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ABSTRACT

This study was carried out in the glasshouse of the nursery of Ornamental Horticulture Department.
Faculty of Agriculture, Cairo University, Giza, during the two successive years 2012 and 2013. The
aim was to investigate the response of two cultivars of Ficus alii, cv. “Green” and "Variegata” to some
treatments of foliar application of trace elements. The seedlings were spraved with Zn, Fe and Mn at
the rate of 50 mg/l’ 3 weeks, and Borax at the rate 10 mg/l/3 weeks, while the control plants were
spraved with tap water. All the plants were monthly fertilized with life green (NPK, 20-20-20) at the
rate of 2 g/pot.

Foliar application treatments of Zn, Fe, Mn and B significantly increased all the vegetative growth
parameters as well as the contents of total chlorophyvlls (a + b), total carbohvdrates treatment, N. P . K.
Zn, Fe, Mn and B ppm treatment in the leaves as compared with the control plants. On the other hand.
trace elements treatment (in most cases) caused significant decrease in carotenoids content in the
leaves compared to the untreated ones.

In both seasons, Ficus alii cv. "Green" had plant height, leaf area as well as carotenoids content in
leaves which were significantly higher than those of cv. "Vaniegata". On the other hand, the cv.
"Variegata" had the number of leaves, stem diameter, fresh and dry weights of shoots and roots as well
as contents of total chlorophylls, total carbohydrates percentage, N, Zn, Fe Mn and B contents which
were significantly higher than those of c¢v. "Green".

From the above results, it can be recommended that for the best vegetative growth of Ficus alii cvs.
"Green" and "Variegata”, the plants sprayed with Fe, Zn or Mn at 50 mg/l/ 3 weeks and/or B at 10
mg/l/ 3 weeks and fertilized by 2g/pots/ month of chemical fertilizer (NPK, 20-20-20), should be foliar
sprayed
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1. INTRODUCTION (NPK) and one or more of the trace elements

Ficus alii (F. binnendijkii “alii" or, F. (micro nutrients) are the most recommended
maclellandii "alii", Family: Moraceae) is an fertilization regime. Trace elements such as zinc
interesting foliage plant, native to Philippines, (Zn), iron (Fe), manganese (Mn) and boron (B)

Thailand and Costa Rica. It is a tree of dense  play a vital role in the various physiological and
growth and pendant habit which may grow to biochemical processes that occur within the
several meters in height. Its relatively thick  plant and they are necessary for normal plant
leaves are lance-shaped (willow-like leaves), growth and development. However, the amount
shiny, deep green up to 10" long and tapering to needed from these elements are so small (Allen
a slender point and leaf width depends on and David, 2007). Functions and mode of action
variety. New growth is sometimes tinted bronze for trace eclements were explained by
and later matures to a deep, rich green. Ficus alii (Marschner, 1995 and Taiz and Zeiger, 2002).
tolerates a wide range of light, temperature, and Zinc (Zn) is an essential element for plant that
watering conditions without losing its leaves. It acts as a metal component of vartous enzymes

lacks the tendency to shed leaves. (almost 60 enzymes) or as a functional structural
In the commercial production of ornamental or regulatory cofactor for protein synthesis,
plants, the applications of both macro nutrients photosynthesis, carbohydrate metabolism, the
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synthesis of auxin. cell division and maintains of
membrane structure. Iron (Fe) involved with
chlorophyvll svnthesis. plays an essential role in
plant metabolism and complexes with proteins to
form umportant enzvmes in the plant. Manganese
{Mn) participates in several important processes
including photosynthesis, and metabolism of
both nitrogen and carbohydrate (Taiz and Zeiger,
2002). Boron (B) plays an important role in

sugar translocation and carbohydrate metabolism.

also is involved with cell division.
differentiation, growth. and respiration. Foliar
feeding 1s a relatively new and controversial
technique of feeding plants by applying liquid
fertilizer directly to their leaves (Taiz and
Zeiger, 2002). Since the trace elements are
needed for plants in small amounts. applying
them as foliar spraying at the right time is a
correct way to save the plant requirements
(Kuepper, 2003). In this respect. the effects of
foliar application of trace elements on growth of
ornamental and foliage plants have been studied
by several investigators who reported improved
vegetative growth parameters (including plant
height, the number of leaves/plant, leaf area,
stem diameter, fresh and dry weights of shoots
and roots). In addition increments in pigment
contents and total carbohydrates have been also
reported due to foliar spraying of trace elements
on Dieffenbachia (Dorgham 2005),
Philodendron and Syngonium (Mazhar et al.,
2006), Taxodium disticum (Abd El-Aziz and
Balbaa 2007), Salvia farinacea (Farahat et al.
2007), Cupressus sempervirens (Naguib et al.
2007), Codiaeum variegatum cv. "Gold Star”,
Ruta graveolens (Esmail 2008), Dracaena
marginata (Heider 2010), Areca lutescens
(El-Attar 2011). Treatments of Ca, Mg, Fe and
Zn significantly increased plant height, stem
diameter, leaf area and the number of leaves.
However, the available data of published
research as regards the effect of trace elements
on Ficus alii are very limited.

