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ABSTRACT

Algae extracts are an excellent source of chemical fertilizers (NPK) and plant growth
promoters such as auxins, cytokinins, betaine, gibberellins, amino acids, macronutrients,
microelements, and organic matter that improve plant productivity. The investigation
was performed at 2019-2020 through winter seasons, in sandy soil at Ismailia Agricultural
Research Station greenhouse. To investigate the impact of numerous levels of spraying of
spirulina extract (after being diluted with half its volume of water) combined with or
without microelements on the vegetative development and cucumber yield (Cucumis sativus L.) of
Rocket cultivar. The experiment involved 7 different treatments (control, foliar fertilization
by 5 ml, 10 ml, and 15 ml of spirulina extract/L water combined with or without concentrated
microelements at 2 ml/L. Spraying was performed after 2 weeks planting three times
15 days intervals. The experiment was performed with three repetitions using a complete block
randomized design (CBRD), and averages were compared using the test Duncan's at 0.05 level.
Spraying with 15 mL spirulina with microelements achieved the highest plant height,
main branches number, number of leaves, leaf area, length fruit, fruit diameter, stems and leaves
fresh weight, stems and leaves dry weight, chlorophyll content and, NPK during two seasons.
While the highest yield was recorded in terms of plant yield (1.27 and 1.31 kg), the yield of the
experimental plot (25.59 and 26.25 kg), the total yield per fed. (10.74 and 11.02 tons) by spraying
with 5 ml of spirulina extract incorporated with microelements during the two planting seasons,
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resulting yield.

respectively. The results show that higher spirulina concentrations activate plant growth,
chlorophyll and NPK in the leaves, while the concentration above 5 ml spirulina reduces the

Keywords: Algae; spirulina; spraying; microelements; cucumber.

1. INTRODUCTION

Cucumber is a chief vegetable crop in the
Cucurbitaceae family planted in Egypt in the
summer season, which can be successfully
grown in protected environments under plastic
tunnels or in greenhouses in winter. Cucumber
fruit contains 96% water, 0.7 mg protein, 4
calories, 24 mg calcium, vitamin A producer,
0.075 mg riboflavin (vitamin B2) and 0.3 mg
niacin per 100 g of fruit [1]. Egypt's total planted
area is (46728) fed. and its productivity of fed.
reached 9,481 tons/fed., with productivity of
(443035 tons) in 2019/2020. Increased demand
due to population growth and large losses due to
disease outbreaks during cultivation requires the
use of several ingredients that stimulate
production, in addition to increasing disease
resistance and improving fruit quality. Under
protected cultivation, the production of
cucumbers is 2 to 9 times greater than in the
open field, which depends on technological
levels, nutrition management, and control of
climatic conditions, which are key factors for high
yield in this type of vegetable. The nutrition of
this crop is an important cause in increasing its
production. In several regions, there s
indiscriminate utilization of chemicals fertilizer,
and excessive cultural practices have brought
severe consequences to the environment. In
addition, the high costs of chemical fertilizers
made them out of the reach of producers, which
led to lower yields, lower incomes, and lower
quality of products [2]. Besides, when exporting
vegetables, consumers tend to accept
“innovative, different” and appropriate products
that can contribute to a consistently healthy diet
with the less environmental impact on natural
resources [3].

The seaweed effected on the cell metabolism for
the synthesis antioxidant molecules that boost
plant development and stress tolerance, as well
as protection against bacteria, yeast, and
molds may explain the improved plant growth,
yield, and quality [4]. Seaweed extract are
soluble in water and act as organic fertilizers that
promote the seeds germination, growth and yield
of crops [5]. Marine algae are generally used as
fertilizers, but their nitrogen and potassium

