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ABSTRACT  
 

A pot experiment was conducted at the nursery of the Ornamental Horticulture Dept., Fac. of 
Agric., Cairo Univ., during the two successive seasons of 2014 and 2015 to study the effect of some 
bio-stimulants, algae at 5 and 10 g/l, fulvic acid at 5 and 10 m/l, chitosan at 0.5 and 1 g/l and, on the 
vegetative growth and chemical constituents of Dracaena surculosa Lindl plant. The data showed that 
all treatments increased the plant height and spraying plants with low level of algae produced the 
tallest plants with thickest stems. Plants treated with the level of high chitosan or low level of algae 
greatly increased the formation of leaves, than the other treatments and control. The Plants sprayed 
with fulvic acid at 5 or 10 m/l formed the highest No. of shoots.  Spraying plants with chitosan at the 
high level was the best for increasing the shoot length and resulted the largest leaf (area) and the 
heaviest dry weight of leaves. The foliar spray treatments of both algae or fulvic acid at the low were 
the best for increasing the fresh weight of leaves.  Most of the  bio-stimulants increased root length ( 
especially algae at 10 g/l and  low level of  fulvic acid and  chitosan)  , which also increased the fresh 
and dry weights of roots .The heaviest fresh and dry  weights of roots was obtained  with algae at 10 
g/l and chitosan at  0.5g/l. the Plants treated with algae at low level or chitosan at the two levels, 
contained the highest value of  chlorophyll-a .The effect of bio-stimulants showed no clear trend in 
case of chl.-b, the carotenoids content in leaves attained the highest value with chitosan at 1g/l  and 
algae at 5g/l. In both seasons, all bio-stimulants treatments increased the accumulation of total 
carbohydrates in the leaves, as compared with the control. In the first season, there were marked 
increases total carbohydrates with the application of bio-stimulants at the high levels, in the second 
one the highest content was obtained with low levels of chitosan or algae.  In both seasons, D. 
surculosa plants treated with chitosan contained the highest N%, also, all bio-stimulants increased N-
content of leaves, which increased with increasing the concentrations. The plants treated with fulvic 
acid at the two levels as well as chitosan at high one, containe maximum value of K-content in the 
leaves. Therefore, it can be concluded that the low level of the bio-stimulants increased plant height 
and stem thickness. The level of high chitosan or low level of algae enhanced the formation of leaves 
of Dracaena surculosa, Lindl, which contained the highest value of chl-a. and N% in the leaves. 
Fulvic acid treatment produced highest No. of shoots/plant and increased K%. 
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Introduction 

 
The interior foliage plant production business makes up a significant component of ornamental 

horticultural production (McConnell et al., 2003).The genus Dracaena is a significant component of 
foliage potted plant sales. The Dracaena surculosa, Lindl. plant belongs to the family Dracaenaceae, 
it is a popular foliage plant native to West Africa and it is  commonly known as gold dust dracaena or 
spotted dracaena, Japanese bamboo (Bos, 1984 , Poole, et al., 1991 and Chen and Henny, 2008).  It is 
an evergreen woody shrub, reaches the height of 60 to 100 cm. and a width of 30 to 60 cm has arching 
habit and branches produce whorls of elliptical leaves with entire margins. Fresh leaves are glossy 
bright to dark green above, they are simple, alternate, variegated with small, white-yellow dots with 
parallel venation. The surface of the leaves is glabrous and they carry red berries (Yokoduk et al., 
2002). Dracaena surculosa is widely used as a house plant, for landscape in tropical and subtropical 
regions, dish gardens and terrariums. It is ideally suited for less light places without direct sunlight, it 
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grows best in half shade and the substrate should be gritty loam. The plants usually require only a 
moderate amount of maintenance and is therefore very suitable for offices (Rout et al., 2000 ).On the 
other side ,Yokosuka, et al., (2000) isolated  nine of  steroidal saponins from the whole plant of 
Dracaena surculosa , that were used against HL-60 human leukemia cells. 

