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Abstract

This study was carried out on Hernandina fruits were taken
from a private farm at Wady El-Mullak region, Ismailia
Governorate during two successive seasons (2005:2006 &
2006:2007) to determine the effect of four citrus rootstocks on
fruit storability at two different low storage temperatures.

Hernandina trees grafted on Sour orange, Carrizo citrange,
Cleopatra mandarin and Citrumelo rootstocks were selected for
this study. Mature fruits of each treatment in both seasons, were
picked, washed, dried, sorted to obtain uniform samples then
stored at 5° or 10°% and 90 - 95% RH up to 90 and 75 days
during the first and the second season, respectively. Physical and
chemical properties at 15 day intervals were determined during
storage. L2

Weight loss percentage, decay percentage, total soluble
solids and TSS/total acidity ratio increased gradually with the
prolonged of storage. In the contrary, fruit gravity, fruit firmness,
juice percentage, total acidity and ascorbic acid contents
decreased gradually with the increasing of the storage period.
Furthermore, fruit color changed directly from yellow to orange-
yellow to orange to reddish-orange during storage.

Fruits were produced on Sour orange rootstock showed
weight loss incidence, TSS and TSS/total acidity ratio significantly
less and decay incidence, fruit gravity, fruit firmness and total
acidity were significantly higher than fruits were bearing on the
other rootstocks. Rootstock type had no obvious effect on
changing of fruit color, fruit juice and ascorbic acid contents
changes in stored fruits. However some of these differences
return to pre-harvest factors.

Fruits stored at 5°c significantly had less weight loss and
decay percentage than that fruits stored at 10°. Furthermore,
storage at 5°c significantly reduced the deterioration rate of fruit
gravity, fruit coloration, softening, juice content and changes of
TSS, total acidity, TSS/total acidity ratio and ascorbic acid in
comparison with storage of fruits at 10°c. ‘

It can be concluded that, Clementine Hernandina fruits are
able to be store for 60 days at 5°c and 90-95% RH with
negligible changes of fruit characteristics and quality. Moreover,
rootstock types under this study nearly had a little effect on fruit
storability.
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INTRODUCTION

Citrus is one of the most important fruit crop in Egypt. The total planted area is
estimated to be 382027 Faddan in 2006 season produced abut 3211709 tons of fruits
in the same year. While the exported quantity in 2005 reached 530909 tons from all
citrus species. (General Horticulture Administration, MOA, 2005)

There is a good opportuniéy for other citrus species than orange to increase its
exported quantity to Europe countries under the Egyptian-Europe Association
Agreement. The production of the Egyptian local mandarin fruit during a short period
and its sensitivity to post harvest and handling management obligate to search about
new cultivars, especially early and late ones and has a good ability for marketing and
handling processes.

There are new mandarin cultivars and hybrids that have been entered to the
Egyptian citrus industry such as Marisol, Clemenules, Hernandina, Nova mandar_in,
Ellendale tangor and others. These cultivars have been spread in the private sector
orchards. However, there is a lack of information about these new cultivars behavior
under the Egyptian local conditions, concerning production maturation and post
harvest management.

Post-harvest life of mandarin fruits depends on complicated interactions
between the physiology of the fruit and its pathogens. Storage temperature is the
prime importance. The same variety grown under different climatic conditions may
need different storage temperature requirements.

D'Hallewin et al. (1994) mentioned that storage behavior of Avana mandarin
was more affected by rootstock. Also, fruits from trees on Sour orange had the lowest
loss from disease incidence during storage, but chilling injury was greatest in fruits
produced on Sour orange rootstock. Moreover, quality parameters of fruits were
affected by rootstock at harvest and these differences remained during storage and
shelf life. The same trend was found by Reynaldo (1999) on Ruby Red grapefruit.

Farih et al. (1995) reported that Clementine cultivars Sidi Aissa, Ain Taoujdate
and Cadoux fruits from trees on Cleopatra mandarin conferred greater resistance to
storage rots than the other rootstocks (Sour orange, Rough lemon, Troyer citrange).
The same trend was reported by Ritenour et al. (2004) on Navel oranges, '‘Ray Ruby'
grapefruit and 'Oroblanco’ fruit. On contrast, Valbuena (1996) indicated that Persian
lime fruits on trees grafted on Cleopatra mandarin rootstock had more post-harvest
damage and disease incidence significantly higher than that of fruits from trees grown
on Volkameriana lemon.

It has been reported that Fremont tangerine fruit on Volkameriana followed by
fruits on Rangpur lime had the lowest weight loss percentage during storage while the
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highest were found in fruits on Sour orange rootstocks. Also, the lowest values of juice
were found in fruits on Sour orange. Fruits on Carrizo citrange had the highest TSS.
Acidity percentage decreased during storage and fruits from trees on Volkameriana
rootstocks had the lowest acidity percentage, while that from trees on Sour orange
had the highest acidity content (44, 2002).

El-Hilali et al. (2003) reported that the highest juice content after 30-days
storage was obtained from fruits harvested on C. volkameriana and Troyer' citrange
and the lowest in fruits from Afourer on 'Sacatan' citrumelo. Fruits from Troyer'
citrange and 'Sacatan' citrumelo had higher acid content than fruits picked from other
rootstocks. In general, total soluble solids in juice were high in fruits from all
combinations, except for fruits harvested from Sour orange stored at 4 degrees C.

