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ABSTRACT 
 
 This work was carried out during two successive seasons (2010/2011 & 2011/2012) to study the effect of 
light intensity i.e., full sunlight, 63% and 73% shade and benzyladenine (BA) treatments i.e., 0.0 ppm (control), 
25 ppm, 50 ppm and 75 ppm as well as their combinations on growth and chemical composition of Aspidistra 
elatior plants . Results showed that plant height, number of leaves/plant, leaf blade length and width, leaf area 
and fresh and dry weights of leaf were greatly increased with grown Aspidistra plants under shade conditions 
(73% or 63% shade) as compared with those grown under full sunlight conditions. Also, all tested applications 
of BA increased the studied vegetative growth traits, especially the high concentration (75ppm). Moreover, all 
combinations of light intensity and BA caused increments in the tested vegetative growth traits. However, the 
highest values of plant height, leaf blade length and width, leaf area and fresh and dry weights of leaf were 
obtained by 75ppm BA-sprayed plants grown under 73% shade conditions. Meanwhile, the highest number of 
leaves/plant was gained by those grown under 63% shade conditions and received BA at 75ppm in both seasons. 
Growing Aspidistra plants under shade conditions showed to be the most promising one in inducing the heaviest 
fresh and dry weights of roots/plant. However, 75ppm BA-sprayed plants grown under 63% shade conditions 
recorded the heaviest fresh and dry weights of roots/plant.  The greater leaf N, P and K contents were recorded 
by 75ppm BA-sprayed plants grown under 73% shade conditions. Whereas, the highest values of chlorophyll 
a&b, carotenoids, total carbohydrates, total sugars and total free amino acids were gained by those grown under 
63% shade and received BA at 75ppm. Also, grown Aspidistra plants under 73% shade conditions, especially 
those received BA at 75 ppm recorded the highest leaves auxins and gibbrellins contents. Besides, the highest 
leaf cytokinins as well as the lowest leaf abscisic acid content were scored by 75ppm BA-treated plants grown 
under 63% shade condition.   
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endogenous phytohormones. 
 
Introduction 
 
 Aspidistra  is a genus of flowering plants in the Family Asparagaceae, Subfamily Nolinoideae, native to 
Asia, particularly China and Vietnam. They grow in shade under trees and shrubs. It has wide evergreen leaves 
arise more or less directly from ground level, and around 40-70 cm long where their flowers also appear. It 
propagated by division of clumps at any time of the year.  Aspidistra elatior Blume is well known in cultivation 
and has a reputation for withstanding neglect, giving rise to its common name of cast-iron plant. It is tolerant of 
low light, low humidity, temperature fluctuation and irregular watering. It is best situated in a position away 
from direct sun to avoid leaf bleaching. It can also be grown successfully outdoors in semi-shade to bright, but it 
less tolerate to direct sun (it is sensitive to full sunlight).  Aspidistra leaves are reportedly non-toxic and 
extremely long-lasting. They make good line (linear) materials in floral arrangements. Due to their large size, A. 
elatior leaves are used as mass item/filler/background material in large, contemporary arrangements. Aspidistra 
are commonly used as ground covers in shade gardens, since they can tolerate light to very heavy shade. They 
can also be used as accent, edging, or container plants (Abd El-All, 2011). Among the main environmental 
factors, light intensity is the most significant one that regulates the photosynthesis, and consequently, the plant 
survival, growth and adaptation. In any habitat the light intensity varies temporally (seasonally and diurnally) 
and spatially. Therefore, plants develop acclimation and plasticity to cope with the varying light regimes (Zhang 
and Chen, 2003). The majority of plant species have the ability to develop anatomical, morphological, 
physiological and biochemical alterations in response to different light intensity (De Carvalho et al., 2005). In 
this concern, George et al. (2012) showed that plant height and leaf photosynthetic pigments of Salvia officinalis 
plants were increased at low light treated plants (75% shade). Also, Morsy (2013) revealed that growing 
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Strelitzia reginae plants under shading (range from 63-73% shading.) improved all studied vegetative and 
flowering growth traits as compared with those grown under full sunlight. Many authors demonstrated that 
growth and flowering of many ornamental plants can easily be improved by different growth regulators among 
which kinins group. Cytokinins are a class of plant growth substances (phytohormones) that promote cell 
division of plant roots and shoots. They are involved primarily in cell growth and differentiation, but also affect 
apical dominance, axillary bud growth, and leaf senescence. Benzyladenine (BA) is a first-generation synthetic 
cytokinin that elicits plant growth and development. Benzyladenine is recognized by its ability to induce cell 
division in certain plant tissues. It can also overcome the apical dominance of many plants and stimulate the 
lateral buds to develop into an entire new plant. BA can delay senescence and cause transport of many solutes 
from older parts of the leaves or even from older leaves into the treated zone (Salisbury and Ross, 1974). In this 
respect, Hegazy (2000) reported that application of BA increased the values of most tested vegetative and 
flowering growth parameters of Gladiolus plants. El-Malt et al. (2006) revealed that treating Hippeastrum 
vittatum plants with BA at 20 ppm improved the vegetative and flowering growth. Also, Youssef and Ismaeil 
(2009) indicated that 200 ppm kinetin-sprayed plants improved all studied vegetative and flowering growth 
traits of Clivia miniata plants. The present work is an attempt to improve the growth and quality of Aspidistra 
elatior plant under full sunlight or shading conditions combined with benzyladenine treatments. 
 
