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ABSTRACT

This research study was carried out in the open
field during the two successive seasons of
2012/2013 and 2013/2014. The aim of this investi-
gation was to study the response of pot marigold
(Calendula officinalis L.) to different application
methods and concentrations of seaweed extracts
applied as a commercial compound. Seven treat-
ments were initiated, i.e. three concentrations of
seaweed extracts (500, 1000, 1500) were used
either as foliar spray or as soil drench in addition to
the control treatment (tap water). Results indicated
that foliar spray with 1500 ppm of seaweed extract
increased significantly plant height, number of
flowers per plant and vase life in the two tested
seasons. However, foliar spray with the lowest
concentration of seaweed extract (500 ppm) re-
sulted in significant increments in flower stalk
length, flower diameter and carbohydrates content.
Moreover, the same concentration showed signifi-
cant increases in total carotenoids, nitrogen, and
phosphorus percentage when used as soil drench
in the two tested seasons.

INTRODUCTION

Pot marigold (Calendula officinalis L.) is an
herbaceous plant belongs to family Asteraceae.
Pot marigold has been cultivated in Egypt for its
importance as an ornamental, medicinal and deco-
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rative plant. In recent years a growing interest has
been observed with natural biostimulanting sub-
stances. The groups of leading biological factors
showing a favorable effect on many plants include
seaweed extract. Liquid extracts obtained from
seaweeds have recently gained importance as
foliar spray or soil drench applications for many
crops including various grasses, cereals, flowers
and vegetable species(Norrie & Keathley, 2006
and Battacharyya et al 2015).The seaweed ex-
tracts contain some plant growth hormones, regu-
lators, promoters, macro and micro nutrients, car-
bohydrates, amino acids, antibiotics, auxins, gib-
berellins, cytokinins, natural enzymes and vitamins
consequently which enhance yield and quality as
reported by Shaaban (2011), Ordog et al (2004)
and Jensen (2004). Van Staden et al (1994) test-
ed the effect of seaweed extract at 0.0, 0.5, 1.0
and 2.0 ml/L as foliar application or soil drench on
Marigold (Tagetespatula) and found that 1.0 ml/L
increased significantly plant height and number of
flowers/plant. However, the application method
was not effective. In the study conducted by Jones
et al (1998), seaweed foliar application on sturt's
desert pea flowers (Swainsona formosa) increased
significantly chlorophyll content while the increase
in vase life was not significant. In the study of
Crouch (1990)seaweed extracts applied as a soil
drench, improved plant vigor, increased significant-
ly shoot and root fresh weights of tomato plants,
moreover, plants treated with a foliar spray showed
improved total yield by over 10%. In this respect,
Abdel Mawgoud et al (2010) reported that sea-
weed extract at 1, 2, 3 g/l increased plant height,
number of branches and fresh weight of cucumber.
The application of seaweed extract as foliar spray


