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_ ABSTRACT

Microbial inoculum contained main crganisms (beat-based): Azotobacter spp. and Bacillus megatherium which
Jound in ‘Biogein', ‘Rhizobacterein’, 'Phosphorein’ and arbuscrlar mycorrhizal (AM) fungi were used to reduce the
recommended dose of nitrogenous and phosphoric fertilizers of "Anna” apple trees. The treated trees were seven years old
budded on MM. 106 rootstock grown on sendy soil at Elbostan district under drip fertigation system during two successive
seasons (2003 and 2004) so investigare the influence of the microbial biofertilization on tree growith, yield and fruit quality.
The treatments were 100% of recommended mineral fertilizers dose/tree without microbial biofernlization (control) and
100% (F1), 50%(F2) , 25% (F'3) of recommended mineral fertilizers dose plus microbial fertilizers.

shoot length, leaf area and leaf dry weight of treated trees with microbial bigfertilization were significamly increased.
while, specific leaf weight (SLW) was not siatistically affected with any treament. also, chloraphyll a, chlorophyil b and tosal
chlarophyll content of the leaf recorded significant increases compared with uninoculated control trees.

Microbial inoculum significantly increased ‘Anna’ apple leaf carbohydrate contem (soluble sugars, siarch and total
carbohydrates) than uninoculated control:enes. All microbial fertilization treatments markedly affected nutritional status of
‘Anna’ apple trees. Leaf concemrations of N, P, Ca, Fe and Zn were increased in a significance manner. While, Mg and Mn
concentrations were consistently higher without sigmjficant difference in a comparison with control.

As for yield and fruit quality, yield paraometers (number and weight) were significantly increased as microbial
biofertilizers was applied. FI and F2 treatments recorded the highes: fruit weight and ruumber per tree. At the same time, Fl
and F3 recorded the highest average fruit weight, moreover. improved TSS % and acidity % of fruit juice at harvest time
significantly in both seasons. So, the recommended treatment is F2 which contain microbial biofertilization + 50% of

recommended mineral fertibizers.

Key wordy: Apple - Malus domestica - Micrabial biofertilization -Mineral fertilizers - Nutritional siatus.

INTRODUCTION
A_ nna apple / (Malus domestica, Borkh) is the most
i apple cultivar in Egypt. Acreage
reached 64133 feddans in 2003 (MLAR, 2003).

The advanced capability of chemical analysis
engbled the detection of critical amounts of amy
compound. This led to identifying traces of
nitrogenous, heavy metals and pesticides residucs and
such like of harmful compounds in fruits. Nitrates and
nitrites are a hazard residucs, normally originated from
applications of nitrogenous fertilizers. Nitrates is
usually reduced in the lmman body to nitrite and
subsequent reaction of nitrite with amino acids ieads to
a formation of nitrose amings which are carcinogenic
compounds (Hallberg, 1989). Otherwise, the effect of
the form of N notrition on soil stability is an important
consideration for the management of sustainsble
agrmlmte systems (Bethlenfalvy et al,

Moreover, phosphoric fertilizers contain cadminm and
wadtes:d\u(SnkanIet.al 1994 ) which could cause
eetuallwalthpmblem&

thestandpmntofenmnumnalsafay quality of fruits
and sustainable agriculure. Recently, several studies
were carried out on the dual inoculation of different
(AM) fungi (Rahman and Parsons, 1997, Amora-
Lazcano st. al., 1998 and Bethlenfalvy ef. af, 1999 ).

. accompanicd by a

In alkaline soils as Egyptian omes, and
particularly in poor P sandy soils, the soluble
phosphate is derived from either organic matter or
applied as mineralized phosphate fextilizers such as

and orthophosphoric acid. Graham and

Tinuner (1985) reported that no further P fertilizers
may be necessary if rock phosphate and arbuscular
mycorrhizal (AM) fungi inoculum are incorporated
into media, whereas repeated application of soluble P
waoatld be required for slow-growing woody plants like
citrus. Scveral studics reported that plamt growth
responses to mycorrhizal fungi were often due to
significant increase in N and P uptake (Graham and
Timmer, 1985, Rahman and Parsons, 1997 and
Osundina, 1998). Habtc and Aziz (1989) reported that
themremdeolnmznuonofmotsbyAMfunpw
significant increase in the

