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Abstract

Marisol is a new highly productive Clementine cultivar that has
been introduced to the Egyptian Horticulture industry. This study
was carried out during two successive seasons (2005&2006) at
Hort. Res. Institute, Fruit Handling Department, Giza Governorate,
to determine the behavior of Marisol cultivar fruits during
development and maturation.

Marisol (C. clementina Hort. ex Tan.) trees grown in a private
farm at Ismailia Governorate, grafted on Sour orange, Carrizo
citrange, Cleopatra mandarin and Citrumelo rootstocks were
selected for this study. Fruit samples were taken during fruit
development at the first week of October and repeated at weekly
intervals until commercial harvest. Fruit physical and chemical
characteristics during development and maturation were
determined.

Fruit weight, TSS contents and TSS/acid ratio significantly
increased, while fruit firmness and total acidity decreased gradually
and significantly during growth development. On the other hand,
fruit volume, fruit gravity and juice content were nearly constant
during the first maturation stages, and then began to decrease with
the extension of fruit age, at over ripening stage. Fruit color
changed directly from yellowish green to greenish-yellow to yellow
with advanced fruit age. However, fruit coloration was poor at the
earlier stages of maturation process and required to be degreened.
Ascorbic acid content of fruit increased gradually and significantly
until it reached the maximum nearly at the optimum maturity
stage, then began to decrease with the increasing of fruit age.

Fruits produced from trees on Carrizo, Cleopatra and Citrumelo
rootstocks were heavier, more volume, less gravity, more
developed color, less firmness, less juice content, higher total
soluble solid content, less total acidity content and higher total
soluble solid/total acidity ratio than that produced from trees on
Sour orange, while rootstock types had no effect on fruit contents
of ascorbic acid.

Marisol fruit produced from trees on Carrizo and Citrumelo
followed by that on Cleopatra rootstocks reached maturation one
week earlier than that produced from trees on Sour orange when
TSS / Acid ratio reached more than 9:1, (nearly after 168 - 175
days from full bloom, during the last week of October or the first
week of November). While that on Sour orange reached maturation
at one week later. Moreover, data also indicated that fruit quality
deteriorated quickly with delaying harvesting process after reaching
maturity stage. »
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INTRODUCTION

Citrus is one of the most important fruit crops in Egypt. The cultivated area is
estimated to be 382 027 Faddan, producing 3 211 709 tons in 2006 season, while the
exported quantity in 2005 reached 530 909 tons from all citrus species (Egyptian
Ministry of Agric.,, 2006). The concentration of the Egyptian local mandarin fruit )
production during a short period and its sensitivity to post harvest handling and
management obligate the farmers to search about new varieties, especially early and
IPate ones which have a good ability of marketing and handling process. New mandarin
cultivars and hybrids have been introduced to the Egyptian Horticulture such as
Hernandina, Clemenules, Marisol, Nova mandarin and Ellendale tangor and others.
These cultivars have been spread in the private sector orchards. However, there is a,
lack of information about the behavior of these new cultivars under the Egyptian local
weather concerning production, maturation and post harvest management.

Marisol Clementine is a mutation of “Oroval” Clementine detected in 1970 in
Spain. The fruit maturation is very early and can be harvested from mid- September
for degreening with green-orange coloration (Zaragoza, 1993, Bono et al., 1995 and
Goncalves, 1998). Pons, et al. (1989) mentioned that, Marisol and Clemenules fruit
become puffy and lose its gravity when harvesting is delayed. The same results were
illustrated by Zaragoza (1993).

One of the most important issues in the cultivation of citrus trees is selecting a
suitable rootstock, because rootstocks are effective on the quality of fruit, for instance
the size, weight and the juice (Alirezanezhad and Ramin, 2009).

