J. Agric. Sci. Mansoura Univ., 34 (4): 3223 - 3237, 2009

FERTILIZATION MANAGEMENT TO REDUCING NITRATE
ACCUMULATION IN SOME LETTUCE VARIETIES (Lactuca
sativa L.) GROWN IN SANDY CALCAREOUS SOILS

Refai , E. F. S.*and M. M. M. Ahmed **

* Hort. Res. Institute A.R.C. Giza, Egypt
** Soil, Water and Environ. Res. Institute A.R.C. Giza, Egypt

ABSTRACT

The present investigation was conducted during the two seasons of 2005/2006
and 2006/2007 at the Desert experimental Farm of Assiut Agric. Res. Station to study
the effect of five levels of N-fertilizer (0, 30, 60, 90 and 120 kg N/fed.) and three levels
of composted waste farm (Control (zero), Compost (3 ton/fed.) and bio-compost (3 ton
/fed. compost with Biogen). Tow varieties were used in this investigation (Latoga and
Balady). These varieties were grown in sandy calcareous soil under drip irrigation
system. The interaction between the two fertilizer sources was studied. The results
indicated that there were significant differences among the five levels of N fertilizer in
all studied characters. Increased for both mineral and organic fertilizer were obtained
of both lettuce varieties on yield and its components. Meanwhile, application of
composted waste farm at a rate of 3 ton/fed in combination with Biogen reduced the
application of mineral N to 50% and reduced nitrate concentration in leaves of both
lettuce varieties.

Compost and bio-compost as organic and bio fertilizers play an important role
in maintaining soil fertility with releasing nutrients in the soil. The most increase in soil
N and P content was observed with compost and bio-compost application. The
increase percentage in P content over the control was 10.12 and 38.38 in 2006 and
25.58 and 19.08 % in 2007, respectively.

INTRODUCTION

Lettuce (Lactuca sativa L.) is one of the most important vegetable
crops grown in Egypt for local consumption and export. The total area in
Egypt was (13.567 fed.) and the total yield was 136.008 ton/fed.” Nitrogen is
one of essential elements for growth and development plants and in the
nutrition of plants plays a significant role. Plants absorb nitrogen from the soil
in the form of nitrate, which are then converted into proteins and other
nitrogen-containing substances (Cash et al., 2002). Nitrate content in a plant
represents a dynamic balance between rate of absorption, assimilation and
translocation (Maynard et al., 1976). Increasing nitrogen rate increased plant
height and number of leaves/plant (Awny and Moursy, 1992), fresh
weight/plant and total yield (Shafshank and Abo-Sedera, 1990; Awny and
Moursy, 1992; Moussa et al., 1993; Gawish, 1997; Cameria et al., 2000),
nitrate contents in leaves (El-Hassan 1990; Shafshank and Abo-Sedera,
1990; Awny and Moursy, 1992; Bakr and Gawish 1997).

Test of nitrate accumulation in Egyptian vegetables showed
considerable high values as compared to those found in vegetables grown in
several European countries (Blom-Zandstra, 1989 and Kheir et al., 1991).
Nitrate accumulation in plant can be hazardous to human health. Because, in
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the human body nitrate can be reduced to nitrite which may cause
methemoglobinemia furthermore, the possible formation of N-nitroso-
compounds from nitrite and secondary nitrogen compounds in human
stomach constitutes a risk (Breimer, 1982).

Furthermore, the excessive use of nitrogen fertilizers raises the major
cost in lettuce production and creates pollution of their agricultural
environment as well as affects the soil fertility; therefore it has become
essential to use untraditional fertilizers as supplements or substitutes for
chemical nitrogen fertilizer. Bio-fertilization and organic fertilizer were the
solution to decrease the chemical fertilizer in vegetables production.
Farmyard manure as an organic fertilizer was associated with low nitrate
concentration in lettuce (Bakr and Gawish 1997). Also, there are many
investigations that showed the effect of organic fertilizer on growth and vyield
of lettuce plants (Smith and Hadley 1989, EI-Shinawy et al., 1999 , ValSikova
and Vitekovd 2006 and Georgios et al., 2007) and bio-fertilizer (Ruiz
Lazano et al., 1995, Azcon et al., 1996, Chabot et al., 1996 and Noel et al.,
1996). Additionally, organic fertilizers improve soil properties and
enhancements its fertility ((Ahmed, 1997; Ahmed, 2001 and Ahmed & Alj,
2005).

