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ABSTRACT: This study was conducted during 2011 and 2012 seasons in Williams banana
plantation belong to Horticulture Research Station at El-Kanater Elkharia, Kaluobia
Governorate, Egypt. The third and fourth rations of Williams banana plants were subjected fo
the effect of biofertilizers application at two different types of microorganism the first one was
bacterial culture from Bacillus circulans (BC) as potassium releasing bacteria and the second
was a mixed cultures (MX) from, Bacillus megaterium (BM) as phosphate dissolving bacteria,
Azotobacter chroococcum (AZ) as free N,-fixing bacteria and BC at rate (1:1:1) under different
levels of mineral K-fertilizers (100, 75, 50 and 0 ) from recommended dose, on 1) soil microfiora
of rhizospher of banana plants and 2) growth, yield, yield component, fruit quality and
marketability of banana plants. Samples and fruits were collected from each treatment from the
experimental site and the obtained data indicated that application of biofertilizers had an
activation effect on microbial status and gave higher values of ftotal bacteria, fungi and
actinomystices as compared to unfreated ftreatment. Application of biofertilizers led fto
enhancement all vegetative growth parameters tested and recorded significant difference at
number of leaves (per plant), leaf area (m2), Pseudostem height (cm), as well as, bunch
characteristics i.e. bunch length (cm), number of hands/bunch, bunch weight and number of
fingers/bunch. Moreover, application of biofertilizers recorded highest yield (up to 26 tons fed 7)
as compared to mineral NPK fertilizers. Application of biofertilizers resulted in high fruit quality
which led to reduce weight loss (%), moisture percentage (increasing dry weight (%)) and
acidity (%), also increasing TSS (%), tfotal sugar (%) as well as rising firmness as compared to
control fruits. Generally, application of both biofertilizers types in presences of 75% K-mineral
fertilizer led to obtain banana fruits with high quality and more marketability as well as rational of
using mineral K-fertilizers (by 25%) and reducing the danger of environmental pollution due to
excessive use of chemical fertilizers as well as reduce production coast.
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INTRODUCTION

Banana (Musa spp.) is considered one of

encounter Egyptian banana production,
banana plant has shallow root system;

the most important and favorite fruits in the
world. The world's production exceeded 91
million tons (F.A.O., 2012). Since it has an
excellent flavor with high nutrition value. The
area has enormously increased through the
last decade because it gives the highest
economic revenue per Feddan comparing
with other fruits. In Egypt banana plantation
occupied about 62318 (with fruitful of 55941
feddan) in 2012 season which gave a total
production of about 1,054,243 tons (Ministry
of Agriculture, 2012). Many problems

thereupon it draws nutrients from a very
limited soil  depth (Saleh, 1996),
consequently, the major problems facing
banana growers are the high costs of
excessive mineral fertilizers needed for
banana plants.

These chemical fertilizers are consider as
air, soil and water polluting agents, induced
finally negative effects on human health.
Therefore we are using biofertilizers instead
of chemical fertilizers. Plant Growth
Promoting Rhizobacteria (PGPR) are used
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as biofertilizers; Bacillus circulans (BC) as
potassium release bacteria, Bacillus
megaterium (BM) as phosphorus dissolving
bacteria and Azofobacter chroococcum (AZ)
as N2-Fixing bacteria. PGPR can play an
important role for development, production
and improvement the physical and chemical
characteristics of banana fruits quality (total
soluble solid, total sugar and vitamin C) as
well as marketing quality (Gutiérrez-Miceli et
al., 2007; Hegazi et al., 2007; Lin et al,
2008; and Vazquez-Ovando et al., 2012).

Potassium is fundamental for banana
plants because it catalyzes important
reactions in respiration, photosynthesis,
chlorophyll formation, water regulation and
its role in the transport and accumulation of
sugars inside the plants and produce rising
in the total yield.

The present study aims to evaluate the
effect of using different types of Plant
Growth Promoting Rhizobacteria (PGPR) on
plant growth, fruiting, fruit quality and
marketability of banana plants.

MATERIALS AND METHODS

This study was conducted on the 3 and
4™ Williams banana rations grown in clay
loamy soil of banana plantation belonging to
Horticulture Research Station at El-Kantar
El-Khairia, Kaluobia Governorate, Egypt,
during 2011 and 2012 experimental
seasons. The mechanical, physical and
chemical analyses of soil used according to
Jackson (1973) were shown in Table (1).
Mats (plantation holes) were 3.5 x 3.5
meters with 3 a part productive rations per
each (3 suckers were annually selected and
remained to grow for the consecutive
cropping) were devoted to this study.

Table (1): The mechanical, physical and chemical properties of the studied soil.

