Response of ""Anna" Apple Storability to Foliar Spray with Some PGPR as A
Substitute to Synthetic Biostimulants
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ABSTRACT

Response of fruit quality and storability to spray with
PGPR (plant growth promoting rhizobacteria) and
synthetic biostimulants were investigated on eight years old
"Anna" apple trees budded on Malus rootstock grown in
sandy soil at Elbostan region during 2009 & 2010. Fruits
were picked at maturity stage and stored for thirty days
intervals, at 0° C and 90 - 95% relative humidity up to 120
days. All spraying treatments with Pseudomonas
fluorescens and Bacillus polymixa recorded significant
decrease on loss of fruit weight, and enhanced fruit texture
against control. All microbial and synthetic biostimulants
spray reduced decay of fruit, acidity % and H° value of
fruit color, while showed no effect on SSC %. Treatments
of Bacillus polymixa spray retarded fruit respiration rate,
while other treatments did not show a clear trend, when
compared with control.

Storage period intervals gradually increased loss of
fruit weight, decay fruit percentage and SSC, while
decreased fruit texture and acidity % as storage period
advanced. Records of hue angle decreased gradually in a
significant manner throughout the storage periods while
values indicated that fruit color turned to be reddish.

Ps+J treatment after 30 days of storage did not
recorded any decayed fruits and after 60 days recorded the
lowest decay percentage. The treatment of Ps+J at 120
days of storage significantly increased SSC of fruit juice.
Treatments of Ps+J & Ps+F at 0 day of storage had the
highest fruit texture, while control treatment (C) after 120
days of storage under 0° C recorded the lowest fruit
texture in both seasons. Sprayed fruits with Pseudomonas
and Jisamar (Ps+J) at 120 days of storage had the most
reddish color as recorded by the lowest hue angle values.

INTRODUCTION

'‘Anna’ is the most wide cultivated apple (Malus
domestica, Borkh) variety in Egypt whereas, apple
productivity reached 493119 tons at 2010 (Ministry of
Agriculture and Land Reclamation, statistics of
Economic Affairs Sector, 2010).

Pre-harvest applications can influence most, if not
all, quality parameters of tropical and subtropical fruits
(Hofman and Smith, 1993). The application of synthetic
stimulants had the positive and effective influence on
increasing plant growth and productivity. Moreover,
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Spinelli et al. (2010) claimed that the biostimulant may
represent a promising strategy to reduce the use of
phytochemicals in agriculture.

All tested nitrogen fixing bacterial strains produced
IAA (Pedraza et. al., 2004) especially with tryptophan
as precursor. Azospirillum strains produced the highest
concentrations of indole-3-acetic acid (16.5— 38 pg IAA
/mg protein), whereas Gluconacetobacter and
Pseudomonas  stutzeri  strains  produced  lower
concentrations ranging from 1- 2.9 pg / mg protein in
culture medium supplemented with tryptophan. The IAA
production may enable bacteria to promote a growth in
plants, in addition to their nitrogen fixing ability.
Whereas, gram positive bacterium Bacillus subtilis is
known to positively influence plant growth, vitality and
the ability of plant to cope with pathogens often
resulting in higher yield (Wotike et. al., 2004). They
added that these beneficial effects has been ascribed to
abiotic stress release.

In apple, a lot of studies found significant increase in
productivity due to spray with different types of PGPR
cultures, whereas, Karakurt and Aslantas (2010)
demonstrated that the spray of apple tree with some
PGPR (Bacillus subtilis OUS-142 and Pseudomonas
putida BA-8) enhanced nutrient uptake. At the same
time, foliar spray of apple trees with three Bacillus sp.
increased fruit yield and quality (Ryu et al., 2011). In
apricot, Esitken et. al. (2004) determined the effect of
floral and foliar application of the bacterial strain
Bacillus OSU 142 on the yield and nutrient element
composition of leaves. They reported that bacterial
suspension spraying at full bloom increased leaf content
of N, P, K, Ca and Mg and yield of apricot trees.
General relationships are noted in temperate and tropical
fruits between nitrogen and color, disorders, postharvest
disease incidence, fruit size and firmness (Raese and
Williams, 1974 and Hofman and Smith, 1993). So, it
could be observed that the PGPB had multi-mechanisms
for increasing yield and enhancing fruit quality and
storability such as facilitating nutrient uptake (Martinez
-Viveros et al, 2010); producing plant phytohormones
(Spaepen et al., 2008); regulate plant ethylene level
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(Govidasamy et al, 2008); resist plant pathogens (Van
Loon, 2007); produce antibiotics (Esitken, 2011).