The present study was undertaken to investigate the effect of compost
application with or without Biogen in the present of mineral N at different rates
on soil fertility and nitrate concentration of leaves of some lettuce varieties
grown in sandy calcareous soils.

MATERIALS AND METHODS

The present experiment was carried out at the Desert experimental
Farm of Assiut Agric. Res. Station in 2005/06 and 2006/07 seasons. This
investigation was designed to study the effect of some level mineral, compost
and bio compost fertilization on soil fertility and nitrate concentration in leaves
of some lettuce varieties (Lactuca sativa L.), i.e., Latoga and Balady grown in
sandy calcareous soil under drip irrigation system.

Soil mechanical and chemical analysis of the experimental site are
shown in Table (1). The treatments were arranged in split plot design with
four replicates. The level mineral nitrogen was put in the main plot with five
levels, i.e., 0, 30, 60, 90 and 120 kg/fed. While the organic N (Composted
Farm Wastes, Table, 2) was allocated in sub plot with three levels, i.e.,
Control (zero), Compost (3 ton/fed.) and bio-compost(3 ton/fed. compost with
Biogen).

Mineral-N was applied in the form of ammonium nitrate (33.5% N) in 6
equal doses during the growth season. Compost was applied at soil
preparation before cultivation. Bio-compost treatment represent compost with
Biogen (Azotobacter sp.) which was applied at a rate of 2 kg/fed after 2
weeks of cultivation.

Physical and chemical analysis of the experimental soil is shown in
Table (1). Lettuce seeds were sown on 10 Oct. in both seasons. The
seedlings were transplanted to the field after 40 days from sowing in nursery
and spacing was 25cm between plants within rows. Plot size was 3 X 3.5 m.
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(1/400 /fed.) with four rows. Plant samples were collected from each plot and
prepared to analyze for NOs concentration according to the procedure
described by Keeney and Nelson (1982). Soil samples were taken from
surface layers (0-30 cm) at end of harvesting each plot of lettuce cultivars
and prepared to analysis according to the procedures described by Jackson
(1958).

Table (1): Mechanical and chemical analysis of the experimental soil
sites (0-30 cm depth)

Mechanical
Season | analysis % |Texture| pH | [EC |CaC0O3  O.M|Total | Av.P | EX.K

Sand [ Silt [ clay ds/m| % % | N% | ppm | ppm

2005/06 | 92.4 [4.3| 3.3 | Sandy [8.1|0.67| 171 [0.14]|0.02| 7.8 | 160
2006/07 | 92.4 [4.3] 3.3 | Sandy [8.3]0.88| 18.7 [0.11|0.02 | 8.6 | 217
Total N: Total nitrogen Av.P.: Available phosphorous. Ex.K.: Exchangeable potassium

Table (2): Some chemical analysis of composted Farm Wastes.

pH 1:10 Ec 1:10 . Total N Total K
suspension extract O.M | C/Nratio % Total P % %
7.51 6.14 65.61 22.17 1.05 092 1.4

Ten lettuce plants were taken randomly from each sub-plot and the
following measurements were recorded:

1-Total plant weight (g) 2- Commercial plant weight (g)
3- Total yield/plot (kg) 4- Head diameter (cm)
5- Head length (cm) 6- Number of leaves/plant

7- NOs accumulation

All obtained data were statistically analyzed using Mstat and treatment
means were compared by using L.S.D. test according to the procedure
outlined by Snedecor and Cochran (1972).

