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ABSTRACT 

 
 This research was carried out during two successive seasons of 1998 and 
1999 at the Experimental Station of the Veget. and Floric. Dept., Faculty of 
Agriculture, Mansoura University on Schefflera arboricola plants for maintenance their 
quality during the indoor environment period. The research included 4 methods for 
acclimatization as follows : 1- Non-acclimatized plants (control plants): plants were 
transferred to plastichouse for 3 months (from March 1st to May 30th) and after this 
period plants were moved directly to the interior environment room for 4 months (from 
June 1st to September 30th).   2- Acclimatization method No.1: plants were transferred 
to lathhouse for 3 months (from March 1st to May 30th), then moved to interior 
environment room for 4 months (from June 1st to September 30th). 3- Acclimatization 
method No.2: plants were transferred to shading place for 45 days (from March 1st to 
April 15th). After this period, plants were moved to lathhouse for   45 days (from April 
15th to May 30th) and then they were transferred to interior environment room for 4 
months (from June 1st to September 30th) and acclimatization method No.3: plants 
were transferred to lathhouse for 45 days (from March 1st to April 15th), and then 
moved to shading place for another 45 days (from April 15th to May 30th). After this 
period, plants were transferred to the interior environment room for 4 months (from 
June 1st to September 30th). Each of these methods were treated with four treatments 
of fertilization with N, P and K at  242N-81P-161g K2O/m2/year and spraying with α-
naphthalene acetic acid (NAA) at 200 ppm solely or in combination with NPK. Data 
was recorded for vegetative growth characteristics as well as leaf chlorophyll content, 
total soluble sugars content and leaves mineral contents. 
 The obtained results indicated that the highest number of new leaves 
formation was obtained from non-acclimatized plants when were treated with NPK 
comparing with the other treatments, during the acclimatization period. However, the 
non-acclimatized plants had no leaves abscission when treated with all chemical 
treatments during the acclimatization period in both seasons. The highest total 
number of leaves was obtained from plants acclimatized by method No.2 and fertilized 
with NPK at the end of interior holding period. The highest increases in plant height 
were achieved from non-acclimatized plants when fertilized with NPK comparing with 
the other treatments during the acclimatization and interior holding periods. The tallest 
final plants were detected in non- acclimatized plants when treated with NPK during 
the acclimatization period while, the shortest plants were obtained from plants treated 
with acclimatization method No.2 and without chemical treatments in both seasons. 
The largest stem thickness and tallest terminal three internodes were observed from 
non-acclimatized plants and without chemical treatments comparing with other 
treatments in both seasons. While, the longest leaves petiole and highest value of 
leaves area were recorded in plants acclimatized by method No.2 and fertilized with 
NPK comparing with other treatments in both seasons and in the first season, 
respectively. 
 The highest chlorophyll content in new and old leaves resulted from plants 
treated with acclimatization method No.2 and fertilized with NPK comparing with other 
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treatments in both seasons. The significantly highest soluble sugars content was 
obtained from non-acclimatized plants when treated with NAA comparing with the 
other treatments in both seasons. Additionally, the highest nitrogen percentages were 
obtained from plants acclimatized by method No.2 and fertilized with NPK comparing 
with control plants in both seasons. The highest phosphorus percentages resulted 
from plants acclimatized by method No.3 and treated with NAA. Finally, the highest 
potassium percentages resulted from non-acclimatized plants without chemical 
treatments comparing with the other treatments in both seasons. Also, the results 
indicated that NPK fertilizer increased the thickness of leaflet blade and midrib as well 
as number of vessels at all acclimatization methods. Moreover, acclimatization 
method No.3 gave the highest thickness of blade leaflet of plants fertilized with NPK 
while, NAA caused a slight increase in this respect. 
 It is recommended that, foliage plant producers should acclimatized plants of 
Schefflera arboricola for maintaining their quality during the interior environment 
period by transferring plants to shading place for 45 days. Afterwards, the plants 
should be moved to lathhouse for another 45 days and then transfer to the interior 
environment room for 4 months (method No.2). Additionally, plants should be  
fertilized by 242g N, 81g P2O5 and 161g K2O/m2 per year during the acclimatization 
period.    

 
INTRODUCTION 

 
 The use of ornamental foliage plants for the decoration of offices, 
stores and other indoor environments is rapidly increasing. Schefflera 
(umbrella tree/star leaf/parasol leaf) is one of the most beautiful indoor plants. 
More commonly Schefflera is used for large size specimen plants. The indoor 
climate conditions differ exteremly from those found in the production 
greenhouse. Transferring plants from production greenhouse to an interior 
environment occurs leaf drop, tip burn of older leaves and death of apical 
meristem which reduce its aesthetic appeal. 
 Acclimatization refers to the climatic adaptation of plant to a new 
environment (Conover and Poole, 1984b), specifically, moving foliage plants 
from the optimum conditions to the limiting conditions of an interior 
environment. Conover (1975) showed that acclimatization prior to placement 
indoors is beneficial to most foliage plants. The length of acclimatization as 
well as the type of acclimatization varies for foliage plants from one to 
another. Vlahos and Boodley (1974) stated that Brassaia actinophylla should 
be acclimatized for at least 8 weeks before being placed in rooms with low 
light intensities. Many environmental and cultural factors have been shown to 
influence acclimatization. However, the major factor considered by growers is 
light level during production (Conover and Poole, 1984b). Light affects 
numerous physiological processes such as photosynthesis, chlorophyll 
synthesis and absorption of water and electrolytes. Nutrition has been shown 
to directly influence the level of acclimatization on some foliage plants 
(Conover, 1987). Plant hormones and synthetic growth regulating chemicals 
play an important role in plant growth and development as well as shedding 
of plant organs. Naphthalene acetic acid (NAA) as an effective compound 
has been used to reduce abscission (Marini et al., 1993). 
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 The objective of this research was to determine influences of 
fertilization, NAA spray, various acclimatization treatments and their 
interactions on growth and quality of Schefflera arboricola Pov. during the 
acclimatization and interior holding periods. 
 