Materials and Methods 
 
 This study was carried out at the Floriculture Nursery of the Horticulture Department, Faculty of 
Agriculture at Moshtohor, Benha University, Kalubia Governorate during 2010/2011 and 2011/2012 seasons. 
 
Plant material: 
 
Aspidistra elatior plants of 41.3-43.9 cm height, with 3-4 leaves were used in this study. 
 
Planting procedure: 
 
 On October 1st in the two seasons, the plants were replanted in 25 cm plastic pots. The medium which was 
used, contained sand: clay: peat moss mixture as 1:1:1 by volume. The pots were then divided into three groups 
of 60 pots for each. The first group was placed under full sunlight condition (the mean light intensity during the 
experiment period were 24830 and  25146  lux in the first and second seasons, respectively), the second one was 
placed under 63% shading net by using black saran (the mean light intensity during the experiment period were 
9187 and 9304 lux in the first and second seasons, respectively), whereas the third one was placed under 73% 
shading net by using black saran (the mean light intensity during the experiment period were 6704 and 6790 lux 
in the first and second seasons, respectively). All the plants of the three groups were received the benzyladenine 
treatments i. e. 0.0, 25, 50 and 75 ppm. Thereupon, the present work included the following treatments, full 
sunlight, 63% shade and 73% shade conditions as a main plot. Each treatment of the main plot was sprayed four 
times with benzyladenine at concentrations of 0.0, 25, 50 and 75 ppm at 20 days intervals from beginning the 
treatments at March 1st. 
 The chemical characteristics of the planting medium were shown in Table (a). Chemical analysis were 
estimated according to Black et al. (1982). 
 
Table a: Chemical analysis of the planting medium: 

Parameters Unit Seasons 
2010/2011 2011/2012 

CaCO3
 % 1.54 1.82 

Organic matter % 1.87 2.12 
Available nitrogen % 0.86 0.99 

Available phosphorus % 0.48 0.59 
Available potassium % 0.79 0.71 

E.C ds/m 1.39 1.24 
pH -------------- 6.48 6.73 

 
 After two months from replanting the plants were fertilized every month with NPK fertilizer using 
ammonium sulfate (20.5% N), calcium superphosphate (15.5% P2O5) and potassium sulfate (48% K2O). A 
mixture of the three fertilizers, with a ratio of 2: 1: 1 (N: P2O5: K2O), was prepared and applied to the pots at the 
rate of 5 g/pot. Common agricultural practices (irrigation, manual weed control, … etc.) were carried out when 
needed. 
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Experiment layout: 
 
 The design of the experiment was a split plot design with 12 treatments (3 light intensity levels x 4 
benzyladenine concentrations) replicated 3 times (each replicate consisted of five pots). The treatments of light 
intensity were assigned as main plots, whereas benzyladenine treatments were employed as sub plot.  
 
Data recorded: 
 
I- Vegetative growth measurements: 
 
 Plant height (cm), number of leaves / plant, length, width, area, fresh and dry weights of leaf blade. 
 
II- Root growth measurements: 
 
 Fresh and dry weights of roots/plant. 
 
III- Chemical composition determinations: 
 
 -Total nitrogen percentage was determined in the dried leaves by using modified micro-kjeldahl method as 
described by Pregl (1945). 
 -Phosphorus was determined colourimetrically in spectronic (20) spectrophotometer using the method 
described by Trouge and Meyer (1939). 
 -Potassium content was determined by flame photometer according to Brown and Lilleland (1946). 
 -Total carbohydrates (mg/g D.W), total sugars and total free amino acids (mg/g F.W) were determined in 
the leaves according to (Herbert et al. 1971, Tomas and Dutcher, 1924 and Rosed,1957, respectively). 
 -Chlorophylls a&b and carotenoids were determined in leaf samples (mg/g F.W.) by using colorimetric 
method (A.O.A.C, 1990). 
 
-Endogenous phytohormones: 
 
 Endogenous phytohormones were quantitatively determined in Aspidistra elatior leaves in the second 
season using High- Performance Liquid Chromato-graphy (HPLC) according to Koshioka et al. (1983) for auxin 
(IAA), gibberellins and abscisic acid (ABA), while cytokinins were determined according to Nicander et al. 
(1993). 
 All the recorded data were taken at the end of experiment at November 1st .  
 
Statistical analysis: 
 
 All data obtained in both seasons of the study were subjected to analysis of variance as a factorial 
experiment in split plot design. LSD method at 5% level was used to differentiate means according to Snedecor 
and Cochran (1989). 
 