content is similar to that of animal manure and
organic fertilizers, but their phosphorus content is
low. The seaweed used in production the
products had anti activity against insects, fungal,
and bacterial diseases [6]. In addition it act as
supplements or biofertilizers that stimulate
different activity on plants [7]. Also, it’s used foliar
or in granular form as soil improvers and fertilizer
[8]. Foliar fertilization with seaweed extracts,
wealthy in naturalist plant hormones, vitamins,
and several macro- and micronutrients, has a
rapid effect on the preparation of plants with
these requirements, thus increasing agricultural
production in modern techniques. Sathya et al.
[9] refer that seaweed extracts include diverse
growth-stimulates  like  cytokinins,  auxins,
betaines, amino acids, gibberellins, and organic
materials including macro- and micronutrients
that improve crop and their quality. Ahmed and
Shalaby [10] stated that seaweed extracts
provide an alternative source of chemical
fertilizers, as they not only contain nitrogen,
phosphorus and potassium, but also a very wide
range of phytohormones, amino acids, and
organic acids encouraging plant metabolism.
Sakr [11] confirmed that spraying sweet pepper
with seaweed extract after 75 days of planting
increased the percentage of flower set by
16.38% and the mean quantity of fruits by 6.83
fruits/plant compared to 3.88 fruits/plant for
untreated plants. Saravanan et al. [12,13]
discovered that spraying tomato plants with
seaweed extracts at different concentrations
increased the number of flowers and fruit set
while decreasing the drop of young fruits of the
plant and significantly increased the diameter of
fruit in two studies. Additionally, tomatoes' weight
and qualitative attributes such as total
sugars, vitamin C, phenols, and lycopene are
increased.

Spirulina is 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, B12, E, and K
chlorophyll, carotenes, phycocyanin and plant
hormones [14,15]. Spirulina contains 18 of the 20
known amino acids, all essential minerals, and
trace elements, as well as enzymes [16].



The application of spirulina can reduce chemical
fertilizers using and positively affect their growth
and physiology [17]. Antimicrobial action of
spirulina  cell extract against different
bacteria has been demonstrated due to large
levels of acrylic acid in spirulina and organic
acids such as propionic, benzoic, and mandelic
[18]. Many agriculture products include
antimicrobial [19], antifungal [20], and herbicide
compounds [21] are manufactured from spirulina.
The sulfated polysaccharides of spirulina showed
activity against different virus replication [22].
Phycocyanin is the major pigment in spirulina
that promote anthocyanin  production in
secondary metabolites and inhibits oxidative
damage in plant DNA [23]. Phycocyanin is a
powerful antioxidant that scavenging free radical.

The research aimed to investigate foliar spraying
effect by spirulina and microelements on the
growth and vyield characteristics of a popular
Egyptian cucumber cultivar (Rocket).

2. MATERIALS AND METHODS
2.1 Materials

This research was achieved at the Agricultural
Research Center, in one of the greenhouses of
the Ismailia Agricultural Research Station for two
agricultural seasons in 2019/2020, to investigate
foliar spraying effect by spirulina (1fresh spirulina
:0.5 water) and microelements on the vegetative
changes and vyield of cucumber plant, cultivar
Rocket.

The structure of microelements (Nature SA) was
(2% zinc, 2.5% iron and 1% manganese, 0.5%
copper, 3% magnesium, 3% sulfur, and 0.5%
boron) and the recommended rate was 2 cm?®/
liter.

The greenhouse soil was prepared prior to
conducting the experiment. The soil was split into
lines ten meters long and one meter wide. The
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seedlings distance between plants is 50 cm. All
agricultural services are carried out in
accordance with the requirements of the plant.
Experiment was performed according to RCBD's
with three replicates. Spirulina seaweed extract
was prepared by mixing fresh spirulina and water
at a ratio of 1:0.5, homogenizing.

The study contained 7 treatments, the first being
a control, while the other three consisted of
spraying cucumber shoots with spirulina extract
without micronutrients at (5 ml, 10 ml, and 15 ml
spirulina extract/L™ of water). The other three
treatments consisted of sprays of spirulina
extract combined with microelements at levels (5,
10 and 15 ml) of spirulina extract incorporated
with 2 ml concentrated microelements / liter of
water. The symbols of treatments are shown in
Table 1. Spraying for cucumber plants was
applied three times, the first one after two weeks
of transplanting, then after 15 days for every one.

2.2 Methods

2.2.1 Vegetative characters
2.2.1.1 Plant length (cm)

The height of the plant was measured from the
soil surface to the terminal of the plant

2.2.1.2 Branch number (mean)

The number of branches (mean) was calculated
for the 3 plants allocated from each experimental
unit, then divided the result by the number of
plants.

2.2.1.3 Leaves number

The leaves of several plants were calculated
randomly from each treatment and for all
treatments, then calculated the average of one
plant.

