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The present study was accomplish to achieve the effect of some bio-stimulants (Algae at 2 and 4 g/l,
chitosan at 0.1 and 0.2 g/l, atonik at 1 and 2 m/l and humic acid at 1 and 2 m/l) on the vegetative and
chemical constituents of Spathiphyllum wallisii L. plant during two consecutive seasons (2015/2016 and
2016/2017) at the Experimental Nursery of Ornamental Horticulture Department, Faculty of Agriculture,
Cairo University. The obtained results revealed that all treatments of the bio-stimulants significantly
increased the plant height, stem thickness, significantly enhanced the formation of leaves, as compared
with the control .The application of algae at 2 g/l, produced the tallest plants, followed by the high level
of atonik and chitosan. Atonik at 2 ml/l and low level algae treatments formed the thickest stems. The
highest No. of leaves and the heaviest leaves were produced with the treatments of atonik at 2ml/l,
algae at 4 g/l treatment. The leaf area of Peace lily plant (Spathiphyllum wallisii L.) was the largest with
atonik at 2 ml/l followed by low level of algae and high levels of chitosan and humic acid. Spraying plants
with chitosan at 0.2 g/l or atonik at 2 ml/l or algae at 4 g/l increased the formation of roots. The foliar
application of both humic at 1ml/l and chitosan at 0.1g/l were the best treatment for increasing the root
length. Atonik at 2ml/l, algae at 4g/l and chitosan at 0.2 g/l induced the maximum fresh weights of roots.
Most of the bio-stimulants treatments significantly increased the chlorophyll-a, and chitosan (0.2 g/l)
induced the maximum content of chlorophyll-b. Spraying plants with atonik (2 ml/l) or algae(2 g/l ) or
chitosan (0.2 g/l) effectively increased the carotenoids content. Plants treated with chitosan (0.2 g/l),
atonik (2 ml/l) then humic acid contained more carbohydrate than the other treatments and control.
Keywords: Spathiphyllum wallisii L., Chitosan, Atonik, Humic Acid, Growth and Quality.

INTRODUCTION
Peace lily (Spathiphyllum wallisii L.) is a member
of the family of Araceae and one of the most
popular indoor houseplants (Sardoei, 2014). The
plants have a dark-green leaves, lasting showy
white flowers, and shade-tolerance (Chen at al
2005). Bio-stimulants are a category of relatively
new products of diverse formulations that
positively affect a plant’s vital processes (Calvo et
al., 2014). Among naturally derived bio-stimulants,
extracts from seaweed humic substances,
chitosan and algae extract. Algae as a new bio-

fertilizer containing macronutrients as well as
micronutrients,
some
growth
regulators,
polyamines, proteins and vitamins applied to
improve nutritional status, vegetative growth, and
yield (Abd El-Moniem and Abd-allah, 2008). The
mechanisms effect of these Bio-stimulants are
mainly through the physiological action of major
and micro-nutrients, amino acids, vitamins, and
also growth regulators affect cellular metabolism
in treated plants leading to enhanced growth and
crop yield (Ördög et al., 2004). Chitosan is a
natural biopolymer stimulates and increase
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nutrient
uptake,
chlorophyll
content,
photosynthetic rate and cell enlargement
(Malekpoor et al., 2016 and Salachna et al.,
2017). The stimulating effect of chitosan on plant
growth may be attributed to an increase in the
availability and uptake of water and essential
nutrients and increases enzyme activities (Guan
et al., 2009). It has been widely used to enhance
growth and improve quality of the many
ornamental plants. Atonik increases growth
through enhancing assimilation (as nutrient
uptake, nitrate reduction and photosynthesis), and
increasing cell integrity. Chen and Avaid (1990)
reported that humic substances have very
pronounced influence on the growth of plant roots
and enhance root initiation which is a known root
stimulator. It also will help to lower the pH of the
soil and will flush high levels of salts out of the
root zone. It can be applied to the soil or as foliar
spraying at any stage to stimulate plant growth. Li
and Evens (2000) pointed out that humic acid
treatment stimulated growth parameters such as
root fresh and dry weights of marigold, pansy,
geranium and impatiens. Nikbakht et al., (2008)
stated that humic acid produced visibly better and
healthier plant growth and increased flower yield
and quality of gerbera El-khateeb et al., (2010) on
Calia secundiflora plants indicated that 1% of
humic or algifert, significantly increased plant
height, fresh and dry weight, whereas algae
induced the thickest stems. Ahmad et al., (2013)
on gladiolus found that humic treatment proved
best for foliage growth, leaf area and longer
stems. Treating plants with humic acids (HA)
induced rooting in many plants of agronomic
interest (Canellas et al., 2006 and Baldotto et al.,
2012). Al-Bayaty and All-Kalefa, (2017) on
Narcissus treated plants with the plant height, the
number of leaves, increased with humic acid
treatment.
MATERIALS AND METHODS
The present experiment was conducted
throughout two successive seasons (2015/2016
and 2016/2017) at the greenhouse of Ornamental
Department, Faculty of Agriculture, Cairo
University, Egypt. This study was designed to
investigate the effect of foliar application of four
commercial
bio-stimulators
(atonik,
algae,
chitosan and humic acid) on vegetative growth
and quality Spathiphyllum wallisii L. plant.
Experimental procedure and treatments:
The Spathiphyllum plugs (small plants of 8-10 cm
long) used in this study were obtained from Pico