concentrations of S, Cu, Zn while, K, Mn and Fe
concenirations were consistently higher without
statistical significance than the control. Johnson and
Hummel (1985) reviewed large number of
investigations indicating that infection of plant roots by
arbuscular mycorrhizal (AM) fungi enhanced clement
upiake, water upiake and growth. Otherwise, AM fungi
have come to be viewed not only as plant symbionts,
but as symbionis of both plant and soil. Such a view
does not replace the phylocentric evaluation of
mycorrhizae with an agrocentric one, but considers
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AM fungi in a larger context: as a link between plant
and soil in the plani~soil continuum (Bethlenfalvy
et. al., 1999).

The aim of this work is substituting a part of
chemical nitrogenous and phosphoric fertilizers by a
suitable microbial fertilizer for 'Anna’ apple trees. The
effect of these treatments on tree growth, yield and
fruit quality were studied and suitable recommendation
was given.

MATERIALS AND METHODS

This investigailon has been carried out on seven
years old *Anna" apple trees budded on MM.106
rootstock during three successive seasons of 2002,
2003 and 2004 (the recorded data were for 2003 &
2004 seasons only). Trees were grown at Elbostan
district of Elbehira governorate where ¢rip fertigation
system was used.

Table (A):Some physical and chemical analytical properties of soil.

Sand % Silt % Clay % Texture OM% pH EC (ds.m”)
93.44 6.56 - Sandy 0.42 7.92 0.33
Cations (mg /1) Anions (mg./L) Macro-nutrient (ppm)
Na’ Ca’ Mg"” [ €Oy~ | HCOy cr SO, N P K
0.62 0.86 0.17 - 124 0.16 0.72 9 16 122

Single tree plot with 3 replicates for each
treatment was arranged in random complete blocks
design. Statistical apalysis of data was computerized
by "Lrristat” package.

All trees were subjected to the common
horticultural practices of the region, while treatments
were applied as follows:

1.{C): Control trees reccived the recommended
doses of chemical fertitizers (0.750 Kg ammonium
sulphate + 1.0 Kg calcium super phosphate + 1.0
Kg potassium sulphate per tree / season) according
to ( Wassel et al, 1996) and Mansour,1998)
without any microbial inoculation.

2. (F1): trees were microbial inoculated and
received 100% of the recommended doses of
chemical fertilizers.

3. (F2): trees were microbial inoculated and received
50% of the recommended doses of chemical
fertilizers,

4.{F3): wees were microbial inoculated and received
25% of the recommended doses of chemical
fertilizers.

Microbial inoculmn was consisted of bacterial
types of asymbiotic nitrogen fixers and phosphorus
release bacteria (dzotobacter spp. and Bacillus
megatherium) which found in three microbial
biofertilizers:  ‘Phosphorein’ ‘Biogein’  and
‘Rhizobacterein’ in addition to arbuscular mycorhizal
(AM) fungi. Azotobacter spp. found in the microbial
inoculum with density about 1 X 10° (CFU / g of
inoculum); and Bacillus megatherium with cells
density around 2 X 10° (crp/gufmoq“;qm)
‘Biogein': ‘Rbizabarierin’ and “Phosphorein’ are
microbial biofertilizers produced and purchased from
General Authority of Agricultwral Equalization Fund,
Giza, Egypt. The mycorhizac inoculum was prepared
and provided from Soil Bacteriology Laboratory of
Sakha Agricultural Research Station (A.R.C.). The
AM inoculum, consisting of a mixture of soil; spores
and root fragments, was produced in culture with
anion,

Inoculation of trees was applied at the end of
February (beginning of bud burst) added in six holes
(5 cm wide and 3 cm in depth) of soil per tree, under
drippers, when trees were irrigated. Each tree received
5 gm. Biogein + 5 gm. Rhizobacierein + 5 gm.
Phosphosein + 5 gm. of arbuscular mycorrhizal fungt.

Three branches, five years old, in differeni
directions on each tree were selected and labeled to
estimate growth parameters. All current shoots that
developed on these branches were measured to get
shoot length (cm). Li-Core-3100 Areameter was used
to measure detached leaves of nine shoots (three shoots
perbranch)togetlwfarea(cm) Leaves were dried at
70C and weighed to get dry weight (mg.) and then
specific leaf weight (SLW) was calculated as (mg.cmy
%) according to Ferree and Forshey (1988).

