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ABSTRACT: This study was conducted during the two successive winter seasons of 2022/2023
and 2023/2024 to evaluate the effect of three mineral nitrogen levels (30, 60, and 90 kg N/feddan) and
foliar application of Spirulina platensis (SP) at rates of 0, 1, 2, and 4 ml/l on the growth, yield,
chemical composition, and nitrate accumulation of lettuce (Lactuca sativa L., cv. Dark Green). The
experiment was set up in a two-factorial design: Factor A involved nitrogen levels as main plot, while
Factor B included (SP) as foliar spray as sub plots. Results showed that applying 90 kg N/feddan or
spraying spirulina at 4 ml/l individually led to the highest values for most tested traits, including plant
height, number of leaves, leaf area, head diameter, fresh weight, dry matter percentage, pigment
content, total yield, vitamin C, and total sugars% in both seasons. However, 90 kg N/feddan also
caused the highest nitrate accumulation and lowest nitrogen use efficiency, conversely spirulina at 4
ml/l reduced nitrate levels and enhanced nitrogen use efficiency. Certainly, the combination of 90 kg
N/feddan with 4 ml/l spirulina showed a clear superiority in most of studied traits while significantly
reducing nitrate content and improving nitrogen use efficiency compared to 90 kg N/feddan alone.
Interestingly, the treatment of 60 kg N/feddan with 4ml/l (SP) showed no significant differences with
90 kg N/feddan without (SP) in most important traits such as (total yield, .... etc.) in both seasons.
This suggests the potential to reduce mineral nitrogen fertilizer by 30 kg N/feddan through partial
substitution with (SP), contributing to lower environmental pollution, improving nitrogen efficiency
and reducing nitrate accumulation in lettuce leaves. The dual N/Spirulina combination is promising for
enhanced lettuce production economy.
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INTRODUCTION

In Egypt, Lettuce (Lactuca sativa L.) is one
of the most important vegetable crops for both
formers and consumers. For farmers, it is
considered a fast cash crop in the winter season.
For consumers, lettuce is eaten fresh and salad,
where it is rich in vitamins and minerals. Most
vegetables growers often over fertilize their
crops by mineral fertilizers due to the high
relatively return of extra yields (Rubatzky and
Tamaguchi, 1997, Stewart et al., 2005;
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Schenk, 2006). Vegetable crops require nitrogen
in large amounts because it’s essential for plant
productivity (Marschner, 1995). The extra
availability of nitrogen which is not tailored to
the plant requirement may reduce product
quality through nitrate accumulation in the
edible parts (Parente et al., 2006). And may
causing environmental pollution due to the
excessive accumulation and leaching of harmful
elements to the ground water (Reinink, 1991;
Premuzic et al., 2004; Ju et al., 2007; Prasad
and Chetty, 2008). The nitrogen fertilization
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process in lettuce fields must take into accounts
not only farming economics but also the consumer
preference and human health as well as
environmental issues (Schenk, 2006).

Currently, there is an increased advantage of
using natural products such as algae in
agriculture (Ramya, et al., 2010; Calvo et al.,
2014; Dwivedi et al., 2014; Narasimha Rao
and Reshmi Chatterjee, 2014; Du Jardin,
2015 and Michalak et al., 2016).

Positive influence of bio-stimulant treatment
on yield parameters was observed. The overall
increase in pigments content of leaves after bio-
stimulants application agrees well with better
total and commercial yields of treated vegetable
cultivars in comparison with their controls. In
addition, bio-stimulants improved antioxidant
activity, vitamin C and higher pigment levels in
leaves of vegetables compared to non-treated
plants. Thus, the application of bio-stimulants is
considered as a good production strategy for
obtaining high yields of nutritionally valuable
vegetables with lower impact on the
environment Sazetak, (2011). Bio-stimulants
able to promote vegetative growth mineral
nutrients uptake and improve the productivity of
many plants Dwivedi et al., 2014 reported that
seaweed extracts not only increase the
vegetative growth of the plant but also triggers
the early flowering, fruiting in crops and
ultimately on seed yields. The main objective of
these study was to increase the yield and quality
of onion through investigating the effect of
different potassium fertilization rates and foliar
application of bio stimulants (algae extract) as
well as their interaction.

Algae extracts (Spirulina platensis) (SP) are
an excellent source of chemical fertilizers
(NPK) and plant growth promoters such as
auxins, cytokinins, gibberellins, amino acids,
macronutrients, microelements, and organic
matter that improve plant productivity Al-
Najjar (2022). Using (SP) as a foliar organic
spray is a part of the solution to decrease nitrate
accumulation, produced by mineral fertilizers in
vegetables, hence improving the quality of salad
vegetables and improving human health (Saleh
et al., 2010; Shams, 2012; Zaki et al., 2012
and Saleh et al., 2013).

Biofertilizers are organic products containing
live or latent cells of different types of
microorganisms (bacterial, fungal or algal). The
main advantages of biofertilizers are cheap
nutrient sources; suppliers of microelements;
suppliers of organic matter; counteracting the
negative effects of chemical fertilizers; secretion
of growth hormones; no adverse effects to
ecosystem and longer shelf-life Pallabi and
Debiprasad (2014). Spirulina platensis (SP) is a
rich source of mineral nutrient, which hence
stimulates root establishment, root elongation
and promotes vegetative growth of plants
Shalaby and ElI Ramady (2014). Foliar
application of algae extract induces many
positive effects, as it improved crop yield and
quality, increased nutrient uptake, resistance to
frost and stress conditions especially those
grown under semi-arid and desert conditions
Manrich et al., (2014).

(SP) is a blue-green microalgae, including
high-antioxidant components, organic and
amino acids, high-quality proteins, Fe and Ca,
unsaturated fatty acids, many types of vitamins
(including A, B2, B6, B8, E, and K) chlorophylI,
carotenes, phycocyanin and plant hormones
(Gyenis et al., 2005 and Spolaore et al., 2006).
(SP) contains 18 of the 20 known amino acids,
all essential minerals, and trace elements, as
well as enzymes (Fox, 1993).

The application of (SP) can reduce chemical
fertilizers’ use and positively affect their growth
and physiology (Shaheen et al., 2013).
Antimicrobial action of (SP) against different
bacteria has been demonstrated due to large
levels of acrylic acid and organic acids such as
propionic, benzoic, and mandelic (Balloni et al.,
1980). Phycocyanin is the major pigment in (SP)
that promotes anthocyanin production in
secondary metabolites and inhibits oxidative
damage in plant DNA Bhat and Madyastha
2001 Phycocyanin is a powerful antioxidant that
is scavenging free radical.

The main objective of this study was to
increase the yield and quality of lettuce through
investigating the effect of different nitrogen
fertilization rates and foliar application of bio
stimulants (SP extract) as well as their
interaction.



Zagazig J. Agric. Res., Vol. 52 No. (4) 2025 737

MATERIALS AND METHODS

This experiment was carried out during the
two consecutive winter seasons of 2022/2023
and 2023/2024 on lettuce plants (Lactuca sativa,
L.) cv. Dark green planted in a privet farm,
located at Bilbies district, Sharkia Governorate,
Egypt to evaluate the effect of mineral nitrogen
rates and foliar spray with Spirulina Platensis
(SP) in different concentrations on the growth,
chemical composition and yield of lettuce plants
under the conditions of sandy soil using drip
irrigation system.

