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Synergetic effect  of combination of Gracilaria dendroides  extract and 

Azospirillum lipoferaum  on growth and yield of sunflower (Helianthus 

annuus  L.)  

ABSTRACT:  

In reduced input systems, improving agricul tural 
practices that increase plant nutrient capture 
efficiency, increase crop production and 
sustainabil i ty. The objective of this work was to 
assess the impact of applying di fferent 
concentrations of seaweed liquid extract 
(SWLE) by soaking seeds and / or coating i t 
wi th A. l ipoferaum  suspension on growth and 

productivi ty of sunflower in newly reclaimed soi l .  
The results proved that the combined treatment 
of SWLE and A. lipoferum  was better than the 

individual treatments on growth and yield of the 
plants.  The com bined treatment T5 exhibi ted 
promoting effect on growth and yield 
parameters. It exhibi ted a signi ficant increase in 
A. l ipoferaum  rhizospheric population higher 

than the control and other treatments. A 
signi ficant increase in ni trogenase and 
dehydrogenase activi ty, photosynthetic 
pigments, growth hormones, yield parameter 
and oil  seed fatty acids content were also 
observed. The correlation study proved that 
there was a high signi ficantly correlation 
between some growth parameters, 
photosynthetic pigments, rhizospheric bacterial 
count and the total  yield. The faci l i tation of 
nutrients, growth hormones and other 
consti tuents in SWLE and A. l ipoferaum  

suspension might be very much useful  to the 
crops. It could be concluded that SWLE in 
combination w ith A. l ipoferaum  suspension 

could serve as cost effective eco -friendly 
product for sustainable agricul ture. 
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INTRODUCTION:  

The acute shortage of edible oil in Egypt is 
increasing every year with increasing population 
growth of the country. The local production of 

vegetable oils covers less than 10% of the 
consumption; therefore, it is still below current 
needs. Sunflower is considered one of the most 

important oil crops in Egypt with a high oil  
percentage and oil  quality.  Its rank as a source 
of edible oil in the world is the fourth next to 

soybean, palm oil and canola (Osman and Awed, 
2010). It contains a good percentage (48-53) of 
oil (Rasool et al., 2013).  It has a great potential 

in bridging the gap between demand and supply 
of edible oil to a significant extent in the years to 

come (Abd El-Mohsen, 2012). Due to the 
competition with other important summer crops, 
the cultivated area of sunflower in Egypt is 

limited in Nile Valley and the Delta ( Osman and 
Awed, 2010). However, sunflower could be 
cultivated in newly reclaimed soils in the desert 

area. Several different approaches are utilized to 
achieve the major goal of increasing seed 
productivity, oil content and oil yield under this 

newly reclaimed area. 
Any improvement in agricultural practices 

that increases plant nutrient capture efficiency;  

should reduce the harmful environmental effect 
of agriculture and increase crop production and 
sustainabili ty in reduced input systems (Jannin 

et al., 2013). Recently, a great attention has 
been focused on the possibi li ty of using natural 
and safety substances as an alternative to 

conventional chemical fertil izers to improve 
plant growth (Craigie, 2011; Calvo et al., 2014) 
and to overcome the low soil fertili ty in newly 

reclaimed soils. In this concern, seaweed 
extracts (SWE) have synergistic effects on 
growth, yield and yield quality of many plant 

species. They are enhancing plant growth 
properties through metabolic benefits, early 
seed germination and establishment, improved 

root structures, plant flowering and leaf 
development and fruit set, triggering disease 
response pathways and increasing stress 

tolerance There are also benefits that relate to 
improved soil structure, soil  water holding 

capacity and improved soil microbiology (Arioli  
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et al., 2015). Seaweeds extracts are 

biodegradable, non-toxic, nonpolluting and safe 
to humans, animals and birds (Selvam and 

Sivakumar, 2014; Rao and Chatterjee, 2014). 
The seaweed extracts are effective in 
increasing the growth parameters, yield 

attributes and yield of plant via the presence of 
microelements and plant growth regulators, 
especially cytokinins  (Pramanick et al., 2014). 

In addition, plant-growth promoting 
rhizobacteria (PGPR) encourage plant growth 

promotion by direct or indirect modes of action. 
Many bacterial species are acting as PGPR e.g. 
fluorescent pseudomonads (Pseudomonas 

fluorescens)  Bacillus  sp., Azotobacter  sp., 
Acetobacter sp. and Azospirillum  sp. (Antoun 
and Prẻvost, 2005). Bacteria of the genus  

Azospirillum and Acetobacter  can exert 
beneficial effects on plant growth and yield of 
many agronomic crops, through the 

enhancement of plant growth by nitrogen fixation 
and hormone production (Saikia and Jain, 2007).  

Integrated use of biofertilizer sources of 

nutrients is very important for higher productivity 
and sustainability (Rasool et al., 2013). Keeping 
these aspects in view, the present investigation 

aimed to assess the impact of applying different 
concentrations of seaweed liquid extract (SWLE) 
by soaking seeds and / or coating it with A. 

lipoferaum  suspension on growth and 
productivity of sunflower (Helianthus annuus  L.) 

in newly reclaimed soils.  
 

