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Abstract:

This investigation was carried out in the experimental orchard, Faculty of
Agriculture, Assiut University, Egypt, to study the effect of soil inoculation with
yeast or phosphorin (P- dissolved bacteria) only or combined with 50 or 25%
mineral-P on growth and fruiting of Balady mandarin trees during 2011, 2012
and 2013 seasons. Calcium superphosphate was applied once in December.
Yeast and phosphorin were applied once in March followed by the trees were ir-
rigated.

The obtained results were summarize as follow:

- Using yeast or phosphorin as bio-fertilizers only or combined with 50 or
25% of the recommended phosphorus dose (RPD) significantly increased the
shoot and leaf traits.

- Leaf content of chlorophyll and nutrient elements as well as the total car-
bohydrates and C/N ratio of shoots were significantly increased due to use of ei-
ther yeast or phosphorin singly or combined with phosphours at 50 or 25% of
RPD compared to use the RPD via mineral-P source alone (check treatment).

- Yield components and fruit quality was significantly improved due to use
of either yeast or phosphorin, singly or combined with either 25 or 50% of RPD
compared to use mineral-P only.

Using yeast or phosphorin only or combined with 25% mineral-P was very
effective in improving the growth and fruiting of the trees.

Moreover, using yeast was superior in improving the yield and fruit quality
than using phosphorin, where, using yeast at 200 ml/tree gave the best results.

It 1s evident from the foregoing results that using yeast either 200 ml/tree
only or yeast at 150 ml plus 25% of RPD as mineral-P as well as phosphorin ei-
ther 400 ml/tree only or phosphorin at 300 ml with 25% of RPD as mineral-P
improve the superphosphate use efficiency through increasing the P availability
and consequently, decreasing the amount of applied phosphatic fertilizer and re-
ducing both the agriculture cost and the pollution impact of superphosphate.
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Introduction:

Citrus 1s an important cash
crops and an essential source of vita-
min C for human diet. It's native tree
of tropical and sub-tropical regions.
Citrus trees have an outstanding eco-
nomical importance among fruit
crops in Egypt. Mandarin occupies
the second planted citrus species after
orange. Because of the importance of
citrus production in Egypt, it is natu-
ral for the citrus growers to be mind-
ful of the factors which may posi-
tively influence the productivity such
as bio-fertilization and application of
compounds containing K and P nutri-
ents. Phosphorus is an essential nutri-
ent and it plays an important role in
the biosynthesis and translocation of
carbohydrates and its necessary in
stimulating cell division and the for-
mation of DNA and RNA (Nijjar,
1985). Also, it is very important in
the metabolic processes, i.e. bloom-
ing and flower development. It is the
main constituent of energy com-
pounds (ATP and ADP) Kurtsidze
(1984). Soils contain about 0.05%
(W/W) of phosphorus and plant use
about 0.1% of this phosphorus
(Scheftfer and Schachtschabel, 1992).

In the development and imple-
mentation of sustainable agriculture
techniques, bio-fertilization is of
great importance in order to alleviate
deterioration of natural and environ-
mental pollution. Bio-fertilizers are
microbial preparations containing liv-
ing of different microorganisms
which have the ability to mobilize
plant nutrients in soil from unusable
to usable form through biological
process (Subba Rao, 1984). Bio-
fertilizers are able to fix atmospheric
nitrogen, solubilize P & K and mobi-
lize P, Zn, Fe, Mo to varying extent.
They play a very significant role in
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improving soil fertility help host
plants to resist diseases and withstand
stress conditions (Hazarika and An-
sari, 2007). Bio-fertilizers could im-
prove crop productivity through in-
creasing biological N-fixation, avail-
ability and uptake of nutrients as well
as stimulation of natural hormones
(Kannaiyan, 2002; Abdel-Moniem ef
al., 2003; Hegab et al., 2005 and El-
Salhy et al., 2006).

Biological P fertilization
through using PSB plays an important
role in increasing yield and fruit qual-
ity and decreasing chemical phospho-
rus fertilizer requirements (Hauka et
al., 1990 and Attia et al., 2002).
Many studies have shown that a wide
of microorganisms can solubilize
phosphate (Gaind and Gaur, 1991;
Ibrahim et al., 1995). Others indi-
cated that soils inoculated with P-
solubilizing  microorganisms  im-
proved soil fertility and plant produc-
tivity through releasing P from rock
or tricalcium phosphate and bio-
fertilizer (Ragab, 1999; Attia et al.,
2002; Hegab et al., 2005; Mostafa,
2006; Ismail-Omayma et al., 2011
and FEl-Khayat and Abdel-Rehiem,
2013). As well as the role of phos-
phorus on improving growth, nutri-
tional status of trees, yield and fruit
quality of citrus fruits was reviewed
by Franciosi et al. (1985), EI-
Dawwey and Ahmed (1991), Farahat
(2000). Therefore, it is essential to
adopt a strategy of integrated nutrient
supply by using a judicious combina-
tion of chemical fertilizer and bio-
fertilizer of microbial origin.