The experiment consisted of (12) treatments
which were the combination of three mineral
nitrogen rates (30,60 and 90Kg N/ Feddan) and
four concentrations foliar spray with (SP), Oml/I
(control), 1 ml/l, 2ml/l and 4 ml/l. These
treatments were randomly arranged in a split
plot design system with three replicates; mineral
nitrogen rates were randomly arranged in the
main plots while (SP) doses were randomly
distributed in the sub plots of this experiment.

Ammonium sulphate (AS) (20.5%N) was
used as a source of mineral nitrogen and was
added as a soil application according to
treatments distribution in three doses started
after 15 days intervals from transplanting. On
the other hand, (SP) concentrations were added
as a foliar application to the plants three times
after 15, 30 and 45 days from transplanting.
Transplants of lettuce cv. Dark green were
transplanted on the first week of December in
both seasons of the study. The area of the
experimental unit was (12.6) m? It contained
three lines, each of 6 m length and 0.7 m width.
Lettuce transplants were planted at 25 cm a part
on both sides of the drippers. The other normal
agricultural treatments for growing lettuce plants
were practiced as commonly.

Preparation of Algae Extract

The used algae in the present study Spirulina
platensis is photosynthetic and multicellular
blue-green microalgae that grow in a wide range
fresh, marine and brackish water (Marrezet et
al., 2014). The fresh material was chopped into
small pieces, with an approximate weight of one
kilogram. The sample was first blended and then
ground using a mortar and pestle. The resulting

mixture was filtered through a double layer of
muslin cloth to eliminate any solid residues. The
resulting filtrate was labeled as 100% SWC and
from these different concentrations (Iml/I, 2ml/l,
and 4ml/l) were prepared by adding distilled
water. As the liquid fertilizer contained organic
matter, it was refrigerated between 0 - 4°C until
use. Pise and Sabal (2010). The
cyanobacterium Spirulina platensis was obtained
from the Algae Biotechnology Unit of The
National Research Center, Giza, Egypt
(www.nrc.sci.eg), grown in the Zarrouk medium
(Zarrouk 1966).

Data Recorded
Plant growth measurements

At 75 days from transplanting a random
sample of (five) plants were taken from each
experimental unit for measuring plant height,
number of leaves per plant, and leaf area
Iplant(cm?) was calculated according to the
formula of Koller (1972).

Leaf chlorophyll content

Chlorophyll a, b, and carotenoids (mg/g
FW) were measured in disc samples from the
fourth upper leaf taken from five plants at
harvesting time in every plot by using the
technique outlined by Saric et al. (1976).

Yield, head diameter and weight

At harvest time (100 days after
transplanting) the fresh heads of lettuce plants in
each experimental plot were harvested then
weighed to determine head diameter (cm), head
fresh weight (gm), total yield (ton/Feddan) and
nitrogen use efficiency (kg yield / kg N)
according to Clark (1982).

N, P and K %

Nitrogen, Phosphorus and Potassium in
leaves were determined at (75) days from
transplanting in the dry matter of lettuce plant
leaves according to the methods as described by
to both methods described by AOAC (1995).

nitrate content

nitrate content in lettuce leaves was
determined at 75 days from transplanting by
using Brucine methods as described by Cheng
and Tsang (1998).
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Table 1. Physical and chemical properties of experimental soil (average of the two seasons).

Physical analysis Soil texture
Clay (%) Silt (%) Sand (%)
sandy
8.88 15.23 75.89
Chemical analysis
EC o . Caco3 Soluble cations Soluble anions
pH rganic a (meq./ L) (meq. /L)
dSm-1  matter (%) (%)
Ca** Mg*"* Na" K* CO3° HCO3 CI S04
8.03 2.56 0.52 0.54 1113 879 211 29 0.00 10.78 289 11.26
Available nutrients (mg kg-1soil)
N P K Fe Zn Cu Mn
45.62 8.25 150.35 1.87 0.75 0.68 0.55
Dry matter (%) which recorded the lowest values of the

Known weight of fresh leaves (100 gm)
was taken and dried at 1050C to determine dry
matter percentage.

Total sugar

were determined in the dried samples of
shoots and grains of all treatments
photometrically according to Bernfeld (1955)
and Miller (1959) methods with some
modifications.

Statistical Analysis

All the data obtained were statistically analysis
using Statistic 9 program and means separation
were done by least significant value (L.S.D.) at
0.05 level of probability according to
Snedecor and Cochran (1980).

RESULTS

Vegetative Growth Characters

Data in Table 2 is clear that the tested
nitrogen levels significantly affected plant
height, number of leaves /plants, and leaf
area/plant in both tested seasons. As such, the
highest fertilization rate (90 Kg N/feddan)
recorded the highest plant height (33.07 and
31.47 cm); number of leaves /plant (36.05 and
35.27) and leaf area / plant (7838.8 and
7488.9cm?) in the first and second season
respectively. compared to (30 Kg N/feddan)

previous tested in both tested seasons.

Also, the same table clear that the tested
spraying (SP) levels significantly affected the
lettuce plants height, number of leaves and leaf
area/ plant in both tested seasons. The highest
level of spraying treatment (4ml/l) recorded
the highest plant height (30.98 and 29.96 cm),
(leaves number / plant (34.40 and 34.06), and
leaf area/plant (6886.9 and 6609.1 cm?) as
compared to the control (spraying with
distilled water only) which recorded the lowest
values of the previous tested treats in both
tested seasons.

In addition, the interaction between the two
tested factors affected significantly all the
tested treats, as such, the highest level of N
fertilization combined with the highest
concentration of (SP) ( 4 ml/l), recorded the
highest plant heigh (33.55 and 31.99 cm),
leaves number/ plant (38.41 and 36.04) and
leaf area / plant (8152.9 and 8103.6 cm?) for
both seasons respectively. Without significant
differences with those treated with (90 Kg
N/feddan + spraying with (SP) at concentration
of (2 ml/l.). In the second rank came those
treated with (90 Kg N/feddan + spraying with
(SP) at concentration of 1ml/l.). While the
lowest values of all tested treats were recorded
by (30 Kg N/feddan + spraying (SP) at Oml/I
(with tap water)).
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Table 2: Effect of nitrogen fertilization rates, foliar spraying with Spirulina platensis extract
(SP), and the interaction between them on the plant growth characters of lettuce
during the 2022/2023 and 2023/2024 seasons.