Property

Mechanical analysis:
Sand %

Silt %

Clay %

TEXTURE

Physical analysis:
pH

EC.dsm’

O.M. %

Total N %

W.H.C. %

Total carbonate %
Chemical analysis:
Available macro- Nutrients
P ppm

K ppm

Ca ppm

Available micro- Nutrients
Zn ppm

Cu ppm

Fe ppm

Values

32.98
37.11
28.75
Clay loamy

7.8

0.59
1.08
0.18
37%
2.7

17
0.57
2.97

0.97
1.13
5.7




Influence of biofertilizers application on growth, yield, yield components,......

Bacterial used (PGPR):

Bacillus circulans (BC) as potassium
release bacteria, Bacillus megaterium (BM)
as phosphate dissolving bacteria and
Azotobacter chroococcum (AZ) as free N2-
fixing bacteria were used as biofertilizers.
These strains were kindly obtained from
Biofertilizers  Production  Unit  (BPU),
Microbiology Department, Soil, Water and
Environment Research Institute (SWERI).
Bioferilizers were used at two types, 1) BC
as such and 2) mixed culture (MX) from
BC+BM+AZ at the rate of 1:1:1 and the
microbial load for each culture from BC or
MX was — x 10° cell forming unit (CFU). The
effect of soil drench application of two
different biofertilizers types were added
once monthly from March to July at rate of 5
Liters from liquid culture per Feddan. Nine
treatments with three replicates were
applied as follows:

1. 100% of the recommended dose of NPK
(600kg N, fed”’ 100 kg P,Os5 fed" and
500 kg K,0O fed™) control.

2. Bacillus circulans (BC)+100% K,O as
recommended dose.

3. Bacillus circulans (BC) culture + 75%
K,0O as recommended dose.

4. Bacillus circulans (BC) culture + 50%
K,0O as recommended dose.

5. Bacillus circulans (BC) culture + 0 %
K,0.

6. Mixed culture of PGPR (MX) +100% K,O
as recommended dose.

7. Mixed culture of PGPR (MX) + 75% K,O
as recommended dose.

8. Mixed culture of PGPR (MX) + 50% K,O
as recommended dose.

9. Mixed culture of PGPR (MX) + 0% K,O.

At the end of both studied seasons soil
samples were collected from the
experimental site for each treatment to
determine the microbial status at soil plant
rhizosPher by estimated the values (CFU
soil g) of total bacteria, actinomycetes and
fungi according to Page ef al. (1982).

The response of banana plants to

different treatments was investigated
through determining the following
measurements:

1. Vegetative growth:
After inflorescence emergence, some
vegetative  growth parameters  were
measured as follows:
1.1.Pseudostem high: Pseudostem length
in cm was measured from the soil
surface up to the petiole of the last
emerged leaf.

1.2.Pseudostem  circumference, which
measured at 20 cm height above the
soil surface.

1.3.Number of green leaves at bunch
shooting stage (number of green leaves
presented per plant was recorded).

1.4.Leaf area: The area of the third full
sized leaf (from the top) was calculated
in square meters according to Murray
(1959) using the following equation:
Leaf area= length x width x 0.8.

Leaves mineral content:

Leaves samples of one leaf was
collected from every pseudostem during
each season. They were dried at 70°c until
reached a constant weight and then ground
by using a manual mill and 0.2g of the
ground material were taken and digested
using a mixture of 1:10 percholoric:sulphoric
acid (v/v) for determination the following
nutrient elements; total nitrogen (N%),
Phosphorus (P%) and Potassium (K%)
according to Page ef al. (1982).

2. Bunch
yield:

2.1. Time from bunch shooting to harvesting.
Duration needed from bunch shooting
till harvesting (Maturation) in days was
calculated.

characteristics and

2.2. Bunch weight (kg), number of hands per
bunch, number of fingers per bunch,
bunch length (cm), number of fingers
per hand and vyield (ton fed'1) were
estimated.

3. Fruit ripening:

Banana bunches for every treatment
were harvested at maturity stage and held
24 hours in the laboratory at room
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temperature. Bunches were divided into
hands, washed with tap water and air dried
then packed in plastic boxes and placed on
shelves in ripening room at 20°C+2 and
90%+2 relative humidity. Subjected to
acetylene gas generated from calcium
carbide (5 gm calcium carbide in boiling
water / m° ripening room) for 24 hours then
transferred to be held at 15°C+2.

At 7 days intervals, Samples of all
treatments were examined for the following
characters:

3.1. Physical properties:

3.1.1. Pulp weight; peel weight, pulp
percentage; finger diameter; finger
weight and peel thickness were
determined in sample of 10 fruits
replicated in the three period (7days).

3.1.2. Fruit firmness (kg/cmz) was
determined by LFRA texture analyzer
using a penetrating needle of 1mm
diameter with 10 mm in distance,
speed of 2mm per second and the
peak of resistance was recorded as
g/mmz.

3.1.3. Fruit peel color: Peel color of fruit was
measured by averaging two
measurements taken on two opposite
points of each fruit equator with a
Minolta Colorimeter (Minolta Co.Ltd;
Osaka, Japan) on the basis of the
CIELAB color system. In this system
values of (a&b) specify the green-red
and blue-yellow axis, respectively.
Values were determined and Hue
angle was calculated according to
McGuire (1992).