RESULTS AND DISSCUSION

1- Effect of mineral nitrogen, compost and bio-compost on lettuce yield
and its attributes.
1.1. Total plant weight (9):

The effect of two sources of nitrogen on grown of lettuce plant under
the reclaimed land is presented in Table (3) for cv Latoga and Table (4) for
Balady cultivar. The results indicated that there were significant differences
among the five levels of nitrogen in this trait in both studied seasons for each
lettuce cultivars. Level 120 N unit gave the highest total plant weight in both
seasons. Meanwhile, bio-compost was significantly higher than the compost
application while the two treatments were significant differences than the
control. The interactions between the N levels and organic fertilizer are listed
in Table (3) and Table (4) for the lettuce cultivars. The results showed that
there were significant differences among the interactions in both seasons for
this trait. The highest total plant weight was obtained from the interaction of
120N and bio-compost in both seasons but there were no significant
differences among this interaction and both (60N and bio-compost) and (90N
and bio-compost) interactions in both seasons in Latoga cultivar. While there
were no significant between the interactions (120N and bio-compost), (120N
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and compost) and (90N and bio-compost) for Balady cultivar in both studied
seasons and these interactions were significantly higher than other
interactions. So from the previous results we can suggested that we can use
the low level of nitrogen such as 60N level and bio-compost to obtain the
good results for weight plant with decrease in use of nitrogen and also for
human health. The obtained results are in harmony with those obtain
Shafshank and Abo-Sedera, 1990; Awny and Moursy, 1992; Moussa et al.
1993; Gawish, 1997; Cameria et al. 2000) which they say that increasing in
weight of lettuce plant increases with added N level.

1.2. Commercial plant weight (g):

Data in Table (3) studied lettuce cultivars and 4 for Latoga and Balady
cultivars respectively showed that there were significant differences for N
levels and Organic fertilizer for this trait in both seasons. Both levels 120N
and bio-compost gave the highest values for this trait for both seasons
2005/2006 and 2006/2007.The interactions between the N levels and organic
fertilizer on effect of commercial plant weight are presented in Tables (3) and
(4). The results indicated that there were significant differences among the
interactions for both lettuce cultivars in both seasons. The interaction
between (90N and bio-compost) and (60N and bio-compost) were
significantly higher than the other combinations and gave the highest weight
for lettuce plant in Latoga cultivar in both seasons. While, in the Balady
cultivar the best combined for this trait was obtained from (60N and bio-
compost) interaction in both seasons.

1.3. Total yield/plot (kg):

The results in Table (3) and (4) indicated that there were significant
differences among the five levels of N for this trait in both lettuce cultivars.
The increased in total yield for lettuce cultivars are depending on the
increases in N levels and organic fertilizer. The highest values of total yield
were obtained from 120 N and bio-compost in two seasons for both cultivars.
The interactions between chemical and organic fertilizer in both Tables (3)
and (4) demonstrated that the highest total yield was obtained from
interactions (90N and bio-compost) in Latoga cultivar in both seasons. While,
in Balady cultivar the interaction (60N x and bio-compost) gave the highest
value of total yield/plot in both seasons. Similar results for lettuce yield
increases due to N-application were obtained by Richared et al. (1985),
Sanchez et al.(1989) and Custic et al.(1994). Also these increases might be
due to the fact that bio-fertilizer which gave good root growth and that
increase up take of minerals (Pandy and Kumar 1989, Noel et al. 1990 and
Azcon et al. 1996) also, many investigation reported that reduction of N
fertilization through the use of bio-fertilizer inoculation such as Kumaraswamy
and Madalageri 1990 on tomato, Subbiah 1991 and Ashour et al. 1997 on
potato.

1.4. Head diameter:

Data in Tables (3) and (4) for head diameter of two lettuce cultivars
indicated that there were significant differences for both N levels and organic
fertilizer in both seasons. Head diameter in lettuce plant increases with
increases in added N levels or organic fertilizer.
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The highest values of head diameter were obtained from 120 N level and
compost in both Latoga and Balady cultivars. The interaction between the
chemical and organic fertilizer are presented in Tables 3 and 4. The results
indicated that added 60, 90 and 120 N with and bio-compost gave the highest
values for this trait in both lettuce cultivars and there were no significant
among these interactions. The present results are in agreement in general
with those obtained by Pew et al. 1984, Abdel-Razik and Barakat 1990,
Walworth et al. 1992 and Moussa et al., 1993. Also, there were many worker
presented the effect of use bio-fertilizer gave the good results with N
application such as Barakat and Gaber1998.