D'DHallewin et al. (1994) indicated that, rootstock significantly affected Avana
mandarin fruit quality in terms of total acidity and ascorbic acid at harvest, but had no
effect on total soluble solid contents . He also added that trees on Sour orange had the
most uniform fruit size. It has been reported that, Fremont tangerine fruit on Sour
orange, Rangpur lime and Carrizo citrange reached maturity earlier than fruits on
Volkameriana. On the other hand, Fremont tangerine fruit weight on Volkameriana and
Rangpur lime was higher than on Sour orange and Carrizo citrange. The highest fruit
juice percentage and the best rind color were from Fremont fruits on Sour orange (Alj,
2002). On the other hand, Filho et al. (2007) reported that fruit weight and juice
content of “Faliglo” and “Sunburst” mandarins were not affected by the rootstock.

The purpose of this study is to determine the effect of four rootstock types (Sour
Orange, Carrizo citrange, Cleopatra mandarin and Citrumelo) on Marisol Clementine
fruits growth, development and maturation under the Egyptian conditions.
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MATERIALS AND METHODS

This investigation was carried out during two successive seasons (2005 & 2006)
at Hort. Res. Institute, Fruit Handling Department, Giza. Trees were grown in a private
farm at "Wady El-Mullak" region, Ismailia Governorate. During February 2005, 36
Marisol trees (C. dlementina Hort. ex Tan.) 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 in vigor growth,
planted at 2x5 m (400 trees/faddan) under drip irrigation system and subjected to all
agricultural practices as Ministry Agriculture recommendations.

Fruit samples were taken during fruit development starting at the first week of
October and repeated at weekly intervals until commercial harvest for the -
determination of fruit physical and chemical characteristics. Each sample had 3
replicates, each replicate had 10 fruits. Fruit weight (g) and volume (ecm®) were
determined and then gravity (g/cm®) was calculated. 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 (g/cm?). Fruit color was measured by a Hunter colorimeter type (Dp-9000) for
estimation of "L", "a" and "b" values, then color values as Hue angle were calculated
according to Mc-Gjuire (1992.

In addition, a rotary extractor was used to obtain the juice, and the percentage
(w/w) of juice was calculated. The TSS percentage of juice was measured by abbe
refractometr, total acidity and ascorbic acid (Vit.C) contents were determined according
to A.0.A.C. (1995), then TSS/acid ratio was calculated.

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

v

A- Physical characteristics
1- Fruit weight

Data presented in Table (1) clearly indicated that Marisol Clementine fruit weight
increased gradually and significantly during fruit development to reach the maximum
weight at the optimum maturity stage nearly after 168-175 days of full bloom and then
decreased again with the progress of advanced age. R

Data also indicated that there were no significant differences among fruits
produced from trees on Sour orange, Carrizo, Cleopatra and Citrumelo rootstocks in
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this respect. However, fruits produced from trees on Citrumelo, Carrizo and Sour
orange were the heaviest during the first season, while fruits produced from trees on
Citrumelo and Carrizo were the heaviest during the second season. On the other hand,
fruits produced from trees on Cleopatra were the least fruit weight during the two
seasons of the work.

These results are in line with those obtained by Ba/ and Chohan (1987) and Bassal
(2001) who reported that Clementine fruit weight increased gradually till reached the
maximum at maturity stage then decreased with the advance of age.

Also these results agree with the finding of A# (2002) who found that Fremont‘
mandarin fruits produced from trees on Volkameriana and Rangpur lime were heavier
than those on Sour orange and Carrizo citrange. In addition, these results partially
agree with Jacquemond et al. (1994), they mentioned that mandarin fruits weight were
different due to rootstock type.

Table 1 . Effect of rootstock type (a) and fruit age (b) on "Marisol" Clementine fruits
weight (g) during growth and at maturation.