Properties Plant height (cm) No. of leaves/plant Leaf area/plant (cm?)
2023/2024 2024/2025 2023/2024 2024/2025 2023/2024 2024/2025
Treatments season season season season season season
Effect of nitrogen rates
30 N (Kg/ fed) 26.69 c 27.14 ¢ 29.96 ¢ 29.80 ¢ 4587.4c  4778.3cC
60 N (Kg/ fed) 31.12b 29.76 b 32.22b 33.60 b 6291.6b  5902.3b
90 N (Kg/ fed) 33.07 a 31.47 a 36.05 a 35.27 a 7838.8a  7488.9a
Effect of foliar spray with Spirulina platensis (SP)
0 ml/i 29.57 d 28.74d 31.25d 32.12d 5598.1d  5394.7d
1 ml/l 30.21¢ 29.35¢C 31.69 ¢ 3241c 6022.1¢c  5883.2c
2ml/l 30.41b 29.76b 33.64b 32.96 b 6450.1b  6339.1b
4 ml/l 30.98 a 29.96a 3440 a 34.06 a 6886.9a  6609.1a
Effect of interaction
nitrogen igl;:;
rates (SP)
0 ml/l 25.93 ¢ 29.66 e 28.79¢ 28.86 ¢ 4143.11i 4320.8 i
30N 1 ml/l 26.81f 26.76 h 28.95¢ 29.02 ¢ 4289.4h  4665.5h
(Kg/ fed) 2 mil/l 26.95 f 26.87 h 30.61 f 29.61 f 4582.7g9  4960.0g
4 ml/l 27.08 f 27.31¢ 31.48¢ 31.70 e 5334.2 f 5167.0 f
0 ml/l 30.29 ¢ 27.61¢ 31.64¢ 32.86d 5406.4 f 5237.7 f
60 N 1 ml/l 30.87 d 28.97 f 31.74 ¢ 33.52¢c 5911.8¢ 5790.7 e
(Kg/ fed) 2 mil/l 31.01d 30.12d 32.21d 33.56 ¢ 6675.0d  6024.2d
4 ml/l 32.30c 30.29 cd 33.30c 34.45D 71735c  6556.7c
0 ml/l 3249c 30.48 ¢ 33.31c 34.63 b 72447c  6625.7c
90 N 1 ml/l 32.96 b 31.53b 34.38b 34.67b 7865.1b  7193.4b
(Kg/ fed) 2ml/l 33.27 ab 31.86 a 38.12 a 35.72 a 8092.6a 8033.0a
4 ml/l 33.55a 31.99a 384la 36.04 a 81529a  8103.6a

Data in Table 3 reveal that the tested
nitrogen levels significantly affected the
lettuce plants head diameter (23.61 and 23.91
cm), head fresh weight (449.54 and 451.80g)
and dry matter % (5.93 and 5.92%) in the first
and second seasons respectively. While
nitrogen fertilization at 30 Kg N/feddan
recorded the lowest values. Whereas nitrogen
fertilization at 60 Kg N/feddan recorded
intermediate values.

As for the effect of (SP) foliar spray the
data also indicated that the spraying at 4ml/l
recorded the highest head diameter (19.99 and
20.95 cm), head fresh weight (424.35 and
414.65 g) and Dry matter % (5.41 and 5.40%)
in the first and second seasons respectively.
Whereas spraying treatment at a concentration
of 2ml/l came in the second rank. While the
control (0 ml/l) recorded the lowest values.
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Regarding the interaction between the two
tested factors, it was found that the highest N
fertilization rate at 90Kg N + highest rate of
foliar (SP) (4ml/l) recorded the highest head
diameter, head fresh weight and dry matter %

fertilization rate at 90Kg N + foliar spray (SP)
at 1 or 2 ml/l came in the second rank without
significant differences between them. The
lowest values were recorded by 30 Kg N +
foliar spray (SP) at 0 ml/lI (control). The other

of the lettuce plants. In this respect, N tested treatments came in-between.

Table 3: Effect of nitrogen fertilization rates, foliar spraying with Spirulina platensis extract
(SP), and the interaction between them on the head traits of the lettuce plant during the
2022/2023 and 2023/2024 seasons.

Properties Head diameter (cm) Head fresh weight (g) Dry matter (%o)
2022/2023  2023/2024  2022/2023 2023/2024 2022/2023 2023/2024
Treatments season season season season season season
Effect of nitrogen rates
30 N (Kg/ fed) 15.16 ¢ 15.23¢ 349.99 ¢ 330.89 ¢ 439c 444 c
60 N (Kg/ fed) 17.93b 19.61b 404.01 b 389.03 b 519b 5.15b
90 N (Kg/ fed) 23.61a 2391 a 449.54 a 451.80 a 5.93a 592a
Effect of foliar spray with Spirulina platensis (SP)
0 ml/l 17.44d 18.15d 377.06 d 372.54d 4.93d 4.93d
1 ml/l 18.74 ¢ 19.31¢c 399.41c 385.83 ¢ 5.09¢ 510c
2 ml/l 19.42 b 19.93b 403.90 b 389.27 b 524D 525b
4 ml/l 19.99 a 20.95 a 424.35a 414.65a 54la 540a
Effect of interaction
nitrogen :glrlz;
rates (SP)
oml/l 14.27 i 13.711 318.19] 321.231i 4271 4281
30N Iml/l 15.04 hi 14.99 h 347.301i 32549 4.32 hi 4321
(Kg/fed) 2ml/l  15.46 gh 15.78 g 356.22 h 330.06 h 4.41 hi 4.50 hi
4ml/l 15.86fg 16.45¢g 378.25¢ 346.80 ¢ 4.55 gh 4.65 gh
oml/i 16.53 f 18.17 f 388.80 f 375.67 f 4.80¢ 4.89 fg
60 N 1 ml/l 1755e 19.20e 404.08 e 384.36 e 512 f 5.08 ef
(Kg/ fed) 2ml/l 18.61d 19.79e 407.86 e 388.69 e 5.32 ef 5.22 de
4 ml/l 19.01d 21.29d 415.29d 407.38 d 5.51 de 5.39cd
o ml/i 2151c 22.56 ¢ 424.17 ¢ 420.73 c 570 cd 561c
90 N 1 ml/l 23.63b 23.75b 446.85 b 447.64 b 5.82 bc 5.89b
(Kg/ fed) 2ml/l 24.20b 24.23 b 44762 b 449.06 b 6.00 ab 6.03 ab
4 ml/l 25.11a 25.11a 479.52 a 489.79 a 6.18a 6.17 a

Data in Table 4 is clear that the tested chlorophyll a (3.73 and 3.59 mg/g FW),

nitrogen levels, foliar (SP) level, and their
interaction significantly affected leaf pigment
contents of the lettuce plants during the two
tested seasons. As such, the highest fertilization
rate (90 Kg N/feddan) recorded the highest

chlorophyll b (1.72 and 1.78 mg/g FW), and
carotenoids (1.48 and 1.40 mg/g FW) in the first
and second season respectively. compared to the
lowest nitrogen treatment (30 Kg N/feddan)
which recorded the lowest values of the previous
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tested treats in both tested seasons. Meanwhile,
(60 Kg N/feddan) occupied the second rank.

As for the effect of foliar spray with (SP) the
data in Table 4 also indicated that spraying (SP)
at 4ml/l recorded the highest chlorophyll a (3.45
and3.36 mg/g FW), chlorophyll b (1.64 and 1.63
mg/g FW), and carotenoids (1.33 and 1.28 mg/g
FW) in the first and second season respectively.
compared to the control (O ml/I) which recorded
the lowest values of the previous tested treats in
both seasons. The other tested treatments came
in-between.

