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Abstract

A field experiment was conducted, June 2009 to study the effects of foliar
applications of different concentrations of seaweed extract of Ulva lactuca (Ulvaceae) and
Gracilaria dendroides (Gracilariaceae) on nutrient uptake, growth and yield of sunflower
plant. There were five treatment control and two concentration 0.4 and 0.6 % w/v from
each algal extract, this treatment applied at 3 times; first one at the seedling stage (20 days
after sowing), the second at the flowering stage (40 days after sowing), while the third one
before yield stage (70 days after sowing). Application of algal extract significantly
increase fresh and dry weight of root and shoot, chlorophyll a, chlorophyll b and
carotenoids rather than the control, especially with 0.6% extract of G. dendroides.

At harvest stage, application of seaweed significantly increase both root and
shoot fresh and dry weight, plant height, head diameter, seed index (weight of 1000 seed),
seed yield as compared to control. Also, the highest growth parameters were observed in
plant treated by 0.6% extract of G. dendroides, except plant height.

Highest oil content was observed at 0.6 % G. dendroides extract, followed with
0.6% U. lactuca extract application (34.05 and 30.55%, respectively). The application of
extract of 0.4 % and 0.6 % for both studied algae significantly increased seed yield of
sunflower by 20.94, 40.31, 30.29 and 28.73%, respectively, compared to control.

Improved nutrient uptake (Na and K) was also observed with seaweed extract
applications. Thus, foliar applications of seaweed extracts could be a promising option for
yield enhancement and high oil yield production of sunflower plant.
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Introduction

There is no doubt that increasing production of vegetable oils became a dire
need in Egypt, especially our local production not exceed 150,000 ton in 2010,
meanwhile the consumption will reach 820,000 ton (according to Specialized
National Councils) i.e., the ratio of our self-sufficiency will not extend beyond 15
%.
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Sunflower (Helianthus annus L.) is one of the most widely cultivated oil
crops in the world and considered one of the promising oil crops in Egypt that
could meet the oil needs.

The achievement of high grain and oil yields has been the main goal of
sunflower production. In recent years, there has been an increasing demand for
agricultural products with specific qualities (Siskos et al., 2001).

Fatty acid are classified into saturated and unsaturated fats, saturated tend
to increase blood cholesterol levels, while unsaturated ones show the reverse
direction, saturated fatty acids represent about 20% of the total fatty acid content
of most plants, Sunflower especially contain 90% unsaturated fatty acid
(Anderson and Beardall,1999).

Application of seaweed extract have been known for many years as soil
fertilizers and plant growth supplements in agriculture giving beneficial effects
including, increase in crop vyield, fruit fresh weight, improved fruit yield, high
chlorophyll levels in the plant leaves, improved nutrient uptake by the crops,
enhancement of seed germination, plant resistance against stress conditions,
reduced incidence of fungal disease and insect attack, and the reduction of the
effect of water and salinity stress on plant (Zodape, 2001; Malaguti et al., 2002;
Hu et al., 2004; Wang et al., 2005; EI-Bakry et al., 2006 and Salah El Din et al.,
2008).

Liquid extracts obtained from seaweeds have gained importance as foliar
sprays for several crops because the extract contains growth promoting hormones,
cytokinins, trace elements, vitamins (Strik et al., 2004 and Mamatha et al.,
2007). It was also reported that seaweed extract exhibit hormone-like activities on
plants but the measured levels of cytokinin or cytokinin-like substances were not
high enough to account for all of the claimed effects of these extracts (Metting et
al., 1990). Moreover in the last two decades a number of studies have pointed out
the antioxygenic activities of agueous, ethanolic or lipid soluble extracts of
seaweed (Le Tutour et al., 1998).

Seaweed extract develop tolerance to environment stress (Zhang and
Schmidt, 2000; Zhang et al., 2003), increase nutrient uptake from soil (Turan
and Kose, 2004). The beneficial effect of seaweed extract application is as a
result of many components that may work synergistically at different
concentrations, although the mode of action still remains unknown (Fornes et al.,
2002). In recent years, use of seaweed extracts have gained in popularity due to
their potential use in organic and sustainable agriculture, as a means to avoid
excessive fertilizer applications and to improve mineral absorption. Unlike,
chemical fertilizers, extracts derived from seaweeds are biodegradable, non-toxic,
non-polluting and non-hazardous to humans, animals and birds (Dhargalkar and
Pereira, 2005).
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Seaweed extracts are now available commercially under different names,
such as Maxicrop (Sea born), Algifert (marinure), Goemar GAl4, Kelpak 66,
Seaspray, Seasol, SM3, Cytex and Seacrop 16 (Gandhiyappan and Perumal,
2001). This proved that seaweed fertilizers are better than other fertilizers and are
very economical.