For a lake of studies on response of apple storability,
this study was carried out to investigate the influences of
substituting spraying with chemical stimulants by a
suitable PGPB on quality and behavior of fruits during
storage period of 'Anna’ apple fruits.

MATERIALS AND METHODS

This investigation has been carried out on eight years
old ‘Anna’ apple trees budded on Malus rootstock
during 2009 and 2010. Trees were grown at Elbostan
district of Elbehira governorate where trees applied of
drip fertigation system.

All trees were subjected to common regional
horticultural practices, while treatments were applied as
follows:

(C): Control trees are sprayed with tap water.

(Az): Trees were sprayed with a suspension of
Azotobacter chroococcum.

(Ba): Trees were sprayed with a suspension of Bacillus
polymixa

(Ps): Trees were sprayed with a suspension of
Pseudomonas fluorescens.

(J): Trees were sprayed with a solution of Jisamar.
(F): Trees were sprayed with a solution of Furdose.

(Az+J): Trees were sprayed with a solution of
Azotobacter chroococcum and Jisamar.

(Ba+J): Trees were sprayed with a solution of Bacillus
polymixa and Jisamar.

(Ps+J): Trees were sprayed with a solution of
Pseudomonas fluorescens and Jisamar

(Az+F): Trees were sprayed with a solution of
Azotobacter chroococcum and Furdose.

(Ba+F): Trees were sprayed with a solution of Bacillus
polymixa and Furdose.

(Ps+F): Trees were sprayed with a solution of
Pseudomonas fluorescens and Furdose.

The Microbial inoculums was prepared and provided
from Soil Bacteriology Laboratory of Sakha
Agricultural Research Station, ARC, Egypt. Bacterial
suspension was diluted by mixing of 400 ml. of bacterial
stocks with 9 L. of water per 3 trees of each treatment.
At the same time, applied synthetic biostimulants
(Jisamar & Furdose) were sprayed according to their
recommendations. Jisamar contains seaweed extract
(20.5%), free amino acids (6.5%), total nitrogen (5.8%),
phosphorus (3%), boron (0.17%) and potassium (4.6%).
Furdose contains humic and vulvic acids (22%), natural
and organic substances (40%), free amino acids
(14.6%), N, (4.5%), P (3.8), K (5%), Ca (0.4%), Mg

(0.4%), Fe (0.1%), Mn (15 ppm), Zn (20 ppm), Cu (15
ppm).

Treatments were arranged in a split plot design
where, computerized statistical analysis was done for
data by ‘Irristat’ package. Samples from each replicate
were picked at maturity stage in carton packages. These
fruits were transported to laboratory of fruit handling
research department, HRI, ARC. Sound fruits, nearly
uniform in size and color of each replicate were washed
with tap water, air dried and then pre-cooled before
storage. Fruits of each replicate were packed in carton
boxes in one layer. All fruits were stored for thirty days
intervals, at 0° C and 90 - 95% relative humidity up to
120 days. At the end of each storage interval, fruits were
taken to determine the following estimates:

1) Fruit physical changes and decay disorders:

a. Percentage of weight loss: ten fruits from each
replicate were marked for weight loss determination
during 30 days of each storage period. Weight loss
percentage was calculated according to the initial
weight.

b. Fruit decay percentage: decayed fruits characterized
with rind breakdown; shriveling or other defects
were calculated for each treatment as fruit decay
percentage according to McCormack and Brown
(1973).

c. Fruit peel puncture resistance: fruit pulp texture was
recorded by using Lfra texture analyzer instrument
using a penetrating cylinder of 5mm. diameter to a
constant distance (1cm.) inside the fruit with a
constant speed (3mm./ second). The results were
expressed as a resistance force of the fruit to the
penetrating tester (gm./ cm.?) according to Harold
(1985).

d. Peel color measurements (a*, b*, L* & H° values):
Fruit skin color measurements (a*, b*, L* & H°)
were determined using Minolta colorimeter (Minolta
Co. Ltd., Japan). The instrument estimated skin color
of fruits with color metric CIE Lab method where L*
measure lightness scale readings and the two
coordinates a * and b* included. Positive values of
a* is a measure of redness and becomes greenish
measure when values changed into negative, while
b* of yellowness and blueness (- b*) on the Hue
circle. The Hue angle [H° = arc tan (b*/a*)] describe
the relative amounts of redness and yellowness
where point at 0°/360° is defined for red/magenta,
90° yellow, 180° for green and 270° for blue color
(McGuire, 1992 and Voss, 1992).

2) Fruit chemical properties: Total soluble solids
(TSS) were determined by wusing a hand
refractometer and total acidity percentage was
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estimated in filtered juice according to (A.O.A.C.,
1990).

