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’ ' ABSTRACT

The present investigation was caried out during 2006 and 2007 growing
seasons in order to study the effect of soil application of yeast on yield and fruit
quality of Hindy banana cv. Also, to ‘extend the shelf life of banana obtained from
plants treated with yeast using some nutrient elements such as calcium chloride,
potassium citrate and boric acid spray.

The obtained results indicated that soil application of yeast enhancement the
yield and frult quality but, decreased the shelf life of banana fruits. Conceming to the
-effect of yeast application and spraying with Ca, K and B on banana fruits held at
room temperature for 9 days, data revealed that both leaf content of Ca, K and B and
parameter of yield were increased. Firmness and starch % were gradually decreased
with prolonged storage but SSC, total sugars, peel colour, decay, weight loss as well
as total loss were increased. The highest percentage of total loss was found in fruits
from the plants treated with yeast only. While, the lowest percentage was found in
fruits from the plants treated with yeast and sprayed with Ca and K combined with B.

INTRODUCTION

Banana is considered one of the most important commercial fruits in
Egypt. Recently there is an increasing demand for banana to meet the need |
for local as well as foreign markets especially Arabian countries.

Nowadays, great attention has been focused on using-natural and safe
substluent for enhancmg growth and quality of banana and many other fruits.
Thus® treatments that increase yield and improve quality to satisfy market
demands and prolong shelf-life are greatly appreciated.

Yeast is one of the natural products that used widely for this propose.
Some banana growers practice using yeast as natural biostimulant to improve
growth and productivity of the plants using some nutrient elements such as
calcium (Wills & Tirmazi, 1982), potassium (Ramesh & Kumat;“%OO?) and
boric acid (Awad & EL-Dengawy, 2006).

The possibility of using yeast in fruit orchards was mentloned by some
research workers (SL-Shammaa, 2001 on Williams banana; Mostafa, 2004
and Mostafa & Abou-Raya, 2004 on Grand nain banana).

Some previous studies for improving yield and fruit quality indicated
that shelf-life of the bunches is rather longer than untreated banana with yeast
(Hosam El-Deen et al., 2001).

Therefore, the present investigation was outlined to examine some
alternative practices that may enhance yield and fruit quality of banana. In the
same direction, to extend the shelf-life of banana fruits obtained from plants
treated with yeast alone or with using some nutrient elements such as
calcium, potassium and boric acid.
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MATERIALS AND METHODS

This investigation was carried out during two successive seasons of
2006 and 2007 in a private orchard at Badawy village near Mansoura city,
Dakahlia Govemnorate, Egypt on the fourth and fifth ratoon of Hindy banana
cv. The plants are grown at 2.5 x 3 meters apart on clay loamy soil. All piants
under the experiment received the same cultural practices carried out by the
banana growers in the district.

Three suckers which sprouted in May per mat were selected in June for
fruiting in the following season in addition to the mother plant that would give
the crop of the current season.

This study included six treatments as the following :
1- Control, yeast at 3 % (30 gm/L/plant) applied three times at April
(growth start), July (at bunch shooting) and October (before maturity).
2- Yeast at 3 % plus spraying with calcium chloride at 3 g/L water.
3- Yeast at 3 % plus potassium citrate spray at 3g/l_ water.
4- Yeast at 3 % plus calcium chloride spray at 3 g/L. water + boric acid at
0.25 g/L. water.
5- Yeast at 3 % plus potassium citrate spray at 3 g/ + boric acid spray.
6- Yeast at 3 % plus calcium chloride, potassium citrate and boric acid
spray at the same previous concentrations.
*All treatments except control were applied three times at (August, September
and October).

Dry yeast was activated by dissolving in worm water (38 °C) and adding
sugar at the same rate (1:1) then kept over night before adding to the soil,
while calcium, potagsium and boric acid were added as foliar spray. Each
treatment was replicated three times in both seasons of the study. The
experiment was designed as complete randomized blocks. The following
parameters were carried out :

Leaf mineral content :

Leaf samples were taken from the 3% fully opened leaves as
recommended by Bhargava & Reddy (1992). Potassium was determined by
the photometric method as described by Brown & Lilliland (1946). Calcium
was determined using atomic absorption spectrophotometer according to the
method described by Piper (1958). Boron was estimated using an atomic
absorption spectrophotometer as described by Brandifeld & Spincer (1965).