Schirra, et al. (1997) on Tarocco oranges, reported that total soluble solids
content of orange juice increased during storage, while fruit juice content, titratable
acidity and ascorbic acid contents decreased. The same results were mentioned by
Mohamed et al. (2002 and 2003).

- The purpose of this study is to determine the effect of four rootstock types
(Sour orange, Carrizo citrange, Cleopatra mandarin and Citrumelo) on Hernandina
fruits quality and storability at two different low storage temperatures (5°C and 10°C).

MATERIALS AND METHODS

This investigation was carried out during two successive seasons (2005:2006 &
2006:2007) at Hort. Res. Institute, Fruit Handling Department, Giza, Egypt.

Trees were grown in a private farm at "Wady El-Mullak" region, Ismailia
Governorate. During February 2005, 36 Hernandina trees grafted on Sour orange,
Carrizo citrange, Cleopatra mandarin and "Swingle" citrumelo rootstocks were selected
for this study, (9 trees for each rootstock). Trees were 7 years old, healthy, uniformed
vigor growth, planted in sandy soil at 2x5 m under drip irrigation system and
subjected to all agriculture practices as ministry agriculture recommendations.

Mature fruit of each treatment in both seasons (the first part of this work), were
picked, washed, dried, sorted to obtain uniform samples then stored at 5°% or 10°%
and 90-95% RH up to 90 and 75 days during the first and the second season,
respectively. Each treatment had six carton boxes (each box had 12 fruits),
representing six replicates, three replicates were used for the determination of the
physical and chemical properties at 15 day intervals. The other three replicates were
used to estimate the weight loss and decay percentage (either pathology or
physiology) of fruits during storage.

The determination procedures were as follow:
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1- Weight loss percentage: thirty six fruits (three boxes each had twelve fruits)
were individually weighted and the differences between its weight at the beginning
of the experiment and at the examination day were represented as weight loss
percentage.
2- Decay percentage : the weight of unmarketable fruits due to pathological and
physiological disorders was determined and this value was calculated.
3- Fruit gravity by dividing fruits size on fruit weight.
4- Fruit firmness (g/cm?) was measured in 6 fruits (3 readings per each fruit) by
Lfra texture analyzer instrument using a penetrating cylinder of 1 mm in diameter to
a constant distance 5 mm inside the skin of fruits and by a constant speed 2 mm per
sec. and the peak of resistance was recorded per gram on squire centimeter.
5- Peel colour changes during storage was estimated by a Hunter colorimeter type
(Dp-9000) for the estimation of "L", "a" and "b" values and to evaluate colour values
as Hue angle and values were calculated according to Mc Guire (1992).
6- Juice content was estimated by squeezing 12 fruits (as three replicates) by
handy squeezer and then juice percentage was calculated (w/w).
7- Percentages of total soluble solids (T.S.S. %), total acidity percentage (as
citric acid) and ascorbic acid were estimated according to A.0.A.C. (1985).

Data for all fruit parameters were analyzed as a complete randomized design
with factorial treatments as described by Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

A- Physical properties
1- Weight loss percentage

According to data presented in Table (1) weight loss percentage of Hernandina
Clementine fruits increased gradually and significantly with the increasing of storage
period. Weight loss percentage of fruits stored at 10°c was significantly higher than
that fruits stored at 5°c. On the other hand, fruits bearing on Sour orange rootstock
had weight loss incidence significantly less than fruits produced on Carrizo and
Citrumelo rootstocks. While, weight loss percentage of fruits bearing on Cleopatra
rootstock was not different from that found on Sour orange.

These results agree with those mentioned by DHallewin et al (1994), Valbuena
(1996), Reynaldo (1999) and Ali (2002) who reported that weight loss percentage of
citrus fruit was affected by rootstock types.

2- Decay percentage

Data shown in Table (2) illustrated that decay percentage of fruits increased

gradually and significantly with the increasing of storage period. Moreover, fruits
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stored at 10°c significantly had decay incidence higher than_ that stored at 5°c
regardless of rootstocks types.

Table 1. Effect of four rootstocks and cold storage on weight loss percentage during
storage of "Hernandina" Clementine fruits in 2005/2006 and 2006/2007