Thirty fully expanded matre leaves per
branch on each tree based on mid current year growth
were sampled at mud August (Reisenauer, 1978) to
determine leaf constituents, starch, total soluble sugars
and total carbohydrate according to Somogy (1952)
and Nelson (1974). Spectrophotometer was used to
estimate chlorophyll a and chiorophyil b exiracted
from fresh leaves with DMF as described by Rami and
Porath (1980). The concentration of chlorophyll a and
chlprophyll b and its total value were calculated by
Rami' s formulas as (ug / mi) (Rami 1982). The results
were presented as {ing.cm) according to Zayan ef. al.
(2002).

Nitrogen was estimated by nucro-Kjeldahl

gunning method (A.O.A.C,1980), Pmsghpms WS
WIWW} methed
andCor‘?neha(l% ﬂamepholoxmtermuﬂjl

EEL wasusedtoesumatepotassmmasreponedby
(Jackson, 1967). Calcium, magnesinum, iron, zinc and
manganese were determined by Perking -~ Elmer
atomic absorption spectrophotometer model 2380 AL,
according to Jackson and Ulrich (1959) and Yoshida
et. al. (1972).
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Fruits were picked at maturity stage and yield
secords were taken as fruit number, fruit weight per
tree and average fruit weight, (TSS) was determined by
using Abbe refractometer and total acidity percentage
was estimated according to (A.O.A.C_,1990).

RESULTS AND DISCUSSION

Data of Table (1) demonstrated that all
sidied parameiers of vegetative growth were
influenced by microbial biofertilizer treatmients. All
microbial  biofertilization fireatments increased
significantty shoot length of inoculated trees when
compared with control trees. Trees received microbial
fertilization + 100% of recommended mineral
fertilization doses (F1) had the longest shoot length
followed by those that regeived microbial
biofertilization + 50% of recommended mineral
fertilizers (F2) and then trees that received microbial
fertilization + 25% of recommended mineral fertilizers
(F3). Statistical analysis showed that differences were
significant among ali treatments in both scasons of
study. Similar trend was also observed with area per
leaf and leaf dry weight, On the other hand, statistical
analysis showed that specific leaf weight (SLW) was
not influenced by any treatment.

The increase in those parameters could be
explained by the fact that asymbiotic nitrogen fixers
(ANF) have the capability to fix atmoespheric niirogen
(Nijjar, 1990) which could be used in tree growth and
development of its structure.

The present results coincide with the findings
of Mahmoud and Mahmoud (1999) that microbial
fertilization led to improvement in plant vigor of peach
seedlings. Morcover, they added that adding nitrogen
fixing bacterivm led to great promotion in all plant
characters under shudy. 1t was also reporied that
inoculation with arbuscular mycorrhizal (AM) fungi
significantly increased the growth of *Carrizo’ citrange
and sour orange rootsiocks (Graham and Timmer,
1985); leaf area of Troyer citrange (Vinayak and
Bapyaraj, 1990); plant biomass, plant height, plant
girth, leaf number, leaf area of acid lime (Reddy et. af.,
1996), shoot growth of Troyer citrange and ‘Black
Olympia’ grape (Yamashita et al, 1998). Also, El-
Sayed, (2002) contended that mmobml biofertilizers
mcreasedshoot!emgthandl&fmofﬂameseeﬂless
grapevines, growth characteristics and total leaf avea /
vine (Ahmed et al, 2003 and Abd Ei-Hady, 2003),
leaf area of ‘Ettmani’ guava (El-Sharkawy and
Mehaisen, 2005} and all measured vegetative
parameters of ‘Canino’ apricot (Ibrahim et. al., 2005).