Therefore, this study aimed to investigate the
response of two cultivars of Ficus alii cv.
(“Green" and "Variegata") to foliar application
of trace elements on growth and biochemical
composition.

2. MATERIALS AND METHODS
This study was carried out in the glasshouse
of the Nursery of Omamental Horticulture
Department, Faculty of Agriculture, Cairo
University, Giza, Egypt, during the two

successive vears 2012 and 2013. The aim of this
study was to investigate the effect of foliar
application of different trace elements on the
growth and chemical constituents of two
culuvars of Ficus alii c¢v. “Green” and
"Variegata”.

On 1 of March. 2012 and 2013 (in the first
and second seasons. respectivelv). uniform
seedlings from both cultivars of Ficus alii (with
an average plant height of 15-18 cm). were
planted in 30-cm diameter plastic pots filled with
the mixture of clay plus sand plus peat moss
(L:1:1 wviv/v). The physical and chemical
characteristics of the mixed media are shown in
Table (D).

Table (1):Physical and chemical characteristics of
the soil media used for growing two
cultivars of Ficus alii plants.

Treatments | value | Treatments value
pH 7.62 | Course sand 4.3
E.C ds/m 0.8 | Fine Sand 30.2
HCO;+CO; 1.8 | Silt 392
Cr 1.6 | Clay 263
SOy 4.6 | Texture class | Loamy
Ca™ 3.6

Mg™ 0.6

Na® 22

K* 1.6

From 21" of March till 317 of October (in
both years), the plants were sprayed every 3
weeks with the separated solutions of Zn, Fe and
Mn (EDTA-Chelated form 13% , 6% and 13%
respectively) at the rate of 50 mg/l. Boron was
also used as a foliar spray at the rate of 10 mg/l
(borax 11.4%). In addition, the control plants
were sprayed with tap water. Bio-film was added
at 1 ml /] to each solution as a wetting agent.
Foliar application of each treatment was carried
out after 21 days from transplanting, using a
hand sprayer until run off point.

All plants received the soluble chemical
fertilizer [life green (NPK, 20-20-20)], which
was applied monthly at the rate of 2 g/pot, other
comimon agricultural practices including regular
watering, hand picking of weeds were also
preformed.

The layout of the experiment was a complete
randomized block design, with 3 blocks
(replicates). The study included 10 treatments [5
trace elements treatments (including the control)
x 2 cultivars of Ficus alii], with each block
consisting of 50 plants (5 plants/treatment).



Response of two cultivars of Ficus alii L

.......................................................................................

On 21" of November 2012 and 2013 (in both
vears. respectively). the experiment was
terminated and the vegetative growth parameters
were recorded. including plant height (cm). the
number of leaves/plant, leaf area (cm”), stem
diameter cm, at Scm. above soil surface. as well
as fresh and dry weights of shoots and
roots‘plant (g/ plant). Also. chemical analysis of
fresh leaf sample was conducted to determine
their total chlorophylls (a + b) and carotenoids
contents (mg’g Fresh weight) using the method
recommended by Saric er al. (1967). In addition.
the total carbohydrate content (% of Dry weight)
was determined in dried leaves using the
colorimetric method as described by Dubois er
al. (1956). Dried samples were digested to
extract nutrients as described by Piper (1947),
and the extract was chemically analyzed to
determine its contents of nitrogen, phosphorus
and potassium (% of Dry weight). Nitrogen
percentage was determined using the modified
micro-Kjeldahl method as described by Pregl
{1945), while phosphorus percentage was
estimated using the method recommended by
Troug and Meyer (1939). The potassium
percentage was determined by using a Jenway
flamephotometer, according to Chapman and
Pratt, (1961). The contents of Fe, Mn, Zn and B
(ppm) in the extract were also determined by
using Flame Atomic Absorption JENWAY PFP7
with a Dboiling air-acetylene burner as
recommended by (Isaac and Kerber, 1971). The
data  recorded on  vegetative  growth
characteristics and chemical constituents were
statistically analyzed. An analysis of variance
(ANOVA) was carried out, and the means of the
recorded data were compared using the "Least
Significant Difference (L.S.D.)" test at the 5%
level, as described by Steel and Torrie (1980).