First season (2005) Second season (2006)
Rootstock types Fruit Rootstock types
Fruit age
age
@ays) [ 1 | 2 | 3 4 | Means | i [ 2 3 4 | Means
(days)

147 (1179 (111.3| 94.2 | 1104 | 108.4 147 |128.0130.0 [*110.3 | 150.6 | 129.7

154 |108.8|124.0 [ 102.4 | 119.3 | 113.6 154 |124.3|140.6 | 107.8 | 1428 | 128.8

161 [119.9(124.6 | 109.6 | 122.9 | 119.2 161 |126.8|156.4 | 110.2 | 144.0 | 134.3

168 [138.0|139.3 | 143.9 | 152.1 | 1433 168 |136.4 |141.8 | 109.6 | 1455 | 133.3

175 | 151.1|131.0 | 138.7 | 139.3 | 140.1 175 |146.6 | 134.9 | 123.6 | 1403 | 136.4

182 ]139.9(143.4|138.6 | 137.9 | 139.9 182 [147.2(145.2| 1209 | 161.3 | 143.6

189 | 130.8|130.8 | 138.0 | 130.6 | 132.6 | Means |134.9 [141.5| 113.7 | 147.4

Means |129.5129.2 | 123.6 | 130.4 1 = Sour orange 2 = Carrizo,
LSD Values at 5 % level 5 3 = Cleopatra 4 = Citrumelo
Factor | A B a*b Factor A B a*b
a*b=Interaction a*b=Interaction
Values | N.S. | 8.61 [19.25 . Values | N.S. | 9.41 | 21.05 :

2~ Fruit volume

According to data shown in Table (2) it is clear that fruit volume slightly
increased during the early maturation period (during October), then began to increase
significantly nearly at the second week of November with the extension of fruit age.
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Data also indicated that fruits produced from trees on Citrumelo, Carrizo and
Cleopatra rootstocks had higher volume than that produced from trees on Sour orange
during the first season, while during the second one, fruits produced from trees on
Carrizo and Citrumelo rootstocks were higher in volume than those on Cleopatra and
Sour orange. However, these differences were not significant during the two seasons.

These results are in harmony with those obtained by Ba/ & Chohan (1987) and
Bassal (2001), who mentioned that mandarin fruit volume increased significantly with
the extension of fruit age. Also, these results partially agree with the finding of
DHallewin et al. (1994), as they indicated that mandarin fruit size was affected by
rootstock type during fruit development.

Table 2. Effect of rootstock type (a) and fruit age (b) on "Marisol" Clementine fruits
volume (cm®) during growth and at maturation.

First season (2005) Second season (2006)
Frult age Rootstock types Fruit age Rootstock types
(days) 1 2 3 4 Means | (days) 1 2 3 4 Means

147 1122.9(126.3 | 102.1 | 1229 | 1185 147 127.9 | 140.3 | 116.3 | 157.7 | 135.5
154 11163 [139.8 | 113.5| 141.0 | 127.6 154 129.3 | 155.0 | 120.0 | 150.3 | 138.6
161 132,41 149.9 | 124.9 | 142.6 | 137.5 161 134.2 | 175.0 [ 121.7 | 157.5 | 147.1
168 | 161.4 (172.9|173.2| 1900 | 174.4 168 147.1 | 167.9 | 125.8 | 162.9 | 150.9
175 |185.0|181.7 | 174.3 | 180.0 | 180.2 175 165.8 | 159.6 | 146.3 | 167.1 | 159.7
182 |180.2|198.9 183.2 | 189.6 | 188.0 182 1723 |174.2 | 148.2 | 200.7 | 173.8
189 171.7 | 184.2 ( 192.6 | 183.3 | 1829 Means | 146.1 | 162.0 | 129.7 | 166.0

Means | 152.8 | 164.8 | 152.0 | 164.2 1 = Sour orange 2 = Carrizo,
LSD Values at 5 % level 3 = Cleopatra 4 = Citrumelo
Factor A B a*b Factor A B a*b
a*b=Interaction a*b=Interaction
Values | N.S. | 11.35|25.38 Values | N.S. [ 11.14 | 24.92

3- Fruit gravity

Data presented in Table (3) reveal that Marisol Clementine fruit gravity
significantly decreased with the extension of fruit age. On the other hand, the gravity
of fruits produced from trees on Sour orange was significantly higher than those on
other rootstocks without significant differences among them, during both seasons.
Also data indicated that, there was a significant interaction among fruit age and
rootstock effect on fruit gravity during the two seasons.