MATERIAL AND METHODS:  

Gracilar ia dendroides  col lection:  
The seaweed used in the present s tudy 

was G. dendroides  belonging to the Family 

Gracilariaceae . They were collec ted from the 
Mediterranean Sea coastal regions at  
Alexandria (31° 70 13 N,  29° 64 56 E) ,  Egypt  

during June 2014. They were picked and  
washed thoroughly wi th sea water  to remove 
adhering sand particles and epiphytes. The 

collected seaweeds were stored in polythene 
bags and were kept in an ice box containing  
slush ice. Then, were directl y transported to 

the laboratory and washed  in tap water  to 
remove salt  from the surface.  The samples 
were air dried by spreading on blotting paper  

in shade to remove excess water and then 
used for extract preparation.  
Preparation of seaweed Liquid extract (SWLE): 

The dried G. dendroides  seaweeds were 
crushed and made as coarse powder using a 

mixer grinder. Then the dried sample of 
seaweed (1 kg) was further made into small 
pieces and powdered. The powdered sample of 

seaweed was mixed with water (20 L) in the 
proportion of 1: 20. Then it was boiled for one 
hour. After one hour, the hot extract allowed 

cooling at room temperature and the mixture 
was squeezed and fil tered through a double 
layered cheese cloth. The obtained extract was 

designated as stock solution and was used to 
prepare different concentrations viz; 1.5 and 

3.0% by mixing appropriate proportions of 

seaweed liquid extract with steril ized distil led 
water (Bhosle et al., 1975). Since the seaweed 

liquid extract contained organic matter, they 
were stored at 4ºC. 
Free nitrogen fixer A. lipoferum:  

A. l ipoferum  was kindly provided by 
Agricultural Microbiology Department, Soil, 
Water and Environment Research Institute, 

Agric. Res. Center (ARC), Giza, Egypt. The 
strain was grown and maintained on nitrogen 
deficient semisolid malate (Dobereiner et al., 

1976) medium at 28 ºC for 48 h.  
Assessment of some plant growth-promoting 
traits of A. lipoferum:  

The ability of A. lipoferum  to produce 
indole acetic acid (IAA) was examined according 
to the method described by Glickmann and 

Dessaux (1995). Gibberellic acid production was 
examined according to the method described by 
Udagwa and Kinoshita (1961).  

Assessment of some plant growth-promoting 
traits of G. dendroides SWLE:  

The SWLE of G. dendroides  seaweed was 

tested for its content of plant growth promoting 
substances i.e., gibbrill ic acid (GA 3), indole 
acetic acid (IAA), abscisic acid (ABA), Kinetin, 

Zeatin and Benzyladenine (BA) according to the 
method of (Ünyayar et al., 1996). 
Field trials:  

Two field experiments were carried out in a 
private farm at Kafr Dawood (30◦27 58N, 30◦49 

45 E) Menoufiya, Egypt, during 2014 and 2015 
summer seasons on sandy loamy soil. This soil 
had the following physical and chemical 

characteristics: sand 65.7%, sil t 29.3%, clay 5%, 
pH 7.85, electrical conductivity (EC) 1.15dSm−1, 
organic carbon 0.143%, cations: Ca2+, Mg2+, Na+, 

K+, N3+, and P3+being 380, 147.6, 134.3, 19.5, , 
0.011, and 0.009 mg g -1, respectively; anions: 
CO32−, HCO3−, Cl−, and SO42− being 9, 36.6, 

310.9, and 96 mg g−1, respectively (Jackson, 
1958). 

The experiments were conducted in a 

randomized plot design where the plot area was 
6 m length x 3 m width in three replicates. Each 
plot involved five ridges of 6m length and 60 cm 

width. The ridge contains 24 hills at 25 cm from 
each other. The irrigation system was drainage 
in regular intervals (after weak from cultivation to 

assure the germination of all  seedlings, then, 
every 12-15d).  The seeds of sunflower 
(Helianthus annuus L.) Giza 102 was kindly 

obtained from Field Crops Research Institute, 
Agric. Res. Center (ARC), Giza, Egypt.  They 
were surface sterilized with 0.05% Clorox 

solution before cultivation, then washed 10 times 
with sterilized distilled water. The different 
treatments were applied as the following: 1- Full 

NPK control; seeds  of sunflower supplemented 
with the recommended dose of NPK (T1); 2- 

Seeds of sunflower coated with  A. lipoferum  
bacterial suspension (∼108 cells ml−1) using 

Arabic gum (40%) as an adhesive agent for two 
hour before planting (T2);  3- Seeds of 
Sunflower soaked in 1.5% G. dendroides SWLE 
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overnight (T3);  4- Seeds of Sunflower soaked 
in 3.0 % G. dendroides SWLE overnight (T4); 5- 

Seeds of Sunflower soaked in 1.5% G. 
dendroides  SWLE overnight and coated with A. 
lipoferum  suspension (T5) and 6- Seeds of 

sunflower soaked in 3.0% G. dendroides  SWLE 
overnight and coated with  A. lipoferum  
suspension (T6). At soil preparation, all  blocks 

received phosphorus (P) (480 kg P2O5 ha−1 as 
super phosphate 15.5%) whereas potassium (K) 
(120 kg K2SO4 ha−1, 48% K2O) was added as a 

full  recommended dose after 40 d from sowing 
before heading. Nitrogen (N) as two third of the 
recommended dose (108 kg N ha−1 urea, 46% 

