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ABSTRACT

Calendula officinalis is an annual herbaceous ornamental and medicinal plants were treated with
humic HA at (0, 3 and 6 g/l), seaweed extract (SWE) or active dry yeast (ADY) each at (0, 1 and 2 g/l).
Investigated factors significantly increased plant fresh and dry as well as flower fresh and dry weights
with significant interactions between them. However, the control plants had significantly the lowest dry
weight Moreover, the highest value (78.60 g/plant) being for 2g/l of SWE + 6 g/l HA treatment. The
lowest flower fresh yield being for non-treated plants however, these treated with 3 or 6 g/l HA + 2 g/l of
SWE or ADY had the highest yield (494.5 to 512.0 g/plant). Non-treated plants had the lowest yield of
flower dry weights 52.17 g/plant. Whereas these treated with 3 g/l HA + 2 g/l of SWE or ADY had the
highest yield (141.35 and 135.72 g/plant respectively). Non-treated plants had the lowest chlorophyll
content 38.44. However, the highest value was for plants treated with 3 g/l HA + 1g/l SWE. The plant
content of NPK was significantly increased due to HA treatment as well as SWE/ADY application with a
significant interaction between them. Generally, there was no significant difference between 3 and 6 g/l of
HA and plants treated with (3 g/l of HA + 2g/I of SWE or ADY) and (6 g/l of HA + 1g/I of SWE or ADY)
had the highest content of these elements. Therefore, it is recommended to treat marigold plants with 3
g/l HA + 2 g/l of SWE or ADY to achieve the highest yield of flower fresh and dry weights.
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INTRODUCTION

Calendula officinalis
known as pot marigold, is an annual
herbaceous plant belonging to the
Asteraceae family. It is widely cultivated for
its ornamental value, medicinal properties,
and industrial uses. Native to the
Mediterranean region, pot marigold has
spread globally and is commonly grown in
gardens and landscapes for its attractive
orange to yellow flowers and long blooming
period (Zolfaghari et al.,, 2013). This
species is renowned for its phytochemical
richness,  particularly in  flavonoids,
carotenoids, triterpenoids, and essential oils,
which contribute to its use in cosmetics,
pharmaceuticals, and traditional medicine
for anti-inflammatory, antimicrobial, and
wound-healing applications (Barbour et al.,
2004, Preethi et al., 2006 and Danielski et
al., 2007).

Recently the agricultural production
sector faced numerous serious challenges to
feed the world's population. However,
reducing the bad impact of pesticides and
fertilizers on environmental ecosystems and
human health should be considered.
Furthermore, plant biostimulants are
considered as the most promising
innovations makes agricultural systems
moving toward more economic, sustainable
and environmentally friendly cultivation
practices (du Jardin, 2015 and Zulfigar et
al., 2020).

Plant  biostimulants are  natural
substances or microorganisms that enhance
plant growth, productivity, and resilience to
stress without acting as traditional fertilizers.
Among the most studied biostimulants are
humic acid (HA), seaweed extracts (SWE),
and active dry yeast (ADY), each playing a
unique role in promoting plant health.
Humic acid, derived from the decomposition
of organic matter, is known to improve

L., commonly

nutrient uptake, root architecture, and soil
microbial activity (Canellas and Olivares,
2014). Also, it enhances plant metabolism

and stimulates hormonal activity,
particularly auxins, leading to increased
biomass production. Seaweed extracts,

especially those from brown algae, are rich
in bioactive compounds such as cytokinins,
auxins, betaines, and micronutrients. Even at
minimal doses SWE might activate various
physiological and phytochemical reactions
which finally cause growth and flowering
improvements including quality. These
compounds  contribute  to  enhanced
chlorophyll synthesis, delayed senescence,
and improved tolerance to abiotic stress
(Khan et al., 2009). Active dry yeast serves
as a rich source of amino acids, vitamins,
and growth regulators, especially cytokinins.
Its foliar application has been shown to
improve photosynthetic efficiency,
flowering, and accumulation of sugars and
pigments (Brown and Saa, 2015 and
Mannino et al., 2020). However, these plant
biostimulants have become a very important
agricultural input all over the world. They
are communally used in many ornamental
and medicinal plants, to support their growth
and attain commercial standards (Parrado
et al., 2008 and Kisvarga et al., 2022). The
investigation aimed to improve the growth
and flower production of pot  marigold
plants by using some biostimulants.

