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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 behaviour of Hernandina cultivar
fruits on four citrus rootstocks during growth development and
maturation under the Egyptian conditions.

Hernandina trees grafted on Sour orange, Carrizo citrange,
Cleopatra mandarin and “Swingle” Citrumelo rootstocks were
selected for this study. Fruit samples were taken during growth
development at the first weak of December (210 days from full
bloom) and repeated at weakly intervals until commercial
harvest (259 and 238 days from full bloom during the first and
the second season respectively). Fruit physical and chemical
characteristics during growth development and maturation
were determined.

Hernandina clementine fruit weight, TSS contents and
TSS/total acidity ratio of fruits significantly increased while fruit
firmness, total acidity of fruit juice 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 greenish-yellow to yellow then
to orange with the increasing of fruit age. Ascorbic acid content
of fruit increased gradually and significantly with the advanced
time until reached the maximum nearly at the optimum
maturity stage, then began to decrease with the increasing of
fruit age.

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

Hernandina fruits on Carrizo and Citrumelo followed by
those on Cleopatra rootstocks reached maturation one week
earlier than that on Sour orange, when TSS / Acid ratio reached
to more than 12-13:1, (nearly after 230-238 days from full
bloom, during the first week of January).while that on Sour
orange reached after 238:245 days after full bloom. Moreover,
data also indicated that fruit quality deteriorated quickly with
delayed harvesting process after reaching maturity stage.
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INTRODUCTION

There is a good opportunity chance 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 limited period and its sensitivity to post harvest and handling
management, obligate to search about new varieties especially early and late ones
and has a good ability for marketing and handling process.

There are new mandarin cultivars and hybrids have been introduced to the
Egyptian citrus industry such as Marisol, Clemenules, Hernandina, Nova mandarin,
Ellendale tangor and others. These cultivars are adopted by the Horticulture private
sector, however, there is a lack of information about these new cultivars behavior
under the Egyptian conditions concerning broduction, maturation and post harvest
management. ‘

The Hernandina is derived as a spontaneous mutation of “Fina” clementine in
1966 in Spain (Bono and Cordova, 1978). Hernandina is a late cultivar, however the
internal maturity of fruit takes place pefore the external one by one month or more
with excellent characteristics (Bono, et al,, 1995). Henandina is a highly productive
clementine cultivar, the fruits are of small to medium, highly contents of juice, total ~
soluble solids and less contents of acidity (Bassal, 2001).

Jacquemond et al. (1994) reported that mandarin grafted on Poncirus and its
hybrids rootstocks had small fruits than that produced on trees grafted on Sour
orange.

It has been reported that Hernandina fruit weight increased gradually during
growth and development and reached its maxirﬁum on January 15%, then decreased
and fruit gravity decreased with growth development (Bassal, 2001).

Fallahi and Rodney (1992) mentioned that, Fairchild mandarin fruits from trees
on Carrizo citrange had the highest $.5.C while those on Volkamer lemon and Rough
lemon had the lowest S.5.C and total acids. Moreover, D'Hallewin 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
content, and trees on Sour orange had the most uniform fruit size.

Fremont tangerine fruit on Sour orange, Rangpur lime and Carrizo citrange
reached its maturity earlier than fruits on Volkameriana. On the other side, Fremont
tangerine fruit weight on Volkameriana and Rangpur lime were higher than on Sour
orange and Carrizo citrange. The highest fruit juice percentage and the best rind
color were of fruits on Sour orange (Al, 2002).
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The purpose of this study is to determine the influence of Sour orange, Carrizo
citrange, Cleopatra mandarin and “Swingle” citrumelo rootstocks on Hernandina

Clementine cultivar fruits during growth development and maturation.
MATERIALS AND METHODS

This investigation was carried out during two successive seasons (2004:2006
8 2005 2006 : 2007) at Hort. Res. Institute, Fruit Handling Department, Giza, Egypt.

