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Abstract

This investigation was carried out during two successive
seasons (2005&2006) at Hort. Res. Institute, Fruit Handling
Department, Giza to study the effect of the rootstock type and
storage temperature on Marisol clementine fruit storability.

Marisol trees grown in a private farm at Ismailia Governorate,
grafted on Sour orange, Carrizo citrange, Cleopatra mandarin and
“Swingle” 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°C or 10°C
and 90- 95% RH up to 8 weeks. Physical and chemical properties
at 15 day intervals were deﬁermined during storage.

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

Fruits from trees grafted on Sour orange rootstock had weight
loss, decay incidence, fruit color development, TSS and ascorbic
acid contents significantly less and fruit gravity, fruit firmness, ffuit
juice content and total acidity significantly higher than fruits from
trees grafted on the other rootstocks. However, some o_f"these
differences were due to preharvest factors.

Fruits stored at 5°C significantly had less weight loss than
those stored at 10°C Furthermore, storage at 5°C significantly
reduced the deterioration rate of fruit gravity, fruit coloration,
softening, juice content and changes rate of TSS, Total acidity,
TSS/ total acidity ratio and ascorbic acid in compariéon with storage
at 10°C. On contrast, fruits stored at 5°C significantly had higher
decay percentage in comparison with fruits stored at 10°C not only
because the increasing of chilling injured frlits associated with
storage at 5°C, but also for the improvement of fruit .color
happened at 10°C storage temperature. e

It can be concluded that, clementine fruits "Marisol cv." are
able to be stored for 45 days at 10°C and 90-95% RH with
negligible changes of fruit properties and quality. Moreover,
rootstock types under this study necarly had a little effect on fruit
storability.
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Abstract

This investigation was carried out during two successive
seasons (200582006) at Hort. Res, Institute, Fruit Handling
Department, Giza to study the effect of the rootstock type and
storage temperature on Marisol ciementine fruit storability.

Marisol trees grown in a private farm at Ismailia Governorate,
grafted on Sour grange, Carrizo citrange, Cleopatra mandarin and
"Swingle” 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°C or 10°C
and 90- 95% RH up to 8 weeks. Physical and chemical properties
at 15 day intervals were determined during storage.

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

Fruits from trees grafted on Sour crange rootstock had weight
loss, decay incidence, fruit color development, TSS and ascorbic
acid contents significantly less and fruit gravity, fruit firmness, frust
juice content and total acidity significantly higher than fruits from
trees grafted onh the other rootstocks, However, some of ‘these
differences were due to preharvest factors.

Fruits stored at 5°C significantly had less weight loss than
those stored at 10°C Furthermore, storage at 5°C significantiy
reduced the deterioration rate of fruit gravity, fruit coloration,
softening, juice content and changes rate of TS5, Total acidity,
TS5/ total acidity ratio and ascorbic acid in comparison with storage
at 10°C. On contrast, fruits stored at 5°C significantly had higher
decay percentage in comparison with fruits stored at 10°C not only
because the increasing of chilling injured fruits associated with
storage at 5°C, but also for the improvement of fruit color
happened at 10°C storage temperature. o

It can be concluded that, clementine fruits “Marisol cv." are
able to be stored for 45 days at 10°C and 90-95% RH with
negligihle changes of frut properties 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 crops in Egypt (382027 Fadan, in 2006).
There is a good opportunity for citrus species other than orange to increase its
exported quantity to Europe countries under the Egyptian Europe Association
agreement, The concentration of the Egyptian local Mandarin fruit production during a
short period and its sensitivity to post harvest and handling management obligate to
search about new mandarin verities especially early and late ones which have a good
ability for marketing and handling process.

There are new mandarin cultivars and hybrids have been introduced to the
Egyptian Horticultural process, however there is lack of information about the behavior
these new cultivars concerning 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 of the
prime importance; when the same variety grows under different climatic conditions it
needs different storage temperature,

DHallewin et al. (1994) mentioned that storage behavior of Avana mandarin
was more affected by rootstock and fruit on Sour orange had the lowest loss through
disease during storage, but had the greatest chilling injury. Moreover, quality
parameters were affected by rootstock at harvest and these differences remained
during storage and shelf life.

