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ABSTRACT: Avocado (Persea americana, Mill.) Fuerte cv. mature trees
growing in a loamy clay soil were sprayed after fruit set and a month pre
harvest in 2009 & 2010 seasons with three levels (0.25, 0.50 and 0.75 %ml L™)
of Bio calcium (50gCa L™t .) Mature fruits were harvested and stored at 7 <C for
nine weeks and ambient temperature (23 £ 2 ) for 9 days. Results at harvest
showed that pre harvest Calcium sprays increased fruit firmness especially,
at 0.5%(592 & 612 gm/mm?) as compared with control(490 & 537 gm/mm?) in
both seasons. On other hand, Calcium sprays maintained the changes in
peel color and reduced respiration rate as compared with control. Finally Ca
sprays increased the content of ascorbic acid, while total acidity and total
phenols were reduced.

Pre harvest treatments were effective in improving fruit quality and storability
of Avocado fruits. Calcium sprays especially, at 0.5 % reduced decayed
fruits %, these values were (9.63 & 9.65) for fruits stored at 72 for nine
weeks against (4.93 &3.65)for those stored at ambient temperature (23 + 2
) for 9 days as compared with the control (18.1 & 19.01 %), (7.4 & 5.68 ) in
the first and second seasons, respectively.

Also, fruit weight loss was reduced as affected by Ca sprays, especially, at
(0.5 %) these values were (4.93, 4.98 %)) for fruits stored at 7 <C for nine weeks
against (5.43&4.25) for those stored at ambient temperature (23 + 2 <) for 9
days as compared with control (5.7 , 6.05 %),(8.98&7.78) in both seasons,
respectively. Moreover, it maintained fruit firmness, the change in peel
colour, reduced total acidity and respiration rate, while ascorbic acid and
total phenols of treated fruit were decreased as compared with control in
both seasons during storage.

Key words: Avocado, Calcium, Foliar spray, Cold storage, Fruit quality and
storability.

INTRODUCTION

The avocado (P. Americana, Mill.) is an important subtropical fruit with a
high market value in local markets or to export, but with a relatively short
storage life (Hershkovitz et al (2005). Avocado is a climacteric fruit and its shelf
life at ambient temperature is few day, but cold storage extend its life. El
khoreiby and Abd El fadeel (1988) observed that Fuerte avocado fruits can be
held at 7°C for 44-45 days without any chilling injury symptoms. El oraby et al
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(2004) reported that Fuerte avocado fruits had storage life of 9 days at 25°C,
15 days at 10°C and 35 days at 0°C & 5°C. without any appearance of chilling
symptoms. Calcium has widely bean reported to play an important structural
role in providing firmness and mechanical strength to cell walls, ( Povaiah et
al., 1988 .)

Rensburg and Engelbrecht (1986). Found that calcium treatments
preserved firmness and reduced respiration rate.

Mishra et al. (2003) cleared that pre harvest application of calcium nitrate
increased the shelf life and reduced the physiological loss in weight of guava
fruits. Aly and Ismail (2000) reported that guava fruits from trees treated with
0.5% CaCl, were firmer and better quality than control fruits.

Baneh et al. (2003) stated that the foliar application of 1 % CacCl,
increased fruit firmness and had a significant effect on weight loss of apple
fruit. Hisaw(1991) observed that apple fruit having adequate tissue calcium
concentrations were firmer and could stored for longer periods than those of
low calcium.

Moon et al. (2002) made electron microscopic study of the cell walls and
revealed that the integrity of middle lamella of liquid calcium-treated fruits
was high as compared with control. Youn et al. (2000) reported that earlier
foliar sprays 3% CaCl, tented to decrease the incidence of the physiological
disorders during storage of pear fruits.

The present investigation aims to study the effect of pre harvest foliar
sprays of Calcium at three levels (0.25, 0.50 and 0.75%) on quality and
storability of avocado fruits cv. Fuerte at harvest time and during storage.