Biostimulants are used in small amounts to stimulate plant growth (Sharma et al., 2014). The 
activity of these compounds is often attributed phytohormone action, ability to provide mineral 
nutrients to plants and influences the plant's ability to control its own hormone biosynthesis that 
improves plant growth attributes. Recently, there are growing interests to use the natural bio-
stimulators for enhancing the growth, development and flowering of several economic greenhouse 
foliage plants. Algae, humic acid, yeast, chitosan, atonic and fulvic acid are the most important groups 
of natural bio-stimulators used in production of horticultural plants. Algae (seaweeds) have a positive 
effects and several benefits on plant growth, production and absorption of nutrients by plants and 
contain many active growth substances (hormones, auxins, cytokinins, as well as polyamides and 
brassinosteroids), (Stirk and van Staden, 2014; Stirk et al., 2014).  Rayorath et al., (2008)  and 
Kurepinet al. (2014) mentioned that marine algae extracts can cause an increase in the biomass and 
yield of plants due to the presence of phytohormones  and  other active substances (Khan et al., 2009; 
Craigie, 2011; Stadnik and de Freitas, 2014). Seaweed extracts are mostly used in the form of foliar 
application and can be applied several times during the growing period (Khan et al., 2009 and Sharma 
et al., 2014).Many investigators reported that using algae  foliar spray increased vegetative growth, 
yield and quality of plants. Urbanek et al. (2012) on Pelargonium peltatum, stated that algae  extract 
at 0.2 % gave the highest root fresh mass and shoot fresh mass, shoot/root ratio as well as the 
maximum number of leaves.Chitosan, is an important compound  of natural bio-stimulators , which 
has received much attention as a functional biopolymer in the production of  horticultural plants, 
whose main attributes corresponds to its polycationic nature (Bautista-Baños et al., 2006).The 
treatment with chitosan  increases photosynthesis, promotes and enhances plant growth, stimulates 
nutrient uptake, increases germination (Kim et al., 2005), reduces environmental stress, increases 
yields, improves quality of plants (El Ghaouth et al., 1991 and Linden and Stoner, 2007). Many 
investigators reported that using chitosan as foliar spray increased vegetative growth, yield and 
quality of some crops (Abdel-Mawgoud et al., 2010; Kamal and Ghanem, 2011 and Fawzy et al., 
2012). Fulvic acid molecules are extracted from the humatematerials, that have a role in promoting 
plant growth and flowering, like humic acid, owing to the ability of fulvic compounds to promote 
hormonal activity in plants. A number of studies attributed a hormone-like activity to the humic acid 
and fulvic acid substances (Cesco et al., 2000 and 2002). So, using fulvic acid consider a cheap 
feasible alternative in comparing with chemical fertilizers. Many studies reported the the importance 
of fulvic acid treatment (as foliar spray) on increasing the vegetative growth, yield and quality of 
plants, in this regard, Suh et al., (2015) found that fulvic  acid significantly  increased plant height and 
fresh and dry weight, at 0.8g/l, while the 1.6 g/l treatment led to a significant reduction. El-Bably 
(2017) on tuberose (Polianthes tuberosa, L.) studied the effect of humic acid using two application 
methods (soil drench or foliar spray), indicated that humic acid treatment  significantly increased all 
growth parameters (leaf length, number of leaves and  fresh weight), significantly increased 
chlorophyll (a) and (b),carbohydrates contents as well as N,P and percentage in the leaves . 

The objective of this study is the evaluation of the effect of algae, fulvic acid and chitosan 
treatments growth and quality of Dracaena surculosa, Lindl. under greenhouse condition, and 
providing foliage plant growers with useful information about the response of this plant to these bio-
stimulators. 

 
Materials and Methods 

 
The present experiment was conducted throughout two seasons of 2014 and 2015, under 

greenhouse conditions of Ornamental Department at Faculty of Agriculture, Cairo University, Egypt. 
This study was designed to investigate the effect of foliar application of three commercial bio-

stimulators (algae, fulvic acid and chitosan) on improving vegetative growth and quality traits of 
Dracaena surculosa Lindl. plants. 
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Experimental procedure:  

 

The rooted cuttings used in this study were prepared from mother plants growing in the 
greenhouses at Faculty of Agriculture, Cario University. On 1st April the cuttings (14-16 cm height) 
were inserted in plastic trays filled with a mixture of sand: peat moss (1:1 by v/v).On 1stMay (in both 
seasons), after 30 days from planting cuttings to root), the successful rooted cuttings were 
transplanted on 25 cm  plastic pots filled with a mixture of sand: peat moss (1:1 by v/v) .After two 
weeks from planting, the plants were monthly sprayed  with the following bio-stimulants: fulvic acid, 
chitosan and algae, using the following concentrations of these bio-stimulants : algae at 5 and 10g /l, 
fulvic acid at 5 and10 ml/l, and chitosan at 0.5 and 1 g /l in addition to the control plants.  All the 
plants were monthly received a dose of 2 g /pot of Krestalon fertilizer ( N-P-K, 20-20-20) . The plants 
were sprayed by a hand sprayer until run off point (using 150 ml of bio- stimulants solution/ plant 
/month), adding 1 ml/l of Bio-Film as a wetting agent. The common agricultural practices like regular 
irrigation and picking of weeds, were also performed as recommended in the commercial production. 
 