Farifh et al. (1995) reported that, clementine cultivars Sidi Aissa, Ain Tacujdate
and Cadoux fruits from trees on Cleopatra mandarin rootstock showed greater
resistance to storage rots than other rootstocks (Sour orange, rough lemon, Troyer
citrange). On contrary, Valbuena (1996) indicated that Persian fime fruits on trees
grafted on Cleopatra mandarin rootstock had postharvest damage and disease
significantly higher than fruits from trees grown con Volkamer lemon. On the other
hand, Fremont tangerine fruit on Volkameriana followed by fruits on Rangpur lime had
the lowest weight loss % during storage while the highest were found in fruits an Sour
orange rootstock, The lowest values of juice content were found in fruits on Sour
orange, while fruits on Carrizo citrange had the highest T5S. Alsa, acidity % of fruils
decreased during storage period and fruits from trees on Scur orange had the highest
acidity percentage, (44, 2002).

El-Hilali et al. (2003} demonstrated that, mandarin fruit quality characteristics
varied according to the rootstock type. Hong et al. (2007} reported that weight loss
and the total amount of Satsuma mandarin decayed fruit increased throughout the
cool storage period, but at @ more rapid rate during the subsequent storage at 18 =c.
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Furthermore, fruit firmness, 55C, TA and fruit maturity index (SSC/TA} gradually
decreased during cold and ambient storage,

The purpose of this study is to determine the effect of four rootstock types
{Sour Orange, Carriza citrange, Cleopatra mandarin and “Swingle” Citrumelo) an
“Marlsol” Clementine 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}
at Hort. Res. Institute, Fruit Handling Department, Giza Governorate, Egypt.

Trees were grown in a private farm at "Wady ERMullak" regien, Ismailia
Governorate. During February 2005, 36 Marisol trees grafted on Sour Orange, Carrizo
citrange, Cleopatra manda;in and “Swingle” Citrumelo rootstocks were selected for
this study (9 trees for each rootstock). Trees were 7 years old, healthy of uniformed
vigor growth, planted at 2x5 m under drip irrigation system and subjected to all
agricultural practices as the Egyptian ministry of agriculture recommendations.

At maturity stage (the first part of this work) mature fruits of each treatment in
both seasons, were picked, washed, dried, sorted to obtain uniform samples then
stored at 5°Cor 10°C and 90- 95% RH up to 8 weeks. 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:

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 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.
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5- Peel colour changes during starage was estimated by a Hunter colorimeter type
(Dp-9000) for the estimation of "L", "a" and "b" values and to evaluate color
values as Hue angle and values were calculated according to Mc Gjuire (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- Total seluble solids contents of {7.5.5. %), Acidity (as citric acid) and Ascorbic
acid were estimated according to A.0.A.C. {1995),

All data for fruit parameters studied were analyzed as a complete randomized

design with factorial treatments as described by Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

A- Physical characteristics
1- Weight loss percentage

According to data presented in Table (1) weight loss percentage of Marisol
clementine fruits increased significantly with the increase of storage period. Weight
ioss percentage of fruits stored at 10°C was significantly higher than that of fruits
stored at 5°C. On the other hand, fruits on Sour orange rootstack had weight loss
significantly less than fruits from trees on Carrizo, Cleopatra and Citrumelo rootstocks.
while, weight loss percentage of fruits produced from trees on Cieopatra rootstock

during storage was significantly less than those on Carrizo, and Citrumelo rootstocks.

Table. 1. Effect of rootstock types and storage temperature on "Marisel” Clementine

fruits weight loss percentage during storage.

