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Abstract

A field experiment was conducted in one of the experimental fields
affiliated to Ibn Al-Bitar Vocational Preparatory School located in
Al-Hussainiyah District - Karbala Governorate during the 2023 ag-
ricultural season with the aim of studying the impact of adding dif-
ferent concentrations of marine algae extract, balanced fertilizer in
the growth qualities, yield and vitamin C in the roselle plant. The
experiment was carried out according to a randomized complete
block design (RCBD) with factorial arrangment and three replica-
tions. The experiment included two factors. The first factor included
spraying with marine algae extract in concentrations ( 0, 0.25, 0.5
and 0.75 ml L) . The second factor included spraying with balanced
fertilizer (NPK) in concentrations (0, 2.5 and 5 ml L™?). The results
showed that spraying with marine algae extract (0.75 ml L) has a
significant superiority in the vegetative growth qualities and vitamin
C content of the roselle plant compared to other agile agreements,
and the spraying with balanced fertilizer at a concentration of (5 ml
L) It significantly excelled in all study indicators. The interaction
between the two study factors, The spray treatment superiority (0.75
ml L) of algae extract with the of balanced fertilizer (5 ml L), and
gave the highest averages for all the studied qualities., giving the
highest Means for all the studied qualities.

Keywords: Hibicsus sabdariffa « marine algae extract « balanced fer-
tilizer < vitamin C.

Introduction

Hibicsus sabdariffa L Which belongs to the marshmallow family Malvaceae of
medically important plants [1]. Of course, its medical importance is concentrated in its
coronary calyx leaves as a source of Hibiscin, as it is rich in Vitamin C and also con-
tains Protocatehenic acid (PCA), which is an important antioxidant because of its role
in the treatment of some cancerous [2]. It also contains anthocyanin dye and organic
acids, so it is used in the coloring of medicines for the pharmaceutical industries. In the
food industry, sweets and jelly are prepared from it in addition to jams. It is also used
industrially as the fibers extracted from its stems are used in the manufacture of ropes

[3].
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Due to the medical importance of the plant, it was necessary to increase its produc-
tivity of leaves and the active substance in addition to making an effort to improve its
quality through several mechanisms and means, including foliar feeding, Sprinkle ma-
rine algae extracts, which are an important source because they are used in many ap-
plications on economic crops, where they have been used recently because they reduce
chemical fertilizers, and at the applied level, we find that they have an important impact
on improving production in quantity and quality [4] , and they are also a good source
of nutrients and many important growth stimulants (oxine, cytokine, and betanine) In
addition to their content of organic and amino acids and some vitamins that affect the
plant's vital activities [5] , not to mention the role of marine algae extracts in increasing
growth, as they stimulate the growth of roots , vegetable branches, increase the leaf
content of chlorophyll , early flowering, thus increasing the plant's yield [6]. [7] indi-
cated that spray four concentrations of marine algae extract (0, 1, 2 and 3ml L) gave.
It was noted that the use of marine algae extract at a concentration of (3 ml L?) a
increase In some of the vegetative growth traits studied, from the trait of plant height
with an Mean of (126.83) cm to the trait of the number of main branches with an Mean
of (83.08) branch plant?, In the same regard, the same treatment outperformed the dry
weight of the vegetative total with an Mean of (505.00)g plant, In comparison to by
the control treatment without spraying, which recorded the lowest Means with a value
of (74.29)cm and (32.08)branch plant® (278.58) g plant? respectively. In another
study, found [8], spraying the roselle plant with three concentrations of marine algae
extract (0, 4 and 8ml L1), a significant increase in the traits of yield, which studied the
number of nuts and the total yield of the calyx with Mean of (157.44) plant nuts *
(1188.79) kg h* at a concentration of (8 ml L) Compared with the comparison treat-
ment that gave the lowest average for the two traits (105.90) plant nuts * and(918.93)
kg hat,respectively.