1.5. Head length:

The effect of two sources of nitrogen on grown of lettuce plant under
the sandy soil was presented in Table (3) for cv, Latoga and Table (4) for
Balady cultivar. The results indicated that there were significant differences
among the five levels of nitrogen and also for organic fertilizer with or without
biogen in both studied seasons for the two lettuce cultivars. The tallest head
length for lettuce plant was obtained from the 120N and compost. Also, the
results indicated that there are significant differences among the interactions
between chemical and organic fertilizer for head length character. Interaction
(90N and bio-compost) gave the highest value of head length in both lettuce
cultivars in both seasons. Similar finding were obtained by Richared et al.
(1985), Sanchez et al. (1989) and Custic et al. (1994).

1.6. Number of leaves/plant:

Data in Tables (3) and (4) showed that there were significant
differences among both five level of nitrogen and three levels of organic for
the two lettuce cultivars in both studied seasons. The highest values of
number of leaves/plant were obtained from the both 120 N level and bio-
compost. The interaction (120N and bio-compost) gave the highest value and
was significantly higher than other interactions in both seasons for Balady
cultivar. While, latoga cultivar gave no significant among the 120N level and
the organic fertilizer with or without Biogen and also with (90N and compost
or bio-compost) and (60N and bio-compost) in both seasons. The results are
in harmony with those reported by Shafshank and Abo-Sedera, 1990; Awny
and Moursy, 1992; Moussa et al. 1993; Gawish, 1997; Cameria et al., 2000
for increasing the vegetative with increasing N application. Also, the results
presented that the effect of organic with bio-fertilizer on decreasing the N
application and obtaining a high results positive when added with chemical
fertilizer. Many workers presented the effect of organic and biofertilizer on
growth plant such as Jagnow et al. (1991) who reported that inoculation of
bacteria as bio-fertilizer increased the surface area per unit root hair which
help to increase uptake nutrients led to increased in vegetative growth. Also,
Caretti et al. 1996 found inoculated plant with biofertilizer showed increases
in total root length compared with uninoculated plant.

2- Effect of mineral nitrogen, compost and bio-compost on nitrate
concentration in lettuce leaves.
2.1. Effect of mineral nitrogen on nitrate concentration of lettuce leaves.

Data presented in Tables (3 and 4) reveal that nitrate concentration in
lettuce leaves was significantly increased for Latoga and Balady cultivars with
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increasing mineral N rate fertilization in both as seasons compared to the
control. This increase was 23.9, 81.5, 155.5 and 226.9% in 2006 season.
While, the increase were 26.0, 89.5, 168.0 and 239.3% over the control due
to mineral N application at a rate of 30, 60, 90, and 120 kg N/fed. for latoga
cultivar leaves, respectively.

Fig (1) shows clearly the increase in nitrate concentration in both
cultivar leaves as affected by mineral fertilization. A linear equation describes
a relationship in which the value of nitrate content in lettuce leaves depends
on the value of the mineral fertilization rates. Nitrate concentration decreased
each seasons with both compost and bio — compost application in both
lettuce cultivars with a significant mineral N X compost interaction .Nitrate
concentration was significantly grates in zero organic fertilizer than in
compost or bio-compost application .This held true under each mineral — N
rate .Nitrate 0.0046N? + 3.1122N +10773 in the 15t season for Latoga cultivar
with an r2 of 0.9282, Likewise, in the second season the regression
relationship was — 0.0058 N2 + 3.3177 N + 102.64 with an r2 of 0.9245.
Similar values were obtained in Balady cultivar.

Data proved that there are a positive relationship between nitrate
concentration and N fertilization. Similar results were obtained by Hanfy
Ahmed (1997) in Jews mallow and radish plants, Porto et al. (2008) and
Cometti et al. (2004) on lettuce plants.

Additionally, it is important that even the highest leaf nitrate content
observed here is far below the limit prescribed by the European Union (3.500
to 4.500 mg Kg-1 of fresh matter) Van der Boon et al. (1990).

2. 2. Effect of compost and bio-compost on nitrate concentration of
lettuce leaves.

Data in Tables (3 and 4) illustrate that nitrate concentration in lettuce
leaves was significantly decreased with compost application. The decrease
percentage in both 2006 and 2007 due to compost and bio-compost
application compared to the control were 9.45, 15.35% in 2006 and 7.01,
12.97% in 2007, respectively. The decrease in nitrate concentration became
lower with bio-compost in both seasons. Many researchers reported about
reducing nitrate concentration in vegetable crops by organic fertilization.
Williams (2002) in leafy vegetables. Vogtmann et al.,1993 in cabbage.
Hajslova et al. 2005 and Malmauret et al. 2002 in potato and tomato.