th

Modern Agric., private Company. On 20
April,
2015, the plants were individually transplants in
20-cm diameter plastic pots filled with a mixture of
peat moss+Perlite+sand, at the ratio of
1:1:1(v/v/v)
and
held
under greenhouse
conditions. After 30 days from transplanting, the
plants were sprayed every 4 weeks (from 20 May
till 20 August), with the following bio-stimulants:
algae, chitosan, atonik and humic acid using the
following
concentrations
of
bio-stimulators
treatments algae at 2 and 4 g/l, chitosan at 0.1
and 0.2 g/l, atonik at 1 and 2 ml/l and humic acid
at 1 and 2 ml/l. The plants were sprayed by a
hand sprayer until run off point. All of biostimulators treatments in this investigation were
accomplished Tween 20 as a wetting agent at 1
ml/l of Bio-solution.
Experimental design:
The layout of the experiment was a complete
randomized design, with 3 replicates (each
replicate contain 3 plants). So, the study included
9 treatments (including the control). The following
growth parameters were recorded: Plant height
(cm), stem diameter, number of leaves/plant, leaf
2
area (cm ), fresh and dry weights of leaves
g/plant, root length (cm), fresh and dry weights of
root/plant (g), and number of shoots /root.
Chemical constituents:
Determinations of chlorophyll a, b and carotenoids
in fresh leaves were carried out according to Saric
et al. (1976). Total carbohydrates content in dry
leaves was determined as described by Smith et
al., (1956).
Statistical analysis:
Data recorded on vegetative growth and chemical
compositions 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 the 5% level, as described by
Steel and Torrie (1980).
RESULTS AND DISCUSSION
Vegetative growth parameters:
Data obtained on the effect of algae, chitosan,
atonik and humic acid on plant height of Peace lily
plant, during 2015/2016 and 2017/2018 seasons
are presented in Table (1). The data revealed that
all treatments of the bio-stimulants significantly
increased the plant height as compared with the
control. Spraying plant with algae at the low level
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(2 g/l) induced significantly the tallest plants, in
both seasons, giving 52.67 cm in the first season
and 57 cm in the second one, against 34.00 and
36.67 cm for control plants, respectively. There
are a pronounced increase in plant height with the
treatments of high level of atonik (49.00 and 53.00
cm) and high level of chitosan (48.00 and 49.78
cm), in the first and second seasons, respectively.
On the other hand, raising the level of humic acid
from 1ml/l to at 2 ml/l, resulted in a maximum
increase in the plant height in both seasons. The
response of stem diameter to the foliar spraying of
algae, chitosan, atonik and humic acid (Table 1),
revealed that, in first season, all treatments of the
bio-stimulants
significantly increased stem
thickness of the plant, compared to control. In the
second season, increasing the level of chitosan
from 0.1 to at 0.2 g/l, significantly increased the
stem thickness of plant, compared to the low level
of chitosan and the control. In both seasons,
spraying plant with atonik at the high level (2 ml/l)
produced significantly the thickest stems, followed
by the low level of algae. Concerning the effect of
the bio-stimulators on the formation of leaves
(Table 1), it can be stated that all bio-stimulants
significantly enhanced the formation of leaves, as
compared with the control. In both seasons, the
highest number of leaves was obtained with the
treatment of humic acid at the low concentration,
giving 8.00 and19.00 leaves/plant, whereas the
control plants formed 9.00 and 6.66 leaves/plant,
respectively. In both seasons, the application of
atonik at 2 ml/l and the treatment of algae at 4 g/l
caused a huge increases in the No. of leaves/
plant; they produced 17.33, 17.00, 15.67 and
13.33 leaves/plant, respectively. The data also,
revealed that effect of chitosan at the low level on
the formation of leaves was more effect than the
high one. Data obtained on the average leaf area
2
(cm ) of Peace lily plant as affected by the foliar
application of algae, chitosan, atonik and humic
acid at the two levels (Table 1), indicated that in
first season the averages leaf area ranged
2
between 103.4 and 179.9 cm , whereas in the
second season, it ranged between 102.9
2
and177.4 cm . The data revealed that spraying
plants with atonik at 2 ml/l induced the largest
2
leaves, in both seasons (179.9 and 177.4 cm ,
respectively).while the leaf area of the control
2
plants were 103.4 and 102.9 cm , respectively.
The low level of algae was more effect than the
high one, in increasing the leaf area, the opposite
trend was obtained with the treatment of chitosan
as well as humic acid treatment, these treatments
were more effective when they were applied at the