MATERIALS AND METHODS 
 

 The experiments were carried out in the Experimental Station of the 
Ornamental Plant Dept., Faculty of Agriculture, Mansoura Univ., Egypt during 
the two successive seasons of 1998 and 1999. 
 The plant used in this research was Schefflera arboricola Pov. Family 
Araliaceae. Uniform one year old plants (about 0.8 cm stem thickness and 30 
cm length) were obtained from the production greenhouse of the 
Experimental Station of the Faculty of Agriculture at the end of February 1998 
and 1999 seasons. The plants were directly grown (transplanted) in 25 cm 
pots filled with a mixture of clay and peat moss (1:1 v/v). The grown plants in 
the polyethylene greenhouse were kept under an intermittent mist. While, 
plants in the shading place, lathhouse, plastichouse and in the interior 
environment room were watered twice/week according to (Conover and 
Poole, 1981). 
 Three chemical fertilizers were used : urea (46 % N), calcium 
superphosphate (16 % P2O5) and potassium sulphate (48 % K2O) in the 
following combination : 242.0 g N, 81.0 g P2O5 and 161.0 g K2O/m2 per year 
as recommended by Conover and Poole (1984a). The fertilizers were 
dissolved in irrigation water and each plant received about 100 ml. The 
fertilizer was added every two weeks during acclimatization period only. No 
fertilizers were applied during the interior holding period (Pass and Hartley, 
1979). Control treatment was not treated with any fertilizer. 
 α-naphthalene acetic acid (NAA) was used as a foliar spray at 200 
ppm to inhibit leaves abscission of plants. Plants received the NAA treatment 
once 5 days before plants were moved from production greenhouse except 
that of the non-acclimatization plants which received the NAA treatment 5 
days before plants were moved to the interior holding period. The plants were 
sprayed in the early morning until run off. 
 Each experiment included 4 methods for acclimatization treatments 
as follows : 

1- Non-acclimatized plants (control plants) : plants were transferred to the 
plastic house for 3 months (from March 1st to May 30th), after this 
period, plants were moved directly to the interior environment room for 
4 months (from June 1st to September 30th). 

2- Acclimatization method No.1 : plants were transferred to the lathhouse 
for 3 months (from March 1st to May 30th), then were moved to interior 
environment room for 4 months (from June 1st to September 30th). 

3- Acclimatization method No.2 : plants were transferred to a shading 
place for 45 days (from March 1st to April 15th), after this period, plants 
were moved to lathhouse for 45 days (from April 15th to May 30th), and 
then they were transferred to interior environment room for 4 months 
(from June 1st to September 30th). 
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4- Acclimatization method No.3 : plants were transferred to the lathhouse 
for 45 days (from March 1st to April 15th), and then moved to shading 
place for another 45 days (from April 15th to May 30th). After this period, 
plants were transferred to the interior environment room for 4 months 
(from June 1st to September 30th). 

Each of acclimatization methods included four treatments as follows : 
1- Control plants. 
2- Fertilization with 242g N, 81.0g P2O5 and 161.0g K2O/m2 per year. 
3- Spraying with NAA at 200 ppm. 
4- Fertilization with 242.0g N, 81.0g P2O5 and 161.0g K2O/m2 per year + 

spraying with NAA at 200 ppm. 
Light intensity measurements : 
 Light intensity in the plastichouse, lathhouse, shading place and 
interior environment room were measured by a Lux meter (LX-101 Lux meter) 
40 cm above the soil surface in the container. Means of light intensity were 
measured during the acclimatization and interior holding periods during 1998 
and 1999 seasons as follows : 

 
Months 

 

Light intensity (Lux) during acclimatization period 

March  April  May  

Season  1998 1999 1998 1999 1998 1999 

Plastic house  4148 4268 5014 5340 5140 5450 

Lath house 843 890 1089 1054 1372 1241 

Shading place 3067 3180 3593 3770 4199 4485 

 Interior holding period 

Month  June  July  August  September 

Season  1998 1999 1998 1999 1998 1999 1998 1999 

Interior environment room 90 103 99 104 107 94 82 88 
 

Temperature and humidity : 
 Average temperature and humidity were recorded during the 
acclimatization and interior holding periods for both seasons as follows : 

Measurement 
Month 

Temperature (OC) Relative humidity 
(%) Maximum temp. Minimum temp. 

 1998 season 

Acclimatization period 

March 18.0 9.3 70.0 

April 25.0 12.0 74.7 

May 28.0 19.0 72.0 

Interior holding period 

June 32.0 21.0 77.0 

July 32.4 20.0 80.0 

August 33.8 22.0 79.0 

September 33.0 20.0 73.0 

 1999 season 

Acclimatization period 

March 20.5 10.3 66.0 

April 25.5 9.3 73.5 

May 28.5 15.0 68.0 

Interior holding period 

June 31.0 18.0 73.0 

July 30.5 20.0 80.0 

August 31.0 22.4 80.0 

September 32.0 19.0 81.0 
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The temperature in the production greenhouse were 31-33 oC (at 
day), 24-28 oC (at night). The humidity in the production greenhouse were 65-
70% (at day), 70-80% (at night) depending on the outside conditions. 
Shading place is a pergola made from metal with 10 m length, 4 m width and 
6 m height and covered with asbestus sheets. 

In both seasons, the vegetative growth parameters were recorded at 
the end of the acclimatization and interior holding periods, expressed as : 
number of new leaves per plant, number of leaves abscission per plant, total 
number of leaves was recorded at the end of the experiment, the increase in 
plant height (cm), final plant height (cm) were obtained by measuring the 
length from the soil surface to the top of uppermost leaves at the end of the 
experiment, stem thickness (cm) was measured 15 cm above soil surface, 
length of the terminal three internodes (cm), petiole length (cm) was 
measured from recently mature leaves which were produced during interior 
holding period and leaf area (cm2) from the removed five leaves for each 
replicate was subjected to cut 20 disks, weighed and calculated according to 
the following equation : 
 
                                    Weight of five leaves X No. leaves/plant X area of 20 disks 

Plant leaf area (cm2) = ------------------------------------------------------------------------------- 
                                                                         Weight of 20 disks 

