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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 15t to May 30") and after this
period plants were moved directly to the interior environment room for 4 months (from
June 1%t to September 30"). 2- Acclimatization method No.1: plants were transferred
to lathhouse for 3 months (from March 1%t to May 30™), then moved to interior
environment room for 4 months (from June 15t to September 30™). 3- Acclimatization
method No.2: plants were transferred to shading place for 45 days (from March 15 to
April 15M). After this period, plants were moved to lathhouse for 45 days (from April
15™ to May 30™) and then they were transferred to interior environment room for 4
months (from June 15t to September 30") and acclimatization method No.3: plants
were transferred to lathhouse for 45 days (from March 1%t to April 15™), and then
moved to shading place for another 45 days (from April 15" to May 30™). After this
period, plants were transferred to the interior environment room for 4 months (from
June 15t to September 30™). Each of these methods were treated with four treatments
of fertilization with N, P and K at 242N-81P-161g K2O/m?/year and spraying with a-
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



Hussein, H.A.A. et al.

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 P20s and 161g K20/m? 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 % P20s) and potassium sulphate (48 % K20) in the
following combination : 242.0 g N, 81.0 g P2Os and 161.0 g K2O/m? 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.

a-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 30"), after this
period, plants were moved directly to the interior environment room for
4 months (from June 1stto September 30t).

2- Acclimatization method No.1 : plants were transferred to the lathhouse
for 3 months (from March 1st to May 30%), then were moved to interior
environment room for 4 months (from June 15t to September 30t™).

3- Acclimatization method No.2 : plants were transferred to a shading
place for 45 days (from March 1st to April 15"), after this period, plants
were moved to lathhouse for 45 days (from April 15" to May 301), and
then they were transferred to interior environment room for 4 months
(from June 1stto September 30™).
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4- Acclimatization method No.3 : plants were transferred to the lathhouse
for 45 days (from March 1st to April 15%), and then moved to shading
place for another 45 days (from April 15" to May 30t). After this period,
plants were transferred to the interior environment room for 4 months
(from June 15t to September 30t).

Each of acclimatization methods included four treatments as follows :
1- Control plants.
2- Fertilization with 242g N, 81.0g P2Os and 161.0g K2O/m? per year.
3- Spraying with NAA at 200 ppm.
4- Fertilization with 242.0g N, 81.0g P.Os and 161.0g K-O/m? 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 :

Light intensity (Lux) during acclimatization period
Months 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 Temperature (°C) Relative humidity
Month 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 °C (at
day), 24-28 °C (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 (cm?) 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 (cm?) =

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 °C 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 3
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 Number of new.leav_es f_ormation (leaves/plant)
Acclimatization methods
Acclimatization period Interior holding period
2= o N ® 2 2| 2 o ®
gl s | 2| s |85l 2| 2] ¢
5% 8| 38| 3|8 8] 38| 3
£5| 5| & | 5 |cs| 8| 8| %
Treatments 8& = = = 8& = = =
1998 season
Control 350 | 200 | 1.00 | 1.25 J 0.75 | 0.25 | 1.75 | 150
NPK at 242N -81 P - 1611 450 | 175 | 2.75 | 225 | 150 | 0.25 | 2.25 | 1.25
K g/m?ly
NAA at 200 ppm 350 | 050 | 2.25 | 250 § 1.75 | 0.25 | 1.75 | 0.50
NPK + NAA 4.00 | 1.00 | 2.00 | 1.00 J 050 | 0.75 | 0.50 | 1.25
LS.Dat5% 1.13 0.65
1999 season
Control 375 | 100 | 150 | 1.00 J 0.25 | 0.25 | 150 | 1.00
Ez*fm"’;t/yz‘lz N-8LP-1611 550 | 250 | 1.50 | 150 | 1.75 | 0.25 | 2.00 | 1.00
NAA at 200 ppm 350 | 1.00 | 1.5 | 225 | 1.25 | 050 | 1.50 | 0.25
NPK + NAA 4.75 1.00 1.50 1.00 0.25 0.75 0.25 1.00
L.S.Dat5% 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.

Number of leaf abscission (leaves/plant)
Measurement Acclimatization methods
Acclimatization period Interior holding period

a2~ — ~ ™ N2~ - N ™

c S S : c S :

Sl s | 2| s |85 2| 2| ¢

s¢| 2| 2| 3 |=s¢| 8| 3| 3

= c E= E= E= = £ = £

§¢o 9] 3] © 52 Q Q o
Treatments oL | = = = oL | = = =

1998 season
Control ---* 1.50 1.75 2.75 8.50 9.00 1.25 5.00
oy ZNTBLPAAOLK) ) 025 | 025 | 100 | 800 | 575 | 050 | 325
NAA at 200 ppm --* 3.00 | 0.75 | 275 ] 925 | 7.25 | 2.25 | 10.2
NPK + NAA ---% 1.50 1.00 1.75 12.0 10.5 3.75 10.0
L.S.Dat5% 1.02 1.67
1999 season

Control ---* 1.00 | 0.75 | 2.25 | 8.00 | 8.00 | 2.25 | 6.50
gﬂili‘t 242N-81P-161Kl | 100 | 050 | 075 | 7.00 | 425 | 025 | 35
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.Dat5% 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.