MATERIALS AND METHODS

Pre harvest treatments:-

The present investigation was carried out during two successive seasons
of (2009 and 2010) on mature healthy avocado trees (P. americana, Mill)
Fuerte cv. grown at the Experimental orchard of the Horticulture Research
Station at El kanater El khayreia, Kalubia Governorate, Egypt, to study the
influence of foliar sprays of Bio calcium* at (0.25, 0.50 and 0.75%) on fruit
quality and storability of avocado cv. Fuerte. The experimental trees grown in
loamy clay soil, nearly uniform in vigor and subjected to the same cultural
practices, were selected and divided into four groups, each group subjected
to one of the following treatments after fruit set and a month pre harvest in
both experimental seasons:-

*50g Ca L™ chelated on poly amino carboxylic acid, 2NA and special type of amino
acids at PH 6.
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1- Foliar spray with tap water (control).

2- Foliar spray with 0.25 % of Bio calcium.

3- Foliar spray with 0.50 % of Bio calcium

4- Foliar spray with 0.75 % of Bio calcium
The obtained data were handled as follows:

Fruit quality

At the 3" week of September, of both season, mature Fuerte fruits were
harvested at maturity stage according to Kader (1985) and directly
transported to the laboratory of Fruit Handling Research Department.
Uniform fruits of each treatment were washed, air dried and divided into two
main groups to study the effect of storage temperature 7°C and R.H. 85-90%.
and ambient temperature 23 + 2 °C and R.H. 50-60% Fruits of all treatments
fruits were packed in carton boxes in one layer.

Fruit quality assessment

For physical and chemical determination, a sample consists of 3 fruits
was taken randomly from each replicate within each treatment at 3 days
intervals for fruits were stored at ambient temperature and 7 day intervals for
those subjected to cold storage.

Fruits decay % (physiological disorders%)

Decayed fruits were characterized by abnormal ripening, development of
undesirable flavors, odors, and pitting or darkening of skin. These disorders
of fruits were counted as decayed fruits and calculated as decay fruit %.

Fruit weight loss
fruit weight as % was recorded and calculated.

Peel color measurements

Peel color fruit was measured by averaging two measurements taken on two
opposite points of each fruit equator with a Minolta colorimeter (Minolta Co.
Ltd., Osaka, Japan) on the basis of the CIELAB color system. In this system
values of (a & b) specify the green-red and blue-yellow axis, respectively. Values
were determined and a/b ratio was calculated according to (Mc Guire, 1992.)

Fruit firmness

Fruit firmness were determined by Lfra texture analyzer using
a penetrating needle of 1mm of diameter, 10 mm in distance, speed of 2 mm
per second and the peak of resistance was recorded as g mm™.

Fruit chemical characteristics
Freshly prepared juice of avocado fruits samples were used for total
acidity and ascorbic acid determinations as described by A. O. A.C (1985).
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Total phenols(mg 100mg'1): extraction of phenolic compounds was
conducted according to Danil and George(1972) and total phenols were
determinate according to A. O. A.C (1985).

Respiration rate
Respiration rate was calculated as ml CO, kg™ hr*. According to Cross
method (1966) as follows:
Concentration of CO, for sample x 10) (free space of Container in
liters)
Respiration rate =

(Product fruit weight in kg) (Time container enclosed in hours)

Statistical analysis

All obtained data in both season were subjected to analysis of variance
according to Snedecor and Cocran (1989). Differences among means for the
specific effect of storage period and the tested pre harvest treatments were
compared using Duncan's Multiple Range test (Duncan, 1955) at p £ 0.5.The
interaction effect between treatments and storage periods were differentiated
using L. S. D. at p £0.5.

RESULTS AND DISCUSSION
1. Fruit physical characteristics

1.1. Decayed fruits (%)

Data presented in Tables (1 & 2) show that fruit decay % high significantly
increased as the storage period advanced under cold storage (7 °C.) or
ambient temperature (23 + 2 °C). Foliar sprays of calcium at (0.25, 0.50 and
0.75%) cleared much lower values of decayed fruits percentage, especially
Ca at 050 % (9.63, 9.65 %) as compared with the control (18.1 and 19.01%) for
the first and second seasons, respectively. The interaction effect of storage
period and pre harvest treatments showed high significant effect on fruit
decay% in both seasons. These observations go in line with those obtained by
Fawaz (2010) on dates and Fawaz(2006) on mangoes The role of Ca in reducing
decayed fruits may be due to it's role in regulation respiration rate and other
metabolic processes (Raychaudhary et al., 1992.) on guava. Veldman (1983)
on avocado.