seasons.
First season (2005)
St. Temp. 100C 50C
St. period Rootstock types Rootstock types Means
(days) 1 2 3 4 Means 1 2 3 4 Means
0 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 2,62 |2.13}2.35| 2.47 2.39 1.38 179 1.54 1.67 1.59 1.99
30 4.32 | 4.28 | 4.63 | 3.77 4.25 3.91 4.02 3.41 4.05 3.85 4.05
45 6.04 | 6.27 | 6.28 | 5.59 6.04 4.74 5.02 4.91 524 4.98 5.51
60 8.13 | 8.97 | 8.46 | 8.85 8.60 6.96 717 6.81 7.32 7.06 7.83
75 10.74|11.51/10.80|11.74| 11.20 7.70 8.23 8.23 8.64 8.20 9.70
90 12.62]13.21{12.89(13.36 13.02 9.06 9.47 8.68 9.16 9.09 11.06
Means | 6.35 | 6.62 | 6.49 | 6.53 6.50 4.82 5.10 4.79 515 - 4.97
Second season (2006)
0 00|00 00| 00| 00 0.0 0.0 0.0 0.0 O.Q 0.0
15 192520 | 23| 22 1.2 1.3 1.2 1.6 1.3 1.7
30 374939 46| 43 2.2 25 24 3.2 2.6 3.4
45 6979|6779 74 4.6 4.7 4.6 5.6 4.9 6.1
60 9.0 [10.4] 8.9 |10.1| 9.6 6.1 7.0 59 7.7 6.7 8.1
75 11.1(13.0| 11.6 | 12.3 | 12.0 7.7 9.3 73 9.8 8.5 10.2
Means | 54 | 6.5 | 55| 6.2 | 59 3.6 4.1 3.6 4.6 4.0
Rootstock means Abbreviations:
Rootstock 1 2 3 4 |l 1= Sour orange 2= Carrizo
1*season | 56 | 59 | 5.6 |58 || 3= cleopatra 4= Citrumelo
2™season | 45 | 53 | 45 [54 A Storage Temp. B=Roolstock types
L.S.D. at 5% C= Storage period in days
Factors A B C a*b a*c b*c a*b*c
1% season 0.16 0.18 0.24 N.S. 0.34 N.S. N.S.
2" season 0.16 0.22 0.27 0.32 0.39 0.55 N.S.

On the other hand, data cleared that Hernandina fruits produced on Sour
orange rootstock had significantly higher decay incidence than that fruits on other
rootstocks. Furthermore, there were significant differences among fruits bearing on
Carrizo, Cleopatra and Citrumelo concerning decay incidence during the two seasons
in this investigation.
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These results are in agreement with those obtained by £/-Zeftawi et al, (1989),
Valbuena (1996) and Ritenour et al. (2004). They demonstrated that decay incidence
of citrus fruit was significantly different according to rootstock types.

Table 2. Effect of four rootstocks and cold storage on decay percentage during storage
of "Hernandina" Clementine fruits in 2005/2006 and 2006/2007 seasons.

First season (2005)

St.
10°C 59C
Temp.
St Rootstock types Rootstock types Means
period
1 2 3 4 Means 1 2 3 4 Means
(days)

0 0.00 { 0.00 [0.00| 0.00 [ 0.00| 0.00 0.00 0.00 0.00 0.00 0.00

15 1 0.00 | 0.00 (0.00( 0.00 | 0.00| 0.00 0.00 0.00 0.00 0.00 0.00

30 |23.25| 6.05 | 6.67| 9.67 |1141| 5.88 7.17 7.14 6.61 6.70 9.05

45 |126.76| 6.05 [ 9.98 | 14.11 |14.23] 0.17 1434 | 1048 9.81 8.70 11.46

60 |39.52|26.63 |23.08| 27.19 |29.10| 24.49 15.29 | 13.59 9.54 15.73 22,42

75 |39.52|33.29 |26.83| 37.20 |34.21| 28.60 9.68 13.59 13.01 16.22 25.21

90 |[62.70| 46.57 [47.47| 49.52 |51.56| 32.90 | 13.51 13.59 | 19.30 19.83 35.69

Means [ 27.39 ) 16.94 [16.29( 19.67 [20.07| 13.15 8.57 8.34 8.32 2.60

Second season (2006) 4
0 0.0 0.0 | 0.0 0.0 |.0.00 0.0 0.0 0.0 0.0 0.00 0.00
15 3.1 0.0 | 33 6.0 3.10 0.0 0.0 0.0 0.0 0.00 1.55
30 9.5 6.8 | 104 6.0 8.17 0.0 0.0 0.0 0.0 0.00 4.08
45 321 | 129 | 104 157 |17.78| 104 |0.0 3.0 0.0 335 10.56
60 321 | 129 | 17.0 157 |1941| 17.0 |35 103 3.2 8.48 13.94
75 321 | 161 [ 233 | 157 [21.78] 273 |95 10.3 10.2 14.29 18.04
Means | 18.15| 8.12 110.72| 9.83 [11.71]| 9.0 |2.15| 3.93 2.23 4.35
Rootstock means ’ Abbreviations:
Rootstock 1 2 3 4 1= Sour orange 2= Carrizo
1%season [20.3(12.8] 123 14.0 3= Cleopatra 4= Citrumelo
2" season [13.6] 5.1 7.3 6.0 A= Storage Temp. B=Rootstock types
L.S.D. at 5% ’ C= Storage period in days
Factors A B C a*b| . a*c b*c a*b*c
1 season 3.17 4.48 593 N.S. 8.39 N.S. N.S.
2% season 2.38 3.36 4.12 N.S. 5.82 8.24 N.S.
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3- Fruit gravity (g/cm?) )

Data shown in Table (3) demonstrated that fruit gravity decreased gradually and
significantly with the increasing of storage period during the two seasons of this
investigation. Data also indicated that storage of fruits at 5°c significantly reduced the
deterioration rate of fruit gravity during storage in comparison with those stored at
10°c. On the other hand, gravity of fruits bearing on Sour orange was significantly
higher in comparison with those on the other rootstocks. However, these differences
return to the effect of rootstock during pre-harvest period and still appear during
storage period.

Table 3. Effect of four rootstocks and cold storage on fruits gravity during storage of
"Hernandina" Clementine fruits in 2005/2006 and 2006/2007 seasons.