Total number of leaves per plant
Measurement Acclimatization methods
8o~ — N ™ 8~ — o~ ™
c E 5 S : c E S S
st s 2| g |55l 2| 2] ¢
— Q hel kel Lo — Q o ° k=)
o ® o o o o ® o o Is)
sc| 55| 5|55/ 5|5 &
Treatments 8 = 2 3 g 8 £ 3 3 %
1998 season 1999 season
Control 15.7 11.7 19.7 16.2 16.0 12.2 19.5 15.2
NPK at 2429%;/?,1 P-161K| 175 | 162 | 242 | 182 | 202 | 185 | 227 | 185
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.Dat5% 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.

The increase in plant height (cm)

Measurement| Acclimatization Interior holding Acclimatization Interior holding
period period period period
gﬂ. | N | ™ ,"E’f? | N[ ™ g/? | N[ ™ ,gff | N | ™
g o| o ; El o | o ; El g | o ; g o| o ;
c S o Is £ o Is £ o Is £ [°)
g 2| 2| Z2]ag 2| 2| 2]ag 2|2 |2]|ag 2| 2| =2
— QO ©T e} — Q| T e} — Q| T e} — O T =]
S ® o o ’8 S ® 9 o 8 S ® 9 o 8 S ® 9 o 8
£535|8|8|Eg8|8|5|E5/8|8|8lEgd 5|83
Treatments \S& s | s | 2138 =|=|2I188 =|=|2|8d=|=3|=

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 I I
-81 P -161 K [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
g/m?ly

NAA at 200

ppm 5.63|1.63|3.38 2.88'2.13 0.75|1.50|0.75p4.25|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.Dat5% 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 %.
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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.

Final plant height (cm)
Measurement Acclimatization methods

fa ~ — o~ ™ |2~ -+ o~ ™

S E o o 5 |S El O o

23 z = 2 |85 = z 3

— Q o k=] - |= © ° k] ko]

o @ o o o o ® o o o

- k= £= £ |&¢ £ £= £

5 S © ) © |5 o ] Q I3
Treatments o< = = S |08 = = s

1998 season 1999 season

Control plants 38.9 33.8 | 31.6 | 35.5 [37.9| 335 | 31.7 | 354
NPK at 242 N-81P - 161 K g/ m?y| 445 33.8 | 329 | 349 |47.2] 339 | 33.6 | 34.8
NAA at 200 ppm 37.8 32.4 | 349 | 33.6 [36.5| 32.3 | 329 | 33.6
NPK + NAA ---* 32.6 | 33.0 ---* 1401 ---* 319 | 325
L.S.Dat5% 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 (cm?) :

The results in Table (7) indicated that, the significantly largest leaf
area (1635.1 cm?) 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.

Length of terminal three

Stem thickness (cm) ILength of leaf petiole (cm)

Measurement internodes (cm)
Acclimatization Acclimatization . L
Acclimatization methods
methods methods
el 2 Y@ O ® < F! N «
L o4 9 =] o Lo- o ] o l=oc—~ & ] o
cEygZ | 2| 2ZBsg 2| 2| 2 |2sg 2| £ | <
Exod 8| 83| SEcd 8| 8| B |Eeg 8| 8 | B
Q= d < < cReEd < = = QE g < < =
D&Sd = = S P&gd = = < O a = = e
= 3] 3] [3} = 3] () [3) = () () )
Treatments 2 | = = S s | s s = =y s s 2

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 -
81P-161K |0.79|0.74[0.93|0.75§4.63|2.38|2.75| 3.08 | 4.13 |9.63|11.20 | 10.7

g/m?ly
NAA at 200 ppm | 0.70 [ 0.71 | 0.74 | 0.762.75|2.25|1.63 | 2.13 | 9.38 | 0.00| 11.05 | 10.37
NPK + NAA | -+ [o0.70]0.70] -~ | -— [2.50]2.50] -+ | -~ [5.38] —* [ =
L.S.Dat5% 0.17 0.75 1.64
Stem thickness (cm) Length of terminal Length of leaf petiole
three internodes (cm) (cm)
Measurement Acclimatization Acclimatization . R
Acclimatization methods
methods methods
D~ o~ ™o 18~ A ~ o D~ A ~ ™
EE i ! |EE : { | 2¢E : {
Ssl 2| 2|28/ 2|2|2|€5|1 2| 2] 2
— Q o o o — Q e e ko] — Q e e fe]
o ® o o o o ® o o o o ® o o o
Treatments sEc| £ S| £ lEc| S S| £lsc| < S £
g o ) ) ko) g o 7] 7] k) g o 7] 7] @
oLl = = S logl = = =S 0L = = =S
1999 season
Control plants 0.92]10.85]|0.71]0.77}5.33|3.80|1.73|2.18J11.25| 6.58 | 7.25 | 2.50
NPK at 242 N - 81 P
- 161 K g/m?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]0.763.05| ---* |2.63/1.83] ~-* | ---* | 575 | -+
L.SDat5% 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/cm?) 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

Schefflera arboricola of 1998 and 1999 seasons.