1.2. Fruit weight loss %

It is obvious from Tables (1, 2) showed that weight loss % high significantly
was increased by prolonging the storage periods whether under cold storage or
at ambient temperature storage. Fruit weight loss % was increased at a more
rapid rate in ambient temperature storage than in cold storage. Furthermore, the
tested pre harvest treatments induced high reduction effect in fruit weight loss
as compared with the control, especially, Ca (0.5 %) was more effective (4.93,
4.98 %), for fruits stored at 7°C for nine weeks against (5.43&4.25) for those
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stored at ambient temperature (23 £ 2 °C) for 9 days as compared with control
(5.7, 6.05 %), (8.98 & 7.78) in both seasons, respectively.

Table 1
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Table 2
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The interaction effect of storage period and pre harvest treatments was
significant either at ambient temperature or cold storage in both seasons.
The reduction of weight loss may be due to the role of calcium on middle
lamella, Moon et al. (2002) made electron microscopic study of the cell walls
and revealed that the integrity of middle lamella of liquid calcium-treated
fruits was high as compared with control . The obtained results were in
harmony with those suggested by Mishra et al. (2003) they cleared that pre
harvest application of calcium nitrate 1% reduced weight loss of guava fruits.
Baneh et al. (2003), Mehaisen (2005) on guava fruits. Also, Zambrano and
Manzano (1995) and Fawaz (2006) on mango fruit. Rensburg and Engelbrecht
(1986). On Avocado.

1.3. Fruit firmness

Data in Tables (1 and 2) show that flesh firmness of avocado fruits at
harvest were increased in Ca-treated fruits especially, Ca at 0.5 % (592 & 612
gm/ mm) as compared with control (490& 537 gm/ mm™ %), but flesh firmness
high significantly were decreased by extending storage period under cold
storage or at ambient temperature storage. Ca-treated fruits at 0.50 % during
cold storage exerted the highest value of fruit firmness (410 & 428.1
gm/ mm'z) than control (273&29 gm/ mmz) in both seasons,
respectively. Also, the same trend of results was noticed during storage at
ambient temperature. These results are in agreement with those suggested
by El oraby et al. (2004) on Fuertes Avocado. Similar results were obtained by
Mehaisen (2005) on guava fruits. Calcium has widely bean reported to play an
important structural role in providing firmness and mechanical strength to
cell walls, (Povaiah et al., 1988 .)

1.4. Fruit colour

Fig. (1) demonstrates that pre harvest treatments delayed the change in
fruit colour as a/b ratio during cold storage. Ca sprays (0.25, 0.75 ) showed
fewer changes in peel colour, followed by Ca at 0.50. Calcium effect on peel
colour may be due to reduce total phenols and polyphenol oxidation.

The obtained data are in harmony with the results of Mehaisen (2005) on
guava fruits. El oraby et al. (2004) on Fuertes Avocado.

1.5. Respiration rate

Fig. (2) illustrate that there was a progressive significant increase in
respiration rate of Fuerte avocado fruits by expanding storage period.
Storage periods induced a significant increase in respiration rate, but it was
more rapidly at periods of 6&9 weeks. Ca sprays significantly reduced
respiration rate as compared with the control. Low level (0.25%) of Ca was
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more effective in this concern. These results are in agreement with those
Mehaisen (2005) on guava fruits. Tingwa and Young (1974) on avocado
Rensburg and Engelbrecht(1985).found that respiration rate was reduced in
avocado fruits were dipped in 0.1M of calcium salts

Peel fruit colour
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Fig. (1): Effect of pre harvest foliar sprays of calcium on peel fruit colour
during storage at (7 oC) average of two seasons.