So, the present study aimed to
investigate the effect of inoculation
with yeast or phosphate dissolving
bacteria on growth and fruiting of
Balady mandarin trees.
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Materials and Methods:

The present study was carried
out during three successive seasons of
2011, 2012 and 2013 on 17 years old
Balady mandarin trees budded on
sour orange root stock and planted at

Table (1): Analysis of the soil of the

5x5 m apart. They, grown on the Ex-
perimental Orchard of the Faculty of
Agriculture,  Assiut  University,
Egypt, where the soil has a clay tex-
ture (Table 1) and irrigated via sur-
face irrigation and it is well drained.

experimental site before starting the

study.

Characters Character
Sand (%) 21.15 Total N (%) 0.14
Silt (%) 31.55 Available P (ppm) 8.25
Clay (%) 48.30 Available K (ppm) 332.15
Texture Clay DTPA-extractable
pH (1:2.5) 8.19 Fe (ppm) 22.70
E.C (1:2.5) (dS/m) 2.26 Mn (ppm) 18.31
Organic matter (%) 1.38 Zn (ppm) 4.6
CaCOs (%) 3.66

Twenty seven healthy trees with
no visual nutrient deficiency symp-
toms and were as uniform as possible
were chosen and asigned for carrying
out this experiment. The chosen trees
were divided into nine groups. Each
group contained three trees (repli-
cates) and received one fertilization
regime management as the following.

T1- 100 ml yeast culture (Sac-
charomyces erigans)/tree.

T2- 100 ml yeast culture + (50% of
RPD) 600 g calcium super phos-
phate (15.5% P,0s)/tree.

T3- 150 ml yeast culture + (25% of
RPD) 300 g calcium super phos-
phate/tree.

T4- 200 ml yeast culture/tree.

T5- 200 ml phosphorin (p-dissolved
bacteria)/tree.

T6- 200 ml phosphorin + (50% of
RPD) 600 g calcium super phos-
phate/tree.
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T7- 300 ml phosphorin + (25% of
RPD) 300 g calcium super phos-
phate/tree.

T8- 400 ml phosphorin/tree.

T9- Applying the recommended
phosphorus dose (RPD), 1200 g
calcium super phosphate/tree.

Treatments were arranged in a
randomized complete block design
with three replicates per treatment,
one tree each. Calcium super phos-
phate was applied once in December.
Yeast and phosphorin as bio-
fertilizers were applied once in March
and then the trees wee directly irri-
gated. Other horticulture practices
were carried out as usual.

The following parameters were
measured during the three growth
seasons.
A- Vegetative growth and nutrient
status:

Four main branches which were
nearly uniform in growth, diameter
and foliage density and distribution
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around the periphery from each tree
were chosen and labeled in February.
In the autumn growth cycle, the fol-
lowing vegetative characters were
measured status were measured:

1- Shoot length (cm).

2- Leaf number/shoot.

3- Leaf area (cm’®), was esti-
mated by bicking and weighing 30
full mature leaves/tree and the weigh-
ing of 60 sections of 1 cm® (2 sec-
tions of 1 cm?/leaf) were recorded,
then the average leaf area (cm’) =
leaves weight (g) x 2/sections weight
(2)

4- Leaf chlorophyll content was
recorded by using chlorophyll meter
(SPAD 502 plus). Using four
leaves/replicate from the fourth ter-
minal expended leaf of the shoot.

5- Nutrient status.

To determine the leaf nutrient
content, fifty mature leaves of a seven
months age from the non fruiting
shoots of the Spring flush were ran-
domly taken from each replication in
mid September. As well as to deter-
mine the shoot total carbohydrates
and nitrogen, twenty non fruiting
shoots with seven months age of the
Spring flush were taken at random
from each replication. The leaf sam-
ples were washed with tap water and
distilled water. Then both leaf and
shoot samples were air-dried, oven-
dried at 70°C to a constant weight,
ground in a stainless steel mill and
kept for chemical analysis (Nijjar,
1985). One part of each ground sam-
ple was analyzed for total nitrogen by
the semi-microkjeldahl technique
(Bremner and Mulvaney, 1982 and
Wilde et al., 1985). Another part of
each ground dried leaf sample was
wet-digested with concentrated sulfu-
ric acid and 30% hydrogen peroxide
according to the method described by
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Evenhuis and Dewaard (1980). Phos-
phorus and potassium in the digest
were determined by colorimetric and
flame photometry methods respec-
tively (Jackson, 1958). Iron, Zn, Mn
and Cu in the digests were estimated
by using a shimadza model AA
63002 atomic absorption/flame emis-
sion spectrophotometer. Other part of
each ground shoot sample used to de-
termine the total carbohydrates ac-
cording to Smith ef al. (1956).