Results and Discussion 
 
Effect of light intensity and benzyladenine treatments on vegetative growth, roots growth and chemical 
composition of Aspidistra elatior plants: 
 
I- Vegetative growth measurements: 
 
 Data obtained on vegetative growth measurements i.e., plant height, number of leaves/plant, leaf blade 
length and width, leaf area, fresh and dry weights of leaf blade as affected by light intensity namely full 
sunlight, 63% and 73% shade and benzyladenine (BA) treatments i.e., 0.0 ppm (control), 25 ppm, 50 ppm and 
75 ppm as well as their combinations are presented in Tables (1-3). Results declare that growing Aspidistra 
plants under 73% or 63% shade showed to be the most effective ones for scoring the highest values of the 
assigned vegetative measurements as compared with those grown under full sunlight condition in both seasons. 
However, the highest records of plant height, leaf blade length and width, leaf area, leaf blade fresh and dry 
weights were scored by Aspidistra plants grown under 73% shade in both seasons. Meanwhile, the highest value 
of leaves number was gained by Aspidistra plants grown under 63% shade in both seasons. Concerning the 
effect of the studied BA treatments, it was interested to note that there was a positive relationship between 
vegetative growth measurements values and BA treatments in both seasons. Hence, as the concentrations of BA 
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increased, the values of the tested vegetative growth measurements increased to reach the maximum increasing 
at the high concentration (75 ppm).Therefore, 75 ppm BA -sprayed plants statistically scored the highest values 
of plant height, leaves number/plant, leaf blade length and width, leaf area, leaf blade fresh and dry weights of 
Aspidistra plants in both seasons. As for the interaction effect between light intensity and BA treatments, it was 
clear that all resulted combinations of 73% or 63% shade succeeded in increasing the values of the tested 
vegetative growth measurements, with superiority for the combination of 73% shade. This trend was true in both 
seasons. In general, the highest values of plant height, leaf blade length and width, leaf area, fresh and dry 
weights of leaf blade were recorded by grown Aspidistra plants under 73% shade and sprayed with BA at 75 
ppm as compared with the other treatments as an average of both seasons. While, the highest number of 
leaves/plant was obtained by grown Aspidistra plants under 63% shade and received BA at 75 ppm in both 
seasons. On contrary, the lowest values of the tested vegetative growth parameters were scored by Aspidistra 
plants grown under full sunlight condition and received no BA treatments in both seasons. The remained 
treatments occupied an intermediate position between the abovementioned treatments in both seasons. 
 The obtained results might be due to the role of benzyladenine on promoting protein synthesis, increasing 
cell division and enlargement (Cheema and Sharma, 1982). Moreover, these results might be explained 
according to the role of benzyladenine on promoting proteins, soluble and non-soluble sugars synthesis, or may 
be due to the ability of benzyladenine for making the treated area to act as a sink in which nutrients from other 
parts of the plant are drawn (Salisbury and Ross, 1974). 
 The aforementioned results of benzyladenine are in conformity with those reported by Runkova (1985) on 
Dhalia pinnata, Criley (1988) on Strelitzia, Alpinia and Heliconia, Auda (1992) on Hippeastrum vittatum, 
Maximoos (1993) on Gerbera jamesonii and Youssef and Ismaeil (2009) they indicated that sprayed Clivia 
miniata plants with kinetin at 100 and 150 ppm increased plant height, number of leaves and fresh and dry 
weights of leaves. The abovementioned results of light intensity are in harmony with those attained by Wang et 
al. (2009) on Chrysanthemum morifolium plant, George et al. (2012) on Salvia officinalis L plant and Morsy 
(2013) who revealed that growing Strelitzia reginae plants under shading (63% or 73% shade) improved all 
studied vegetative growth traits i.e., number of leaves and offsets, fresh and dry weights of leaves as compared 
with those grown under full sunlight conditions.  
 
Table 1: Effect of light intensity and benzyladenine (BA) treatments on plant height, leaves number and leaf blade length of Aspidistra 

elatior plants during the two seasons of 2010/2011 and 2011/2012. 
Season First season (2010/2011) 

Parameters Plant height (cm) Mean Leaves number/plant Mean Leaf blade length(cm) Mean 
Light intensity 

 
Benzyladenine (BA) 

Full 
sun 

63% 
Shade 

73% 
Shade 

Full 
sun 

63% 
Shade 

73% 
Shade 

Full 
sun 

63% 
Shade 

73% 
Shade 

Control 50.67 60.00 67.53 59.40 9.10 10.30 10.26 9.88 28.26 36.56 41.33 35.38 
BA at 25 ppm 57.67 65.50 71.56 64.91 11.20 12.46 12.20 11.95 34.56 41.16 45.36 40.36 
BA at 50 ppm 59.13 69.53 78.16 68.94 10.23 14.56 13.33 12.71 36.20 45.30 49.56 43.68 
BA at 75 ppm 62.56 72.70 82.43 72.56 12.33 15.23 14.26 13.94 37.23 46.26 48.50 44.00 

Mean 57.51 66.93 74.92  10.72 13.14 12.51  34.06 42.32 46.19  
L.S.D 

at 
0.05 

For light 
intensity 

2.99 0.632 2.65 

For BA 3.45 0.730 3.06 
For the 

interaction 
5.97 1.27 5.29 

 Second season (2011/2012) 
Control 53.33 62.50 72.20 62.67 8.16 9.30 9.26 8.91 29.53 39.13 40.56 36.41 

