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ABSTRACT

Ficus benjamina, L. plants which knewn as a weeping fig, is an important
shade as well as a component of indoor ornamental plant. Since growth of plants is
greatly improved by fertilization this experiment was carried out for two seasons 2002
and 2003 to investigate the effect of 1, 2, 4 and 8 g/pot of calcium superphosphate
and biofertilizers; Biogen, Microbein, Phosphorene, Biogen + Phosphorene or
Microbein +Phosphorene. One-year-old F. benjamina transplants were transplanted in
clay pots filled with 8 kg of a sandy soil and peatmoss (95: 5 by volume). Calcium
superphosphate and 5 g of biofertilizers were mixad with the soil before transplanting.

Both phosphorus fertilization and biofertilizers significantly improved plant
growth. Plant height, stem thickness, and branch and leaf number were increased by
increasing the level of calcium superphosphate from 1 to 4 g/pot and decreased
when was added at 8 g/pot. Microbein significantly increased most measured
parameters over the non-biofertilized plants. However, there was no significant
difference between Biogen and non-biofertilized plants. The highest plant height, stem
thickness, branch and leaf number and shoot and root biomass were obtained when
F. benjamina plants were fertilized with 4 g/pot of calcium superphosphate +
Microbein + Phosphorene.

INTRODUCTION

Ficus benjamina, L. plant that commonly, known as a weeping fig, is
a native species to tropical South-east Asia, belonging to Family Morarceae.
It is an important component of the foliage interior landscape (Florida
Nurserymen and Growers Association, 1997 and Veneklass et al., 2002).

Growth of ornamental trees can be greatly improved through regular
care. Feriilizer application is one of the most important factors, which affect
tree growth. Lack of fertilization lead to some symptoms such as small
leaves, light green or off-color foliage and less elongation of branches and
general lack of thriftiness or vigor (Melvin and James 2001). Nitrogen is one
of the basic plant nutrients that is built into the body of simple and conjugated
proteins and many of organic substances aof plant cell. Also, phosphorus is
considered one of the important macroelement nutrients, which restrict plant
growth. Oxidized phosphorus compounds are an absolute necessary for all
living organisms since it is an essential compound for nucleic acids. So that,
plants which suffer from nitrogen or phosphorus deficiency exhibit specific
symptoms (Yagodin, 1984). The impact of N and P in seedling growth of
different tree seedlings has been shown by Thomas and Teoh (1983) on F.
macrophylla, Ahmad (1995) on Leucaena leticocephala, Abd El-Aziz (2000)
on Azadirachta indica, Abdou and El-Sayed (2002) on Peltophorum and El-
Sayed and Abdou (2002) on Khaya. However, Puri and Swamy (2001)
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treated Azadirachta indica with different rates of N and P and found that only
nitrogen has a significant effect on seedling biomass. Therefore, the
application of nitrogen and phosphate fertilizers are considered an essential
horticultural practice for better growth. However, the availability of Pisa
serious problem as it is fixed in the soil and lowers the utilization efficiency of
added P fertilizer by the plant.

Some free-living bacteria such as Azotobacter, Azosprillium and
Pseudomonas which are dominant inhabitant in arable soil, have the
capability to fix nitrogen. They help also in soil aggregation (Subba-Rao,
1991). Other soil microorganisms play a significant role in mobilizing P by
lowering the pH in rhizospheric soil as well as producing chelating
substances, which lead to solubilization of phosphates. In addition to nitrogen
fixation and P mobilization microorganisms increase plant growth by
secretion of growth promoting substances and improving soil properties by
leaving organic residues (Kannaiyan, 2002).

Biofertilizers are important source for supplementing plant nutrients.
They have a special significance in the context of both the cost and
environmental impact of mineral fertilizers (Kannaiyan, 2002). Microbein is a
multi-strain biofertilizer consists of symbiotic and asymbiotic nitrogen fixation
as well as other micro-organism for mobilizing certain macro-elements for
plant absorption. Phosphorene is a biofertilizer contains Bacillus spp bacteria
which lower the pH in rhizospheric soil and produce chelating substances,
which lead to solubilization of phosphates. Application of biofertilizers such as
Biogen , Microbein and Phosphorene enhanced growth and nutritional status
of different plants
(Subba-Rao 1991, Helmy and Azzazy, 1996 and Attia and Saad, 2001).