MATERIAL AND METHODS

A randomized complete block design
using a split plot arrangement experiment
with  three replicates (Clewer and
Scarisbrick, 2001) was conducted during
the two seasons  2020/2021 and
2021/2022.The physical and chemical
properties of the experimental soil are
shown in Table 1 (Black et al., 1981). Seeds
were sown on 1% of Oct. then seedlings of C.
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officinalis, 30-day old were transplanted in 40 cm between the seedlings within the row.
rows with 60 cm distance between them and

Table 1: Physical and chemical analysis of experimental soils

Coarse sand  Fine sand Silt Clay PH EC organic matter
% % % % (dSm) %
73.7 16.8 5.8 3.7 8.17 0.44 0.89
Na K Ca Mg Cl SO4 CaCOs;
Ppm ppm ppm ppm ppm ppm ppm
20.03 10.38 13.33 2211 64.17 481 3.4
All plants were fertilized with 300 weights were measured, before air draying
kg/fed, ammonium sulphate (20.6% N), 200 to measuring total flower dry weight.
kg/fed. calcium superphosphate (15.5% Chlorophyll content
P,Os) and 50 kg/fed. potassium sulphate During flowering and after two weeks
(48% K,0). Nitrogen was divided into three of the last treatment total chlorophyll
equal batches; and were applied after 15, 30 content was determined by a potable
and 45 days of transplanting. Potassium Minolta chlorophyll meter SPAD-502
fertilizer was added with the first batch of N (Spectrum Technologies, Inc., Plainfield, IL,
fertilizer. Whereas P fertilizer was added U.S.); that has a 0.71 cm? measurement area
during preparing the soil to cultivation in and based on absorbance measurements at
both experimental seasons. All other 660 and 940 nm (Richardson et al., 2002).
agriculture practices were carried out Thirty separate measurements were made
following farmer habitat. using the fifth-fully developed leaves from
The main plot included HA at (0, 3 and the top of 30 plants in each treatment.
6 g/l) of while SWE and ADY each at (0, 1 NPK herb percentage
and 2 g/l). Each sub-plot treatment included Samples weigh 1g of oven-dried for 24
one row (each one contains 6 plants) for h at 70 °C of the leaves were ground to a
each treatment. Therefore, the experiment fine powder to determine the leaves content
included 15 treatments. Humic acid and of N, P and K percentage. The sample was
SWE were obtained from Itan Biotech humid mineralized using 96% sulfuric acid
Limited However, ADY was prepared from in the presence of P-free hydrogen peroxide
brewer’s yeast by adding 1 or 2g/1 of water (30 % WI/V) at 300 °C to determine N as
contain sugar at a ratio of 10: 1 and kept for following Tel and Hagarty (1984). Leaf N
overnight in a warm place before applying. was determined by the micro-Kjeldahl
Vegetative growth attributes digestion method. Ground samples were
At the end of the growth season (15" digested using a nitric-perchloric-sulphuric
May) plants were cut just above the soil acid mixture following AOAC (1990)
surface and their fresh weight was methods.  However,  vanadomolybdate
estimated, before draying at 70 “C to assess method was followed to determined P
the dray weight. calorimetrically. The K was assessed using a
Flowering attributes flame photometer (AOAC, 1990).
During the growth season full bloom Statistical analysis
flowers were collected every 5 days. For The analysis of variance (ANOVA) as
each cut the total yield of flower fresh well as LSD 5% between the means of all
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recorded data were calculated according to
Mead et al. (1993) using MSTAT program
(version 4.0) edited in 1986 by the MSTAT
development team, Michigan University and
Agricultural University of Norway.