BA at 25 ppm 61.53 68.23 79.16 69.64 10.20 12.40 12.26 11.62 36.60 43.26 47.46 42.44 
BA at 50 ppm 64.10 71.50 83.53 73.04 11.30 14.30 13.23 12.94 39.23 46.03 51.23 45.50 
BA at 75 ppm 66.66 74.33 84.96 75.32 12.16 15.26 13.40 13.61 41.30 47.26 53.20 47.25 

Mean 61.40 69.14 79.96  10.45 12.81 12.04  36.66 43.92 48.11  
L.S.D 

at 
0.05 

For light 
intensity 

1.74 0.826 2.74 

For BA 2.01 0.954 3.17 
For the 

interaction 
3.48 1.65 5.49 

Full sunlight "24643 and 25146  lux.", 63% shade "9118 and 9304 lux.", 73% shade  "6653 and 6790 lux." in the first and second seasons, 
respectively.  
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Table 2: Effect of light intensity and benzyladenine (BA) treatments on leaf blade width, leaf area and leaf blade fresh weight of Aspidistra 
elatior plants during the two seasons of  2010/2011 and 2011/2012. 

Season First season (2010/2011) 
Parameters Leaf blade width(cm) Mean Leaf area (cm2 ) Mean Leaf blade fresh 

weight(g) 
Mean 

Light intensity 
 

Benzyladenine(BA) 

Full 
sun 

63% 
Shade 

73% 
Shade 

Full 
sun 

63% 
Shade 

73% 
Shade 

Full 
sun 

63% 
Shade 

73% 
Shade 

Control 8.30 10.16 10.50 9.65 133.6 235.3 296.4 221.8 8.23 16.83 21.36 15.47 
BA at 25 ppm 9.20 11.30 12.93 11.14 186.0 296.6 412.3 298.3 11.40 21.23 21.36 21.04 
BA at 50 ppm 11.23 12.30 13.76 12.43 245.3 363.9 487.2 365.5 15.30 26.23 35.70 25.74 
BA at 75 ppm 10.23 13.36 14.40 12.66 237.3 410.2 486.7 378.1 14.76 29.46 36.63 26.95 

Mean 9.74 11.78 12.90  200.5 326.5 420.7  12.42 23.44 31.05  
L.S.D 

at 
0.05 

For light 
intensity 

1.91 13.90 1.67 

For BA 1.38 16.05 1.92 
For the 

interaction 
2.38 27.79 3.33 

 Second season (2011/2012) 
Control 9.23 10.46 10.86 10.18 157.6 255.3 306.7 239.9 9.50 17.60 21.83 16.31 

BA at 25 ppm 11.23 11.43 12.43 11.70 244.0 314.3 412.1 323.4 14.50 22.43 29.73 22.22 
BA at 50 ppm 11.36 11.46 12.20 11.67 266.3 337.6 446.2 350.0 16.56 24.40 33.23 24.73 
BA at 75 ppm 12.16 12.43 13.66 12.75 306.6 410.6 492.3 403.2 19.53 29.63 36.76 28.64 

Mean 11.00 11.45 12.29  243.6 329.5 414.3  15.02 23.51 30.39  
L.S.D 

at 
0.05 

For light 
intensity 

1.11 15.20 1.48 

For BA 1.27 17.55 1.71 
For the 

interaction 
2.21 30.40 2.95 

Full sunlight "24643 and 25146  lux.", 63% shade "9118 and 9304 lux.", 73% shade  "6653 and 6790 lux." in the first and second seasons, 
respectively.    
 
Table 3: Effect of light intensity and benzyladenine (BA) treatments on leaf blade dry weight, roots fresh and dry weights/plant of 

Aspidistra elatior plants during the two seasons of  2010/2011 and 2011/2012. 
Season First season (2010/2011) 

Parameters Leaf blade dry weight Mean Roots fresh weight/plant Mean Roots dry weight/plant Mean 
Light intensity 

 
Benzyladenine (BA) 

Full 
sun 

63% 
Shade 

73% 
Shade 

Full 
sun 

63% 
Shade 

73% 
Shade 

Full 
sun 

63% 
Shade 

73% 
Shade 

Control 1.55 3.12 4.04 2.90 85.3 122.1 115.3 107.5 19.56 27.70 26.60 24.62 
BA at 25 ppm 2.17 4.10 5.72 3.99 93.5 129.4 123.0 115.3 21.63 29.56 28.53 26.57 
BA at 50 ppm 2.92 4.97 6.77 4.88 98.2 134.4 129.3 120.6 23.53 30.76 29.60 27.96 
BA at 75 ppm 2.85 5.67 6.97 5.16 101.2 136.5 132.6 123.4 24.53 31.00 30.16 28.56 

Mean 2.37 4.46 5.87  94.5 130.6 125.0  22.31 29.75 28.72  
L.S.D 

at 
0.05 

For light 
intensity 

0.197 5.95 2.39 

For BA 0.227 6.89 2.76 
For the 

interaction 
0.394 11.91 4.79 

 Second season (2011/2012) 
Control 1.81 3.36 4.14 3.10 80.8 118.3 118.5 105.8 18.66 27.23 27.21 24.37 