3. RESULTS AND DISCUSSION

3.1.Vegetative growth characteristics

The results recorded in the two years of the
experiments (Tables 2 and 3) indicated that
foliar application of the different trace elements
treatments (Fe, Zn, Mn and B) had a
considerable effect on vegetative growth
characteristics such as: plant height, the number
of leaves/plant, leaf area, stem diameter, fresh
and dry weights of shoots as well as fresh and
- dry weights of roots. Foliar spraying of trace
elements promoted vegetative growth, and
resulted in significant increases in the values
recorded for the different growth parameters,
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compared to the untreated contro! plants. Similar
promotion of vegetative growth as a result of
trace elements has been reported by El-Fadaly
(1994) on Jasminum sambac. Said (1997) on
Codiaeum variegamim El- Deeb (1999) on
Aspelinium nidus and Philodendron erubescens.
Mansour (2002) on Scindapsus pictus. Dorgham
(2005) on Dieffenbachia, Philodendron and
Svngonium, Gomaa and Ragab (2005) on
Codiaeum ~variegatum, Al-Hadad (2006) on
Cupressus macrocarpa, Mazhar er al. (20006} on
Taxodium disticum, Abd El-Aziz and Balbaa
(2007) on Salvia farinacea, Farahat er al. (2007)
on Cupressus sempervirens, Naguib er al. (2007)
on Rura graveolens, El-Bagoury er al. (2008) on
Hedera helix, Esmail (2008) on Codiaeum
variegatum cv. "Gold Star", Heider (2010) on
Dracaena marginata, Kumar and Haripriya
(2010) on Nerium odorum, Eid er al.(2010) on
Polianthes miberose, and El- Attar (2011) on
Areca lutescens.

The favorable effect of the trace elements on
the vegetative growth characteristics {compared
to the control) can be explained by the important
role of these elements 1n the different
physiological and biochemical processes within
the plant, which in turn affect the plant growth
(Allen and David, 2007).

The data in both seasons (Tables 2and 3)
clearly revealed also that, foliar application of
Mn treatments appeared to be the most effective
treatment for increasing plant height, the number
of leaves/plant, leaf area, fresh and dry weights
of shoots as well as fresh and dry weights of
roots, compared to the other treatments. On the
other hand, the most effective treatment for
increasing stem diameter (in both seasons) was
foliar spraying of B followed by the application
of Mn treatments.

Concerning the cultivar of Ficus alii,
regardless of the effect of foliar application of
trace elements the data in Tables (2) and (3)
showed that, in both seasons, the values recorded
on plant height and leaf area of the cv. "Green"
were significantly higher than those recorded on
the same parameters of the cv. "Variegata" as
compared to each other. On the other hand, in
both seasons the cv. "Variegata" had the number
of leaves, stem diameter, fresh and dry weights
of shoots as well as fresh and dry weights of
roots which were significantly higher than the
same values recorded for the cv. "Green".

Regarding the interaction effect between
foliar application of trace elements and Ficus alii
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Table (2): Effect of foliar application of trace elements on plant height. the number of
leaves/plant, leaf area and stem diameter of Ficus alii cvs. "Green" and
"Variegata". during the 2012 and 2013 seasons.