These results are in harmony with those obtained by Bassa/ (2001) who
mentioned that Hernandina, Marisol and Clemenules Clementine fruit gravity
decreased with the advance of fruit age. Also, these results were supported by the
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findings that mandarin fruits become puffy and lose its gravity when harvest process is
delayed (Pons, et al,, 1989 and Zaragoza, 1993).

Table 3. Effect of rootstock type (a) and fruit age (b) on "Marisol” Clementine fruits
gravity (g/cm?®) during growth and at maturation.

First season (2005) Second seascn (2006)
Fruit age Rootstock types Fruit age Rootstock types
(days) |4 2 3 4 Means | (days) | 1 2 3 4 Means
147 0.96 0.88 0.92 0.90 0.915 147 1.00 0.93 0.95 0.95 0.958
154 0.94 0.89 0.90 0.85 0.893 154 0.96 0.91 0.90 0.95 0.929
161 0.91 0.83 0.88 0.86 0.869 161 0.94 | 0.89 0.91 0.91 0.915
168 0.86 0.81 0.83 0.80 0.823 168 0.93 0.84 0.87 0.89 0.884
175 0.82 0.72 0.80 0.77 0.777 175 0.88 0.85 0.85 0.84 0.854
182 0.78 0.72 0.76 0.73 0.745 182 0.85 0.83 0.82 0.80 0.827
189 0.76 0.71 0.72 0.71 0.725 Means 0.93 0.88 . 0.88 0.89
Means | 0.86 0.79 0.83 0.80 1 = Sour orange 2 = Carrizo,
LSD Values at S % level 3 = Cleopatra 4 = Citrumelo
Factor A B a*b Factor A B a*b
a*b=Interaction a*b=Interaction
Values | 0.028 | 0.033 | 0.073 Values | 0.026 | 0.028 | 0.064

4- Fruit color (as Hue angle)

Data in Table (4) show that Marisol fruit color changed directly from greenish
yellow (Hue angle more than 100°) to yellow (Hue angle around 75°) with the
increasing of fruit age. Fruits produced from trees on Carrizo, Citrumelo and Cleopatra
had the lowest Hue angle value (more color development) in comparison with that
produced from trees on Sour orange during the two seasons. Mc')reover, there was a
significant interaction between these factors under this study.

These results agree with those mentioned by Bassal (2000) who found that
Clementine fruits (Hernandina, Marisol and Clemenules cultivars) were dark green at
the early developmental stages, then changed directly to light green to greehish-
yellow, to yellow and red orange according to cultivars at maturity stage.
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Table 4. Effect of rootstock type (a) and fruit age (b) on "Marisol" Clementine fruits
color (Hue angle) during growth and at maturation.

First season (2005) Second season (2006)

Fruit Rootstock types Fruit Rootstock types
age age
(days) | 1 2 3 4 Means (days) 1 2 3 4 Means

147 | 114.7 | 114.0 | 112.3 | 115.3 114.1 147 | 111.5105.0 | 110.8 | 109.5 109.2

154 | 114.6 | 108.0 | 110.8 | 105.7 109.8 154 1 109.7 | 103.6 | 107.3 | 107.5 107.0

161 |110.0 [ 102.9 | 106.2 | 103.9 105.7 161 |109.6 | 102.4 100.1| 97.8 102.5

168 | 104.1f 94.6 | 105.4 | 101.8 101.5 168 | 100.8 | 89.5 | 92.8 | 95.6 94:7

175 11009 | 91.1 | 91.8 | 96.9 95.2 175 98.1 | 75.1 | 864 | 823 85.5

182 | 996 | 83.6 | 90.8 | 81.8 88.9 182 | 91.2 | 706 | 82.7 | 794 81.0

189 | 843 | 69.6 | 743 | 743 75.6 Means | 103.5 | 91.1 | 96.7 | 95.4

Means | 104.0 | 94.8 | 98.8 97.1 1 = Sour orange 2 = Carrizo,
LSD Values at 5 % level 3 = Cleopatra 4 = Citrumelo
Factor | A B a*b Factor | A B a*b
a*b=Interaction a*b=Interaction
Values | 3.14 | 3.71 | 8.30 Values | 4.27 | 4.68 | 10.47