BA at 25 ppm 2.82 3.36 5.66 4.24 89.4 130.4 129.4 116.4 21.10 29.93 29.43 26.82 
BA at 50 ppm 3.17 4.64 6.28 4.69 96.3 131.0 127.3 118.2 23.40 30.13 29.40 27.64 
BA at 75 ppm 3.76 5.64 7.02 5.47 99.4 132.1 131.3 120.9 23.43 30.33 29.86 27.87 

Mean 2.89 4.47 5.77  91.5 127.9 126.6  21.65 29.40 28.97  
L.S.D 

at 
0.05 

For light 
intensity 

0.276 4.09 1.79 

For BA 0.318 4.73 2.07 
For the 

interaction 
0.551 8.18 3.58 

Full sunlight "24643 and 25146  lux.", 63% shade "9118 and 9304 lux.", 73% shade  "6653 and 6790 lux." in the first and second seasons, 
respectively.  
  
II- Root growth measurements: 
 
 Data in Table (3) indicate that growing Aspidistra plants under 63% or 73% shade were more effective than 
the analogous ones grown under full sunlight condition, with superiority for 63% shade concerning increasing 
the values of fresh and dry weights of Aspidistra roots in both seasons. As for the effect of BA treatments, it was 
observed that all applied concentrations statistically increased the fresh and dry weights of roots/plant, 
especially the high concentration in both seasons. With regard to the interaction effect between light intensity 
and BA concentrations, data in Table (3) reveal that all combinations of 63% or 73% shade significantly 



253 
Res. J. Agric. & Biol. Sci., 9(5): 248-257, 2013 

increased the fresh and dry weights of roots/plant as compared with the combination of full sunlight in both 
seasons. However, the heaviest fresh and dry weights of roots/plant were scored by 75 ppm BA - sprayed plants 
grown under 63% shade in both seasons. 
 These results might be explained according to the role of benzyladenine on promoting proteins synthesis, 
soluble and non-soluble sugars synthesis, or may be due to the ability of benzyladenine for making the treated 
area to act as a sink into which nutrients from other parts of the plant are drawn. Additionally, these results may 
explain the role of cytokinins in promoting proteins and pigments synthesis and their ability to delay senescence 
and withdraw sugars and other solutes from older parts of a plant to the new organs (Salisbury and Ross, 1974). 
In the same line, Leopol and Kawase (1964) stated that cytokinins stimulate the movement of sugars, starch, 
amino acids and many other solutes from mature organs to primary tissues of other ones. Furthermore, may be 
due to the role of benzyladenine on increasing the promoters in the plant tissues at the expense of the inhibitors 
to increase roots growth.  Moreover, it is well established that cytokinins stimulate lateral roots initiation and 
thus increasing the size (number, thickness, fresh and dry weights) (Devlin and Witham, 1983). The 
abovementioned results of benzyladenine are in harmony with those attained by Tjia (1986) on Zantedeschia 
elliotiana, Auda (1992) on Hippeastrum vittatum, Maximoos (1993) on Gerbera jamesonii, Shahin (1998) 
mentioned that treating Crinum and Hemerocallis plants with kinetin at 50 and 75 ppm significantly increased 
the fresh and dry weights of roots. Also, El-Malt et al. (2006) revealed that treating Hippeastrum vittatum plants 
with BA at 20 ppm increased the fresh and dry weights of bulb. The aforementioned results of light intensity are 
in conformity with earlier reports of Hell (1996) on Gerbera plant , Yih and Huang (1998) on five Lily cultivars  
and Salama (2003) who reported that grown Strelitzia reginae plants under shading (range from 17430-17960 
lux.) increased the fresh and dry weights of roots as compared with those grown under full sunlight condition.  
 
III- Chemical composition determinations: 
 