Experimental design:   

 

The layout of the experiment was a complete randomized design, with 3 replicates (each 
replicate contain 2 plants).The study included7 treatments (6 plants / treatment), including the control 
plants. 
 

Data recorded:   

 

After 6 months (till 15 Nov., 2014), from the foliar treatments of the bio-stimulants, the 
following vegetative growth parameters were recorded: Plant height (cm), stem diameter (mm), No. 
of shoots /plant, shoot length (cm), No. of leaves /plant, leaf area.(cm2), using portable laser leaf area 
meter, CL-202), fresh and dry weights of leaves and roots (g/plant) and root length (cm) The content 
of chlorophyll- a, b and carotenoids in fresh leaves (mg/g F.W.) were carried out according to the 
method described by Wettstein (1957). Total carbohydrates content (% D.W) in dry leaves were 
determined using colorimetric method described by Smith et al. (1956). Nitrogen, phosphorus and 
potassium% in dry leaves (% D.W.) were determined adapted the wet digestion method. N-content 
was determined by micro-Kjeldahleapparatus (Blake, 1965). Phosphorus was colorimetrically 
determined in the acid digested using ascorbic acid method (John, 1970). Potassium was determined 
using the flame-photometer (Dewis and Freitas, 1970).  

 
Statistical analysis:  
 

Data obtained at the end of the experiment on vegetative growth and chemical composition were 
statistically analyzed. An analysis of variance (ANOVA) was carried out, and the means of the 
recorded data were compared using the "least significant difference (L.S.D.)"test at the5% level, as 
described by Steel and Torrie (1980).                                                                                                                    
 

Results and Discussion 

1. Effect of bio-stimulantson vegetative growth parameters 
  

Data obtained on the response of plant height of Dracaena surculosa, Lindl., plants to the foliar 
application of bio-stimulants ( algae, fulvic acid and chitosan) during the seasons of 2014 and 2015 
are presented in Table (1).The obtained data revealed that, in the first season, the application of  low 
level of both algae (5 g/l) and fulvic acid (5 ml/l) ,as well as the high level of chitosan gave the tallest 
plants 46.90, 44.25 and  43.66  cm. respectively, whereas the control plants  reached to 38.50 cm.  In 
the second season, all bio-stimulant treatments increased the plant height as compared with the 
control, the tallest plants (54.10  and 52.66 cm,) were obtained when the  plants  were treated with the 
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low level of  fulvic  and  high level of algae , respectively. Spraying plants with chitosan at the high 
level (1g/l) significantly increased the height of plants (46.33 cm) ,as compared with the control 
(40.91 cm).  

Concerning the effect of the foliar application of bio-stimulants (algae, fulvic acid and chitosan) 
on stem thickness, as shown (Table, 1), the results proved that, in both seasons, spraying D. surculosa 
plant with the low level of algae (5g/l ) was the most effect treatment in increasing the stem thickness, 
as the plants gave 4.70 and 4.57 mm of stem diameter, respectively. On the other hand, spraying the 
plants with chitosan at 0.5g/l, in both seasons, produced the lowest values of stem thickness, but 
raising the level of chitosan to 1g/l significantly increased the diameter of stems to 4.07 and 4.47mm, 
against 3.50 and 3.85 mm, for the control plants, respectively. 

The average shoot length in response to the application of the bio-stimulants, ranged between 
18.66 cm and 27.10 cm , in the first season, whereas the corresponding values  in the second one, 
ranged between 18.30 and 27.27 cm, Data obtained on the effect of algae, fulvic acid and chitosan on 
shoots length in the  first season are presented in Table (1). The data revealed that the foliar 
application of chitosan at 1 g/l, was the most effective treatment for increasing shoots height. , in both 
seasons, it gave the tallest shoots (27.10 and 27.27 cm, respectively). The shoot length of the plants 
was significantly responded to the foliar application of algae. 

 
Table 1: Effect of algae, fulvic acid and chitosan treatments on plant height, stem diameter and shoot length of 

Dracaena surculosa  Lindl. plants, during the seasons of 2014 and 2015.  