Regarding the interaction between soil N

fertilization rate and foliar (SP) rates, it was
found that the highest N fertilization rate at
90Kg N + highest rate of foliar (SP) (4mi/l)
recorded the highest chlorophyll a (3.81 and
3.80 mg/g FW), chlorophyll b (1.77 and 1.85
mg/g FW), and carotenoids (1.53 and 1.52 mg/g
FW) in the first and second season respectively.
Without significant differences in most cases
with those treated by 90 kg N + foliar (SP) at
(2ml/N). The lowest values of the previously
tested treat in both seasons were recorded by (30
Kg N+ foliar (SP) at (O ml/l). The other tested
treatments recorded intermediate values.

Table 4: Effect of nitrogen fertilization rates, foliar spraying with Spirulina platensis extract
(SP), and the interaction between them on the leaf pigments of the lettuce plant during
the 2022/2023 and 2023/2024 seasons.

Properties Chlorophyll a (mg/g FW)  Chlorophyll b (mg/g FW)  Carotenoides (mg/g FW)
2022/2023  2023/2024 2022/2023  2023/2024 2022/2023 2023/2024
Treatments season season season season season season
Effect of nitrogen rates

30 N (Kg/ fed) 2.84c 282¢ l44c 1.30¢c 1.08 ¢ 1.06 ¢

60 N (Kg/ fed) 3.26b 3.19b 157D 1.53b 1.23b 1.17b

90 N (Kg/ fed) 3.73a 3.59a 1.72a 1.78a 148 a 140a

Effect of foliar spray with Spirulina platensis (SP)

0 ml/l 3.12d 3.06d 1.51d 1.46d 1.19d 1.15d

1 ml/l 321c 3.15¢ 155¢ 150c 124c 1.18¢

2 ml/l 3.32b 3.25Db 1.60b 157b 1.29b 1.24b

4 ml/l 345a 3.36a 164a 1.63a 1.33a 1.28a

Effect of interaction

. foliar
nitrogen spray
rates (SP)

0 ml/l 2.71f 2.67h 1379 1.21f 1.05¢g 1.04¢

30N 1 ml/i 2.81f 2.76 gh 1.42 fg 1.27 ef 1.06 fg 1.05fg

(Kg/fed) 2 ml/l 2.83f 2.90 fg 1.47 ef 132e 1.07 fg 1.07 fg

4 ml/l 3.02¢ 2.95f 1.48 ef 1.41d 1.11f 1.08 fg

0 ml/l 3.03e 3.06 ef 149e 1.44d 1.11f 1.10f

60 N 1 ml/l 31le 3.18 de 1.53de 151cd 1.18¢ 1.18¢

(Kg/ fed) 2ml/l 3.38d 3.19 de 1.57d 154¢ 1.27d 1.19e

4 ml/l 3.50 cd 3.32cd 1.66 ¢ 1.63b 1.36 ¢ 1.24d

0 ml/l 3.64 bc 3.43c 1.67c 1.72b 140c 131c

90 N 1 ml/l 3.71ab 3.50¢c 1.70 bc 1.72b 1.46b 131c

(Kg/ fed) 2 ml/l 3.75ab 3.64Db 1.75ab 1.84a 151a 1.46b

4 ml/l 3.8la 3.80a 1.77a 1.85a 153a 152a
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Data in Table 5 clear that the tested nitrogen
levels, foliar (SP) level, and their interaction
significantly affected total yield (ton/fed.), and
nitrogen use efficiency (kg yield / kg N) of the
lettuce plants during the two tested seasons. As
such, the highest fertilization rate (90 Kg
N/feddan) recorded the highest total yield (19.92
and 19.97 tonf/fed.) in the first and second
seasons, respectively. Whereas the lowest
fertilization rate (30 Kg N/feddan) recorded the
lowest values. While (60 Kg N/feddan) recorded

intermediate values.

As for the effect of foliar spray with (SP) the
data in Table 5 also indicated that spraying (SP)
at 4ml/l recorded the highest total yield (18.36
Table 5: Effect of nitrogen fertilization rates, foliar spraying with Spirulina platensis extract

(SP), and the interaction between them on the total yield and nitrogen use efficiency of
the lettuce plant during the 2022/2023 and 2023/2024 seasons.

Hassan and El Nagy

and 18.03 ton/fed.) in the first and second
seasons, respectively. While the control (0 mi/l)
recorded the lowest values. Moreover, spraying
treatment at a concentration of 1 or 2ml/l
recorded intermediate values.

Regarding the interaction between the two
tested factors, it was found that the highest N
fertilization rate at 90 Kg N + highest rate of
foliar (SP) (4ml/l) recorded the highest total
yield (21.24 and 21.42 ton/fed.) in the first and
second seasons, respectively. The lowest total
yield (ton/fed.) in both seasons were recorded by
(30 Kg N+ foliar (SP) at (0 ml/l). The other
tested treatments recorded intermediate values.

Properties Total yield (ton/fed.) Nitrogen use efficiency (kg yield / kg N)
2022/2023  2023/2024 2022/2023 2023/2024
Treatments season season season season
Effect of nitrogen rates
30 N (Kg/ fed) 14.36 ¢ 13.66 ¢ 478.63 a 455.19 a
60 N (Kg/ fed) 17.18 b 16.63 b 286.28 b 276.93 b
90 N (Kg/ fed) 19.92 a 19.97 a 221.36¢ 221.92c
Effect of foliar spray with Spirulina platensis (SP)
omli/l 15.98d 15.71d 303.80 d 298.41d
1 ml/l 16.81 ¢ 16.36 ¢ 321.55¢ 309.78 c
2ml/l 17.47b 16.91b 335.75b 320.58 b
4 ml/l 18.36 a 18.03 a 353.94 a 343.29 a
Effect of interaction
nitrogen foliar
rates spray
(SP)
oml/l 13.00j 12.78 h 433.24d 425.96 ¢
30N 1 ml/l 13.981i 13.22 gh 465.99 ¢ 440.71c
(Kg/ fed) 2 ml/I 14,75 13.72 g 491.66 b 457.44b
4 ml/l 15.71h 14.90 f 523.64 a 496.67 a
oml/i 16.19 gh 15.75 ef 269.76 ¢ 262.53 f
60 N 1 ml/l 16.88 fg 16.22 de 281.30 fg 270.27 ef
(Kg/ fed) 2ml/l 17.51 ef 16.78 d 291.88 ef 279.71 de
4 ml/l 18.13 de 17.78 ¢ 302.20 e 295.21d
oml/l 18.76 cd 18.61c 208.401i 206.73 i
90 N 1 ml/l 19.56 bc 19.65b 217.371i 218.36 hi
(Kg/ fed) 2ml/l 20.13b 20.21b 223.70 hi 224.60 gh
4 ml/l 21.24 a 2142 a 235.97 h 237.99¢g
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Data in Table 5 also shows that the tested
nitrogen levels, foliar (SP) levels, and their
interaction significantly affected nitrogen use
efficiency (kg yield / kg N). The highest
nitrogen use efficiency (478.63 and 455.19 kg
yield / kg N) were recorded by (30 Kg
N/feddan) in the first and second seasons,
respectively. While the lowest nitrogen use
efficiency (221.36 and 221.92 kg yield / kg N)
were recorded by (90 Kg N/feddan) in the first
and second seasons, respectively. Whereas (60
Kg N/feddan) recorded intermediate nitrogen
use efficiency.