Also these results are in harmony with those demonstrated by Ali (2002) who
mentioned that Fremont tangerine fruit on Sour orange rootstock had the best rind
color in comparison with that on Rangpur lime, Volkameriana and Carrizo citrange
rootstocks.

" 5- Fruit firmness

Fruit firmness significantly decreased with the increasing of fruit age during the
two seasons of this study (Table, 5). It is clear that fruits produced from trees on
Carrizo and Citrumelo rootstocks had significantly less firmness than those on Sour
orange during the both seasons. Data also indicated that there was a significant
interaction among all factors under study.

6- Fruit juice content

According to data presented in Table (6) fruit juice content was nearly constant
during maturation stage, and then began to decrease with the extension of fruit age
(over ripening stage). Although, fruits produced from trees on Sour orange and
Cleopatra had higher juice content than the other rootstocks during the first and the
second seasons, respectively, data cleared that rootstocks had no significant effect on
fruit juice content during fruit growth development and maturation in the two seasons.
Data also indicated that there was a significant interaction among all factors under
study.
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Table 5. Effect of rootstock type (a) and fruit age (b) on "Marisol" Clementine fruits
firmness (g/cm?) during growth and at maturation.

First season (2005) Second season (2006)
Fruit Rootstock types Fruit Rootstock types
age age
(days) 1 2 3 4 Means (days) 1 2 3 4 Means
147 [129.8(92.9]|109.4| 99.2 107.8 147 | 145.2 | 131.3 | 140.9 | 1326 137.5
154 | 108.2 (98.5| 100.7 | 98.9 101.6 154 |132.4|121.9|127.3 | 123.7 126.3
161 | 100.5|91.6| 96.1 | 89.9 94.5 161 | 126.9|117.8 | 121.7 | 1139 120.1
168 97.5 | 88.7| 91.1 | 90.5 92.0 168 |118.9(111.5}110.0 [ 110.8 112.8
175 92.6 |86.7| 909 | 85.1 88.8 175 |108.4| 95.0 | 101.1 103.3 102.0
182 88.6 |78.5| 83.5 | 829 83.4 182 | 100.2 | 90.4 | 91.2 97.9 94.9
189 88.4 (77.8| 77.2 | 769 80.1 Means | 122.0 | 111.3 | 1154 | 113.7
Means | 100.8 [ 87.8 | 92.7 | 89.1 1 = Sour orange 2 = Carrizo,
LSD Values at 5 % level 3 = Cleopatra 4 = Citrumelo
Factor A B a*b Factor A B a*b
a*b=Interaction a*b=Interaction
Values | 5.48 | 6.49 | 14.51 Values | 7.59 | 8.31 | 18.58
Table 6. Effect of rootst;)ck type (a) and fruit age (b) on "Marisol" Clementine fruits
juice (%) content during growth and at maturation.
First season (2005) Second season (2006)
Fruit age Rootstock types Fruit age Rootstock types
(days) | 1 2 3 4 | Means [(days) | 1 | 2 | 3 4 | Means
147 52.6 | 48.5 | 45.0 48.6 48.7 147 | 539|537 | 507 | 511 52.4
154 52.7 | 45.6 | 52.5 429 48.4 154 | 52.8 | 476 | 543 | 553 525
161 51.8 | 47.5 | 53.6 54.4 51.8 161 | 50.5| 50.0 | 54.5 | 53.8 52.2
168 51.2 | 48.6 | 51.6 48.3 49.9 168 | 509 | 509 | 53.0 | 45.7 50.1
175 50.2 | 51.5 | 514 | 47.8 50.3 175 | 52.2 | 52.2 53t9 51.9 52.6
182 483 | 49.0 | 49.8 45.6 48.2 182 [50.7 | 46.2 | 49.1 | 46.3 48.1
189 47.0 | 46.5 | 49.0 426 46.3 Means | 51.8 | 50.1 | 52.6 | 50.7
Means | 50.53 | 48.19 | 50.41 | 47.16 1 = Sour orange 2 = Carrizo,
LSD Values at 5 % level 3 = Cleopatra 4 = Citrumelo
Fator | A | B | a%b Factor | A | B | a®
a*b=Interaction a*b=Interaction
Values | N.S. | 3.06 | 6.83 Values | N.S. | 3.08 | 6.88
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These results are in accordance with the findings of juice percentage of
Clementine fruits which gradually increased during fruit developmental stages until
reached the maximum during the early fruit maturation then slightly decreased at the
last stage of maturation Bassa/ (2000). In addition, these results are in agreement with
those obtained by A/ (2002) who mentioned that Fremont fruit on Sour orange
rootstock had the highest juice content in comparison with that on the other
rootstocks. ‘ .