 
The chlorophyll contents were recorded at the end of the experiment 

using Minolta SPAD chlorophyll meter (Yadova, 1986). The readings of 
chlorophyll meter were taken as average of new and old leaves from the plant 
top and were done on the three middle leaflets. The chemical analysis was 
done at the end of the experiment in leaves taken at the end of interior 
holding period and were dried at 70 oC until a constant weight was obtained 
and finely ground for sugars and NPK determination according to the 
following methods : 
 Sugars content was measured using spectrophotometer (Spekol) as 
described by Dubois et al. (1956). Nitrogen content was determined by 
improved kjeldahl method as described by A.O.A.C. (1980). Phosphorus 
content was determined using Ziess spectrophotometer (Spekol) as 
described by Jackson (1967). Potassium content was estimated as described 
by Jackson (1967). Sample sections for microscopic examination were taken 
from the central region around the midrib of terminal leaflet blade of the 3rd 
upper internode of the main stem at the end of the acclimatization. The 
microscopic examination and photo-graphy were carried out as described by 
Gerlach (1977). 
 The experimental design was Factorial experiment with Experimental 
block design with three replicates. All the obtained data in both seasons were 
statistically analyzed using the analysis of variance (ANOVA) method and 
means were compared by L.S.D at probability of 5 % according to Gomez 
and Gomez (1984).   
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RESULTS AND DISCUSSION 
 

From the numerous data obtained, the interactions between different 
treatments were only selected and presented herein. 
 
Vegetative growth characters : 
Number of new leaves per plant : 
 The results in Table (1) indicated that, the highest number of new 
leaves formation (4.50 and 5.50) was obtained from non-acclimatized plants 
when treated with NPK fertilization comparing with the other treatments 
during the acclimatization period in both seasons, respectively. 
  
Table (1):  Effect  of  the  interaction  between  NPK,  NAA  and  different     
                  acclimatization methods on number of new leaves  formed on 
                  Schefflera  arboricola  during  the  acclimatization  and 

interior      holding periods of 1998 and 1999 seasons. 

                 Measurement 
 

 
 
 

 
 

Treatments 

Number of new leaves formation (leaves/plant) 

Acclimatization methods 

Acclimatization period Interior holding period 
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                             1998 season 

Control 3.50 2.00 1.00 1.25 0.75 0.25 1.75 1.50 

NPK at 242 N - 81 P - 161 
K g/m2/y  

4.50 1.75 2.75 2.25 1.50 0.25 2.25 1.25 

NAA at 200 ppm 3.50 0.50 2.25 2.50 1.75 0.25 1.75 0.50 

NPK + NAA 4.00 1.00 2.00 1.00 0.50 0.75 0.50 1.25 

L.S.D at 5 % 1.13 0.65 

                               1999 season 

Control 3.75 1.00 1.50 1.00 0.25 0.25 1.50 1.00 

NPK at 242 N - 81 P - 161 
K g/m2/y  

5.50 2.50 1.50 1.50 1.75 0.25 2.00 1.00 

NAA at 200 ppm 3.50 1.00 1.75 2.25 1.25 0.50 1.50 0.25 

NPK + NAA 4.75 1.00 1.50 1.00 0.25 0.75 0.25 1.00 

L.S.D at 5 % 0.80 0.53 

 
These results were in agreement with the results mentioned by 

Johnson et al. (1979) who reported that, leaf development of Ficus benjamina 
increased as N fertilization increased. The high increases in number of new 
leaves formation with fertilization treatment only could be attributed to the 
high response of acclimatized plants to an interior environment room, since 
the nutritional levels during the production will be very beneficial in aiding a 
plant to acclimatize to an interior environment room (Conover, 1987). 
 
Number of leaves abscission per plant : 
 The data presented in Table (2) showed that, the non-acclimatized 
plants had no leaves abscission when treated with all chemical treatments 
during the acclimatization period in both seasons. These results coincided 
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with the results obtained by Vlahos and Boodley (1974) who found that 
fertilization during acclimatization period should be kept to a minimum level to 
avoid leaf drop of Brassaia actinophylla. 
 
Table (2) : Effect  of  the interaction between NPK, NAA and different                   

acclimatization methods on  number of  leaf abscission  of                  
Schefflera arboricola during the acclimatization and interior                   
holding periods of 1998 and 1999 seasons. 

                  Measurement 
 
 
 
 
 
 
 

Treatments 

Number of leaf abscission (leaves/plant) 

Acclimatization methods 

Acclimatization period Interior holding period 
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                                           1998 season 

Control ---* 1.50 1.75 2.75 8.50 9.00 1.25 5.00 

NPK at 242 N - 81 P - 161 K 
g/m2/y  

---* 0.25 0.25 1.00 8.00 5.75 0.50 3.25 

NAA at 200 ppm ---* 3.00 0.75 2.75 9.25 7.25 2.25 10.2 

NPK + NAA ---* 1.50 1.00 1.75 12.0 10.5 3.75 10.0 

L.S.D at 5 % 1.02 1.67 

                                            1999 season 

Control ---* 1.00 0.75 2.25 8.00 8.00 2.25 6.50 

NPK at 242 N - 81 P - 161 K 
g/m2/y  

---* 1.00 0.50 0.75 7.00 4.25 0.25 3.5 

NAA at 200 ppm ---* 2.00 1.00 3.00 9.00 6.50 3.00 8.50 

NPK + NAA ---* 0.75 1.00 2.00 10.8 11.2 3.00 8.75 

L.S.D at 5 % 0.94 1.46 

* No leaves abscission  

 
The lowest numbers of leaf abscission (0.25 and 0.50 leaves) and 

(0.50 and 0.25 leaves) were obtained from treated plants with NPK 
fertilization and acclimatization method No.2 during the acclimatization and 
interior holding periods in both seasons, respectively. Similar results were 
obtained by Poole and Conover (1982) who reported that, plants of Ficus 
benjamina grown under 30 % shade at the higher fertilize level showed 
dropped of the most leaves, three times more than plants grown under 60 % 
shade at the lower fertilizer rate. Additionally, plants treated with 
acclimatization method No.2 and NAA or NPK + NAA significantly decreased 
the number of leaf abscission comparing with the other treatments during the 
interior holding period. These results may be attributed to the role of NAA to 
reduce leaves abscission (Gaash et al., 1993). 
 