Biostimulant treatments 
 

Plant height 
(cm) 

Stem diameter 
(mm) 

Shoot length 
(cm) 

1st  Season 2nd  Season 1st  Season 2nd  Season 1st  Season 2nd  Season 
Control 38.50 40.91 3.50 3.85 18.66 18.40 
Algae at  5g/l 46.90 43.89 4.70 4.57 21.50 21.66 
Algae at  10g/l 39.06 52.66 3.83 3.68 22.16 21.80 
Fulvic acid at 5ml/l 44.25 54.10 3.98 3.99 21.25 21.21 
Fulvic at  acid 10ml/l 37.50 44.67 3.42 4.01 18.75 18.30 
Chitosan at 0.5g/l 38.41 41.50 3.24 3.52 19.30 21.33 
Chitosan at 1g/l 43.66 46.33 4.07 4.47 27.10 27.27 
LSD  5% 1.69 1.94 0.13 0.23 1.06 1.58 

 
Data in (Fig.1) concerning the effect of algae, chitosan and fulvic acid on number of shoots/ 

plant, revealed that in the first season spraying plants with fulvic acid (at the two concentrations) as 
well as the high level of chitosan increased the formation of shoots /plant to the highest values, 
recording 7.33, 8.06 and 7.33 shoots /plant, respectively, whereas the control plants formed 5.66 
shoots/plant. On the other side, the formation of shoots was significantly enhanced with the foliar 
application of algae at 5g/l, which formed 6.67 shoots/plant. In the second season, the obtained results 
indicated that the plants formed the highest No. of shoots/plant, with the treatments of fulvic acid (the 
two concentrations) and chitosan at the high level producing 8.23,7.66and 7.30 shoots/plant, 
respectively, against 6.13 shoots/control plant. So, it can be mentioned that in the first and second 
seasons, the foliar application of fulvic (at the two levels (5 and 10 ml/l) were the best treatments for 
increasing the branching of D surculosa plant, consequently increases the aesthetic value of the plants 
for markets. 

Concerning the effect of the bio-stimulators on the formation of leaves (Table, 2), it can be 
stated that all bio-stimulants significantly enhanced the formation of leaves, as compared with the 
control. On the other hand, in the first season, the highest number of leaves /plant (112.19 and 101.90)  
were obtained with the treatment of chitosan at 1 g/l, followed by fulvic acid at 10ml/l , whereas the 
control plants formed 65.0 leaves/plant. Also, the data revealed that the treatment of chitosan at 1g/l, 
gave the highest No. leaves/plant. (116.15)  followed by the treatment of fulvic acid at 10 ml/l, which 
increased the No. leaves to 103.44, against 60.97 leaves/plant for the control plants.  
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Fig. 1: Effect of algae, fulvic acid and chitosan treatments on No.of shoots /plant of Dracaena surculosa , Lindl. 

plants, during the seasons of 2014 and 2015.  

Data presented in Table (2) revealed that, in both seasons, the foliar application of algae, fulvic 
acid and chitosan (at the two levels) significantly increased the fresh weight of leaves, as compared 
with the control. In the first season, the plants treated with chitosan at 1g/l or algae low (5g/l) was the 
best for increasing the fresh weight of leaves, they gave 53.08 and 48.53, respectively, followed by 
fulvic acid at10ml/l ,which increased the weight of leaves to 46.11 g/plant, against 27.13 g for the 
control. In the second season, it was found that fulvic  acid  at  10ml/l  was the most effective 
treatment in this respect, it produced 51.52 g fresh weight of leaves/plant, followed by chitosan  at  
1g/l.( 49.31 g ).Regarding  the effect of foliar application of  algae, chitosan and  fulvic acid (at the 
two levels) on dry weight of leaves, the obtained results revealed that , these treatments significantly 
increased  the dry weight of leaves, as compared with the control. In both seasons, treating plants with 
chitosan at 1 g/l, fulvic at 5ml/l or algae low (5g/l) were the best for increasing the dry weight of 
leaves. 

 
Table 2: Effect of algae, fulvic acid and chitosan treatments on number of leaves/plantand fresh and dry weights 

of leaves (g) of Dracaena surculosa Lindl. plants, during the seasons of 2014 and 2015. 