Nitrate accumulation decreased with compost and bio compost
application (Fig. 2) each year, but the total amount of nitrate varied from year
to year in both lettuce cultivars.

It can be concluded that organic (compost) and bio-organic (compost+
biogen) fertilizer treatment lowered nitrate concentration significantly in
lettuce plants. This reduction could be explained under the basis of
replacement of simple organic molecules (sugar, free amino acid and total
soluble phenols) and solutes with nitrate in the cell vacuoles. These results
are in agreements with those reported by Hanfy Ahmed (1997) and Hanfy
Ahmed et al. (2000).

3- Effect of treatments on soil fertility.

Tables (5 and 6) show the effect of treatments on total N and available

P in the soil after harvesting lettuce plants.

3230



J. Agric. Sci. Mansoura Univ., 34 (4), April, 2009

3.1. Total-N:

Total-N in the soil significantly increased with increasing mineral-N
fertilizer rate. Moreover, the most increase in soil N content was observed
with compost and bio-compost. The highest N-content in the soil was
obtained with the high rate of N-fertilizer and bio-compost. Compost and bio-
compost as organic and bio fertilizer plays an important role in maintaining
soil fertility with releasing nutrients in the soil. Several investigators reported
about the positive effect of applying organic fertilizer on the soil. El Etr,
(2004). Maftoun et al. (2004) Mohamed and Hussein (2005), Elsharawy et al.
(2003), and El bordiny et al. (2003). They ascribed to the mineralization of N
from compost during its composition and might be the biological fixation of
atmospheric N and its reflection on soil fertility.

3.2. Phosphorous:

Available P in the soil followed the same trend as N content. Available-
P was significantly increased with increasing either N fertilizer rate or
compost either without or with biogen. The highest value of available P was
obtained with the application of 120 kg N /fed and bio-compost. The increase
percentages in P content over the control were 10.12 and 38.38 in 2006 and
25.58 and 19.08 % in 2007, respectively.

Increasing P soil content due to the application of organic fertilizers
might be a result of its decomposition and producing organic acids, which
increases the nutrients availability in the soil. It might also, be due to the
additions of these nutrients after the composition of the organic fertilizers
(Mahmoud, 2000) and preventing fixation of P and probably other nutrients
(Ahmed and Osman, 2003). This is in agreement with what have been
reported by several researchers (Ahmed, 1997; Ahmed, 2001 and Ahmed
and Ali, 2005).

Table (5): Main effect of mineral N, compost and bio-compost and their
interaction on total N content in the soil after harvesting in
2006/07 and 2007/08 seasons.

Organic and bio fertilizer
N rates 2006/0|5’7io- 2007/OB§3i —
Cont. | Comp. comp. Mean | Cont. | Comp. comp. Mean

Cont. 0.027| 0.037 | 0.041 | 0.035 |0.034]| 0.043 | 0.055 | 0.044
30 kg N 0.035| 0.043 | 0.056 | 0.045 |0.038] 0.049 | 0.060 | 0.049
60 kg N 0.041| 0.061 | 0.068 | 0.057 |0.045]| 0.067 | 0.069 | 0.060
90 kg N 0.044| 0.062 | 0.065 | 0.057 |[0.041] 0.068 | 0.068 | 0.059
120 kg N 0.041| 0.071 | 0.072 | 0.061 |0.043] 0.069 | 0.071 | 0.061
Mean 0.038 | 0.055 | 0.060 0.040 | 0.059 | 0.065
LSD 0.05 for N 0.003 0.003
LSD 0.05
for O.M 0.003 0.003
LSD 0.05
For N X O.M 0.006 0.006

In general, it could be concluded that applying compost and bio-
compost with mineral N fertilization led to decrease the level of mineral N-
fertilization and also decrease the Nos accumulation in lettuce plant without
decrease in yield in sandy soil and that help us for exportation and also good
for human health.
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Table (6): Main effect of mineral N, compost and bio-compost and their
interaction on soil available P in the soil after harvesting in
2006/07 and 2007/08 seasons.