B- Yield and its components:

Ten distributed fruiting shoots
around trees were chosen and labeled
before the beginning of treatments.
The flowers per each shoot were re-
corded. Before harvest, the fruit re-
tention for each branch was calcu-
lated as:

Total fruits number

Total flower numnrt

Fruit retention (%)=

At harvesting time, in the last
week of December, the number of
fruit per tree was counted and then,
the yield per tree was calculated.

C- Fruit Quality:

Samples of 10 fruits were ran-
domly taken from each tree to esti-
mate the fruit quality. The fruit
weight and the chemical fruit quality
such as total soluble solids, total acid-
ity, ascorbic acid and sugar contents
were determined according to
A.O.A.C. methods (1985). The ob-
tained data were statistically analyzed
according to Gomez and Gomez
(1984) and Mead et al. (1993) the
L.S.D. test was used to define the
significant of the differences among
the various treatment means.

Results:
1- Growth and nutrient status:
Tables (2, 3 & 4) show the ef-
fect of inoculating the soil with yeast
or phosphorin alone or in combina-
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tion with applying mineral P at 50 or
25% of the recommended phosphorus
dose (RPD) on vegetative growth and
nutrient status of Balady mandarin
trees during 2011, 2012 and 2013
seasons. It is obvious from the data
that the results took similar trend dur-
ing the three studies seasons.

In general view, shoot length,
leaf number/shoot and the leaf area as
well as content of chlorophyll,
macronutrient (N, P & K) and micro-
nutrient (Fe, Mn, & Zn) were signifi-
cantly increased by using of either
yeast at 100 or 200 ml as well as
phosphorin at 200 or 400 ml/tree sin-
gle or combined application of phos-
phorus at 50 or 25% of RPD plus ei-
ther yeast at 100 or 150 ml as well as
phosphorin at 200 or 300 ml/tree (all
treatments) compared to use the RPD
via mineral-P source alone (check
treatment). The increment was asso-
ciated with increasing yeast or phos-
phorin concentrations. Application of
yeast only or combined was favorable
to stimulate the growth and nutrient
status rather than using phosphorin
either alone or combination with
mineral-P. The maximum values of
these traits were detected on the trees
treated with 200 ml yeast. No signifi-
cant differences were found in these
traits due to use yeast either 200 ml
or combined yeast at 150 ml with
25% of recommended phosphorus
dose via mineral-P. On other hand,
the minimum values were recorded
on trees treated with RPD via min-
eral-P alone. Furthermore using yeast
resulted in more announced and high
significant increment in leaf phospho-
rus content compared to use phos-
phorin.

Hence, using yeast or phos-
phorin as bio-fertilization only or
combined with 25% mineral-P was
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very effective in improving the
growth and nutritional status of trees.
In addition avoiding P deficiency in
the trees and P fixation in the soil and
it decreases the cost of production
and environmental pollution prob-
lems.
2- Shoot total carbohydrates and
nitrogen percentage and C/N ratio:
Data illustrated in Table (5)
show that applying the Balady man-
darin trees with yeast or phosphorin
either singly or combined with either
25 or 50% out of RPD significantly
increased total carbohydrates and ni-
trogen percentage of shoot compared
to treatment (control). Moreover, the
increasing in total carbohydrates was
more rather than the increasing of to-
tal nitrogen percentage, hence the
C/N ratio was significantly increased
compared with the check ones. The
highest value of these traits (1.09%
Total N, 10.82% Total C & 9.93 C/N
ratio) were obtained by using yeast at
200 ml/tree followed descendingly by
yeast 150 ml plus 25% P and 100 ml
plus 50% P/tree respectively. No sig-
nificant  difference was noticed
among yeast at 200 ml or 150 ml plus
25% P/tree. Also, there was no sig-
nificant difference for C/N ratio due
to use phosphorin at 400 ml or yeast
either 100 ml plus 50% P or 150 ml
plus 25% P. Such results might be
due to better supply of food material
and carbohydrates that are manufac-
tured in leaves. These findings em-
phasized the fact that the growth
vigor and fruiting depended on food
material carbohydrates that are manu-
factured in leaves and reserved
amount in tissues as well as nutri-
tional status of trees that improving
due to yeast or phosphorin applica-
tion as a bio-fertilization comparing
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with 100% mineral-P only (super-
phosphate).
3- Yield and its components:

Data in Table (6) indicated that
the fruit retention percentage and
number of fruit per tree were signifi-
cantly increased due to use either
yeast or phosphorin whatever singly
or combined with either 25 or 50%
out of RPD compared to use the rec-
ommended dose completely via min-
eral-P source only. Hence, the yield
significantly increased due to these
treatments compared to check treat-
ment.