high level than the low level. The averages of
fresh and dry weights of leaves g/plant, in
response to the treatments of bio-stimulants
(Table 2), showed that, in both seasons, all
treatments increased the averages of fresh and
dry weights of leaves/plant, compared with the
control. Concerning the effect of bio-stimulators
on fresh weight of leaves, the data cleared that (in
both seasons), the heaviest weights were
obtained with the treatments of atonik at 2 ml/l,
which result 89.63 and 91.13 g/ plant,
respectively followed by humic acid at 2 ml/l
(80.67 and 82.35 g, respectively. Algae and
chitosan both at the high level produced a marked
increases in the fresh weight of leaves. A similar
trend was recorded for the dry weight of leaves in
response to the application of bio-stimulants.
From the above mentioned results, it can be
concluded that all treatments of the bio-stimulants
significantly increased the plant height, stem
thickness, significantly enhanced the formation of
leaves, as compared with the control. The
application of algae at 2g /l, and produced the
tallest plants, followed by the high level of atonik
and chitosan. Atonik at 2ml/l and low level algae
treatments formed the thickest stems. The highest
No. of leaves and the heaviest leaves were
produced with the treatments of atonik at 2 ml/l,
algae at 4 g/l treatment. The leaf area of Peace
lily plant was the largest with atonik at 2 ml/l
followed by low level of algae and high levels of
chitosan and humic acid. El-khateeb et al., (2010)
on Calia secundiflora plants found that humic and
algae (algifert) at 1% solution significantly
increased plant height fresh and dry weight, algae
induced the thickest stems. Ahmad et al., (2013)
on gladiolus found that humic treatment applied
at planting, 3-leaf, and 6-leaf stages of plant
development, proved best for foliage growth,
greater leaf area and longer stems. Studies have
shown beneficial effects of HA such as increasing
cell membrane permeability, oxygen uptake,
respiration and photosynthesis, phosphate
uptake, and root elongation. Baldotto et al., (2013)
on Gladiolus treated with different concentrations
of humic by soaking corms for 24 hours in 0, 10,
-1
20, 30 and 40 mmolL showed that the use of HA
accelerated growth. The foliar application of HA
increased the growth and development of
Chrysanthemum that improved net photosynthetic
rate due to the high content of chlorophyll (Fan et
al., 2014) and humic acid application increased
the growth and nutrition of plant Calathea insignis
(Zhang et al., 2014). Aslıhan et al., (2015) on
Impatiens walleriana found that the tallest plants