The aim of this study was to determine the effect of phosphorus
fertilizer and three different types of commercial biofertilizers; Biogen,
Microbein and phosphorene on growth of F. benjamina transplants.

MATERIALS AND METHODS

This pot experiment with 3 replicates was conducted in the
greenhouse at Dept. of Horticulture Fac. of Agric. Minia Univ. during two
consecutive seasons, 2002 and 2003. One-year-old uniform F. benjamina
plants (25-30 cm height) were individually planted on the first of April of both
seasons in 30 cm diameter new clay pots. Pots were filled with 8 kg of sandy
soil and peatmoss (95: 5 % v/v). Soil analyses are shown in Table (1). Potting
media were sterilized before transplanting by spraying 2% formalin solution
and kept under plastic cover for 24 hr. Thereafter, the cover was removed
and soil was left for ten days before planting. All plants were fertilized with 4 g
of ammonium sulphate (20.6 %N) divided into two doses on May first and
June first. Also, 2 g/pot potassium sulphate (48 % K,O) were added as one
dcse on May. A phosphorus fertilizer was applied at 1, 2, 4 or 8 g/pot of
calcium superphosphate (15.5 % P,0s), as one dose before planting.

Biogen, Microbein and Phosphorene biofertilizers were obtained
from the Ministry of Agriculture, produced by the General Organization for
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Agric. Equalization. Before transplanting soil of each pot was mixed with 5 g
of Biogen, Microbein, Phosphorene, Biogen + phosphorene or Microbein +
phosphorene. A factorial experiment 4 X 6 was used in each season in a
randomized complete blocks design with 3 replecates and weach replicate
contained 5 pots. Plants were irrigated as needed.

At the end of the experiment, on Oct. 30" of both seasons plant
height (cm), stem thickness (cm) at 5 cm above the medium surface and
branch and leaf number/plant were recorded. Randomly 5 leaves of the
middle part of each plant were used to estimate chlorophyll a and b content
as described by Fadl and Seri-El-Deen (1978). Shoots and roots were dried
at 70°C to estimate their biomass (g).

Nitrogen and phosphorus percentages were estimated in the dry
leaves according to Page et al (1982).

Experimental resuits were submitied to an analysis of variance
(ANOVA) and means were compared using LSD test (p<0.05) (Gomez and
Gomez, 1984 ). This analysis was performed using MSTATC.

Table 1: Some physical and chemical analysis of the experiment soil in
the two seasons

Character Value |Character Value
Particle size distribution sand 904 % |CaCO3 % 14.3
Silt 42% |Total M % 0.03
Clay 5.4 % |Available K (mg/kg) 221
Texture grade sandy soil [DTPA- Extractable P mg/kg 2.50
Organic matter 0.08% Fe (mg/kg) |2.01
pH 1:2.5 7.5 Mn (mg/kg) | 0.25
EC dSm 1.07 Zn(mg/kg) | 0.10
RESULTS AND DISCUSSION

1- Plant height and stem thickness

In the first season phosphorus fertilization significantly affected F.
benjamina plant height and stem thickness as shown in Table 2. The shortest
and tallest plant height (34.2 and 41.4 cm respectively) were observed when
plants were fertilized with 1 and 4 g/pot of calcium superphosphate. However,
plant height was significantly reduced to 38.2 cm when plants were ferfilized
with the highest concentration of calcium superphosphate. Similar trends of
stem thickness were observed by plants which were fertilized with 1g /pot
had a stem thickness of 0.28 cm however, plants fertilized with 4 g/pot of
calcium superphosphate had the thickest stem (0.36 cm). Stem thickness
was reduced to 0.31 cm when plants were fertilized by the highest level of
phosphorus. However this value did not significantly differ than that of plants
fertilized with 1 or 2 g/pot of calcium superphosphate.

As shown in Table 2 biofertilizers significantly increased plant height
and stem thickness in bath seasons. There were no significant differences in
both parameters between non-biofertilized plants (34.3 and 0.27 cm,
respectively) and plants that treated with Biogen (35.1 and 0.29 cm,
respectively). All other treatments significantly increased plant heightand
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stem thickness over the control plants. In both seasons there were significant
differences in plant height and stem thickness between plants fertilized with
phosphorene or Biogen. Plants treated with Microbein + phosphorene had
the tallest plant height and stem thickness (41.8 and 0.35 cm, respectively).
However, the difference in plant height or stem thickness of plants fertilized
with Phosphorene + Biogen or Phosphorene + Microbein were not significant.