Harvest date was adjusted when the top hand have slightly vellow
colour and when the angulation reached about 9 % according to Abou Aziz et
al., (1970).

At harvesting, the following determinations were carried out :

- Yield/plant (kg), hand weight (kg), finger weight (gm), finger diameter
(cm), finger length (cm) and finger size (mt).

Fruit keeping :

Two banana hands were taken at harvest time from each replicate of
all treatments, then put in carton boxes and held at room temperature (18 + 2
°C) and 65-70 % relative humidity for 9 days. Samples were taken at 3 days
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interval and subjected to the following determinations: weight loss, decay and
total loss. Firmness was determined using PHSH-Pull Dynanometer Model
DT (01). Peel colour was evaluated by Delmonte Co. colour chart 7 grades
from full green to complete yeliow. SSC and total sugars were determined by
using phenol sulphoric acid method, Smith et al, (1956) and starch was
determined using colorimetric method as described by Forsee, (1938).

Statistical analysis :

The data obtained were statistically analyzed as complete randomlzed
biock des&gn according to Snedecor & Cochran (1980).

RESULTS AND DISCUSSION

Leaf mineral content :

Data presented in Table (1) show the effect of yeast soil application
plus spraying calcium chloride, potassium citrate alone or in combination with
boric.acid on the content of Ca, K and B in the leaves of Hindy banana plants.

1- Calcium :

Calcium content in the leaves was significantly affected by treatments
in both seasons of study. it is also noticed that Ca sprays increased the
content of the leaves from that element significantly during both seasons of
study. The highest values of calcium in the leaves were obtained from plants
sprayed with Ca and K combined with boric acid followed by spraying with Ca
+ K and spraying calcium alone. These resulis are in agreement with those
reported by Ashour (2000) who found that both calcium and potassium sprays
increased calcium content in leaves and fruits of Anna apples.

2- Potassium :

Data in Table (1) indicated that potassnum content in the leaves was
significantly affected by different treatments in both seasons of study. it is
clear that all treatments significantly raised potassium content than the
contrel. Combined application of yeast plus Ca, K and boric acid was
favorable for stimulating potassium content than using each element alone.
The highest values were obtained from plants sprayed with Ca + K and boric
acid together followed by spraying with K+B and spraying with K alone which
was 2.48 % as the mean of the two seasons of study. These results are in
agreement with those reported by Saleh and Abd El-Monem (2003) working
on Fagri Kalan mango trees using potassium citrate solely or combined with
boric acid.

3-Boron : «
Boron content in the leaves of Hindy banana plants was significantly
affected by all treatments. Higher values of boron in the leaves were obtained
from plants treated with yeast and sprayed with potassium + boric acid
followed by spraying with combination of Ca + K and boric acid and spraying
with Ca + boric acid together. These results are in line with those reported by
Saleh and Abd El-Monem (2003) on "Fagri Kalan" mango trees. Sallam et al.
(2002) found that single application of Zn, Cu or B and their combined were
associated with the highest values of Zn, Cu and B in Hindy banana leaves.
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Table (1) : Leaf mineral content as affected by yeast and some minerg)

elements.
Ca’ % K% B ppm
Treatment 2006 | 2007 [ Mean | 2006 | 2007 | Mean | 2006 | 2007 | Mean
Control yeast a1 3% 0.03 1 022 1 023 | 1.03 | 1.86 ] 1.90 | 16.67 [ 19.00| 17.84

eastat 3% +Caat3g/h | 0.28 | 0.27 | 0.28 | 1.96 | 1.90 | 1.93 | 18.00 | 19.67 | 18.85
eastat 3%+ Kat3g/l | 0.24 | 0.23 | 0.24 | 243 | 2.53 | 2.48 | 19.67 ] 20.00 | 19.84