The increment of these traits
was associated with increasing the
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concentrations of yeast or phos-
phorin. Using any yeast treatment ei-
ther singly or combined with mineral-
P was preferable in increasing the
yield components than using phos-
phorin either only or combination. No
significant differences were found in
the yield components with using the
yeast either at 200 ml/tree or com-
bined yeast at 150 ml with 25% of
RPD via mineral-P as well as phos-
phorin either 400 ml only or com-
bined phosphorin at 300 ml with 25%
of RPD via mineral-P (calcium su-
perphosphate).
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Table (2): Effect of different phosphorus fertilization sources on some vegetative growth of Balady mandarin trees during 2011,
2012 and 2013 seasons.

Characters

Treat Shoot length (cm) | Leaves number/shoot Leaf area (cm’) Chlorophyll (%)
Season 2011 | 2012 | 2013 | Mean | 2011 | 2012 | 2013 | Mean | 2011 | 2012 | 2013 | Mean | 2011 | 2012 | 2013 | Mean
100 ml yeast 38.57 | 41.33 | 52.33 | 44.08 | 38.60 | 36.00 | 45.55 | 40.05 | 7.78 | 8.57 | 10.30 | 8.88 |42.67 | 48.32 | 58.33 | 49.77

100 ml yeast + 50% P (600 g SP) | 43.07 | 43.23 | 54.67 | 46.99 | 45.90 | 53.67 | 54.51 | 51.36 | 8.98 | 9.27 | 12.87 | 10.37 | 58.00 | 64.87 | 71.80 | 64.89

150 ml yeast + 25% P (300 g SP) | 43.67 | 44.07 | 55.00 | 47.58 | 54.13 | 64.60 | 66.25 | 61.66 | 9.28 | 10.25 | 13.27 | 10.93 | 61.33 | 65.80 | 76.30 | 67.81

200 ml Yeast 44.67 | 44.80 | 56.67 | 48.71 | 57.17 | 66.43 | 68.80 | 64.10 | 9.77 | 10.30 | 13.70 | 11.26 | 68.33 | 71.10 | 77.00 | 72.14
200 ml Phosphorin 37.67 141.03 | 51.67 | 43.46 | 36.00 | 34.53 | 43.20 | 37.91 | 7.67 | 8.15 [ 10.30 | 8.71 |38.33 |42.68|50.20 | 43.74
200 ml Pho. +50% P (600 g SP) | 40.37 | 41.37 | 52.67 | 44.80 | 38.57 | 36.13 | 47.10 | 40.60 | 8.41 | 8.17 | 11.10 | 9.23 |42.67 | 48.70 | 59.03 | 50.13
300 ml Pho. + 25% P (300 g SP) 42.47 142.00 | 53.00 | 45.82 | 42.80 | 41.67 | 50.41 | 44.96 | 8.70 | 9.27 | 11.43 | 9.80 | 52.33 | 56.33 | 66.17 | 58.28
400 ml Phosphorin 42.67 | 42.47 | 54.33 | 46.49 | 44.00 | 42.67 | 49.80 | 45.49 | 8.67 | 9.27 | 11.47 | 9.80 |52.33 | 59.05 | 66.30 | 59.23
Control (1200 g SP) 34.37 | 38.17 | 48.35 | 40.29 | 29.17 | 28.20 | 31.80 | 29.72 | 6.78 | 7.06 | 9.13 | 7.66 |37.33 |41.47 | 48.77 | 42.52
LS.D. 5% 3.15 | 267 | 3.05 | 295 329 | 212 | 303 | 2.81 [ 0.68 | 0.89 | 094 | 0.84 | 3.07 | 3.89 | 3.65 | 3.54

Table (3): Effect of different phosphorus fertilization sources on leaf N, P and K of Balady mandarin trees during 2011, 2012
and 2013 seasons.

Characters N% P% K%

Treat.