Table {1): Effect of microbial biofertilization on vegetative growth of *Annpa’ apple trees,
Shoot length (cm.) Areaperleaf Leaf dry wit. SII..‘W_z
Treatments * (cm.%) (gm.) (mg. em.™)

2003 2004 2003 2004 2003 2004 2003 2004

C 37.33 40.00 23.93 23.28 0.224 0.211 9.4 9.0

F1 72.33 T1.66 35.21 34.97 0.308 (.296 38 8.4

F2 57.33 63.33 30.64 31.58 0279 0.294 5.1 9.3

¥3 45.66 50.66 25.52 2530 0.25}) 0.206 29 3.2

L.S.D 7.13 8.64 422 4.06 0.043 0.037 1.21 1.26

#:. C: Control - F1: microblal biofertilization + 100% of recommended mineral fertilization doses — F2:
microbial biofertilization + 50% of recommended mineral fertilization doses — F3: microbial
biofertilization + 25% of recommended mineral fertilization doses

Data concerning ‘Anna’ apple leaf content of
chiorophyl! were arranged in Tabile (2). Data showed that
mixed inoculum swpassed ‘Anna’ apple leaf content of
all determined chiorophyll phases (chlorophyll a;
chiorophyll b and total chlorophyll) in a significant
manner than traditional control trees. Trees treated with
microbial  biofertilizer and received 100% of
recommended mineral fertilization doses (F1) had the
biggest leaf content (mg.cm?®) of chiorophylt a followed
with those received microbial biofertilization + 50% of
recommended mincral ferilizers (F2) and then trees
reccived microbial  biofertilizaton €+ 25% of
recommended mineral fertilizers (F3). Statistical analysis
showed that differences were significant among
treatments and between treatments and control in both
seasons. The same trend of influence was observed with
chlorophyll b and total chlorophyll, except chlorophyll b
under F3 treatinent did not reach the level of significance
when compared with the control in the second season.

These results are in harmony with report of
Ezz and Nawar (1994) which concluded that
inoculation of sour orange seedlings with mycorrhizal
fungi increased total chlorophyll and chiorophyll b
concentrations in the first season of the trial, and
chlorophyll a concentrations in the second. Also,
Ibrahim ef. al. (2005) contended that biofertilization
mcreasedleafchlnrophyucommtofCammapmot.

So,wemnanrﬂmemempamnyofmm
biofertitization treatments in  increasing  ‘Anna’
chlorophyll leaf content to the influence of nitrogen fixers
bacteria. These strains of rhizobacteria have capability o
fix atmospheric nitrogen in a continuous release manner,
This nifrogen was utilized by the tee to syuthesize
chlorophyll molecules of leaves. Also, phosphate
(AM) fungi may have released phosphorus ions that
effoctively acquired and taken up by the tree.
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Table (2): Effect of microbial biofertilization on chlorophyll content of ‘Anna’ apple leaves.

Chlomphyzll a Chlorophyzll [ Total Cltiomphyl!

. {mp.cm™) {mg.cm™) (mg.cm®)
Treatments s 3008 W 3004 3003 2004
C 4.09 4.33 231 221 6.41 6.52
F1 4.95 481 3.02 2.98 7.96 1.79
F2 4.51 4.64 2.8 2.59 733 7.24
F3 4,12 4.38 2.84 2.52 6.96 6.9
L.S.D 0.33 0.24 0.41 0.29 0.43 0.38

*:;. C; Control - F1: microbial biofertilization + 1060% of recommended mineral fertilization doses — F2:
microbial biofertilization + 50% of recommended mineral fertilization doses - F3: microbial
biofertilization + 25% of recommended mineral fertilization doses

Data recorded in Table (3) exhibited
influences of microorganisms  addition on
carhohydrates content of °‘Anna’ apple leaves.
Microbial inoculum sigoificantly increased ‘Anna’
appie leal content of all studied cartbohydraie
determinations than non-inoculated control ones. The
highest leaf content of total sugars was attained from
trees treated with microbial biafertitizer and received
100% of recommended mineral fertilization doses (F1)
followed by (F2), then (F3) and later the control ones,
The same trend of influence was observed with starch
and total carbohydrates with one exception, whereas
F2 {microbial biofertilization and 50% of
recommended mineral fertilizers doses} was the
superior treatment followed by (F1) and (F2),
respectively.  Differences among  treatments and
between treatments and control were significant in
both seasons.

The obtained herein results are in agreement
with those concluded by Ezz and Nawar (1994) that
mycorrhizal inocilation of sour orange seedlings
increased leaf and root sugars and carbohydrates
concentrations in comparison with oon infected
control.