3.1.4. Loss in fruit weight percentage: The
loss in mass fruit weight was recorded
and calculated as percentage.

3.2.Chemical properties:

3.21. Fruit moisture percentage was
determined by weight of 100g from
fresh banana fruits then oven dried at
70°C until constant weight reached.

3.2.2. Freshly prepared juice of banana
fruits samples were used for TSS,
total acidity and total sugars

determination as
A.O.A.C. (2005).

described by

4. Statistical analysis:

The obtained data were subjected to
analysis of variance according to Snedecor
and Cochran (1980) and the significant
differences among the various treatments
were comparing using L.S.D values at 5%
level.

RESULTS AND DISCUSSION
1. Microbial status:

Soil microbial status as affected by
bacterial inoculation (biofertilizers) of two
types PGPR BC or MX among both tested
seasons is presented in Table (2). Data
demonstrated that the untreated treatment
initially possesses very few numbers of all
microorganisms which were 20x106, 9x10*
and 13.5x10° CFU g soil”! for total bacteria,
fungi and actinomycetes respectively.
Application of biofertilizers (PGPR), in
regarded the two seasons tested, stimulated
the counts of soil microorganisms in banana
rhizospher soil particularly in the treatments
which received 50% K,O + MX or BC
recorded 49.5, 27.5 and 37 CFU ¢ soil* for
total bacteria, fungi and actinomycetes,
respectively. Generally, soil microflora
values were increased at season (2) as
compared to values which recorded at
season (1), these increases may due to the
various activation mechanisms for different
microbial PGPR used as well as to the root
exudates which increased by increasing
plant growth. The data are in agreement
with those of Pandey ef al., 1998; Mona et
al., 2000; Abotaleb ef al., 2002; Mahmoud et
al., 2006 and El-Mehrat ef al., 2012 who
reported that application of PGPR had an
active effect on the population of sail
microflora and increased their number by
more than 50% among growth stage period.
Moreover, they added that Azofobacter sp
(AZ), Bacillus megaterium (BM) and Bacillus
circulans (BC) have the ability to produce
secondary metabolites such as, Inodol
Acetic Acid, Hydrogen cyanide and
Siderophors, which increase plant growth,
yield and yield component for different
plants.
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Table (2): Effect of biofertilizers application on soil microflora at banana rhizospher
plants during two seasons (2011& 2012).

Soil content B —X10° CFU F —X10* CFU A —X 10° CFU
Treatments S1 S2 Mean S1 S2 Mean S1 S2 Mean
Control 15 25 20 8 10 9 12 15 135
K,O0100% + BC | 20 30 25 11 15 13 15 20 175
K,O75% + BC 35 40 375 20 25 225 20 28 24
K,O 50 % + BC 40 50 45 25 30 27.2 27 35 31
K,O00% + BC 25 35 30 15 20 175 18 20 19
koO 100 %+ MX | 35 45 40 12 15 135 20 24 22
K,O 75% + MX 45 50 47.5 22 25 23.5 32 38 36
K,0 50% + MX 47 52 49.5 25 30 27.5 36 38 37
K,0 0% + MX 25 30 27.5 15 20 175 20 22 21

S1= First season B= bacteria A= actinomycetes
S2= Second season F=fungi CFU= cell forming unit

2. Vegetative growth:

Data in Table (3) show the vegetative
charactersé' number of leaves /plant, leaf
area (m°), Pseudostem height (m),
Pseudostem circumference (cm) and time
from bunch shooting to harvest (days) of the
Wiliams banana in the two successive
seasons. Untreated treatment and received
100% of K-mineral fertilizers recorded the
lowest values at all vegetative growths
parameters tested and scored significantly
affect as compared to other tested
treatments. Application of others PGPR BC
or PGPR MX in presence of K-mineral
fertilizer (at rates of 50 and 75 % from
recommended dose) recorded no
significantly differences as compared to
fertilized with 100% of recommended K-
fertilizer. Moreover, fertilized banana plants
with 75% of K-mineral and application of
PGPR (BC) or PGPR (MX) gave higher
values of leaves number (11.67), leaf area
(1.63), Pseudostem high (2.45),
Pseudostem circumference (79.33) and time
from bunch shooting to harvest (124.67) at
the second season as compared to plants
fertilized with 100% of recommended K-

mineral dose and there is no significant
differences found.

3. Plant mineral uptake ( N, P and

K %):-

Results in Table (4) show that the soil
application of different types of biofertilizers
(BC or MX) induced significant increases of
plant N, P and K content as compared to

untreated treatment (control) in both
seasons.
Plants which received 75% K-mineral

fertilizers scored the higher N, P and K
values in presences of MX PGPR and these
values were 7.97, 0.92 and 7.36 for N, P
and K respectively, and recorded no
significant as compared to the treatment that
received 100% K-mineral fertilizer.