Table 1. The treatment symbols used in study

Treatments Symbols
Control Co

5 ml spirulina extract* / L water S1

5 ml spirulina extract + 2 ml microelements** / L water S11

10 ml spirulina extract / L water S2

10 ml spirulina extract + 2 ml microelements / L water S22

15 ml spirulina extract / L water S3

15 ml spirulina extract + 2 ml microelements / L water S33

*Spirulina extract: (1fresh spirulina: 0.5 water), **Microelements: (Nature SA) include (2% zinc, 2.5% iron and 1%
manganese, 0.5% copper, 3% magnesium, 3% sulfur, and 0.5% boron)



2.2.1.4 Leaf area cm?

Leaf area (cm?) was measured with a portable
leaf area meter [24].

2.2.1.5 Fresh and dried weighing of stems and
leaves

Three plants from each three replicate separated
into leaves and stems and dried in an oven at 70
°C for two days to determine the dry weight
during the early stages of fruit set.

2.2.2 Chemical characteristics
2.2.2.1 Determination of NPK (mg/kg) in leaves

A leaf sample weighing 0.5 g was taken and
digested by adding 5 ml sulfuric acid, followed
wth 3 ml of pyrochloric acid [25]. Nitrogen
percentages were measured with a micro-
Kjeldahl apparatus [26]. Phosphorus was
measured at 882 nm by spectrophotometer [27].
Potassium percentage was measured with a
flame photometer.

2.2.2.2 Determination of chlorophyll

The chlorophyll content of cucumber leaves was
estimated using the 90% acetone extraction
method and UV-Vis spectrophotometer at
wavelengths of 645, 663 and, 750 nm, and the
total amount of chlorophyll pigment was
calculated as mg pigment /100 g fresh weight.

2.2.3 Characteristics of the yield

Fruit length (cm) was recorded with a tape
measure. Verneir was used to measure the fruits
diameter from the middle.

Plant yield (kg) was calculated by computing the
total yield resulted from the three replicates of
treatment and dividing by the number of plants.
Plot yield (kg) was calculated by measuring the
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total fruit weight of the experimental unit. The
total yield per fed. (ton/fed) was estimated by
multiplying the number of plants per fed. in plant
yield.

2.2.4 Statistical analysis

Statistical analysis was performed according to
the RCBD design and Duncan's test was used to
identify significant differences between means at
the 5% probability level by SPSS 16 software.

3. RESULTS AND DISCUSSION
3.1 Vegetative Growth Characters

It is noted from Table 2 that spraying with
spirulina extract has significantly affected the rise
of the cucumber plant height, and the effect has
increased when microelements combined with
spirulina extract have been used. The spraying
treatment at a concentration of 15 ml/L with the
use of microelements recorded the highest
height of the plant at 146 and 154 cm compared
to the treatment of control (spraying with distilled
water only) which recorded the lowest height of
the plant at 111 and 119 cm for both seasons
respectively.

It is also clear that foliar spraying with the same
treatment (15 ml of spirulina extract/l water) with
the use of microelements gave the highest
number of side branches with a record of 4.5 and
5.2 compared to the comparison treatment of 3.2
and 3.6 during the planting seasons.

Spraying with S33 treatment recorded the
highest values of leaves number by 70 and 79
and the leaf area 45.9 and 47.3 cm? compared to
the control that recorded the lowest values. It is
also noted that the combination of the use of
spirulina  and microelements increases the
characteristics of vegetative growth significantly
compared to the non-use of microelements.

Table 2. Effect of spirulina and microelements on vegetative growth of cucumber Rocket

cultivar
Plant length cm Branch num. Leave num. leaf area cm”
S1 S2 S1 S2 S1 S2 S1 S2
Co 1119 119¢ 3.2¢ 3.6° 369 459 25.69 26.39
S1 117' 125' 3.5 3.8 44' 49' 28.4' 33.2'
S11 124° 128° 3.6° 4.1° 54° 58° 32.3° 35.5°
S2 131¢ 135¢ 3.8° 4.4° 60° 62° 33.2¢ 37.6¢
S22 138° 142° 4.1° 4.7° 62° 68° 36.5° 41.8°
S3 142° 148° 4.3° 4.9° 67" 71° 43.4° 45.7°
S33 146% 1542 4.5% 5.2% 70% 792 45.9% 47.3%
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Table 3. Effect of spirulina and microelements on fresh and dried weight of stems and leaves of cucumber Rocket cultivar

Stem fresh weight (g) Leave fresh weight (g) Total fresh (Q) Stem dry weight () Leave dry weight Total dry weight