First season (2005)
St. Temp. 10°C s5°cC
St. period| Rootstock types Rootstock types Means
(days) | 1 | 2 | 3 | 4 |Means 1 2 3 4 Means

0 0.97]0.93{0.95{0.93] 0.94 | 0.97 0.93 0.95 0.93 0.94 0.94
15 ]0.94/0.90{0.92|0.92 0.92 | 0.96 0.92 0.94 0.92 0.93 0.93
30 0.91{0.90/0.9210.90| 0.90 | 0.94 0.92 0.92 0.89 0.92 0.91
45 0.87)|0.87/0.750.87 0.84 0.91 0.90 0.89 0.89 0.90 0.87
60 0.80]0.72|0.740.80| 0.76 0.87 0.74 0.80 0.83 0.81 0.79
75 0.78]0.73[0.7210.75f 0.75 0.85 0.73 0.79 0.82 0.80 0.77
90 0.74]0464 0.610.67| 0.67 0.81 0.72 0.72 0.76 0.75 0.71

Means |0.86/0.81[0.80[0.83] 0.83 | 0.90 0.84 0.86 0.86 0.86
Second season (2006)

0 0.91|0.84 0.86]0.84| 0.86 0.91 0.84 0.86 0.84 0.86 0.86
15 0.81{0.73/0.69]0.75] 0.74 0.85 0.75 0.73 0.76 0.77 0.76
30 0.78[0.71/0.67]0.76] 0.73 0.81 0.73 0.71 0.78 0.76 0.74
45 0.69]0.62/0.63]0.68| 0.65 0.82 0.72 0.64 0.77 0.74 0.70
60 0.65/0.66/0.540.65] 0.62 0.73 0.62 0.61 0.75 0.68 0.65
75 0.57}0.60{0.660.60} 0.61 0.67 0.67 0.65 0.66 0.66 0.64
Means [0.74]0.69/0.67]0.71} 0.70 0.80 0.72 0.70 0.76 .| 0.75
Rootstock means Abbreviations:
Rootstock | 1 | 2 | 3 4 -
1% season [0.88[ 0.82]0.83] 085 1= Sour orange 25 Camizo
¢ season [0.77]0.71|0.69| 0.74 3= Cleopatra 4= Citrumelo
A= Storage Temp. B=Rootstock types
L.S.D. at 5% 5
. C= Storage period in days
Factors A B C a*b a*c b*c a*b*c
1% season | 0.017 [0.024 0.031 N.S. N.S. 0.063 N.S.
2" season | 0.018 [0.026] - 0.036 N.S. N.S. 0.072 N.S.

4- Fruit color:

Fruit color data presented in Table (4) as Hue angel value cleared that, fruit color
changed directly from Yellow (Hue angel is more than 60°) to orange-yellow to orange
to reddish-orange (Hue angel is less than 45°) during storage in the two seasons of
this study. Moreover, 5°c storage temperatures significantly decreased the coloration
rate during storage compared with 10°c during both seasons.
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Data also indicated that, rootstock type had no effect on color changes in stored
fruits during the first season. While in the second one, color changes of fruits bearing

on Carrizo and Citrumelo were more accelerated than those on the two other

rootstocks. However, these changes were due to the pre-harvest period effect.

Table 4. Effect of four rootstocks and cold storage on fruits color, represented as hue
angle values, during storage of "Hernandina" Clementine fruits in 2005/2006
and 2006/2007 seasons.

First season (2005)

Tesr;'p‘ 10°C s0C
St. Rootstock types Rootstock types Means
'Z:g:) 1 g & | & |N2] @ 2 3 4 | Means
0 67.7 64.9 | 62.3 | 64.1 | 64.7 | 67.7 64.9 62.3 64.1 64.74 64.7
15 614 60.1 | 56.1 | 57.7 | 58.8 | 67.8 65.0 59.4 62.5 63.67 61.2
30 58.8 59.4 | 559 | 57.4 | 57.9 | 63.3 64.0 61.0 58.8 61.79 59.8
45 55.1 55.3 | 49.9 | 51.3 | 52.9 | 67.9 65.1 56.5 60.9 62.59 577
60 49.8 54.0 | 49.4 | 50.7 | 51.0 | 58.9 63.2 59.7 53.5 58.83 54.9
75 48.1 45.0 | 459 | 47.1 | 46.5 | 59.1 57.2 50.7 51.5 54.63 50.8
90 48.7 40.5 | 429 | 423 | 43.6 | 524 46.2 494 45.7 48.40 46.0
Means 55.7 54.2 | 51.8 | 53.0 | 53.6 | 62.5 | 60.78 57.0 56.7 59.2
Second season (2006)
0 68.6 63.0 | 66.1 | 64.7 | 65.6 | 68.6 63.0 66.1 64.7 65.6 65.6
15 53.2 514 | 488 | 53.4 | 51.7 | 54.8 48.1 59.0 54.5 54.1 529
30 50.2 47.0 | 49.8 | 44.6 | 479 | 49.9 49.2 55.6 51.4 51.5 49.7
45 46.9 42,0 | 51.8 | 35.6 | 44.1 | 45.0 50.6 52.6 49.2 49.3 46.7
60 45.6 36.8 | 46.9 | 38.6 | 42.0 | 47.1 48.8 535 47.5 49.2 45.6
75 443 30.5 | 43.0 | 42.1 | 40.0 | 49.3 46.9 54.5 45.6 49.1 44.5
Means 51.5 45.1 | 51.1 | 46.5 | 485 | 52.5 51.1 56.9 52.1 53.1
Rootstock means Abbreviations:
Rootstock 1 2 3 4 1= Sour orange 2= Carrizo
1%season | 59.1 | 57.5 | 544 [ 548 3= Gleopatra Py r—
2" geason | 52.0 | 48.1 | 54.0 49.3
A= Storagg Temp. B=Rootstock types
LS.D. at5% C= Storage period in days
Factors A B C a*b a*c b*c a*b*c
st
;eason 1.32 N.S. 2.48 N.S. 35 N.S. N.S.
2 232 3.29 4.03 NSS. NS, N.S. N.S.
season