In general, application of MX PGPR gave
higher values as compared to BC PGPR in
both seasons. These findings are in
harmony with these of Abd El-Naby and
Gomaa, 2000; Abd El-aziz, 2002; ElI-
Kafrawy, 2005 and El-Kafrawy, ef al., 2011.
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Table (3): Effect of biofertilizers application on vegetative growth parameters during two
seasons (2011&2012).

Parameters — % § S g
gg | B | s® | £z | B8
2§ E S gt 25
Treatments - é % = %
1% Season
Control 10.00 1.52 2.39 7467 135.33
K,0 100 % + BC 12.00 1.64 246 80.00 113.67
K,075% +BC 11.67 1.64 243 77.00 123.33
K,050% + BC 11.00 1.57 2.38 72.67 130.67
K200% + BC 10.83 1.56 2.36 69.33 143.00
k,O 100 %+ MX 11.83 1.60 246 79.67 112.67
K,0 75% + MX 11.17 1.64 242 79.33 122.67
K,0 50% + MX 10.83 1.57 237 72.33 132.33
K,0 0% + MX 10.67 1.54 235 70.00 140.67
LSD at 5% 1.270 0.155 0.087 2.991 6.112
2" Season
Control 10.50 1.55 2.41 7467 130.67
K,0 100 % + BC 11.83 1.68 246 80.00 110.33
K,075% +BC 11.67 1.63 245 79.33 124.67
K,050% + BC 11.33 1.57 2.38 75.00 133.33
K200% + BC 10.67 1.52 235 70.00 141.33
k,O 100 %+ MX 12.00 1.62 215 79.67 113.67
K,0 75% + MX 11.17 1.62 242 77.67 121.67
K,0 50% + MX 10.67 1.57 2.39 72.67 131.67
K,0 0% + MX 10.83 1.54 237 72.33 139.00
LSD at 5% 0.899 0.077 0.337 3.490 6.091
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Table (4): Effect of biofertilizers application on Plant mineral uptake (N, P and K %)
during two seasons (2011&2012).

Parameters ;\;; ;\:; ;\6‘

z o S

g s 5

Treatments =) o3 3

g 8 8

Z T S

1% Season

Control 5.88 0.67 524
K,0 100 % + BC 6.43 0.76 579
K,O075% + BC 6.24 0.72 543
K,O050% + BC 5.64 0.66 5.09
K200% + BC 5.07 0.58 476
k-O 100 %+ MX 7.69 0.92 6.69
K,0 75% + MX 6.20 0.89 5.68
K50 50% + MX 583 0.67 523
K;,0 0% + MX 518 0.58 5.01
LSD at 5% 0.919 0.055 1.000

2" Season

Control 6.95 0.68 6.49
K,0 100 % + BC 7.65 0.83 7.58
K,O0 75 % + BC 7.06 0.76 6.87
K,0 50 % + BC 5.98 0.70 6.19
K200% + BC 5.86 0.60 551
kO 100 %+ MX 8.94 1.00 8.71
K,O 75% + MX 7.97 0.92 7.36
K>,0 50% + MX 7.43 0.84 6.47
K,0 0% + MX 5.94 0.63 5.69
LSD at 5% 0.836 0.067 1.889

4. Bunch characteristics:

The data in Table (5) revealed that plants
of control treatment received no biofertilizers
(PGPR)) recorded lower values of bunch
length (cm), number of hands / bunch,
number of fingers / bunch and bunch weight
(Kg) as compared to plants received various
PGPR types with applied K-mineral fertilized
at rates 100% and 75% from recommended

dose. On the other word, plants received
different two types of PGPR in presences of
100 and 75% mineral K fertilized show
significantly positive effect as compared to
plants received recommended mineral
fertilizers NPK doses among the two-
experimental seasons. Regardless of
various K-mineral levels applied and the two
seasons application of biofertilizers at types
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of BC did support the bunch characteristics
as compared to MX biofertilizers and
recorded 99.1, 10.38, 170.55 and 19.96 for
bunch length, number of hands, number of
fingers / bunch and bunch weight (Kg),
respectively and the corresponding values at
MX biofertilizers were 98.96, 10.01, 167.15
and 19.88 at the same order. The

abovementioned data of vegetative growth
and bunch characteristics are in agreement
with Gomaa, 2000; El-Kafrawy, 2005 and
Maklad, 2010 who reported that the
application of biofertilizers and some plant
growth promoters gave a significant effect
on the most vegetative and bunch
characteristics of banana plants.