Spraying with balanced fertilizer, which contains NPK, as nitrogen, phosphorus and
potassium are major nutrients and have great importance in the growth and develop-
ment of the plant , and adding them in a balanced manner and not individually is an
urgent necessity to avoid the pollution of nutrients as well as the economic cost as a
result of increasing their addition. From this standpoint, we explain the role of nitrogen
(N) in promoting the growth of both stems and leaves, as this element is the most im-
portant element needed by crops. Phosphorus (P) supports the formation of roots and
fruit development. It also accelerates the process of crop maturation because it is an
essential element for growth , while potassium (K) plays an important role in enhancing
the strength of the plant and its resistance to harsh environmental conditions. It is also
an essential element for many important physiological activities and processes [9].
Badry [10] found in its experience about the impact of the date of planting and spraying
with NPK fertilizer on some growth qualities, the effective crop and components of the
fenugreek plant (Trigella foenecum — Lm.) In two concentrations of marine algae ex-
tract (1,2) g L It had a significant impact on the studied qualities compared to plants
that were not sprayed with fertilizer, plants that were sprayed with a concentration of
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2 g L recorded the highest Mean plant height of (64.87 cm) and for the number of
branches (6.06 branches of the plant?) and for dry weight (2,000 g) and vitamin C
(2,933 mg 100g™?).

Given the importance of the roselle plant pharmacologically and economically, in
addition to the lack of field and pharmaceutical studies on it, this research aimed to: -
find safe natural alternatives to the chemical compounds used to increase the growth
and yield of the roselle and study the effect of different concentrations of seaweed
extract and balanced fertilizer in some vegetative and yield growth qualities and the
vitamin C content of the roselle plant resulting from the physiological processes that
accompany the spraying.

Materials and Methods

A field experiment was carried out in the summer season 2023 in one of the ex-
perimental fields of lbn Al-Bitar Vocational Preparatory School located in Al-
Hussainiyah District - Karbala Governorate in order to find out the response of the
roselle plant to different concentrations of marine algae extract and balanced ferti-
lizer(NPK) the experiment was carried out according to a randomized complete block
design (RCBD) with factorial arrangment and three replication, the experiment in-
cluded two factors. The first factor included spraying with marine algae extract in con-
centrations of (0, 0.25, 0.5 and 0.75 ml L) were symbolized as A0, A1,A, and A3,
respectively. The second factor included spraying with balanced fertilizer(NPK) in
concentrations of (0, 2.5and 5 ml L*) were symbolized as FO, F1, and F2, respectively.
The spraying process was carried out when the plant reached a height of (10-15 cm).

After the soil service operations of plowing, smoothing, settling and then dividing
into experimental units (5x3m), the seeds of the local variety ( Hibiscus sabdraff L.)
were planted on (23/3/2023) In each hole at the upper third of the meadow and the
distance between one hole and another is (50 cm) and alternately on both sides of the
meadow by 3 seeds in the hole and a depth of (3-5 cm), then it was reduced to one
plant, in addition to conducting all crop service operations from weeding and irrigation
and according to the need of the crop, and the soil was fertilized according to the ferti-
lizer recommendations with nitrogen fertilizer in the form of urea 200 kg h™* (N46%)
in two batches (11). Ten plants were randomly taken from the middle of the experi-
mental unit, at 50% flowering stage to study the following traits:

Plant height (cm)

Plant height was measured from the soil surface level to the highest apex of the marked
plants using a meter tape for ten plants from each experimental unit and from the two
middle lines.

Number of branches of the plant( branch plant?)

The number of main branches of plants whose height was measured was  calculated,
and then the Mean number of branches per plant was taken.
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Dry weight of vegetative total (g plant™)

The plants were dried air-dried at room temperature for a month until the weight was
stable. Then the dry weight was estimated using a sensitive electric balance, after which
the Means were calculated.