B- Chemical properties
1- Fruit juice total soluble solid (TSS), total acidity contents and TSS/acid
ratio

TSS content and TSS/total acidity ratio of fruit (Tables, 7 and 8) significantly
increased while total acidity (Tables, 9) decreased with the increasing of fruit age
during the two seasons. Data also cleared that fruits produced from trees on Carrizo,
Cleopatra and Citrumelo had significantly higher TSS content, TSS/acid ratio and
significantly lower total acidity as compared with those on Sour orange during both
seasons. Data also indicated that there was a significant interaction between these

factors under study during the two seasons.

Table 7. Effect of rootstock type (a) and fruit age (b) on "Marisol" Clementine fruits
T.S.S (%) content during growth and at maturation.

First season (2005) Second season (2006)
Rootstock types Fruit Rootstock types
Fruit age
(days) | 2 3 4 Means | 2% 1 2 3 4 Means
(days)
147 9.0 9.5 8.7 9.4 9.2 147 8.8 9.3 9.3 9.0 9.1
154 9.1 9.2 9.2 9.3 9.2 154 9.1 9.5 9.2 9.8 9.4
161 9.3 9.9 9.3 9.8 9.6 161 9.2 9.5 94 9.1 9.3
168 92 | 9.9 9.5 9.6 9.5 168 9.2 9.2 | 97 9.8 9.5
175 9.7 | 96 | 105 101 | 100 175 9.1 94 | 9.6 97 9.5
182 9.6 | 10.0 | 10.1 9.0 9.7 182 9.1 93 | 94 9.2 9.2
189 9.7 | 9.2 9.7 9.5 9.6 Means | 9.1 94 | 94 94 |’
Means | 9.4 9.6 9.6 9.5 1 = Sour orange 2 = Carrizo,
LSD Values at 5 % level 3 = Cleopatra 4 = Citrumelo
Factor A B a*b Factor A B a*b
a*b=Interaction a*b=Interaction
Values | 0.18 | 0.21 | 0.48 Values | 0.19 | 0.21 | 0.47
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Table 8. Effect of rootstock type (a) and fruit age (b) on "Marisol" Clementine fruits
acidity percentage during growth and at maturation.