3) Fruit respiration rate: a known weight of fruits was
placed in a disicator and connected to a tube
contains 25 ml. of KOH (1.0 N). Air free of carbon
dioxide was down into the discator through
potassium hydroxide for one hour, then KOH was
titrated with HCL (1.0 N) using thymol blue
indicator. Produced CO, was calculated as mg. CO, /
kg. of fruit / h. according to (A.O.A.C., 1990).

RESULTS

Loss of weight percentage:

Data of microbial and synthetic biostimulants
influences on loss of weight percentage of ‘Anna’ apple
fruits were arranged in table (1). Data of table (1)
showed that regardless of storage interval, treatment of
Ps+J which was sprayed with Azotobacter chroococcum
and Jisamar recorded the lowest significant loss of
weight (3.67 & 3.18) in both studied seasons. On the
other hand, control treatment had the worst and highest
significant loss of weight percentage as it gave 7.61 &
7.97 %, while all spraying treatments with Pseudomonas
fluorescens and Bacillus polymixa recorded intermediate
values with significant differences against control.

As for storage intervals regardless of spraying
treatments, data showed that loss of weight percentage
of ‘Anna’ apple fruits significantly increased as storage
period advanced in both seasons. It was clear that rate of

weight loss of fruits gradually increased from storage
period starting (0 day) followed by 30, 60, 90 and then
120 day, differences were permanently significant
amonyg intervals of storage period.

Referring to the interaction between spraying of
microbial and synthetic biostimulants and storage
intervals, data in table (1) concerned with loss of weight
percentage of ‘Anna’ apple fruits showed that control
treatment throughout days of storage had the highest
significant loss of weight percent followed by Furdose
treatment without significant differences in most cases,
in both seasons.

Decay percentage:

Concerning the microbial and synthetic biostimulants
spray influences on decay percentage of ‘Anna’ apple
fruits, data were arranged in table (2). Data showed that
regardless of storage interval, all spraying treatments
reduced decayed fruits against control fruits (C) which
had the highest significant decay percentage as it gave
9.44 & 10.83 %, in both seasons. On the other hand,
Ps+J treatment recorded the lowest decay percentage
which gave 3.88 & 2.50, in the studied seasons,
respectively.

As respect of storage intervals, data of table (2)
showed that decayed ‘Anna’ apple fruits increased as
storage period was advanced in both seasons, while
differences were significant among intervals of storage
period.

Table 1. Effect of spraying some microbial and synthetic biostimulants on loss of weight %
of ‘Anna’ apple fruits during cold storage at 0 C.

2009 2010
= Storage intervals per days Storage intervals per days

E 0 30 60 90 120 Mean 0 30 60 90 120 Mean
Az 000 308 599 866 1220 598 0.00 326 650 870 11.08 590
Az+J 000 245 504 724 1030 500 000 197 442 720 981 468
Az+F 000 208 418 655 868 429 0.00 207 416 6.67 930 4.44
Ba 000 293 576 793 1114 555 0.00 205 506 720 869 6.60
BatJ 000 222 417 670 871 436 0.00 239 406 641 811 419
BatF 000 213 453 658 887 442 0.00 254 366 625 851 419
Ps 000 248 531 764 1090 526 0.00 258 544 847 1104 550
Ps+J 000 180 366 577 713 367 0.00 142 285 482 681 3.18
Ps+tF 000 214 408 620 814 412 0.00 210 393 590 773 351
J 000 292 699 930 1318 647 0.00 290 681 895 983 569
F 000 363 701 1073 1419 711 0.00 326 691 970 1359 6.69
C 000 342 792 1126 1548 7.61 0.00 384 888 11.63 1550 7.97
Mean 000 260 538 733 1074 526 0.00 253 522 765 1000 5.14

L.S.D at 5% A B AxB

2009 1.902 1.501 1.675

2010 2.210 1.342 1.226

*J: Jisamar; F: Furdos; Az: Azotobacter chroococcum; Ba: Bacillus polymixa; Ps: Pseudomonas fluorescens.
**A: Microbial and biostimulants treatments. - B: Storage intervals - A x B: interaction.
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Table 2. Effect of spraying some microbial and synthetic biostimulants on decay % of
‘Anna’ apple fruits during cold storage at 0 C.