These results are in harmony with those obtained by Schirra, et al. (1997) who

demonstrated that Star Ruby grapefruit color was nearly not affected by storage

period, but storage temperature resulted in increase in a/b hunter value ratio at the

high storage temperature.
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5- Fruit firmness :( gm/cm?)

Fruit firmness (Table 5) of Hernandina significantly decreased with the extension
of storage period regardless of rootstock or storage temperature. Moreover, 5°c
storage temperature significantly reduced fruit softening rate during storage
regardless of rootstock types in this study.

Table 5. Effect of four rootstocks and cold storage on fruit firmness during storage of
"Hernandina" Clementine fruits in 2005/2006 and 2006/2007 seasons.

First season (2005)

St. Temp. 10°0C 50C Means
St. period Rootstock types Rootstock types
(days) 1|12 3] 4| Means 1 2 3 4 Means
0 106.0/94.9]106.6/101.9] 102.4 106.0 | 94.9 | 106.6 | 101.9 102.4 102.4
15 93.1(81.0(85.984.5| 86.1 101.6 | 82.6 | 89.5 | 834 89.3 87.7
30 84.6|77.8|82.8|77.7| 80.7 100.9 | 76.6 | 80.5 | 79.4 844 82.6
45 79.7 |67.1]165.8|67.0| 69.9 96.7 | 70.3 | 80.0 | 64.8 779 739
60 71.873.6169.4|61.8| 69.2 89.3 (702 | 759 67.8 75.8 725
75 66.0 [59.4]| 55.4 [ 50.4| 57.8 953 [ 679 | 71.1 | 56.8 728 65.3
90 57.1(49.7|51.1143.5] 50.3 64.6 | 50.0 | 62.8 50.2 56.9 53.6
Means 79.8172.0|73.8169.6| 73.8 935 | 73.2 | 80.9 72.0 79.9

Second season (2006)

0 104.5 [100.9| 99.1 |97.5| 100.5 | 104.5 | 100.9 | 99.1 | 975 100.5 100.5
15 100.189.1| 77.2 [92.9| 89.8 104.0 | 904 | 84.5| 80.1 89.8 89.8
30 99.8 | 74.0| 61.8 |77.0| 787 99.9 | 781 | 774 | 773 | 83.2 80.7
45 755 159.0| 66.4 |71.1| 68.0 | 89.7 | 758 | 703 | 745 | 776 72.8
60 85.7 |59.7| 61.9 |65.8| 68.3 785 | 65.0 | 73.8 | 753 73.2 70.7
75 57.3 [34.7| 66.6 |38.7| 49.3 62.9 | 49.6 [53.0( 50.5 54.0 51,7
Means 87.1 |69.6| 722 |73.9| 757 89.91 | 76.6 | 76.4 | 75.9 79.7
Rootstock means Abbreviations:
Roatstock 1 2 3 * 1= Sour orange 2= Carrizo
1% season 86.6 | 72.6 [77.4| 708
G 3= Cleopatra 4= Citrumelo
2" season 88.5| 73.1 | 74.3| 74.9
A= Storage Temp. B=Rootstock types
L.S.D. at 5%
Factors A B (e a*b a*c b*c a*b*c
st
17 season 3.40 |4.80 6.36 6.80 N.S. N.S. N.S.
nd
2Mseason | 547 731 g5 N.S. N.S. N.S. N.S.

On the other hand, firmness of fruits bearing on Sour orange were significantly
higher than those on the other rootstocks during both seasons in this study, however
these differences return to pre-harvest factors.
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These results are in line with those demonstrated by Afferez et al. (2005) who
mentioned that, orange fruit firmness significantly decreased with the increasing of
cold storage period. Furthermore, these results are in harmony with those mentioned
by El-Hilali et al. (2003) who mentioned that mandarin fruit firmness during storage
significantly differed according to rootstock.

6- Juice percentage:

Data shown in Table (6) indicated that juice content of fruits decreased
gradually and significantly with the increasing of storage period. Moreover, 5°c storage
temperatures reduced the deterioration rate of juice content compared with 10°c
storage temperature. Furthermore, data indicated that rootstock types had no effect
on fruit content of juice during storage.