Fruit respiration rate
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Fig. (2): Effect of pre harvest foliar sprays of Calcium on Fuerte Avocado fruit
respiration rate (ml CO, kg™ h™) during storage at (7 oC) (average of
both seasons).

2. Fruit chemical characteristics
2.1. Total Acidity and ascorbic acid content.
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Tables (3&4) show that changes in total acidity was significantly
decreased by prolonging the storage period under all tested treatments
during storage either at cold storage or ambient temperature. Pre harvest
sprays of Ca at (0.25, 0.50 & 0.75 %) were more effective in decreasing total
acidity in both seasons as compared with control.

Table 3
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Table 4
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On the other hand, the pre harvest treatments significantly decreased the
loss of ascorbic acid content by extending the storage period at cold
storage or ambient temperature in both seasons. Ca spray at 0.5 % induced
high values of ascorbic acid, these values were (11.38 & 10.35) for fruits
stored at 7°C for nine weeks against (11.65 &11.13)for those stored at
ambient temperature (23 + 2 °C) for 9 days as compared with the control
(9.68& 8.2 %), (9.7&9.15) in the first and second seasons, respectively.

The interaction effect of pre harvest treatments and storage period was
significant either at cold storage or ambient temperature in both seasons.
Ca-treated fruits maintained its total acidity and ascorbic acid content during
storage period due to the role of Ca in regulating respiration rate and other
metabolic processes (Raychaudhary et al., 1992.) on guava. Mishra et al.
(2003) they cleared that pre harvest application of calcium nitrate 1% reduced
ascorbic acid content of guava fruits for more than 3 days at room storage
temperature

These results go in line with those obtained by Mehaisen (2005) on guava
fruits and El oraby et al (2004) on Fuerte avocado

2.2 Total phenols.

It is obvious from Fig. (3 that pre harvest sprays of calcium decreased
total phenols at harvest and during cold storage. Untreated fruits contained
the highest values at harvest (0.21mg.)and after cold storage for nine weeks
(0.17).The least values total phenols (0.08) were obtained in fruits treated with
Ca at 0.5 %,which more effective compared with control. Reduction in total
phenols in Ca-treated fruits may due to the role of calcium in reducing
respiration rate and polyphenol oxidation resulting reducing total phenols
(Rensburg and Engelbrecht,1986). These results go in line with those
obtained by El khoreiby and Abd El fadeel (1988),Bower et al. (1990) and El
oraby et al (2004) on Fuerte avocado.

Conclusively, it is preferable to spray avocado trees cv. Fuerte after fruit
set and a month pre harvest with calcium at 0.50 % and store the fruits at
7°C. to enhance fruit quality and storability up to nine weeks in cold
storage.
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Fig. (3): Effect of pre harvest foliar sprays of Calcium on total phenols (g 100
1g fresh.w.) of Fuerte Avocado fruits during storage at (7 °C) (in the
2" season).
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Table (1): Effect of pre harvest foliar sprays of Calcium on some physical characters of
Fuerte Avocado fruits during storage at (7 °C) in 2009/2010 seasons.

Season 1%'season(2009)

Character Fruit decay (%) Fruit weight loss (%) Fruit firmness (g mm?3)

Sto_rag(_a

E’V‘ilﬁg('.% A I 6 o | mean | A | 3 6 o | Mean | AL | 3 6 9 | Mean

Treatment(T)

Control 0.00 5.80 21.00 45.60 18.1A 0.00 3.15 8.22 1143 | 5.70A | 490.0 4250 1064 70.5 |273.0C

Ca 0.25(ml L’l) 0.00 3.20 13.10 25.20 | 10.38B 0.00 281 810 10.18 |5.28AB| 571.0 510.0 4484 80.0 |402.3A

Ca 0.50(ml L’l) 0.00 2.90 11.80 23.80 9.63C 0.00 281 7.19 9.70 4.93B 592.0 543.0 420.2 84.8 |410.0A

Ca 0.75(ml L’l) 0.00 3.10 12.50 24.50 |10.03BC| 0.00 3.04 8.13 11.36 | 5.63A 540.0 5180 3658 80.3 |376.0B