mailto:Tartil_Emam@yahoo.com

582 Tartil Emam; Hosni; Ibrahim and Hewidy

at 0.5% increased plant height, number of branch-
es and total carbohydrates of Tageteserecta while
spraying with 0.1% increased plant length, total
chlorophyll, N, P and K persentages specially
when used with only 50% of the recommended
chemical fertilization rate  (Sridhar and
Rengasamy, 2011). Seaweed liquid fertilizer in-
creased significantly number of shoots, fresh and
dry weight of plant, chlorophyll a, b, total chloro-
phyll, number of flowers/plant and seed vyield of
Vigna radiate L. as mentioned by Renuka et al
(2011). Moreover, Sarhan (2011) found that two
seaweed extracts at 3ml/L increased plant height,
fresh weight/plant and number of shoots of water-
melon. Seaweed extracts increased chlorophyll
and carotenoids contents when used at 20% as
foliar spray on bean, barley and tomato (Hussein
et al 2011). They added also that seaweed ex-
tracts increased significantly shoot weight and
chlorophyll content in Zeamays L. when sprayed
twice at 1 cm/l. Mancuso et al (2006) noted in-
creased uptake of N, P, K and Mg in grapevines
and cucumber with application of seaweed extract,
they added also that the presence of bioactive
substances in seaweed extract improves stomata
uptake efficiency in treated plants compared to
non-treated plants. Machado et al (2014) applied
a biostimulant consisted of cytokinin (90 mg/L),
auxin (50 mg/L) and gibberellic acid (50 mg/L) as
foliar spray at 0,3,6,9,12 and 15 ml/L increased
significantly plant length, number of flowers and
flavinoids content of marigold (Calendula officinalis
L.). Foliar application of seaweed extract at 10%
increased nutrient uptake N, P, K, Fe, Mn and Mg
in Vigna mungo L. as reported by Jadhao et al
(2015) and Battacharyya et al (2015). Mohy El-
din (2015) concluded that the seaweed liquid ferti-
lizers are effective with low cost that can be pro-
moted as eco-friendly bio fertilizers in Egypt since
it increased growth and pigments of wheat seed-
lings. In a recent study, Venkata et al (2015) in-
vestigated the effect of different concentrations of
seaweed on productivity of cow pea and found that
plant height, number of branches and vyield in-
creased by 10% as compared with control. In this
respect, Dirya et al (2015) reported that seaweed
extract was found effective in increasing the bio-
mass growth of roots, shoots, number of leaves,
flowers and yield of Solanum melongena at 5%
when applied as foliar spray. Recently, seaweed
extract at 1 cm/L as foliar spray improved plant
height, number of branches and number and di-
ameter of floresences in Calendula officinalis un-
der saline and non saline conditions as found by

Nofal et al (2015). Therefore, the main objective of
this study was to evaluate the application method
of different concentrations of seaweed extracts in
enhancing growth, flowering and nutrient content
of calendula officinalis plants.

MATERIALS AND METHODS
Location and duration

This study was conducted in Faculty of Agricul-
ture, Ain Shams University, Shoubra El Khima,
Qalubia governorate during the two successive
seasons of 2012-2013 and 2013-2014.

Plant material

Seeds of local origin of Pot marigold (Calendu-
la officinalis L.) were obtained from the ornamen-
tal plants nursery, Ministry of Irrigation, El-Kanater
El-khairia, Qalubia

Seaweed extract

A commercial seaweed extract containing natu-
ral bioactive substances like vitamins, free amino
acids, hormones and alginates processed out of
selected seaweeds (Sargassum sp., Ascophyllum
nodosum and luminaria sp.). Seaweed extract was
kindly donated by the Union for Agricultural Devel-
opment (UAD) company, Cairo, Egypt. The chemi-
cal composition of commercial seaweed extract is
presented in Table (A).

Seeds of local origin of pot marigold were sown
on September 10" and 15" in the first and second
growing seasons, respectively in 30 cm plastic pots
as a nursery. Pots were filled with a medium which
contains a mixture of peat moss, sand and vermic-
ulite (2:1:1 by volume) and seeds were covered
with 0.5 cm of the medium and irrigated. Then pots
were kept in the uncontrolled greenhouse.

Seedlings were pricked out in 25 cm plastic
pots filled beforehand with the same above medi-
um as one seedling per pot on October 20" and
25" in the first and second growing seasons, re-
spectively.

Experimental seaweed treatments

The tested seaweed concentrations for both fo-
liar application and soil drench were prepared from
powder seaweed extract in detail, 0.5 g, 1 g and
1.5 g were each dissolved in 1Litre of water to pre-
pare 500, 1000 and 1500 ppm respectively, each
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Table A. Chemical and biochemical analysis of a commercial seaweed extract powder