As for the effect of (SP) foliar spray the data
also indicated that spraying (SP) at 4ml/l
recorded the highest nitrogen use efficiency
(353.94 and 343.29 kg yield / kg N). While the
lowest nitrogen use efficiency (303.80 and
298.41 kg yield / kg N) were recorded by the
control SP at (0 ml/l). Moreover, spraying (SP)
at a concentration of 1 or 2ml/l recorded
intermediate values.

Regarding the interaction between the two
factors, it was found that (30 Kg N+ foliar (SP)
at (4 ml/l) recorded the highest nitrogen use
efficiency (523.64 and 496.67 kg yield / kg N).
While the lowest nitrogen use efficiency (208.40
and 206.73 kg yield / kg N) was recorded by (90
kg N / feddan + control SP at 0 ml/l). The other
tested combinations induced intermediate
nitrogen use efficiency.

Data in Table 6 shows that the tested
nitrogen levels, foliar (SP) levels, and their
interaction significantly affected the lettuce
leaves content from N%, P% and K% during the
two tested seasons. As such, the highest
fertilization rate (90 Kg N/feddan) recorded the
highest N% (2.55 and 2.46%), P% (0.47 and
0.49%) and K% (2.34 and 2.22%) in the first
and second seasons, respectively, compared to
the lowest nitrogen treatment (30 Kg N/feddan)
which recorded the lowest values.

As for the effect of foliar spray with (SP) the
data in Table 6 also indicated that the highest
level at 4ml/l recorded the highest N% (2.19 and
2.17%), P% (0.42 and 0.44%) and K% (2.10 and
2.06%) in the first and second seasons,
respectively, compared to the lowest nitrogen
treatment (30 Kg N/feddan) which recorded the
lowest values. In this respect, spraying (SP) at a

concentration of 1 or 2ml/l recorded

intermediate values.

Regarding the interaction between the two
factors, it was found that highest N fertilization
rate at 90 Kg N + highest rate of foliar (SP)
(4ml/1) recorded the highest leaves N% (2.75
and 2.63 %), P% (0.52 and 0.52%) and K%
(2.48 and 2.46%) in the first and second seasons,
respectively, in the second rank came those
treated by (90 Kg N/feddan +SP at 2ml/l
without significant difference between them in
most cases. Meanwhile, 30 Kg N+ foliar (SP) at
(0 ml/l) recorded the lowest values. The other
tested combinations induced intermediate
values.

Data in Table 7 shows that the tested
nitrogen levels, foliar (SP) levels, and their
interaction significantly affected the lettuce
leaves content from nitrate (ppm), vitamin C
(mg/100g F.W.) and Total sugar (%) during the
two tested seasons. As such, the highest
fertilization rate (90 Kg N/feddan) recorded the
highest nitrate content (237.66 and 238.35 ppm),
vitamin C content (4.05 and 3.91 mg/100g F.W.)
and Total sugar content (6.45 and 6.51%) in the
first and second seasons, respectively, compared
to the lowest nitrogen treatment (30 Kg
N/feddan) which recorded the lowest values.
While (60 Kg N/feddan) recorded intermediate
values.

As for the effect of foliar spray with (SP) the
data in Table 7 indicated that the highest level at
4ml/1 recorded the lowest nitrate content (204.71
and 202.99 ppm) in the first and second seasons,
respectively. While the control (0 ml/I) recorded
the highest values. Whereas the second and third
treatments (1 and 2 ml/l) recorded intermediate
values.

Regarding the interaction between the two
factors, it was found that the highest N
fertilization rate at 90 Kg N + the control of
foliar (SP) (Oml/I) recorded the highest leaves of
nitrate content (247.16 and 248.40 ppm) without
significant differences with those treated by
highest N fertilization rate at 90 Kg N + foliar
(SP) (1 ml/l) in the first and second seasons,
respectively. Whereas the lowest values were
recorded by the lowest N fertilization rate at
30Kg N + highest level of foliar (SP) (4mi/l).
The other tested treatments recorded
intermediate values.
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Table 6: Effect of nitrogen fertilization rates, foliar spraying with Spirulina platensis extract
(SP), and the interaction between them on nitrogen (N), phosphorus (P) and potassium
(K) Percentage of the lettuce plant during the 2022/2023 and 2023/2024 seasons.

Properties N% P% K%
2022/2023  2023/2024 2022/2023  2023/2024  2022/2023 2023/2024
Treatments season season season season season season
Effect of nitrogen rates
30 N (Kg/ fed) 142¢ 149¢c 0.28¢ 0.29c 1.66 ¢ 1.65¢
60 N (Kg/ fed) 2.00b 1.99b 0.38Db 0.40b 1.97b 1.86b
90 N (Kg/ fed) 2.55a 2.46 a 0.47a 0.49a 2.34a 2.22a
Effect of foliar spray with Spirulina platensis (SP)
0 ml/l 1.79d 1.78d 0.34d 0.36d 1.86d 1.78d
1 ml/l 191c 191c 0.36¢ 0.37c 1.96 ¢ 187¢c
2 ml/l 2.07b 2.06 b 0.38Db 0.41b 2.04b 1.93b
4 ml/l 2.19a 217a 0.42a 0.44 a 2.10a 2.06 a
Effect of interaction
nitrogen :glrlz;
rates (SP)
oml/i 1.25i 1.221i 0.25h 0.25i 152¢g 1.56 h
30N 1 ml/l 1.36 hi 1.35i 0.26 gh 0.26 i 1.64f 1.64 gh
(Kg/ fed) 2 ml/l 1.50 gh 1.62h 0.29¢ 0.31h 1.69 ef 1.66 g
4 ml/l 1.58 fg 1.74 gh 0.32f 0.34¢ 1.77e 171¢g
oml/i 1.75 ef 1.82fg 0.36 e 0.36 fg 1.88d 1.72 fg
60 N 1 ml/l 1.94 de 1.97 ef 0.37e 0.38f 197 cd 1.81f
(Kg/ fed) 2 ml/l 2.07cd 2.04¢ 0.39e 04le 1.99¢ 191e
4 ml/l 2.25bc 2.13 de 0.41d 0.45d 2.04c 2.01d
o ml/i 2.38b 2.29cd 0.43cd 0.47 cd 2.19b 2.06 cd
90 N 1 ml/l 242 b 2.41 be 0.45c 0.48 bc 2.27hb 2.15 bc
(Kg/ fed) 2ml/i 2.63a 2.51ab 0.48Db 0.50 ab 242 a 2.22b
4 ml/l 2.75a 2.63a 0.52a 0.52a 2.48 a 2.46 a

As for the effect of foliar spray with (SP) the
data in Table 7 also clear that the highest level
at 4ml/I recorded the highest vitamin C content
(3.66 and 3.41 mg/100g F.W.) and Total sugar
content (5.85 and 6.00 %) in the first and second
seasons, respectively. While the control (0 ml/l)
recorded the lowest values. Whereas the second
and third treatments (1 and 2 ml/l) recorded
intermediate values.