The interaction between phosphorus fertilization and biofertilizers
was significant, only in the second season , for both measured parameters,
with the use of 4 g/pot calcium superphosphate + biofertilizer mixture of
Microbein and phosphorene giving the best results.

Table 2: Effect of calcium superphosphate and biofertilizers on piant
height and stem thickness of F. benjamina plants in two

seasons

Biofe rti(léz)ers s calcium superphosphate (g/pot) (A) e

E] 2 4 8 Mean B 1 2 4 8 Mean B

Pant height (cm)
Control 320 339 369 343 343 310 326 36.0 338 334
Bio. 326 348 381 350 351 319 339 380 351 347
Mic. 336 356 392 366 362 332 354 396 367 362
Phos. 345 390 433 401 392 346 368 413 383 377
Bio+Phos 355 406 444 411 404 357 381 429 396 39.1
Mic.+ Phos. 368 421 464 418 418 369 388 444 418 405
Mean A 342 377 414 382 339 353 404 376
LSD 0.05 A15 B1.3 ABN.S A1.1 B1.4 AB 2.8
stem thickness (cm)

control 025 028 031 027 027 024 026 029 027 0.28
Bio. 027 030 034 028 029 026 029 033 027 0.30
Mic. 0.27 030 035 029 030 027 031 034 029 0.30
Phos. 0.28 033 036 032 032 028 034 035 031 032
Bio+Phos 029 035 038 034 034 029 035 036 033 034
Mic.+ Phos. 030 036 040 034 035 031 029 038 034 0.36
Mean 0.28 032 0.36 0.31 0.27 031 034 0.31
LSD 0.05 A 0.04 B 0.03 AB N.S. A0.04 B 0.03 AB 0.7

Bio. = biogen, Mic. = Microbein, Phos. = phosphorene and N.S = not significant

2- Branch and leaf number

In the first season, Table (3) shows that phosphorus fertilization
significantly affected both of branch and leaf number of F. benjamina plants.
There was no significant difference in these parameters between plants
fertilized with 2 and 8 g/pot of calcium superphosphate. The largest branch
and leaf number/plant (15.3 and 111.2, respectively) were produced when
plants were fertilized with 4 g/pot of calcium superphosphate. However,
plants fertilized with 8g/pot had branch and leaf number less than plants
fertilized with 4 g/pot of calcium superphosphate.
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Table 3: Effect of calcium superphosphate and biofertilizers on branch
and lea number of F. benjamina plants in two seasons
calcium superphosphate (g/pot) (A)

Fertilizers (B) 1 st season 2 nd season |
1 2 4 A Mean 1 2 4 A Mean
El B
Branch number/plant
control Vo0 v TV 'Y YYYO N Y vl Vet ‘Yt v
Bio. Vo A Ve Ty T VYA MY Yo ¥ Ve Ty
Mic. "oy VEY Y Y IYY YT o YEA Yo (R
Phos. Yo Yoy Y Ve VeV T Yo W VeV Ve
Bio+Phos Ve Yo A vy Vo . LI E I S R W YA, . Yo i
Mic.+ Phos. ‘Wt Yo VAt V1o YoV oA Y 1AL AREERAN
Mean A WYY Ve A Yo v Ve N \TY Vo "t VE A
LSD 0.05 A 09 B1.1 AB NS A04 B0.5 AB 1.0
Leaf number/plant
control VYA YA AEY  AAY Ao YO Y AVY MYV AT AV Y
Bio. YWA YA Y e 4eY I Y vdae 4T dAT  4f . Ay
Mic ATY  Yee ¥ VAT VY. dAY AT O 910 V.0 Yee £ 4T
Phos. SIF Veff NYe VA Yot 8V Y 1.0 MY T V.o
Bio+Phos 9 T NET e MY L dAe WD E AT T AT VY ¢t
Mic.+ Phos. VeV N0 Y AYTA YL E MIVE VLYY M4 E YYAY AY.o VIV
Mean A AAO YN Y AN Y Vg Y AAE VY Y NI L Y
LSD 0.05 A56 B 6.9 AB N.S Ad4 B54 AB 10.8