Organic matter Growth regulators Macro and micro elements
Total amino acid 6% IAA 0.03% Organic (N) 3.12%
Carbohydrates 35% Cytokinins  0.02% P20s 2.61%
Alginic acid 10% k20 4.71%
Manitol 4% Ca 0.25%
Betaines 0.04% S 3.56%
Mg 0.58%
Fe 150ppm
Zn 70ppm
Mn 13ppm
B 60ppm
[ 30ppm

concentration was studied twice i.e., either foliar
spray or soil drench The control treatment was tap
water. Treatments were applied three times: the
first application was applied three weeks from
transplanting followed by a second application ad-
ministered one month after and the third one ap-
plied one month late. All agricultural practices, i.e.
irrigation, fertilization, pest and disease control
were carried out as recommended in the leaflet of
Horticulture Research Institute, Agriculture Re-
search Center (ARC), Ministry of Agriculture.

Data Recorded

Vegetative growth parameters

A random sample of three plants from each
replicate for each treatment was taken at the be-
ginning of flowering for vegetative growth data, i.e.
plant height (cm), number of shoots/plant and fresh
weight (g) of foliage aerial parts ( stem, leaves and
flowers).

Flowering traits

Number of flowers per plant, flower stalk length
(cm) and flower diameter (cm) were recorded.

Postharvest flower vase life

Vase life was determined whereas, flowers
were harvested between 7:00 Am and 10:00 Am at
the optimum stage of development (outer ring of
ray florets opened). The lower half of the stem was
stripped of its leaves and then placed into vases as
ten flowers per replicate within 5 minutes of being
cut. Vases were filled with tap water. Flowers were
discarded daily until reaching 50% of their number
based on petal wilt, turning brown or stem bent as
described by Erin et al (2010).

Chemical analysis

A representative sample of 100 grams of plant
foliage was taken, and oven dried. The total nitro-
gen percentage was determined in dry samples
using micro-kjeldahl apparatus according to FAO
(1980). Phosphorus percentage was estimated
using a colorimetric method according to the
method described by Jackson (1976). Potassium
was evaluated using the flame photometer device
as explained by Brown and Lilleland (1946). De-
termination of potassium and sodium in plant ma-
terial and soil extract by flame photometry. Proc.
Amer. Soc., [C.F. Hort. Sci., 73: 813]. Chlorophyll
‘a’ and chlorophyll 'b" were estimated marigold ac-
cording to the method set out by Arnon (1949).
Total carotenoids were determined as mg/100g
fresh weight from flower petals by using a colori-
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metric method stated by A.O.A.C. (2005). Total
carbohydrates percentage was estimated accord-
ing to Dubois et al (1956).

Experimental Design

Treatments were arranged in a randomized
complete block design (RCBD) with three repli-
cates for each treatment. Each block contained the
seven seaweed treatments that were allocated
randomly. Each replicate contained eight pots,
each pot containing one plant.

Statistical Analysis

Data were statistically analyzed using the anal-
ysis of variance (ANOVA) described by Snedecor
and Cochran, (1990). The method of Duncan's
multiple range tests was applied for the compari-
son between means according to (Waller and
Duncan, 1969).

RESULTS AND DISCUSSION
1- Plant height

Results presented in Table (1) clearly indicate
that all tested treatments of seaweed extract in-
creased significantly calendula plant height as
compared with control plants. However, the high-
est values were obtained in plants sprayed with
1500 ppm of seaweed extract in the two tested
seasons in addition to those administed with 1500
ppm as soil drench in the second season. The re-
sults agree with those found by Abdel-Mawgoud
et al (2010), Sridher and Rengasamy (2011),
Sarhan (2011) and Venkata (2015). Such in-
creament in plant height may be attributed to the
plant growth hormones, auxins, gibberellins and
plant nutrients present in the seaweed extracts as
mentioned by Shaaban (2011), Ordog et al (2004)
and Jensen (2004).

