
differences were recorded between 40 unit and 20 unit of
nitrogen/fed. for the length of sees  area and number of
braches/plant. Biofertilization of prickly oil lettuce did
increase seed yield, straw yield, biological yield and seed
index in comparison with the mineral fertilization with
nitrogen where the differences were significant. The same
conclusion was obtained by Gomaa et al[1] and Gomaa
and Khattab[2]. With regard to the various interactions
among plant density, nitrogen doses and biofertilization,
the treatment comprised of high plant density + 40 N unit
+Pseudomonas recorded the highest significant values
concerning each of straw yield (g/plant), biological yield
(g/plant) and seed index (g). Despite the increase in not
significant, the highest seed yield (kg/fed.) was obtained
due to the application of the same previously mentioned
treatment. The data within hand confirm that
biofertilization of prickly oil lettuce with Pseudomonas
significantly increase straw yield, biological yield  and
seed index, this  could be attributed to the plant growth
regulators by  Pseudomonas spp. i.e., gibberellin-like
substances, biotin, pantothenic acid and amino acids
(Hussain and VAncura (1970). Inclusion of Pseudomonas
to the various treatments increased the oil yield (kg/fed.)
of prickly oil lettuce when compared to the non-
biofertilized treatments. Also, the peroxide value of the
obtained oil recorded its least values in the biofertilized
treatments i.e., biofertilization with Pseudomonas
improved oil quality of prickly oil lettuce.
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