The main objective of this study is to evaluate the application of different
concentrations of two Egyptian marine seaweeds Ulva lactuca (Ulvaceae), and
Gracilaria dendroides (Gracilariaceae) extract in enhancing the growth, yield,
seed quality, oil content and nutrient uptake of sunflower grown in fields under
normal conditions.

Materials and Methods
Collection of Seaweeds

U. lactuca and G. dendroides were collected from the coastal area of
Mediterranean Sea at Alexandria and Baltim, Egypt, respectively, during June,
2008. The algal species were handpicked and washed thoroughly with seawater to
remove all the unwanted impurities, adhering sand particles and epiphytes.
Morphologically distinct thallus of algae was placed separately in new plastic
bags and kept in an ice box containing slush ice and transported to the laboratory.
Samples were washed thoroughly using tap water to remove the salt from the
surface of the sample. The water was drained off and the algae were spread on
blotting paper to remove excess water.

Preparation of Seaweed Liquid Fertilizers

One kg of seaweed was cut into small pieces and boiled separately with
1L of distilled water for an hour and filtered. The filtrate was taken as 100%
concentration of the seaweed extract then different concentrations from the filtrate
were prepared using distilled water (Bhosle et al., 1975).

Experimental Site and Treatments

The field experiment was conducted during the summer season of 2009 in
a cultivated area located at Roken Farouk, Helwan Governorate, Egypt. It was
irrigated from River Nile.

The soil of the site was clay loam with (EC 1.85 dsm™), (pH 7.3),
contained 2.05 % organic matter, 0.11% nitrogen, 0.43 M mol/L potassium, and
4.69 M mol/L sodium. The analysis of irrigation water showed that EC value was
0.52 dsm™ and pH 7.6.

The treatments in this experiment was 5 treatments, viz, 0.0 (control), 0.4
and 0.6 % for U. lactuca and G. dendroides .Three sprays of both tested seaweed
were applied, first one after 20 days from sowing, the second after 40 days from
sowing while the third one after 70 days from sowing.
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Selection of Crop Plant

The crop plant was sunflower (Vidok) belonging to the family
Asteraceae. The seeds were obtained from Agricultural Research Center (ARC),
Giza, Egypt. The seeds with uniform size, color and weight were chosen for the
experimental purpose.

Plant Sampling and Chemical Analyses

Samples of fifteen plants were taken from each plot of sunflower plant
after 45, and 65 days from sowing to determine their growth parameters: root and
shoot fresh and dry weight (g plant™), chlorophyll a, b and carotenoids.

Also, at yield stage, the same number were taken to estimate the root and
shoot fresh and dry weight (g plant™), plant height, disk diameter (cm), seed yield
(kg Fed™), seed index (1000 seed weight), seed oil %, oil yield (kg Fadden™), seed
fatty acids content, potassium and sodium content of seed.

Chlorophylls (a, b) and carotenoids were determined in sunflower leaves
in two growth stages; 45 days and 65 days according to the method of Metzner
et al. (1965).

The chemical composition were determined by taking samples of fresh
matter (100g), and oven dried at 65°C to a constant weight (AOAC, 2000).
Samples were milled to fine powder and used for the chemical analyses. Sodium
(Na) and Potassium (K) contents of plant samples is estimated by flame-
photometer in an acid digestion solution according to AOAC (2000).

Seed oil was determined after extraction with Soxhelt’s apparatus using
hexan as an organic solvent according to AOAC (2000). Also, extraction of lipid
was conducted by using chloroform methanol (2:2 v/v) to extract the lipid
(AOAC, 2000).