Table (5): Effect of biofertilizers application on bunch characteristics during two seasons

(2011&2012).
Parameters < é - (sc) <

52 =5 53 25

82 gs £g §=
Treatments @ E = .,CE» @

1% Season
Control 96.83 9.83 178.33 20.50
K,0 100 % + BC 118.83 11.83 198.00 26.00
K,O075% + BC 102.33 10.67 185.47 21.50
K,0 50 % + BC 90.17 10.00 161.97 18.67
K200 % + BC 88.67 9.33 154.00 15.50
Mean BC 100.00 10.46 174.86 20.42
K,O 100 %+ MX 121.00 12.33 202.00 25.67
K,O0 75% + MX 107.67 10.50 162.33 20.00
K,0 50% + MX 89.67 9.67 152.33 17.67
K,0 0% + MX 85.00 6.33 154.20 15.33
Mean MX 100.84 9.71 167.72 19.67
LSD at 5% 3.629 0.869 11.60 1.742
2" Season

Control 94.67 9.83 172.97 19.00
K,0 100 % + BC 113.00 12.50 205.97 2467
K,O075% + BC 101.33 9.67 165.27 21.33
K,0 50 % + BC 93.00 9.67 148.57 16.33
K200 % + BC 85.33 9.33 145.10 15.67
Mean BC 98.17 10.29 166.23 19.50
K,O 100 %+ MX 110.00 11.67 189.47 25.83
K,0 75% + MX 106.00 1017 171.10 22.00
K,0 50% + MX 90.00 9.67 157.03 17.00
K,0 0% + MX 82.33 9.67 148.73 15.50
Mean MX 97.08 10.30 166.58 20.08
LSD at 5% 6.446 0.795 19.82 1.888
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5. Yield and fruit quality:-

The results presented in Table (6) show
the effect of application both two types of
PGPR on yield and fruit quality of banana
plants (Williams cv.) i.e. number of fingers /
hand, finger length (cm), finger diameter
(cm), finger weight (g), peel thickness (mm),
peel weight (g), pulp weight (g) pulp
percentage (%) and yield (ton fed" )The soil
application of two types of PGPR (BC and
MX) at rate 5L fad™ significantly produced a
higher values of all tested fruit quality and
yield in presences of 75% of recommended
K-mineral fertilizers in comparison with
plants which received 100% of
recommended NPK fertilizers (control)
among the two experimental seasons. It is
clear from Table (6) that the treatment which
received 75% K-mineral fertilizer in
presence of BC or MX biofertilizers gave a
higher values up to 17.10, 21.00, 5.87,
114.97, 2.23, 39.13, 75.83, 65.97 and 21.33
at the second season for number of finger
hand, finger length (cm), finger diameter
(cm), finger weight (g), peel thickness (mm),
peel weight (g), pulp weight (g), pulp
percentage (%) and vyield (ton fed )
respectively and had no significant
difference as compared to treatment which
received 100% K-mineral fertilizers. In this
respect, these data are in agreement with
Soliman, 2001; Abd El Moniem ef al., 2008;
El-Kholy, 2010 and El-Kafrawy et al., 2011
who reported that the soil application of
some biofertilizers, organic fertilizers and
plant growth substances (plant hormones)
did support and produce increasing at yleld
obtained and fruit quality i.e. yield (ton fed )
finger weight (g), pulp weight (g) and pulp
percentage (%).

6. Effect of PGPR on marketability:

Results obtained at Tables (7and 8)
clearly indicated that continuous loss |n fruit
weight (%) and fruit firmness (g/mm) with
the extend of the ripening period in all
treatments to attain the maximum at the end
of ripening period (14 days after harvest).
Application of different types of biofertilizers
(BC or MX PGPR) recorded positive effect
at weight loss (%) and firmness and
recorded significant difference as compared
to control plants in both seasons. At the end
of ripening period banana fruits of treatment
which received 75% K-mineral fertilizers in

presence of MX biofertilizers were more firm
than control plant and there is no significant
difference found as compared to applied of
100% K-mineral fertilizer in both seasons.
For moisture percentage (%) and peel color,
the same trend was found as compared to
which obtained at weight loss (%) and
firmness (g/mm) The best result was
obtained at treatments, which received 75%
K-mineral fertilizer in presence of MX PGPR
fertilizer. Weight loss (%), firmness (g/mm )
moisture percentage (%) and peel color
were affected by many physiological
processes that occurred during ripening i.e.
starch hydrolysis, accompanied water loss,
breakdown of insoluble pectic substances to
soluble forms and polygalacturonase, which
biofertilizers had a positive effect on these
physiological processes. In this respect,
these finding are in harmony with these of
Abd El-aziz, 2002; Abd El Moniem ef al.,
2008; El-Kafrawy ef al., 2011 and El-Mehrat
etal., 2012.