First season (2012) Second season (2013)
*Trace elements Cultivars (C) Mean Cultivars( C) Mean
treatments (T) Green | Variegata (N Green | Variegata (m
Plant height (¢cm)
Control 35.27 28.13 31.70 38.32 30.16 34.24
Zn 46.38 3292 39.65 50.29 33.48 4189
_Fe 44.36 36.20 40.28 54.35 39.36 46.85
Mn 48.31 37.10 4271 58.36 38.14 48.25
B 45.33 41.16 4324 47.70 44.10 45,90
Mean (C) 43.93 3510 | ------- 49.80 37.05 | eeeeees
L.S.D. (0.05)
T .66 .42
C 0.38 (.24
TXC 0.94 0.60
Number of leaves/plant
Control 21.08 17.01 19.05 27.50 20.73 24.11
Zn 26.28 35.07 30.67 32.36 39.63 36.00
Fe 24.04 43 11 33.58 33.95 45.50 39.72
Mn 31.54 51.10 4132 36.27 53.45 44.86
B 25.04 45.61 35.33 28.36 47.16 37.76
Mean (SL) 25.60 3838 | cemeee- 31.69 4129 | ceeeeee
L.S.D. (0.05)
T 1.62 2.50
C 0.94 1.44
TXC 2.29 3.54
Leaf area cm”
Control 17.67 16.16 16.92 19.50 18.39 18.94
Zn 23.92 21.06 22.49 25.60 22.73 24.16
Fe 23.55 19.80 21.67 26.51 21.90 2420
Mn 24 .87 22.67 23.77 25.71 23.16 24.43
B 21.66 23.68 22.67 24.60 20.86 22.73
Mean (SL) 22.33 20.67 e 24.38 2141 e
L.S.D. (0.05)
T 0.52 0.40
C 0.30 0.23
TXC 0.73 0.54
Stem diameter (mm
Control 0.38 0.42 0.40 0.40 0.45 0.43
Zn 0.46 0.61 0.54 0.47 0.66 0.57
Fe 0.49 0.66 0.58 0.51 0.71 0.61
Mn 0.53 0.72 0.63 0.55 0.79 0.67
B 0.50 0.80 0.65 0.59 0.82 0.71
Mean (SL) 0.47 0.64 — 0.50 0.69 --—
L.S.D. (0.05)
T 0.12 0.13
C 0.09 0.09
TXC 0.20 0.21

* Zn, Fe and Mn = 50 mg/1 B=10 mg/1
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Table (3): Effect of foliar application of trace elements on shoot and root fresh and dry weights
(g/plant) of of Ficus alii ¢vs "Green" and "Variegata". during the 2012 and 2013

seasons.
First season (2012) Second season (2013)
*Trace elements Cultivars (C) Mean Cultivars (C) Mean
treatments (T) Green l Variegata (T) Green l Variegata (T)
Fresh weight of shoots (g/plant)
Control 697 17.01 11.99 8.84 20,73 14,78
Zn 14 .87 49.68 32.27 16.87 51.41 34.14
Fe 12.76 6543 39.10 1893 7011 44.52
Mn 16.93 80.36 45.65 23.53 88.04 55.78
B 13.80 06698 40.39 15.91 72.32 44.12
Mean (C) 13.07 5589 | eeme- 16.82 6052 | eeme-
L.S.D. (0.05)
T 1.33 1.69
C 0.77 0.97
TXC 1.88 2.38
Dryv weight of shoots{g/plant)
Control 1.89 375 2.82 203 495 3.49
Zn 3.71 12.87 8.29 4.87 13.11 £.99
Fe 3.19 14.09 8.64 5.90 16.10 11.00
Mn 5.01 20.00 12.51 7.88 24.54 16.21
B 3.55 14,81 9.18 498 17.23 11.11
Mean (SL) 3.47 1310 | e 513 1519 | meee-
L.S.D. (0.05)
T 0.46 0.25
C 0.27 0.14
TXC 0.65 0.35
Fresh weight of roots (g/plant
Control 2.52 4.93 3.73 1.88 10.38 6.13
Zn 483 18.69 11.76 3406 12.79 8.13
Fe 6.51 28.57 17.54 293 20.89 11.91
Mn 9.83 49.04 29 44 953 24 36 16.94
B 3.12 10.84 6.98 2.18 15.93 9.06
Mean (SL) 5.36 2241 | - - 4.00 16.87 e
L.S.D. (0.05)
T 0.45 0.82
C 0.26 0.47
TX C 0.63 1.16
Dry weight of roots(g/plant)
Control 0.86 1.00 0.93 0.68 2.74 1.71
Zn 1.45 4.67 3.06 1.25 3.07 2.16
Fe 1.93 7.14 4.54 1.06 461 2.84
Mn 3.19 12.26 7.73 3.00 5.01 4.01
B 0.91 2.50 1.71 0.80 3.57 2.19
Mean (SL) 1.67 551 [ - 1.36 380 | -
L.S.D. (0.05)
T 0.23 0.43
C 0.13 0.25
TXC 0.32 0.61
* Zn, Fe and Mn = 50 mg/1 B= 10 mg/
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cultivars. the data recorded on the vegetative
growth (Table 2) showed that in both seasons
within both cultivars of Ficus alii. fohar
apphcation of the different trace elements
treatments caused a significant increase in plant
height. the number of leaves/plant. leaf area,
fresh and dry weights of shoots as well as fresh
and dry weights of roots as compared to the
control plants. In both seasons, the cv. "Green"
foliar sprayed with any of the trace element
treatments had stem diameter msignificantly
higher than those of the control plants. while
application of these different treatments. 1n
most cases, significantly increased stem
diameter of the cv. "Variegata”". In both seasons.
the highest values recorded for most of the
growth parameters of both studied  cultivars
were obtained from plants received Mn
treatment, while the highest values of plant
height, leaf area and stem diameter (in cv.
"Green") resulted from plants sprayed with Mn
treatment.