Statistical Analysis

The seeds were sown in plots (in hills, each plot contains 5 hills,
interspaces between each two hills was 60 cm) each plot was 10.5 m* (3.5 m
length and 3 m width) = 1/400 faddan (faddan = fad = 0.42 ha). The experiment
was laid out in randomized complete block design with three replicates. Pooled
data subjected to analyses by M-STAT C, (Russell, 1991). The differences among
the means were performed by least significant difference (L.S.D.) at 5% level. At
the same time, the data were presented as mean + standard deviation of three
replicates tests, and the data were analyzed with EXCEL 2007 for Win.

Results and Discussion

The biochemical analysis of the two algal species showed the presence of
plant growth regulators with varied amount in auxins {Indole-3-acetic acid (IAA),
Abscisic acid (ABA)}, gibberellins {Gibberellic acid (GA3)} and cytokinins
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{(Kinetin, Zeatin) and Benzyl adenine}. The beneficial effect of seaweed extract
appeared to be due to these plant growth regulators present in the extract as
mentioned by Yvin (1994).

Plant growth regulators in both tested seaweed species found in Table 1.
The data showed that the higher content of Gibberellic acid (GA3), Indole-3-
acetic acid (IAA), Abscisic acid (ABA), and Benzyladenine (BA) was detected in
U. lactuca, while , G. dendroides had the higher kinetin and Zeatin (Table 1).

Table (1): The plant Growth Regulators Present in Seaweed Liquid Fertilizer of Ulva
lactuca and Gracilaria dendroides.

GA; 1AA ABA Kinetin Zeatin BA
Algae type 1 1 1 1 1 1
mg 100 g° mg 100 g° mg 100 g° ug 100 g° pg 100 g° pg 100 g°
G. dendroides | 54.20+0.88 | 1.54+0.15 | 0.10+0.02 | 415.80+3.56 | 167.22+4.78 | 33.99+1.45
U. lactuca 135754234 | 7.12+0.2 | 0.37+0.08 | 353.15+8.11 | 35.88+2.33 | 4438+ 1.89

GA; - Gibberellic acid; 1AA = Indole-3-acetic acid; ABA= Abscisic acid; BA = Benzyl adenine

Effect of Seaweed Extract on Growth Parameters and Pigment at First and
Second Stage

Application of seaweed extract significantly increase all the growth
parameters and pigment content of sunflower plant at first and second stage as
compared to the control (Table 2).

At first stage (45 days from plantation) the highest root fresh and dry
weight were recorded in plant treated with 0.6 % G. dendroides (17.33 and 4.53 g
plant™, respectively). The highest shoot fresh and dry weights were detected in
sunflower plant treated with 0.6 % G. dendroides (296 and 52.83 g plant™,
respectively). The same trend was observed at the second stage, the highest fresh
and dry weights of both root and shoot were detected in sunflower treated with 0.6
% G. dendroides (114.6, 22.40, 650 and 130.66 g plant™, respectively).

These finding coincide with those of earlier studies carried out on
marigold (Russo et al., 1994 and Thirumaran et al., 2009) where there was an
increase in vegetative growth by the application of seaweed extract. Similar
results were also observed in Cajanus cajan (L.). (Mohan et al., 1994) and Vigna
sinensis L. (Sivasankari et al.,, 2006). The increase of these crops growth
parameters may be due to the presence of some growth promoting substances
present in the seaweed extract (Mooney and Van Staden, 1986; Blunden, 1991).
In addition, the growth enhancing potential of the seaweed extract might be
attributed to the presence of macro and micronutrients.
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Table (2): Effect of Seaweed Liquid Fertilizer (SLF) on Root and Shoot Fresh and Dry Weight (g plant ') and Pigment
Contents (mg g’l fresh wt) of Sunflower after 45 and 65 Days from Plantation.

Root Shoot Chlerophyll

Treatment Fresh wt. Drywt. Drywt. Fresh wt. a b Carotenoids

g pl:mf1 g pl:mfl g pl:mfl g pl:mf1 mng g-l fresh wt

45 Days from Plantation

Control 9.093 £0.25 3.23 2003 215+48.22 | 3333201 448+ 50 209011 | 202020

04%G 14.33£0.80 3.90 +0.10 274+ 25.03 49.6 £10.02 7071020 | 3.02:0.27 | 287004
0.6% G 17.33£1.57 453011 | 296+ 11.55 | 5283 +2.84 623+ 17 344027 | 280019
0.4%U 12.33 £2.10 326009 | 285+ 5.00 | 48160 £2.47 740+ 53 265+ .70 | 3100582
0.6 %U 12.66 £2.23 360008 | 202+755 5033 £0.58 6.03+ 39 336184 | 190051
L.5SD. 005 139 0.11 38.00 10.79 1.01 0.66 0.74