Biostimulant treatments 
Number of leaves 

/plant 
Fresh weight of leaves 

(g) 
Dry  weight of leaves  

(g) 
1st  Season 2nd  Season 1st  Season 2nd  Season 1st  Season 2nd  Season 

Control 65.00 60.97 27.13 24.34 5.60 5.06 
Algae at  5g/l 93.00 94.77 48.53 43.86 10.02 9.62 
Algae at  10g/l  95.43 90.82 45.26 39.09 9.96 9.27 
Fulvic acid at 5ml/l 94.53 92.33 44.70 45.58 10.36 11.38 
Fulvic at  acid 10ml/l 101.90 103.44 46.11 51.52 8.96 9.35 
Chitosan at 0.5g/l 68.31 72.16 38.43 34.04 7.42 8.63 
Chitosan at 1g/l 112.19 116.15 53.08 49.31 14.00 17.14 
LSD  5% 2.27 3.22 4.60 4.73 3.88 3.92 

 
Similar findings were reported by, Ernst et al., (1987) who studied the response of Scrophularia 

nodosa growth to fulvic acid  and humic acid and combinations of FA and HA in the ratios 2:1, 1:1, 
and 1:2, they stated that these treatments significantly stimulated plant growth. Suh et al., (2015) 
found that the foliar application of fulvic acid significantly increased plant height and fresh and dry 
weights, at 0.8g/l, while the 1.6 g/l treatment led to a significant reduction. Also, Saher et al., (2009) 
stated that treating Thuja orientalis L. seedlings with potassium humate significantly  increased plant 
height, stem diameter, root length, fresh and dry weights of shoots and roots. El-Khateeb et al., (2010) 
on Calia secundiflora plants indicated that 1% of humic or algifert, significantly increased plant 
height, fresh and dry weights, whereas algae gave the thickest stems. Mohammadipour  et al., (2012) 

0

1

2

3

4

5

6

7

8

9

10

Control Algae at
5g/l

Algae at
10g/l

Fulvic acid
at 5ml/l

Fulvic acid
at 10ml/l

Chitosan at
0.5g/l

Chitosan at
1g/l

No.of shoots/plant

First season

Second season



Int. J. Environ., 7 (2):  53-64, 2018 
ISSN: 2077-4508 

58 

on Calendula officinalis L .found that 2000 mg/l of humic acid increased dry weight, plant height, 
leaves and flowers number. Also, Befrozfar et al., (2013) on Ocimum basilicum L. indicated that 
foliar spraying of humic acid increased shoot dry weight, shoot wet weight, plant height and leaf area 
compared the control. Ali et al., (2015) on Tulipa gesneriana found that humic acid treatment 
increased plant height, leaf area expansion and stem diameter, leaf chlorophyll contents and biomass. 
It also increased the nutrient contents comparing with the control. Concerning the effect of chitosan, 
many investigators reported that using chitosan as foliar spray increased vegetative growth, yield and 
quality of some crops (Abdel-Mawgoud et al., 2010; Kamal and Ghanem 2011 and Fawzy et al., 
2012).Also, Dzungaet et al., (2011) on coffee stated that application of chitosan stimulated the growth 
of seedlings and spraying chitosan at 60ppm increased the height of seedlings, stem and the leaf area, 
and reduced transpiration of the leaves. El-Bably (2017) on tuberose (Polianthes tuberosa L.), 
indicated that humic acid treatment significantly increased all growth parameters (leaf length, number 
of leaves and fresh weight). 

The average leaf area of D. surculosa plant, as affected by the foliar application of algae, fulvic 
acid and chitosan at the two levels, (Fig. 2), indicated that, in first season, the averages leaf area 
ranged between15.24 and 18.51 cm2, whereas in the second one, it ranged between 14.91 and 18.17 
cm2. The results obtained revealed that spraying plants with chitosan at 1g/l, in the first season, and at 
0.5g/l, in the second one,  produced  the largest leaves, giving 18.51and 18.17 cm2, respectively, while 
the leaf area of the control plants were 16.52  and 14.94 cm2, respectively.  
 

 
 
Fig. 2. Effect of algae, fulvic acid and chitosan treatments on leaf area (cm2) of Dracaena surculosa, Lindl. 

plants, during the seasons of 2014 and 2015. 

 
2. Effect of bio-stimulants on root growth 
 

Data obtained on the effect of algae, fulvic acid and chitosanon root growth, revealed that root 
length of  Dracaena surculosa, significantly increased the root length , as compared to the control, in 
both seasons. Moreover, the data obtained in first season, as shown in Table (3) indicated that 
spraying plants with algae at 10 g/l or chitosan at 0.5g/l, gave significantly a pronounced increase in 
the root length, resulted 48.73 and 43.65 cm, respectively. In the second season, the foliar application 
of algae at the two concentrations increased the length of roots to the highest values, giving 40.86 and 
52.99, at 5 g/l and 10 g/l, respectively .In addition, in both seasons ,treating plants with fulvic acid and 
chitosan at the low level, were more effective in increasing the roots length( 38.59,40.45,43.65 and 
39.88 cm, respectively , than the high level  and  the control plant , as the  root length of the control 
plants reached to 28.85and 32.03cm, in both seasons, respectively. 