Mean 0.00D | 3.75C | 14.608 [ 29.78 0.00D [2.95C | 7.918 10,674 548.3A [ 499.08 | 335.2¢ | 78.90

L.S.D. p £0.05 for the interaction T x P = 0.842 TXP=0.830 TXP=14.95

2"4season(2010)

Control 0.00 5.45 19.80 50.80 | 19.01A 0.00 3.39 8.58 12.20 | 6.05A 537.0 455.0 1150 74.0 |295.3D

Ca 0.25 (ml L'l) 0.00 3.10 11.90 24.50 9.8B 0.00 3.10 7.46 10.70 | 5.32B 577.0 515.0 450.0 79.0 | 405.3B

Ca 0.50 (ml L'l) 0.00 3.00 12.00 23.60 9.65B 0.00 2.90 7.00 10.00 | 4.98B 612.0 545.0 459.0 96.5 | 428.1A

Ca 0.75 (ml L'l) 0.00 2.90 12.80 24.20 9.98B 0.00 3.19 7.70 11.10 | 5.50B 557.0 520.0 360.0 73.3 | 377.6C

Mean

0.00D | 3061C | 14.13B | 30.78A

0.00D | 3.15C | 7.69B | 11.00A

570.8A |508.SB | 346.0C | 80.7D

L.S.D. p £0.05 for the interaction T x P = 0.805

TXP=0.891

TXP=11.74

Means followed with the same letter (s) within each column or row are not significantly different at p < 0.05.

“pue Alpenb 1inip uo sAeuds wnioeo 1saAley aid Jo 199))3



Table (2): Effect of pre harvest foliar sprays of Calcium on some physical characters of Fuerte Avocado
fruits during storage at ambient temperature (23 + 2 °C) in 2009/2010 seasons.

Season 1! season(2009)
Character Fruit decay (%) Fruit weight loss (%) Fruit firmness (g mm?)
Storage
period in
At At At
days(P) harvest 3 6 9 Mean harvest 3 6 9 Mean harvest 3 6 9 Mean
Treatment(T)
Control 0.00 430 9.80 15.50 | 7.40A 0.00 9.50 12.10 14.30 | 8.98A | 490.0 301.0 1720 72.0 |258.8D

Ca0.25(ml LY | o0.00 340 7.10 11.00 | 5.38BC | 0.00 7.70 872 1090 | 6.83B | 571.0 3440 2550 92.0 |315.5B

Ca0.50(ml LY | 0.00 3.00 6.90 9.80 4.93C 0.00 6.00 7.20 8.50 543C | 592.0 356.0 320.0 122.0 |347.5A

Ca0.75(ml LY | 0.00 3.60 780 1140 | 5.70B 0.00 8.20 9.85 1150 | 7.39B | 540.0 225.0 227.0 80.0 |268.0C

Mean 0.00D |3.58C|7.91B [11.93A 0.00D | 7.85C |9.47B | 11.30A 548.3A | 306.5B | 243.5C | 91.5D

L.S.D. p £0.05 for the interaction T x P = 0.825 TXP=1257 T X P =15.56

2" season(2010)

Control 0.00 390 6.70 12.10 5.68A 0.00 8.22 10.80 12.10 | 7.78A | 537.0 319.0 176.0 76.0 |277.0D
Ca0.25(ml L™ | 0.00 280 6.10 8.30 4.30B 000 659 860 9.70 | 6.22B | 577.0 340.0 280.0 91.0 |322.0B
Ca0.50(mI L™ | 0.00 210 520 7.30 3.65B 0.00 458 580 660 | 425C | 6120 362.0 296.0 107.0|344.3A
Ca 0.75(ml L'l) 0.00 250 5.40 8.70 4.15C 0.00 765 9.70 11.10 |7.11AB| 557.0 333.0 235.0 85.0 |302.5C
Mean 0.00D |2.83C|5.85B | 9.10A 0.00D | 6.76C | 8.73B | 9.88A 570.8A | 338.5B | 246.8C | 89.8D