Bio. = biogen, Mic. = Microbein, Phos. = phosphorene and N.S = not significant

All types of biofertilizers significantly increased branch and leaf
number of F. benjamina plants. In both seesons the differences in branch or
leaf number between non-biofertilized and Biogen fertilized plants was not
significant. Also, the differences in branch or leaf number between plants
fertilized with Microbein + Phosphorene or Biogen + Phosphorene were not
significant except for branch number in the first season. In both seasons
plants fertilized with Microbein + Phosphorerie had the largest branch and
leaf number (e.g. 15.7 and 117.4 respectively in the first season).

The interaction between phosphorus fertilization and biofertilizers
was significant, only in the second season far both of branch or leaf number /
plant . The highest values were obtained due to the use of 4g/pot calcium
superphosphate + Microbein and Phosphorene mixture .

3- Shoot and root biomass

Plants, fertilized with 1 g/pot calcium superphosphate, had
significantly the lowest shoot and root biomass of 13.6 and 7.10 g/plant,
respectively. Shoot as well as roots biomass of F. benjamina plants were
significantly increased by increasing levels of calcium superphosphate from 1
up to 4 g/pot thereafter, these values were significantly decreased (Table 4).
Biofertilizers significantly increased shoot as well as roots biomass of F.
benjamina. Plants that were fertilized with Phosphorene had shoot and root
biomass (16.5 and 7.9 g/plant) were significantly higher than control or
Biogen-fertilized plants. Plants which fertilized with Microbein + phosphorene
had significantly the highest shoot biomass of 18.7g/plant. These plants had
the highest root biomass of 8.21 g/plant but, this value was not differ
significantly than values of plants fertilized with Biogen + Phosphorene.
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Table 4: Effect of calcium superphosphate and biofertilizers on dry
weights of vegetative and root of F. benjamina plants in two

seasons
calcium superphosphate (g/pot) (A)
Fertilizers (B) 1 nd season 2 nd season
2 4 8 Mean 0 2 4 8 Mean
B B
control 11.2 13.0 14.5 13.5 13.0 11.6 13.4 15.0 13.7 13.4
Bio. 12.0 141 15.7 14.4 14.0 12.3 14.5 15.8 14.4 14.2
Mic. 13.0 15.5 17.2 155 15.2 13.0 15.6 17.5 15.4 15.3
Phos. 140 16.8 18.6 16.5 165 142 18.0 19.8 17.3 17.3
Bio+Phos 15.3 17.8 20.2 17.9 17.8 15.2 18.8 21.0 18.1 18.2
Mic.+ Phos. 16.5 18.5 21.4 18.4 18.7 16.5 19.4 22.0 18.4 19.1
DAL 73 13.6 16.0 18.0 16.0 13.8 166 18.5 16.2
[SD 0.05 AO4 B05 AB09 AO03 B04 AB 0.8
Roots biomass (g)

control

6.39 6.85 7.50 7.35 7.03 6.87 7.22 7.74 7.1 7.24
Bio. 6.70 7.12 8.30 7.68 7.45 6.98 7.41 7.67 7.27 7.33
Mic. 6.97 7.43 8.66 8.01 7.77 7.20 7.58 8.22 7.68 7.67
Phos. 7.75 7.01 7.06 8.77 7.90 7.28 8.26 9.09 8.39 8.26
Bio+Phos 7.26 7.80 9.00 8.01 8.02 7.44 8.52 9.27 B8.60 8.46
Mic.+ Phos. 7.50 7.73 9.33 8.27 8.21 7.74 8.84 9.73 8.75 8.76
Mean 7.10 7.49 8.31 8.01 7.25 7.97 8.62 7.97
LSD 0.05 A0.22 B0.27 AB 0.54 A B AB

Bio. = biogen, Mic. = Microbein, Phos. = phosphorene and N.S. = non significant

Under any level of calcium superphosphate plants which fertilized
with Microbein + phosphorene had the highest biomass.