These results disagree with those obtained by Al (2002) and El-Hilali et al.
(2003) who mentioned that juice percentage of mandarin stored fruit were difference
according to rootstock types. Furthermore, these results are in harmony with those
illustrated by Ramanjulu and Reddy (1989), Mohamed et al. (2002) and Mohamed et
al. (2003) who demonstrated that juice percentage of Valencia orange and grapefruit
fruit decreased with the extension of storage period.

B - Chemical properties:
1- Total soluble solids, total acidity, TSS/acid ratio and Ascorbic acid
contents:

According to data shown in Tables (7, 8, 9 and 10) it is clear that, total soluble
solids and TSS/acid ratio increased while total acidity and ascorbic acid contents
decreased gradually and significantly with the increasing of storage period.

Data also indicated that 5°c storage temperature reduced the changes rate of
TSS, total acidity, TSS/acid ratio and ascorbic ‘acid during storage. However, this effect:
was not significant in TSS contents during the first season and ascorbic acid content

during the two seasons of this study.

Data also cleared that fruits bearing on trees grafted on Carrizo and Citrumelo
rootstocks had TSS contents higher than those on Sour orange and Cleopatra
rootstocks during both seasons. On the other hand, data illustrated that fruits from
trees grafted on Carrizo, Cleopatra and Citrumelo rootstocks had total acidity contents
less and TSS/acid ratio higher than fruits produced on Sour orange. On contrast, in
this respect, ascorbic acid content had no obvious trend during the two seasons.
During the first season, fruits on Cleopatra and Sour orange rootstock had the lowest
ascorbic acid content, while during the second season this trend was inverted
completely. However, it appears that these effects were return to the effect of these
rootstocks during pre harvest period.
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Table 6. Effect of four rootstocks and cold storage on juice percentage during storage
of "Hernandina" Clementine fruits in 2005/2006 and 2006/2007 seasons.

First season (2005)

St. Temp. 100C 50¢C
St. period Rootstock types Rootstock types Means
(days) 1[2]13]| 4 |Means| 1 2 3 4 Means
0 |[48.8[48.0148.3]47.1| 48.0 | 486 | 483 49.2 50.4 49.1 48.6
15 )44.8/47.1147.9|45.0| 462 | 487 | 489 48.9 51.7 49.6 47.9
30 [42.2(44.6[44.1)41.5| 43.1 | 495 | 445 48.4 46.0 47.1 45.1
45 [40.8[46.2[47.5/42.9]| 443 | 489 | 495 48.6 53.0 50.0 47.2
60  [413)41.2[30.9]358] 306 | 504 40.8 476 416 45.1 2.3
75 [35.6[41.3(41.3/34.9]| 383 | 43.9 | 415 45.7 43.0 435 40.9
90  [34.4(36.6/33.4/35.0( 34.9 | 323 | 307 36.1 40.5 37.2 36.0
Means  [41.1[43.6[43.2/40.3| 42.1 | 46.0 | 44.7 46.4 46.6 45.9

Second season (2006)

0 50.2|47.1/49.6(49.2| 49.0 | 50.2 47.1 49.6 49.2 49.0 49.0

15 49.1149.7145.6 48.0 | 48.1 | 45.4 42.6 47.1 44.5 44.9 46.5

30 46.0{39.9(44.1/42.7| 43.2 | 44.7 40.9 444 44.9 43.7 43.4

45 42.9(30.1{42.6)37.3| 38.2 | 44.0 39.1 41.8 42.5 41.8 40.0

60 37.2[31.4{38.9|34.0| 35.4 | 39.0 38.0 378 40.0 38.7 37.0

75 31.5/32.6{35.3|30.7 | 32.5 | 34.1 349 338 34.7 344 334
Means [42.8/38.5/42.7[40.3| 41.1 | 42.9 40.4 42.4 42.6 42.1

Rootstock means
Abbreviations:
Rootstock 1 2 3 4
1= Sour orange 2= Carrizo
1%season (436 44.1 |44.8 435 | 5_ Cleopatra 4= Citrurnelo
Mseason (428 395 [42.5| 415 [ A= Storage Temp. B=Rootstock types
C= Storage period in days
L.S.D. at 5%
Factors A B C a*b a*c b*c a*b*c
1% season| 1.79 N.S. |[3.58] N.S. N.S. N.S. N.S.

2" season| N.S. | NS. [3.21 N.S. © N.S. N.S. N.S.
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Table 7. Effect of four rootstocks and cold storage on TSS percentage during storage
of "Hernandina" Clementine fruits in 2005/2006 and 2006/2007 seasons.