Season 2011 | 2012 | 2013 | Mean | 2011 | 2012 | 2013 | Mean | 2011 | 2012 | 2013 | Mean
100 ml yeast 229 | 222 | 232 | 228 | 040 | 0.36 | 0.39 | 0.38 1.63 | 1.81 | 1.81 1.75
100 ml yeast + 50% P (600 g SP) 251 | 237 | 242 | 243 | 044 | 042 | 040 | 0.42 1.92 | 1.96 | 1.90 1.93
150 ml yeast + 25% P (300 g SP) 258 | 246 | 247 | 250 | 046 | 044 | 044 | 045 | 2.04 | 2.04 | 2.03 | 2.04
200 ml Yeast 263 | 251 | 248 | 254 | 047 | 045 | 046 | 046 | 2.10 | 2.06 | 2.07 | 2.08
200 ml Phosphorin 228 | 221 | 230 | 226 | 036 | 0.32 | 0.34 | 0.34 1.57 | 1.77 | 1.68 1.67
200 ml Pho. + 50% P (600 g SP) 231 | 222 | 233 | 229 | 040 | 036 | 0.35 | 0.37 1.61 | 1.73 | 1.69 1.70
300 ml Pho. +25% P (300 g SP) 241 | 226 | 040 | 236 | 041 | 036 | 0.39 | 0.39 1.83 | 1.89 | 1.81 1.84
400 ml Phosphorin 244 | 236 | 243 | 241 0.41 | 0.38 | 0.40 | 0.40 1.89 | 1.94 | 1.87 1.90
Control (1200 g SP) 215 | 205 | 217 | 212 | 0.29 | 0.27 | 0.27 | 0.28 1.44 | 1.59 | 1.56 1.53
LS.D. 5% 0.12 | 0.14 | 0.09 | 0.12 | 0.03 | 0.04 | 0.04 | 0.04 | 0.09 | 0.07 | 0.08 | 0.08
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Table (4): Effect of different phosphorus fertilization sources on leaf Fe, Mn and Zn of Balady mandarin trees during 2011,
2012 and 2013 seasons.

har r

Treat. Characters Fe (ppm) Mn (ppm) Zn (ppm)

Season 2011 2012 2013 Mean 2011 2012 2013 | Mean | 2011 2012 2013 | Mean
100 ml yeast 125.25 | 132.58 | 127.41 128.41 | 27.61 | 34.12 | 28.85 | 30.19 | 36.96 | 41.96 | 38.95 | 39.29
100 ml yeast + 50% P (600 g SP) 132.00 | 142.80 | 13490 | 136.57 | 28.10 | 35.30 | 29.73 | 31.04 | 42.73 | 48.81 | 43.87 | 45.14
150 ml yeast + 25% P (300 g SP) 140.75 | 152.73 93.99 129.16 | 31.12 | 35.11 | 32.50 | 32.91 | 50.53 | 57.35 | 51.94 | 53.27
200 ml Yeast 157.75 | 170.71 161.23 | 163.23 | 34.61 | 40.18 | 35.18 | 36.66 | 54.71 | 61.41 | 56.16 | 57.43
200 ml Phosphorin 120.50 | 132.53 | 124.28 | 125.77 | 25.50 | 32.50 | 27.18 | 28.39 | 38.21 | 44.18 | 39.29 | 40.56
200 ml Pho. + 50% P (600 g SP) 134.50 | 146.73 | 137.86 | 139.69 | 26.70 | 33.31 | 28.12 | 29.38 | 41.89 | 48.13 | 43.11 | 44.38
300 ml Pho. + 25% P (300 g SP) 146.25 | 159.28 | 149.54 | 151.69 | 26.50 | 32.85 | 27.69 | 29.01 | 43.11 | 50.52 | 44.60 | 46.08
400 ml Phosphorin 164.00 | 142.05 | 166.03 | 157.36 | 31.12 | 38.25 | 32.69 | 34.02 | 46.50 | 53.27 | 47.59 | 49.12
Control (1200 g SP) 110.30 | 117.28 | 112,18 | 113.25 | 17.25 | 21.18 | 18.22 | 18.88 | 24.80 | 31.95 | 27.36 | 28.04
LS.D. 5% 7.36 7.89 7.64 7.63 1.98 2.42 2.08 2.16 2.59 3.23 2.73 2.85

Table (5): Effect of different phosphorus fertilization sources on shoot C, N and C/N ratio of Balady mandarin trees during
2011, 2012 and 2013 seasons.

Treat Characters Shoot total nitrogen % Total shoot carbohydrates % C/N ratio

Season 2011 2012 | 2013 Mean 2011 2012 2013 Mean 2011 2012 2013 Mean
100 ml yeast 0.95 1.01 0.97 0.98 8.94 8.80 9.20 8.98 9.41 8.71 9.48 9.20
100 ml yeast + 50% P (600 g SP) 1.03 1.08 1.01 1.04 10.00 9.92 10.40 10.11 9.71 9.10 10.30 9.70
150 ml yeast + 25% P (300 g SP) 1.06 1.10 1.05 1.07 10.43 10.50 10.72 10.55 9.84 9.54 10.21 9.86
200 ml Yeast 1.08 1.13 1.06 1.09 10.76 10.80 10.88 10.82 9.96 9.57 10.26 9.93
200 ml Phosphorin 0.94 1.01 0.97 0.97 8.18 8.11 8.45 8.25 8.70 8.02 8.71 8.48
200 ml Pho. + 50% P (600 g SP) 0.94 1.01 0.98 0.98 8.33 8.24 8.56 8.38 8.86 8.15 8.73 8.58
300 ml Pho. + 25% P (300 g SP) 0.95 1.02 1.00 0.99 8.65 8.86 9.18 8.90 9.11 8.69 9.18 9.99
400 ml Phosphorin 1.00 1.06 1.01 1.02 9.74 9.68 10.16 9.86 9.74 9.13 10.05 9.64
Control (1200 g SP) 091 0.95 0.93 0.93 7.18 7.21 7.39 7.26 7.89 7.59 7.94 7.81
LS.D. 5% 0.03 0.05 0.04 0.04 0.28 0.31 0.25 0.28 0.30 0.26 0.25 0.27
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Table (6): Effect of different phosphorus fertilization sources on the yield and its components of Balady mandarin trees during
2011, 2012 and 2013 seasons.