C First_season (2005
[ st temp. 100 C 50 C
St period Treatrments : Treatments Means
(days) 1 2 3 4 Means 1 2 3| 4 | Means
0 0.0 0.0 | 0.0 0.0 0.0 00] 00 Joo | oo 0.0 0.0
15 14 2.5 | 2.0 2.3 2.0 07| 1.3 |10 16 1.1 1.6
30 2.8 49 | 39 4.6 4.1 131 25 20| 32 2.3 3.2 |
45 5.0 81 | 64 7.9 6.9 371 47 | 39| 56 4.5 5.7
60 7.8 136 | 10.7 | 12.8 1.3 6.4 | 100 | 7.3 | 9.8 8.4 9.8
Means 34 5.8 | 4.6 5.6 4.9 24 | 3.7 | 28] 40 3.3
Second season (2006) ]
| 0o 0.0 0.0 | 0.0 0.0 0.0 0.0 ] 00 ] 00 00 0.0 0.0 |
15 1.3 1.7 | 1.0 1.3 1.4 D9 | 1.4 | 1.7 | 1.4 1.4 1.4
30 27 3.5 | 2.1 26 2.7 18 | 27 | 181 28 2.3 25
45 5.4 7.0 | 4.2 5.3 4 36 | 54 | 50 | 57 4.9 5.2
60 9.4 5.4 | 94 10.8 9.8 64 | 91 [81] 72 7.8 8.9
Means 3.8 43 | 3.4 4.0 3.9 251 37 [ 35] 34 3.3
Rootstack means Abbreviations:- 4
?30 ;s;:;: 2?9 4?3 3:.{? 4‘,‘3 ! = Sour orange 2 = Camzo
2™ ceason 31 3.0 34 | 3.7 | L 3 = Cleopatra 4 = Citrumelo
A = Storage € = Storage B= Rwstocﬁ
L.5.D. at 5% Temp. " period " Types
Factors A B C a*h arc b*c a*h*c
1¥ season 0.15 0.22 0.24 0.31 0.45 0.49 0.69
2™ season 0.25 0.36 0.40 0.50 0.5 | 0.79 1.12
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These resuits 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. Furthermore, these results agree with
those illustrated by Mohamed et al. (2003, a}, Mohamed et al, (2003, b)and aiferez et
al. (2005), who mentioned that weight loss percentage of citrus fruits increased
gradually and significantly with prolonged storage period.

2- Decay percentage

Data shown in Table (2) illustrated that decay percentage of fruits increased
gradually and significantly with the increase of storage period.

Moreover fruits stored at 5°C significantly had decay incidence higher than that
stored at 10°C regardiess of rootstocks types due to the increasing of chilling injured
fruits associated with storage at 5°C. On the other side, fruits on Sour orange
rootstock had significantly decay incidence less than that of fruits on the other
rootstocks. Furthermore there were significant differences among fruits on Carrizo,
Cleopatra and Citrumelo concerning decay incidence during the two seasons of this
study.

These results are in agreement with those obtained by £-Zeftaws ef al. (1969),
Valbuena (1996} and Ritenour et al. (2004), who demonstrated that decay incidence
of citrus fruits was significantly different according to rootstock type. Furthermore,
these results agree with those iliustrated by Mohamed et ai. (2003, a), Mohamed et al.
(2003, b) and alferez et al. (2005), who mentioned that decay percentage of citrus
fruits increased gradually and significantly with prolonged storage.

3- Fruit gravity

Data shown in Table (3) demonstrated that fruit gravity decreased gradually and
significantly with the increasing of storage period during both seasons. Storage fruits
at

5°C reduced the deterioration rate of fruit gravity during storage in comparison
with those stored at 10°C. On the other hand, gravity of fruits produced from trees on
Sour crange was significantly higher as compared 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.

4- Fruit color

Fruit color data presented in Table (4} as Hue angle value, cleared that fruit color
changed directly from greenish-yellow (Hue angle is more than 90°) to yellow (Hue
angle is less than 90°) to orange-yellow (Hue angle is around 60°) during storage in

the two seasons in this work. Moreover, data show that 5°C storage temperatures
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significantly decreased the coloration rate during storage compared with 10°C during
the two seasons in this work.