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

Fruit samples were taken during growth development starting at the first weak
of December (210 days from full bloom) and repeated at weakly intervals until
commercial harvest (259 and 238 days from full bloom -during the first and the
second season respectively), for fruit physical and chemical characteristics
determination. Each sample had 3 replicates, each replicate had 10 fruits. Fruit
weight (g) and volume (cm®) were determined and then gravity (g/em®) 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 Guire (1992).

In addition, juice content was esﬁmated by squeezing 12 fruits (as three
replicates) by handy squeezer and then juice percentage (w/w) was calculated. Juice
TSS ;iercentage was measured by abbe refractometr, total acidity and ascorbic acid
(Vit.C) was. determined according to A.0.A.C. (1995), then TSS/acid ratio was
calculated.

All data for all studied fruit parameters were analyzed as a complete
randomized design with factorial treatments as described by Snedecor and Coctran,
1980.
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RESULTS AND DISCUSSION

A-Physical properties

1- Fruit weight (g.)

Data presented in Table (1) clearly indicated that Hernandina clementine fruit
weight increased significantly during growth development to reach the maximum
weight at the optimum maturity stage, nearly after 230 days of full bloom and
remained constant for two to three weeks then decreased again with the progressive
ripening stage (1%season).

Data also indicated that fruits produced on Cleopatra and Citrumelo rootstocks
were-heavier than that produced on Sour orange and Carrizo during the first season,
while during the second one fruits on Carrizo rootstock were significantly heavier
than those of the other rootstocks. On the other hand, fruits on Sour orange
rootstock were the least fruit weight during the two seasons in this work.

These results are in line with those obtained by Bal and Chohan (1987) and
Bassal (2001), as they reported that clementine fruit weight increased gradually till
reaching the maximum at maturity stage then decreased with advanced age.

On the other hand, these results agree with the findings of A/ (2002) who
found that Fremont mandarin fruit produced on Volkameriana and ‘Rangpur lime
were higher than that on Sour orange and Carrizo citrange. In addition, Jacquemond
et al. (1994) and Cheng et al. (1996) mentioned that mandarin fruit weight were
different due to rootstock type.

2- Fruit volume (cm®)

According to data shown in Table (2) it is clear that fruit volume was nearly
constant during the early maturation period (the second half of December), then
began to increase significantly nearly at the second week of January with the
extension of fruit age.

Data also indicated that fruits produced on Citrumelo, Cleopatra and Carr'izo
rootstocks had significantly higher volume than that on Sour orange during the first
season, while during the second season, fruits on Carrizo and Citrumelo rootstocks
were significantly higher than that on Cleopatra and Sour orange.

These results are in harmony with those obtained by Ba/ & Chohan (1987) and
Bassal (2001) they mentioned that mandarin fruit volume increased significantly with
the extension of fruit age. Also, these results agree with the findings of D'Hallewin et
al. (1994) and Cheng et al. (1996) as they indicated that mandarin fruit size was
affected by rootstock type during growth development. "
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Table 1. Effect of four rootstocks on fruits weight of "Hernandina" Clementine fruits
at various stages of development in 2005/2006 and 2006/2007 seasons.

First season (2005: 2006) Second season (2006:2007)
Rootstock types (a) Rootstock types (a)
Fruit age Fruit age
(days) 1 2 3 4 Means | (days) 1 2 3 4 Means
210 1300 | 1304 | 1488 | 1374 | 1366 210 %4 | 1223 | 1069 | 1003 | 1100
217 1207 | 1367 | 1350 | 1508 | 1360 217 1218 | 1376 | 1143 | 167 | 1226
24 1280 | 1204 | 1420 | 1417 | 1330 224 1236 | 1196 | 125 | 1286 | 1211
21 1921 | 1358 | 1413 | 1400 | 1420 21 1283 | 1335 | 154 | 1199 | 1243
238 1458 | 1458 | 1417 | 1354 | 1422 238 1193 | 1361 | 1200 | 1139 | 1246
245 1367 | 1399 | 1457 | 1426 | 1412 Means | 117.9 | 1308 | 1156 | 117.7
252 1267 | 1142 | 1133 | 1250 | 1198 Abbreviations:-
259 133 | 1321 | 1250 | 183 | 1222 1o Sour orenge. im0
3 = Cleopatra. 4 = Citrumelo.
Means | 1305 | 1319 | 1366 | 1375
A= type 8 = Fruit age.
LSD values at 5 % level a*b = Interaction
Factor A B a*b Factor A B a*b
Values 28 36 8.0 Values 46 48 10.2