Bioscience Research, 2018 volume 15(2): 618-627

620

Khateeb et al.,

Effect of some bio-stimulants on browth and quality of peace lily

was obtained from 40 mg kg-1HA.also, ElKhateeb et al. (2017) on majoranum reported that
Table 1. Effect of atonik, algae, chitosan and humic treatments on plant height, stem diameter,
number of leaves and leaf area of Spathiphyllum wallisii L. plants, during the seasons of
2015/2016 (FS) and 2016/2017 (SS).

Treatments
Control
Atonik (1 ml/l)
Atonik (2 ml/l)
Algae ( 2 g/l)
Algae (4 g/l)
Chitosan ( 0.1 g/l)
Chitosan (0.2 g/l)
Humic acid (1 ml/l)
Humic acid (2 ml/l)
LSD 5%

Plant height
(cm)
FS
SS
34.00
36.67
40.00
43.33
49.00
53.00
52.67
57.00
48.00
48.85
39.33
41.95
48.00
49.78
39.00
33.00
44.26
42.00
1.55
1.66

Stem diameter
(cm)
FS
SS
0.54
0.87
1.53
1.70
1.92
2.40
1.76
2.26
1.76
1.76
0.83
0.99
1.18
1.38
1.00
1.33
0.98
1.01
0.23
0.29

Number of
leaves/plant
FS
SS
9.00
6.66
12.00
9.00
17.33
17.00
12.00
11.00
15.67
13.33
14.00
12.67
10.67
10.00
18.00
19.00
13.00
11.67
1.15
1.03

2

Leaf area (cm )
FS
103.4
156.1
179.9
169.5
150.3
131.3
163.3
112.3
176.0
3.29

SS
102.9
157.6
177.4
171.6
145.9
130.4
161.1
109.9
173.9
3.30

Stem diameter
Number of
2
Leaf area (cm )
(cm)
leaves/plant
FS
SS
FS
SS
FS
SS
Control
0.54
0.87
9.00
6.66
103.4
102.9
Atonik (1 ml/l)
1.53
1.70
12.00
9.00
156.1
157.6
Atonik (2 ml/l)
1.92
2.40
17.33
17.00
179.9
177.4
Algae ( 2 g/l)
1.76
2.26
12.00
11.00
169.5
171.6
Algae (4 g/l)
1.76
1.76
15.67
13.33
150.3
145.9
Chitosan ( 0.1 g/l)
0.83
0.99
14.00
12.67
131.3
130.4
Chitosan (0.2 g/l)
1.18
1.38
10.67
10.00
163.3
161.1
Humic acid (1 ml/l)
1.00
1.33
18.00
19.00
112.3
109.9
Humic acid (2 ml/l)
0.98
1.01
13.00
11.67
176.0
173.9
LSD 5%
0.23
0.29
1.15
1.03
3.29
3.30
root formation, revealed that, in the first season,
humic. acid treatments increased the fresh
the application of chitosan at 0.2 g/l followed by
and dry weights of leaves Mehregan et al. (2017)
atonik at 2 ml/l, produced the highest No. of
on Stevia rebaudiana they indicated that foliar
roots/plant (22.00 and 20.00, respectively. Against
spray of chitosan increased dry weight of leaves.
11.33 roots/plant for the control. In the second
Al-Bayaty and All-Kalefa (2017) on Narcissus
season, the application of atonik at 2 ml/l followed
treated plants with the plant height, the number of
algae at 4 g/l, produced the highest No. of
leaves, increased with humic acid treatment.
roots/plant (22.00 and 19.33 roots/plant,
respectively. Treating plants with humic acid at
Root growth parameters:
the high level significantly increased the
The effect of bio-stimulants (atonik, algae,
roots/plant as compared to the control. Data in
chitosan and humic acid treatments) on root
Table (3) show the effect of algae, chitosan,
growth characters (number of roots, root length
atonik and humic acid on root length of peace lily
and fresh and dry weight of roots) of
plant, during 2015/2016 and 017/2018 seasons.
Spathiphyllum wallisii L. plants, during the
The data revealed that all treatments of the bioseasons of 2015/2016 (FS) and 2016/2017 (SS)
stimulants significantly increased the root length,
are presented in Tables (2 and 3). The obtained
as compared with the control. Spraying plant with
data concerning the effect of bio-stimulants on
humic at 1 ml/l, chitozan at 0.1 g/l and algae at 4
Treatments