east at 3% + Ca +K 0.30 | 0.29 [ 0.30 { 1.93 | 2.03 | 1.98 | 37.30 | 41.30 | 39.30

astat 3% +K+B 0.25 | 0.23 | 0.24 | 2.70 [ 2.70 | 2.70 |40.00 | 41.00 | 40.50

eastat3% +Ca+K+B | 0.32 | 0.30 | 0.31 | 2.93 | 2.97 [ 2.95 |40.30 {40.00 | 40.15
LSDats% 0.28 | 0.019) - 10.271(0.248| -~ 12.327{2.721] —

Yield and its components :

Hand and finger weight :

The results in Table (2) clearly showed that all treatments used were
effective in increasing both hand and finger weight than control. In this
respect, yeast plus foliar spray had significant and positive impact on weight
especially in case of the combined treatments (Ca + K + B), followed by
spraying with K & B and spraying with potassium.

Finger size :

It is also noticed from the same Table that in both seasons the finger
size responded to the spraying materials. The combined treatments
significantly increased finger size compared with the control. The other
treatments take the same trend in increasing finger size.

Finger diameter and length :

Data presented in Table (2) indicated that application of yeast and
spraying treatments significantly increased both diameter and length of the
finger of Hindy banana than the control. The combined treatments gave highly
significant effect in this respect followed by spraying with (K + B) and spraying
with K alone.

Table (2) : Yield and some physical characters of fruits as affected by
yeast and some mineral elements.

Yield/plant { Hand weight Finger weight] Finger size Finger Finger longth
Treatment {kg) ig) (mi) diameter {cm) {cm)

2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2008 | 2007
eg:t“;'g% 19.9318.60 | 2.08 | 2.16 | 86,83 | 87.23 | 86.70 | 87.37 | 3.13 | 3.26 | 15.33 | 15.66
ygaas;ta; ;;/:_*' 2007 |19.00 | 2.16 | 2.23 | 88.00 | 87.80 | 87.56 | 87.60 | 3.40 | 3.26 | 15.66 | 16.66
yeKa’:ta; &'{-‘* 2283 19.20| 270 | 2.53 | 90.93 | 91.26 | 91,33 | 91.06 | 3.70 | 3.47 | 16.68 | 17.00
Veagtaa::%"' 20.93 | 19.07 | 2.30 | 2.27 | 91.56 | 89.90 | 91.87 | 89.50 | 3.80 | 3.43 |16.33 | 16.33
y_eaf(t it§%+ 23.83 [19.97 | 2.60 | 2.66 | 92.60 | 91.46 | 92.43 | 91.33 | 3.90 | 373 |17.33 | 17.66
Vg:si";(ti'/; 2447|2223 | 290 | 28 |93.23]92.40|93.00 |92.27 | 4.03 | 3.96 |17.66 | 18.66
L.S.D at5% |0.604 |0.826 | 0.253|0.159 | 1.353 | 0.199 | 1.786 | 1.334 | 0.265 | 0.228 | 0,997 | 0.997
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Yield :

it is clear from Table (2) that yield per plant (kg) was significantly
increased by ail treatments compared with the control. However, the yield per
plant was improved and reached the maximum (24.17 and 22.23 kg/plant) in
the first and second season, respectively, when plants treated with yeast and
sprayed with combined treatment followed by spraying with K + B and with K
alone. Meanwhile, control recorded the lowest values (19.93 and 18.6
kg/plant) in both seasons, respectively. The increment in yield might be due to
the increase in yield attributes i.e. hand weight, finger weight, finger size,
finger diameter and finger length.

The abovementioned results are in harmony with those of Ramesh &
Kumar (2007) who found that potassium spray had a significant and positive
impact on bunch weight. Fruit bunch components including hand and finger
number, finger length, girth and weight. Since, led to increase the yield of
Neypoovan banana. Saleh & Abd El-Monem (2003) also found that spraying "
Fagri Kalan " mango trees with potassium citrate combined with boric acid
increased the yield and its components. Ashour (2000) found that both
calcium and potassium spray increased the yield and its components of Anna
apple. Sallam et al. (2002) found that single application of Zn, Cu and B and
their combination increased yield and its component of Hindy banana.