As for the effect of bio-stimulants (algae, fulvic acid and chitosan) on the No. of roots/plant, the 
data obtained, showed, in the first season (Table 3) that plants treated with all the bio-stimulants 
formed significantly more roots than the untreated plants. It was found that the application of the high 
level of algae, fulvic acid as well as chitosan was more effect in enhancing the root formation of the 
plants, than the low level of each treatment, giving 8.13, 7.33 and 6.33 roots/ plant. In the second 
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season, the application of high level of algae,as well as  the two levels of chitosan were the most 
effective in promoting the root formation of the plants. 

The averages of fresh and dry weights of roots (g)/plant, in response to the foliar application of 
algae, chitosan and fulvic acid (at the two levels) are presented in Table (3). The obtained data 
revealed that, in both seasons, all treatments (except for fulvic acid at 10ml/l), significantly increased 
the fresh weight of roots as compared with the control. In the first season, the heaviest fresh weight of 
roots (38.61and 31.73 g/ plant) were obtained with plants treated with algae at 10 g/l and chitosan at 
0.5g/l, respectively, and the same trend was recorded in the second season. Concerning, the effect on 
dry weight of roots, the obtained data revealed that, in both seasons, all bio-stimulant treatments 
significantly increased the dry weight of roots, as compared with the control. In both seasons, the 
highest values of dry weight of roots (13.80and 16.95 g/plant) were obtained with the high level of 
algae, followed by chitosan at 0.5g/l ,in the first season, chitosan at 1.0 g/l , in the second one. 

The application of fulvic acid application were reported to  enhance root activity (Xudan, 
1987), Clapp et al., (2002) found that humic substances(HS) on turf grass, enhanced root growth and 
both increase in root length and development of secondary roots have been observed for HS in 
nutrient solutions. Saher et al., (2009) on Thuja orientalis L., stated that treating seedling with 
potassium humate increased root length. On the other side, Urbanek et al.,(2012) on Pelargonium 
peltatum , stated that the application of algae extract at 0.2 -0.5 % gave the highest root fresh mass 
and shoot fresh mass ,shoot/root ratio as well as the maximum number of leaves. 
 
Table 3. Effect of algae ,fulvic acid  and chitosan  treatments on root length , number of roots , fresh  and dry 

weights  of roots of Dracaena surculosa,Lindl . plant ,during the seasons of 2014 and 2015. 

Biostimulant treatments 
 

 Root length 
(cm) 

Number of  
Roots/plant 

Fresh weight of 
roots(g) 

Dry  weight of 
roots(g) 

1st  

Season 
2nd  

Season 
1st  

Season 
2nd  

Season 
1st  

Season 
2nd  

Season 
1st  

Season 
2nd  

Season 
Control 28.85 32.03 4.33 4.33 13.29 16.39 4.79 6.01 
Algae at  5g/l 38.35 40.86 5.26 5.33 25.17 24.78 8.66 9.46 
Algae at  10g/l  48.73 52.99 8.13 8.66 38.61 41.88 13.80 16.95 
Fulvic acid at 5ml/l 38.59 40.45 5.66 6.33 21.84 25.60 8.73 10.53 
Fulvic at  acid 10ml/l 23.82 27.40 7.33 6.66 12.52 14.91 5.81 6.78 
Chitosan at 0.5g/l 43.65 39.88 5.33 7.13 31.73 27.14 12.09 10.30 
Chitosan at 1g/l 30.46 35.73 6.33 8.06 17.28 25.79 7.30 11.12 
LSD  5% 3.33 3.83 0.92 0.80 1.33 1.16 0.47 0.58 