2- Number of shoots / plant

Results presented in Table (1) indicate also
that foliar spray of seaweed extract at 500 ppm
and soil drench at 1000 ppm showed the highest
significant values of number of shoots / plant with-
out significant differences between them in the first
season, nevertheless the control treatment gave
the lowest value. In the second season, a signifi-
cant increment in shoot number / plant was found
using 500 ppm of seaweed extract as foliar spray
as compared to all tested treatments. Our results

are in the same direction with those obtained by
Crouch (1990), Abdel-Mawgoud et al (2010),
Sarhan (2011), Renuka et al (2011) and Venkata
et al (2015).

Such increment in shoot number / plant due to
seaweed application may be attributed to that
seaweed extracts contain some plant growth hor-
mones, macro and micro nutrients, carbohydrates,
amino acids, antibiotics, cytokinins, auxins, natural
enzymes and vitamins as reported by Shaaban
(2011, Ordog et al (2004) and Jensen (2004).
Such auxins and cytokinins promote growth via
rapidly speeding up the process of cell division.
They allow to areas of elongation where they allow
the walls of cells to stretch. (Johri and Mitra,
2001).

3- Number of flowers / plant

Results in Table (2) indicate that the high con-
centrations of seaweed extract, i.e. 1000 and 1500
ppm showed significant increments in number of
flowers / plant for pot marigold in the two tested
seasons regardless of the application method
when compared to the control treatment. In this
respect, foliar spray of seaweed extract at 1500
ppm reflected a significant increases in humber of
flowers / plant in both the two tested seasons with-
out significant differences with plants sprayed with
1000 ppm or soil drenched with 1500ppm in the
second season only. However, the control treat-
ment showed the lowest values in the two experi-
mental seasons. Such results are in the same line
with those obtained by Sridhar & Rengasamy
(2011) and Dirya et al (2015)

The increment in number of flower / plant treat-
ed with seaweed extract may be due to the in-
creased plant height and high number of shoots /
plant in these plants as shown in Table (1) in addi-
tion to the plant growth regulators in the seaweed
extract as stated in Table (A).

4- Flower stalk length

In Table (2), data of results reveal that spraying
pot marigold plants with 500 ppm of seaweed ex-
tract showed higher significant values of flower
stalk length as compared with non-treated plants in
the two experimental seasons. These results are in
agreement with those of Diryaet al (2015). This
increment may be attributed to the stimulant effect
of seaweed extract because it contains many
growth promoters such as auxins, gibberellins and
cytokinins.
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Table 1. Effect of application method and concentration of seaweed extract on plant height and
number of shoots/plant for Calendula officinalis plants during 2012/2013 and 2013/2014 sea-

sons
Treatments (ppm) Plant height (cm) No. of shoots/plant
2012/2013 2013/2014 2012/2013 2013/2014
Control 30.77d 30.20d 7.53d 11.10cd
F.S.500 43.63c 40.07c 12.77bc 17.83a
S.D.500 43.07c 44.40b 13.53bc 12.10bc
F.S.1000 49.30b 44.97b 12.77bc 13.83b
S.D.1000 51.73b 47.77b 14.07ab 9.67d
F.S.1500 63.77a 55.87a 15.30a 13.63b
S.D.1500 49.63b 55.07a 12.20c 10.63cd

F.S. = Foliar spray S.D = Soil drench

Values in the same column followed by the same letter (s) are not statistically different

according to Duncan's multiple range tests.

Table 2. Effect of application method and concentration of seaweed extract on number of flow-
ers/plant and flower stalk length (cm) for Calendula officinalis plants during 2012/2013 and

2013/2014 seasons

Treatments (ppm) Number of flowers/plant Flower stalk length (cm)
2012/2013 2013/2014 2012/2013 2013/2014
Control 11.17c 11.40c 17.50d 19.60cd
F.S.500 14.30b 13.53c 33.77a 29.63a
S.D.500 14.73b 18.20b 20.53cd 16.70d
F.S.1000 16.60b 24.30a 27.93b 22.20bc
S.D.1000 15.53b 22.83a 22.00c 25.87ab
F.S.1500 20.77a 21.83a 22.20c 20.97c
S.D.1500 15.07b 16.97b 27.20b 22.17bc