. 2009 2010
§ Storage intervals per days Storage intervals per days

= 0 30 60 90 120 Mean 0 30 60 90 120 Mean
Az 0.00 2.78 4.17 6.94 10.72 4.92 0.00 4.17 5.55 8.33 12.50 6.11
Az+] 0.00 2.78 4.17 6.94 10.72 4.92 0.00 1.39 5.55 8.33 11.11 5.27
Az+F 0.00 4.17 5.55 8.33 10.72 5.75 0.00 2.78 5.55 9.72 11.11 5.83
Ba 0.00 1.39 6.94 8.33 13.50 6.03 0.00 1.39 4.16 8.33 11.11 4.99
Bat+J 0.00 1.39 4.17 6.94 8.33 4.44 0.00 2.78 4.16 8.33 8.33 4.72
BatF 0.00 1.39 5.55 6.94 8.33 471 0.00 2.78 4.17 5.55 6.94 3.88
Ps 0.00 4.17 6.94 8.33 11.11 6.11 0.00 2.78 6.94 1111 1111 6.38
Ps+J 0.00 0.00 5.55 5.55 8.33 3.88 0.00 0.00 2.78 4.17 5.55 2.50
Ps+F 0.00 0.00 4.17 5.55 8.33 3.61 0.00 1.39 2.78 6.94 9.72 4.16
J 0.00 4.17 5.55 8.33 11.11 5.83 0.00 2.78 4.17 6.94 11.11 5.00
F 0.00 2.78 5.55 9.72 11.11 5.83 0.00 4.17 6.94 8.33 11.11 6.11
C 0.00 6.94 9.72 1250  18.05 9.44 0.00 8.33 1111 1528 1944  10.83
Mean 0.00 2.54 5.20 7.86 10.86 5.34 0.00 3.13 5.32 8.44 10.76 5.50

L.S.D at 5% A B AxB

2009 3.187 1.954 2.365

2010 3.714 1.677 2.524

*J: Jisamar; F: Furdos; Az: Azotobacter chroococcum; Ba: Bacillus polymixa; Ps: Pseudomonas fluorescens.
**A: Microbial and biostimulants treatments. - B: Storage intervals - A x B: interaction.

Referring to the interaction between microganisms
and synthetic biostimulants spray treatments and storage
intervals, data in table (2) concerning decay % of ‘Anna’
apple fruits showed that control treatment after 120 days
of storage had the highest significant decay percentage
as it gave 18.05 & 10.83 % in both seasons,
respectively. On the other hand, Ps+J treatment after 30
days of storage did not record any decayed fruits, while
after 60 days it recorded the lowest decay percentage.

Fruit texture:

Concerning fruit peel, puncture resistance as a
measure for fruit texture of ‘Anna’ apple fruits, data of
table (3) cleared that regardless of storage interval, all
spraying treatments with Pseudomonas fluorescens and
Bacillus polymixa enhanced fruit texture and recorded
the highest values with significant differences against
the control. At the same time, other treatments increased
fruit texture without significant differences than control.

As for storage intervals, regardless of biostimulants
spraying treatments data of table (3) showed that fruit
texture significantly decreased with an ascending order
with advanced storage period, in both studied seasons. It
was clear that rate of fruit texture gradually decreased
from 0 day interval followed with 30, 60, 90 and then
120 day. Statistical analyses showed that differences
among intervals of storage period were significant.

As respect of interaction between biostimulants
spraying treatments and storage intervals, data in table
(3) concerning with fruit texture showed that treatments

of Ps+J & Ps+F at 0 day of storage had the highest fruit
texture. On the other hand, control treatment (C) after
120 day of storage under 0° C recorded the lowest fruit
texture ( 33.0 & 35.6) in both seasons.

Fruit color (H®):

Data of biostimulants spraying effects on fruit color
(H®) of ‘Anna’ apple fruits were arranged in table (4).
Data showed that regardless of storage interval, both
microbial and synthetic biostimulants  spraying
treatments decreased H° value of fruits. It means that
treated fruits were better to be more reddish than control
ones which gave hue angle values toward yellowness,
especially at first season.

As respect of storage intervals, data showed that
records of hue angle were decreased gradually in a
significant manner from 0 day (75.92 & 77.27) up to
120 days (66.21 & 64.06) throughout storage period
under condition of 0° C, in both seasons.

Referring to interaction between microorganisms and
synthetic biostimulants spray and storage intervals, data
in table (4) concerning fruit color (H®) of ‘Anna’ apple
fruits showed that treatment sprayed with Pseudomonas
fluorescens and Jisamar at 120 days of storage gave the
most reddish fruits as recorded the lowest hue angle
value as gave 52.89 & 51.25 in both seasons,
respectively. While at picking date (O interval), control
treatment recorded the highest fruit color (H®) and gave
92.80 and 87.20 in studied seasons which indicate a
trend toward yellowness.
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Table 3. Effect of spraying some microbial and synthetic biostimulants on texture (Ip/in®) of
‘Anna’ apple fruits during cold storage at 0 C.