 Data in Tables (4-6) demonstrate that growing Aspidistra plants under 73% and 63% shade were greatly 
effective than those grown under full sunlight condition concerning increasing leaf N,P and K contents , with 
superiority for those grown under 73% shade. While, the highest values of leaf total carbohydrates (mg/g DW), 
total sugars (mg/g FW), total free amino acids (mg/g FW), chlorophyll a&b (mg/g FW) and total carotenoids 
(mg/g FW) contents were gained by growing Aspidistra plants under 63% shade, followed by those grown under 
73% shade. This trend was true in both seasons. Additionally, leaf N, P, K (%), total carbohydrates (mg/g DW), 
total sugars (mg/g FW), total free amino acids(mg/g FW), chlorophyll a&b (mg/g FW) and total carotenoids 
(mg/g FW) contents were progressively increased with increasing the concentration of BA to reach their 
maximum values at the high concentration in both seasons. As for the interaction effect between light intensity 
and BA treatments, it was clear from Tables (4-6) that all combinations of 73% and 63% shade increased leaf N, 
P and K contents, with superior for the combinations of 73% shade in both seasons. Whereas, the highest values 
of total carbohydrates (mg/g DW), total sugars (mg/g FW), total free amino acids(mg/g FW), chlorophyll a&b 
(mg/g FW) and total carotenoids (mg/g FW) were registered by the combinations of 63% shade, followed by the 
combination of 73% shade in both seasons. 
 Generally, the highest leaf N, P and K contents were gained by 75 ppm BA-sprayed plants grown under 
73% shade in both seasons.  While, the highest values of leaf total carbohydrates (mg/g DW), total sugars (mg/g 
FW), total free amino acids(mg/g FW), chlorophyll a&b (mg/g FW) and total carotenoids (mg/g FW) contents 
were scored by 75 ppm BA-treated plants grown under 63% shade in both seasons. As for the explanation of the 
incremental effect of BA on chemical constituents of Aspidistra content, it could be illustrated here on the basis 
that BA treatments stimulated the endogenous cytokinins synthesis as will be mentioned afterwards and there is 
an intimate relationship between cytokinins and chlorophylls metabolism in both excided or detached leaf disks 
and intact plants i.e., cytokinins retard chlorophylls degradation, preserve it and increase its synthesis (Devlin 
and Witham, 1983). Besides, cytokinins activate a number of enzymes participating in a wide range of 
metabolic reactions in the leaves. These reactions included the maturation of proplastid into chloroplasts. These 
enzymes could be divided into two groups according to their response to cytokinins. The first group of enzymes 
could be said to relate to chloroplast differentiation, while the second group could be related to cytokinin 
stimulated group (Kulaeva, 1979). Also, these results may explain the role of cytokinins on promoting proteins 
and pigments synthesis and their ability to delay senescence and withdraw sugars and other solutes from older 
parts of a plant to the new organs (Salisbury and Ross, 1974). In the same line Leopol and Kawase (1964) stated 
that cytokinins stimulate the movement of sugars, starch, amino acids and many other solutes from mature 
organs to primary tissues of other ones. Furthermore, it may be due to the role of benzyladenine on increasing 
the growth promoters in the plant tissues at the expense of the inhibitors. In this concern, Kenneth (1979) 
reported that total control of plant growth is vested not in a single hormonal type – that of auxin – but is shared 
by several specially auxins, cytokinins, gibberellins and ethylene and this further subjected to namely the 
phenols, flavons and absicsic acid. 
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 The aforementioned results of benzyladenine are in conformity with those obtained by Awad et al., (1980) 
on Gladiolus communis, Fikry (1983) on Chrysanthemum morifolium, Al-Moulla (1989) on Croton, Maximoos 
(1993) on Gerbera jamesonii , Shahin (1998) on Crinum and Hemerocallis plants. Also, Youssef and Ismaeil 
(2009) revealed that spraying Clivia miniata plants with kinetin at 100 and 150 ppm significantly increased leaf 
N, P, K, total chlorophylls and total indoles contents, but it decreased leaf total phenols content. The 
abovementioned results of light intensity are in harmony with those attained by Hell (1996) on Gerbera plant, 
Jeong et al. (2009) on six Begonia species, Jalal et al. (2012) on some annual plants and Morsy (2013) indicated 
that grown Strelitzia reginae plants under shading (63% or 73% shade) increased leaf N, P, K, and total 
chlorophylls contents as compared with those grown under full sunlight conditions.  
 
Table 4: Effect of light intensity and benzyladenine (BA) treatments on nitrogen, phosphorus and potassium (%) of Aspidistra elatior leaves 

during the two seasons of 2010/2011 and 2011/2012.  
Season First season (2010/2011) 

Parameters Nitrogen (%) Mean Phosphorus (%) Mean Potassium (%) Mean 
Light intensity 

 
Benzyladenine (BA) 

Full 
sun 

63% 
Shade 

73% 
Shade 

Full 
sun 

63% 
Shade 

73% 
Shade 

Full 
sun 

63% 
Shade 

73% 
Shade 

Control 2.11 2.32 2.52 2.32 0.121 0.131 0.133 0.128 1.213 1.380 1.420 1.338 
BA at 25 ppm 2.61 2.82 2.93 2.78 0.141 0.141 0.153 0.145 1.420 1.427 1.780 1.542 
BA at 50 ppm 2.91 3.06 2.85 2.94 0.152 0.172 0.163 0.163 1.327 1.590 1.730 1.549 
BA at 75 ppm 2.81 3.21 3.34 3.12 0.153 0.162 0.179 0.165 1.490 1.620 1.810 1.640 

Mean 2.61 2.85 2.91  0.142 0.152 0.157  1.363 1.504 1.685  
L.S.D 

at 
0.05 

For light 
intensity 

0.149 0.025 0.152 

For BA 0.172 0.029 0.175 
For the 

interaction 
0.298 0.051 0.303 

 Second season (2011/2012) 
Control 2.22 2.42 2.61 2.42 0.122 0.139 0.131 0.131 1.320 1.430 1.390 1.380 

BA at 25 ppm 2.53 2.91 2.49 2.64 0.151 0.148 0.163 0.154 1.467 1.450 1.630 1.516 
BA at 50 ppm 2.72 3.15 3.13 3.00 0.141 0.151 0.181 0.158 1.487 1.640 1.710 1.612 
BA at 75 ppm 2.92 2.93 3.44 3.10 0.163 0.172 0.178 0.171 1.473 1.620 1.747 1.613 

Mean 2.59 2.85 2.92  0.144 0.153 0.163  1.437 1.535 1.619  
L.S.D 

at 
0.05 

For light 
intensity 

0.224 0.026 0.137 

For BA 0.259 0.030 0.158 
For the 

interaction 
0.448 0.052 0.273 

Full sunlight "24643 and 25146  lux.", 63% shade "9118 and 9304 lux.", 73% shade  "6653 and 6790 lux." in the first and second seasons, 
respectively.    
 