RESULTS AND DISCUSSION
Plant fresh weight

Both  of HA and SWE/ADY
application significantly increased plant
fresh weights compared with control plants
specially at the highest concentrations.
Moreover, results showed a significant
interaction between the two investigated
factors only in the 1% season. In that season
the lowest plant fresh weight value (245.51
g/plant) being for plants which did not treat

with any of plant biostimulants. Data in
Table 2 show that using SWE at 2 g/l in
combination with any concentration of HA
was more effective than other treatments as
under any of HA concentration SWE
significantly yielded the highest value plant
fresh weights. Moreover, increasing ADY
from 1 to 2 g/l significantly reduced plant
fresh  weights  regardless of HA
concentration. Therefore, the lowest values
for plant fresh weights 245.51 and 287.78
g/plant for both seasons respectively being
for plant treated with (0 ml/l HA+2 g/l
ADY). However, the highest value for fresh
weights 262.50 and 294.33 were for plants
treated with 6 g/l HA +2g/l SWE
respectively.

Table 2: Effect of humic acid, seaweed extract and active dry yeast in plant fresh weights
(g) of Calendula officinalis plants during two seasons (2020/2021 and 2021- 2022)

Growth biostimulants* Humic acid (ml/I) (A)

(9/1) (B) 0 3 6 Mean (B)
First season
Control 245,51 253.90 260.50 253 30
g 1 247.04 259.64 256.28 254.32
n 2 263.46 254.56 262.50 260.17
> 1 253.60 259.64 259.32 257.52
9,: 2 251.93 246.28 254.33 250.85
Mean (A) 251.31 254.80 258.59
LSD 5% A: 152 B:0.72 AB: 1.25
Second season
Control 287.78 289.28 290.78 289.28
W 1 289.00 291.33 293.44 291.26
% 2 290.33 291.44 294.33 292.04
> 1 289.67 292.11 292.78 291.52
<D.: 2 288.33 290.44 291.72 290.17
Mean (A) 289.02 290.92 292.61
LSD 5 % A:1.32 B: 0.56 AB: NS

* SWE: Seaweed and ADY': Active dry yeast
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Plant dry weight

Applied plant biostimulants had more
pronounced effect on plant dry weights than
fresh weights. In the 1% season HA-
nontreated plants had the lowest weights
(57.34 g/plant) which gradually increased to
achieve 76.56 g/plant following the highest
concentration of HA. Similarly, the highest
concentration of SWE or ADY vyielded the
highest values 70.53 and 68.54 g/plant.
Results showed a significant interaction

between the two investigated factors in both
seasons. In the 1% season untreated plants
had significantly the lowest dry weight
56.44 g/plant however, the highest value
(78.60 g/plant) being for 2g/l SWE in
combination with 6 g/l HA. But the highest
plant dry weight for ADY (76.34 g) was for
HA at 6 g/l +2 g/l ADY (Table 3). Similar
observations were recorded in the 2"
season.

Table 3: Effect of humic acid, seaweed extract and active dry yeast in plant dry weight (g)
of Calendula officinalis plants during two seasons (2020/2021 and 2021/2022)

Growth biostimulants*

Humic acid (ml/l) (A)

(9/1) (B) 0 3 6 Mean (B)
First season
Control 56.44 67.27 74.62 66.16
'%J 1 57.47 73.82 77.60 69.63
»n 2 58.43 7457 78.60 70.53
E 1 56.59 70.79 75.63 67.62
< 2 57.77 71.51 76.34 68.54
Mean (A) 57.34 71.59 76.56
LSD 5 % A: 171 B: 0.77 AB: 1.34
Second season
Control 56.43 57.54 58.67 57.55
'-éJ 1 58.54 60.15 61.77 60.15
»n 2 59.68 61.24 63.36 61.43
E 1 58.84 59.81 62.23 60.29
< 2 57.72 58.84 60.51 59.02
Mean (A) 58.24 59.52 61.31
LSD 5 % A:0.76 B: 0.44 AB: 0.76