Treat. Characters Fruit retention % Number of fruit/tree Yield/tree (kg)

Season 2011 | 2012 | 2013 | Mean 2011 2012 2013 Mean 2011 2012 2013 Mean
100 ml yeast 1.72 1.89 2.09 1.90 246.00 368.00 352.00 322.00 | 37.61 | 53.80 | 59.10 | 50.17
100 ml yeast + 50% P (600 g SP) 1.86 2.08 2.11 2.02 255.67 425.00 392.67 357.78 | 41.80 | 64.62 | 69.25 | 58.56
150 ml yeast + 25% P (300 g SP) 1.95 2.17 2.14 2.09 259.00 434.33 392.67 362.00 | 43.55 | 70.86 | 73.00 | 62.47
200 ml Yeast 1.95 2.18 2.17 2.10 260.00 437.00 394.67 363.89 | 4438 | 71.30 | 73.86 | 63.18
200 ml Phosphorin 1.54 1.75 1.97 1.75 236.00 350.10 332.67 306.26 | 38.87 | 50.18 | 54.20 | 47.75
200 ml Pho. + 50% P (600 g SP) 1.58 1.78 2.01 1.79 236.00 351.67 332.67 307.05 3589 | 51.95 | 56.58 | 48.14
300 ml Pho. + 25% P (300 g SP) 1.64 1.88 2.03 1.85 235.00 362.80 342.33 313.48 36.68 | 54.20 | 59.24 | 50.04
400 ml Phosphorin 1.66 1.90 2.05 1.87 241.33 365.00 342.33 316.22 | 37.54 | 55.21 | 59.40 | 50.72
Control (1200 g SP) 1.35 1.53 1.78 1.55 222.40 331.67 313.67 288.91 32.88 | 46.48 | 50.83 | 43.40
LS.D. 5% 0.17 0.21 0.16 0.18 9.98 14.49 12.55 12.34 1.80 2.11 2.39 2.10

Table (7): Effect of different phosphorus fertilization sources on fruit weight, total soluble solids (TSS) of Balady mandarin

fruits during 2011, 2012 and 2013 seasons.

reat. Characters Fruit weight (gm) T.S.S. % Acidity %

Season 2011 2012 2013 Mean 2011 2012 2013 Mean | 2011 2012 | 2013 Mean
100 ml yeast 153.23 146.67 168.00 155.97 12.00 12.33 12.67 12.33 1.08 1.13 1.18 1.13
100 ml yeast + 50% P (600 g SP) 163.67 152.33 176.67 164.23 12.33 12.67 13.00 12.67 1.02 1.07 1.13 1.07
150 ml yeast + 25% P (300 g SP) 168.23 162.67 187.00 172.63 12.33 12.70 13.33 12.79 1.00 1.02 1.06 1.03
200 ml Yeast 170.57 163.50 188.30 174.14 12.33 12.83 13.50 12.89 0.98 1.01 1.05 1.01
200 ml Phosphorin 150.27 144.67 164.80 153.25 11.33 12.00 12.17 11.83 1.17 1.22 1.23 1.22
200 ml Pho. + 50% P (600 g SP) 153.00 148.70 170.33 157.35 12.00 12.33 12.67 12.33 1.15 1.21 1.21 1.19
300 ml Pho. + 25% P (300 g SP) 156.23 150.33 173.33 159.97 12.33 12.33 12.67 12.44 1.12 1.18 1.19 1.16
400 ml Phosphorin 155.67 151.67 175.00 160.78 12.33 12.67 12.83 12.61 1.10 1.16 1.18 1.15
Control (1200 g SP) 145.77 139.33 160.67 148.59 11.33 11.67 12.20 11.67 1.30 1.33 1.35 1.33
LS.D. 5% 3.37 2.67 2.84 2.96 0.47 0.57 0.40 0.48 0.11 0.07 0.10 0.09
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Table (8): Effect of different phosphorus fertilization sources on sugar and
vitamin C contents of Balady mandarin fruits during 2011, 2012 and

2013 seasons.

haracters | Reducing sugars Total sugars
V.C. (mg/g F.W.