The interaction between phosphorus fertilization and biofertilizer
was significant in both seasons. The highest shoot and root biomass (21.4
and 9.33 g/plant) were obtained when plants were fertilized with 4 g/pot
calcium superphosphate + Microbein + phosphorene. Similar results were
obtained in the second season.
4- Chlorophyll a and b content

Plants, fertilized with 1g/pot calcium superphosphate, had
significantly the lowest chlorophyll a and b content of 2.734 and 0.899 mg/g,
respectively Table (5). While plants, which had 4 g/pot of calcium
superphosphate, had the highest content of chlorophyll a and b (2.902 and
0.957 mg/g). There were no significant difference in chlorophyll b content of
F. benjamina leaves between plants fertilized with 1 or 2 g/pot of calcium
superphosphate, in both seasons
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Table 5: Effect of calcium superphosphate and biofertilizers on

chlorophyll a and b of F. benjamina leaves in two seasons
calcium superphosphate (g/pot) (A)
Fertilizers (B) 1 st season 2 nd season
1 Mean Mean
2 4 . B 1 2 4 . B

Chlorophyll a {mg/g)

Control
Bio.
phos e Tar. rare vy ary e [XTH Tany
Bio+Phos - v
Mic.+ Phos.

Mean LRSS Aty Tae LATL}
LSD 0.05 A 0.028 B 0.035 ABN.S A0.035

Chlorophyll b (mg/g)

AL o

B 0.045 AB 0.069

Control R

Bio. —ave —an

Mic. -
Phos.

Bio+Phos o ' '

MiC.+ Phos —an —Ary PPN Ay LA Ay

Mean

LSD 0.05 A 0.056 B 0.069 ABN.S A0.056 B 0.069 ABO. 112

Bio. = biogen, Mic. = Microbein, Phos. = phosphorene and N.S. = non significant

Plants that received no biofertililizers had the lowest chiorophyll a
and b content (2.719 and 0.881 mg/g respectively). All biofertilizers
treatments significantly increased chlorophyil a and b content of F. benjamina
leaves over the control plants. No significant difference in chlorophyll a or b
content between plants fertilized with phosphorene or Microbein in both
seasons. There was no significant difference in chlorophyll b content between
control plants and all other biofertilizers treatments except when plants were
fertilized with Microbein + Phosphorene.

The interaction between phosphorus fertilization and biofertilizers
was significant only in the second season with the use of 4g/pot calcium
superphosphate + a mixture of Microbein and phosphorene giving the
highest chlorophyll a and b contents .

5- Nitrogen and phosphorus %

In the first season no significant differences were observed in the
percentage of nitrogen content of F. benjamina leaves due to phosphorus
fertilization or biofertilizers. Also, no significant interaction between both of
studied factors was observed. In the second season (Table 6) shows a
significant difference in N% due to phosphorus fertilization. Plants, fertilized
with 4 g/pot of calcium superphosphate had the highest N% (3.106 %) which
was significantly higher than plants fertilizes with 1 g/pot calcium
superphosphate.Biofertilizers had no significant effect on N percentage of F.
benjamina leaves. However, all biofertilizer treatments had N% higher than
the control plants. There was no significant interaction between phospharus
fertilization and biofertilizers.
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The percentage of P of F. benjamina leaves significantly increased
from 0.848 to 0.914 when plants were fertilized with 4 g/pot of calcium
superphosphate rather than one g/pot. All other calcium superphosphate
treatment had no significant difference in % of phosphorus. However, Table
(6) shows that plants fertilized with 8 g/pot calcium superphosphate had P%
lower than plants fertilized with 4 g/pot calcium superphosphate. Biofertilizers
had no significant effect on % of P in both seasons.

Table 6: Effect of calcium superphosphate and biofertilizers on N and
P% of F. benjamina leaves in two seasons

Calcium superphosphate (g/pot) (A)