(@) ()]
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
Co 6459 6639 682.49 698.37 1327.4° 1361.37 59.67° 60.49 148.29 161.3° 207.99 221.79
S1 690 703' 730' 759' 1420' 1462' 62.1' 67.4' 157' 181" 219.1" 2485
S11  705° 723° 780.8° 790.5° 1485.8° 1513.5° 66.96° 70.1° 177.5° 186.9°  244.4° 257°
s2  729¢ 739° 790.3° 803" 1519.3% 1542¢ 70.47° 74.3° 181.8° 190.5¢ 252.2°  264.8°
S22 749° 788° 803° 812.5° 1562° 1600.5° 76.4° 79.1° 186.9° 193.3¢ 263.3° 272.3°
S3  768° 805" 812.5° 828.4° 1580.5° 1633.4° 79.6° 82.4° 190.4° 196.4°>  270° 278.8°
S33 783 8192 828.4° 866.5% 1611.4> 1685.5° 83.4° 89.1% 196.3% 199.3*  279.7* 288.4°




In conclusion the results pointed to that
employing foliar spraying with seaweed extracts
(spirulina) improved plant and vegetative growth
of cucumber fruit and these results are agree of
with  reported by different researchers
[28,29,10,30,31].

Foliar sprays of various concentration of spirulina
were encourage stems and leaves fresh weight
compared with the control as well as total fresh
weight as appear from Table 3. The maximum
stems and leaves fresh weight during two season
(783, 819, 828.4, and 866.5 g) were obtained by
S33 treatment. Also, it clearly from the results
that increase the concentration of spirulina led to
increase total fresh weight as well as stems and
leaves fresh weight. Incorporated microelements
with spirulina significantly maximize the weight
for both stems and leaves fresh weight and total
fresh weight compared with utilized spirulina
alone. This may be due to beneficial effects for
the use of algae on physiological and biological
activities, resulting in increased plant growth [29].
The same increase in fresh and dried weight of
stem and leaves were achieved in cucumber
plants [32,31] as result to apply seaweed
extracts which may be due to high content of P,
Mg, K, Zn, Fe, and Mn) and increase the level of
photosynthesis process. In addition to the fact
that seaweed extracts have growth hormones,
macro, micronutrients and organic matters like,
amino acids that improve nutritional status,
vegetative growth incorporating fresh and dried
weight of stem and [33,34].

The same trend of results on fresh weight
(stems, leaves, and total) were obtained after
dehydration not either by stems but also by
leaves by increase concentration of sprayed
spirulina which achieved higher level of dry
weight for stems and also leaves as well as the
total dried weight especially when incorporated
with microelements. The highest dried weight of
stem, leaves, and total dry weight recorded by
S33 treatment during two season as follow (83.4,
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89.1, 196.3, 199.3, 279.7, and 288.4 gq),
respectively. It was clear that the foliar
application of spirulina alone or incorporated with
microelements had a significant role in promoting
the total dry weight of leaves and stems likened
with the control, similar results obtained by [30]
who applied foliar spray with algae in beans.

3.2 Chemical Constituents
3.2.1 NPK (mg/kQg) in leaves

The results of Table 4 indicate that spraying with
spirulina extract had a significant effect on
increasing the proportion of nitrogen in the
leaves as result for increasing the concentration
of spirulina used in the spray. The proportion of
nitrogen in the leaves increased as combined the
microelements with spirulina in the spray liquid.
Treatment S33 gave the highest level of nitrogen,
3.44, and 4.01 mg/kg during the two growing
seasons, respectively. Compared to the control
treatment, the nitrogen level in leaves was 2.91
and 3.17 mg/kg. Perhaps this is due to the high
nitrogen content in spirulina.

The results also indicated a significant increase
in phosphorous in the leaves after spraying with
spirulina extract, and the effect increased when
the spirulina extract was combined with
microelements extract. The percentage of
increase in phosphorus ranged from 42 to 57%
when comparing the treatment with S33, which
gave the highest rate of increase in phosphorous
content in the leaves compared to the control.

Also, the same treatment S33 achieved the
highest rate of potassium in the leaves compared
to the control, which amounted from 34 to 38%.
The increment of NPK in cucumber leaves
increased by increase the concentration of
spirulina that contain a higher capacity of
macronutrients or NPK as reported by [32].
Others researchers emphasized on this result
such [33,34].