Treat. (%) (%) (mg/g F.W.)
Season 20112012 [2013 | Mean|2011] 2012 [ 2013 [Mean | 2011 [ 2012 | 2013 | Mean
100 ml yeast 31.6 329 |3.56 | 3.34 [8.19 ] 9.22 | 9.32 | 8.01 [51.00|52.67|52.67|52.11
100 ml yeast + 50% P 5 351359 | 434 | 3.65 [9.11 | 9.29 | 10.25] 9.55 | 52.67|53.00|53.06|52.91
(600 g SP)

0
(135802151%;%”25/01) 3.50 [3.30 | 4.34 | 3.71 |9.38 | 9.72 [10.38] 9.83 [53.17|53.33| 56.44| 54.31
200 ml Yeast 3.53 |3.64 |4.43 | 3.86 [9.37 |10.11]10.38] 9.95 |56.67|58.33|56.67|57.22
200 ml Phosphorin | 2.53 | 3.89 | 3.01| 2.81 | 7.52 | 8.29 | 8.10 | 7.97 |46.67]48.33]50.33 |48.44
200 ml Pho. +50% P\ 5 7¢ 13 131322 3.04 |8.10 | 8.93 | 8.55 | 8.53 |46.67|49.17|50.34|49.06
(600 g SP)

0
?ggorglsgm. T 25% Pl g6 3.3 ]3.40 | 3.13 [ 822 ] 9.01 | 8.93 | 8.72 [47.53|51.00|51.89|50.14
400 ml Phosphorin | 3.06 | 3.39 | 3.53 | 3.33 | 8.43 | 9.32 | 9.34 | 9.03 |48.67|51.67|52.34] 50.89
Control (1200 g SP) | 2.51 |2.65 | 2.73 | 2.63 | 7.62 | 8.43 | 8.20 | 8.09 |43.80]45.33|45.8945.01
LSD. 5% 0231028 10311027 [0.39]0.46 ] 033]039]1.96 | 2.11 223 | 2.10

The maximum yield component
were (2.10%, 363.89 fruit/tree and
63.18 kg/tree as av. the three studied
seasons) due to use yeast at 200
ml/tree. Whereas, the minimum yield
component were (1.55%, 288.91
fruit/tree and 43.40 kg/tree as av. the
three studied seasons)

Recorded on the control treat-
ment. Hence the increment percent-
age was (35.48, 25.95 and 45.58%)
for fruit retention, number of fruits
and yield/tree, respectively. Such
finding might be related to the fact
that phosphorus is very important for
certain essential steps such as the ac-
cumulation and release of energy dur-
ing photosynthesis process and cellu-
lar metabolism. Phosphorus is also a
constituent of many organic com-
pounds in plant.

4 — Fruit quality:

It is evident from data in Tables
(7 & 8) that using either yeast or
phosphoren whatever singly or com-
bined with either 25 or 50% out of
RPD significantly improved fruit
quality in terms of increasing fruit
weight, total soluble solids %, and

sugar and vitamin C contents and de-
creasing the total acidity % compared
to fertilization by the recommended
phosphorus dose completely via min-
eral-P source (check treatment). In-
creasing the concentration of both
materials was followed by gradual
increment in fruit quality. No signifi-
cant differences were recorded in
fruit quality due use the yeast either
at 200 ml/tree or combined yeast at
150 ml with 25% of RPD via min-
eral-P. Also, there was no significant
difference due to use phosphorin ei-
ther 400 ml or combined phosphorin
at 300 ml with 25% of RPD via min-
eral-P. Using yeast was superior in
improving fruit quality than using
phosphorin. Using yeast at 200
ml/tree gave the best results with re-
gard to fruit quality of Balady manda-
rin trees, since such treatment gave
the heaviest fruit and highest values
of total soluble solids % and sugar
and vitamin C contents.