The results presented in Table (9) show
the effect of application of two different
biofertilizers types (BC and MX PGPR) on
total acidity (%), total sugar (%) and TSS
(%). The obtained results suggest that
acidity (%) changes may be connected with
the changes in the mechanism of respiratory
process throughout storage period and
applied of PGPR produced decreasing
values of total acidity (%). As shown in
Table (9) the total sugar percentage of
Williams banana cv was rapidly increased at
the beginning of ripening period within 7
days and followed by a gradual and slight
increase during the late ripening period to
attain the maximum values at the end of the
storage period (14 days). Moreover,
application of PGPR did support the values
of total sugar (%) and recorded highest
values between the two seasons, rising up
to 18.73%. Total soluble solids (TSS) gave
the same trend of total sugar (%) in the
presence of PGPR used as biofertilizers at
various of K-mineral fertilizers levels.
Generally, application of biofertilizers
recorded a positive effect on fruit total acidity
(%), total sugars (%) fruit total soluble solid
(TSS%), in this respect these data are
harmony with findings of El-Morsy, 1997;
Abd El Moniem et al., 2008; El-Koly, 2010
and El-Kafrawy et al., 2011.
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Table (6): Effect of biofertilizers application on yield and fruit quality during two seasons

(201182012).
= £
arameters o \g/ % = @ @ @ % -
c8l £ | 2 |® g E| E| 3 3
25| 2 £ = 5|3 El 2 =) 3 |2 3
€5 o 8 5 ~|€ E = = o <o~
S = © o - = o c
pd 2 o — c [ © o a o
= 2 S | i & o > S =
Treatments i < o o a
[T
1% Season
Control 18.17 | 20.00 583 9825 | 217 | 4063 | 5762 | 58.67 | 20.50

K,O 100 % +

BC 16.70 | 2233 | 6.17 |113.80| 213 | 3968 | 74.13 | 65.10 | 26.00

K,O75%+BC (1737 21.33 | 573 |103.26 | 2.33 | 40.56 | 62.70 | 60.73 | 21.50

K,O50% +BC (1617 1933 [ 540 | 98.85 | 2.03 | 36.32 | 62.54 | 63.23 | 18.67

K200% +BC (16,50 18.00 | 483 | 81.25 | 1.87 | 31.00 | 50.25 | 61.83 | 15.50

k,O 100 %+ MX (16.43 | 2240 | 6.37 | 11519 | 243 | 4336 | 71.82 | 62.37 | 25.67

K,O 75% + MX (1550 21.83 | 6.00 |112.12| 2.30 | 42.40 | 69.71 | 62.13 | 20.00

K,O 50% + MX (15.80| 20.67 | 5.07 | 96.58 | 1.97 | 41.02 | 55.56 | 57.53 | 17.67

K,O 0% +MX (1623 | 17.67 | 490 | 83.26 | 1.80 | 3049 | 52.77 | 63.37 | 15.33

LSD at 5% 0.926| 0.970 | 0.314 | 6.307 [0.219| 3.878 | 3.957 | 2.310 | 1.638

2" Season

Control 17.03| 2067 | 570 | 99.83 | 210 | 38.83 | 61.00 | 61.07 | 19.00

K,O 100 % +

BC 16.47| 2167 | 6.13 | 104.57 | 223 | 40.83 | 63.73 | 60.87 | 24.67

K, O75%+BC (1710 21.00 | 587 |114.97 | 223 | 3913 | 75.83 | 65.97 | 21.33

K,O050% +BC (1540 1950 | 530 | 9323 | 1.83 | 35.73 | 57.67 | 61.53 | 16.33

K200% +BC (1550 18.33 | 493 | 89.33 | 160 | 29.17 | 60.17 | 67.30 | 15.67

koO 100 %+ MX (16.67 | 23.50 | 643 |127.27 | 263 | 46.17 | 81.10 | 63.67 | 25.83

K,O75% + MX (16.80| 22.33 | 593 | 115.07 | 2.53 | 44.40 | 70.67 | 61.40 | 22.00

K,O 50% + MX (16.20| 19.50 [ 5.13 | 88.33 | 213 | 34.00 | 5433 | 6143 | 17.00

K,O0 0% +MX (1530 1833 [ 5.00 | 86.83 | 1.70 | 31.67 | 55.17 | 63.23 | 15.50
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LSD at 5% 1.840( 1.111 [ 0.251 | 5977 |0.205| 3.712 | 4666 | 2.699 | 1.888

Table (7): Effect of biofertilizers application on Firmness (g/mmz) and Weight loss
percentage (%) in banana fruits during marketing period for two seasons

(2011&2012).
Parameters Firmness Weight loss
Treatments

0 7 14 Mean 0 7 14 Mean

1% season

Control 28467 | 187.33 | 76.67 | 182.89 | 0.00 237 10.83 | 4.40
K,0 309.00 | 196.00 | 95.00 | 200.00 | 0.00 1.80 013 | 364
100%+RC
§?\075%+ 300.00 | 185.33 | 8767 | 191.00 | 0.00 2.00 10.00 | 4.00
§2PO5°°/°+ 23467 | 169.00 | 63.00 | 155.56 | 0.00 223 1020 | 4.14