N) was added in three equal doses during 
sowing and at 20 and 35 days after planting. 
The plants were grown for 100 d, under field 

conditions. 
Assays:  

Growth parameters of sunflower via; plant 

height (PH); shoot fresh (SHFW) and shoot dry 
weight (SHDW) in g; root fresh (RFW) and root 
dry weight (RDW) in g were recorded at 45 and 75 

d.  
The most probable number (MPN) of 

Azospirillum spp. in the rhizosphere of sunflower 

plants were determined on specific nitrogen 
deficient semisolid malate medium (Dobereiner et 

al., 1976) after 45 and 75d of sowing. 
The yield parameters of sunflower like head 

diameter (cm); weight of 1000 seeds (g) and total 

yield of seeds (Mg.ha-1) were recorded at harvest.  
The biochemical parameter such as total 

chlorophyll and carotenoid were quantified by 

using the method described by Metzner  et al. 
(1965). At that time, nitrogenase activity in plant 
roots was determined in an indirect way as the 

acetylene reduction assay (ARA) by GC analysis 
using a 5880 HP chromatograph (Hewlett Packard 
Inc Palo Alto, CA, USA) with an ionization flame 

detector at 135ºC according to Somasegaran and 
Hoben (1994). Soil dehydrogenase activity was 
also determined according to Skujins (1976).  

Content of nitrogen (N), phosphorus (P), 
and Potassium (K) percentage were determined in 

seeds of sunflower at harvest for each treatment 
according to Jackson (1958). The crude protein % 

(CP) was also calculated for each treatment by 
multiplying the nitrogen % by 100/16 or 6.25. This 
is from the assumption that nitrogen is derived 

from protein containing 16% nitrogen (AOAC, 
1984).  

Seed oil was extracted with hexane solvent, 

using Soxhelt’s apparatus and the fatty acids 
were determined according to the method 
describes by (AOCS, 1982).  

The data were subjected to an ANOVA 
protected least significant difference (L.S.D) test 
at p value 0.05 (Snedecor and Cochran, 1980).  

 

RESULTS AND DISCUSSION:  
The data discussed here is the average of 

data obtained in two years. Figure 1 shows that 
the water extract of G. dendroides seaweed 

liquid extract included large quantities of GA3 
(550 µg/100 ml) while i t decreased in the 
cultural fil trate of A. l ipoferum  (210.3 µg/100 

ml). On the other hand, the quantity of IAA was 
higher in the cultural fi ltrate of A. lipoferum  (874 
µg/ml) than in the water extract of G. 

dendroides  (105.6 µg/ml). Moreover, the water 
extract of G. dendroides seaweed included 
other constituents with li ttle quantities l ike ABA 

(1.3 µg/ml), Kinetin (4.2 µg/100 ml), Zeatin (1.7 
µg/100 ml) and BA (0.3 µg/100 ml). The data 
proved that seaweed G. dendroides  and A. 

lipoferum could produce plant growth promoting 
substances such as (GA3) and (IAA).   
Seaweeds considered as one of the most 

important marine resources of the world due to 
the presence of minerals, trace elements and 
plant growth regulators that occur in water-

soluble form and enhance the disease 
resistance in field crops (Selvam and 
Sivakumar, 2014). Moreover, i t has been 

reported that many genera of the growth 
promoting rhizobacteria e.g. Azospiril lum , 
Azotobacter , Pseudomonas.viz are 

phytohormone-producing (Hafeez et al., 2006). 

 

 
Fig. 1. Growth regulators produced by Gracilaria dendroides and Azospirillum lipoferaum GA3: Gibbrillic acid, 

IAA: Indole acetic acid, ABA: Absicic acid, BA: Benzyladenine. The results are the mean ± SD (n = 3). 
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Soaking seeds of Sunflower in G. 

dendroides  SWLE at different concentrations 

(1.5 and 3%) and inoculating them with A. 
l ipoferum i ncreased the plant  growth during  
time intervals.  As shown in table 1,  the growth 

parameters of sunflower have been improved  
by both type of application; the individual  
treatment and the combined one.  However,  

the combined treatments showed significant  
increase than the individual treatments and  
control (ful l  NPK). The combined treatment T5 

(Seeds of Sunflower soaked in 1.5% G. 
dendroides  SWLE overnight and coated with 
A. l i poferum  suspension) showed the 

significantl y highest plant, root and shoot  
fresh and  dry weight.  It  recorded 89 cm, 
19.333, 4.5, 326.67,  and 57.667 g at 45 d  

while at 75d it recorded 181.667 cm, 130.0,  
22.867, 806.67, and 134.333 g, respectively.  
Table 1 shows also, that  there was 

significantl y increasing in growth parameters  
of combined treatment T5 over the combined  

treatment T6 in root fresh and dry weight at  

45 d as well as shoot fresh and dry weigh at  
75 d and shoot dry weight at 45 d. Application 

of seaweed to the plants  either to the soil or  
fol iage, or seed soaking gave a wide range of  
responses (Erulan et al., 2009; Craigie,  

2011).  The  plants  growth and biochemical  
characteristics of many crops; Arachis  
hypogea,  clus ter bean and soybean plants  

improved by micro and  macro elements  and  
growth promoting hormones present in the 
extract of  seaweed l iquid extrac t (Viqar et  al. ,  

2011; Selvam and Sivakumar, 2014). This  
improvement could be attr ibuted to the 
improved root system obtained by the ef fec t  

of treatment  with the combined treatment  T5,  
which consequentl y improved the uptake of  
nutr ient and plant growth regulators produced  

by seaweed l iquid extract and A. l ipoferum  
suspension, enhanced general plant growt h 
and vigor (Selvam and Sivakumar, 2014;  

Ariol i  et  al. , 2015).  