 
Effect of bio-stimulants on pigments content 
  

Data obtained on the effect of algae, fulvic acid and chitosan on the pigments contents 
(chlorophyll a , b and carotenoids) in the  leaves D surculosa  ,  revealed that in the first season (Table 
,4), there were marked increases in the content of chl.-a with the application of algae at the low level 
and both levels of chitosan.  In the second season, spraying plants with the low level of chitosan gave 
the highest increment in the content of chl.-a (2.41 mg/g F.W), followed by algae at the low level and 
fulvic acid at the high level, these treatments increased the content of chl.-a from 2.03 mg/g FW, for 
the control plant to 2.34 and 2.35 mg/g F.W., respectively.  Regarding the effect of bio-stimulants on 
chl-b, it is clear that treating plants, in the first season, with high level of chitosan or fulvic acid 
increased the content to the highest values (1.86 and 1.82 mg/g F.W., respectively). In the 
secondseason, the treatment of algae or chitosan at the low level was the most effective in this respect. 
In case of carotenoids content , the data revealed that , in both seasons, the plants  contained the 
highest  value with the treatments of chitosan at 1g/l(   0.99 and  1.11 mg/g FW, ) and Algae at 5g/l 
(0.84 and 0.98,mg/g FW) , whereas  the control plants contained  0.81 and 0.87 mg/g FW, 
respectively. 
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Table 4: Effect of algae, fulvic acid and chitosan treatments on chlorophyll- a,- b and carotenoids 

contents(mg/g. FW) in the leaves of Dracaena surculosa Lindl . plants, during the seasons of 2014 and 
2015. 

Biostimulant treatments 
Chlorophyll -a Chlorophyll -b Carotenoids 

1st  Season 2nd  Season 1st  Season 2nd  Season 1st  Season 2nd  Season 
Control 2.03 2.06 1.17 1.47 0.81 0.87 
Algae at  5g/l 2.20 2.34 1.48 1.90 0.84 0.98 
Algae at  10g/l  2.05 2.05 1.11 1.58 0.76 0.54 
Fulvic acid at 5ml/l 1.97 2.06 1.65 1.61 0.82 0.72 
Fulvic at  acid 10ml/l 2.05 2.35 1.82 1.23 0.81 0.92 
Chitosan at 0.5g/l 2.29 2.41 1.68 1.88 0.99 1.11 
Chitosan at 1g/l 2.15 2.26 1.86 1.57 0.66 0.87 
LSD  5% 0.19 0.17 0.40 0.36 0.18 0.16 

 
The promotive effect of chitosan on growth parameters may be due to its effect on increasing 

chlorophyll content and photosynthetic rate and increasing enzyme activities (Hadwiger, 2013, 
Malekpoor, et al., 2016). In the respect, Dzunga et al., (2011) on coffee sprayed plants with  chitosan 
at 0, 20, 40, 60 and 80 ppm. found that chitosan enhanced strongly the content of chlorophylls and 
carotenoids, Salachna and Zawadzińska (2014) on potted freesia showed that chitosan resulted in 
higher chlorophylls content.  Eskandari and Eskandari (2013) on Satureja khuzestanica, Malekpoor et 
al., (2016) on Ocimum basilicum, Salachna et al. (2017) on Verbena bonariensis, they obtained 
marked increases in chlorophyll levels as a result of chitosan application. Ali et al., (2015) on Tulipa 
gesneriana, found that  humic acid treatment increased leaf chlorophyll contents, and El-Bably (2017) 
on  Polianthes tuberosa, indicated that humic acid treatment  significantly increased chlorophyll (a) 
and (b). Whereas, Blunden, et al., (1997) mentioned that treating plants with seaweed extract 
enhanced leaf chlorophyll. On geranium plant (Pelargonium spp), Urbanek et al., (2012) on 
Pelargonium peltatum found that algae treatment at 0.5% gave  the maximum chlorophyll a and b  
chlorophyll b and carotenoid  contents  .  

 
4. Effect of bio-stimulant on total carbohydrates content 
 
Data on the total carbohydrates content in leaves (%D.W) as affected by the foliar spray of algae, 
fulvic acid and chitosan are presented in Fig (3). In both seasons, all bio-stimulants treatments 
increased the accumulation of total carbohydrates in the leaves, as compared with the control. In the 
first season, there were marked increases in the content of total carbohydrates in the leaves with the 
application of bio-stimulants at the high level, (28.22, 28.60 and 29.50 % DW, respectively) as 
compared with the low level and control. In the second season, another trend was recorded, as the 
highest content of total carbohydrates in the leaves was obtained when plants were sprayed by low 
levels of chitosan or algae, which contained 27.52,29.21 % DW, respectively, whereas the content of 
total carbohydrates in the leaves of the control plants was estimated by 23.09% DW. There results 
were in agreement with the findings of Parandian  and Samavat (2012) on Lilium.,who indicated that  
0.5 and 1 %, fulvic acid  spray treatments, have increasing effects on  increasing the amounts of µ-
Amylase enzyme and soluble sugar and increasing the amounts of fulvic acid, the lilium quality 
indices increased too but its trend in fulvic acid was more obvious.El-Bably (2017), on tuberose 
(Polianthes tuberosa, L.) studied the effect of humic acid using two application methods( soil drench 
or foliar spray), indicated that humic acid the carbohydrates content. 
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Fig. 3: Effect of algae, fulvic acid and chitosan treatments on total carbohydrates (%D.W)in the leave of 
Dracaena surculosa, Lindl. plants, during the seasons of 2014 and 2015.  