* SWE: Seaweed and ADY: Active dry yeast
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The observed significant response of
HA on biomass of marigold plants were
previously highlighted. Karimi et al. (2020)
used HA as foliar spray to improve plant
growth, including shoot biomass, leaf area,
and stem diameter. Similarly, Karmakar et
al. (2023) reveled that HA significantly
augmented many zinnia plant growth
attributes. Humic acid could show these
effects due to several mechanisms included
exhibiting auxin-like properties that promote
cell elongation and division. This hormonal
mimicry could stimulate root development
and shoot growth, leading to increased
biomass (Yildirim, 2007). Moreover, HA
application might increase nutrients uptake
which finally optimize plant growth
(Ichwan et al.,, 2017 and Memon et al.,
2014). However, this improvement could be
attributed to keeping IAA active for prolong
period time and boost plant uptake
utilization and transport of P and K (Memon
etal., 2014).

The above illustrated data referred that
SWE and ADY application significantly
enhanced plant growth traits based on fresh
and dry weighs. The highest effect was
assessed for plants treated with SW at 1g/l.
Moreover, there were slight differences
between both concentrations of each
biostimulants. A similar response to SWE on
other ornamental plants were previously
estimated (Bakr et al., 2024 and Harhash
et al.,, 2023). Yucedag and Cicek (2024)
reviewed many research achievements about
the impact of SWE on many ornamental
plants and demonstrated that it can
significantly enhance various vegetative
growth  parameters in  numerous of
ornamental  plants.  However,  these
increments were significantly varied among
plants and applied concentration. Featonby-
Smith et al. (1984) suggested that these
effects are related to hormonal components

especially cytokinins. Moreover, SWE as
foliar spray, could positively affect root
growth so that plants could get more water
and nutrients which finally increased yield
(Mancuso et al., 2006 and Alam et al.,
2013).

The increment in vegetive growth
traits of pot marigold because of ADY might
be due to the presence of different macro
and micronutrients, growth regulators,
proteins, and vitamins (especially B). These
substances encourage the plant to produce
dry matter (Dawood et al., 2013). Active dry
yeast is also a natural source of cytokinins,
which  promote cell proliferation and
differentiation which also governing shoot
and root morphogenesis, chloroplast
maturation, protein and nucleic acid
synthesis. Moreover, ADY being high in
tryptophan, which is a precursor to indole
acetic acid which promotes cell division and
elongation (Laten, 1995).

Total flower fresh weigh/plant

All investigated factors significantly
affect the total flower fresh weight/plant.
Humic acid significantly augmented total
yield of non-treated plants from 290.8
g/plant for to 464.7 for these treated with the
highest concentration. Similarly, SWE/ADY
significantly improved the flower yield
production compared with the control plants
which yielded (313.4 and 305.8 g/plant for
both seasons respectively) with a significant
difference between the two concentrations.
Data showed a significant interaction
between the investigated factors with same
trend in both seasons. In the 1%, one the
lowest flower fresh yield (181.6 g/plant) was
estimated for non-treated plants. However,
these treated with (3 or 6 g/l HA + 2 g/l
SWE or ADY) had a yield of 494.5 to 512.0
g/plant with no significant difference among
them. In both seasons wunder any
concentration of SWE/ADY increasing HA
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concentration significantly increased flower

fresh weights (Table 4).

Table 4: Effect of humic acid, seaweed extract and active dry yeast in total flower fresh
weights (g/plant) of Calendula officinalis plants during two seasons (2020/2021

and 2021/2022)

Growth biostimulants*

Humic acid (ml/l) (A)

(@) (B) 0 3 6 Mean (B)
First season
Control 181.6 319.9 438.6 313.4
.J;J 1 275.9 4235 436.1 3785
> 2 397.7 4945 512.0 468.0
s 1 258.2 4126 4351 368.6
m)
< 340.7 486.6 501.7 443.0
Mean (A) 290.8 4274 464.7
LSD 5 % A: 30.7 B: 40.3 AB: 745
Second season
Control 202.8 375.8 338.7 305.8
.J;J 1 2431 4315 527.5 400.7
P 310.4 406.1 527.2 414.6
> 1 2052 476.9 540.0 437.4
< 348.3 550.1 4855 464.3
Mean (A) 280.0 449.9 483.8
LSD 5 % A: 322 B: 38.0 AB: 66.5