The nut no.per plant (plant nut ™)

The number of nuts set in five plants of the experimental units for each replicator
was calculated, then the Mean number of nuts per plant was taken after 75% of the
flowers had opened.

The total yield of the calyx is( Mg ht)

The total yield of a hectare area was calculated according to the law: Total yield of
nuts = yield of nuts per plant x plant density
In the covered papers content of Vitamin C

Vitamin C (Ascorbid Acid) was estimated according to the method [12]. The data
were collected and analyzed statistically according to the aforementioned design and
the arithmetic Means of the transactions were compared using the least significant dif-
ference (L.S.D) test at a probability level of (0.05) using the statistical analysis program

Results and Discussion
Plant Height (cm)

It is clear from Table 1 that the spraying with seaweed extract and the balanced
fertilizer(NPK) and the interaction between them have a significant impact on the
height of the plant, superiority concentrations A3(0.75ml L1)lexcelled over the rest of
the concentrations, which gave the highest Mean of the plant height characteristic of
(130.21 cm), while gave AO (comparison) lowest Mean of this (100.22 cm), with an
increase of (29.92%), and the treatment with a concentration of A2 did not differ from
the treatment with a concentration of A3. The clear effect of seaweed extract concen-
trations is attributed to its role in improving the nutritional and physiological status of
some growth regulators and hormones, as these hormones interfere with the hormones
in the plant to perform their physiological action, causing an increase in cell division,
thus increasing the lengths of vegetative growths [13].

As for the spraying with NPK fertilizer, it has a moral impact on this trait, as shown
in the same table, As the length of the hibiscus plant increased to reach the concentra-
tion F2 (5 ml L?), as it gave the highest Mean of (142.47 cm) compared to the treatment
FO, which gave the lowest Mean of this trait of (89.92cm). The transactions differed
among them , that the superiority that emerged may be due to the vital role of foliar
feeding, where the balanced fertilizer works to the plant's need for the necessary min-
eral elements NPK and promote healthy and balanced plant growth, and it also works
to increase the efficiency of the carbon representation process through the role of the
elements NPK in increasing cell division, and this is positively reflected on the height
of the plant [14].
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As for the interaction between the concentrations, it was significant in this trait, and
despite the fact that the response is direct except for the treatment with concentration
A3FO0, in which there was a decrease, but it is not significant, and in general the increase
in the characteristic is similar when increasing the concentrations of seaweed extract
and at the same concentrations of balanced fertilizer, and that the difference in the per-
centage of increase is relatively large in the characteristic studied, as when increasing
the concentration of seaweed extract to 0.75 ml L* (A3) and at the treatment of 5 ml
Lt (F2) to (40.95%), while the increase was (79.4%) at the same concentration of
seaweed extract with the treatment of non-addition of balanced fertilizer FO,as the treat-
ment A3 F2 gave the highest Mean of (164.07 cm), compared to the treatment A0 FO,
which gave the lowest Mean of ( 86.20 cm).

Table (1): Effect of sea algae extract concentrations and balanced fertilizer and
the interaction between them on the height of the roselle plant (cm)

marine algae
extract Balanced fertilizer(NPK) (mlL%) Mean
(ml L?)
FO F1 F2
A0 86.20 98.07 116.40 100.22
Al 88.27 102.20 124.80 105.09
A2 94.87 118.47 164.06 125.98
A3 90.33 136.23 164.07 130.21
Mean 89.92 113.74 142.47
L.S.D. marine algae | Balanced Fer- Interaction
(0.05) extract tilizer
8.172 7.077 14.155

Number of main branches of the plant (plant branch %)

The results in Table 2, indicated that there is a significant impact of spraying with
marine algae extract on the number of main branches, as the treatment of spraying A3
(0.75 ml L-1) achieved the highest Mean number of main branches, which reached
20.69 branch plant?, with a significant difference from all spraying treatments (A0,
Al, A2), which gave Means of 12.48 , 13.23, 18.58, and the branch plant * in succes-
sion, as the treatments AO and Al did not differ between them, this increase can be
attributed to the content of marine algae extract from growth regulators, which have a
catalytic role by creating woody tissues for buds and stems and thus the growth of
lateral buds [15].