Plant height
(cm)
FS
SS
34.00
36.67
40.00
43.33
49.00
53.00
52.67
57.00
48.00
48.85
39.33
41.95
48.00
49.78
39.00
33.00
44.26
42.00
1.55
1.66
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g/l were the best treatment for increasing the root
significantly increased the fresh weight of leaves
length, they produced 61.33, 58.67 and 57.33 cm,
to the highest values. In the second season, the
in the first season, respectively, in the second
same trend was recorded as in the first one; these
season, the corresponding root length were 60.67,
foliar treatments produced the following average
60.00 and 55.67 cm against 37.67 and 34.67 in
fresh weight of leaves. 89.63, 91.13, 80.67, 82.35.
the first and second seasons, respectively. On the
79.26 and 74.18 g/plant, respectively, whereas
other hand, treating plants with atonik was less
the control plants gave 52.48 and 51.37 g/plant, in
effective in increasing the root length, as
both seasons respectively. Regarding the effect of
compared with the other treatments; however,
bio-stimulants on dry weight of roots, the results
treating plants with atonik at both levels
obtained Table (2) revealed that spraying plants
significantly increased the root length, compared
with atonik at 2 ml/l produced the heaviest dry
to the control. The average fresh and dry weights
weight of leaves/plant (13.32 and 12.37 g), in both
of leaves in response to the application of algae,
seasons respectively followed by algae at 4 g/l in
chitosan, atonik and humic acid, are presented in
the first season (12.12 g/plant) and humic acid 2
Table (2). The data indicated that, in the first
m/l (11.85 g), in the second one.
season the application of Atonik at 2 ml/l, followed
by humic at 2 g/l as well as chitosan at 0.2 g/l
Table.2. Effect of atonik , algae, chitosan and humic treatments on fresh and dry weights of
leaves (g) and number of roots of Spathiphyllum wallisii L. plants, during the seasons of
2015/2016 (FS) and 2016/2017 (SS).
Fresh weight of
Dry weight
Number of roots/
leaves (g)
of leaves (g)
plant
Treatments
FS
SS
FS
SS
FS
SS
Control
52.48
51.37
5.53
5.75
11.33
9.00
Atonik (1 ml/l)
74.00
67.65
8.68
8.31
15.00
11.67
Atonik (2 ml/l)
Algae ( 2 g/l)
Algae (4 g/l)
Chitosan ( 0.1 g/l)
Chitosan (0.2 g/l)
Humic acid (1 ml/l)
Humic acid (2 ml/l)
LSD 5%