(cm?/plant) of

2
Measurement Legf area (_cm /plant)
Acclimatization methods

8o~ - N ™ b~ — N ™

== 5 : . c e H . g

I 2 2 S L= 2 2 2

— Q o ° ko] — Q =] o o

S ® o o o S ® =l o ]

= c E E = = c E E ey

g <] [} [} ko g o [} 7] @

o< = = = o<& = = =

Treatments
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 -
81P-161K 1618.3 | 926.1 | 1635.1 | 1323.9 | 1872.7 | 1057.9 | 1519.1 | 1344.5
g/m?ly
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.SDat5% 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.

Total chlorophyll (SPAD) reading in | Total chlorophyll (SPAD) reading in
new leaves old leaves
Acclimatization methods Acclimatization methods
Measurement
LA A | N |2 A | |2 A4 | N[O~ d| 8| ™
g 2 { o R { S ; 122 2 .
%5222%3222%3222‘—2_%2%2
— ol ol ol|locl=9 v|o|ocl=9 | o|ocl=9 ©v| ©T| ©
meamens 28 21 21 Bl 2| £ EleR || B E| £ 2
Solo| 2| o]ls5co|o|o])59o|lo|o)59 2| 2|
og =z|=z|sjog =|=|sj0g=|=|=108g=|=2| =
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
-81P-161K|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
g/m?ly
NAAp;rtnzoo 41.9]41.1(43.8(42.6|29.049.4|44.1|49.1}43 7|49 5|51.9|44.2]27.2|48.9|50.344.7
NPK + NAA | ---* |28.2|37.9| ---* J29.2| ---* |45.4{41.2] ---* |30.6|44.7| ---* J40.7| ---* |52.4|44.8
L.S.Dat5% 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.

Total soluble sugars . .
9 Nitrogen % Phosphorus % Potassium %
content (mg/g)
Measurement Acclimatization methods Acclimatization methods
2 ol B I e 2 ALY 2 o I B 2 2N
< E o o o < E|l © o o < £ o o o < E|l © o o
28221218 2|2l2l28l2 132|228 32|53
°o® o o 8 © ®© o o 8 °o® o o 8 © © o o 8
Treatments | S &| £ £ c sl |lclee| £ < c sl €|
g o 5] 5] k] g o| @ o | D g o 7] 7] kol g o| @ o | B
SEl=|=| =58 =|=|=S8E|=|=|=88=|=|=

1998 season
9.64 |16.21|12.48]1.80|1.08|1.40(2.16]0.044|0.092|0.152|0.2502.20|1.76|3.08|3.75

=
o
[(e}
=

Control
NPK at 242 N -
81P- 161K |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
g/m3ly
NAAp;;]ZOO 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 | —* |10.3514.23] —* | —* |1.69]2.34] — | —* [0.058|0.243] —— | —* [1.72]2.70] —
LSDat5% 137 0.38 0.039 0.55

Total soluble sugars Nitrogen % Phosphorus % Potassium %
content (mg/g)
Measurement Acclimatization methods Acclimatization methods
,g ~ « o~ ™ % ~ | N | ™ g ~ - o~ 3] g 1 | 8| ™
= i { ) g ¢ ! ) g | { ) g 2 )
sEl s 2| slefs|s|s|ssl2 2| 2c]efs|2)s
53 8| 83| 8lcs 8| 8|8lsc| 8| 8| 38ls% 8|83
Treatments | £ c| £ = slEg | S| €leg| € = slegs|£| s
S ¢S 5] 5] o |59 2 7] o] 52 [) 7] o 159 2@ 9] ©
(@) S = = > O g = = > (&) S = = > (@) g = = >
1999 season
Control 10.94|10.05|15.94(12.51}1.82(1.06{1.42|2.06J0.046(0.093|0.156|0.247]2.25|1.73|3.12|3.61
NPK at 242 N
-81P-161K|10.88|13.66(17.05({12.11}3.03(2.10{3.45|2.36]j0.167(0.120{0.172|0.202]2.62|3.41|2.00|3.40
g/m3ly
NAAp;rthOO 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]J1.82| ---* |2.24]|1.72]j0.055| ---* |0.240|0.052]2.33| ---* [2.73|1.73
L.S.Dat5% 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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