SWE: Seaweed and ADY: Active dry yeast

Total flower dry weigh/plant

The effect of both investigated factors
on flower dry weights was significant. There
was no significant difference between 3 and
6 g/l HA treatment. There was a significant
interaction between the two investigated
factors in both seasons. Under any

concentration of SWE/ADY increasing HA
concentration from 3 to 6 did not
significantly increase flower dry weights.
Moreover, increasing SWE/ADY from 1 to
2 g/l did not significantly affect flower dry
weights. Non-treated plants had the lowest
yield of flower dry weights (51.10 and 52.17
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g/plant in both seasons respectively).
Whereas these treated with 3 g/l HA in
addition to 2 g/l of SWE or ADY had the
highest yield (141.35 and 135.72 g/plant
respectively, in the 1% season) without
significant difference between them (Table
5). Same trend was observed in the 2"
season.

The augmentation of pot marigold
flowering production e.g. flower fresh and

these findings of EI-Nashar (2021), Karimi
(2020), and Essaa (2023) on pot marigold.
Essaa (2023) also found that HA treatments
increased the percentage of dry matter in
flowers, indicating denser and potentially
more robust blooms. It seems that the
physiological benefits of HA extend beyond
flowering itself. In addition to that
improving nutrient uptake facilitated by HA
also contributes to healthier plants that are

dry weights/plants increased by 160 and more capable of producing flowers
120% over the untreated were similar to (Nazarova et al., 2022).

Table 5: Effect of humic acid, seaweed extract and active dry yeast in flower dry weights (g)
of Calendula officinalis plants during two seasons (2020/2021 and 2021/2022)

Growth biostimulants* Humic acid (ml/l) (A)

(9/1) (B) 0 3 6 Mean (B)
First season
Control 51.10 68.64 88.23 69.32
> 1 109.27 102.00 100.74 104.00
w 2 121.55 141.35 130.05 131.98
> 1 60.45 92.82 83.3 78.86
<D( 2 92.25 135.72 120.96 116.31
Mean (A) 86.92 108.12 104.76
LSD 5 % A:17.30 B:20.31 AB: 35.52
Second season
Control 52.17 93.59 93.81 79.86
= 1 91.84 138.78 142.19 124.27
n 2 97.58 126.72 145.58 123.3
> 1 74.7 107.8 112.22 98.24
<DE 2 98.55 129.6 150.8 126.32
Mean (A) 83.97 123.54 124.68
LSD 5 % A:15.8 B: 30.6 AB: 53.55

SWE: Seaweed and ADY: Active dry yeast
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Many studies have highlighted the
potential of ADY of enhancing many of
flower traits of ornamental plants. The
promotion of flower yield of pot marigold
plants due to ADY application are in
agreements of Youssef et al. (2022),
Ibrahim and Tawfik (2021), and Zaky
(2012) on various ornamental plants based
on flower number, size, and overall yield.
This improvement on flower production
could be because of improving vegetive
growth as  mentioned above and
enhancement the chlorophyll and nutrient
content. The cytokinins in ADY stimulate
cell division, leading to increased flower
bud formation and development (Devi et al.,
2025).

Chlorophyll content

The chlorophyll content of marigold
plants was significantly affected with both
factors, moreover, there was a significant
interaction between them in both seasons. In
the 1% one no significant difference was
observed between 3 and 6 g/l of HA but both
sustained higher chlorophyll content than
the control treatment (40.37). Similarly, all
SWE/ADY-treated plants had higher
chlorophyll content than the control plants
(41.82). But the differences among
SWE/ADY treatments were not significant.
Results showed that non-treated plants had
the lowest chlorophyll content (38.44 and
37.01 in both seasons respectively).
However, the highest chlorophyll content
was for plants treated with 3 g/l HA + 1g/I
SWE. However, there were no significant
difference among plants treated with 3 and 6
g/l HA in combination with any
concentration of SWE/ADY wit varied
between 43.66 and 45.40 (Table 6) Similar
trend was observed in the 2" season with
some significant difference among plants
treated with 3 and 6 g/l HA in based on
SWE/ADY application (Table 6).