F. S. = Foliar spray

S.D = Soil drench

Values in the same column followed by the same letter (s) are not statistically different accord-

ing to Duncan's multiple range tests.
5- Vase life

As for the effect of seaweed extract on vase
life, i.e. postharvest flower life results in Table (3)
revealed that 1000 ppm as soil drench and 1500
ppm as foliar spray led to a significant increment in
vase life of pot marigold flowers as compared with
all other tested treatments. The results are in
agreement with those of Jones et al (1998) who
mentioned that the vase life of Sturt's Desert Bea
flowers increased by five days when treated with
seaweed concentrate.

6- Flower diameter

The addition of seaweed extract at 500 ppm as
soil drench to Calendula plants resulted in a signif-
icant increment in the two tested seasons. The
control plants showed the lowest value flower di-
ameter in the two tested seasons. The results are
similar to those reported by Norrie and Keathley
(2006), Delucia and Vecchietti (2012) and Nofal
et al (2015).
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Table 3. Effect of application method and concentration of seaweed extract on vase
life (day) and flower diameter (cm) for Calendula officinalis plants during 2012/2013

and 2013/2014 seasons

Treatments (ppm) Vase life (day) Flower diameter (cm)
2012/2013 2013/2014 2012/2013 2013/2014
Control 6.00c 4.67d 4.47d 4.53d
F.S.500 6.67b 6.67a 5.27b 5.20c
S.D.500 6.00c 6.00bc 5.80a 6.10a
F.S.1000 6.00c 5.67c 5.47b 5.63b
S.D.1000 7.33a 6.67a 5.00c 4.73d
F.S.1500 7.33a 6.33ab 4.83c 5.27c
S.D.1500 6.00c 6.33ab 4.87c 5.50b

F. S. = Foliar spray

S.D = Soil drench

Values in the same column followed by the same letter (s) are not statistically different according

to Duncan's multiple range test.

7- Carbohydrates content

Concerning carbohydrates content, data result-
ed presented in Table (4) denate that using foliar
spray of seaweed extract at 500 ppm gave the
highest values in the two tested seasons without
significant differences between them and those of
the control plants as well as plants that had re-
ceived 1500 ppm as soil drench. Our results are
true with those obtained by Sridhar and
Rengasamy (2010) and Venkata et al (2015).
These results may be due to the positive effect of
seaweed extract on plant height, number of
shoots, flower stalk length and fresh weight / plant,
such plants showed high photosynthesis and net
assimilation rate and finally produced more carbo-
hydrates content.

8- Vegetative fresh weight

With respect to vegetative fresh weight per
plant, results in Table (4) show clearly that sea-
weed extract at 1500 ppm as foliar spray showed
the highest values; on the other hand, control
plants indicated the lowest values in the two tested
seasons. Such results are in the same line with
those of Crouch (1990), Norrie and Keathley
(2006), Hussein et al (2011), and Delucia and
Vecchietti (2012).

This increment in vegetative fresh weight/plant
due to seaweed application may be due to the pos-
itive effect of seaweed extract on increasing most
vegetative growth characters i.e., plant height,
number of shoots and flower stalk length as sea-
weed extract contains many growth regulators,
macro and micro nutrients as found by Shaaban
(2011), Ordog et al (2004) and Jensen (2004).

9- Chlorophyll content

Data shown in Table (5) indicate that there was
a slight significant effect for seaweed extract on
chlorophyll (a) content. Moreover, the highest val-
ues of chlorophyll (a) content were recorded when
plants were sprayed with 500 ppm in the first sea-
son. Meanwhile, soil drench of seaweed at 1000
ppm gave the highest values in the second sea-
son. Regarding chlorophyll (b) content, the results
in Table (5) showed no clear effect for seaweed
extract application as for total chlorophyll. Results
in Table (5) showed that the highest values were
found when plants were sprayed with 500 ppm in
the first season and with the same concentration
but as soil drench in the second season. Our re-
sults confirm those of Jones et al (1998), Sridhar
and Rangasamy (2010), Renuka et al (2011),
Sarban (2011) and Delucia and Vecchietti
(2012).
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Table 4. Effect of application method and concentration with seaweed extract on carbohy-
drates (mg/g) and fresh weight/plant (g) for Calendula officinalis plants during 2013 and