Soluble solids content (SSC %) during room storage :

The results in Table (3) indicated that with all treatments, SSC was
gradually increased toward the storage period, and the highest values of SSC
were gained at the end of storage. Moreover, spraying Ca, K and boric acid
significantly increased SSC in banana fruits than the control. In this respect,
the best resuits were obtained when treated plants with yeast and sprayed
with Ca and K combined with boric acid followed by spraying with K & B and
spraying with K alone. This increment may be due to that calcium enhanced
translocation of carbohydrates from leaves to fruits (Winkler et al., 1974) and
reduced respiration rate (Kumar & Gupta, 1987). Higher fruit quality among
SSC can be explained by the role played by K in carbohydrate and protein
synthesis (Tisdale and Nelson, 1966).

Table (3): SSC and total sugars as affected by yeast and some mineral
elements during storage period.

Soluble solids content (SSC %) Total sugars

Treatment Zero da 3| 6 9 Zero day 3 3 3
2006[2007 2006 | 2007 | 2006 | 2007 | 2006 | 2007 { 2006 | 2007 | 2006 | 2007 -20065“2007 2006 | 2007

Control  [14.4]14.2[16.3(16.1(18.4(18.6 0.0 | 0.0 | 8.2 | 8.4 |11.0{11.1[13.3/13.2] 0.0 | 00

yeast at 3% .
0
Vg:s;ta;;ﬁ_* 14.8115.017.0116.6)18.8|19.0/20.0120.1| 9.1 | 9.3 |11.5{11.9|14.0; 14.0[15.0{15.0

yeast at 3%+ . ' ]
Kat3glL 15.4 iG.O 18.0 | 18.2120.1|20.3{22.0/21.4| 9.5 110.0]11.8)12.0 15.0115.8 | 16.1 LB

L :
yeastat 15.oh5.1 17.2|17.0{19.4/19.8|21.0|20.9( 9.4 | 9.8 {11.3{12.0{14.9]15.2 18.0L16.1

0,
yeast at 3%+ |15 Fs.o 17.0(18.0 [20.0|20.1]22.0/21.9110.0| 10.0{12.4|12.6 | 15.8| 15.8|16.5( 16.8

L
0L 1
yeastat 3%+ |1e.0 Esn 18.2/18.4/206|20.8|227(23.2(10.4| 104132131 18.2} 8.6 17.0{17.1
L

L.S.D at 5% 0.87 (0.92 1.05]1.12 128L15L1 47} L65 0.480.73/0.82{0.7310.85/ 0.94 {0.98
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The present results are in accordance with those abtained by Ramesh
& Kumar (2007) on Neypoovan banana, Ashour (2000) on Anna apples and
El-Ansary et al., (1999) on Thompson seediess grapes.

Total sugars during room storage :

Results in Table (3) indicated that, total sugars in Hindy banana fruits
were significantly affected by all treatments during storage. This parameter
took the same frend of SSC. The previous resuits revealed that application of
yeast and spraying calcium, potassium citrate and boric acid improved
physical and chemical properties of Hindy banana comparing with the control.
These resuilts are in harmony with those obtained by Ramesh & Kumar (2007)
on Neypoovan banana. _

Starch % and peel colour during room storage :

Data in Table (4) show that all treatments significantly increased starch
percentage in banana fruits at harvest as compared with the controi. Both
calcium and potassium sprays alone and in combination with boric acid
increased starch. percentage.- The best results were abtained from the
combined treatments. The high amount of starch at harvest is important for
increasing the sugar during storage.

Mengel & K;rkaby (1987} found that potassium is responsnble for
energy production in the form of ATP and NADPH in chloroplast by
maintaining balanced electric charges. Besides, K is involved in phioem
loading and unloading of sticrose and amino acids, and storage in the form of
starch in developing fruit by activating the enzyme starch synthase.