This increments on chlorophyll content
of marigold plants over the control plants
using any of HA concentration was similar
to other findings on pot marigold, African
marigold, zinnia, and lemon balm plants
(Hasan, 2019, Khan et al., 2020,
Alziyituni, 2023 and Essaa, 2023, and
Mohamed et al., 2024). These investigators
thought that this effect is attributed to
improved nutrient uptake and Dbetter
physiological responses. Moreover, the
application of HA not only boosts
chlorophyll content but also enhances other
physiological traits, including carotenoid
levels and overall plant vigor. Moreover,
Hasan (2019) thought that HA may
stimulate the expression of genes involved
in chlorophyll biosynthesis, leading to
increased  production  of  chlorophyll
molecules within the plant cells.

In the same context to SWE
application showed similarity in chlorophyli
contents of other plants (Elansary et al.,
2016 and Laribi et al., 2023). This positive
influence of SWE on the chlorophyll content
has been previously stated the of many
horticultural crops (Whapham et al., 1993;
Blunden et al., 1997). The enhancement
pattern of chlorophyll content has been
suggested by the increase in the biosynthesis
of chloroplasts and the reduction in
chlorophyll degradation (Battacharrya et
al., 2015).

NPK content

Nitrogen content of marigold plants
was significantly improved following HA
application without significant difference
between 3 and 6 g/l. Moreover, the
SWE/ADY application significantly
increased the N% over the control plants
(2.43%) without significant difference
among the treatments. Regarding the
interaction, ANOVA showed significant
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interaction  between the two factors.
However, only plants treated with (3 g/l of
HA + 2g/l of SWE or ADY) and 6 g/l of HA
+ 1g/l of SWE or ADY) which had N%
(2.94-3.01%) had higher N% than the

control plants (2.10%). That means all plants
treated with 3 or 6 g/l of HA in addition to 1
or 2 g/l of SW or had not any significant
difference in N% (Table 7)

Table 6: Effect of humic acid, seaweed extract and active dry yeast in chlorophyll content
(SAPD unit) of Calendula officinalis plants during two seasons (2020/2021 and

2021/20).
Growth biostimulants* Humic acid (ml/l) (A)
(9/1) (B) 0 3 6 Mean (B)
First season
Control 38.44 43.66 43.37 41.82
'-';J 1 42.33 45.40 44.15 45.16
w 2 40.48 44.87 43.81 44.81
E 1 39.89 45.79 43.76 44.76
< 2 40.69 44.84 43.57 44.57
Mean (A) 40.37 44.91 44.99
LSD 5% A:1.97 B: 1.75 AB: 2.98
Second season
Control 37.01 44.42 42.03 41.15
U;J 1 41.08 43.97 42.88 43.87
n 2 39.88 44.41 43.31 43.98
E 1 40.70 43.82 42.26 42.93
< 2 41.09 43.52 43.09 43.42
Mean (A) 39.95 44.03 43.64
LSD 5 % A: 243 B:2.32 AB: 3.94

* SWE: Seaweed and ADY: Active dry yeast
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Table 7: The effect of some plantbiostimulants on the nitrogen (%) in Calendula officinalis

plants
Growth biostimulants* Humic acid (ml/l) (A)
(9/1) (B) 0 3 6 Mean (B)
First season
Control 2.10 2.68 2.51 2.43
LéJ 1 2.73 2.85 2.94 3.02
n 2 2.61 3.00 2.81 2.90
E 1 2.41 2.87 2.94 2.94
< 2 2.61 3.01 2.88 3.21
Mean (A) 2.50 2.88 3.08
LSD 5 % A: 0.47 B: 0.41 AB: 0.81

* SWE: Seaweed and ADY: Active dry yeast

Data (Table 8) showed significant
effect of HA on plant P% over the non-
treated plants without significant differance
between the 3 and 6 g/I. On the other had all
SWE/ADY concentrations  significantly
improved plant contents of P% over the
control plants. However, no significant

difference among the SWE/ADY treatments
was estimated. There was significant
interaction between the two treatments and
the lowest percentage (0.09%) was for the
non-treated plants however the highest
values (0.15%) being for plants treated with
6 g/l of HA+ 2 g/l SWor 1 g/l ADY.