2014 seasons

Treatments (ppm) Total Carbohydrates (mg/g) Fresh weight/plant (g)
2012/2013 2013/2014 2012/2013 2013/2014

Control 22.90f 36.44c 566.7f 494 3f
F.S.500 57.81a 55.20a 716.7d 539.3e
S.D.500 38.34d 40.52b 1183.3b 888.7b
F.S.1000 37.77d 41.43b 816.7c 444 3¢
S.D.1000 31.45e 55.68a 833.3c 854.3c
F.S.1500 48.31c 23.14d 1250.0a 1005.2a
S.D.1500 52.63b 54.25a 691.7e 722.0d

F. S. = Foliar spray

S.D = Soil drench
Values in the same column followed by the same letter (s) are not statistically different according to

Duncan's multiple range test.

Table 5. Effect of application method and concentration of seaweed extract on chlorophyll and carotenoid
contents (mg/100 g fresh weight) for Calendula officinalis plants during 2012/2013 and 2013/2014 seasons

Chlorophyll (a) | Chlorophyll (b) | Total chlorophyll Carotenoids
Tre(zt;::)nts (mg/100 g fresh weight)
2012/2013 | 2013/2014 | 2012/2013 | 2013/2014 | 2012/2013 | 2013/2014 | 2012/2013 | 2013/2014
Control 0.62c 0.64b 0.66a-d 0.29c 1.28cd 0.93de 7.36d 6.33c
F.S. 500 1.51a 0.44c 0.79a-c 0.85b 2.31a 1.28cd 13.53bc 12.90b
S.D.500 0.71c 0.63b 0.37cd 1.57a 1.08de 2.20a 16.92a 15.81a
F.S. 1000 1.16b 0.60b 0.46b-d 0.24c 1.62bc 0.85e 13.55bc 17.15a
S.D. 1000 0.57c 0.84a 0.27d 0.65bc 0.84e 1.49bc 12.20c 16.16a
F.S. 1500 0.76¢c 0.68b 0.98a 1.08b 1.74b 1.76b 14.29b 13.50b
S.D. 1500 0.73c 0.72b 0.89ab 0.23c 1.61bc 0.95de 14.81b 16.13a

F. S. = Foliar spray S.D = Soil drench

Values in the same column followed by the same letter (s) are not statistically different according to Duncan's multiple

range test.

10- Total carotenoids

Results presented in Table (5) point out clearly
that the addition of seaweed extract at 500 ppm as
soil drench showed the highest significant values
of total carotenoids in calendula plants in the first
season as compared with all other tested treat-
ments. However, in the second season, all tested
seaweed treatments increased significantly total
carotenoids as compared with the control. The

results here agree with those of Hussein et al
(2011), Machado et al (2014) and Mohy EI-Din
(2015).

11- Nitrogen, phosphorus and potassium con-
tent

All used concentrations of seaweed extract by
the two tested application methods increased sig-
nificantly nitrogen percentage in calendula plants
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as compared with the control (Table 6). Concern-
ing the effect of seaweed extract on phosphorus
percentage, data in Table (6) revealed that the
lowest used concentration i.e., 500 ppm either foli-
ar spray or soil drench resulted in the highest sig-
nificant values in the two tested seasons. Moreo-
ver no significant differences were detected be-
tween control treatment and most of the used
treatments in both seasons.

It is clear from results tabulated in Table (6)
that all used concentrations of seaweed extract
increased significantly potassium percentage than
the control in the two tested season when used as
foliar spray or as soil drench. In this regard, no
significant differences were detected in most of
seaweed application treatments. The results are in
agreement with those of Battacharyya et al
(2015) and Jadhau et al (2015).