65 Drays from Plantation

Control 64.06+5.51 | 1516+ 0.67 | 440+36.06 [ 70.00 £3.00 | 3.73£0.91 1.73+0.14 0.62+ 0.06

04%G 10033002 | 20.66=0.58 | 454 = 2205 | §9.96+ 3.66 4.05+0.36 2.49+0.02 112+ 0.20

0.6 % G 114.66+24.25 | 2240+ 241 | 650+ 70.89 | 130.66+1686 | 434+ 0.07 2.84=0.84 117+ 053

0.4% U 108.00+ 5,03 | 21.70+ 1.87 | 58742040 | 106.13+2935 | 5.63+1.24 2.47+0.94 190+ 1.20
0.6 %U 9333+ 1528 | 1610+ 1.08 | 616+35.12 | 121.66+8.19 | 6.28+ 0.49 2.61+0.22 254+ 0.86
L.SD. g5 1746 455 79.00 13.76 0.47 0.11 047

G =G dendroides. whereas, U= lnciuca

Generally application of seaweed extract significantly increased the
pigment contents of sunflower. The first stage, the highest chlorophyll a and
carotenoids were detected in sunflower plant treated with 0.4 % U. lactuca (7.40
and 3.10 mg g™, respectively). While the highest chlorophyll b was detected in
plant treated with 0.6 % G. dendroides (3.44 mg g™).

Meanwhile, in second stage, the highest chlorophyll a and carotenoids
were recorded in plant treated with 0.6 % U. lactuca (6.28 and 2.54 mg g™,
respectively). While the highest chlorophyll b was recorded in plant treated with
0.6 % G. dendroides (2.84 mg g™).

Whapham et al. (1993) observed that the application of SLF of
Ascophyllum nodosum increased the chlorophyll of cucumber cotyledons and
tomato plant. This increase was due to the betaines which seaweed contains. Also,
Gerald et al. (1997) suggested strongly that the enhanced leaf chlorophyll content
of plants treated with seaweed extract is dependent on the betaines present.

Effect of Seaweed Extract on Growth Parameters and Yield at Harvest Stage

The effect of Seaweed Liquid Fertilizer (SLF) on fresh and dry weight of
root and shoot, plant height, head diameter, seed index, and seed yield at harvest
stage were presented in Table (3).
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Application of seaweed significantly increase both root and shoot fresh
and dry weight, plant height, head diameter, seed index (weight of 1000 seed),
seed yield as compared with control. Also, the highest growth parameters were
observed in plant treated 0.6 % G. dendroides, except plant height (Table 3).

Table (3): The Eifect of Seaweed Extract on Growth Parameters of Sunflower at Yield Stage.

Root Shoat < .
Treatment o e PFlant Height H al { Seed Yield
Freshwt. | Drywt. | Freshwt. | Drywt, - Diameter | Seed Index Ks ol
g pl:mr'1 g plam'l g pl:mfl g pl:mfl (. :

Control | 84.33:880 | 1007104 | 490.0045.77 | S8.33:508 | 124.3546.66 | 14.30+0.58 | 62,004 10.23 | 3442.36+88.90

04%G | 119334115 | 2347090 | S35.00:40.36 | 103.6748.14 | 143.67H3.51 | 16.30+1.00 | §4.00+ 1189 | 416306+ 121,15

06%G | 1320015835 | 2737307 | T63.00:63.51 | 195.00=13.75 | 167331300 | 19.51+105 | 100.00+9.78 | 4830.00+ 130.15

04% U | 15334700 | 20874407 | 650.00:43.50 | 450020500 | 170.67+16.17 | 16.91+0.38 | 90.00+ 1245 | 448500+ 12988

0.6%0 | 127331528 | 2620171 | 676.00:47.26 | 160.00:15.61 | 1540041810 | 17.66+115 | §5.00+ 1098 | 443130+ 119.18