Organic and bio fertilizer
N rates 2006/087io- 2007/088i —
Cont. | Comp. comp. Mean | Cont. | Comp. comp. Mean
Cont. 8.13 8.61 8.97 8.57 910 | 10.79 | 11.40|10.43
30kg N 8.50 9.58 10.37 948 9.42 | 11.28 | 12.09 | 10.93
60 kg N 8.39 1045 | 11.28 | 10.04 | 9.10 | 11.81 | 12.87 [ 11.26
90 kg N 8.64 | 1155 | 12.10 | 10.76 | 898 | 12.44 | 13.78 | 11.73
120 kg N 10.77] 12.16 | 12.66 | 11.86 | 9.89 | 13.35 | 14.01 | 12.42
Mean 8.88 10.47 [ 11.07 9.30 [ 11.94 | 12.83
LSD 0.05 for N 0.4 0.2
LSD 0.05 O.M 0.3 0.3
LSDO0.05NX
oM 0.7 0.6
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Table (3): Vegetative and yield characters of lettuce plant cv. Latoga as affected by different nitrogen levels and
organic fertilizer treatments and their interactions in seasons 2005/2006 and 2006/2007.

Weight of plantf Commercial |Total yield/plot|Head diameter| Head length Number of Nos
Treatments - .

(9) plant weight(g) (kg) (cm) (cm) leaves accumulation

N level . 1st 2nd 1st 2nd 1St 2nd 1St 2nd 1St 2nd 1St 2nd 1St 2nd

(Kgffed.) Organic Season|Season|Season|Season|Season|Season|Season|Season|Season|Season|Season|Season| Season |Season

0 351.3 | 3475 | 3234 | 321.8 19.41 19.29 8.617 8.542 | 9.483 | 9.325 | 29.83 | 29.08 125.2 121.0
30 566.3 | 575.8 | 524.2 | 527.3 | 31.45 | 31.64 |10.1000| 10.067 | 11.025 | 10.883 | 34.83 | 34.25 155.2 152.5
60 8275 | 816.8 | 774.8 | 767.0 | 46.49 | 46.02 | 13.250 | 13.108 | 13.850 | 13.758 | 39.33 | 38.83 227.3 229.3
90 979.3 | 986.3 | 930.1 | 927.0 | 55.81 | 55.62 | 15.767 | 15.742 | 16.458 | 16.375 | 43.58 | 42.92 319.9 324.3
120 1089.2 | 1095.0 | 1032.9 | 1029.2 | 61.98 | 61.75 | 17.008 | 17.025 | 17.150 | 17.108 | 44.83 | 44.50 409.3 410.5

LSD at 0.05 10.5 7.9 4.7 4.5 0.3 0.3 0.1 0.1 0.1 0.1 0.7 0.7 1.2 1.1
0 572.8 | 584.8 | 535.8 | 539.3 | 32.15 | 32.36 | 11.035 | 11.055 | 11.910 | 11.785 | 35.40 | 34.80 269.7 263.2
3 7925 | 788.3 | 743.3 | 735.4 | 44.60 | 44.12 | 13.175 | 13.070 | 13.865 | 13.755 | 38.90 | 38.40 244.2 246.6
3+Biogen| 923.0 | 919.9 | 872.2 | 868.7 | 52.33 | 52.11 | 14.635 | 14.565 | 15.005 | 14.930 | 41.15 | 40.55 228.3 230.8