The results of the same table indicate that the spraying of balanced fertilizer has a
significant impact on the number of main branches, as its maximum Mean at the
sprayinf with concentration of spraying F2 (20.23 branch plant?), while the lowest
Mean for this trait at the treatment FO amounted to (11.25 branch plant™?) and an in-
crease of (79.82%). This increase may be due to the role of the nutrients constituting
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the balanced fertilizer composition, such as nitrogen and phosphorus, as they enter into
the synthesis of proteins, enzymatic accompaniments, RNA, DNA, and a product that
increased photosynthesis rates. As for the role of the potassium element affecting the
opening and closing of the stoma as an osmotic regulator, it results in an increase in
water and absorbed nutrients that activate photosynthesis and increase its outputs, thus
increasing the vegetative growth rate of the plant, such as the height of the plant, ac-
companied by an increase in the number of plant branches [16].

The interaction of marine algae extract spraying and balanced fertilizer achieved a
significant effect on the number of branches, as the interaction treatment A3F2 gave
the highest Mean of the trait of (27.13 branch plant?), while the interaction treatment
AOFO0 gave the lowest Mean of this trait of( 9.97 branch plant 1).

Table (2): The effect of concentrations of marine algae extract and balanced fer-
tilizer and the interaction between them in the number of branches of roselle
(branch plant?)

marine algae
extract Balanced fertilizer(NPK) (ml L%?) Mean
(ml LY
FO F1 F2
A0 9.97 12.63 14.83 12.48
Al 11.27 13.20 15.23 13.23
A2 11.23 20.27 23.73 18.58
A3 12.53 22.40 27.13 20.69
Mean 11.25 17.12 20.23
L.S.D. marine algae | Balanced Fer- Interaction
(0.05) extract tilizer
1.426 1.235 2.470

Dry weight of vegetative total (g plant™)

The results in Table 3 showed that there were significant differences between the
Foliar spray treatments with marine algae extract in the dry weight of the vegetative
total. the concentration of spraying A3 was (0.75ml L) achieved the highest Mean dry
weight of (386.1 g plant™®) and a significant difference from all spraying concentration
(A2, Aland A0), which was gave (379.6, 308.7 and 270.0 g plant?), respectively. As
we note, the concentration of spraying AO gave the lowest Mean for this trait. The
superiority of the highest concentration is attributed to the role of the extract in increas-
ing the nutrient and chlorophyll content of the roselle plant in addition to protein, which
increases the efficiency of photosynthesis of the manufacture of foodstuffs and their
accumulation in the plant, which is reflected in the increase in dry matter [17].

As for the effect of balanced fertilizer, we note the moral superiority of the concen-
tration of spraying F2 which was (398.3 g plant?), While Fy gave the lowest mean of
(279.7) gm plant.From the above results, it is clear that the addition of NPK balanced
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fertilizer spraying on the vegetative total of the roselle plant caused a moral increase
with the increase in the level of addition to physiological characteristics, including the
dry weight of the vegetative total and the reason is due to the effective role of balanced
fertilizer, as it increases the readiness of the major elements of the plant, which repre-
sent essential components that contribute to promoting vegetative and root growth of
the plant, which is positively reflected on the dry weight of vegetative hunger [18].

The interaction of marine algae extract spraying and balanced fertilizer achieved a sig-
nificant effect on dry weight, as the interaction treatment A3F2 gave the highest Mean
of (474.8 g plant), while the interaction mean AOF0 gave the lowest Mean of (251.7

g plant?).