Table 1. Growth parameters of sunflower (Helianthus annuusL.) plants as affected by different treatments of Gracilaria 
dendroides seaweed liquid extract (SWLE) and Azospirillum lipoferaum at different time intervals. 

Treatments 
PH (cm) RFW (g) RDW(g) SHFW(g) SHDW (g) 

45d 75d 45d 75d 45d 75d 45d 75d 45d 75d 

T1 51.667d 124.333c 8.767c 64.667D 3.800ab 15.167c 238.33a 340.00e 33.333c 70.000d 

T2 75.667c 142.000b 11.667cb 91.667c 3.233b 16.867c 246.67b 453.33d 38.333bc 90.033c 

T3 86.000ab 172.667a 17.333a 100.333c 4.267a 19.667b 281.67b 630.00b 50.000bc 106.667b 

T4 80.333bc 149.667b 18.333a 108.000bc 4.367a 20.400b 280.00b 533.33c 55.333a 105.000b 

T5 89.000a 181.667a 19.333a 130.000a 4.500a 22.867a 326.67b 806.67a 57.667a 134.333a 

T6 83.333ab 171.667a 13.000b 124.000ab 3.433b 21.333ab 260.00b 616.67b 51.667bc 114.333b 

L.S.D. 7.3828 16.038 3.6888 20.734 0.8098 2.3384 43.778 61.34 13.62 10.972 

           

NPK: N: nitrogen, P: phosphorus, K: potassium; PH: Plant height, RFW: Root fresh weight, RDW: Root dry weight, SHFW: 
Shoot fresh weight, SHDW: Shoot dry weight; d: day  

Treatments T1:  Full NPK (Control); T2: Seeds of sunflower coated with A. lipoferum bacterial suspension; T3: 1.5 % G. 
dendroides SWLE, T4: Seeds of sunflower soaked in 3.0 % G. dendroides SWLE overnight: T5:  Seeds of sunflower 
soaked in 1.5 % G.dendroides SWLE overnight and coated with A. lipoferum suspension, T6: Seeds of sunflower 
soaked in 3.0 % G.dendroides SWLE overnight and coated with A. lipoferum suspension. 

The results are the mean (n = 3). Means with the same letter are not significantly different at p value 0.05 by ANOVA. 

The dynamics of A. l ipoferaum  

population in Sunflower rhizospheric roots  
increased  at  45 and  75d  compared  to the 

control ful l  NPK; because of i ts inoculation 
with A. l ipoferaum in addition to combination 
of  i t with G. dendroides  SWLE in different  

concentrations as shown in figure 2A. The 
combined  treatment  T5 exhibited a significant  
increase in A. l ipoferaum  population higher  

than all  the other treatments including ful l  
NPK control. It  recorded 1.13 and 10.41 x 10 6  

CFU/g rhizosphere soil at 45 and 75d,  

respectively. The increased total  population 
count of A. Lipoferaum  in Sunflower  
rhizospheric roots  due to the combined  

treatments versus the individual ones 
especial ly at interval 75d; could be explained  
on the basis that the increased root systems 

of sunflower plants led to improve the nutr ient  
uptake by roots and enhanced general plant  
growth and vigor. Consequentl y, the chemical  

and physical properties of the soil modified by 

the exudation of a wide range of chemical  

compounds (root exudates) and thus, the 
structure of soil  microbial community 
regulated in the immediate vicinity of  root  

surface (Ahemad and Kibret, 2014). Many 
workers  (Sainia et al.,  2004; Ariol i  et  al. ,  
2015),  agreed that  the microbial syntrophic  

associations markedly enhanced the 
biological activities  in the rhizosphere of  crop  
plants.   

Nitrogenase activity in sunflower  
rhizospheric zone was significantl y greater in 

almost  al l  treatments  compared to the control  
T1 at 45 and 75 d (Fig. 2B & C). Furthermore,  
a pronounced increase in nitrogenase activity 

was recorded with the combined treatment T5 
at 45 and 75d. The enzyme activity increa sed  
in the combined treatment T5 by almost  12 

times and three times over control (ful l  NPK)  
at 45d and 75d,  respectively. Many authors  
(Saikia and Jain, 2007; Sainia  et al.,  2004)  

proved that treatment  and  inoculation of  



El-Batanony N.H., Effect of Gracilaria dendroides extract and Azospirillum lipoferaum on growth and yield of sunflower  

 

ISSN: 1687-7497         On Line ISSN: 2090 - 0503          http://my.ejmanger.com/ejeb/ 
 

35 

different plant crops with bioferti l izers  
increase the acetylene reduction assay 

activity.   