First season (2005) Second season (2006)

Fruit Rootstock types Fruit Rootstock types
age age

(days) | 1 2 3 4 Means | (days) | 1 2 3 4 Means

147 i.13 1.00 | 1.03 | 0.94 1.03 147 125 | 1.04 | 1.16 | 1.06 113

154 | 1.09 | 0.98 | 0.93 | 0.80 0.95 154 | 1.14 | 1.06 | 1.04 | 1.04 1.07

161 1.00 { 0.90 | 0.95 | 0.88 0.93 161 112 | 096 | 0.99 | 1.01 1.02

168 | 0.95 | 0.88 | 0.92 | 0.87 0.91 168 1.01 | 0.93 | 0.96 | 0.95 0.96

175 | 0.92 | 0.84 | 0.94 | 0.86 0.89 175 | 097 | 0.91 | 0.90 | 0.94 0.93

182 [ 094 | 0.88 | 0.83 | 0.90 0.89 182 0.95 [ 0.90 | 0.90 | 0.90 0.91

189 | 0.99 [ 0.95 | 0.98 | 0.96 0.97 Means | 1.07 | 0.97 | 0.99 | 0.98

Means | 1.00 | 0.92 | 0.94 | 0.89 1 = Sour orange 2 = Carrizo,
LSD Values at 5 % level 3 = Cleopatra 4 = Citrumelo
Factor A B a*b Factor A B a*b
a*b=Interaction a*b=Interaction
Values | 0.048 | 0.056 | 0.126 Values | 0.067 | 0.073 | 0.163

Table 9. Effect of rootstock type (a) and fruit age (b) on "Marisol" Clementine fruits
TSS/total acid ratio during growth and at maturation.

First season (2005) Second season (2006)
Rootstock types Fruit Rootstock types
Fruit age
age
(days) | 3 2 3 4 Means 1 2 3 4 Means
(days)

’

147 80 | 95 | 84 10.0 9.0 147 70 | 89 | 80 8.5 8.1

154 84 | 93 | 99 11.7 9.8 154 80 | 89 | 88 9.5 8.8
161 93 | 11.0 | 9.8 11.2 10.3 161 82 [ 99 | 95 9.0 9.1
168 96 | 11.3 | 103 | 111 10.6 168 9.1 | 99 | 101 | 104 9.9
175 [ 105 | 11.5 ( 11.2 | 11.8 11.2 175 9.4 | 104 | 10.7 | 103 10.2
182 10.2 ( 113 | 121 | 101 10.9 182 9.5 | 103 | 104 | 10.2 10.1
189 99 | 97 | 99 9.9 9.8 Means | 85 | 9.7 | 96 9.6

Means | 9.4 | 105 | 10.2 | 10.8 1 = Sour orange 2 = Carrizo,
LSD Values at 5 % level 3 = Cleopatra 4 = Citrumelo
Factor A B a*b Factor A B a*b
a*b=Interaction a*b=Interaction

Values | 0.28 | 0.33 | 0.74 Values | 0.58 | 0.64 | 1.43
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These results are in agreement with those illustrated by Bassal (2000) who
indicated that TSS and TSS/acid ratio of Hernandina, Marisol and Clemenules mandarin
cultivars fruits increased while total acidity content of fruit juice decreased with the
advance of fruit age. Furthermore, these results were supported by the finding that
rootstock types had an obvious effect on Clementine fruits juice content of TSS, total
acidity and TSS/acid ratio and ascorbic acid during fruit growth development and
maturation (Fallahi and Rodney, 1992). Also these results partially agree with those
reported by DHallewin et al. (1994) who mentioned that rootstocks significantly
affected Avana mandarin fruit quality in terms of total acidity and ascorbic acid at
harvest but had no effect on total soluble solid content.

2- Ascorbic acid (V.C) content

Ascorbic acid content of fruits (Table, 10) increased gradually and significantly
with the increasing of fruit age during the two seasons until fruit content of ascorbic
acid reached the maximum nearly at 175-182 days of age, then began to decrease
gradually and significantly with the increasing of fruit age.

Data also cleared that fruits produced from trees on Carrizo, Cleopatra and
Citrumelo rootstocks had ascorbic acid content significantly higher than that produced
from trees on Sour orange during both seasons.

Table 10. Effect of rootstock type (a) and fruit age (b) on "Marisol" Clementine fruits
V.C content (mg/100 ml juice) during growth and at maturation.