Emphasis, findings of Eissenstat et. al. (1993)
could illustrate the influences of biofertilizers on
carbohydrates content of “Anna’ apple leaves where

they reported that mycorrhizal colonization increased
rat¢ of pholosynthesis of sour orange. The present
explanation is strengthened by data of increased leaf
chlorophyll phases determinations of Table (2) and
findings of Shrestha et af (1995) which contended
that photosynthesis and transpiration rate of AM-
inoculated trees were greater than those of non-AM
ones. The leaves of AM and non-AM trees assimilated
”co,equauyfastperumumfmandme
distribution of *C into various parts of (he bearing
tregs did not differ. AM trees, however, had 3 times
more photosynthates per tree than uninfected ones
because the former had a leaf area 3 times larper than
the tatter and grew more vigorously.

Data of microbial bioferilization influences
on macro clemenis content of ‘Anna’ apple leaves
were asranged in Table (4). Data of Table (4) exhibited
that microbial inocujum significantly increased N and
P leaf content than uninoculated control ones. The

highest N and P concentrations were recorded from
tress treated with microbial biofertilizer and received
50% of recommended mineral fertilizers doses (F2)
followed by F1, F3 and C, respectively. Statistical
analysis illustrated that differences among treatments
and between treatments and control were significant in
both seasons of the study.

Table (3): Effect of microbial biofertilization on carbohydrates content of ‘Anna’ apple leaves,

Total Su % Starch % Total Carbobydrates %
Treatments * 2003 2004 2003 2004 103 2004
C 5.96 6.03 5.53 5.63 11.22 11.65
F1 6.71 6.86 6.06 6.14 12.77 13.01
¥2 6.43 6.57 6.23 6.19 12.67 12,76
F3 6.29 6.33 5.83 596 12.11 12.12
L.S.D 0.28 0.26 0.24 0.23 0.36 0.39

*:. (C: Control - F1: microbial biofertilization + 100% of recommended mineral fertilization doses — F2:
microbial biofertilization + 50% of recommended mineral fertilization doses - F3: microbial
biofertilization + 25% of recommended mineral fertilization doses

The present resudts are in harmony with Ef-  (2003); El-Sayed (2002) and Abd El-Hady (2003)
Sawy et. al. (1998) and Badr-Eldin et. ol (2001) who concluded that microbial biofertilizers increased N
reported that nitrogen fixers rhizobacieria and content of Flame scedless grapevines, ‘Etunani’ guava
arbuscular mycosrhizal (AM) fungi had a vital role in  (El-Sharkawy and Mehaisen, 2005) and ‘Canino’
tmproving N; fixation processes. Also, Ahmed e al. apricot (Tbrahim er. al., 2005),
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Vinayak and Bagyaraj (1990) demonsirated
that mycorrhizae inoculum gave the best improvement
in growth and nutrition, resulting in higher shoot P
contents of Troyer citrange as well as stimulated the
root of trees to release acid phosphatase into the soil
which led 1o increased P soil content (Tang and He
1991), and ieaf P concentration of acid lime (Reddy ef.
al., 1996), trifoliate orange and ‘Black Olympia’ grape
seedlings (Yamashita ef. a/., 1998), flame scedless
grapevines (El-Sayed, 2002 and Abd El-Hady, 2003),
‘Egmani’ guava (El-Sharkawy and Mehaisen, 2005)
and ‘Canino’ apricot (Ibrahim ef. al., 2005).

The present explanation is strengthened by
findings on rhizobacicrial influences of Toro et al.
(1997) which concluded that rhizobacteria works as
‘mycorrhizae helper bacteria’ promoting establishment
of both the indigenous and introduced arbuscular
mycorrhizae endophytes. They stated that used
rhizobacteria may have released phosphate ions which
may be effectively taken up through the external
arbuscular mycorrhizae mycelivm.

ing data of ‘Anna’ apple leaf content
of K, Ca and Mg elements as affected by biomicrobial
fertilizer, it is obvious that K and Ca concentrations of
inoculated trees were significantly increased in
comparison with non-inoculated control, althongh
differences among treatments were not significant. At

the same time, Mg determination did not record any
significant difference among treatincnls of between
treatments and the control.