Dehydrogenase enzyme showed  

significantl y increase in its activity nearly in 
most of the treatments, especial l y the 
combined  ones compared to control  (Fig.  2.  B 

& C).  Moreover,  the combined treatments  T5 
and T6 exhibited the highest activity (36.4 and  
62.4 µg TPF/g soil/day) and (33.2 and 58.21 

µg TPF/g soil/day) at 45d and75d,  

respectively. The activity of  dehydrogenase 
enzyme resulted  in response to the combined  

treatments T5 and T6 increased by alm ost  
three and two times over control (ful l  NPK) at  
45 and 75d, respectively. Because 

dehydrogenase is only present in viable cells,  
consequentl y i t has been a valid biomarker to 
indicate changes in total  microbial activity and  

it has been considered as a sensitive 
indicator of soil  quality due to changes in soil  
management (Roldán et al., 2004).  

  

 
Fig. 2. Population dynamic of Azospirillum lipoferum (A), Nitrogenase (µ mole C2H4/g  dry rhizosphere soil 

/h) and Dehydrogenase (μg TPF/g dry soil/ day) act ivity at 45 d (B), Nitrogenase (µ mole C2H4/g dry 
rhizosphere soil /h) and Dehydrogenase (μg TPF/g dry soil/ day) activity at 75 d (C) in sunflower 
(Helianthus annuus L.) in rhizospheric soil as affected by differ ent treatments of Gracilaria 
dendroides seaweed liquid extract (SWLE) and A.lipoferaum. The results are the mean (n = 3). Bars 
followed by the same lower case letters are not significantly different at p value 0.05 by ANOVA.  

Figure 3 shows that almost al l  

photosynthetic  pigments  obtained showed an 
improvement both in individual treatments and  

combined ones. An obvious significant  
increase in photosynthetic pigments  
chlorophyll a, chlorophyll b and carotenoids of  

sunflower plants  was recorded with the 
combined treatment T5. The increased in the 
pigments content  was about  two times over  

control (ful l  NPK) at  45 and 75d  as shown in 
figure 3. Many authors proved that seaweeds 
and seaweed products enhance plant  

photosynthetic  pigments content  (Rajarajan  et  
al., 2014; Selvam and Sivakumar, 2014). This  
may be due to that seaweed extrac ts  

contained significant amounts of growth 
promoting substances, which enhance 
chlorophyll concentration in the leaves 

(Rajarajan et al., 2014). The decrease in the 
photosynthetic  pigments at 75d than at  45d  

supposed that during the senescence stage 

the leaves cell components composition are 
degraded graduall y (Bera  et al ., 2014) 

The yield  parameter,  as  shown in 

table 2,  proved  that the treatment  T5 st i l l  the 
superior  one.  It gave the  s igni ficantl y larger  

head diameter  (16.5 cm)  and  the highest  
increase in 1000 seed  weight (45.0 g)  more 
than all  other treatments  including control .  

All  the treatments  increased s igni ficantl y the 
total  yield  by almost  two times the control .  
However, the combined t reatment T5 and T6 

gave the highest total  yield .  They recorded  
3.652 and  3.390 Mg.ha- 1 over  control,  which 
gave 1.929 Mg .ha-1 .  Many authors  (Antoun 

and  Prẻvost,  2005;  Abou El -Yaz ied  et  al. ,  
2012) proved  that  seaweed l iquid extrac t and  
A.  l i poferaum  exhibi ted a good effect  on yield  

parameter  especial l y in combined  
treatments.  
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Fig. 3. Photosynthetic Pigments content of sunflower ( Helianthus annuus L.) plants as affected by different 

treatments of Gracilaria dendroides seaweed liquid extract (SWLE) and Azospirillum lipoferaum 

Chl.a:Chlorophyll a; Chl.b:Chlorophyll b; Carot: Carotenoids; d: day; Treatments T1:   Full NPK (Control); 
T2: Seeds of sunflower coated with A.lipoferum bacterial suspension; T3: 1.5 % G. dendroides  
SWLE, T4: Seeds of sunflower soaked in 3.0 % G. dendroides SWLE overnight;T5:  Seeds of 
sunflower soaked in 1.5 % G.dendroides SWLE overnight and coated with A. lipoferum suspension, 
T6: Seeds of sunflower soaked in 3.0 % G.dendroides SWLE overn ight and coated with A. lipoferum 
suspension. 

The results are the mean (n = 3). Bars followed by the same lower case letters are not significantly 
different at p value 0.05 by ANOVA. 

Table 2. Yield parameters of sunflower (Helianthus annuus L.) plants as affected by different treatments of sea weed 
Gracilaria dendroides seaweed liquid extract (SWLE) and Azospirillum lipoferaum 

Treatments HD (cm) Wt. 1000 seed (g) Total Yield (Mg.hectar-1) 

T1 12.667c 24.100c 1.929d 

T2 14.000b 40.200b 3.214bc 

T3 15.000b 39.933b 3.195c 

T4 14.500b 40.317b 3.224bc 

T5 16.500a 45.000a 3.652a 

T6 14.900b 42.333ab 3.390b 

L.S.D. 1.229 2.6865 0.076 

Treatments: (T1): Full NPK Control; seeds of sunflower supplemented with full NPK, (T2): Seeds of 
sunflower coated with Azospirillum lipoferum bacterial suspension, (T3): Seeds of sunflower soaked 
in 1.5 % Gracilaria dendroides  SWLE overnight, (T4):  Seeds of sunflower soaked in 3.0 % G. 
dendroides SWLE overnight. (T5):  Seeds of sunflower soaked in 1.5 % G.dendroides SWLE 
overn ight and coated with A.lipoferum suspension, (T6): Seeds of sunflower soaked in 3.0 % 
G.dendroides  SWLE overnight and coated with A. lipoferum suspension, HD: Head diameter, Wt.:  
weight, Mg: Mega gram, N: nit rogen, P: phosphorous, K: potassium, Mg: Mega gram.  