Table 4. Effect of spirulina and microelements on NPK of leaves cucumber Rocket cultivar

Treatments N (mg/kg) P (mg/kg) K (mg/kg)
S1 S2 S1 S2 S1 S2

Co 2.919 3.17° 0.337 0.387 2.98° 3.279
S1 2.99' 3.32 0.37' 0.41' 3.31 3.46'
S11 3.08° 3.35° 0.39° 0.43° 3.43° 3.69°
S2 3.16¢ 3.37¢ 0.41° 0.49° 3.59¢ 3.81¢
S22 3.21° 3.47° 0.43° 0.52° 3.77° 3.98°
S3 3.28° 3.58° 0.46° 0.55° 3.93° 4.14°
S33 3.44% 4.01° 0.49° 0.60° 4.13? 4.39%




3.2.2 Leaf pigments

From Table 5, we can see that spraying spirulina
extract has a significant effect on the total
chlorophyll content of leaves, and the effect
increases with increasing spirulina concentration.
Using spirulina in combination with trace
elements resulted in the highest-level chlorophyll
compared to using spirulina alone. Utilizing S33
treatment maximized diverse chlorophyll types.
Chlorophyll a achieved 50.51 and 51.6 mg/100g
by S33 during two seasons, while chlorophyll b
was 28.2 and 29.6 mg/100 g. Also, S33
treatments gave the maximum a value and b that
reached to 78.7 and 81.2 mg /100 g and finally
chlorophyll ¢ reached to 4.2 and 4.4 mg/100 g
during two seasons, respectively. The control
treatments recorded 33.3 and 34.3 mg/100 g for
Chlorophyll a, 22.3 and 22.8 mg/100 ¢
Chlorophyll b, 55.6 and 57.1 mg/100 ¢
Chlorophyll a and b and chlorophyll ¢ were 2.9
and 3.0 mg/100 g in the two seasons,
respectively. Application foliar with marine algae
extracts significantly increased the different
chlorophyll content [10,31].

3.3 Fruit Quality

Table 6 shows that the S33 treatment is
significantly superior in fruit length to other
treatments, as it gave the highest value for fruit
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length (16 and 16.3 cm) during the planting
seasons, while the control treatment gave the
lowest value (13.5 and 13.5 cm), respectively.
Increasing the spirulina concentration led to
increase fruits length. The incorporation spirulina
with microelements achieved a higher fruits
length compared with using spirulina without
microelements.

From the results, it can be observed that the
foliar spray of seaweed liquid extracts enhanced
the yield parameters, such as, fruit length and
fruit weight and the same trend obtained on
cucumber by [35,36,10,37,38,39]. Zodape et al.
[40] found the same enhancement by length and
diameter fruits when pepper plants spraying by
marine algae extract.

3.4 Characteristics of the Yield

It is clear from the results of Table 7 that
spraying with spirulina extract on plant leaves
has significantly affected the yield of one plant
only when spraying at the level of 5 ml spirulina.
The higher concentration about 5 ml spirulina
has significantly led to a decrease in the yield
resulting from one plant. The highest plant yield
was recorded at S11 treatment by 1.27 and 1.31
kg, respectively during two seasons while the
lowest plant yield was recorded by S3 treatment

Table 5. Effect of spirulina and microelements on Chlorophylls (mg/100 g) of leaves cucumber
Rocket cultivar

Chlorophyll a Chlorophyll b Chlorophyll a+b Chlorophyll ¢

S1 S2 S1 S2 S1 S2 S1 S2

Co 33.3Y 34.39 22.39 22.89 55.67 57.19 2.99 3.0'
S1 34.2' 38.4' 24.1' 24.9' 58.2' 63.2' 3.2 3.4°
S11  35.0° 41.4° 24.9° 25.6° 59.9° 67.0° 3.4° 3.5°
S2 41.8° 44.0° 25.8¢ 26.4° 70.7° 70.4° 3.6° 3.7°
S22 435° 47.6° 26.6° 27.3° 70.2° 74.9° 3.8° 3.8°
S3 46.94° 48.5° 27.0° 27.6° 74.0° 76.1° 4.0° 4.1°
S33  50.51° 51.6° 28.2° 29.6° 78.7° 81.2° 4.2° 4.4°

Table 6. Effect of spirulina and microelements on fruit length and diameter of cucumber
Rocket cultivar

Fruit length (cm)

Fruit diameter (cm)