Table 2. Effect of four rootstocks on fruits

volume of "Hernandina" Clementine fruits
at various stages of development in 2005/2006 and 2006/2007 seasons.

First season (2005: 2006)

Second season (2006:2007)

Rootsteck types (a) Rootstock types (a)
Frult Fruit
age age
(days) 1 2 3 4 Means (days) 1 2 3 4 Means
210 121.7 | 136.3 | 156.5 | 147.5 | 140.5 210 98.0 | 130.0 | 1083 | 111.8 | 112.0
217 123.8 | 1453 | 139.2 | 157.1 | 1413 217 1225 | 1425 | 1175 | 1133 | 124.0
224 1321 | 1229 | 144.2 | 147.5 | 136.7 224 127.5 | 1233 | 1158 | 136.7 | 12538
* 281 1458 | 150.0 | 144.2 | 156.0 | 149.0 231 1358 | 1525 | 128.3 | 1433 | 140.0
238 150.8 | 156.1 | 149.3 | 146.5 | 150.7 238 130.8 | 161.7 | 150.7 | 136.0 | 144.8
245 142.5.| 157.7 | 155.0 | 162.7 | 154.5 | Means | 122.9 | 142.0 | 124.1 | 128.2
252° | 145.3 | 139.5 | 136.8 | 147.6 | 1423 Abbreviations:-
259 1385 | 171.9 | 160.9 | 1517 | 155.7 1 = Sour orange. 2 = Carrizo.
Means | 137.6 | 147.4 | 148.2 | 1521 3 = Cleopatra. 4 = Citrumelo.
A = Rootstock type B = Fruit age.
LSD values at 5 % level
a*b = Interaction
Factor A B a*b Factor A B a*b
Values 3.2 4.1 9.1 Values 4.5 4.7 10.0
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3- Fruit gravity (g/cm®)

Hernandina clementine fruit gravity (Table, 3) was nearly constant during
maturation (during December), then began to decrease sigr‘iﬁcantI); with the
extepsion of fruit age, over ripening stage (during January).

Data also cleared that, gravity of Hernandina clementine fruits produced on
studied rootstocks other than Sour orange were significantly lower than that was on
Sour orange during the two seasons in this investigation.

Also data indicated that there was a significant interaction among fruit age and
rootstock effect on fruit gravity during both seasons.

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

Table 3. Effect of four rootstocks on fruits gravity of "Hernandina" Clementine fruits
at various stages of development in 2005/2006 and 2006/2007 seasons.

First season (2005: 2006) Second season (2006:2007)
Fruit Rootstock types (a) Fruit Rootstock types (a)
age age
(days) 1 2 3 4 Means | (days) 1 2 3 4 Means

210 1.07 | 097 | 095 | 093 | 0.98 210 098 | 0.99 | 099 (098 | 098

217 099 | 095 | 097 | 097 | 097 217 1.00 | 097 | 097 | 1.03 | 0.99

224 097 | 098 | 0.99 | 0.96 | 0.97 224 0.97 | 097 | 0.97 | 094 | 0.96

231 098 | 091 | 0.98 | 0.96 | 0.96 231 0.95 | 0.89 | 0.90 | 0.84 | 0.89

238 097 | 093 | 095 | 0.93 | 0.94 238 091 | 084 | 0.86 | 0.84 | 0.86

245 096 | 089 | 094 [ 0.88 | 092 | Means | 0.96 | 0.93 | 0.94 | 0.92

252 0.87 | 0.82 | 0.83 | 0.85 | 0.84 Abbreviations:-
259 082 | 0.77 | 078 | 0.78 | 0.79 1 = Sour orange. 2 = Carrizo.
Means | 0.95 | 0.90 | 0.92 | 0.91 3 = Cleopatra. 4 = Citrumelo.
A = Rootstock type B = Fruit age.
LSD values at 5 % level -
a*b = Interaction