Such increase in microelements due to sea-
weed application may be attributed to improving
stomata uptake efficiency in the treated plants as
mentioned by Mancuso et al (2006).

Tartil Emam; Hosni; Ibrahim and Hewidy

12- Fe, Zn and Mncontent

The highest used concentration of seaweed ex-
tract (1500 ppm) resulted in the highest Fe content
in pot marigold foliage in the two tested seasons in
addition to the control treatment in the second
season with significant differences between them
(Table 7). As regards to Zn content, results in Ta-
ble (7) showed also that calendula plants treated
with 500 ppm as foliar spray showed the highest
values in the first season without significant differ-
ence among them. While in the second season,
the highest value was detected to those plants
received 1000 ppm as soil drench. Control plants
gave the highest values in the two experimental
seasons in addition to those treated with 1500 ppm
as soil drench in the second season. Seaweed
extract had no significant effect on Mn content of
calendula plants. Such results are in the same line
with those obtained by Battacharyya et al (2015)
who found no effect of seaweed on Mn concentra-
tion on Spinach.

Table 6. Effect of application method and concentration of seaweed extract on nitrogen, phosphorus and
potassium content as percentages in foliage samples of Calendula officinalis plants during 2012/2013 and

2013/2014 seasons

N (%) P (%) K (%)

Treatments (PPM) [ 1212013 | 2013/2014 | 201212013 | 2013/2014 | 201212013 | 201372014
Control 1.05¢ 1.06¢ 0.19d 0.18d 0.29d 0.29¢
F.S.500 2.42b 2.46b 1.52b 1.41b 1.85¢ 1.56b
S.D.500 2.99a 2.99a 1.94a 1.71a 1.87¢ 1.67b
F.S.1000 2.81a 2.79a 0.39d 0.41d 2.71a 2.70a
S.D.1000 2.24b 2.26b 0.31d 0.27d 2.29b 2.30ab
F.S.1500 2.99a 3.0la 0.96¢ 0.95¢ 2.46b 1.80b
S.D.1500 2.91a 2.92a 0.27d 0.26d 2.43b 1.44ab

F.S. = Foliar spray S.D = Soail drench

Values in the same column followed by the same letter (s) are not statistically different according to Duncan's multiple

range test.
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Table 7. Effect of application method and concentration of seaweed extract on iron, zinc and manganese
(mg/l) for Calendula officinalis plants during 2013 and 2014 seasons

Treatments (ppm) Fe (mg/l) Zn (mg/l) Mn (mg/l)
2012/2013 | 2013/2014 | 2012/2013 | 2013/2014 | 2012/2013 | 2013/2014

Control 32.55e 40.00f 14.67d 6.51f 29.30a 31.50a
F.S. 500 51.63c 53.98e 21.50a 16.83d 27.33c 28.53b
S.D.500 33.68e 62.58d 18.67b 18.67c 28.70ab 27.63bc
F.S.1000 56.25bc 78.18c 17.00c 21.33b 27.60bc 28.03d
S.D.1000 60.62b 67.80d 21.50a 22.67a 27.27c 25.83d
F.S.1500 80.25a 105.33b 19.83ab 16.17d 29.37a 27.33bc
S.D.1500 39.90d 125.58a 18.83b 12.12¢ 26.70c 26.67cd

F.S. = Foliar spray S.D = Sail drench

Values in the same column followed by the same letter (s) are not statistically different according to Duncan's multiple

range test.

Conclusion and recommendation

The study here with recommends using 500
ppm of seaweed extract to increase flower diame-
ter and flower stalk length as foliar spray or as soil
drench to increase carotein content in flowers
when Pot marigold is used for medicinal purposes.
Whereas, if used as a cut-flower for decoration
purposes the study concludes also that 1500 ppm
as foliar spray increase plant height, flower number
and vase life.
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