Total number of leaves per plant : 
 The data in Table (3) showed that, the highest total number of leaves 
(24.2 and 22.7 leaves) resulted from treated plants with acclimatization 
method No.2 and fertilized with NPK during the interior holding period in both 
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seasons, respectively. These results may be due to increasing carbohydrate 
storage when plants were moved from the greenhouse to shading place for  
45 days  which  had  high light  intensity. Milks et al., (1979) found that 
increasing shade decreased carbohydrate levels in Ficus benjamina leaves 
and roots during production and interior holding phases. Increasing 
fertilization rate during production phase leads to an increase in root 
carbohydrates. Moreover, root and shoot carbohydrates were reduced during 
interior holding phase. 
 
Table (3) : Effect of the interaction between NPK,  NAA  and  different                    

acclimatization  methods  on   total  number  of   leaves  of                   
Schefflera arboricola at the end of interior holding periods  
of 1998 and 1999 seasons. 

                Measurement 
 
 
 
 
 

Treatments 

Total number of leaves per plant 
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 1998 season 1999 season 

Control 15.7 11.7 19.7 16.2 16.0 12.2 19.5 15.2 

NPK at 242 N - 81 P - 161 K 
g/m2/y  

17.5 16.2 24.2 18.2 20.2 18.5 22.7 18.5 

NAA at 200 ppm 16.0 10.5 21.0 10.0 15.7 13.0 19.2 10.7 

NPK + NAA ---* 9.2 17.8 ---* 14.2 ---* 17.0 11.0 

L.S.D at 5 % 1.9 1.5 

* Plants died during the interior environment period. 

 
Plant height (cm) : 
The increase in plant height per plant : 
 Dealing with the results presented in Table (4), it was indicated that 
non-acclimatized plants when fertilized with NPK gave significant increases in 
plant height comparing with the other treatments during the acclimatization 
and interior holding periods in both seasons. The highest increases in plant 
height (6.50 and 6.83 cm) and (9.0 and 10.4 cm) were noticed in non-
acclimatized plants fertilized with NPK during the acclimatization and interior 
holding periods comparing with the other treatments in both seasons, 
respectively. These results were in agreement with the results obtained by 
Joiner et al., (1977) who found that plant height of Dieffenbachia amoena was 
not affected by different shade levels. 
 The non-acclimatized plants or acclimatized by method No.3 when 
treated with NPK + NAA died at the end of the interior holding period in the 
first season. While, the treated plants with acclimatization method No.1 and 
NPK + NAA died at the end of the interior holding period in the second 
season. It may be observed that plants died in some cases. It is well known 
that plant growth is greatly affected by many variable factors. Prevailing 
environment, growth regulators and nutrient equilibrium may be the important 
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reasons leading to plant poor growth or death. Conover (1987) concluded 
that, when a foliage plant grown under high light density is moved to a low 
light density environment, physiological stress will cause an immediate 
reduction in photosynthetic rate. If the combination of physiological changes 
and production of new leaves has raised the plant above the light 
compensation point, it will probably live. On the other hand, if it has not, the 
plant will eventually die, since most stored food would have been consumed 
after eight to ten weeks. Also, Min and Lee (1992) reported that, plants of 
Ficus benjamina grown under natural light were taller than those grown under 
shade. 
 

Table (4) : Effect of the interaction between NPK, NAA and different 
accli- matization  methods  on  the  increase in  plant height  
(cm)  of Schefflera  arboricola  during  the  acclimatization  
and interior holding periods of 1998 and 1999 seasons. 

Measurement 
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The increase in plant height (cm) 
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 1998 season 1999 season 

Control 5.25 3.13 1.00 3.00 3.63 0.63 0.63 2.50 4.00 2.75 1.25 2.88 3.90 0.75 0.43 2.50 

NPK at 242 N 
- 81 P - 161 K 

g/m2/y  
6.50 2.3 2.00 2.88 9.00 1.38 1.88 2.00 6.83 2.75 2.00 2.63 10.4 1.10 1.63 2.18 

NAA at 200 
ppm 

5.63 1.63 3.38 2.88 2.13 0.75 1.50 0.75 4.25 1.50 2.03 2.00 2.25 0.83 0.88 1.58 

NPK + NAA 6.13 1.50 1.75 1.38 ---* 1.13 1.25 ---* 6.70 1.38 1.30 1.00 3.38 ---* 0.58 1.45 

L.S.D at 5 % 0.80 0.51 0.69 0.85 

* Plants died during the interior environment period. 
 

Final plant height : 
 Data in Table (5) revealed that, the tallest final plant heights (44.5 
and 47.2 cm) were obtained from non-acclimatized plants when fertilized with 
NPK comparing with the other treatments during the acclimatization period in 
both seasons, respectively. Increasing plant height may be due to the high 
carbohydrate rates in roots (Milks et al., 1979). While, the shortest final plant 
heights (31.6 and 31.7 cm) were obtained from treated plants with 
acclimatization method No.2 in both seasons, respectively. 
Stem thickness (cm) : 
 The data in Table (6) indicated that, using different treatments of 
fertilization, NAA and acclimatization methods resulted in non-significant 
effect on stem thickness comparing with the control plants. The largest stem 
thickness (1.03 and 0.92 cm) was obtained from the non-acclimatized plants 
in both seasons, respectively. These data are in accordance with the results 
obtained by Conover and Poole (1977) since they reported that stem 
diameter of Ficus benjamina was significantly decreased as shading 
increased from 0 to 80 %. 



Hussein, H.A.A. et al. 

 2926 

Table (5) : Effect of the interaction between NPK, NAA and different 
accli- matization  methods  on  final  plant height  (cm) of  
Schefflera  arboricola  of  1998 and 1999 seasons. 

                         Measurement 
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Final plant height (cm) 

Acclimatization methods 
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 1998 season 1999 season 

Control plants 38.9 33.8 31.6 35.5 37.9 33.5 31.7 35.4 

NPK at 242 N - 81 P - 161 K g/ m2/y  44.5 33.8 32.9 34.9 47.2 33.9 33.6 34.8 

NAA at 200 ppm 37.8 32.4 34.9 33.6 36.5 32.3 32.9 33.6 

NPK + NAA ---* 32.6 33.0 ---* 40.1 ---* 31.9 32.5 

L.S.D at 5 % 0.9 1.3 

* Plants died during the interior environment period. 
 