First season (2005) Second season (2006)
Fruit age Rootstock types Fruit age| Rootstock types
@ys) |1 | 2| 3 4 | Means |@ay) | 1 | 5 | 3 4 | Means

147 83 | 86 | 86 9.8 8.8 147 10.1 | 119 | 11.8 | 10.8 11.2

154 9.0 | 103 | 9.7 9.0 9.5 154 130 | 134 | 142 | 16.2 14.2

161 109 | 16,7 | 13.7 | 14.8 14.0 161 159 | 185 [ 203 | 183 18.2

168 | 13.2 | 143 | 142 | 158 14.4 168 207 | 18.8 | 16.8 | 17.2 184

175 208 | 215 | 221 | 223 21.7 175 242 | 258 | 26.2 | 235 249

182 1 26.0 | 233 | 23.1 | 23.0 238 182 18.1 | 17.9 [ 185 | 19.2 184

189 1751173 | 193 | 169 17.8 Means | 17.0 | 17.7 | 18.0 | 17.5

Means | 15.1 | 16.0 | 158 | 159 1 = Sour orange 2 = Carrizo,
LSD Values at 5 % level : 3 = Cleopatra 4 = Citrumelo
Factor [ A B a*b | Factor | A B a*b
a*b=Interaction a*b=Interaction

Values | 0.50 | 0.59 | 1.13 Values | 0.44 | 0.48 | 1.08
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These results are in agreement with those illustrated by iBassa/ (2000) who
mentioned that ascorbic acid increased during the early developmental stages while
decreased with delaying harvesting process. Furthermore, these results were
supported by the finding that rootstock types had an obvious effect on Clementine fruit
juice content of ascorbic acid during fruit development and maturation (Chohan, 1985,

" and Fallahi and Rodney, 1992).

C- Fruit maturity stage

From previous illustrated data especially that related to fruit juice quality and that
presented in Table (11), it could be concluded that Marisol fruits produced from trees
on Carrizo and Citrumelo followed by that on Cleopatra rootstocks reached maturation
one week earlier than those on Sour orange (nearly after 175-182 days from full
bloom during the last week of October or the first weak of November). Moreover, data
also indicated that fruit quality deteriorated quickly with delaying harvesting process

after reaching maturity stage.

Table 11. Fruit properties of "Marisol" Clementine fruits at maturity stage in 2005

and 2006 seasons.

First season (2005) Second season (2006)
fruit properties* Rootstock types Rootstock types
1 2 I 3 ! 4 1 2 I 3 l 4

fruit age (days) 1685:17 175:182 168:175 175:182
fruit weight (g) 138.0 | 1393 | 1439 | 1521 146.6 1349 | 123.6 | 1403
fruit gravity (g/cm®) 0.86 0.81 0.83 0.80 0.88 0.85 0.85 0.84
(Color) Hue Angle 104.1 94.6 1054 | 1018 98.1 75.1 86.4 82.3
Fruit firmness (g/cm?2) 97.5 88.7 911 90.5 108.4 95.0 101.1 103.3
Jjuice % ) 51.2 48.6 51.6 48.3 52.2 52.2 53.9 51.9
T.S.S 9.2 9.9 9.5 9.6 9.1 9.4 9.6 9.7
Acidity % 0.95 0.88 0.92 0.87 0.97 0.91 0.90 0.94
TSS / Acid ratio 9.6 113 10.3 111 9.4 104 10.7 10.3
V.C (mg/ 100ml) 13.2 143 14.2 15.8 24.2 25.8 26.2 235

1 = Sour orange 2 = Carrizo 3 = Cleopatra 4 = Citrumelo
* =The above fruit properties recorded at 168 days of fruit age during the first season and at 175 days
of fruit age during the season.

These results are in line with those obtained by Cofien (1985), Ball and Chohan
(1987), Jiang and Jiang (1996) and Ali (2002) as they indicated that rootstock types
had an obvious effect on maturity stage of Clementine fruits.
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