Table 5: Effect of light intensity and benzyladenine (BA) treatments on photosynthetic pigments contents of Aspidistra elatior leaves during 

the two seasons of 2010/2011 and 2011/2012. 
Season First season (2010/2011) 

Parameters Chlorophyll a (mg/g F.W) Mean Chlorophyll b (mg/g F.W) Mean Carotenoids (mg/g F.W) Mean 
Light intensity 

 
Benzyladenine (BA) 

Full 
sun 

63% 
Shade 

73% 
Shade 

Full 
sun 

63% 
Shade 

73% 
Shade 

Full 
sun 

63% 
Shade 

73% 
Shade 

Control 0.311 0.418 0.422 0.383 0.212 0.217 0.216 0.215 0.110 0.115 0.113 0.113 
BA at 25 ppm 0.424 0.563 0.534 0.507 0.318 0.374 0.325 0.339 0.174 0.197 0.182 0.184 
BA at 50 ppm 0.518 0.662 0.643 0.607 0.420 0.475 0.452 0.449 0.211 0.227 0.217 0.218 
BA at 75 ppm 0.625 0.736 0.731 0.697 0.450 0.492 0.474 0.472 0.214 0.234 0.230 0.226 

Mean 0.469 0.595 0.583  0.350 0.389 0.367  0.177 0.193 0.186  
L.S.D 

at 
0.05 

For light 
intensity 

0.04 0.05 0.03 

For BA 0.05 0.07 0.04 
For the 

interaction 
0.10 0.11 0.07 

 Second season (2011/2012) 
Control 0.313 0.420 0.427 0.386 0.215 0.221 0.219 0.218 0.111 0.118 0.121 0.116 

BA at 25 ppm 0.430 0.572 0.541 0.514 0.323 0.379 0.328 0.343 0.176 0.194 0.180 0.183 
BA at 50 ppm 0.521 0.669 0.649 0.613 0.426 0.478 0.461 0.455 0.213 0.229 0.224 0.222 
BA at 75 ppm 0.629 0.745 0.734 0.702 0.461 0.496 0.478 0.478 0.220 0.241 0.234 0.232 

Mean 0.473 0.601 0.588  0.356 0.393 0.371  0.180 0.196 0.189  
L.S.D 

at 
0.05 

For light 
intensity 

0.06 0.07 0.04 

For BA 0.07 0.08 0.06 
For the 

interaction 
0.12 0.13 0.09 

Full sunlight "24643 and 25146  lux.", 63% shade "9118 and 9304 lux.", 73% shade  "6653 and 6790 lux." in the first and second seasons, 
respectively. 
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Table 6: Effect of light intensity and benzyladenine (BA) treatments on total carbohydrates, total sugars and total free amino acids contents 
of Aspidistra elatior leaves during the two seasons of 2010/2011 and 2011/2012. 

Season First season (2010/2011) 
Parameters Total carbohydrates 

mg/g dry weight 
Mean Total sugars 

mg/g fresh weight 
Mean Total free amino acids 

mg/g fresh weight 
Mean 

Light intensity 
 

Benzyladenine 
(BA) 

Full 
sun 

63% 
Shade 

73% 
Shade 

Full 
sun 

63% 
Shade 

73% 
Shade 

Full 
sun 

63% 
Shade 

73% 
Shade 

Control 124.17 161.72 138.85 141.58 10.24 14.30 12.45 12.33 8.12 10.17 9.25 9.18 
BA at 25 ppm 171.24 193.14 186.55 183.64 16.15 19.55 18.70 18.13 10.75 12.55 11.48 11.59 
BA at 50 ppm 182.44 262.34 248.65 231.14 18.34 29.42 27.77 25.17 11.77 15.80 14.74 14.10 
BA at 75 ppm 189.15 286.40 254.42 243.32 20.70 30.45 28.75 26.63 11.14 16.84 15.45 14.48 

Mean 166.75 225.90 207.12  16.36 23.43 21.92  10.45 13.84 12.73  
L.S.D 

at 
0.05 

For light 
intensity 

24.19 2.70 1.12 

For BA 26.21 3.48 1.36 
For the 

interaction 
32.75 4.68 2.45 

 Second season (2011/2012) 
Control 132.41 168.25 143.70 148.12 11.74 15.18 14.50 13.81 8.28 10.35 9.77 9.47 