Table 8: The effect of plantbiostimulants on the phosphorus (%) in Calendula officinalis

plants.
Growth biostimulants* Humic acid (ml/l) (A)
(9/1) (B) 0 3 6 Mean (B)
Control 0.09 0.09 0.09 0.09
L 1 0.11 0.13 0.13 0.12
% 2 0.11 0.13 0.15 0.11
> 1 0.13 0.12 0.15 0.13
a)
< 2 0.11 0.13 0.13 0.12
Mean (A) 0.11 0.12 0.13
LSD 5 % A:0.02 B: 0.03 AB: NS

* SWE: Seaweed and ADY: Active dry yeast
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Plant K content showed a similar trend Nevertheless, all treated plants had K%
to N and P as both factors significantly higher than the control plants (3.02%).
improved K% with no significant difference Overall non-treated plants had the lowest
between 3 and 6 g/l of HA. But unlike the N K% (2.71%) however, all other treated
and P% marigold K% (3.90%) of plants plants had significantly higher K% which
which treated with the highest concentration increased up to 3.99% for plants treated with
of ADY was significantly higher than the 6 o/l HA +2g/l ADY.

other SWE/ADY concentration (Table 9).

Table 9: The effect of humic acid, seaweed extract and active dry yeaston the potassium
(%) in Calendula officinalis plants.

Growth biostimulants* Humic acid (ml/l) (A)
(9/1) (B) 0 3 6 Mean (B)

Control 2.71 2.79 3.55 3.02

UEJ 1 3.11 3.52 3.63 3.42

n 2 3.06 3.53 3.50 3.36

E 1 2.85 3.87 3.42 3.38

< 2 3.56 4.15 3.99 3.90
Mean (A) 3.06 3.57 3.62
LSD 5% A:0.13 B:0.16 AB: 0.27
* SWE: Seaweed and ADY: Active dry yeast

Tables (9) showed that HA at 6g/l chelation and transportation through the
significantly increased NPK content of root’s plasma membrane. Mutlu and Tas
treated plants by about 115-125% depending (2022) thought that HA application been
on the season. This increase in nutrients linked to increased leaves chlorophyll
uptake could finally optimize plant growth content which was similar to achieved data
(Ichwan et al., 2017 and Memon et al., (Table 6). Higher chlorophyll content
2014). Humic acid application showed a enhances photosynthesis, which
significant increase in nutrient uptake of consequently boosts the overall nutrient
Tagetes patula (Nazarova et al., 2022). The uptake capacity, including N, P, and K.
foliar application of HA has been showed The achieved data regarding the
significantly enhance plant nutrient uptake enhancement of NPK of C. officinalis plants
through various mechanisms. Ampong et al. were similar to these of Abdel-Wahid et al.
(2022) confirmed that HA primarily (2006) and Abou EI Salehein et al. (2021).
structure, composed of phenolic and Numerous investigators showed that SWE,
carboxylic groups, forms hydrophilic (polar) contain a complex mixture of organic
and hydrophobic (non-polar) parts when compounds, polysaccharides,
dissociated. This structure aids in nutrient micronutrients, and phytohormones. These

542



Minia J. of Agric. Res. & Develop., Minia Univ., Vol. 45 (4): 531- 647, 2025

constituents work synergistically to enhance
root development, increasing the surface
area for nutrient absorption and stimulate
metabolic pathways responsible for nutrient
uptake and assimilation (Yucedag and
Cicek, 2024 and Khan et al., 2009).
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