Length of terminal three internodes and length of leaf petiole : 
 Results in Table (6) indicated that, the tallest terminal three 
internodes (5.58 and 5.33 cm) were produced with non-acclimatized and 
unfertilized plants in both seasons, respectively. Moreover, the longest leaf 
petiole (11.20 and 11.68 cm) resulted from plants fertilized with NPK and 
acclimatized by method No.2 in both seasons, respectively. These results are 
in harmony with the findings of Doley (1978) who found that, grown plants of 
Eucalyptus grandis in shaded habitats develop longer and narrower 
internodes than those in full sun counterparts. Also, Vladimirova et al. (1997) 
mentioned that, larger internodes were obtained in plants grown in 63 % 
shade while smaller internodes were in plants grown in 80 % shade. 
Leaf area (cm2) : 
 The results in Table (7) indicated that, the significantly largest leaf 
area (1635.1 cm2) was observed in treated plants with NPK fertilizer and 
acclimatization method No.2 comparing with the other treatments in the first 
season. These results are in harmony with the findings of Sarracino et al. 
(1992) who stated that total leaf area increased in Leea coccinea plant with 
each increment in shade from 0 % to 63 %. Also, Vladimirova et al., (1997) 
concluded that, total leaf area displayed a quadratic response with a peak at 
80 % shade. 
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Table (6) :Effect of the interaction between NPK, NAA and different 
accli- matization  methods on stem thickness (cm), length of 
terminal three  internodes (cm)  and  length  of  leaves  
petiole  (cm) of  Schefflera arboricola of 1998 and 1999 
seasons. 

   Measurement 
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Stem thickness (cm) 
Length of terminal three 
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Length of leaf petiole (cm) 
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 1998 season 

Control plants 1.03 0.77 0.92 0.94 5.58 3.75 1.58 2.35 10.38 5.45 6.25 2.00 

NPK at 242 N - 
81 P - 161 K 

g/m2/y  
0.79 0.74 0.93 0.75 4.63 2.38 2.75 3.08 4.13 9.63 11.20 10.7 

NAA at 200 ppm 0.70 0.71 0.74 0.76 2.75 2.25 1.63 2.13 9.38 0.00 11.05 10.37 

NPK + NAA ---* 0.70 0.70 ---* ---* 2.50 2.50 ---* ---* 5.38 ---* ---* 

L.S.D at 5 % 0.17 0.75 1.64 
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 1999 season 

Control plants 0.92 0.85 0.71 0.77 5.33 3.80 1.73 2.18 11.25 6.58 7.25 2.50 

NPK at 242 N - 81 P 
- 161 K g/m2/y  

0.89 0.71 0.86 0.80 4.88 2.50 2.55 3.20 5.25 10.13 11.68 12.13 

NAA at 200 ppm 0.89 0.72 0.83 0.81 2.93 2.30 1.93 2.23 9.88 3.55 11.08 11.00 

NPK + NAA 0.83 ---* 0.76 0.76 3.05 ---* 2.63 1.83 ---* ---* 5.75 ---* 

L.S.D at 5 % N.S 0.80 1.72 

* Plants died during the interior environment period. 
 
Chemical analysis : 
Chlorophyll content : 
 Data in Table (8) showed that, the significantly highest chlorophyll 
contents in the new leaves (49.7) were obtained from treated plants with NPK 
fertilizer and acclimatization method No.2 comparing with the control plants 
and other treatments in the first season. On the other hand, the same 
treatments produced the significantly highest chlorophyll contents in old 
leaves (58.0 and 55.9) comparing with the control plants and other treatments 
in both seasons, respectively. These results were in agreement with those of 
Anderson et al., (1973) who stated that chlorophyll content of the shaded 
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plants of Alocasia was to be four or five times higher than spinach plants 
growing in full sun. Also, Conover and Poole (1977) reported that chlorophyll 
content (mg/cm2) of leaf tissue of Ficus benjamina was highest under 40 and 
80 % shade. 
 
Table (7) :Effect of the interaction between NPK, NAA and different 

accli- matization  methods  on  leaf  area   (cm2/plant)  of  
Schefflera  arboricola of 1998 and 1999 seasons. 

Measurement 
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Leaf area (cm2/plant) 

Acclimatization methods 

C
o
n
tr

o
l 
p
la

n
ts

 
(n

o
n
-a

c
c
lim

.)
 

M
e

th
o
d
 N

o
.1

 

M
e

th
o
d
 N

o
.2

 

M
e

th
o
d
 N

o
. 
3
 

C
o
n
tr

o
l 
p
la

n
ts

 
(n

o
n
-a

c
c
lim

.)
 

M
e

th
o
d
 N

o
.1

 

M
e

th
o
d
 N

o
.2

 

M
e

th
o
d
 N

o
. 
3
 

 1998 season 1999 season 

Control 1540.5 519.1 1076.1 1182.1 1634.4 530.0 1061.6 1130.9 

NPK at 242 N - 
81 P - 161 K 

g/m2/y  
1618.3 926.1 1635.1 1323.9 1872.7 1057.9 1519.1 1344.5 

NAA at 200 ppm 962.3 683.8 1512.1 484.5 888.7 821.4 1414.2 536.2 

NPK + NAA ---* 454.6 1187.7 ---* 1298.7 ---* 1130.8 660.8 

L.S.D at 5 % 81.5 71.7 

* Plants died during the interior environment period. 
 

Table (8): Effect of the interaction between NPK, NAA and different  
accli-  matization  methods  on  leaf  chlorophyll content in 
old and new  leaves of Schefflera arboricola of 1998 and 
1999 seasons. 

Measurement 
 
 
 
 

Treatments 

Total chlorophyll (SPAD) reading in 
new leaves 

Total chlorophyll (SPAD) reading in 
old leaves 

Acclimatization methods Acclimatization methods 
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 1998 season 1999 season 1998 season 1999 season 

Control 36.7 45.9 38.2 46.9 40.3 37.8 42.9 36.7 37.7 48.8 49.5 47.3 43.3 50.1 49.3 48.2 

NPK at 242 N 
- 81 P - 161 K 

g/m2/y  
36.8 46.6 49.7 37.0 42.9 49.9 41.6 39.5 38.1 49.6 58.0 38.7 42.5 46.0 55.9 50.5 

NAA at 200 
ppm 

41.9 41.1 43.8 42.6 29.0 49.4 44.1 49.1 43.7 49.5 51.9 44.2 27.2 48.9 50.3 44.7 

NPK + NAA ---* 28.2 37.9 ---* 29.2 ---* 45.4 41.2 ---* 30.6 44.7 ---* 40.7 ---* 52.4 44.8 

L.S.D at 5 % 4.0 9.7 6.9 8.1 

* Plants died during the interior environment period. 
 