LD | 1978 16 §3.00 1157 173 14 1300 145

G=0G. dendroides. wheveas, U= U lucfuen  Wt=weight

The highest fresh and dry weight of roots and shoots were recorded in
sunflower treated with 0.6 % G. dendroides, the same trend of the first two stages
(45 and 65 days after planting). Meanwhile, the highest plant height was recorded
in sunflower plant treated with 0.4 % U. lactuca (170.67 cm) followed by 0.6 % G
(167.33cm) Table (3). The biggest head diameter was observed in plant treated
with 0.6 % G. dendroides (19.51 cm), followed by 0.6 % U. lactuca (17.66 cm).
Seed index (weight of 1000 seed) , treatment by 0.6 % G. dendroides gave the
highest (100 g), followed by 0.4 % U. lactuca (90 g) they increased by 61.29 and
45.16% respectively as compared with the control (Table 3).

Seed yield (Kg fed™) was observed highest at 0.6 % G. dendroides which
was significantly than other treatments. The application of 0.4 % and 0.6 % for
both algal species significantly increased seed yield of sunflower by 20.94, 40.31,
30.29 and 28.73%, respectively, as compared with control.

In this study, increased vegetative growth, head diameter, and seed index
due to seaweed extract application resulted in greater overall production of seed
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yield. Similarly, Rama Rao (1991) obtained increased yield and improvement in
the quality of Zizyphus mauritiana L. with foliar applications of seaweed extract.

Further, these findings also coincide with Rathore et al. (2009) they
found that applications of different concentrations of seaweed extract (prepared
from Kappaphycus alvarezii) increase plant height, number of pods per plant,
number of grains per plant, number of branches, and yield of soybean plant.

Effect of Seaweed Extract on Chemical Composition and Oil Content of
Sunflower

Application of seaweed significantly increased oil content, oil yield, K,
Na and crude protein of sunflower seed as compared with control (Table 4). The
highest oil content, oil yield, K and crude protein were detected in 0.6 % G.
dendroides meanwhile, the highest Na content was found in sunflower treated
with 0.4 % U. lactuca.

Oil content was observed highest at 0.6 % G. dendroides followed with
0.6 % U. lactuca application (34.05 and 30.55%, respectively) increase over the
control. The effect of the treatments on oil yield depicted a similar trend, where
highest oil yield was observed at 0.6 % G. dendroides, which was significantly
than other treatments. Application of 0.4%, 0.6 % for both species studied
significantly increased oil yield by 40.22, 88.02, 61.02 and 68.06 %, respectively,
as compared with control. The highest K content and crude protein was found in
plant treated with 0.6 % G. dendroides were reached 46.33 mg Kg™ and 37.74 %,
respectively.

Table (4): The Effect of Seaweed Extract on Qil Content, Potassium, Sodium
and crude Protein of Sunflower Seed.

Treatment Oil Oil yield K Na Crud.e
content Kq fad. ma Ka™ ma Kot Protein
% g 1aa. g Kg g Kg %
31.75+ 1092.95 + 38.25 + 2435 +
Control 0.89 59.12 0.98 8.67 £0.12 188
36.83 1533.25 + 41.08 + 10.70 + 32.15 +
0,
0.4% G 0.90 77.34 1.30 0.25 1.96
06% G 42.56 + 2055.65 + 46.33 + 12.73 + 37.74 +
0.108 56.39 1.12 0.30 1.57
0.4% U 39.24 + 1759.91 + 45.70 + 14.07 + 35.12 +
1.10 66.78 1.76 0.36 0.98
0.6 %U 41.45 + 1836.81+ 42.45 + 13.67 36.86
0.79 78.00 1.49 0.39 1.09
L.S.D. g5 1.15 81.29 1.83 0.40 2.15

G = G. dendroides. whereas, U= U. lactuca.
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The results confirm those previously reported by Crouch et al. (1990)
who noted increased uptake of Mg, K and Ca in lettuce with seaweed application.
Nelson and Van Staden (1984), Turan and Kdse (2004) and Mancuso et al.
(2006) also observed increased uptake of N, P, K and Mg in grapevines and
cucumber with application of seaweed extract. Mancuso et al. (2006) add that the
presence of marine bioactive substances in seaweed extract improves stomata
uptake efficiency in treated plants compared to non-treated plants.