The results are the mean (n = 3). Means with the same letter are not significantly different at p value 0.05 
by ANOVA. 

N%, K%, and Cp% in sunflower grains  

were signi ficantl y higher in treatments  T2, T5,  
and T6 than those in T1 (plants with ful l  NPK)  
as shown in figure 4.  However, P% was 

significantl y higher in al l  treatments  than 
those in T1 (plants with ful l  NPK). The 
combined treatment T5 gave the highest  

increase in N% (3.21), P% (1.27) and K% 
(1.39). In addition,  i t  gave significantl y 

increase in crude protein over control  plant .  
As shown in figure 4,  the combined treatment  

T5 gave CP% equal  to 20.042%. This  result  
could be explained by improving growth of  
root  system and increasing of A. l ipoferum  

population in the rhizosphere of the Sunflower  
plants,  which consequentl y lead to increase of  
nutr ient uptake by plants (Selvam and  

Sivakumar,  2014).  
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Fig. 4. Nitrogen (N), phosphorous (P), potassium (K)% and crude protein% of sunflower (Helianthus annuus L.) plants as 

affected by different treatments of Gracilaria dendroides seaweed liquid extract (SWLE) and Azospirillum 
lipoferaum 

Treatments: (T1): Full NPK Control; seeds of sunflower supplemented with full NPK, (T2): Seeds of sunflower coated 
with Azospirillum lipoferum bacterial suspension, (T3): Seeds of sunflower soaked in 1.5 % Gracilaria dendroides 
(SWLE) overnight, (T4): Seeds of sunflower soaked in 3.0 % G.dendroides (SWLE) overnight. (T5): Seeds of 
sunflower soaked in 1.5 % G. dendroides (SWLE) overnight and coated with A. lipoferum suspension, (T6): Seeds 
of sunflower soaked in 3.0 % G. dendroides (SWLE) overnight and coated with A. lipoferum suspension, CP: crud 
protein. 

The results are the mean (n = 3). Bars followed by the same lower case letters are not significantly different at p value 
0.05 by ANOVA. 

The composition of fatty acids is the 

main determinant  of the oil  quality in 
sunflower ( Izquierdo and Aguirrezabal, 2008).  
The sunflower oi l  primary fatty acids are oleic  

and l inoleic (typicall y 90% unsaturated fat ty 
acids), with the remainder  consisting of  
palmitic and stearic saturated fatty acids  

(Hamed et al., 2012). T5 improved fatty acids  
profi le and  gave oleic  acid percentage about  
one and half  time over T1 (control), while i t  

gave l inoleic acid about three times over  

control  (Table 3).  The suitabil i ty of sunflower  
oi l  for different  uses and the oxidative s tabil i ty 
of i t depend mainly on the proportion of oleic  

acid (18: 1), l inoleic (18: 2) and the amount of  
antioxidants,  mainly a tocopherol,  which 
consequentl y delays the loss of nutr iti onal  

value and the development of unpleasant  
flavors  (Anastasi et  al.,  2010).  

Table 3. Fatty acids analysis of sunflower (Helianthus annuus L.) seeds as affected by different treatments of 
Gracilaria dendroides seaweed liquid extract (SWLE) and Azospirillum lipoferaum  

Treatments 

Myristic  

acid 
14:0 

Palmitic 

Acid 
16:0 

Stearic 

acid  
18:0 

Archidic 

acid  
20:0 

Palmitel 

acidic acid 
16:1 

Oleic 

acid  
18:1 

Linoleic 

acid  
18:2 

Lionlenic 

acid  
18:3 

Arachidonic 

acid  
20:4 

T1 0.394d 5.140e 1.510d 2.600d 1.430e 55.530e 2.510d 0.102d 1.250d 

T2 0.571c 6.140d 1.650c 2.630d 1.740d 63.830d 2.730d 0.116c 1.300d 

T3 0.663b 7.680c 1.710c 2.850c 2.530c 66.980c 3.130c 0.135b 1.510c 

T4 0.533c 6.310d 1.980b 2.600d 3.000b 72.166b 3.180c 0.146a 1.300d 

T5 0.822a 9.550a 2.170a 5.622a 3.850a 76.570a 6.980a 0.153a 3.132a 

T6 0.670b 9.320b 2.060b 5.290b 3.028b 72.510b 3.880b 0.148a 2.757b 

L.S.D. 0.0436 0.2223 0.0895 0.099 0.223 0.9345 0.3168 0.0085 0.0786 

Treatments: (T1): Full NPK Control; seeds of sunflower supplemented with full NPK, (T2): Seeds of sunflower 
coated with A. lipoferum bacterial suspension, (T3): Seeds of sunflower soaked in 1.5 % G. dendroides 
(SWLE) overnight, (T4): Seeds of sunflower soaked in 3.0 % G. dendroides  (SWLE) overnight. (T5):  
Seeds of sunflower soaked in 1.5 % G. dendroides (SWLE) overnight and coated with A. lipoferum  
suspension, (T6): Seeds of sunflower soaked in 3.0 % G. dendroides (SWLE) overnight and coated 
with A. lipoferum suspension. 