First season (2005)
St. Temp. 10°C 5°C
st. period Rootstock types Rootstock types Means
(days) | 1 2 3 4 Means 1 2 3 4 Means
o |10.17|11.10|10.93]11.17| 1084 | 1017 | 1110 | 1093 | 1117 | 1084 | 10.84
15 |10.95|11.90/1093{11.37] 1129 [ 1043 | 1175 | 1085 | 1210 | 11.28 | 11.29
30 [11.12|11.58]10.92|12.18] 1145 | 1077 | 1133 | 1067 | 1223 | 1125 | 1135
45 11,40|12.70(10.93(12.47] 11.88 10.90 12.23 11.00 11.82 11.49 11.68
60 10.73|12.40]10.90|12.53 11.64 10.70 12.33 11.33 12,93 11.83 11.73
75 10.67|12.03{11.50({12.13} 11.58 10.90 12.33 10.93 12.67 1171 11.65
90 10.7711.50/10.13|11.97| 11.09 10.80 12.67 10.67 12.40 11.63 11.36
Means [10.83(11.89/10.89|11.97| 11.40 10.67 11.96 10.91 12.19 1143
Second season (2006)
0" |11.53{12.27|11.80| 11.93 |11.88| 11.53 12.27 11.80 1193 11.88 11.88
15 11.93|12.11{11.90| 12.23 | 12.04 | 12.07 12.30 12.17 12.37 12.23 12.13
30 12.60|12.32(12.33| 12.35 | 1240 | 12.25 12.17 11.25 12.28 11.99 12.19
45 13.27113.43|11.93| 12.80 | 12.86 | 11.77 1237 11.67 12.47 12.07 12.46
60 12.80(13.50/|12.07} 12.88 | 12.81 | 12.47 13.20 11.72 13.17 12.64 12.73
75 12.93|13.27{12.70 13.30 | 13.05 | 13.10 13.67 12.70 13.43 13.23 13.14
Means [12.51|12.82|12.12| 12.58 | 12.51 | 12.20 12.66 11.88 12.61 12.34
Rootstock means Abbreviations:
Rootstock 1 2 3 4 | 1= Sour orange 2= Carrizo
1%season  [10.75/11.93{10.90(12.08{ 3= Cleopatra 4= Citrumelo
2" season  [12.35[12.74[12.0012.60[ A= Storage Temp. B=Rootstock types
L.S.D. at 5% C= Storage period in days
Factors A B C a*b a*c b*c a*b¥*c
1% season| N.S. 0.191 0.252 N.S. 0.356 0.304 N.S.
2™ season| 0.089 | 0.126 0.155 0.178) 0.219 0.310 N.S.

These results are in line with those obtained by Ramanjulu and Reddy (1989),
Schirra (1992) and Mohamed et al. (2003) who found that total soluble solids
increased while total acidity and ascorbic acid decreased with prolonging of storage-
period. On contrast, these results disagree with those mentioned by Su, et al. (1988)
who reported that total soluble solids, total acidity and ascorbic acid contents of

orange remained constant during storage.




MOHAMED, M. A. A.AND M. A. BASSAL

1519

Table 8. Effect of four rootstocks and cold storage on total acidity percentage during
storage of "Hernandina" Clementine fruits in 2005/2006 and 2006/2007

seasons.
First season (2005)
St. Temp. 100C 50C
st. period Rootstock types Rootstock types Means
(days)
112]3] 4 | Means 1 2 3 4 Means
0 0.83]0.70]0.72({0.65| 0.73 0.83 0.70 0.72 0.65 0.73 0.73
15 0.84]0.66/0.75/0.55| 0.70 0.81 0.72 0.76 0.57 0.71 0.71
30 0.79/0.65/0.68}0.52| 0.67 0.78 0.68 0.72 0.56 0.68 0.67
45 0.75(0.61]0.69{0.51 | 0.64 0.80 0.69 0.70 0.49 0.67 0.65
60 0.72]0.6110.66/ 0.49| 0.62 0.75 0.65 0.68 0.46 0.63’ 0.63
75 0.69]0.52]0.63/0.40| 0.56 0.68 0.61 0.63 0.53 0.61 0.59
90 0.67(0.53/0.59] 0.37| 0.54 0.69 0.57 0.61 0.51 0.60 0.57
Means [0.76{0.61]0.68/ 0.50| 0.64 0.76 0.66 0.69 0.54 0.66
Second season (2006)
0 0.72[0.63 0.66| 0.63 | 0.66 0.72 0.63 0.66 0.63 0.66 0.66
15 0.68/0.61{0.59| 0.58 | 0.62 0.70 0.62 0.65 0.65 0.66 0.64
30 0.65/0.64/0.60| 0.62 | 0.63 0.69 0.63 0.63 0.64 0.65 0.64
45 0.61]0.67|0.61f 0.67 | 0.64 0.68 0.63 0.62 0.62 0.64 0.64
60 0.60]0.53/0.57| 0.56 | 0.57 0.66 0.54 0.60 0.59 0.60 0.58
75 0.59]0.40)0.52| 0.45 | 0.49 0.62 0.47 0.60 0.58 0.57 0.53
Means |0.64]0.58(0.59| 0.59 | 0.60 0.68 0.59 0.63 0.62 0.63
il Abbreviations:
Rootstock | 1 | 2 | 3 | 4
1% season |0.76]0.64|0.68/0.52 .
2 season|0.66(0.58]0.61]0.60]| L~ Sour orange i
3= Cleopatra 4= Citrumelo
L.S.D. at 5% A= Storage Temp. B=Rootstock types
C= Storage period in days
Factors A B C a*b a*c b*c a*b*c
1% season| 0.019 | 0.027 0.036 N.S. N.S. N.S. N.S.
2" sea 0.011 | 0.016 0.020 N.S. N.S. N.S. N.S.

On the other side, these results agree with those obtained by DHallewin et al.
(1994), Reynaldo (1999), Ali (2002) and El-Hilali et al. (2003) who mentioned that
total soluble solids, total acidity and ascorbic acid contents were affected by rootstock

types. On contrast, £/-Zeftawi et al. (1989) mentioned that Valencia orange fruit was

not influenced by rootstock types.
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Table 9. Effect of four rootstocks and cold storage on TSS/TA ratio during storage of
"Hernandina" Clementine fru_its in 2005/2006 and 2006/2007 seasons.