3.2.Chemical constituents

3.2.1.Total chlorephylls (a+b) and carotenoids

mg/g F/W

Data presented in Table (4) indicated that
foliar application of trace elements was very
beneficial in terms of the total chlorophylls
content in leaves of Ficus alii plants. In both
seasons, spraying the plants with any solution of
the tested trace elements significantly increased
total chlorophyll content in the leaves, compared
to the control. Increases in chlorophyll content
as a result of the different trace element
treatments were similar with the findings of El-
Fadaly (1994) on Jasminum sambac, Said (1997)
on Codiaeum variegatum, El — Deeb ( 1999 ) on
Aspelinium  nidus  and Philodendron
erubescens, Mansour (2002) on Hedra helix,
Mazhar er al. (2006) on Taxodium disticum, Abd
El-Aziz and Balbaa (2007) on on Salvia
farinacea, Farahat et al. (2007) on Cupressus
sempervirerns and Esmail (2008) on Codiaeum
variegatum cv. "Gold Star". Kumar and
Haripriya (2010) on Nerium odorum.

In the case of the carotenoides mg/g FW
content, the data recorded in both seasons
revealed that, in most cases, application of any
trace  elements  significantly  decreased
carotenoide content in the leaves compared to
the control.

Concemning the cultivars of Ficus alii, the
data in Table (4) revealed that, in both seasons,
the cv. "Variegata" had significantly higher
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values of the total chlorophyll contents than the
cv. "Green". On the other hand. the carotenoid
content in the cv. "Green” was significantly
higher than in ¢v. "Variegata”

Regarding the interaction effect between
foliar application of trace elements and Ficus alii
cultivars. the data in Table (4) showed that n
both seasons within both cultivars of Ficus alii.
foliar application of different trace elements
resulted 1n significant increase in total
chlorophyll content compared to the untreated
control. While, in both seasons, the lowest
values recorded on total chlorophyll content of
both cultivars were the untreated control plants.
The highest values in the first season (1.09 mg/g
FW) were recorded on the cv. "Green" plants
sprayed with Fe treatinent, while the highest
value in the second season (1.1l mg/g fresh
weight) was recorded in the cv. "Variegata”
sprayed with Mn or B treatment.
3.2.2.Total carbohydrates (% of dry weight)

The data recorded on total carbohydrate
percentages (Table 4) revealed that foliar
spraying of the different trace elements had a
beneficial effect on promoting the synthesis and
accumulation of carbohydrate percentages in the
dried leaves of Ficus alii plants. In both seasons,
the values recorded were significantly higher in
the plants which received any treatment of the
tested trace elements compared to the control.
Similar results were reported by El-Deeb (1999)
on Aspelinium nidus and  Philodendron
erubescens, Al-Hadad (2006) on Cupressus
macrocarpa, Mazhar et al. (2006) on Taxodium
disticum, Abd El-Aziz and Balbaa (2007) on
Salvia farinacea, Farahat er al. (2007) on
Cupressus sempervirerns, Esmail (2008) on
Codiaeum variegatum cv. "Gold Star”". Kumar
and Haripriya (2010) on Nerium odorum and Eid
et al. (2010) on Polianthes tuberose.

Among the different trace elements, in both
seasons, the application of Mn or B treatment
appeared to be the most effective for increasing
carbohydrate percentage, as it gave higher mean
values than those recorded with other treatments
and the control plants.

The favorable effect of foliar spraying of the
different trace elements on the total
carbohydrates percentage may be indirectly
attributed to the increase in the content of total
chlorophylls. As the synthesis of total
chlorophylls  was promoted, the rate of
photosynthesis increased, leading to an increase
in carbohydrate synthesis.
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Table (4): Effect of foliar application of trace elements treatments on the total chlorophylls (a +
b). carotenoids content and total carbohydrates treatment in the leaves of Ficus alii
cv.s "Green" and "Variegata’, during the 2012 and 2013 seasons.