LSD at 0.05 5.7 4.4 4 2.9 0.2 0.2 0.1 0.1 0.1 0.1 0.4 0.5 0.9 0.7
0 0 1625 | 157.3 | 1455 | 141.0 | 8.73 8.46 6.350 | 6.300 | 7.450 | 7.200 | 26.50 | 25.50 126.0 122.0
3 3945 | 378.8 | 360.5 | 352.3 | 21.63 | 21.14 9.250 9.175 | 10.150 | 9.975 | 30.50 | 29.75 125.0 121.0
3+Biogen| 496.8 | 506.5 | 464.3 | 472.3 | 27.86 | 28.28 | 10.250 | 10.150 | 10.850 | 10.800 | 32.50 | 32.00 124.5 120.0
30 0 2935 | 355.8 | 263.0 | 300.5 15.78 18.03 8.650 8.825 | 9.500 | 9.375 | 30.50 | 30.00 171.5 166.0
3 615.5 | 597.3 | 559.3 | 548.8 | 33.56 | 32.93 9.825 9.700 | 10.575 | 10.450 | 35.50 | 35.00 153.0 151.0
3+Biogen| 790.0 | 774.3 | 750.3 | 732.5 | 45.02 | 43.95 | 11.825 | 11.675 | 13.000 | 12.825 | 38.50 | 37.75 141.0 140.5
60 0 549.8 | 537.0 | 505.3 | 496.3 | 30.32 | 29.78 9.425 9.400 | 10.000 | 9.900 | 34.00 | 33.50 251.5 249.5
3 825.5 | 815.0 | 768.0 | 752.3 | 46.08 | 45.14 | 13.325 | 12.975 | 14.700 | 14.600 | 39.50 | 39.00 224.0 230.0
3+Biogen| 1107.3 | 1098.5 | 1051.3 | 1052.5 | 63.08 | 63.15 | 17.000 | 16.950 | 16.850 | 16.775 | 44.50 | 44.00 206.5 208.5
90 0 803.0 | 7945 | 7453 | 741.3 | 44.72 | 44.48 | 13.850 | 13.800 | 15.500 | 15.400 | 41.50 | 40.75 351.5 348.3
3 1030.0 | 1056.0 | 987.5 | 991.0 | 59.25 | 59.46 | 16.450 | 16.450 | 16.750 | 16.675 | 44.00 | 43.50 314.5 321.0
3+Biogen| 1105.0 | 1108.5 | 1057.5 | 1048.8 | 63.45 | 63.93 | 17.000 | 16.975 | 17.125 | 17.050 | 45.25 | 44.50 293.8 303.5
120 0 1055.0 | 1079.3 | 1020.0 | 1017.5 | 61.20 | 61.05 | 16.900 | 16.950 | 17.100 | 17.050 | 44.50 | 44.25 447.8 440.0
3 1096.8 | 1094.3 | 1041.3 | 1032.5 | 62.48 | 61.95 | 17.025 | 17.050 | 17.150 | 17.075 | 45.00 | 44.75 404.5 410.0
3+Biogen| 1115.8 | 1111.5 | 1037.5 | 1037 | 62.25 | 62.25 | 17.100 | 17.075 | 17.200 | 17.200 | 45.00 | 44.50 375.5 381.5

LSD at 0.05 12.6 9.8 9.0 6.4 0.5 0.4 0.2 0.1 0.2 0.2 1.0 1.1 2.1 1.6
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Table (4): Vegetative and yield characters of lettuce plant cv. Balady as affected by different nitrogen levels and
organic fertilizer treatments and their interactions in seasons 2005/2006 and 2006/2007.

Treatments Weight of Commercial [Total yield/plot|Head diameter| Head length Number of Nos

plant (g) plant weight(g) (k@) (cm) (cm) leaves accumulation

N |eve| | 1St 2nd 1st 2nd 1St an 1st 2nd 1St 2nd 1st 2nd 1st 2nd

(Kg/fed.) Organic Season|Season|Season|Season|Season|Season|Season|Season|Season|Season|Season|Season| Season |Season

0 2453 | 235.3 | 226.8 | 2140 | 1361 | 12.84 | 1090 | 10.71 | 22.33 | 21.42 | 34.33 | 32.50 132.6 131.3
30 360.8 | 353.3 | 334.8 | 3249 | 20.09 | 19.49 | 13.75 | 13,55 | 27.50 | 27.17 | 38.33 | 37.17 163.3 162.0
60 439.3 | 4254 | 4151 | 4015 | 2491 | 24.09 | 1598 | 15.75 | 32.08 | 31.00 | 42.83 | 41.67 238.8 237.3
90 480.2 | 471.3 | 451.3 | 442.7 | 27.08 | 2656 | 17.41 | 17.35 | 35.08 | 34.00 | 47.17 | 45.67 354.9 351.9
120 488.7 | 480.2 | 457.8 | 446.8 | 27.47 | 26.81 | 17.65 | 17.47 | 36.33 | 35.92 | 50.50 | 49.50 469.1 460.6