Total soluble sugars content : 
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 Data in Table (9) showed that, the significantly highest soluble sugars 
content (20.73 and 21.56 mg/g) were obtained from non-acclimatized plants 
when treated with NAA at 200 ppm comparing with the other treatments in 
both seasons, respectively.  
 
Table (9) :Effect   of   the  interaction  between  NPK,  NAA  and  

different acclimatization    methods   on   total   soluble   
sugars content, nitrogen, phosphorus and potassium % of 
Schefflera arboricola of 1998 and 1999 seasons. 

Measurement 
 
 
 
 

Treatments 

Total soluble sugars 
content (mg/g) 

Nitrogen % Phosphorus % Potassium % 
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 1998 season 

Control 10.94 9.64 16.21 12.48 1.80 1.08 1.40 2.16 0.044 0.092 0.152 0.250 2.20 1.76 3.08 3.75 

NPK at 242 N - 
81 P - 161 K 

g/m2/y  
10.49 13.64 17.54 11.86 2.86 2.00 3.40 2.31 0.172 0.118 0.186 0.202 2.51 3.37 2.31 3.36 

NAA at 200 
ppm 

20.73 4.84 16.61 10.65 1.62 1.20 2.41 1.76 0.110 0.102 0.256 0.314 1.80 3.46 2.69 2.50 

NPK + NAA ---* 10.35 14.23 ---* ---* 1.69 2.34 ---* ---* 0.058 0.243 ---* ---* 1.72 2.70 ---* 

L.S.D at 5 % 1.37 0.38 0.039 0.55 
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Total soluble sugars 
content (mg/g) 
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 1999 season 

Control 10.94 10.05 15.94 12.51 1.82 1.06 1.42 2.06 0.046 0.093 0.156 0.247 2.25 1.73 3.12 3.61 

NPK at 242 N 
- 81 P - 161 K 

g/m2/y  
10.88 13.66 17.05 12.11 3.03 2.10 3.45 2.36 0.167 0.120 0.172 0.202 2.62 3.41 2.00 3.40 

NAA at 200 
ppm 

21.56 5.06 16.21 10.16 1.65 1.25 2.21 1.68 0.110 0.109 0.251 0.314 1.83 3.01 2.91 2.53 

NPK + NAA 11.71 ---* 15.02 11.57 1.82 ---* 2.24 1.72 0.055 ---* 0.240 0.052 2.33 ---* 2.73 1.73 

L.S.D at 5 % 1.23 0.33 0.035 0.52 

* Plants died during the interior environment period. 
 

 These results may be attributed to increment in chlorophyll contents 
and reducing respiration during the interior holding period which led to 
increase carbohydrate levels. Fonteno and McWilliams (1978) reported that 
shade reduced dark respiration resulting in lower carbohydrate requirements 
in plants. Moreover, Reyes et al., (1996b) suggested that, Chamaderorea 
elegans grown under the intermediate and lowest irradiance levels, having 
lower LCP, presumably had a greater photosynthetic efficiency in the low 
irradiance interior environment. Thus, plants were able to produce new fronds 
without depleting carbohydrate reserves. 
Nitrogen percentage : 
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 Data in the same Table showed that, the significantly highest 
nitrogen percentages (3.40 and 3.45 %) resulted from fertilized plants with 
NPK and acclimatized by method No.2 comparing with control in both 
seasons, respectively. Nitrogen percentage increases during acclimatization 
method No.2 was affected by fertilization with NPK which may be attributed to 
increasing the ammonium and nitrate uptake during the first phase of this 
method which is characterized with high light intensity. Van Egmond (1978) in 
this concern reported that ammonium and nitrogen uptake were greater in the 
light and increased with increasing light intensity. 
 

Phosphorus percentage : 
 Data in the same Table showed that, the highest phosphorus 
percentage (0.314 % for each season) resulted from treated plants with 
acclimatization method No.3 and NAA comparing with control and the other 
treatments in both seasons, respectively. 
 
 

 

Potassium percentage : 
 Finally, the data presented in the same Table showed that, the 
highest potassium percentages (3.37 and 3.41 %) were detected in plants 
fertilized with NPK and acclimatized by method No.1 comparing with control 
and the other treatments in both seasons, respectively. 
Anatomical characteristics : 
 Data presented in Figs. (1-3) revealed that the acclimatization by 
method No.2 was more effective for increasing the thickness of leaflet blade 
comparing with the other acclimatization methods. This increase was 
attributed to increasing palisade and spongy tissues thickness. 
 Concerning the NPK fertilizer, data showed that NPK fertilizer 
increased the thickness of leaflet blade and midrib as well as number of 
vessels at all acclimatization methods, the acclimatization method No.3 gave 
the highest thickness of blade leaflet of fertilized plants with NPK. These 
increases in thickness of blade leaflet in response to fertilizer with  NPK  may 
be due to the role of nitrogen for improving plant growth by increasing division 
and/or elongation of cells and a part of chlorophyll molecule (Russell, 1988). 
In addition, increasing fertilizer application during the production phase led to 
improvement of growth index, chlorophyll content (Milks, 1977) and 
increasing light compensation point levels (Collard et al., 1977). 

Regarding NAA, the data illustrated in the same Figs. revealed that 
NAA decreased the blade leaflet thickness as a result of decreasing the 
upper and lower epidermis thickness. Moreover, NAA had a slight effect on 
midribs thickness and increased the number of vessels, whereas, the same 
treatment decreased thickness of midrib. 
 On the other hand, the interaction between NPK and NAA caused 
decreasing in the thickness of blade, while the thickness of midrib and 
number of vessels were increased. The reduction in blade leaflet as affected 
by NPK + NAA as a result of decreasing thickness of lower epidermis and/or 
increasing respiration by NAA which need high energy for transport inside the 
plants thus consume the carbohydrate reserve in the roots (Richard, 1996). 
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Figure (1) : Cross section of Schefflera arboricola leaflet under  
                   acclimatization method No.1. 