Factor A B a*b Factor A B a*b

Values 0.024 0.030 0.067 Values 0.026 0.027 0.057

4- Fruit color (as Hue angle)

Data shown in Table (4) clear that Hernandina fruits color changed directly
from greenish-yellow (Hue angle more than 100) to yellow (Hue angle is around 75)
to orange (Hue angle is around 45) with the extended of fruit age.
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On the other hand, fruits bearing on Carrizo and Citrumelo had the lowest hue
angle value (more color development) in comparison with that bearing on Cleopatra
and Sour orange, however fruit bearing on Cleopatra rootstock still had hue angle
less than that of fruits on Sour orange rootstock during the two seasons in this
investigation. Moreover, data show that 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 (Marisol, Hernandina and Clemenules cultivars) were dark-green at
the early growth developmental stages then changed directly to light-green to
greenish-orange and red- orange at advanced maturity stages.

In addition, these results partially agree with those demonstrated by A/ (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.

Table 4. Effect of four rootstocks on fruits color (Hue angle) of "Hernandina"
Clementine fruits at various stages of development in 2005/2006 and

2006/2007 seasons.
First season (2005: 2006) Second season (2006:2007)
] Rootstock types (a) _ " Rootstock types (a)
Fruit Fruit
age age
(days) 1 2 3 4 Means | (days) L 2 3 4 Means

210 102.4 | 959 | 994 | 90.3 97.0 210 929 | 830 | 923 | 863 | 886

217 94.0 | 88.2 | 924 | 829 89.4 217 88.0 | 80.0 | 755 | 819 813

224 89.5 | 73.0 | 755 | 75.0 78.3 224 784 | 73.2 | 76.6 | 69.3 744

231 77.2 | 648 | 68.7 | 69.8 70.1 231 68.6 | 664 | 68.4 | 658 67.3

238 677 | 649 | 62.3 | 64.1 64.7 238 68.8 | 63.0 | 66.1 | 64.7 | 657

245 57.5 | 569 | 58.2 | 59.5 58.0 Means | 793 | 73.1 | 75.8 | 73.6

252 57.8 | 51.0 | 57.9 | 52.0 54.7

Abbreviations:-
259 51.3 | 45.1 | 51.2 | 48.6 49.1 1 = Sour orange. 2 = Carrizo.
3 = Cleopatra. 4 = Citrumelo.
Means | 74.7 | 67.5 | 70.7 | 67.8 A = Rootstock type B = Fhuit age.
a*b = Interaction

LSD values at 5 % level

Factor A B a*b Factor A B a*b

Values 1.88 2.37 531 Values 2.10 2.21 4.68
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5- Fruit firmness (gm/cm?)

Data presented in Table (5) show that fruit firmness significantly decreased
with the increasing fruit age during the two seasons of this investigation.

It is clear from the same Table that firmness of fruits produced on Carrizo and
Citrumelo rootstocks were significantly less than that were bearing on Sour orange
during both seasons. Data also indicated that there was a significant interaction
among all factors under study in this work.

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).

Data also cleared that fruits produced on Carrizo, Citrumelo and Cleopatra
rootstocks had lower juice contents than those produced on Sour orange rootstock

during the two seasons of this investigation.

Moreover, data indicated that there was a significant interaction among all
factors under study in this investigation.