Biostimulants, even those containing minerals, are not able to supply all
the essential nutrients in the quantities required by plants (Schmidt et al., 2003)
but may enhance root growth of plant subjected to stress possibly by increasing
the antioxidant defense system (Zhang and Schmidt, 2000). In addition to proper
mineral fertilization, biostimulants can enhance the effectiveness of fertilizers as
well as nutrient utilization from soil (Frankenberger and Arshad, 1995).

Effect of Seaweed Extract on Fatty Acid Picture of Sunflower Seed

Fatty acids are a carboxylic acids with long hydrocarbon chains, the
hydrocarbon chain length vary from 10-30 carbons (most usual is 12-18). There
are two groups of fatty acids saturated and unsaturated. The term unsaturated
refers to the presence of one or more double bonds between carbons as in alkenes.
A saturated fatty acid has all bonding positions between carbons occupied by
hydrogen (Izquierdo and Aguirrezabal, 2008).

The fatty acids picture of sunflower plants are presented in Table 5. No
clear trend was observed. The plant treated with 0.6 G. dendroides achieved the
highest values in stearic, archidic and arachidonic, while the highest value of
palmitic and palmitelaidic were recorded in sunflower treated with 0.4 % G.
dendroides. High oleic and linolenic was recorded in plant treated with 0.4 % U.
lactuca.

It is a common knowledge that the suitability of sunflower oil for
different uses and so its commercial value depends mainly on the proportions of
linoleic and oleic acids, both of which account for about 90% of the total fatty
acids (FAs) of triacylglycerols. The unsaturation ratio (C18:1/C18:2) of the oail,
however, is undoubtedly related to the growing environment and commonly it
increases strongly in standard hybrids and less in high-oleic ones in relation to air
thermal regime during grain lipid synthesis (Pereyra-lrujo and Aguirrezabal,
2007; Izquierdo and Aguirrezabal, 2008).

Oil concentration and fatty acid composition, especially oleic and linoleic
fatty acids, of oil from sunflower varies greatly mainly as a response to
temperature during seed development (Seiler, 1986). The suitability for
alternative uses of sunflower oil is determined mainly by fatty acid composition
and the amount of antioxidants. Oxidative stability, which delays the loss of
nutritional value and the development of unpleasant flavors, depends on the
proportion of oleic acid (18:1) and the amount of antioxidants, mainly a-
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tocopherol (Cabrini et al., 2001). From the point of view of human health,
polyunsaturated acids, such as linoleic acid (18:2), are essential to mammals and
have a potent hypocholesterolemic effect (Kris-Etherton and Yu, 1997), thus
lowering the risk of cardiovascular disease.

Table (5): The Eifect of Seaweed Extract on Fatty Acid Picture (%) of Sunflower Seed.

Mynistie | Palmitic |Palmitelidic |  Stearic Oleic Linolic | Lionlenic | Archidic | Arachidenic

Treatment |0 16:0 16:1 182 181 182 183 20 24

Control 0.66:0.08 | 807:0.19 | 174000 | 198045 | TRALELLY | 414001 | 004001 | 531002 | 148007

04%G 0.58:006 | 955:0.23 | 391003 | L5802 | G5.SHL34 | 3242009 | 0.140.02 | 530:016 | 2.76£0.09

06%G 0574005 | 937£020 | 300:008 | 2.17:0.06 | 6698098 | 2.73:0.14 | 0.12:0.01 | 5624015 | 3.15£0.10

04%U 0394004 | 6142001 | 143007 | 107:0.09 | 76530120 | 6.98:0.03 | 0.14:001 | L25:009 | 125:008

06 %0 0824008 | 7605020 | 303005 | 171040 | TA7EL09 | 3.18:008 | 0.14:001 | 2.65:008 | 182007

L3.Dags 0.09 0.26 0.16 0.18 ] 0.16 0.02 0.18 0.12

G =G, dendroides. whereas, U= U, lactica.

It could be concluded that applying seaweed extract can be a powerful
and environmental friendly approach to improve plant growth and increase
sunflower yield and oil content.

Both seaweed tested were effective in enhancing growth parameters,
yield, nutrient uptake and oil content as compared to control. But the extract from
G. dendroides was found to be promising in possessing fertilizer activity as
compared to U. lactuca. It is probably due to the presence of growth promoting
hormones and nutrients in more quantities in the G. dendroides. Seaweed liquid
fertilizer can be applied to various crop plants in order to enrich the nutrient
content of the soil and intern to increase the growth and yield of cultivated plants.
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