Table 2. Effect of rootstock types and storage temperatures on of "Marisol" lementine

fruits decay percentage during storage.

First season {2005)

St. temp. 100 ¢ 50 C
St. period Treatments Treatments Means
(days) | 2 3 4 | Means | 1 2 | 3 4 | Means
0 0.0 | 00 | 00 0.0 | 08 |00 |00 | 00| 0o 0.0 0.0
15 00 | 00 | 00 0.0 | 00 |00 |00 | 00| oo 0.0 0.0
30 00 | 00 | 38 0.0 | 1.0 |00 |00 | co| oo 0.0 0.5
45 00|00 | 38 [ 0o | 10 |61 |103] 64| 74 7.5 4.2
60 107|501 | 382 | 434 | 356 | 200|707 | 614 | 353 | 491 | 423
Means | 21 [ 100 | o2 | 87 | 75 | 70 | 162|135 85 | 113

Second season {2006)

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.0
15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
45 0.0 0.0 0.0 0.0 0.0 0.0 | 135 ] 99 14.3 9.4 4.7
60 0.0 0.0 2.9 3.3 1.6 69 | 246 | 347 | 369 25.8 13.7
Means 0.0 0.0 058 | 066 | 031 1.37 | 7.62 | 8.92 | 10.24 7.04

Rootstock means Abbrewiations: -

Rootstock 1 2 3 4 1 = Sour orange 2 = Carrizo

1% season 4.58 13.10 11.36 8.61 3 = Cleopatra 4 = Citrumalo

2™ seasaon 0.69 3.81 4.75 5.45 A=Storage C=Storage | B=rootstock

LS.D. at 5% temp perod byees

Factors A B of a*b a*c b*¢ a*b*c
1% season 1.74 2.46 2.75 3.48 3.89 55 7.77
2" seagon 1.95 2.61 2.92 3.7 4.13 5.84 8.26

Data also indicated that color changes of fruits produced from trees on Carrizo,
Cleopatra and Citrumelo rootstocks were significantly more accelerated than those on
Sour Orange rootstock. Furthermore, color changes of fruits from trees grafted on
Carrizo rootstock were significantly more accelerated than those on Cleopatra and
Citrumelo rootstocks during the second season. However these changes were due to

the preharvest period effect.
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These results are in harmony vx:ith 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.

5- Fruit firmness

Fruit firmness (Table 5) of Marisol significantly decreased with the extension of
storage period regardless of rootstock or storage temperature. Moreover, 5°¢ storage
temperature significantly reduced fruit softening rate during storage regardless of
rootstock types in this study. On the other hand, firmness of fruits produced from
frees on Sour orange was significantly higher than that on the other rootstocks during
both seasons. However these differences appeared at harvest and lasted during
storage. .

These results are in line with those demonstrated by Alferez et a/. (2005) who
mentioned that orange fruit firmness significantly decreased with the increasing of
cold storage pericd. Furthermore, these results are in harmony with those mentioned
by EF-Hiali et al. (2003) who mentioned that mandarin fruit firmness during storage

significantly differed according to rootstock.
6- Juice percentage

Juice content of fruits {Table 6) decreased gradually and significantly with the
increasing of storage period. Moreover, 5°C sforage temperatures reduced the
deterioration rate of juice content compared with 10°C storage temperature.
Furthermore, data indicated that juice content of fruits produced from trees on Sour
orange were significantly higher than those on the other-f'ootstocks during the two
seasons in this work.

These results agree with those obtained by A# (2002) and El-Hitali et &/, (2003)
who mentioned that juice percentage of mandarin stared fruits differs according to
rootstock types. Furthermore these results are in harmony with those illustrated by
Ramanjulu and Reddy (1989) and Mohamed et al. (2003, a&b), they demonstrated
that juice percentage of Valencia orange and grapefruit fruit decreased with the

extension of storage period.
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Table 5. Effect of rootstock types and storage temperatures on "Marisol” Clementine

fruits firmness during storage.