Regarding the interaction between the two
factors, it was found that the highest N
fertilization rate at 90 Kg N + highest level of

foliar (SP) (4ml/l) recorded the highest vitamin
C content (4.38 and 4.40 mg/100g F.W.) and
total sugar content (6.77 and 6.92 %) without
significant differences with those treated by
highest N fertilization rate at 90 Kg N + foliar
(SP) (2 ml/l) in most cases , in the first and
second seasons, respectively. Whereas the
lowest values were recorded by the lowest N
fertilization rate at 30Kg N + the control of
foliar (SP) (Oml/l). The other tested treatments
recorded intermediate values.
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Table 7: Effect of nitrogen fertilization rates, foliar spraying with Spirulina platensis extract
(SP), and the interaction between them on the head quality of the lettuce plant during

the 2022/2023 and 2023/2024 seasons.

Properties nitrate (ppm) V|tam|nFC V\(/r)ng/lOOg Total sugar (%)
2022/2023 2023/2024 2022/2023 2023/2024 2022/2023 2023/2024
Treatments season season season season season season
Effect of nitrogen rates
30 N (Kg/ fed) 190.75 ¢ 190.83 ¢ 2.68¢C 240 c 451c 473 ¢
60 N(Kg/ fed) 216.93 b 216.40 b 341D 3.04Db 539D 561b
90 N (Kg/ fed) 237.66 a 238.35a 4.05a 391a 6.45a 6.51a
Effect of foliar spray with Spirulina platensis (SP)
o ml/i 224.82 a 225.89a 3.09d 2.76d 5.05d 5.24d
1 ml/l 218.55 b 219.28 b 3.27¢c 3.03¢ 5.28¢ 5.49c
2ml/l 212.38 ¢ 21261 c 352D 3.26b 561D 575b
4 ml/l 204.71d 202.99 d 3.66 a 34la 5.85a 6.00 a
Effect of interaction
nitrogen igl;:;
rates (SP)
Oml/l  202.60gh  202.77 f 2.271i 212 4.10i 4279
30N 1ml/l 195.48hi  195.26 fg 2.60 h 2.331j 4.32i 451¢
(Kg/fed) 2ml/l  186.05ij  186.80 gh 2.85¢ 2.52 hi 4.72h 4,95 f
4 ml/l 178.88 j 178.49 h 3.02 fg 2.63 gh 4.89 gh 5.18 ef
Oml/l  224.72de  226.49 cd 3.22 ef 2.78 fg 4.92 gh 5.23 ef
60 N 1ml/l  219.87de 220.18 de 3.36 de 3.00 ef 5.18 fg 5.58 de
(Kg/fed) 2ml/ll 21530ef  215.78e 3.49d 3.15de 5.57 ef 5.76d
4ml/l 207.85fg  203.13f 3.58 cd 3.22d 5.88 de 5.88 cd
0 ml/l 247.16 a 248.40 a 3.77 bc 3.37d 6.13 cd 6.23 bc
90N 1ml/l  240.30ab  242.40 ab 3.85Db 3.77¢c 6.35 bc 6.37b
(Kg/fed) 2ml/ll 235.78bc  235.26 bc 421a 4.13b 6.53 ab 6.53 ab
4ml/l  227.41cd 227.34cd 4.38 a 4.40 a 6.77 a 6.92 a
Discussion and development of plants, especially during

The presented study reported that the maximum
growth of lettuce and its productivity as well as
highest of most chemical contents are
associated to the application of mineral source
of N fertilizer at highest dose (90 Kg
N/feddan). This is due to the high essentiality
of N as a component of amino acids, proteins,
nucleic acids, pigments and many enzymes
(Marschner, 1995). So, N is critical for growth

cell division and cell enlargement phase of
growth. Haque and Jakhro (1996) reported
that N promotes vigorous growth, and its
deficiency leads to stunted growth and low
production. The observed enhancement in
lettuce productivity under higher dose of
nitrogen condition agrees with those findings of
Shams, 2012 and Zaki et al., 2012, who
reported that plant productivity increased as N
dose increased. The maximum vyield under
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higher supply of mineral nitrogen due to
increasing the photosynthetic rates and the
assimilation rates, which leading to increase the
vegetative growth and heads yield of lettuce
(Saleh et al.,, 2010). With the increase of
nitrogen dose, growth and productivity
increased due to reciprocal relationship
between nitrogen and carbohydrates exist
within the plant (Patil et al., 2003) leading to
more accumulation of carbohydrates and
proteins which are the final products of
photosynthesis and metabolic  activities.
Although lettuce growers are seeking to
increase productivity, the consumers are
extremely preferred high product quality
(FAO, 2002). McCall and Willumsen (1998)
mentioned that higher doses of N are unlikely
to achieve more gain in vyield but risk
increasing the nitrate content of the crop to a
non-acceptable rate. Increasing the use of
mineral-N causes environmental problems due
to the excessive nitrate accumulation in the
edible parts (Parente et al., 2006). The
application of nitrogen fertilizer in appropriate
mode (source and dose) is important to get
optimum lettuce productivity and to improve its
quality.

Algae extracts (Spirulina extract) are an
excellent source of chemical fertilizers (NPK)
and plant growth promoters such as auxins,
cytokinins, gibberellins, amino acids,
macronutrients, microelements, and organic

REFERENCES

Al-Najjar, (2022). The Effect of Spraying with
Spirulina Extract and Microelements on the
Growth and Yield of Cucumbers. AJAAR,

19(4): 1-11. DOL:
10.9734/AJAAR/2022/v19i4379
AOAC.(1995).  Association  of  Official

Agricultural Chemists. Official Systems of
Analysis. 17th. Ed. AOAC, Wash., D.C

Balloni, W.;L. Tomaselli, L. Govannetti
andM.C. Margheri (1980). Biologia
fondamentale del genere Spirulina. In:
Cantarelli C, Ciferri O, Florenzano G,
Kapsiotis G, Materassi R, Treccani U, Eds.

matter that improve plant productivity (Al-
Najjar, 2022).Spraying lettuce plants with (SP)
is a part of the solution to decrease nitrate
accumulation, therefore it can be used to reduce
the amount of nitrate produced by mineral
fertilizers in vegetables, hence improving the
quality of salad vegetables produced as well as
human health (Fawzy et al., 2006; Uddin et al.,
2009; Saleh et al., 2010; Shams, 2012; Zaki et
al., 2012 and Saleh et al., 2013). The presented
study reported that lettuce that sprayed with (SP)
resulted in the highest product quality (the
highest vitamin C and dry matter as well as less
nitrate content) compared to mineral-N source.
Also, the superiority in vitamin C and dry matter
in heads tissues plus less nitrate content were
associated to medium application dose of N-
fertilizer. The slight decrease in lettuce yield by
spraying (SP) is acceptable and may partly be
compensated for by saving of the mineral
fertilizers cost and the positive environmental
effect as well as the possible higher price for
higher nutritional quality of the yield (Uddin et
al., 2009). So, it is possible to reach remarkable
yield even by application of moderate mineral-N
dose (Parente et al., 2006) and using (SP)
spraying(Al-Najjar, 2022).Consequently, there
is double advantage by increasing product
quality (vitamin C and dry matter) and reducing
nitrate accumulation (Premuzic et al., 2004). In
conclusion, it is possible to achieve an
acceptable yield and more quality by providing
moderate dose of N and using (SP) spraying.