) The present data support findings of Aziz and
Habte (1989) which concluded that the increased

, .colonization of roots by AM fungi was accompanied

by increment in the concentration of K than the
conirol, Also, El-Sayed (2002) and Abd El-Hady
(2003) concluded that microbial biofertilizers
increased K content of Flame seedless grapevines,
‘Ettmani’ guava (El-Sharkawy and Mehaisen, 2005)
and ‘Caning’ apricot (Tbrahim et. al., 2005).. While,
Tang et al. (1989) reported that awtoradiograms
indicated that mycorrhiza) infection of trifoliate orange
and ‘Goutou’ sour orange enhanced “°Ca absorption
and transport to the wpper part of the plant as a resuit,
total calcium content was sigmificantly higher in
mycorrhizal infected scedlings.

Hoew any, inoculation with microbial biofertilizer
in sandy soil of the present study increased soil
microbial diversity, density, and activity resulted in
more suitable condition for nutrients release in the
rhizosphere and nutrients uptake by tree roots. This is
the direct reason of increasing leaf content of nutrient
clements in the present study as a result of

Table (4): Effect ol microbial biofertilization on macro-¢lements content of ‘Anna’ apple leaves.

Macro-elements % on dry weight
reatments * N P K M

T s 2003 | 2004 | 2003 | 2004 | 2003 | 2004 | 2003 | 2004 | 2003 { 2004
C 197 1.85 0.19 | 021 1.23 128 1.14 1.14 0.34 0.34

F1 2.36 2.39 0.26 0.27 1.58 1.61 1.38 1.35 0.35 0.36

F2 257 | 265 0.28 0.29 1.58 1.63 1.39 1.35 0.36 0,38

F3 225 2.29 0.25 0.29 1.57 1.57 1.39 1.36 0.18 0.38
L.S.D 0.20 0.18 0.05 0.04 0.32 0.29 022 0.20 0.14 0.16

*:. C: Control - F1: microbial biofertilization + 100% of recommended mineral fertilization doses - F2:

microbial biofertilization + 50%

of recommended mineral fertilization doses - F3:

microbial

biofertilization + 25% of recommended mineral fertilization doses

Data recorded in Table (5) illustrating
influences of microbial biofertilizer addition on micro
nutrients content of ‘Anna’ apple leaves showed that
Fe and Zn concentrations of inoculated trees were
significantly increased in comparison with non-
inoculated controls. Statistical analysis exhibited that
differences among treatments were not significant,
wherever between treatments and control turned to a
significance manner. At the same time, Mn
determinations did not record any significant
difference among treatments or between treatments
and control.

The preseni results coincide with the findings
of Aziz and Habte (1989) who reported that the
increased colonization of roots by AM fungi was
accompanied by a significant increase in the
concentrations of S, Cu and Zn. Although, Mn and Fe

concentrations were copsistently higher without
statistical significance than the control. Vinayak and
Bagyaraj (1990) contended that mycorrhizae inoculum
gave the best improvement in growth and nutrition,
resulting in higher shoot Zn and Cu conients of Troyer
citrange; and leaf Zn concentrations of acid lime
(Reddy et al., 1996). Also, Ahmed el al. (2003)
reported that microbial biofertilizers increased Fe and
Zn leaf content of Flame scedless grapevines.
Suggesting a role for mycorrhiza in host
ouirient allocation, the influences of biomicrobial
fertilizers in increasing leaf content of nutrient
elements could be discussed in light of findings of
Singh and Kapoor (1999) who concluded that release
ofotgamcandmorgamcacxdsandmcrmngoz
evolution due to phosphate dissolving microorganisms
and other microbial types reduce soil pH, leading to
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change of nutrients to available forms ready for uptake er. o/, (2000) contended that production of
by plants. Moreover, Rodelas et. al, (1999) and Singh astimicrobial substances for reducing plant root
and Kapoor (1999) sugpgested that plant hormones infection with pathogens which make the plants more
release by microorganisms increasing plant roof healthy and consequently increase their nutrient

growth causing in turn increasing plant root surface uptake.

which improves nutrient absorption. While, Bhardwi,

Table (5);: Effect of microbial biofertilization on micro-elements content of ‘Anna’ apple leaves