. 2009 2010
ES Storage intervals per days Storage intervals per days
= 0 30 60 90 120 Mean 0 30 60 90 120 Mean
Az 226.0 170.0 101.3 70.6 43.3 1222 2633 1676  103.3 66.0 52.3 130.5

Az+] 260.0 1823 1123 72.3 49.3 1352 263.0 1781 1083 72.3 58.3 136.0
Az+F 2376 1720 1016 64.6 44.6 1240 2453 1720 1026 64.6 55.0 127.9
Ba 2676 1850 1133 73.6 56.0 139.1 280.0 183.0 1263 78.6 69.3 147.4
Ba+J 2823 2046 1286 89.3 57.3 1524 2856 2186  130.6 94.6 70.0 159.8
Bat+F 280.0 199.6 126.0 79.0 53.6 1476 2836 2286 1293 88.6 74.0 160.8
Ps 269.0 190.0 120.0 76.6 55.5 1422 2776 179.0 1093 73.0 53.6 138.5
Ps+J 286.0 2106 1466 1013 63.0 1615 2846 2133 1486 106.6 76.6 139.9
Ps+F 286.3 2106  140.6 96.0 59.3 1585 2863 2160 1393 99.3 73.3 162.8

J 222.0 162.6 96.0 55.3 37.3 1146 2326  159.6 92.3 61.0 41.6 117.4
F 223.0 166.6 95.6 70.3 40.0 119.1 2346 1699  102.0 67.0 41.0 122.9
C 207.0 1540 89.6 50.6 33.0 106.8 220.6 1543 89.3 51.6 35.6 110.2
Mean 2539 1840 1142 74.9 49.3 1352 263.0 186.6  106.5 76.9 58.3 138.0
L.S.D at 5% A B AxB
2009 21.439 17.112 7.327
2010 23.138 14.157 11.346

*J: Jisamar; F: Furdos; Az: Azotobacter chroococcum; Ba: Bacillus polymixa; Ps: Pseudomonas fluorescens.
**A: Microbial and biostimulants treatments. - B: Storage intervals - A x B: interaction.

Table 4. Effect of spraying some microbial and synthetic biostimulants on color (H°) of
‘Anna’ apple fruits during cold storage at0 C.

2009 2010
g Storage intervals per days Storage intervals per days
- 0 30 60 90 120 Mean 0 30 60 90 120 Mean
Az 7923 7706 6031 7299 6932 7178 7768 7356 7199 6851 66.16 71.58

Az+] 7417 7411 7138 68.15 6232 70.02 7501 6997 6731 63.08 62.86 67.64
Az+F 76.17 7283 70.67 69.41 6826 7147 7785 7319 6950 66.97 66.26  70.76
Ba 73.02 7131 6821 6463 6228 6789 7562 6955 6418 6237 59.05 66.16
Ba+J 7296 66.07 63.82 6029 64.85 6559 7537 65.04 6194 60.17 57.06 6391
Ba+F 7111 6756 6651 6239 5946 6540 7526 67.09 63.16 61.89 59.74  65.42
Ps 7219 7066 6839 6451 6187 6752 7551 69.71 66.31 6326 6199 67.35
Ps+J 65.02 8282 59.49 5543 5289 63.13 70.63 6137 5794 5470 5125 59.17
Ps+F 66.29 6523 6091 5744 5495 6096 70.20 63.03 6196 5826 54.64 61.61

J 83.84 8384 8033 7734 7535 80.14 8154 7824 7535 7333 7174 76.04
F 8230 8230 8005 7776 75.07 79.49 8225 79.44 76.07 7272 70.77  76.25
C 9484 9483 9377 9339 9280 9392 90.34 8760 8652 87.04 8720 87.74
Mean 7592 7571 7032 68.64 66.61 7142 7727 7073 6851 66.02 64.06 69.39

L.S.D at 5% A B AxB

2009 4.415 2.562 5.213

2010 4.718 2.489 4.983

*J: Jisamar; F: Furdos; Az: Azotobacter chroococcum; Ba: Bacillus polymixa; Ps: Pseudomonas fluorescens.
**A: Microbial and biostimulants treatments. - B: Storage intervals - A x B: interaction.
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Soluble solids content (SSC %0):

Data of table (5) clearly show that regardless of
storage interval, all microbial and synthetic
biostimulants did not affect soluble solids content (SSC)
of ‘Anna’ apple juice. Some treatments of spraying
microbial and synthetic biostimulants increased SSC %
in one season while gave decreased values in another,
compared with control. Statistical analyses showed that
there was no significant differences among treatments or
between treatments and control, in most cases.