Progetto finalizzato "Ricerca di nuove fonti
proteiche e di nuove formulazioni
alimentary. Atti del Convegno: Prospettive
della coltura di Spirulina in Italia. Consiglio
Nazionale delle Richerche. Firenze-
Academia dei Georgofili, CNR, Tipografia
Coppini.;49-82.

Bernfeld, P. (1955). Methods in enzymmology.
Acad. Press, Inc., New York,1:149-154.

Bhat, V.B. andK.M. Madyastha (2001).
Scavening of peroxynitrite by phycocyanin
and phycocyanobilin ~ from  Spirulina
platensis:  protection against oxidative
damage to DNA. Biochem. BiophysRes



Zagazig J. Agric. Res., Vol. 52 No. (4) 2025 747

Commun. 285:262-266.
DOl.org/10.1006/bbrc.2001.5195.

Calvo, P.; L. Nelson and J.W. Kloepper
(2014). Agricultural uses of plant bio
stimulants. Plant Soi 383, 3-41.

Cheng, C.F. and CW. Tsang (1998).
Simultaneous determination of nitrite,
nitrate and ascorbic acid in canned vegetable
juices by reverse-phase ion-interaction
HPLC. Food Addit. Contam., 15(7): 753-
758.

Clark, R.B. (1982). Plant response to mineral
element toxicity and deficiency. In breeding
plants for less favorable environments. Eds.
M.N. Christiansen and C.F. Lewis. pp. 71-
142. John Wiley and Sons, New York.

Du Jardin, P. (2015). Plant bio stimulants:
definition, concept, main categories and
regulation. Sci.Horticult. 196, 3-14.

Dwivedi, S.K.; M.R. Meshram, A. Pal, N.
Pandey and A. Ghosh (2014). Impact of
natural organicfertilizer (seaweed sap) on
productivity and nutrient status of black
gram (Phaseolus mungo L.). The Bioscan 9:
1535-15309.

FAO. (2002). Handling and processing of
organic fruits and vegetables in developing
countries (prepared by J. Heyes and B.
Bycroft).

Fawzy, Z.F.; H.A. Mohamed and M.M. Abou
El-Magd (2006). Evaluation of some sweet
fennel cultivars under organic fertilization.
Egypt. J. of Appl. Sci., 21 (1): 232-244.

Fox, D. (1993). Health benefits of Spirulina and
propos for a nutrition test on children
suffering from kwashiorkor and marasmus.
In: Doumengue F, Durand Chastel H,
Toulemont A, Eds. Spiruline algue de vie.
Bulletin de [I'Institut  Océanographique
Monaco, Musée Océanographique. Numéro
Special. 12:179-185.

Gyenis, B.;J. Szigeti, N. Molnar andL. Varga
(2005). Use of dried microalgal biomasses
to stimulate acid production and growth of
Lactobacillus plantarum and Enterococcus

faecium in milk. Acta Agrar. Kapos. 9:53—
59.

Haque, 1.U. and A.K. Jakhro (1996). Soil and
fertilizer nitrogen. Soil Sci., pp: 262.
National Book Foundation Islamabad,
Pakistan.

Ju, X.T.; C.L.,, Kou, P. Christie, Z.X. Dou
and F.S. Zhang (2007). Changes in the soil
environment from excessive application of
fertilizers and manures to two contrasting
intensive cropping systems on the north
China plain. Environmental Pollution 145:
497-506.

Koller, H.R. (1972). Leaf area-leaf weight
relationship in the soybean canopy. Crop
Sci., 12 (2): 180-183.

Manrich, A.; B. C. Mermejo, J. C. Morais, J.
E. Oliveira, L. H. C. Mattoso andM.A.
Martins  (2014). Determinacdo  Da
ComposicaoQuimica Da Spirulina Platensis.
In. Workshop De
NanotecnologiaAplicadaAoAgronegdcio, 8.,
2014, SaoCarlos. Anais... Sdo Carlos:
Embrapalnstrumentacdo,. p.116-120

Marrez, D. A.;M. M. Naguib, Y. Y. Sultan, Z.
Y. Daw, andA. M. Higazy (2014).
Evaluation of chemical composition for
Spirulina platensis in different culture
media. The "Research Journal of
Pharmaceutical, Biological and Chemical
Sciences, 5(4), 1161-1171.

Marschner, H. (1995). Mineral nutrition of
higher plants. Academic press, London, 4th
printing (1999): 889 pp.

McCall, D. and J. Willumsen (1998). Effects
of nitrogen availability and supplementary
light on nitrate content of soil-grown lettuce.
J. Hort. Sci. Biotech., 74: 458-463.

Michalak, I.; B. Gorka, P.P. Wieczorek, E.
Roéj, J. Lipok and B. Leska (2016).
Supercritical fluid extraction of algae
enhances levels of biologically active
compounds promoting plant growth. Eur. J.
Phycol. 51 243-252.

Miller, G.L. (1959). Use of dinitro salicylic acid
reagent for determination of reducing sugar.
Ann. Chem., 31:426-428.



748 Hassan and EIl Nagy

Narasimha Rao, G.M. and C. Reshmi (2014).
Effect of seaweed liquid fertilizer from
Gracilaria textorii and Hypnea musciformis
on seed germination and productivity of
some vegetable crops. Universal Journal of
Plant Science 2: 115-120.

Pallabi, M. and D. Debiprasad (2014),
Rejuvenation of bio-fertilizer for sustainable
agriculture and economic development.
Consilience: The Journal of Sustainable
Development, 11(1), 41-61.

Parente, A.; M. Gonnella, P. Santamaria, P.
L’ Abbate, G. Conversa and A. Elia
(2006). Nitrogen fertilization of new cultivars
of lettuce. Acta Hort., 700: 137-140.

Patil, B.N.; V.G. Ingle and SS. Patil (2003).
Effect of spacing and nitrogen levels on
growth and vyield of Knol-Khol (Brassica
oleracea var. caulorapa) cv. White Vienna.
Ann. Plant Physiol., 17 (2): 110- 113.

Pise, N. M. and A. B. Sabale (2010). Effect of
seaweed concentrates on the growth and
biochemical constituents of
Trigonellafoenum- graecumL. J. Phytology,
2 (4): 50-56.

Prasad, S. and A.A. Chetty (2008). Nitrate-N
determination in leafy vegetables: Study of
the effects of cooking and freezing. Food
Chem., 106: 772-780.

Premuzic, Z.; F. Vilella, A. Garate and I.
Bonilla (2004). Light supply and nitrogen
fertilization for the production and quality of
butter head lettuce. Acta Hort., 659: 671-
678.

Ramya, S.S.; S.F. Nagaraj and N.V.
Vijayanand (2010). Biofertilizing
efficiency of brown and greenalgae on
growth, biochemical and yield parameters of
Cyamopsis (L.) Taub. Recent Res. Sci.
Tech., 2(5): 45-52.