S1 S2 S1 S2
Co 13.59 13.59 3.2° 3.4
S1 13.7' 14' 3.3° 3.6°
S11 14.1° 14.3° 3.5¢ 3.8°
S2 14.4° 14.6° 3.6¢ 4°
S22 14.7° 14.9° 3.8° 4.1
S3 15.2° 15.6° 4° 4.2°
S33 16° 16.3% 4.6° 4.8°
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Table 7. Effect of spirulina and microelements on plant, plot, and total yield of cucumber
Rocket cultivar

Plant yield (kg)

Plot yield (kg)

Total yield (ton/fed)

S1 S2 S1 S2 S1 S2
Co 1.19° 1.22° 23.91° 24.55° 10.04° 10.31°
s1 1.26% 1.25° 25.35° 25.19° 10.64° 10.58°
S11 1.27% 1.31° 25.59° 26.25° 10.742 11.02°
S2 1.09° 1.14° 21.98° 22.81° 9.23° 9.58°
S22 1.11° 1.16° 22.37° 23.35¢ 9.39¢ 9.80¢
S3 0.98° 1.02¢ 19.71° 20.43° 8.28¢ 8.58°
S33 1.07° 1.10' 21.43' 22.15' 9.00' 9.30'

by 0.98 and 1.02 kg during the planting seasons
respectively. [10,31] illustrated that employing
algae improve fruits weight as result for
enhancing the leaves numbers leaf area and
activate consequently the physiological activities
as photosynthesis that end improve the plant
yield, total yield, and crop quality of cucumber
[41]. Increasing fruits number per plant is another
reason for increase the plant yield or total yield
by spraying cucumber plants with the seaweed
extract [42,43]. The reason for the increase the
plant yield may due to rise the quantity of fruits
per plant for increasing the flowers and the
proportion of nodes for increasing in the number
of branches, leaf area, and chlorophyll content of
leaves, which affected on carbon metabolism
and accumulation of nutrients in the plant [44].
Additionally the action of nutrients included in
spirulina extract that encourage flowering, nodes,
carbon representation, respiration, and
protoplasmic building processes. These nutrients
enter into the synthesis of the necessary DNA
and RNA dividing cells and then increasing the
number of branches, which created the
opportunity to form the largest amount of floral
buds and then rise the number of fruits in the
plant and thus increase the yield for one plant
and then for fed. yield [45]. These effects are
harmonious with what obtained by [32,46]. The
third reason for increase the plant yield by
spraying seaweed extract is improving fruit set
and fruit retention [47,48].

The findings exhibited that spraying with spirulina
extract at the first level at 5 ml of spirulina,
whether with or without the wuse of
microelements, exceeded the vyield of
experimental plots on the control and other spray
levels. The S11 treatment recorded the highest
experimental plots yield by 25.59 and 26.25 kg
per plot, while S3 treatment was the lowest
experimental plots yield by 19.71 and 20.43 kg
during the two growing seasons, respectively.

It is also clear that spraying with spirulina extract
has a significant impact on the total yield per fed.
as the S11 treatment recorded the highest values
of 10.74 and 11.02 tons per fed. compared to the
control treatment (Co) which recorded 10.04 and
10.31 tons per fed. for the two growing seasons.
Yield improvement connected using the
hormonal substances (organic compounds)
existing in the seaweed extracts, particularly,
cytokinins which promote floral initiation, help
earlier flowering than normal and increase
nutrient mobilization,  cytokinins from the roots
to the which ameliorating the Ilevel or
biosynthesis of endogenous fruit cytokinins and
increase developing the fruits [49,50]. The results
showed that the use of the highest level of
spirulina at 10 ml and 15 ml led to a decrease in
the total yield per fed. compared to the control
sample. This may be due to pushing the plant
more in the direction of vegetative growth than
encouraging the formation of flowers and fruit
set.

4. CONCLUSIONS

From the above results, foliar application of
spirulina resulted in increased vegetative growth
of cucumber plants, especially at higher
concentrations of spirulina used like treatment
S3, and enhanced the effect when spirulina was
combined with microelements as in treatment
S33. High concentrations of spirulina alone or in
combination with microelements (S33, S3, S22,
and S2) adversely affected yield per (plant,
experimental plot, or fed. resulting in
decreased output compared to control. However,
compared to controls, vyield (per plant,
experimental plot, or fed.) was significantly
increased when using a low concentration of
spirulina, as in treatment S1. Utilizing
microelements in addition to spirulina at lower
level improved the outcome and increased yield
as in the treatment S11.
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