First season (2005}

St temp. 10° C 50 C
St. pericd| Treatments Treatments Means
{days) 1 3 4 | Means 1 2 3 4 Means
0 97.5] 88.7 |91.1|90.5] 92.0 87.5 88.7 91.1 90.5 92.0 92.0
L_ 15 97.4| 81.2 [68.0169.3] 79.0 85.5 80.6 72.1 74.4 80.6 79.8
30 80.0| 63.8 |52.9]52.4| 623 96.2 62.6 61.1 62.7 70.7 66.5
45 60.1| 51.5 [42.2|41.1| 48.7 80.0 518 8.5 49,1 57.4 53.1
60 42.0| 30.4 |25.4(25.5| 30.8 48.6 38.8 37.9 328 395 35.2
Means 175.4] 63.1 |55.8]55.8] 62.6 83.6 64.5 62.1 61.9 68.0 --
Second season (2006
0 108.4(95.0]101.1|103.3] 102.0 108.4 95.0 101.1 103.3 102.0 102.0
15 89.2 [82.6] 69.0|86.2| B18 100.5 833 76.6 57.0 85.3 85.5
30 77.6 76,1 66.0 [ 63.0| 70.7 80.6 74.2 75.0 86.0 78.9 74.8
45 62.0|68.7|63.4(41.4| 5685 58.7 60.1 69.6 705 65.0 61.9
60 58.61438)54.6]1364| 484 61.9 £3.5 66.9 42.3 58.6 53.5
Means | 79.1173.2| 708 66.1| 72.3 82.2 75.2 77.8 79.8 78.7 -—
Raatstock means Abbreviations:
Rootstock | 1 2 3 4 1 = Sour orange 2 = Carrizo
1¥geason |79.5| 63.8 [59.0| 58.8 || 3 = Cleopatra 4 = Citrumelo
27 season |80.7| 742 [74.3] 730 A=Storage temp C=>5torage penod Brrootstock
L.5.D. at 5% Aypes
Factors A B C a*b a":c b*c a*b*c
1% season| 2.51 3.54 3.95 N.S. N.S. N.S. N.S,
2" season|  4.82 6.81 7.61 N.S. N.S. N,S. NS,
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Table 6. Effect of rootstock types and storage temperatures on of "Marisol”

Clementine fruits juice percentage during storage.

T First season {2005)
st temp. | 100 ¢ ] 5a ¢
St. period Treatments Treatments ::_Z
(davs) 1 2 3 4 Means 1 2 3 4 Means
a 51.2 48.6 518 483 499 51.2 48.6 51.6 48.3 ‘ig.éiﬁI 49.9
e 15 53.0 449.7 30.4 48.6 50.4 53.0 48.2 4%.6 48.0 49.9 501
30 54.0 50.8 49.2 48.9 50.7 54.0 47.8 45.6 48.9 49,1 49.5
45 43.3 38.1 41.3 387 39.6 41.1 35.0 44,8 39.6 40.1 399
18] 2.7 25.5 275 22.5 27.0 28.2 223 379 30.3 29.7 28.4
b;eans 46.8 L 42.6 44.0 40.8 43.5 45.5 40.4 45.9 43,1 437 -
Second season (2006}
o 52.2 52.2 53.9 51.9 526 52.2 52.2 ] 53.9 51.9 32.6 52.6
15 48.8 45.3 45.5 40.4 45.0 49.6 47.9 477 46.9 48.0 46,5
N 3q 443 40,7 381 43.4 41.6 q47.9 449 45.2 43.1 453 43.4
45 45.4 38.4 37.0 46.G 419 472 43.5 41.5 41.6 43.5 42.7
| 6Q 397 36.0 0.7 37.4 36.0 46,3 32.0 42.6 39.4 42.6 323
r Means 45,1 42.5 41.0 44.0 43.4 8.5 46.1 46.2 44.6 46.4 .-
, Rootstock means Abbreviations: -
Rootstork 1 2 3 4 —
1* season 46.2 41.5 44.9 42,0 1= Sour orange 22 Carrzo
3 = Cleopatra 4 = Citrumelg
2™ season 47.4 44,3 438 44.3
A=Storage temp l C=5torage penod l— B=rontst
L.5.D, at 5% |
Factars A B C a*b r—;c b*c a'b'L__‘
1% season NS, s | 1.95 246 | NS N.S. N.S.
| 2 season 117 1.66 1.85 235 | 262 3.71 NS,