Reinink, K. (1991). Genotype Environmental
Interaction for nitrate concentration in
lettuce. Plant Breeding 107: 39-49.

Rubatzky, V.E. and M. Tamaguchi (1997).
World vegetables, principles, production and
nutritive values. Second edition. Chapman

and Hall International Thomson Publishing.
New York, U.S.A. pp. 843.

Saleh, S.A., M.F. Zaki, Nagwa, M.K. Hassan
and M.I. Ezzo (2013). Optimizing nitrogen
sources and doses for optimum Kohlrabi
production in new reclaimed lands. Journal
of Applied Sciences Research, 9 (3): 1642-
1650.

Saleh, S.A.; A.A. Galala, A.A., M.l. Ezzo and
A.A. Ghoname (2010). An attempt to
reduce mineral fertilization in lettuce
production by using bio-organic farming
system. Acta Hort., 852: 311-318.

Saric, M.; R. Kastrori, R. Curie, T. Cupina
and |. Gerie (1976). Chlorophyll
determination. Univ. Unoven  sadu
parktikum is fiziologize bibjoke, beagard,
hauncna, anjig. 215. Current Sci., 5: 23-25.

Sazetak, A. (2011). Greenhouse pepper, natural
biostimulants, phenolic content, pigments,
vitamin C, antioxidant activity. Journal of
the science of food and agriculture 91 (12):
2146-2152.

Schenk, M.K. (2006). Nutrient efficiency of
vegetable crops. Acta Hort. 700: 21-33.

Shaheen, M.A.;S.M. Abd EIWahab, F.M. El-
Morsy andA.S.S. Ahmed (2013). Effect of
organic and bio-fertilizers as a partial
substitute for NPK mineral fertilizer on
vegetative growth, leaf mineral content,
yield and fruit quality of superior grapevine.
J. Hortic. Sci. Ornam. Plants. 5:151-159.
DOI: 10.5829/idosi.jhsop.2013.5.3.1123

Shalaby, T.A. and H. El Ramady (2014).
Effect of foliar application of bio-stimulants
on growth, yield components and storability
of garlic (Allium sativumL.). Aust. J. Crop.
Sci. 8:271-275

Shams, A.S. (2012). Effect of mineral, organic
and bio-fertilizers on growth, yield, quality
and sensory evaluation of Kohlrabi.
Research Journal of Agriculture and
Biological Sciences, 8 (2): 305-314.

Snedecor, G.W. and W.G. Cochran (1980).
Statistical Methods. 7Th (ed.). lowa State
Univ. Press, Ames. lowa, USA.



Zagazig J. Agric. Res., Vol. 52 No. (4) 2025 749

Spolaore, P.;C. Joannis-Cassana, E. Duranb
andA. Isamberta (2006).
Commercialapplications of  microalgae.
Journal of Bioscience and Bioengineering.
101(2):87-96. DOL:
ORG/10.1263/JBB.101.87.

Stewart, M.\W.; W. D. Dibb, E.A. Johnston
and J.T. Smyth (2005). The Contribution of
Commercial Fertilizer Nutrients to Food
Production. Agron. J., 97: 1-6.

uddin, J.; A.H.M. Solaiman and M.
Hasanuzzaman (2009). Plant
characteristics and vyield of Kohlrabi

(Brassica oleracea var. gongylodes) as

affected by different organic manures. J.
Hort. Sci. Ornament. Plants, 1: 1-4.

Zaki, M.F.; A.S. Tantawy, S.A. Salah and
Yomna 1. Helmy (2012). Effect of bio-
fertilization and different levels of nitrogen
sources on growth, yield components and
head quality of two broccoli cultivars.
Journal of Applied Sciences Research, 8 (8):
3943-3960.

Zarrouk, C. (1966) Contribution a
I’étuded’unecyanophycée.  Influence de
Divers Facteurs Physiques et Chimiques Sur
la Croissance et la Photosynthése de
Spirulina maxima. Ph.D. Thesis, Université
De Paris, Paris.



750 Hassan and EIl Nagy

sall) o (Qapads NAI.\JJJ,,\,MY\)umuﬁJﬂ\ijuaM\uﬁ‘gﬂ\uhwﬁh
owdd) @bl 83 g2 9 J sl g

Zw@m\w-lwmi*miyab

s - G830 dln - Ay RS - () and -]
e - G Bl daala - Al g L ol gl A0S L Sl 2Lyl 22

Oo s B0 il auil 2024/2023 5 2023/2022 cadliiad) s awse IS Al all oda Cy ]
SVda 452 ¢ 0 ¥ amay (L smansl) 2 (Bl QAN 5 (010 5 535 23S 905 <60 ¢30) (Sanall (5 i)
«dd (Lactuca sativa L., cv. Dark Green). osall & <l il aS) 555 ¢ Slasll caS jill g Uiy ¢ salll e
el (pana Laigy ¢yl adadll gyl il giase (1) Jaladl i Cam ccplale cl plas aladcinly 4 il
G sl 08/ s i w90 = panaill o il < jedal At Hl) cind adll B B )5 (aS Ly pma) (<)
Jsb cled Gl d s ol Gliall abed adll Jef ) ool sas e 3S i/de 4 38 5 Wil s panl 850
Jpandl «lbnall (5 sina (Adlall okl dpus sCJLH\ o cu.ni)S\ ki (A8l Aaliudl) cd\_)_gy‘ Qe il
Canads G128/ 5 i aaS 90 = Adalaall (o @y aa s (pans gall DS (8 4SN Sl D ¢ Copalid ¢S
4}5}&13)“%0;)5\ ou UAS,J\QJ:_@‘unuume\m\gb;us&i,u\)ménfgci‘;@i
(—;;S 90 on Jalall )@_L\ seﬂh O gyl ?\M‘ 3eleS u.\.u\;.!} Gl il Gl glsa (a8d ‘;\ LEA\ e
S sina @ @ sina aliail ge s paal) liall alira b Liaal s B Ul ) Jide 4 o 08/0sm 5 i
u\ eLA.\AJJ Ol (e Aasd U\As/u.\;)).\.u e;s 90 ?\ML' MJ\AA O gyl e\d;.u.u\ 38 L.é Cpandi g )yl
(33590 AJ.ALLA.:A.}‘)\AA 4 giza \A})& )@.EJAL\JJJ—\MY\ u.n‘).\S/dAé]. @u\&ﬂ/u.\;;).meas 60 = il
o ‘M} e gall S G (AL SN pmnall) Jie degadl liiall alara & Wl g sl (550 0108/ g i
& et Lea (Ll g oYl S5l Jlatn¥) A (e la8/aaS 30 ey (Samall s g il dlesd) Jl65 230840 )
O Al aedy Gead) G )sl bl SIS s coam g il alaAiul BelS Cpaady ol gl Qs
ol L) labial 3y jeil oo ) 5 Ll s i) 5 o 5 il

1OgaSanl)
G Aaala - A 30 A uzadl) S N8 ol 2aai Ll .n -1
L daala — Ao 3N A, piadl) Ml Sl JUs o g L 22