As for peel coiour of banana fruits during storage, it was determined as
a criterion for appearance, which considered significant indicator for fruit
quality. Data in Table (4) revealed that banana colour was enhanced at
storage period at room conditions during the two seasons of study. Moreover,
all treatments used gave lower values of banana colour, and the duration of
colour of the banana treated was less than the contro! during storage.

Table (4) : Starch % and peel colour as affected by yeast and some
mineral elements during room storage.

Starch % Peel colour
Treatment | Zero day 3 6 9 Zero day 3 6 9
2006 { 2007 | 2006 { 2007 { 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007
Controt
| yeastat 3% 22.5(21.83/7.30|6.45|1.75/1.66 | - - {20120{4550)!651658| - -
yeast at 3%+

Ca at 3 gl 32.76ﬁ21.9710.60 9.80)7.3016.5512.30)2.05)2.020]35]4050!50)60!60

yeast at 3%+ |, 0alon 07
Kat3gl

9,
Veaé‘:::‘* 22.9323.70/10.70111.10[ 7.40 | 790 2.10|220| 20 | 2.0 | 3.5 | 40 | 5.0 | 50 | 7.0 | 7.0

yea;t:t;%* 24.10]24.63111.60&2.30 8.00(8.2012.801295/ 20 | 20)4.0 | 45|55 |55)7.0]|70
yeast at 3%+
Ca+K+B

L.S.Dat5% 2.058}2012{2.632 0.674!0.21 .444/0.068/0.081| N.S { N.S 10.5230.257| 0.389‘0.333 0.535]0.928'

11.20{10.80 8.00,7.20{3.60{3.00) 2.0 | 20 ) 4.0 | 45| 55 55| 7.0 | 7.0

24.3724.WF1.72 12.50{8.30(8.50(2.80(2.80{ 2.0 | 20 {3.5{4.0 | 5.0 )50 ) 7.0) 7.0

These results are in line with those obtained by Hosam El-Deen et al.,
(2001) who found that two yeast applications gave larger value of banana
colour during storage at room temperature compared with the control.
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Firmness during room storage :

Regarding the effect of soil application of yeast, calcium, potassium
and boric acid spray on banana fruit firmness, data In Table (5) indicated that
it has a great effect on fruit firmness at harvest and during storage. It is clear
from the obtained data that all applied treatments had a significant effect on
decreasing the rate of softening of the fruits during both seasons of study. In
this respect, the best results were obtained from spraying with calcium and
potassium combined with boric acid followed by calcium and boric acid
combination and potassium & boric acid spray. Such results are in line with
those reported by Ashour (2000) that both calcium and potassium spray
increased firmness of Anna apples. Awad and El-Dengawy (2006) found that
boric acid spray increased firmness of guava fruits.

~ Weight loss during room storage :

It is interesting to notice from the same Table that weight loss % during
storage was affected by all treatments in both seasons of study. All
treatments significantly decreased the weight loss percentage compared with
the control. In this respect, the most effective treatment was calcium & boric
acid combination spray followed calcium chloride and potassium spray alone.
This data is in harmony with those mentioned by Ramesh & Kumar (2007)
that Neypoovan banana cv. receiving foliar spray either at 1.0 or 1.5 %
potassium sulphate gave significant reduction in weight loss percentage.
Awad & El-Dengawy (2006) on guava fruits found that borlc acid spray
decreased its weight loss percentage.

Table (5) : Firmness and weight loss % as affected by yeast and some_
mineral elements during room storage.