Fertilizers (B) 2 nd season 2 nd season
Mean Mean
1 2 4 8 B 1 2 4 8 B
N %
Control 3.013 2990 3.030 3.000 3.085 3020 3.050 3.073 3.000 3.036
Bio. 3.020 3.030 3.050 3.020 3.030 3.030 3.070 3.080 3.010 3.047
Mic. 3.030 3.037 3.053 3030 3.064 3040 3.070 3.090 3.020 3.056
Phos. 3.060 3.030 3.000 3037 3.092 3.070 3080 3113 3.053 3.079
Bio+Phos 3.080 3090 3120 3.080 3.101 3.070 3.100 3.130 -3.080 3.095
Mic.+ Phos. 3.030  3.090 3.140 3.083 3.080 3.110 3.150 3.060 3.000
Mean 3.08 3.046 3.082 3.042 3.0560 3.081 3.106 3.037
LSD 0.05 AN.S B N.S AB N.S A 0.056 B N.S. AB: N.S.
: P%
Control 0820 0850 0.873 0863 0.852 0.830 0.860 0.833 0.893 0.867
Bio. 0.846 0877 0903 0887 0877 0.853 0.890 0917 0.893 0.888
Mic. 0.863 0.900 0900 0.893 0.889 0.863 0.907 00923 0.893 0.897
PFhos. 0.833 0.860 0.927 0880 0.875 0.837 0.897 0.893 0.833 0877
Bio+Phos 0.857 0.897 0933 0.903 0.897 0.850 0.910 0927 0.897 0.897
Mic.+ Phos. 0.873 0920 0.947 0920 0915 0.870 0.920 0.867 0.910 0.892
Mean 0848 0.884 0914 0.891 0.851 0.897 0.902 0.885
LSD 0.05 A 0.056 B N.S. AB 0.112 A 0.056 B N.S ABO.N.S.

Bio. = biogen, Mic. = Microbein, Phos. = phosphorene and N.S. = non significant

However, the interaction between P fertilization and biofertilizers was
significant in the first season only. A significant difference in percentage of P
was observed only when plants were fertilized with the 4 g/pot of calcium
superphosphate + Microbein + Phoasphorene rather than non biofertilizer
treatment + the lowest level of calcium superposphate.

DISCUSION

Present study showed that the growth of F. benjamina seedlings was
significantly affected with calcium superphosphate fertilization. Plant height,
stem thickness, branch and leaf number, shoot and root biomass were
increased by calcium superphosphate rates from 1 to 4 g/pot due to
application of the most suitable dose of calcium superphosphate. Whereas all
these parameters were decreased when calcium superphosphate was raised
up to 8 g/pot. The negative effect of the highest level of calcium
superphosphate reflects the crucial of nutrient concentration in the soil, which
affect the nutrient use efficiency, (Turvey et al., 1992)

Several studies have demonstrated that phosphorus fertilization
promotes establishment and increases biomass production of woody species
{Hawkins et al., 2000). Moreover, Thomas and Teoh (1983) on F.
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macrophylla, Ahmad (1995) on Leucaena leucocephala , Abd El-Aziz (2000)
on Azadirachta indica and Abdou and El-Sayed (2002) on Peltophorum has
shown the beneficial effect of phosphorus on vegetative growth. Phosphorus
fertilization significantly increased chlorophyll a and b content as well as the
N and P% of F. benjamina plants. Marler et al., (2001) treated Populus
fremontii, Salix gooddingii, and Tamarix ramosissima seedlings with different
levels of phosphorus and found that all species grew significantly taller,
produced more leaves or stems, produced greater biomass and had the
higher concentration of phosphorus. This could be attributed to the role of
phosphorus in different aspects of cell division and growth, energy transfer,
signal transduction, biosynthesis of macromolecules, photosynthesis and
respiration (Plaxton and Carswell , 1999 and Raghothama ,1999).

Biofertilizers improved F. benjamina seedling growth. However, there
were a significant difference between the different types of biofertilizers and
the control plants. Most estimated parameters were not significantly
increased when plants were fertilized with Biogen. Phosphorene was more
efficient as a biofertilizer than Biogen. The significant difference between
different types of biofertilizers is an expected result as these biofertilizers
contain different types and different strains of microorganisms. Among the
evaluated biofertilizers Microbein was the most efficient biofertilizer for
improving F. benjamina growth. All growth parameters of Microbein-fertilized
plants were significantly higher than control or biogen-fertilized plants.
Biofertilizers containing Azotobacter and Azospirillum have been widely
tested with non-legumes under field condition in different agrclimatic regions.
These field trials which indicated growth improving of different trees as well
as their either nutritional status have been reviewed (Subba-Rao, 1991,
Mansour, 1998 and Wani and Lee, 2002). Kannaiyan, (2002) revealed that
this impact of biofertilizers in plant growth is attributed to the role of these
microorganism in nitrogen fixation, P mobilization as well as the secretion of
growth promoting substance.
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