The results are the mean (n = 3). Means with the same letter are not signif icantly different at p value 0.05 by 
ANOVA. 
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Correlation study: 

Regarding the correlation coefficient in table 
4, a significant positive correlation was noticed 
between the growth parameter and the yield 

parameters. The correlation was highly 
significant at p value (0.01) with some 
parameters and significant only at p value (0.05). 

Consequently, i t showed that the total yield 
per hectare was positively and high significantly  

 

correlated with sunflower plant height, 
rhizospheric bacterial count, chlorophyll a, 
Carotenoids, head diameter and the weight of 

1000 seeds. The obtained correlation 
coefficient results coincide with many authors 
who reported a significant positive correlation 

between yield and weight of 100 seeds (Bera  
et al., 2014). 

Table 4. Simple correlat ion coefficient for root fresh weight, plant height, shoot dry weight, rhizospheric 
bacterial counting, Nitrogenase activity,  chlorophyll a and b, Carotenoids, head d iameter,  weight of 
1000 seeds and yield per hectare.  

Characters 
Times 

intervals(d) 
RFW P H SHDW 

Rh. Bac 

count 
Nase Chla Chlb Carot HD 

Wt of 1000 

seeds 

Yield 

/hec 

RFW 45 1.00 0.71** 0.65* 0.41 0.10 0.52* 0.54* 0.48 0.60* 0.63* 0.65* 

 75 1.00 0.79** 0.85** 0.67* 0.67* 0.79** 0.64* 0.84** 0.79** 0.82** 0.84** 

PH 45  1.00 0.69* 0.76** 0.59* 0.81** 0.79** 0.75** 0.79** 0.92** 0.92** 

 75  1.00 0.88** 0.57* 0.55* 0.79** 0.79** 0.78** 0.85** 0.77** 0.78** 

SHDW 45   1.00 0.51* 0.23 0.42 0.35 0.31 0.70** 0.66* 0.61* 

 75   1.00 0.66* 0.65* 0.85** 0.75** 0.88** 0.82** 0.86** 0.85** 

Bac count 45    1.00 0.92** 0.72** 0.69* 0.82** 0.74** 0.85** 0.88** 

 75    1.00 0.98** 0.82** 0.60* 0.76** 0.63* 0.71** 0.73** 

Nase 45     1.00 0.64* 0.63* 0.82** 0.60* 0.72** 0.74** 

 75     1.00 0.82** 0.65* 0.76** 0.57* 0.65* 0.68* 

Chla 45      1.00 0.91** 0.76** 0.69* 0.80** 0.82** 

 75      1.00 0.81** 0.92** 0.82** 0.73** 0.76** 

Chb 45       1.00 0.84** 0.78** 0.81** 0.82** 

 75       1.00 0.76** 0.67* 0.44 0.46 

Carot 45        1.00 0.77** 0.78** 0.81** 

 75        1.00 0.82** 0.72** 0.74** 

HD 45         1.00 0.80** 0.77** 

 75         1.00 0.80** 0.77** 

Wt of 1000 
seeds 

45          1.00 0.96** 

 75          1.00 0.96** 

Yield /hec 45           1.00 

 75           1.00 

RFW: root fresh weight, PH: plant height, SHDW: shoot dry weight, Rh. Bac count: rhizospheric bacterial  
counting, Nase: nitrogenase act ivity, Chla: chlorophyll a, Chlb: chlorophyll b, Carot: Carotenoids, 
HD:head diameter, Wt of 1000 seeds: weight of 1000 seeds, Yield /hec: yield per hectar.  

**High Significant at p=0.01 level, * Significant at p=0.01 level  

CONCLUSION:  

Seaweed l iquid extract  (SWLE)  and A. 

l ipoferaum  can be a true success s tory in 
sustainable agriculture. They can allow 
significant reduction in the use of chemical  

ferti l izers.  This  beneficial event producing  
plant  growth promotion increases in crops 
yield and quality improvement. There is  

important synergism observed on plant growth 
when the inoculants used contain a mixture of  
organisms or i ts products . Thus, there is giant  

potential  for the use of  seaweed l iquid extrac t  
in combination with the growth promoting  
rhizobacteria e.g.   Azospir i l lum  as  alternative 

bioferti l izer agents  for a wide variety of  crop  
plants in a wide range of cl imatic  and edaphic  

 

condi tions.  It  is  conclusively shown that  the  
synergetic effect  of combined  treatments  

stimulates plant growth more than that  of  
each individual  bioferti l izers or ful l  NPK 
treatment on the sunflower plant. The 

facil i tation of  nutr ients,  vitamins,  growth 
hormones and other constituents  in the 
seaweed extract and A. l ipoferaum  

suspension might  be very much use ful  to the 
crops. There is a significant positive 
correlation between growth parameters,  

rhizospheric population count  of  A.  l ipoferum  
and yield parameters of sunflower plants. It  
could be concluded that seaweed l iquid 

extracts in combination with A. l ipoferaum  
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suspension could serve as cost effective eco-
fr iendly product  for sustainable agriculture.  
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األثر التعاونى لإلتحاد بين مستخلص الجراسيالريا دندرويدز واآلزوسبيريليم ليبوفورم على نمو 