B- Chemical properties

1- Total soluble solid, total acidity, TSS/acid ratio and Ascorbic acid

contents

According fo data shown in tables (7, 8, 9 and 10) it is clear that total soluble
solid contents and TSS/total acidity ratio increased, while total acidity and ascorbic
acid contents decreased gradually and significantly with the increasing of storage
pericd. The storage temperature of 5°C significantly reduced the changes rate of TSS,
total acidity and ascorbic acid during storage.

Data also reveal that fruits produced from trees on trees grafted on Carrizo,
Cleopatra and Citrumeto rootstocks had TSS and ascorbic acid contents significantly
higher than that produced from trees on Sour orange rootstock during the two
seasons. On the other hand, data illustrated that fruits from trees grafted on Carrizo,
Cleopatra and Citrumelo rootstocks had total acidify content significantly less. and
TSS/acid ratio higher than those on Sour orange. However, it appears that these
effects return to the effect of these rootstocks during preharvest period.




1554

PHYSIOLOGICAL STUDIES ON "MARISOL" CLEMENTINE FRUITS

Ii- EFFECT OF ROOTSTOCK TYPES ON FRUIT STORABILITY

Table 7. Effect of rootstock types and storage temperatures on "Marisol" Clementine

fruits TSS contents during storage.

f First season (2005) T
te;'g _ 100C 50C
St, Treatments Treatments Maans
P | 1|2 3 ] 4 | means | EE 4 | Means
F a 8.2 3.9 95 8.6 9,55 9.2 8.9 9.5 9.6 9.59 9,57
15 8.5 10.1 9.8 9.7 9.79 9.5 2.9 9.5 9.7 9.68 9.73
30 9.7 10.3 101 | 8.8 9.98 9.7 9.8 9.5 9.8 9.73 9.85
45 8.7 10.0 9.7 5.3 9.41 8.9 11.5 9.7 10.3 10.16 9.78
60 7.7 8.7 8.3 7.8 8.10 2.9 10,5 83 9.2 9.02 8.56
ms .95 9.81 3.48 | 9.22 9.37 9.03 10.33 9.28 9.73 9,59 ~{
F Second seascn (2006)
0 9.1 9.4 3.6 9.7 9.5 9‘lj 9.4 9.6 9.7 9.5 9.45
15 L 9.5 103 | 100 10.4 10.0 3.0 9.8 10.1 9.9 9.7 9.8L‘
30 9.2 106 } 10.2 9.6 9.9 5.9 10.3 9.8 10.0 10.0 9.94
45 8% 101 9.7 8.6 9.3 9.8 10.2 9.6 9.5 0.8 2.55
60 8.3 9.4 8.4 8.4 8.6 9.2 9.7 9.3 9.5 9.4 9.03
rMeans 8.97 9.97 | 9.58 9,33 9.47 9.40 9.88J 9.69 9.71 9.67 ---
[ Rootstock means WM“_‘
Rootstock ! 2 > f { 1= Sour orange LZz Carrizo
1" season | 9.0 10.1 9.4 9.5
" 3= Clecpatra 4= Citrumelo
2™ season | 9.2 2.9 9.6 95 | — A=t5;?n’age C=Storage perod B=rootetock
L.5.D. at 5% ————E——J J
Factors A c a*b a*c b*¢ a*b*c J
1™ season 0.14 0.198 0.221 N.5. N.S. 0.442 N.5. ——‘
{ sé:on 0.128 J 0.181 0202 |02 | NS 0.405 N.S.