 
5. Effect of bio-stimulants on N, P and K contents  
 

Data obtained on the effect of bio-stimulants (algae, fulvic acid and chitosan) on the contents of 
N,P and K in the leaves are presented in Table(5). The results indicated that, in both seasons, D. 
surculosa plants treated with chitosan contained the highest value of N. Also, most of the other bio-
stimulants treatments, had a pronounced effect on increasing the content of N, as compared with the 
control. It can be mentioned that, in both seasons, the N-content in the leaves increased with 
increasing the concentrations of the bio-stimulants. Concerning the effect of bio-stimulants on P-
content in the leaves, treating plants with fulvic  acid  at the two levels showed maximum value, in the 
first season (0.70 and 0.75 %D.W) and in the second one(  0.84 and 0.87  %D.W) .Whereas, Asp and 
Berggren (1990) studied the phosphate uptake in beech (Fagus sylvatica) in the presence of natural 
fulvic acids, they found that, the P- content in roots and shoots was not significantly affected, 
compared with the control. But, Suh et al., (2015) found that the foliar application of fulvic acid 
significantly increased the contents of P in tomato plants. The high level of fulvic acid and algae was 
more effective in increasing the leaf content of P than the low level. The highest leaf content of K, in 
the first season, was estimated at 1 g/l chitosan (1.38 %DW), followed by the high level of fulvic acid 
at10 ml/l,( 1.30%DW). In the second season, the foliar application of fulvic acid at the two levels was 
the most effective in this respect, resulting 1.54 and 1.60 K (%DW), whereas the control plants 
recorded 0.72 and 1.08 %DW of K. 

The effect of bio-stimulants on increasing the uptake and nutrient contents in plants was studied 
by several authors, in the regard, the capacity of fulvic acid to enhance uptake of nutrients has been 
reported. Rauthan and Schnitzer (1981) recorded enhanced uptake of N, P, K, Ca, Mg, Cu, Fe, and Zn 
in cucumber plants, whereas, Ernst et al., (1987) studied the response of mineral nutrition of 
Scrophularia nodosa  to fulvic acid and humic acid in the ratios 2:1, 1:1, and 1:2, significantly 
stimulated the uptake of nutrients . Aydm et al., (1999) on sunflower indicated that the treatment of  
K-Humate increased N content in plants, the same finding, was also reported with wild olive (Murillo 
et al., 2005). Ali et al., (2015) on Tulipa gesnerianaand El- Bably (2017) on tubrose plant, found that  
humic acid treatment increased  the nutrient contents comparing with the control.  On the other side, 
Gornik et al., (2008) reported that chitosan increased enzymes activities of nitrogen metabolism 
(nitrate reductase, glutamine  synthetase and protease) and improved the transportation of nitrogen. 
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Table 5: Effect of algae, fulvic acid and chitosan treatments on N, P and K contents (% D.W) of  leaves of 
Dracaena surculosa ,Lindl. plants ,during the seasons of 2014 and 2015. 

Biostimulant treatments 
N- content  P-content K-content 

1st  

Season 
2nd 

Season 
1st 

Season 
2nd 

Season 
1st 

Season 
2nd 

Season 
Control 1.35 1.57 0.48 0.55 0.72 1.08 
Algae at  5g/l 1.33 1.38 0.38 0.50 0.88 1.26 
Algae at  10g/l  1.40 1.55 0.65 0.78 0.60 0.98 
Fulvic acid at 5ml/l 1.56 1.68 0.70 0.84 1.18 1.54 
Fulvic at  acid 10ml/l 1.56 1.70 0.75 0.87 1.30 1.60 
Chitosan at 0.5g/l 1.71 1.77 0.57 0.81 0.98 1.10 
Chitosan at 1g/l 1.95 2.15 0.61 0.74 1.38 1.42 
LSD  5% 0.13 0.17 0.07 0.09 0.10 0.13 

 
Conclusion 
 
        From the obtained results, it can be concluded that algae, fulvic acid and chitosan significantly 
improved plant growth and quality of Dracaena surculosa, Lindl plants. It can be recommended the 
treatments of algae, fulvic acid and chitosan at highest level, for improving growth and quality 
parameters of Dracaena surculosa, Lindl plants. 
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