 وانتاجية عباد الشمس

 نادية حامد البتانونى

 معهد الدراسات والبحوث البيئية، جامعة مدينة السادات، مصر

سجل اعلى نسبة مع  الذي IAAهورمونات النمو مثل و 

 في( بينما كانت قيمته µg/ml 870اآلزوسبيريليم )

كانت  GA3(، اما µg/ml 105.6) مستخلص الجراسيالريا

 فيما أ (µg/ml 559نسبته فى مستخلص الطحلب )

(. وكذلك أدت µg/ml 210.3الراشح البكتيرى فكان )

الى الزيادة المعنوية فى اإلنتاج مقارنة بباقى  5المعاملة 

ذلك فإن  . وفوقMglha 3.65المعمالت والكنترول واعطت 
نتج عنها ازدياد فى معدل حصول النبات على  5المعاملة 

حيث أنها أعطت أعلى نسبة نيتروجين  NPK)العناصر )

وكذلك أعلى نسبة بروتين  وفوسفور وبوتاسيوم فى البذوز

مرة فوق الكنترول   1.6والتى تساوى  %20)خام )

وبما ان األحماض الدهنية وخصوصا . المسمد تسميد كامل

األوليك واللينوليك هى التى تحدد جودة زيت عباد حمض 

أعطت  5الشمس فقد أوضحت النتائج ان المعاملة رقم 
حمض األوليك بنسبة تساوى مرة ونصف قدر ما اعطته 

بينما اعطت حمض اللينوليك بنسبة  1معاملة الكنترول رقم 

تؤدى  5وبالتالى فالمعاملة  تساوى ثالث أضعاف الكنترول.

     ودة وكفاءة الزبت فى اإلستخدام.الى تحسين ج

وبدراسة العالقة بين هذه القياسات المختلفة وجد ان 

هناك عالقة معنوية بين النمو الخضري وزيادة معدل 

اإلنتاجية. ومن تم يتضح أهمية هذا األثرالتعاونى على نبات 
عباد الشمس عند التلقيح بلقاحات مختلطة من بكتيريا 

ومستخلص الطحالب  )بيريليممحسنات النمو )اآلزوس

وكنظرة مستقبلية للحصول على لقاح حيوي مفيد ومتميز 

للمحاصيل الحقلية يجب األخذ في االعتبار اهمية ان يكون 

هذا اللقاح محتوى على خليط من الكائنات الدقيقة المفيدة  

والمستخلص الحيوى من الطحالب المختلفة  بدال من 
 التلقيح األحادي بأيهم.

 

حسين الممارسات الزراعية فى األنظمة إن ت

 الفقيرة في المادة الغذائية يؤدى الى زيادة واستمرارية نمو

وإنتاجية المحاصيل. لذلك فهدف هذه الدراسة هو تقييم أثر 

التلقيح بتركيزات مختلفة من المستخلص المائى لألعشاب 

اآلزوسبيريليم  البحرية لطحلب الجراسيالريا وبكتيريا

على نمو وانتاجية نبات عباد الشمس بواسطة ليبوفورم 

نقع البذور و/ أو تغليف هذه البذور بمعلق بكتيرى من 
بكتيريا األزوسبيريليم وزراعتها فى األراضى حديثة 

اإلستصالح. تم اختبار دالئل النمو والقياسات الميكروبية 

والفسيولوجية واثبتت النتائج ان إضافة هذه الملقحات 

ها تأثير ايجابى ومعنوى على كل من بصورة مختلطة ل

النموات الخضرية لنبات عباد الشمس وكذلك األعداد 

الميكروبية فى المنطقة الجذرية له طوال فترة النمو الكاملة 

 5مقارنة بالكنترول بدون اى معاملة، وكانت المعاملة رقم
% ومعلق  1.5)خليط من مستخلص الطحلب بتركيز 

مقارنة بمعامالت الكنترول  اآلزوسبيريليم( هى األفضل

)تسميد كامل( وكذلك المعامالت الفردية. ومن دالئل 

األثرالتعاونى لهذه الملقحات ازدياد األعداد الميكروبية 

 ×10.4) 5معنويا في المنطقة الجذرية مع المعاملة رقم

مستعمرة لكل جرام تربة( مقارنة بمعامالت الكنترول  106

يوم. عالوة  75تربة( عند  مستعمرة لكل جرام106 × 0.5)
على ذلك فإن اإلضافة المختلطة لهذه المللقحات أدت الى 

 µmole 13.51زيادة معنوية في نشاط انزيم النيتروجينيز )

C2H4/h/g RDW وكذلك نسبة نشاط انزيم الدهيدروجينيز )

(58.21 μg TPF/g dry soil/dayمع المعاملة رقم )عند  5

 فيلقحات للمختلطة لهذه الميوم. كما أدت اإلضافة ا 75

 صبغة الكلوروفيل فيالى زيادة معنوية   5م رق المعاملة

 