Micro-elements (ppm on dry weight)
x Fe Za Man

Treatments 7003 2004 2003 2004 2003 7004
C 101.33 100.17 49.00 4567 25.45 25.91

¥ 112.00 108.66 68.25 %6.69 26.02 26.76

¥2 110.66 111.00 693 63.46 2776 25.18

3 114.66 110.66 69,51 4.2 26.48 26.08
L.S.D 9,13 911 7.56 8.19 3.11 2.89

*:. C: Control - F1: microbial biofertilization + 100% of recommended mineral fertilization doses — F2:

microbial biofertilization + 50%

of recommended mineral fertilization doses — F3: microbial

hiofertilization + 25% of recommended mineral fertilization doses

Response of ‘Anna’ apples yield to
microorganisms biofertilizer is shown in Table (6). It is
clear that all studied parameters of yield were
significantly increased as biofertilizer was applied to
rees when compared with uninoculated controls. Data
also showed that F1, F2 and F3 treatments had similar
effect on fruit weight per tree and fruit number per tree
in both seasons.

Concerning fruit quality characteristics it was
clear that F3 treatment recorded the highest average
fruit weight followed by F2, then Fl, in the first
season. While, in the second one, treatments were
ordered: F1, F2 then F3. At the same time, chemical
fruit quality determinations of *Anna’ apple fruits were
improved by microbial inoculation. Treatment of F1
increased significantly TSS % of fruit juice at first

season and F3 showed similar trend at second one.
While, acidity % of juice gave inconstant trend in first
season and decreased rapidly by microbial
biofertilization treatments in second one.

The obtained data are confirmed with repori
of Shrestha ef. al. (1996). They found that inoculated
Satsuma mandarin trees with AM fungi had better fruit
quality than non inoculated control trees. The fruits of
inoculated trees were larger, had higher juice sugar
contents and better peel color than the controls. Also,

El-Sayed (2002), Ahmed ef. al. (2003) and Abd El-

Hady (2003) concluded that microbial biofertilizers
increased yield and improved physical and chemical
quality characteristics of Flame seedless grape,
‘Ettmani’ guava (El-Sharkawy and Mehaisen, 2005)
and ‘Canino’ apricot (Ibrahim et. al., 2005).

Table (6): Effect of microbial hiofertilization on yield and some fruit characteristics of ‘Anna’ apple trees,

Fruit weight / Ave, fruit
» | Fruit No, / tree tree wel t TSS % Acidity %

Treatments * 10031 2004 | 2003 | 2004 ﬂfﬁm 2003 | 2004 | 2003 | 2004
C 207.3 | 2240 253 286 122.3 1273 11.9 13.1 0.75 0.96

F1 264.3 | 2763 34.5 393 1304 | 1423 12.4 12.8 0.76 0.69

F2 2719 | 2573 36.3 35.5 133.0 | 138.0 119 12.6 0.73 0.70

F3 2511 | 263.0 33.8 36.1 1349 | 137.7 12.0 133 Q.75 0.74
L.S.D 37.1 312 4.8 46 100 11.2 0.17 0.09 0.02 0.02

*:- C: Control - F1: microbial biofertilization + 100% of recommended minera! fertilization doses ~ F2:

microbial biofertilization + 50%

of recommended mineral fertilization doses - F3:

microbial

biofertilization + 25% of recommmended mineral fertilization doses

So, we can attribute the superiority of microbial
fertilization treatments of enhancing fruit vield and
quality of ‘Anna’ apple trees to improved and activated
physiological status of whole tree by microorganisms.
Related obtained data were found in Table (1) exhibited
influences on vegefative growth especially leaf area,
chlorophyll concentrations (Table 2), which in twm
increased carbohydrates and such like photosynthates

(Table 3), leaf nuirient elements concentrations (Tables 4
& 5). This explanation found support through findings of
Dixon (1990) which disclosed that AM colonization
increased cytokinin activity of citrus roots and leaves,
photosynthesis and transpiration rate (Shrestha e al,
1995), increased enzymes (polypheswl oxidase) activity
(Ezz and Nawar 1994), which in surn positively affected
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Finally, it could be concluded that , the most
effective treament is F2 which contain microbial
biofertilization + 50% of reoommended mineral
fertilizers.
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