BA at 25 ppm 176.52 195.38 191.43 187.77 8.34 21.40 20.72 16.82 10.89 12.67 11.91 11.82 
BA at 50 ppm 169.61 272.30 253.52 231.81 17.65 30.84 29.15 25.88 11.94 15.48 14.59 14.00 
BA at 75 ppm 181.23 293.39 264.18 246.27 15.21 32.65 30.52 26.13 12.12 17.50 16.64 15.42 

Mean 164.94 232.33 213.21  13.24 25.02 23.72  10.81 14.00 13.23  
L.S.D 

at 
0.05 

For light 
intensity 

26.15 3.27 1.45 

For BA 28.43 4.87 1.83 
For the 

interaction 
34.62 5.12 2.67 

Full sunlight "24643 and 25146  lux.", 63% shade "9118 and 9304 lux.", 73% shade  "6653 and 6790 lux." in the first and second seasons, 
respectively.    
 
IV- Effect on endogenous phytohormones: 
 
     Data in Table (7) show the changes in endogenous phytohoromones i.e. auxins (IAA), gibberellins, 
cytokinins and abscisic acid (ABA) of Aspidistra elatior  leaves subjected to different light intensity i.e., full 
sunlight, 63% and 73% shade and benzyladenine treatments i.e., 0.0 ppm (control), 25 ppm, 50 ppm and 75 ppm 
as well as their combinations.  
 As for cytokinines, data clearly indicates that the level of cytokinins positively responded to the different 
assigned treatments. It’s increased nearly more two times with 75ppm BA-sprayed plants grown under shade at 
63% when comparing with control. So, the lowest value was in case of the control. Furthermore, for auxin level, 
it was highly increased with different assigned treatments, especially those grown under 73% shade and 
received BA at 75 ppm compared with that of untreated plants. With regard to, gibberellins, data in Table (7) 
also clearly show that the level of gibberellins was increased with different applied treatments compared with 
control, particularly those grown under 73% shade and sprayed with BA at 75 ppm. With respect to, the growth 
inhibitor, (abscises acid) its level was decreased with various assigned treatments compared with the control. 
 In general, increments of cytokinins as well as gibberellins and auxins obtained in the present study could 
be interpret both of the obtained results of growth (Tables,1-3) as well as chemical constituents (Tables,4-6). For 
example, increasing cytokinins could be in favor of increasing the number of formed leaves and leaf area as well 
as their fresh and dry weights. Whereas, increasing gibberellins and auxins could be in favor of increasing plant 
height.  
 
Table 7:  Effect of light intensity and benzyladenine (BA) treatments on endogenous phytohormones content of Aspidistra elatior leaves 

during the 2011/2012 season. 
Parameters 

 
 

Treatments 

Promotors Inhibitors 
Auxins 

(µg/g FW) 
Gibberellins 
(µg/g FW) 

Cytokinins 
(µg/g FW) 

Abscisic acid 
(µg/g FW) 

Full sun 63% 
Shade 

73% 
Shade 

Full sun 63% 
Shade 

73% 
Shade 

Full sun 63% 
Shade 

73% 
Shade 

Full sun 63% 
Shade 

73% 
Shade 

Control 
 

15.80 18.74 22.52 16.50 19.66 20.65 8.50 10.25 9.83 2.84 2.20 2.14 

BA at 25 ppm 23.18 26.15 34.24 32.75 38.48 46.15 10.63 18.97 11.70 2.13 1.90 1.88 
BA at 50 ppm 28.55 31.72 38.36 36.50 39.22 58.44 11.74 20.52 13.42 1.22 1.07 0.96 
BA at 75 ppm 30.48 33.57 45.22 41.17 43.27 63.70 12.57 22.18 16.15 0.94 0.50 0.75 

Full sunlight "24643 lux.", 63% shade "9118 lux.", 73% shade  "6653 lux." in the second seasons.    
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  The abovementioned results are of great interest, since the increment of endogenous cytokinins that clearly 
could be explained the improvement of all growth characteristics obtained in the present study. Since, cytokinins 
is known as shooting hormones (Salisbury and Ross, 1974) e.g. number of leaves and leaf area were 
significantly increased as well as the significant increase in leaves fresh and dry weights. Also, of interest is to 
note that these treatments was accompanied with significant increase in plant height that is being more 
expectable when related with the obtained increasing in endogenous GA3 and auxin levels. Besides, of interest 
the conclusion that such treatment ornamentally is being of economic value. Since more marketable 
characteristics of making this plant as an attractive pot plant were achieved. 
 The abovementioned results have been previously recommended. Since, other studies reported the increase 
of endogenous cytokinins, gibberellins and auxins as well as reduction of endogenous ABA at the same time. Of 
these studies are Hedden and Graebe (1985) and Youssef (2004).  
 Conclusively, in order to produce good quality Aspidistra elatior plants with higher leaves, it is preferable 
to grow the plants under shade conditions (73% or 63%) and spray with benzyladenine at 75 or 50 ppm. 
Additionally, the plants that grown under full sunlight conditions could give the previously mentioned 
prospective traits when enriched with benzyladenine treatments. 
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