Table (3): Effect of concentrations of marine algae extract and balanced fertilizer
and their interaction on the dry weight of the vegetative total of roselle(g plant?)

marine algae
extract Balanced fertilizer(NPK) (™) Mean
(mlL?Y)
FO F1 F2
A0 251.7 271.1 287.2 270.0
Al 271.6 292.4 362.0 308.7
A2 290.6 373.5 469.3 379.6
A3 305.0 383.9 474.8 386.1
Mean 279.7 330.2 398.3
L.S.D. marine algae | Balanced Ferti- Interaction
(0.05) extract lizer
12.74 11.03 22.06

Number of nuts (plant walnut )

The results of Table 4 indicate the moral impact of marine algae extract in increas-
ing the number of flowering calyces of the roselle plant, as it achieved the treatment of
spraying A3 (0.75 ml L), the highest Mean of 190.8 nut plant?, while the of concen-
tration AO achieved the lowest Mean of 122.9 nut plant . the concentration A, and A3
did not differ significantly between them in this trait. The moral impact of spraying
with seaweed extract is attributed to the nutrients it contains that stimulated vegetative
growth represented by the height of the plant and the number of branches Table 2 and
3, which led to an increase in the processed foodstuffs in the leaves, thus moving them
to the effective growth areas. This encourages the formation of the maximum possible
number of flower buds, which results in an increase in the number of nuts [19] .

The results of the same table also indicated the significance effect of spraying with
balanced fertilizer, of the impact of the balanced fertilizer spraying transactions to-
wards increasing the level of concentrations used and with significant differences be-
tween all transactions. The treatment of spraying F2 (5 ml L) gave the highest Mean
of this trait of 179.2 nut plant compared to other spraying transactions, while the treat-
ment FO (comparison) gave the lowest number of flower cups of 143.3 nut plant “* with
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an increase of 25.05%. This moral impact may be due to the superiority of the treatment
in the height of the plant and the number of branches (Table 1 and 2) in succession , or
the superiority may be due to the fertilizer content of NPK elements in a balanced
amount, thus increasing growth rates and the accumulation of dry matter, especially
during the pre-flowering period, and all this affects the weight of the dry vegetative
total [20] .

The interaction of marine algae extract spray and balanced fertilizer achieved a signif-
icant impact on the number of nuts, as the interaction treatment A3F2 gave the highest
Mean of 232.9 nut plant -, while the interaction treatment AOFO0 gave the lowest Mean
of 98.3 nut plant,

Table (4): Effect of sea algae extract concentrations and balanced fertilizer and
their interaction on the number of nuts of roselle (nut plant ?)

marine algae
extract Balanced fertilizer (NPK) (ml L) Mean
(ml LY
FO F1 F2
A0 98.3 128.7 141.6 122.9
Al 118.7 141.4 160.6 141.3
A2 121.4 145.1 181.5 149.3
A3 121.4 196.2 232.9 190.8
Mean 143.3 152.8 179.2
L.S.D. marine algae | Balanced Fer- Interaction
(0.05) extract tilizer
8.57 7.42 14.84

The total yield of the nuts is (micag h?)

The results of Table 5 Showed that there are significant differences in the total
yield of the coronal calyx leaves by the effect of Foliar spray treatments with marine
algae extract Spraying with concentration Az was significantly superior to the rest of
the concentrations, which amounted to (2.168) Mg ha, while A, gave the lowest av-
erage, amounting to (1.360) Mg ha, with a percentage increase (%59.41). The moral
superiority appeared may be due to the fact that marine algae extract contains high
proportions of major and minor elements, as they are important elements for the bio-
synthesis of the plant in addition to its role in activating photosynthesis and manufac-
turing carbohydrates in the leaves and then transporting and storing them in nuts, thus
increasing the yield of one plant and the total production, or this increase in quantity
may be due to the role of marine algae extracts in increasing the number of branches
and the number of nuts table 4, thus increasing the dry weight [21].