*Trace elements First season (2012) Second season (2013)
treatments (T) Cultivars (C) Mean Cultivars (C) Mean
Green | Variegata (T) Green | Variegata (T)
Total chiorophylls (a+ b) content (mg/g fresh weight)
Control 0.47 0.44 0.46 0.43 0.62 0.73
In 0.74 1.02 (.89 0.71 0.91 081
Fe 1.09 0.91 1.00 0.74 091 0.82
Mn 0.73 0.95 0.84 0.98 L1t 1.05
B 0.78 1.07 0.92 0.85 1.11 0.98
Mean (C) 0.76 0.88 - 0.74 093 | e
L.S.D. (0.05)
T 0.09 0.08
C 0.05 0.04
TXC 0.13 0.10
Carotenoids content (mg/g fresh weight)
Control 0.61 0.35 0.48 0.92 0.45 0.69
Zn 0.33 0.25 0.29 0.63 0.47 0.55
Fe 0.34 0.38 0.36 0.79 0.36 0.58
Mn 0.93 041 0.67 0.79 0.32 0.55
B 1.05 0.30 0.68 0.92 0.36 0.64
Mean (SL) 0.65 034 | - 0.81 0.39 -—
L.S.D. (0.05)
T 0.05 0.04
C 0.03 0.02
TXC 0.08 0.05
Total carbohydrates (% of drv weight
Control 20.00 23.60 21.80 29.00 30.10 29.55
Zn 30.10 31.60 30.85 32.60 31.30 31.95
Fe 29.30 30.50 29.90 26.50 36.20 31.35
Mn 33.02 33.80 33.41 3253 33.28 3291
B 30.60 33.20 31.90 38.30 40.30 39.30
Mean (SL) 28.60 3054 | e 31.79 3424 | -
L.S.D. (0.05)
T 0.92 1.29
C 0.65 0.91
TXC 1.30 1.82

* Zn, Fe and Mn = 50 mg/] B=10 mg/l
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As for the culuivars of Ficus alii, the data
recorded that the total carbohvdrates percentage
(Table 4) showed that, in both seasons the cv.
"Variegata" had significantly higher values than
those obtained with the cv. "Green".

Regarding the interaction effect between
foliar application of trace elements and Ficus alii
cultivars. the data in Table (4) showed that, in
both seasons, within both cultivars of Ficus alii.
the plants receiving a trace element treatments
recorded significantly higher values than those
recorded with the untreated control. The highest
value in the first season (33.80 % of dry weight)
was recorded on the cv. "Variegata” sprayed
with Mn treatment, while the highest value in
the second vear (40.30 % of dry weight) was
recorded on the cv. "Vanegata” spraved with B
treatment. On the other hand, in both seasons.
the lowest values recorded on carbohydrate
percentages of both cultivars were obtained from
untreated control plants.

3.2.3. N, P and K (% of dry weight)

As shown in Table (5) the data indicated that
the foliar application of the different trace
elements treatments had a considerable effect on
the uptake and accumulation of N, P and K% in
the leaves of Ficus alii plants. In both seasons.
the plants sprayed with any trace element of the
three nutrients were significantly higher than
those recorded with the control. Similar
increases 1n the N, P and K % as a result of the
tested treatments have been reported by Said
(1997) on Codiaeum variegatum, Al-Hadad
(2006) on Cupressus macrocarpa, Mazhar et al.
(2006) on Taxodium disticum, Abd El-Aziz and
Balbaa (2007) on Salvia farinacea, Rajaie ef al.
(2009) on Citrus aurantifolia, Esmail (2008) on
Codiaeum variegatum cv. "Gold Star”. | Kumar
and Haripriya (2010) on Nerium odorum, Eid et
al.(2010) on Polianthes tuberose and El- Attar
(2011) on Areca hutescens.

Among the different trace element treatment,
the applications of Mn followed by Fe treatment
were the most effective for increasing the N % in
the leaves in the first season, whereas the highest
mean values in the second season were obtained
in plants sprayed with B treatment followed by
plants sprayed with Mn treatment. In both
seasons, the most effective treatment for
increasing the P % in the leaves was spraying
the plants with Fe which gave the highest values
(0. 42 and 0.47 % of dry weight in the first
and second seasons, respectively followed by
spraying the plants with B. It is also clear from

177

the data in Table (5) that in both seasons. fohar
application of Zn treatment was the most
effective for increasing the K % in the leaves as
it gave the highest values (2.10 and 2.29 % of
dry weight in the first and second seasons.
respectively, followed by foliar spraving of B
treatment.