As for storage intervals, data of table (5) showed that
SSC % was increased with an ascending order with
advancing storage period. It was clear that soluble solids
content percentages were gradually increased from start
of storage period ( O day interval ) followed with 30, 60,
90 and then 120 days and differences among intervals
were significant, in most cases.

Data in table (5) concerned with interaction between
microbial and synthetic  biostimulants  spraying
treatments and storage intervals showed that treatment
of Ps+J at 120 days of storage had the significant
highest SSC as gave 14.73 & 14.70 % in studied
seasons, respectively. On the other hand, treatment of
Ba+F at 0 day recorded the lowest SSC percent (12.23
%) in season of 2009, while treatment of Ba+F at 0 day
gave the same trend in second season when recorded
12.26 %.

Acidity percentage:

Regardless of storage interval, data of table (6)
concerned with influences of microbial and synthetic
biostimulants spray on acidity percentage of juice
illustrated that spray with separate bio-microbial
stimulants or synthetic ones increased acidity,
significantly. In spite of mixed microbial and synthetic
biostimulants treatments increased acidity % without
significance compared with control. Whatever, control
gave the lowest significant acidity percentages (0.58 &
0.59 %) in both studied seasons.

As respect of storage intervals, data of table (6)
cleared that acidity percentages significantly decreased
with an ascending order as storage period advanced. It
was clear that acidity percentages gradually decreased
from storage period start (0.83 %) up to 120 days (0.55
%), while others gave intermediate values with
significant differences among intervals, in most cases.

Referring to the interaction between microbial and
synthetic biostimulants spraying and storage intervals,
data in table (6) concerning acidity % of ‘Anna’ apple
fruits showed that control after 120 days of storage had
the lowest significant acidity percentage as it gave 0.41
& 0.42 % in both seasons, respectively. On the other
hand at 0 day of storage period, fruits of Ps+F treatment
had the highest significant acidity % as it recorded 0.97
& 0.96 % in both seasons of the study.

Table 5. Effect of spraying some microbial and synthetic biostimulants on SSC % of

‘Anna’ apple fruits during cold storage at 0'C.

= 2009 2010
§ Storage intervals per days Storage intervals per days
- 0 30 60 90 120 Mean 0 30 60 90 120 Mean
Az 1320 1316 1320 1323 13.76 1331 1333 1320 13.06 1346 13.66 13.34
Az+] 1293 1293 1323 1343 1373 1325 1316 1323 1350 1330 1386 1341
Az+F 13.06 1313 1333 13.36 1353 1328 1326 1333 1346 1366 13.80 13.50
Ba 1260 13.00 1323 1370 13.73 1325 1298 1336 1316 1350 1416 13.43
Ba+J 1240 1296 1330 1356 1436 1331 1226 1290 1290 1340 1450 13.19
Ba+F 1223 1276 1280 1376 14.06 1312 1283 13.00 13.06 1390 1436 13.43
Ps 1243 1266 13.06 1353 1393 1312 1263 1320 13.00 1350 1410 13.28
Ps+J 1240 12,60 1326 1376 1473 1335 1266 12.80 13.13 1360 1470 13.37
Ps+F 1243 1243 1333 1336 1446 1320 1263 12.83 1326 1400 1456 13.45
J 1266 1286 1293 1323 13.66 13.06 1283 13.00 13.16 1323 1360 13.16
F 1288 13.00 13.06 1340 13.60 13.18 13.00 1336 13.63 13.63 13.76  13.47
C 13.06 13.06 13.13 1340 1350 1323 13.03 1320 1346 1356 13.70 13.39
Mean 1269 1287 1315 1347 1392 1322 1288 1311 1323 1356 14.06 13.36
L.S.D at 5% A B AxB
2009 0.2739 0.3274 0.7011
2010 0.3846 0.3669 0.7224

*J: Jisamar; F: Furdos; Az: Azotobacter chroococcum; Ba: Bacillus polymixa; Ps: Pseudomonas fluorescens.
**A: Microbial and biostimulants treatments. - B: Storage intervals - A x B: interaction.
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Table 6. Effect of spraying some microbial and synthetic biostimulants on acidity % of
‘Anna’ apple fruits during cold storage at 0'C.