The results of the same table showed significant superiority when spraying with the
F, concentration, which amounted to (1.911) Mg ha and an increase rate of (18.62%
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) compared to the FO concentration, which gave the lowest average for this character-
istic, which amounted to(1.611) Mg ha?, respectively. The superiority may be at-
tributed to the role of balanced fertilizer in increasing the height of the plant and the
paper area, thus increasing the area exposed to light, and this results in an increase in
dry matter, which was positively reflected in the increase in the total yield of cup leaves
[22] .

The interaction of marine algae extract spraying and balanced fertilizer achieved a sig-
nificant effect in the studied trait as the interaction treatment A3F2 gave the highest
Mean of 2.435 Mg ha* While the treatment AOFO gave the lowest Mean of 1.306 Mg
ha'.

Table (5): Effect of sea algae extract concentrations and balanced fertilizer and
their interaction on the total yield of coronal leaves of roselle (mica g ha)

marine algae
extract Balanced fertilizer(NPK) ( ml L?) Mean
(ml L?)
FO F1 F2
A0 1.306 1.395 1.377 1.360
Al 1.466 1.520 1.724 1.570
A2 1.795 2.195 2.106 1.970
A3 1.875 2. 195 2.435 2.168
Mean 1.611 1.780 1.911
L.S.D. marine algae | Balanced Fer- Interaction
(0.05) extract tilizer
0.05752 0.04982 0.09963

Vitamin C content of leaves calyces (mg g ?)

The results of Table 6 showed: There is a significant difference in the vitamin C
content of calyx leaves when sprayed with seaweed extract if the spray concentration
As was significantly higher and achieved the highest average which was(62.89). ) mg
g, followed concentrations A2 and Al, which reached (59.22 and 50.78) mg g}, re-
spectively, while concentration A achieved the lowest average for this trait, reaching
(45.00) mg g*. The moral superiority may be attributed to the efficiency of the marine
algae extract in activating the growth of roots, which increases the absorption of nutri-
ents from the soil. This has an impact on the energy-rich compounds needed by the
plant in order to build various compounds contributing to the stimulation of its diverse
activities, thus increasing the concentration of secondary compounds produced by the
plant, including Vitamin C, which is found in the calyx leaves of the plant of roselle
[23] .

The results of the same table showed significant superiority when spraying with the
F2 concentration, which amounted to (65.58) mg g, and an increase rate of (45.47%)
compared to the FO concentration, which gave the lowest average for this characteris-
tic, which amounted to (45.08) mg g*. The superiority of the treatment F2 may be
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attributed to its content of important NPK elements in the vegetative growth of the
plant and the efficiency of carbon representation, which in turn works to form many
compounds such as amino acids and secondary metabolites in addition to vitamins (24).
The Interaction of seaweed extract spraying and balanced fertilizer achieved a signifi-
cant effect in the studied trait as the treatment A3F2 gave the highest mean of (87.58)
mg g, Which was significantly superior to the rest of the treatments, While the treat-
ment AOFO gave the lowest mean of (38.67) mg g*.

Table (6): The effect of concentrations of marine algae extract and balanced fer-
tilizer and the interaction between them in the content of calyx leaves of Vitamin

C (mgg™)

marine algae
extract Balanced fertilizer (NPK) (ml L?) Mean
(ml L?)
FO F1 F2
A0 38.67 43.67 52.67 45.00
Al 43.00 51.33 58.00 50.78
A2 48.67 58.00 71.00 59.22
A3 50.00 58.00 87.58 62.89
Mean 45.08 52.75 65.58
L.S.D. marine algae | Balanced Fer- Interaction
(0.05) extract tilizer
2.087 1.808 3.615

It seems that by increasing the concentrations of seaweed extract and balanced fer-
tilizer, the response of each of the studied qualities such as plant height, number of
branches, dry weight, number of nuts , total yield of cup leaves and content of cup
leaves of Vitamin C <The response of the traits under the influence of the interaction
between the two study factors was better than their response to any of the study factors
individually, and the significance of this response is the result of the difference in the
size of the response .
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