As for the cultivars of Ficus alii. the data in
Table (5) also showed that in both seasons, the
accumulation of N% in the leaves of the cv.
"Variegata” was significantly higher than the cv.
“Green". In the first season, the cv. "Variegata"
had P %o 1n their leaves significantly higher than
in the cv. "Green". However. in the second
season. there were no significant differences
between the c¢v. "Green" and the ¢v. "Variegata”
in this respect. The accumulation of K% differed
from one season to another, where in the first
season the cv. "Variegata" had K %o 1n the leaves
which was significantly higher than the cv.
"Green". On the other hand. in the second season
another trend was obtained. i.e. K % in leaves of
the cv. "Green" was significantly higher than the
cv. "Variegata".

Regarding the interaction effect of foliar
application of the different trace elements on N,
P and K% in the leaves of Ficus alii cultivars,
the data in Table (5) showed that in both
seasons, spraying the plants with any trace
element caused significant increase in the
treatments of the three nutrients in leaves of both
cultivars as compared to the control. In both
seasons, the highest mean values of N % in
leaves of both cultivars were obtained from
plants sprayed with Mn treatment followed by
plants sprayed with Fe treatment, whereas the
highest mean values of P % in leaves of both
cultivars were resulted from plants sprayed with
Fe treatment followed by plants sprayed with B
treatment, while the highest mean values of K %
in leaves of both cultivars were produced from
plants sprayed with Zn treatment followed by
plants sprayed with B treatment( in most cases).
On the other hand, in both seasons the lowest
values recorded on the three nutrients in leaves
of both cultivars were obtained from untreated
control plants.
3.2.4.Zn, Fe, Mn and B (ppm)

Results of chemical analysis of dried leaves
of Ficus alii plants (Table 6) showed that the
uptake and accumulation of the different
nutrients (Zn, Fe, Mn and B) were enhanced, and
exhibited a similar trend, in response to foliar
application of the different treatments. In both
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Table (5): Effect of foliar application of trace element treatments on N, P and K percentage (%
of dry weight) in the leaves of Ficus alii ¢vs. "Green" and "Variegata”, during the
2012 and 2013 seasons.

*Trace First season (2012) Second season (2013)
elements Cultivars (C) Mean Cultivars (C) Mean
treatments (T) Green | Variegata (M) Green | Variegata (M
N (% dry weight) -
Control 1.8% 2.03 1.96 1.32 1.73 1.53
Zn 2.21 2.48 2.35 2.33 2.57 2.45
Fe 231 2.60 246 2.40 2.81 2.0l
Mn 2.80 2.90 2.85 2.75 3.11 2.93
B 2.20 2.40 2.30 223 2.49 336
Mean (C) 2.28 248 | - 221 254 | -
L.S.D. (1.05)
T 0.04 0.05
C 0.02 0.03
TXC 0.05 0.08
P (% dry weight)
Control 0.14 0.18 0.16 0.17 0.22 0.20
Zn 0.28 0.29 0.29 0.31 0.31 031
Fe 0.39 0.44 0.42 0.46 0.48 0.47
Mn 0.23 0.26 0.25 0.29 0.32 0.31
B 0.30 0.35 0.33 0.36 0.34 0.35
Mean (SL) 0.27 0.30 S— 0.32 033 | @ o
L.S.D. (0.05)
T 0.04 0.05
C 0.02 0.03
TXC 0.05 0.08
K (% dry weight)
Control 0.98 1.10 1.04 1.07 1.16 1.12
Zn 2.06 2.13 2.10 2.33 2.24 2.29
Fe 2.01 1.97 1.99 2.10 2.03 2.07
Mn 1.20 1.58 1.39 2.00 1.85 1.93
B 1.98 2.04 2.01 2.31 2.16 2.24
Mean (SL) 1.65 1.76 | - 1.96 1.89 —
L.S.D. (0.05)
T 0.04 0.05
C 0.02 0.03
TXC "~ 0.06 0.08

* Zn, Fe and Mn = 50 mg/l B=10 mg/l
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Table (6): Effect of foliar application of trace element treatments on Zn, Fe. Mn and B contents (ppm) in
the leaves of Ficus alii evs "Green'" and "Variegata", during the 2012 and 2013 seasons.