LSD at 0.05 0.7 0.7 0.9 0.9 0.1 0.1 0.1 0.1 0.6 0.9 0.6 0.7 0.8 1.0
0 346.9 | 337.6 | 322.3 | 3135 | 19.34 | 1881 | 13,59 | 13.46 | 27.60 | 26.45 | 38.50 | 37.30 286.8 281.9
3 410.2 | 400.1 | 384.4 | 3721 | 23.06 | 22.32 | 15.29 | 15.11 | 31.10 | 30.75 | 42.50 | 41.30 269.9 267.1
3+Biogen| 4515 | 441.6 | 424.8 | 4124 | 25.49 | 24.74 | 16.54 | 16.33 | 33.30 | 32.50 | 46.90 | 45.30 258.6 256.9

LSD at 0.05 0.6 0.5 0.4 0.5 0.01 0.01 0.1 0.1 0.5 0.5 0.5 0.5 0.9 0.8
0 0 141.0 | 133.8 | .126.0 | 120.0 7.56 7.20 8.60 8.50 18.00 | 17.00 | 28.50 | 27.50 134.0 132.0
3 250.0 | 238.0 | 233.5 | 220.0 | 14.01 | 13.20 | 11.40 | 11.13 | 23.00 | 21.75 | 34.50 | 32.50 132.0 131.0
3+Biogen| 345.0 | 334.0 | 321.0 | 302.0 | 19.26 | 18.12 | 12.70 | 12.50 | 26.00 | 25.50 | 40.00 | 37.50 131.8 130.8
30 0 2615 | 256.0 | 239.3 | 228.8 | 14.36 | 13.73 | 11.45 | 11.30 | 22.50 | 21.50 | 32.50 | 31.00 178.8 182.0
3 375.8 | 369.0 | 346.5 | 338.0 | 20.79 | 20.28 | 13.20 | 13.00 | 28.00 | 29.00 | 37.50 | 36.50 161.0 159.0
3+Biogen| 445.0 | 435.0 | 418.5 | 408.0 | 25.11 | 24.48 | 16.60 | 16.35 | 32.00 | 31.00 | 45.00 | 44.00 150.0 145.0
60 0 380.0 | 365.0 | 356.8 | 345.0 | 21.41 | 20.70 | 13.40 | 13.20 | 28.50 | 26.50 | 37.50 | 37.00 252.3 249.0
3 450.0 | 435.0 | 425.0 | 407.5 | 25,50 | 24.45 | 16.75 | 16.55 | 32.75 | 32.00 | 43.00 | 41.50 240.0 236.3
3+Biogen| 488.0 | 476.3 | 463.5 | 452.0 | 27.81 | 27.12 | 17.80 | 17.50 | 35.00 | 34.50 | 48.00 | 46.50 224.0 226.8
90 0 465.0 | 455.0 | 435.0 | 429.0 | 26.10 | 25.74 | 16.93 | 16.90 | 33.50 | 32.00 | 44.50 | 43.00 369.8 364.0
3 486.0 | 477.8 | 459.0 | 448.0 | 27.54 | 26.88 | 17.50 | 17.45 | 35.25 | 35.00 | 47.00 | 46.00 354.0 351.0
3+Biogen| 489.5 | 481.0 | 460.0 | 451.0 | 27.60 | 27.06 | 17.80 | 17.70 | 36.50 | 35.00 | 50.00 | 48.00 341.0 340.8
120 0 486.8 | 478.3 | 4545 | 4445 | 27.27 | 26.67 | 1755 | 17.40 | 35.50 | 35.25 | 49.50 | 48.00 499.0 482.5
3 489.3 | 480.8 | 458.0 | 446.8 | 27.48 | 26.81 | 17.60 | 17.40 | 36.50 | 36.00 | 50.50 | 50.00 462.3 458.0
3+Biogen| 490.0 | 4815 | 461.0 | 449.0 | 27.66 | 26.94 | 17.80 | 17.60 | 37.00 | 36.50 | 51.50 | 50.50 446.0 441.3

LSD at 0.05 1.4 1.1 1.0 1.1 0.1 0.1 0.1 0.1 1.1 1.2 1.1 1.2 1.9 1.9