A- Untreated plants (Control)   B- NPK 

C- NAA   D- NPK + NAA 

Abbreviations:  
LE= Lower Epidermis; Pa= Palisade Parenchyma, Ph= Phloem;           
Sp= Spongy Parenchyma; Xy= Xylem; UE= Upper Epidermis. 
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Figure (2) : Cross section of Schefflera arboricola leaflet under                     

acclimatization method No.2. 

A- Untreated plants (Control)   B- NPK 

C- NAA   D- NPK + NAA 

Abbreviations:  
LE= Lower Epidermis; Pa= Palisade Parenchyma, Ph= Phloem;           
Sp= Spongy Parenchyma; Xy= Xylem; UE= Upper Epidermis. 
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Figure (3) : Cross section of Schefflera arboricola leaflet under                     

acclimatization method No.3. 

A- Untreated plants (Control)   B- NPK 

C- NAA   D- NPK + NAA 

Abbreviations:  
LE= Lower Epidermis; Pa= Palisade Parenchyma, Ph= Phloem;           
Sp= Spongy Parenchyma; Xy= Xylem; UE= Upper Epidermis. 
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 It is obvious from data that, acclimatization method No.3 gave the 
highest thickness in blade leaflet with NPK or NAA comparing with 
acclimatization method No.1 and 2. This may be attributed to increasing light 
intensity during the second phase of acclimatization period by method No.3 
which led to increasing the thickness of palisade and spongy tissues and 
resulted increasing the blade leaflet thickness (Zurszucki, 1953 and Conover, 
1987). While, decreasing light intensity in the second phase of acclimatization 
in method No.2, led to decreasing the blade leaflet thickness. However, 
acclimatized plants by method No.2 had the best quality during the interior 
holding period. In addition, Reyes et al., (1996a) reported that leaves under 
high light intensity had elongated and collumnar palisade cells which resulted 
in increasing leaf thickness while, under low light, leaves were thinner and 
had poorly developed palisade layer. Also, Woods and Turner (1971) 
reported that leaves which contain an excess of spongy tissue are relatively 
thicker. In addition, Conover (1987) concluded that leaves from plants grown 
in high light are often thicker than shade grown leaves. This extra leaves 
thickness may be due to increasing the thickness of the epidermal layer and 
lengthening spongy mesophyll cells. 
 It could be concluded that the high increase in blade thickness was 
obtained under acclimatization method No.3 and 2 combined with NPK 
treatments. 
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                                                                                 تأأأأأأأأأالعو ملأأأأأأأأأع ى لقىمأأأأأأأأأا ى مأأأأأأأأأ لو    أأأأأأأأأ     مأأأأأأأأأ   م تأأأأأأأأأ   ى  أأأأأأأأأأ  عوى
(Schefflera arboricola Pov.) 

عحسين علىيأعمح يسعحسين  عع ع ععع ع ععع عع عع عع ع،ع ح يسعز ععع*ع عععع ع ع عني عري اعدييسن عع عععععع ع ع عع ع ح يدسعلديسعدي يزخفعجىيي  أععع،ععع*ع ع عع ع ععععع ععععع ع ععع ع ع ع**ع عععدععع
عزخن ةعإس  لنلعديسنسعإس  لنل عع عع ع ععععع عععع عع عع ع ععع ع عع*ععع

ععقسفعديجض عددي نزةعععععع* ععع ععع عع ع ع ععععع ععىنةعدي  دلةععكعع–ع ع عع ع عععع عع   خةععع–عع عع ععي زصد ةعدعع ع ع عع عع
عع*قسفعديزد تعدي  دلأعع* ع عع ع عععع عععععععع ععىنةعدي  دلةععكعع–عع ع عع ع عععع عع   خعع–عع ععةعدي زصد ةعع ع ع عع  عععع

 

  
      اررف  رر                                                                             لغرر ا حلاظررلى جورر  بررات  لشللررل  حل ررظوا ح ش ررت لاوغررل ألرر  ىرر اب حلغ  رر   برر    رر ح حلش

   لرر    ا       8999  ،       8991                                                                          حلمز جرر  حلشاةارر  ش وارر  حلز حجرر  بلم رر  حلملوررا   زررعة مامررم  حلز حجرر  حلمللررللاا  
   3         لمرت             حلشعمرلا                                             م لمو  حل لل اة ا اغل لاو  حللشللل  أل  حلواش   :                                          للااام لأةا  ط ق حلأقوم  جو  حللاا حلللل 

    33   لر   أ      االارا    8           رغ  )مر     4                    لرل  ألر  حلغ  ر  لمرت                             ملاا( ةم ش رت  لر  لاور  حللشل    33         مل س أل     8           غ  )م  
    33        س ألر    مرل   8           رغ  )مر     3                                                                        مشلمش ( اط اا  حلأقوم  حلأال  ا اغل لاو  حللشللل  أل  حلوراش  حلز رشا  لمرت  

         اغررل لاورر                                  مررشلمش ( اط اارر  حلأقومرر  حلةللارر  ا     33          االاررا ألرر     8           ررغ  )مرر     4                              مررلاا( ةررم لاورر  ألرر  حلغ  رر  لمررت  
    ً اامرلً     44    مرت                                      ش اة( ةم لاو  ألر  حلوراش  حلز رشا  ل    84         مل س أل     8    ً     ااملً )م      44              حلل  ا   لمت               حللشللل  أل  

           ( اط اار       مشلمش    33          االاا أل     8           غ  )م     4                                      ملاا( ةم لاو  ش ت  ل  أل  حلغ    لمت      33           ش اة أل      84    )م  
ً     44                                                           حلأقوم  حلةللة  ا اغل لاو  حللشللرل  ألر  حلوراش  حلز رشا  لمرت                 ارة( ةرم لاور     ش    84         مرل س ألر     8    )مر        ً اامرل

       رغ     4     لمرت              ألر  حلغ  ر                         ملاا( اش ت  لر  لرم لاوغرل     33           ش اة أل      84    ً     ااملً )م      44                           حللشللل  أل  حلل  ا   لمت  
        رلمع  م      ش ر               حلأقوم  جور          م لمع                   مو   ة م لمو  م                    شللإضل   أل   ل  أ ل         مشلمش (    33          االاا أل     8    )م  