L.S.D. p £0.05 for the interaction T x P = 0.230 T X P =1.247 TXP=15.35

Means followed with the same letter (s) within each column or row are not significantly different at p < 0.05.
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m
Table (3): Effect of pre harvest foliar sprays of Calcium on some chemical characters of Fuerte Avocado %
fruits during storage at (7 oC) in 2009/2010 seasons. Q
Season 1% season(2009) =4
5 ge]
Temperature 7°C o
Character Total acidity (%) Ascorbic acid content (mg 100'1g) g:_)y
Storage period é
in week (P) At 3 6 9 Mean At 3 6 9 Mean 2
harvest harvest o
Treatment(T) o
3
Control 1.15 1.10 1.06 0.92 | 1.06A 10.50 10.10 9.60 8.50 9.68C %
Ca 0.25 (ml L'l) 1.09 0.94 0.85 0.81 0.92C 11.80 11.20 10.60 9.40 10.75B n
o
Ca 0.50 (ml L'l) 1.09 0.95 0.80 0.68 0.88D 12.50 11.90 11.00 10.10 11.38A N
<
Ca 0.75 (ml L'l) 1.20 1.03 0.88 0.75 0.97B 12.00 11.20 10.60 9.80 10.90B g
Mean 1.13A 1.01B 0.90C 0.79D 11.70A 11.10B 10.45C 9.45D S
L.S.D. p £0.05 for the interaction T x P = 0.053 TXP=0.279 §
2" season(2010) 2
Control 1.09 0.98 0.96 0.89 0.98A 9.90 8.60 7.50 6.80 8.20D %
) <
Ca0.25 (ml L™ 0.99 0.94 0.92 0.87 0.93A 10.70 9.40 8.50 7.50 9.03C )
>
Ca 0.50 (ml L'l) 0.97 0.91 0.89 0.85 0.91C 12.20 11.20 9.50 8.50 10.35A o
Ca 0.75 (ml L'l) 1.00 0.95 0.91 0.88 0.94B 11.80 10.50 9.20 8.00 9.88B
Mean 1.01A 0.95B | 0.92C | 0.87B 11.15A 9.93B 8.68C 7.70D
Tx P =0.0167 TXP=0.217
Means followed with the same letter (s) within each column or row are not significantly different at p < 0.05.



Table (4): Effect of pre harvest foliar sprays of Calcium on some chemical characters of Fuerte Avocado
fruits during storage at (23 £ 2 0C) in 2009/2010 seasons.

Season 1°'season(2009)
Temperature 2342 °C
Character Total acidity (%) Ascorbic acid content (mg lOO’lg)
Storage period in
days(P) harAvtest 3 6 9 Mean harAVtest 3 6 9 Mean
Treatment(T)
Control 1.20 100 092 084 | 099A | 1050 1000 990 840 | 9.70D
Ca0.25 (ml LY 109 095 078 053 | 084D | 11.80 1120 1080  9.30 | 10.78C
Ca 0.50 (ml LY 115 098 080 055 | 0.87C | 1250 1200 1170  10.40 | 11.65A
Ca0.75 (ml LY 109 093 084 078 | 091B | 1200  11.40 11.30 950 | 11.05B
Mean 113 | 0978 | 0.84C | 0.68D 11.70A | 11.158 | 10.93C | 9.408
L.S.D. p = 0.05 for the interaction T X P = 0.0527 TXP=0.32

2" season(2010)
Control 109 094 078 056 | 0.84A | 9.90 9.40 930 800 | 9.15D
Ca0.25 (ml LY 097 084 075 070 | 082c | 1070 1020 980 840 | 9.78C
Ca 0.50 (ml LY 099 087 072 050 | 077D | 1220 1140 1120 970 | 11.13A
Ca0.75 (ml LY 100 084 077 071 | 0838 | 11.80 1110 11.00 940 | 10.83B
Mean 101A | 0878 | 0.76C | 0.62D 11.15A | 10538 | 10.33C | 8.88D

L.S.D. p = 0.05 for the interaction T X P = 0.0167

TXP=0.224

Means followed with the same letter (s) within each column or row are not significantly different at p < 0.05.
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