89.63
72.76
75.56
67.78
79.26
66.04
80.67
4.34

91.13
68.01
69.35
65.32
74.18
68.65
82.35
6.42

13.32
9.27
12.12
7.85
10.48
7.62
11.85
2.00

12.37
8.73
10.90
8.98
11.53
6.92
12.21
2.32

20.00
16.00
16.67
14.67
22.00
12.00
17.00
2.44

22.00
13.00
19.33
11.00
17.00
11.33
14.00
2.13

Table 3. Effect of atonik , algae, chitosan and umic treatments on root length , fresh and dry
weights of roots (g) of Spathiphyllum wallisii L. plants, during the seasons of 2015/2016 (FS) and
2016/2017 (SS).
Root length
Fresh weight of
Dry weight of root
(cm)
root (g)
(g)
Treatments
FS
SS
FS
SS
FS
SS
Control
37.67
34.67
22.30
18.75
5 .93
3.23
Atonik (1 ml/l)
40.00
40.33
38.74
33.52
8.17
7.82
Atonik (2 ml/l)
47.33
45.67
46.88
50.97
10.17
11.45
Algae ( 2 g/l)
51.33
51.67
29.51
31.93
8.86
10.77
Algae (4 g/l)
57.33
55.67
45.48
44.71
7.99
7.99
Chitosan ( 0.1 g/l)
58.67
60.00
34.37
30.95
7.94
7.76
Chitosan (0.2 g/l)
49.67
52.00
43.93
39.23
9.94
8.37
Humic acid (1 ml/l)
61.33
60.67
41.19
38.08
5.60
6.94
Humic acid (2 ml/l)
42.67
41.00
32.61
32.23
7.35
6.02
LSD 5%
2.30
2.58
1.38
1.11
2.01
2.49
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Table 4. Effect of atonik, algae, chitosan and humic treatments on the content of pigments (mg/g
FW) and total carbohydrates (%) of Spathiphyllum wallisii L. leaves, during the seasons of
2015/2016 (FS) and 2016/2017 (SS).
Chlorophyll a
Chlorophyll b Carotenoides Carbohydrates
(mg/g FW)
(mg/g FW)
(mg/g FW)
) %(
Treatments
FS
SS
FS
SS
FS
SS
FS
SS
Control
1.34
1.24
0.68
0.49
1.25
1.66
20.14
22.87
Atonik (1 ml/l)
2.29
2.06
0.80
0.79
2.00
2.37
23.38
23.89
Atonik (2 ml/l)
1.78
1.33
0.92
0.70
2.69
2.17
24.87
24.72
Algae ( 2 g/l)
2.03
1.74
1.08
0.99
2.76
2.45
22.57
22.60
Algae (4 g/l)
1.57
1.09
0.47
0.59
1.21
1.96
21.26
22.12
Chitosan ( 0.1 g/l)
1.11
0.95
1.10
0.63
2.21
1.95
24.66
25.41
Chitosan (0.2 g/l)
1.49
1.43
1.23
1.12
2.50
2.56
25.99
24.56
Humic acid (1 ml/l)
0.78
0.86
0.90
0.77
2.28
2.20
22.52
23.68
Humic acid (2 ml/l)
1.01
1.14
0.87
0.54
1.54
1.97
24.77
24.54
LSD 5%
0.19
0.16
0.14
0.15
0.36
0.24
0.76
0.45
et al., (2003) who stated that the treatments of
Treating plants with atonik at 2 ml/l, in both
humic acid, increased root growth of marigolds
(Tagetes patula L.) and peppers (Capsicum
seasons, significantly increased the dry weight of
annuum L.). Also, El-Khateeb et al., (2010) on
leaves as compared with the control. Generally,
Calia secundiflora plants found that humic at 1%
Atonik at 2 ml/l, algae at 4 g/l and humic acid at 2
ml/l induced the heaviest dry weights of leaves
increased root length, fresh and dry weight of
The average fresh and dry weights of roots in
roots.
response to the application of algae, chitosan,
Pigments content:
atonik and humic acid, are presented in Table
Data in Table (4) show the effect of algae,
(3).The data indicated that, in the first season the
chitosan, atonik and humic acid on the pigment
application of Atonik at 2 ml/l, followed by algae at
content of peace lily plant leaves. The data
4 g/l as well as chitosan at 0.2 g/l significantly
revealed, in both seasons, most of the treatments
increased the fresh weight of roots to the highest
of the bio-stimulants significantly increased the
values. In the second season, the same trend was
chlorophyll-a, as compared with the control.
recorded as in the first one; these foliar treatments
Spraying plant with high level of chitosan (0.2 g/l)
produced the following average fresh weight of
was the best treatment for increasing the content
roots. 46.88, 50.97, 45.48, 44.71, 43.93 and 39.23
of chlorophyll-b to the highest value. Data
g/plant, respectively, whereas the control plants
obtained on the effect of bio-stimulants on
gave 22.30 and 18.75 g/plant, in both seasons
carotenoids content (Table 4), indicated that, in
respectively. Regarding the effect of biofirst season the treatments of atonik at 2 ml/l or
stimulants on dry weight of roots, the results
algae at 2 g/l or chitosan at chitosan at 0.2g/l,
obtained Table (3) revealed that, spraying plants
were the most effective on increasing the
with atonik at 2 ml/l, produced the heaviest dry
carotenoids content in the leaves to the highest
weight of roots/plant (10.17 and 11.45 g), in both
vales, giving 2.69, 2.76 and 2.50 mg/g FW. Algae
seasons respectively, followed by chitosan at 0.2
treatment at 4 g/l insignificantly decreased the
g/l in the first season (9.94 g/plant) and algae at 2
contents of chlorophyll-b and carotenoids,
g/l (10.77 g), in the second one. Treating plants
compared with the control. Ahmad et al. (2013) on
with humic acid at 2 ml/l, in both seasons,
gladiolus found that humic treatment proved best
significantly increased the dry weight of roots as
for total leaf chlorophyll contents. It can be
compared with the control. Generally, it can be
concluded that most of the bio-stimulants
mentioned that spraying plants with chitosan at
treatments significantly increased the chlorophyll0.2 g/l or atonik at 2 ml/l or algae at 4 g/l
a, and chitosan (0.2 g/l) induced the highest
increased the formation of roots. The foliar
content of chlorophyll-b. Spraying plants with
application of both humic at 1 ml/l and chitosan at
atonik (2 ml/l) or algae( 2 g/l) or chitosan (0.1g/l)
0.1 g/l were the best treatment for increasing the
effectively increased the carotenoids content.
root length. Atonik at 2 ml/l, algae at 4 g/l and
chitosan at 0.2 g/l gave the heaviest fresh weights
of roots. Similar results were reported by Arancon
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Total carbohydrates content (%):
The effects of the different bio-stimulants (algae,
chitosan, atonik and humic acid) on the total
carbohydrates content (%) of Peace lily plant
leaves are presented in Table 4. The data proved
that in first season, spraying plants with chitosan
at 0.2 g/l significantly increased the content of
total carbohydrates to the highest value (25.99
%), followed by atonik at 2 ml/l (24.87 %) then
humic acid at 2 ml/l (24.77 %), in the second
season, a similar trend was recorded with these
treatments. Plants treated with chitosan (0.2 g/l),
atonik (2 ml/l) then humic acid contained more
carbohydrate than the other treatments and
control. The above findings also supported by ElKhateeb et al. (2010) on Calia secundiflora plants
stated that the treatment so of humic and algae
increased the total carbohydrates as well as