Firmness (bfin%) - Weight loss %
Treatment | zeroday | 3 6 9 [Zeroday| 3 P 9 .
2006 | 2007 | 2006 | 2007 | 2008 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2008 | 2007 | 2008 | 2007
Control i
yeast at 3% 958975 (7.25/3.3013.20) - - LO.O 0.0 ) 8.1 /9.2 ;125135 - -
yeast at 3%+

Caat3gil 11.5) 9.5 |9.33 L7.90 5.50)5.2013.45|3.20| 0.0 | 0.0 | 5.5 | 7.5 |10.5|15.8|15.8| 18.5

V":Z‘tg'g?z_"* 11.0| 9.2 | 8.5 |7.70|4.5014.50 |2.20(2.80| 0.0 { 0.0 | 7.1 | 8.2 {11.3]12.1|18.0 | 19.8
yeast at 3%+
Ca+K

0
yoastat3%+ 1129) 0.7 [9.20|7.90| 5.45)5.10 | 2.30 220/ 00/ 00 | 82| 71 [102]11.5|208| 219

yeast at 3%+
| ‘catK+B i3.5 10.1( 9.5 |8.50 5.55:.10 3.60|3.50| 0.0 | 0.0 | 5.5 | 6.5 | 9.2 |10.2(20.5| 22,5

(L.S.D at 5% E’lﬂ Ji.fﬂZ .785/0.68810. 48%385 .07511.1 82 ~ | - [0.161)0.2270.551/0.527/0.889(1.10

13.0( 9.9 | 9.5 (8.01|5.50(5.10{3.103.00{ 0.0 | 0.0 59 65|05 10.5/14.514.9

Decay percentage during room storage :

Results in Table (6) indicated that decay percentage was increased
with prolonging the storage period, in both seasons of study. Moreover, the
decay percentage of control fruits was higher than those treated with yeast
and nutrients at the end of storage period. In this respect, the most effective
treatment was the combined treatment calcium, potassium and boric acid
followed by potassium & boric acid and calcium & boric acid spray. The
obtained results are in agreement with the findings of Ashour (2000) on Anna
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.apples; El-Ansary et al. (1999) on Thompson seedless grapes Bramiage et al.

(1974) reported that calcium may be a major contributing factor to decay
resistance. This effect of CaCl, may be due to the formation of cross-bridge
between uronic acids which may make the cell wall less accessible to
enzymes in the fruit that cause softening or to cell wall degrading enzymes
produced by fungal pathogens (Sams et a/., 1993).

Total loss percentage during room storage :

Data in Table (6) indicated that total loss percentage was gradually
increased with prolonged storage in all treatments. Furthermore, yeast
treatment (control) gave significant increase in total loss percentage as
compared with other treatments. Since, spraying with calcium, potassium and
boric acid decreased the total loss percentage during the two seasons of
study.

From the abovementioned resuits, it is clear that yeast application for
banana plants improved the yield and fruit quality but decreased shelf life of
fruits. Thus, spraying calcium, potassium and boric acid prolonged the shelf
life of banana fruits by reducing weight loss, decay and total loss. Thus, it
could be concluded that, increasing the shelf life of banana fruits from plants
treated with yeast could be achieved by using some nutrient elements such as
calcium, potassium and boric acid as foliar spray.

Table (6) : Decay % and total loss % as affected by yeast and some
mineral elements during room storage.

Decay % Total loss %

Treatment | Zero day 3 8 9 Zero day._ 3 8 9

2008 | 2007 { 2006 | 2007 ] 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2008 MT\ 2006 ) 2007 | 2008 | 2907
Control
vesataray | 09| 00|00 000000 10001000 0.0 | 0.0 |81 |92 125135 100.0100.0
yeast at 3%+
s o, | 00100 [00]00]00|00|38.4[358)0.0]00]55]75|105/11.5542{52.4
yeast at 3%+
Katagn | 00|00} 000000 ]00/443/423 0000|7182 |113]121|623/e2:
V”;;’::%‘ 0.0} 00 00]00]00]|00]|355]/30.2|00]00]|59]65]05] 105588572
V“;‘:‘B‘”‘* 0.0{00)}00/00/|00!00]|31.4/325] 0000|8271 |102]11.5|522]524
yeast at 3%+
casKep |00]00[00]00]00|00|272|268|0000]55)|65]0.2 102477404
LSDat5% | =~ | = | « | « | ~ | 5.0453.812 ~ | - o.saqo.esap.nﬂo.ss .ms.nﬂ
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