First season (2005)

St. Temp. 10°C 50C
st. period Rootstock types Rootstock types M
@ays) | 1 | 2| 3| 4 | Means 1 2 3 4 Means
0 122158 15.2 | 17.2 15.12 12.2 15.8 15.2 17.2 15.12 15.12
15 13.0(18.0| 14.6 | 20.6 16.54 12.9 16.3 143 213 16.20 16.37
30 14.0(17.7| 158 | 23.2 17.69 138 16.8 14.9 22.0 16.88 17.28
45 15.2(1209| 158 | 244 19.06 13.7 17.8 15.8 24.2 17.86 18.46
60 149]20.5| 16.5 | 25.7 19.39 14.4 19.0 16.6 28.0 19.50 19.45
75 154233 18.2 | 305 21.86 15.9 204 174 24.1 19.43 20.65
90 16.0|21.7 | 17.0 | 326 21.82 15.6 22.2 174 24.1 19.83 20.82
Means |14.39]19.69] 16.16 | 24.89 18.78 14.07 18.32 15.94 23.00 17.83
Second season (2006)
0 16.0|19.6 | 18.0 | 19.1 18.16 16.0 19.6 18.0 19.1 18.16 18.16
15 17.4(19.8 | 20.0 | 21.1 19.60 17.1 20.0 18.7 18.9 18.67 19.13
30 19.4119.3| 20.5 | 19.8 19.74 17.7 19.5 172 19.3 18.55 19.15
45 21.7120.2| 195 | 19.1 20.12 17.3 19.5 189 20.2 18.96 19.54
60 21.21254| 213 | 23.0 22.73 19.0 24.3 19.6 22.3 21.29 22,01
75 218|335 243 | 29.4 27.25 21.2 28.8 212 23.0 23.54 25.39
Means [19.60{22.95| 20.60 | 21.92 21.27 18.06 21.94 19.01 20.44 19.86
Rootstock means Abbreviations:
Rootstock 2 2 3 4
1= Sour orange 2= Carrizo
1% season [14.23]19.00(16.05|23.94
2" season |18.83(22.44/19.80(21.18|| 3= Cleopatra 4= Citrumelo
A= Storage Temp. B=Rootstock types
L.S.D. at 5%
C= Storage period in days
Factors A B C a*b a*c b*c a*b*c
1% season 1.00 141 1.86 N.S. N.S. N.S. N.S.
2Mseason|  0.63 0.89 1.09 NS. | 1.54 2.18 N.S.
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Table 10. Effect of rootstock types and storage temperatures on Hernandina

Clementine fruits V.C contents during storage.

First season (2005)

St. Temp. 100C 5e¢
st. period Rootstock types Rootstock types MEaRE
@ays) [ 1] 2|34 M‘:‘" 1 2 3 4 | Means
0 19.5|19.8]17.1{19.3|18.91] 19.5 19.8 17.1 19.3 18.91 18.91
15 17.7]119.1]16.2|18.4|17.85 18.0 18.8 ’ 16.8 174 17.75 17.80
30 16.8(18.5]15.3|17.4{17.00] 17.1 18.5 16.1 16.8 17.14 17.07
45 15.9117.1|15.1(16.4|16.14] 16.5 17.8 14.6 154 16.08 16.11
60 14.1]114.5|13.0/13.6|13.80 14.8 17.2 125 14.3 14.70 14.25
75 11.7|11.2| 9.4 | 8.0 |10.08 9.3 10.9 8.2 111 9.86 9.97
90 79(95]|76|84(833 7.7 9.8 8.7 11.0 9.29 8.81
Means 11815014 31143 14.59] 14.71 16.10 | 1343 | 15.04 14.82
1]619¢{9
Second season (2006)
0 21.6(24.0(23.3|21.7]22.64f 216 24.0 233 21.7 22.64 22.64
15 19.7121.0|18.3(17.9{19.21] 20.2 213 19.1 18.1 19.69 19.45
30 17.7|18.3|14.0(14.1{16.03| 18.9 18.7 14.9 14.5 16.74 16.39
45 16.3|15.4(13.5|12.3|14.38| 16.9 16.6 139 12.5 14.96 14.67
60 15.3(13.5{13.0| 9.2 {12.75| 164 14.0 115 9.2 12.76 12.76
75 11.7{10.1} 8.5 | 7.1 | 9.35 132 116 10.2 8.1 10.78 10.07
Means 17011701 1>11137 15.73] 17.86 17.70 15.49 14.00 16.26
34|23
Rootstock means
Abbreviations:
Rootstock 1 2 3 4
147 1= Sour orange 2= Carrizo
1% season |14.76(15.88|13.41|
7 || 3= Cleopatra 4= Citrumelo
2™ season [17.45|17.37|15.31 12'8 A= Storage Temp. B=Rootstock types
LS.D. at 5% C= Storage period in days
Factors A B G a*b a*c b*c a*b*c
1‘
0.43 N.S. 0.80 N.S. N.S. N.S. N.S.
season
znd
0.28 0.39 0.48 N.S. 0.67 0.95 N.S.
1
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