pigment and N, P and K contents. Also, ElKhateeb et al. (2011) on Acacia saligna seedlings
found that treating plants with humic acid gave the
highest content of total carbohydrates.

leaf area (cm2)

200
150
100

First season

50

Second season

0

Fig. 1. Effect of atonik, algae, chitosan and humic treatments on leaf area of Spathiphyllum
wallisii L. plants , during the seasons of 2015/2016 (FS) and 2016/2017 (SS).

Number of roots/ plant
First season
Second season

25
20
15
10
5
0

Fig.2. Effect of atonik, algae, chitosan and humic treatments on number of roots of
Spathiphyllum wallisii L. plants, during the seasons of 2015/2016 (FS) and 2016/2017 (SS).
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Carbohydrates(% D.W)

First season
Second season

25
24
23
22
21
20
19

Figure.3. Effect of atonik, algae, chitosan and humic treatments on the content of total
carbohydrates (% DW) of Spathiphyllum wallisii L. leaves, during the seasons of 2015/2016 (FS)
and 2016/2017 (SS)
CONCLUSION
Most of the bio-stimulants treatments
significantly increased the chlorophyll-a, and
chitosan (0.2 g/l) induced the maximum content of
chlorophyll-b. Spraying plants with atonik (2 ml/l)
or algae (2 g/l ) or chitosan (0.2 g/l) effectively
increased the carotenoids content. Plants treated
with chitosan (0.2 g/l), atonik (2 ml/l) then humic
acid contained more carbohydrate than the other
treatments and control
.
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