= 2009 2010
§ Storage intervals per days Storage intervals per days
= 0 30 60 90 120 Mean 0 30 60 90 120 Mean
Az 0.82 0.71 0.69 0.53 0.50 0.65 0.86 0.70 0.60 0.55 0.47 0.63
Az+J 0.85 0.85 0.75 0.65 0.59 0.73 0.86 0.84 0.77 0.65 0.58 0.74
Az+F 0.84 0.84 0.75 0.65 0.64 0.74 0.87 0.81 0.74 0.68 0.56 0.73
Ba 0.82 0.69 0.60 0.56 0.51 0.63 0.78 0.72 0.70 0.60 0.55 0.67
Ba+J 0.94 0.84 0.87 0.67 0.65 0.79 0.92 0.85 0.77 0.69 0.62 0.77
Ba+F 0.94 0.87 0.73 0.72 0.60 0.77 0.93 0.82 0.75 0.69 0.61 0.76
Ps 0.84 0.73 0.60 0.52 0.49 0.63 0.86 0.80 0.69 0.56 0.47 0.67
Ps+J 0.82 0.84 0.87 0.67 0.65 0.77 0.77 0.75 0.73 0.70 0.69 0.72
Ps+F 0.97 0.88 0.81 0.71 0.63 0.80 0.96 0.86 0.84 0.69 0.67 0.80
J 0.74 0.74 0.66 0.68 0.52 0.66 0.72 0.71 0.66 0.60 0.51 0.64
F 0.74 0.74 0.70 0.57 0.50 0.65 0.70 0.69 0.69 0.62 0.56 0.65
C 0.69 0.69 0.62 0.50 0.41 0.58 0.77 0.65 0.61 0.52 0.42 0.59
Mean 0.83 0.78 0.72 0.61 0.55 0.70 0.83 0.76 0.71 0.62 0.55 0.69
L.S.D at 5% A B AxB
2009 0.1476 0.1173 0.2511
2010 0.1352 0.1297 0.2374

*J: Jisamar; F: Furdos; Az: Azotobacter chroococcum; Ba: Bacillus polymixa; Ps: Pseudomonas fluorescens.
**A: Microbial and biostimulants treatments. - B: Storage intervals - A x B: interaction.

Fruit respiration rate:

Response of fruit respiration rate of ‘Anna’ apples to
spray of microbial and synthetic biostimulants is shown
in table (7). Data showed that regardless of storage
interval, treatments of Bacillus polymixa spray retarded
the rate of fruit respiration in a significant manner when
compared with control. In spite of significant differences
presence, the other treatments of microbial and synthetic
biostimulants spray did not show a clear trend.

As respect of storage intervals without consideration
for treatments, data illustrated that fruit respiration rates
increased with an ascending order as storage period
advanced. It was clear that rates of respiration gradually
increased from start of storage period ( 0 day interval )
followed by 30, 60, 90 and 120 days and differences
among intervals were significant.

Data of interaction between microbial and synthetic
biostimulants  treatments and storage intervals,
concerned with fruit respiration rate of ‘Anna’ apple
fruits showed that control apples at the end of storage
period recorded the highest significant values (62.63 &
74.20) in both seasons, respectively. On the other hand,
apples of Ps+F trees recorded the significant lowest rate
as it gave 26.15 at 0 day of storage in the first season,
while sprayed fruits with Bacillus polymixa (Ba) showed
significant lowest rate as it gave 26.51 at start of storage
in the second season.

DISCUSSIONS

The present results are firmly coincide with the
findings of Karakurt and Aslantas (2010) who
demonstrated that the spray of apple tree with some
PGPR (Bacillus subtilis OUS-142 and Pseudomonas
putida BA-8) enhanced tree growth and nutrient uptake.
Whereas, Ryu et al. (2011) reported that foliar spray of
apple trees with three Bacillus sp. Increased tree growth,
fruit yield and quality. At the same line, Spinelli et al.
(2010) applied the apple trees with a product (Actiwave)
derived from the algae Ascophyllum nodosum. Spray
with "Actiwave" enhanced the tree growth and yield and
had a significant effect on reducing the negative effect
of alternative bearing.

The obtained results are in the same line with those
of El-Hammady et al. (2000) who recommended that
GA; application on mandarin increased TSS after 30
days of cold storage and then decreased up to 75 days,
while acidity was decreased as storage period advanced.
Also, EI-Hammady et al. (2000) added that GA; was
effective to decline fruit decay percentage. Meanwhile,
we can attribute the superiority of microbial
biostimulants treatments in declining fruit decay
percentage of ‘Anna’ apple fruits to the influence of
antibiotics  production  (Esitken, 2011)  which
consequently reflected on enhancing fruit pathogens
control. These strains of bacteria has capability to
produce anti-microbial substances ina continuous
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Table 7: Effect of spraying some microbial and synthetic biostimulants on respiration rate

(mg. CO; / kg) of ‘Anna’ apple fruits during cold storage at 0°C.