These results are in line with those obtained by Ramanjuiu and Reddy (1989)
and Mohamed et al. (2003, a&i), who found that total soluble solids increased while
total acidity and ascorbic acid decreased with the prolonging of the storage period. In
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 crange

remained constant during storage.
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Tabie 8. Effect of rootstock types and storage temperatures on "Marisol” Clementine

fruits total acidity percentage during storage.

First season (2005}

-

St. o
temp. 10e ¢ 50
St. Treatments Treatments Means
period ] —[
(daysy | 1 2 3 4 | Means | 1 2 3 4 Means J
[ Q 0.95 | 0.88 | 0.92 | 0.87 .81 0.95 0.88 0.92 0.87 ( 0.91 0.91
r 15 052 | 0.82 | 0.91 | 0.85 0.87 0.96 0.82 0.99 0.81 0.90 0.89 1
30 050 | 079 | 0.88 | 0.83 0.85 QQ‘I 0.79 .96 0.81 0.87 0.8
[—45 0.84 | 073 | 0.76 | 0.74 0.77 091 L0.78 .90 0.78 0.84 0.80
F 60 0.80 0‘{;’ 071 | 0.69 0.72 0.85 E).?S 0.81 0.75 0.79 0.76
Means | 0.88 | 0.78 | 0.83 | 0.80 0.82 0.92 0.81 0.92 0.80 0.86 [ \
Second season (2006) —l
o 057 | 0.1 ]i% 0.94 0.93 0.97 0.91 [).90j 0.54 0.929 0.93
15 0.95 0.90—[—0.91 ] 0.8% 0.91 ( 0.94 0.95 0,91 097 0.944 0.93
LBO "0.89 | 0.86 | 0.85 | 0.81 0.85 0.93 0.84 0.89 0.85 0.877 0.86
45 Q.88 1 Q.76 | .79 | 0.77 0.80 0.89 0.80 0.87 0.82 0.847 L 0.82
60 0.BL { 0.70 | 0.72 LOJI 0.74 0.84 0;’5J 0.77 0.79J 0.786 0.76
Means | (.90 O.BBTTO.BB 0.83 0.85 0.92 | 0.85 0.87 0.87 [_ 0.88
Rootstock means
Rootsto ) [ ; ; . Abbreviations:- .
ii 1= Sour orange 2 = Carvizo
L 0.901 | 0.796 | 0.875 L 0.799
Se;fao" 3= Cleopatra 4 = Citrumela
L 0.906 | 0.838 | 0.851 0.849 C=Storage B=rootstock
SEASON =
D Storage temp ‘ period types
L L.S.D. at 5%
\ Factors A B c a*bh a*c D*c arb*c W
=
L ! 0.030 | 0043 | 0.048 NLS. N.S. N.S. N.S. ‘
SEAS0N
an
season 0.028 (.040 0.045 N.S. N.S. 0.089 N.S. _'

On the other hand, these resuits agree with those obtained by DWhallewin et al,
(1994), Reynaldo (1999), Al (2002} and Ei-Hilali et af (2003} who mentioned that total
soluble solids, total acidity and ascorbic acid contents were affected by rootstock

types. In contrast, £/-Zeftawi et al. (1983) reported that Valencia orange fruit was not

influenced by rootstock types.
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Table 9. Effect of rootstock types and storage temperatures on "Marisol” Clementine
fruits TSS/TA ratio during storage.