The highest fruit quality values
attained (174.14g (fruit weight),
12.89% (T.S.S.%), 9.95% (Total
sugar) and 57.22 (V.C) mg as av. the
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three studied seasons), due to use
yeast at 200 ml/tree. On other hand,
the least wvalues of fruit quality
(148.59g, 11.67%, 8.09% and 45.01
mg) were found on the check treat-
ment trees. Then, the increment per-
centage was (17.19, 10.45, 22.99 and
27.13%) for fruit weight, T.S.S., total
sugar and vitamin C contents, respec-
tively. Such improvement is very im-
portant in citrus production since the
increase in fruit weight and quality
are the most important target than to-
tal yield due to the increase in fruit
weight and quality induce an increase
in packable yield. Therefore, using
yeast at 200 ml/Balady mandarin
trees was sufficient to get the high
yield with good fruit quality.
Discussion and Conclusion:
Fertilization is one of the most
important tools to improve the soil
fertility and increase crop yield phos-
phorus is very important in the meta-
bolic processes, i.e. blooming and
flower development. It is the main
constituent of energy compounds,
phospholipids, nucleic acids, nucleo-
tides and co-enzymes (Ahmed ef al.,
1995 and Attia et al. 2002). Major
compensation to overcome the low
fertility of soil is to use chemical fer-
tilizers that became more expensive
item for orchard management and en-
vironment pollution. Bio-fertilizers
are otherwise called microbial inocu-
lants, are the carrier based prepara-
tion containing beneficial microor-
ganisms designed to improve the soil
fertility and help the plant growth by
increased number and biological ac-
tivity in the rhizosphere (Subba Rao,
1984). The main sources of bio-
fertilizers are bacteria, fungi and
cyno-bacteria (El-Haddad et al,
1993). Using bio-fertilizers is consid-
ered a promising alternative for
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chemical fertilizers. It is very safe for
human, animals and environment
(Verna, 1990).

Recently using active dry yeast
on fruit trees has received apparent
interest. The positive effects of apply-
ing active yeast were attributed to its
content of different nutrients, higher
percentage of proteins, large amount
of vitamin B and natural plant growth
hormones, i.e. auxin and cytokinins
as well as, chelating agent and en-
zymes produced. In addition, it con-
tains some common amino acids ap-
proximately 18 amino acid and it is
very effective in releasing CO, which
improves net photosynthesis (Moor,
1979; Ferguson et al., 1987 and Idso
et al., 1995). Nutritionally, yeast is
heterotropic microorganisms and me-
tabolically are usually fermentative
producing a number of organic acids
from sugars and carbohydrates as
well as their high survival rate under
extreme soil conditions, in transfor-
mation of rock phosphates and in-
soluble carbonate leading to increases
in available phosphorus, Fe and other
micronutrients (Vassileva et al.,
2000). Such effect consider the most
important amendment for soil recla-
mation and improvement especially
for Egyptian soils having alkaline and
high pH are induced a low in their
available nutrients. This means that
addition of yeast plus 25% out of
RPD saved 75% of the recommended
dose of phosphorus fertilization. In
addition, avoiding P deficiency in the
tree and P fixation in the soil.

Therefore, it can be concluded
that using yeast as a P-fertilization
was useful to improve the vegetative
vigour and nutritional status of trees
inducing an increase the yield and
improve the fruit quality. These re-
sults emphasized the importance of
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phosphorus fertilization on get com-
plete healthy trees. In addition, it re-
duce the need for mineral P and de-
creases the cost of production as well
as environmental pollution problems.

The promotive effect of yeast
application on growth, nutrient status
and fruiting of citrus trees were em-
phasized by Abdel-Wahab (1999),
Mostafa and El-Hasseiny (2001),
Badawy, Sabah (2005) and El-Salhy
et al. (2006).

The ability of phosphate solubi-
lizing bacteria (phosphorin) to dis-
solve the precipitated forms of phos-
phorus, such as CO3 (POy), depends
upon their efficiency in producing
inorganic, organic acids and/or CO,
(Zayed, 1998 and El-Dsouky and At-
tia, 1999).

The positive effect of phos-
phorin (phosphate slubilizing bacte-
ria) may be attributed to it’s a great
role in contributing growth hormones
such as auxin, gibberellins or cyto-
kinins which could stimulate the plant
growth (EI-Sheekh, 1997). Also,
phosphorin application may increase
the number and activity of soil mi-
croorganisms in general and particu-
lar that consequently exert increases
in the available-P and hence plant
growth (El-Awag et al., 1993 and El-
Dsouky and Attia, 1999). The above
mentioned findings are in accordance
with those obtained by Ahmed et al.
(1995), Attia et al. (2002), Hegab et
al. (2005), Mostafa (2006), Ismail-
Omayma et al. (2011) and El-Khayat
and Abdel-Rehiem (2013). They con-
cluded that application of bio-
fertilizer along with mineral-P source
was effective for improving growth
and fruiting aspects of citrus trees.
Conclusion:

Generally, it is concluded that
applying yeast either 200 ml/tree only
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or combined yeast at 150 ml with
25% of RPD via mineral-P (300 g
calcium superphosphae), as well as,
phosphorin either 400 ml/tree only or
combined phosphorin at 300 ml with
25% of RPD via mineral-P improve
the nutritional status and fruiting of
mandarin trees.

Moreover, soil inoculation with
yeast or phosphorin improve the use
efficiency of superphosphate through
increasing the P availability and con-
sequently, decreasing the amount of
applied phosphatic fertilizer and re-
ducing both the agriculture cost and
the pollution impact of superphos-
phate.
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