) 2009 2010
§ Storage intervals per days Storage intervals per days

= 0 30 60 90 120 Mean 0 30 60 90 120 Mean
Az 3537 3737 4260 5734 6251 47.03  35.08 39.32 46.24 5558 57.11  46.66
Az+J 4102 4599 5314 5816 6230 5212  39.62 4157 4407 5423 5497  46.89
Az+F 39.62 4470 53.90 56.13 59.81 50.83  38.52 4345 5055 54.65 57.20  48.87
Ba 26,51 3353 3647 4337 4626 3722 2651 3242 35.05 3820 40.25  34.48
Ba+J 2838 3557 40.87 4716 5179  40.75  28.89 31.80 41.07 4255 4590 38.04
Bat+F 2831 30.02 3279 3713 3936 3352 30.76 31.63 36.51 39.58 4247 36.18
Ps 28.49 3338 4249 56.02 60.17 4411  31.87 36.50 4259 47.67 49.68 41.66
Ps+J 30.27  36.13  40.62 46,51 49.11 4052  30.50 3543 40.66 4243 43.69  38.54
Ps+F 26.15 30.05 36.05 4169 4525 3583  29.38 3343 3483 37.78 39.56  34.99
J 39.54 4251 4424 5420 5818 47.73  36.48 4261 50.61 5654 60.52  49.35
F 3892 46.26 5050 5526  60.63 50.31  39.66 4269 6140 5495 56.56  51.05
C 29.78 4344 5054 6179 62.63 49.63  42.60 4538 5185 6347 7420  55.50
Mean 31.39 3824 4368 5123 5483 44.04 34.14 38.01 4461 4898 5184 4351

L.S.D at 5% A B AXxB

2009 7.284 4.863 8.593

2010 8.103 3.407 9.631

*J: Jisamar; F: Furdos; Az: Azotobacter chroococcum; Ba: Bacillus polymixa; Ps: Pseudomonas fluorescens.
**A: Microbial and biostimulants treatments. - B: Storage intervals - A x B: interaction.

release manner. This is the direct reason to decline rots
infection of fruits and decreased decayed fruits.

At the meantime, Farag (2001) provided that GA3
retarded the progress of senescence, decreased fruit
respiration rate and delayed the decrease of CO,
conductance resulting in less of an increase in internal
CO, (EI-Otmani et al.,1986) of navel orange fruits.
Chen and Zhang (1988) concluded that GA; reduced
pectin methyl esterase activity and protopectin
degradation and increase peroxidase levels. So, these
findings could explain the influence of Bacillus
polymixa spray treatments on retarding the fruit
respiration rate of "Anna" apple fruits. Additionally,
these results found support and explanation with the
findings of Govidasamy et al. (2008) that applications of
PGPR regulate plant ethylene level, causing in turn
regulation of fruit ethylene production and delaying fruit
senescence.

Although, we can attribute the superiority of
microbial biostimulants to multi-mechanisms of PGPR
for enhancing plant health such as fixing atmospheric
nitrogen (Saharan and Nehra, 2011); facilitate nutrient
uptake (Martinez-Viveros et al., 2010); producing plant
phytohormones (Spaepen et al., 2008); regulate plant
ethylene level (Govidasamy et al., 2008); resist plant
pathogens (Van Loon, 2007); produce antibiotics which
is reflected on plant growth, yield and quality (Esitken,
2011).

The obtained herein results are in agreement with
those concluded by El-Sheikh (2002) in pear and navel
orange (Zaghloul, 2004) that weight loss percentage
increased with the prolonging the storage period.
Zaghloul (2004) showed that the loss in fruit weight is
mainly due to water loss as a result of evaporation and
transpiration, plus the amount of dry matter loss by fruit
respiration. In pear, El-Sheikh (2002) contended that
stored fruits had highest SSC after 90 days of cold
storage than fruits at harvest time, however acidity was
decreased as storage period was advanced due to the
consumption of organic acids in fruit respiration.

Roe and Bruemmer (1981) regarded that water
soluble and alkali soluble pectin were declined and
ammonium oxalate soluble pectin was increased as
mature fruits lost its firmness and become soft at
ripening. The results of this study are in harmony with
Roe and Bruemmer (1981) that loss of firmness was
slowly in cool stored ripe fruits as the decline of alkali
soluble pectin was slowly. Also, results are in agreement
with Abd EI-Aziz (2001) who reported that respiration
rate of persimmon fruits decreased constantly during
cold storage.

According to the results of this study, treatment of
Pseudomonas fluorescens and Jisamar spray of 'Anna’
apple trees was recommended to delay decay of fruits;
decrease decay percentage; increase SSC of fruit juice
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and texture; and enhance fruit color of 'Anna’ apple
fruits during storage period.
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