    مررل   / 2 م /       شررا برر حم     868  –    ررا    1 8  –         242                                  لرر ابا  ،  امررظا  ، شاللمرراام( شم ررتة                      مرر  حللمررمات حلم ررتل  )ل
      زابار                                      بزء    حلمواا  ملظر ت   ا  ر  ل ح ار      233      شم تة   (NAA)                                       احل ش شملىم حللما حللظلللا   ملا   مات 

                                                                                        الأةا  ررل جورر  ش ررا وررظل  حللمررا حلزضرر   امالررا  حلأا حق مرر  حل وا ا اررة احلمرر  ال  حل وارر  حل ح شرر  
                            ةللء  ل   حلأقوم  احلغ   .                               ل للو  حلغ ح ا  للشل  حل ظوا ح   اح

             ل   جطر    شر            مرمات حلم رت                                                                 ىغ   حلللل ج حلملاوة جواغل    م لمو  حللشللل  حلغا  مؤقومر  شللل    اقت  
                                                                                                      جتت م  حلأا حق حلاتاة   ةللء  ل   حلأقوم  مال ل  شللم لمع  حلأز      اا  حللشللل  حلغا  مؤقومر  احلم لمور  

                    ت   قومرر  حللشللررل   ا      ً         ً                                                           مررملتالً ا  مالاررلً لررم ااررتف شغررل    لمررلقط ا قرر  زررعة  لرر   حلأقومرر   رر   ررع حلمامررما . 
                                                            تل  ألرر  أللررلب   شرر  جررتت مرر  حلأا حق  ةلررلء  لرر   لاحبررت ل شللغ  رر                                        شط اارر  حللىواررة حلةللارر  مررد حللمررمات حلم رر

                                                    للبرر  مرر  حللشللررل  حلغارر  مؤقومرر  جلررت م لمولغررل شلللمررمات     قررت                              جورر  زاررلت   رر  أ لظررل  حللشررل                    شللإضررل   ألرر 
    للرر                                                     حللشللررل  حلغارر  مؤقومرر  جلررت لمررمات ل شللمررملت حلم ررتل                         احلغ  رر   رر  اررا                           حلم ررتل   ةلررلء  لرر   حلأقومرر  

                           شط اار  حللىوارة حلةللار  ألر                                                                      ً           ً حلأطاة  ةللء  ل   حلأقوم  شالمل  ت   قوم  حللشللرل  حلغار  م لمور  مرملتالً  ا   مالارلً 
ً                                حللشللررل  حلغارر  مؤقومرر  احلغارر  م                                            أجطررلء  قورر  طرراة لولشللررل . شللإضررل   ألرر      قررت              ً           ً لمورر  مررملتالً  ا   مالاررل
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                                               حلرةعف مرعمال  حلامار   ر   رع حلمامرما   ر  ارا   جطر                                 لت     مم  حلملق ا طاة لما  ر          ش  زا       جط 
                                                                                                       حللشللل  حلمؤقوم  شط اا  حللىواة حلةللا  مد حللممات حلم تل   طاة جلق لوا ق      ع حلمامرما  ا  شر  ممرلا  

                      ا قا     حلمامم حلأاة.
          ألر  أجطرلء         قرت  ت                                                            قوم  حللشللل  شط اار  حللىوارة حلةللار  مرد حللمرمات حلم رتل                        ال ا  حلللل ج أل    

             لمامرما   ر ح                                                                                      جو  زالت  لمالا  حل وا ا اة    حلأا حق حلاتاة  احلاتام  مال ل  شللم لمع  حلأز       ع 
           شر      جطر    قرت                برزء  ر  حلموارا      233       شل  ارز             امرا حلزوار                                         م لمو  حللشللل  حلغا  مؤقوم  شلللظةرللا             اا 

   مر           ل  حلمؤقو  للر ش ل  حل        قرت مربو                                     ل  حل وا  حل ح شر   ر   رع حلمامرما . ا      حلم  ا                                   زالت  م لاا     مالا  حللشللل  م 
        رع          ل لل اة  ر                                                                                         شط اا  حللىواة حلةللا  احلم لمو  شلللممات حلم تل   جو  زالت     مالا  حلللر ابا  مال لر  شرل

      زوار       امرا حل   ا   ل                                                              ت   قوم  حللشللرل  شط اار  حللىوارة حلةللةر  مرد حلم لمور  شلللظةرل      ل              شللإضل   أل  ا          حلمامما . 
    جطر                       ً لو  حلظامظا  ا زا حً                                                         بزء    حلمواا  أل  أجطلء  جو  زالت     مالا  حلأا حق م  ج     233       شل  از 
     مراام          ور  حلشالل                                    ً           ً                                 ل  حلغا  مؤقوم  احلغا  م لمو  مملتالً  ا   مالالً  جو  زالت     مالرا  حلأا حق مر  جل      حللشلل

                    ع حلمامما .
                                          م  مم  لوة حلا قر  احل ر ق حلامرط  ا ر ل  جرتت                ا  ا ا شا     شللـ                     ازات لممات حللشللل       ً اجماملً  

        مرم  لورة                      جطر   جور  زارلت   ر     قرت                                                                  حلأاجا  ل ة لىم حلأقوم  حلمملزتم .  مل ابت    ط اار  حلأقومر  حلةللةر 
      ر          ت  طظاظر          جطر  زارل            امرا حلزوار                             . شالمرل حلم لمور  شلللظةرللا             غ   حل للو                                  ا حق حللشللل  حلل  لم لممات ل ش

              ح حلمبلة.
                                                                                          مرر  حلللررل ج حلمررلشا  ام رر  للررل لاوررا  مللبرر  لشللررل  حلللمرراق حلررتحزو  شأقومرر  لشللررل  حل ررظوا ح قشررة  

 ً    لً ةرم    اامر    44   ت                                                                                          ج ضغل لوشاد ا ل  لواظلى جو  باتلغل جلت حلمملغو   للآل  : الم لاة حللشللل  أل  حلل  ا   لمر
   شررا    8  68  –    را     18  –         242                            مات  ةلرلء  لرر   حلأقومر  شم ررتة     ً        اامررلً مرد حللمرر    44                             للارة ألرر  حلوراش  حلز ررشا  لمرت  

                       حلمل . / 2      ب حم/م
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