First season (2005)

—

L
St. temp. it* C 50 C
St. period L- Treatments Treatments Means
(days) 1 2 3 4 Means 1 2__W 3 4 Means J
1] 96 |11.3] 10.3 111 10.6 2.6 11.3 10.3 11.1 10.6 10.6 J
15 10.4 |12.3] 10.8 11.4 11.2 9.9 12.0 9.6 11.9 10.9 11.0 J
un 10.9 13.0 11,5J 128 | 118 | 104 12.4J 9.9 12.1 11.2 11.5 J
43 10.3 }13.7 12.8j72ﬂ 12.3 9.8 14.SJ 10,8 13.3 12.1 —_] 12.2
60 J 9.5 |12.5| 11.7 11.2 11.3 9.3 136 10.2 12.4 11.4—_] 11.3
Meansﬁﬂ.l 12.6| 114 11.6 F4 9.8 12.8 10.2 12.1 11.2 .-
( Second season (2006) ]
0 TQA 10.4 10.7 10.3 Tl(].?. 9.4 10.4 10.7 10.3 10.2 -‘ 10.2
15 16.0 114 11.0 11.6 11.0 9.6 10.3 11.1 10.2 10.3 16.7
30 10.3 12.3 12.0 11.9 116 10.6 12.3 11.0 11.8 114 11.5
{ 45 10.1 13.3 123 111 11.7 10.9 12.7 111 11.86 11.8 11.6
60 10.3 13.5 118 11.8 11.8 11.0 12.9 12.1 12.0 12.0 11.%
Means | 10.0 12.2 115 11.3 11.3 10.3 11.7 11.2 11.2 i11 -
Rootstock means Abbreviations: -
Rootstock 1 2 3 4 1= Sour orange 2= Carmizo
Pseason | 100 | 127 | 108 | 109 4= Cirumelo
2™ season 10.2 | 119 | 114 | 113 A=Storage temp | C=Storage period a= ,;ZS;WK
L.5.D. at 5%
Factors A B C a*b a*c b*c T arh*c
l:season N.5. 0.543 0.607 N.S. 0.859 N.5. v] N.S.
2™ season NS, |0.516 0.577 N.S. N.S. 1.15 “ N.S.
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Table 10, Effect of rootstock types and storage temperatures on "Marisol" Clementine

fruits V.C contents during storage.

First season {(2005)
Sk, termnp, 109 C 59 C
Treatments Treatments Means
5t. period
(days) 1 2 3 4 Means 1 2 3 4 Means
a 13.2 143 | 142 15.8 14.4 13.2 14.3 14.2 | 158 14.4 i4.4
15 12.3 13.0 | 12.9 14.4 13.1 12.3 13.1 13.0 | 14.5 13.2 13.2
30 10.0 11.7 | 11.6 13.0 11.6 10.2 11.9 11.7 | 13.1 11.7 11.7
45 5.6 9.1 9.1 10.1 8.5 5.9 11.3 106 | 11.7 9.9 9.2
&0 2.3 9.1 9.5 10.3 78 3.9 9.5 93 | 104 8.3 8.0
Means 8.7 114 [ 11.5 12.7 11.1 9.1 12.0 11.8 | 13.1 11.5 -
Second season {2006}
0 24.21 25.8 26.2 235 24.9 24.2 | 258 | 26.2 23.5 24.9 24.9
15 22.0] 219 22.5 19.3 21.4 219 | 22.0 | 22.8 21.2 22.0 21.7
30 19.9]| 17.9 18.8 16.5 18.3 196 | 18.3 | 19.4 20.2 1%.4 18.8
45 16.2| 16.8 15.7 15.2 16.0 17.3 | 17.5 | 17.2 17.5 17.4 16.7
60 15.0( 15.3 13.5 17.1 15.2 153 | 173 | 140 16.5 15.8 15.5
Maans |19.5] 14.5 15.4 18.3 19.2 197 | 20.2 | 19.9 19.8 15.9 -
Rootstock means
Abbreviatians:-
Rootstock 1 2 3 4
1= Sour crange 2= Carmizo
1*season | 8.9 |11.7|116] 129 B
3= Cleopatra 4= Citrumelo
2™ geason | 19.6 [19.9]19.6 19.0
B=rootstock
A=Storage temp C=5torage pericd rt\/pes
L.5.D. at 5%
Factors A 8 C a*b a*c t*c a*b*c
1% season 0.37 0.53 0.74 N.S. NS, 1.17 N.5.
2™ season 0.56 0.80 0.89 N.S. N.S. 1.78 N5,
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