K200% +BC | 219.00 | 160.00 | 5267 | 14389 | 0.00 257 10.87 | 4.48

k20 100%+MX | 317.00 | 204.00 | 95.00 | 20533 | 0.00 1.83 867 | 350

K20 75%+ MX | 307.33 | 188.67 | 89.00 | 195.00 | 0.00 213 070 | 3.04

K20 50%+MX | 253 00 | 165.00 | 71.00 | 163.00 | 0.00 253 10.00 | 4.18

K20 0% +MX | 22767 | 164.00 | 6667 | 152.78 | 0.00 263 10.60 | 4.41

Average 272.48 | 179.93 | 77.41 0.00 223 10.00
A B A*B A B A*B
LSD at 5%
0436 | 5448 16.34 0.3249 | 0.1876 0.5628
2™ season

Control 304.33 | 192.00 | 81.00 | 192.44 | 0.00 410 | 1247 | 552
K,0 307.67 | 195.00 | 87.33 | 196.67 | 0.00 227 | 1033 | 420
100%+RC

gzpo 75% + 302.33 | 181.33 | 90.00 | 19122 | 0.00 273 1113 | 462
szo 50% + 204.00 | 165.33 | 57.33 | 17222 | 0.00 3.27 1167 | 4.98

B
K200% +BC | 264.00 | 160.00 | 5367 | 15922 | 0.00 3.87 1210 | 5.32

k20 100%+MX | 31333 | 20067 | 9667 | 20356 | 0.00 2.07 093 | 4.00

K20 75%+ MX | 30967 | 184.33 | 90.00 | 19467 | 0.00 2.60 1067 | 4.42

K20 50%+ MX | 295 00 | 169.00 | 70.00 | 178.00 | 0.00 3.20 1147 | 4.89

K20 0% +MX | 57367 | 156.67 | 66.67 | 165.67 | 0.00 373 | 1200 | 5.24

Average 296.00 | 178.26 | 76.96 0.00 3.09 11.31

LSD at 5% A B A’B A B A’B
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7.956

4.593

13.78

0.2336

0.1349

0.4047

Table (8): Effect of biofertilizers application on Moisture percentage and Peel color in
banana fruits during marketing period for two seasons (2011&2012).

_Pr?g:{:‘n‘zﬁg Moisture percentage Peel color
0 7 14 Mean 0 7 14 Mean
1% season
Control 7240 | 7420 | 76.42 | 7434 | 11542 | 9833 | 9200 | 101.92
K20100% +BC | 7037 | 7257 | 73.97 | 7230 | 114.72 | 100.41 | 9265 | 102.59
K20 75% +BC | 70097 | 71.89 | 74.49 | 7245 | 11571 | 99.70 | 9147 | 102.29
K:050%+BC | 7147 | 7164 | 7456 | 7256 | 11535 | 98.87 | 9037 | 101.53
K:00%+BC | 7160 | 71.92 | 7520 | 7291 | 11472 | 9624 | 8871 | 99.89
kO 100 %+ MX | 7087 | 71.37 | 72.74 | 7166 | 116559 | 99.33 | 9150 | 102.47
K20 75% +MX 1 6997 | 70.40 | 7366 | 7134 | 11546 | 9755 | 89.77 | 100.93
K2050% +MX | 6960 | 69.50 | 70.19 | 69.76 | 114.02 | 96.02 | 89.33 | 99.79
K20 0% +MX 16997 | 70.13 | 7330 | 7143 | 11155 | 9525 | 88.03 | 9828
Average 70.80 | 71.51 | 73.83 114.84 | 97.97 90.43
A B A*B A B A*B
LSD at 5%
0.589 | 0.340 1.021 0.804 | 0.464 1.392
2" season
Control 7227 | 7363 | 7587 | 73.92 | 105.08 | 96.73 | 9060 | 97.47
K20100% +BC | 7020 | 72.47 | 73.70 | 7212 | 105.31 | 98.47 | 9140 | 98.39
K20 75% +BC | 7100 | 7160 | 7443 | 7234 | 10644 | 9852 | 91.00 | 9865
K2050% +BC | 7123 | 71.40 | 7423 | 7220 | 10577 | 9687 | 89.42 | 97.35
K:00%+BC | 7133|7233 |7473| 7280 | 106.06 | 9587 | 8847 | 96.80
kO 100 %+ MX | 7063 | 7157 | 7250 | 71.57 | 10759 | 9761 | 9220 | 99.13
K.O075% +MX | 6967 | 70.40 | 73.40 | 71.16 | 10646 | 96.97 | 89.83 | 97.75
K20 50% +MX | 69 87 | 70.20 | 7067 | 7025 | 10769 | 96.14 | 90.03 | 97.95
K20 0% +MX 16983 | 70.00 | 73.00 | 70.94 | 10516 | 9510 | 8873 | 96.33
Average 7067 | 7151 | 73.61 106.17 | 96.92 90.19
LSD at 5% A B A*B A B A*B

AR
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0.452

0.261

0.782

0.849

0.490

1.470

Table (9): Effect of biofertilizers application on Acidity%, Total Sugar % and TSS% in
banana fruits during marketing period for two seasons (2011&2012).