First season (2012) Second season (2013)
*Trace elements Cultivars (C) Mean Cultivars (C) Mean
treatments (T) Green | Variegata (1) Green | Variegata (T)
Zn (ppm
Coutrol 41 38 39.5 33 40 36.5
Zn 85 88 86.5 90 96 930
Fe 77 80 78.5 88 85 86.5
Mn 74 80 77.0 70 74 72.0
B 80 79 79.5 75 80 775
Mean (C) 71.4 79 | 712 75 | e
L.S.D. (0.05)
T 2.4 1.7
C 1.4 1.0
TXC 34 2.4
Fe (ppm)
Control 174 180 177.0 184 193 188.5
Zn 321 340 330.5 345 400 372.5
Fe 399 390 394 .5 422 420 421.0
Mn 304 325 3145 410 316 363.0
B 301 311 306.0 300 469 384.5
Mean (SL) 299.8 3092 1 e 3322 3596 | -
L.S.D. (0.05)
T 6.1 5.1
C 3.5 3.0
TXC 8.6 7.8
Mn (ppm)
Control 25 29 27 32 38 35
Zn 44 46 45 42 50 46
Fe 35 38 36.5 45 49 47
Mn 42 50 46 62 57 59.5
B 38 43 40.5 48 51 49.5
Mean (SL) 36.8 41.2 e 458 49 |
L.S.D. (0.05)
T 2.5 2.6
C 1.6 1.5
TXC 3.6 3.6
B (ppm)
Control 0.37 (.42 0.40 0.44 0.47 0.46
Zn 0.56 0.62 0.59 0.68 0.72 0.70
Fe 0.64 0.73 0.69 0.90 0.83 0.87
Mn 0.55 0.65 0.60 0.70 0.75 0.73
B 0.86 0.90 0.88 0.99 0.95 0.97
Mean (SL) 0.60 066 | ——-- 0.74 0.74 | e
L.S.D. (0.05)
T 0.05 0.04
C 0.03 0.02
TXC 0.08 0.05

* Zn, Fe and Mn = 50 mg/1 B=10 mg/
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seasons, the foliar application of different trace
elements. regardless of the type of element
applied. caused significant increase in these
nutrients contents in the leaves of Ficus alii
plants. compared to the control. These results are
in agreement with the findings of Mattis and
Hershev (1992) on Epipremnum aureum and
Philodendron scandens. Said (1997) Codiaeum
variegatum, Stamps and Rock (2000) Asparagus
VIrgats, Al-Hadad (2006) Cupressus
macrocarpa, Esmail (2008) Codiaeum
varieganim cv. "Gold Star". Rajaie er al. (2009)
Citrus aurantifolia, Kumar and Haripriva (2010)
Nerium odorum, Eid er al. (2010) Polianthes
tuberosa and El- Attar (2011) Areca lutescens.

It 1s also obvious from the data in Table (6)
that, in both seasons the highest values of Zn, Fe
Mn and B contents were obtained in the
leaves of plants sprayed with treatments of the
same elements. In other words, foliar application
of each element was the most effective treatment
in mcreasing and accumulating of the same
element content in leaves tissues.

The increase in the nutrient content in the
leaves tissues of the plant as a result of foliar
application of the nutrient solution can be easily
explained, since nutrient solution remains on the
leaf surface as a thin film which may be
accompanied by more absorption from leaf
surface, and their accumulation in plant leaves
tissues (Taiz and Zeiger, 2002 and Fernandez et
al. 2013).

Conceming the cultivars of Ficus alii, the
data in Table (6) showed that, in most cases, the
uptake and accumulation of Zn, Fe Mn and B
contents in the leaves of the cv. "Variegata”
were significantly higher than the cv. "Green".
The only one exception to this general trend was
recoded in the second season, since there were
no significant differences between B content in
the leaves of the c¢v. "Green" and the cv.
"Variegata”.

Regarding the interaction effect of foliar
application of the different trace elements
treatments on Zn, Fe Mn and B contents in the
eaves of Ficus alii cultivars, the data recorded in
Table (6) indicated that in both seasons, all
nutrient contents significantly increased in the
leaves of both cultivars as a result of foliar
application of trace elements, compared to the
untreated control. In both seasons, the highest
values of nutrient content in leaves of both
cultivars, in most cases. were obtained from
plants sprayed with the solution of the same
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element. On the other hand. lowest values of
nutrient content of both cultivars were recorded
on the control plants.

Conclusion: Foliar application of the trace
elements treatments improved growth and
quality of Ficus alii ¢vs "Green" and
"Variegata". the c¢v. "Variegata” was more
responsive than the ¢v. "Green". The importance
of the studied trace elements for both cultivars
can be arranged as Mn > Fe > B> Zn.

From the above mentioned results. it can be
recommended that for the best vegetative growth
of Ficus alii cvs "Green" and "Variegata”, foliar
spray with Fe. Zn or Mn at 50 mg/l/ 3 weeks
and/or B at 10 mg/l’ 3 weeks and supplied with
2g/planty/month of chemical fertilizer (NPK., 20-
20-20) 1s recommended .
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