Treapaf:t’:ters Acidity Total Sugar TSS
0 7 14 Mean 0 7 14 Mean 0 7 14 Mean
1% Season
Control 0.469 | 0.313 | 0.212| 0.331 | 2.46 | 1597 | 1656 | 11.66 | 2.90 | 1867 | 19.13 | 1357
K20 100%+BC 1 491 | 0.403 | 0.271 | 0.388 | 269 | 16.15 | 18.02 | 1220 | 3.13 | 19.00 | 21.20 | 14.44
K2O75% +BC | 4 424 | 0331 | 0.245 | 0333 | 220 | 1602 | 1762 | 1198 | 270 | 1887 | 2073 | 14.10
K2050% *BC | 380 | 0301 | 0200 | 0207 | 283 | 1544 | 1632 | 1153 | 333 | 18.13 | 19.20 | 1355
K20 0% +BC | 380 | 0283 | 0.162 | 0275 | 3.00 | 1485 | 1549 | 11.14 | 363 | 17.47 | 18.07 | 13.06
k20100 %+ MX | 558 | 0.405 | 0.264 | 0.400 | 286 | 16.78 | 1836 | 1267 | 337 | 1967 | 21.60 | 1488
K20 75% + MX 1 0 447 | 0333 | 0.258 | 0.346 | 269 | 16583 | 17.72 | 1241 | 313 | 19.80 | 20.87 | 14.60
K20 50% + MX | 424 | 0206 | 0.220 | 0313 | 224 | 1513 | 1649 | 1120 | 263 | 17.80 | 19.40 | 13.28
K20 0% +MX | 4380 | 0283 | 0.153 | 0.272 | 2.80 | 14.96 | 1581 | 11.19 | 330 | 17.67 | 18560 | 13.10
Average 0.439 | 0.328 | 0.222 266 | 15.79 | 16.93 313 | 18.56 | 19.87
A B A*B A B A*B A B A*B
LSD at 5%
0.051 | 0.029 0.089 0.160 | 0.480 0.3263 0.326 | 0.188 0.565
2" Season
Control 0.581 | 0.424 | 0.253 | 0.419 | 2.58 | 16.17 | 16.70 | 11.82 | 3.03 | 19.00 | 19.47 | 13.83
EZCO 100%+ o558 | 0.424 | 0268 | 0.417 | 278 | 17.81 | 18.45 | 1301 | 327 | 2087 | 21.60 | 1525
K20 75% *BC | 1504 [ 0380 | 0250 | 0381 | 232 | 1747 | 1760 | 1236 | 273 | 2007 | 2053 | 14.44
K2050% +BC | 4 424 | 0357 | 0.192 | 0.324 | 252 | 1666 | 17.21 | 1213 | 293 | 19.60 | 20.13 | 14.22
K200% +BC | 4357 | 0319|0451 | 0276 | 297 | 1522 | 16.05 | 11.41 | 350 | 17.87 | 1867 | 1335
k20 100 %+ MXY 593 | 0.424 | 0.304 | 0.440 | 3.00 | 1762 | 1873 | 1342 | 350 | 2060 | 21.93 | 15.34
K20 75% + MX | 506 | 0.417 | 0.250 | 0.401 | 266 | 1727 | 17.01 | 1261 | 313 | 2020 | 2093 | 14.75
K20 50% + MX | 447 | 0380 | 0.216 | 0.348 | 238 | 1631 | 17.35 | 12,01 | 2.80 | 1843 | 1953 | 13.40
K20 0% +MX | 4397 | 0277 | 0.162 | 0.270 | 269 | 1562 | 1612 | 11.48 | 3.07 | 1827 | 1873 | 1336
Average 0.487 [0.378B| 0.229 266 | 16.65 | 17.35 311 | 19.40 | 2017
LSD at 5% A B A*B A B A*B A B A*B
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0.042 | 0.024 0.07327 0.235 | 0.136 0.4080 0.2642| 0.152 0.4576
Chemists, AOAC International,
Gaithersburg, Maryland, USA.
. El-Kafrawy, A.A.M. (2005). Physiological
Conclusion . . studies on banana plants. Ph.D. Thesis,
From the obtained results it can

concluded that, application of PGPR as
biofertilizers as mono culture (BC); Bacillus
circulans as potassium (K) release bacteria
or mixed cultures (MX); Bacillus circulans
(BC), Bacillus megaterium (BM) and
Azotobacter spp. (AZ) as soil application at
rate 5L fed” were more pronounced effect
on vegetative growth, mineral N, P and K
uptake, bunch characteristics, yield and fruit
quality as well as fruit marketability of
banana plants under Egyptian soil condition.
Moreover, by application different two types
of biofertilizers induced relatively reduction
in  K-mineral by about 25% from
recommended dose fed™.
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