These results are in accordance with the findings of that juice percentage of
clementine fruits gradually increased during growth developmental stages until
reached the maximum during the early fruit maturation then slightly decreased at the
last stage of maturation Bassal (2000).

On the other hand, 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 characteristics

1- Juice contents of total soluble solids (TSS), total acidity and TSS/total
acidity ratio

According to data (Tables, 7, 8, and 9), TSS content and TSS/total acidity ratio
of fruit significantly increased, while total acidity decreased with the increasing of
fruit age during the two seasons of this investigation.

Data also cleared that fruits produced on Carrizo had the highest TSS content,
TSS/ total acidity ratio and the lowest total acidity, while fruits on Sour orange had
the lowest TSS content, TSS/total acidity ratio and the highest total acidity during
both seasons. Moreover, fruits on Cleopatra and Citrumelo rootstocks had
significantly higher TSS ‘content, TSS/total acidity ratio and lower total acidity than
those on Sour orange.
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in addition, data indicated that there was a significant interaction between

thesé factors under study during the two seasons in this work.

Table 5. Effect of four rootstocks on fruits firmness (gm/cm2) of "Hernandina"
Clementine fruits at various stages of development in 2005/2006 and
2006/2007 seasons.

First season (2005: 2006)

Second season (2006:2007)

Rootstock types (a) Rootstock types (a)
Fruit Fruit
age age
(days) 1 2 3 4 Means (days) 1 2 3 4 Means
210 152.2 | 1241 | 136.9 | 1256 134.7 210 167.5 | 149.2 | 160.6 | 146.5 156.0
217 125.1 | 116.1 | 117.8 | 1135 118.1 217 140.5 | 128.2 | 126.5 | 127.1 130.6
224 108.1 | 113.2 | 110.1 | 102.5 108.5 224 118.4 | 116.9 | 118.6 | 130.6 121.1
231 107.5 | 104.6 | 107.0 | 1135 108.2 231 112.2 | 102.8 | 112.0 | 105.9 108.2
238 106.0 94.9 106.6 | 101.9 102.3 238 104.5 | 100.9 99.1 97.5 100.5
245 107.8 95.4 1014 | 100.1 101.2 Means 128.6 | 118.6 | 1234 | 1215
252 101.5 85.8 99.1 96.5 95.7
Abbreviations:-
259 955 | 836 | 952 | 912 91.4 | |__1=Sourorange. 2 = Carrizo.
3 = Cleopatra. 4 = Citrumelo.
Means 113.0 | 102.2 | 109.3 | 1056 A = Rootstock B = Fruit age.
a*b = Interaction
LSD values at 5 % level
Factor A -B a*b Factor A B a*b
Values 3.96 5.01 11.19 Values 3.32 349 _7.42
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Table 6. Effect of four rootstocks on fruits juice content of "Hernandina" Clementine
fruits at various stages of development in 2005/2006 and 2006/2007

seasons.
First season (2005: 2006) Second season (2006:2007)
. Rootstock types (a) . Rootstock types (a)
Fruit Fruit
age age
(days) 1 2 3 4 Means | (days) 1 2 3 4 Means
210 509 | 49.1 | 49.0 | 475 49.1 210 46.0 | 48.0 | 453 | 468 46.5
217 50.0 | 51.7 | 50.7 | 49.9 50.6 217 52.1 | 516 | 51.2 | 498 | 51.2
224 511 | 522 | 528 | 504 | 51.6 224 53.7 | 52.0 | 55.0 | 50.5 | 52.8
231 52.1 | 48.1 | 536 | 48.7 | 50.6 231 50.2 | 49.2 | 50.5 | 50.2 | 50.0
238 488 | 48.0 | 483 | 471 | 48.0 238 50.2 | 47.1 | 49.8 | 49.2 | 49.0
245 504 | 483 | 49.2 | 486 | 49.1 Means | 50.4 | 49.6 | 50.4 | 49.3
252 47.0 | 474 | 450 | 47.9 46.8
Abbreviations:-
259 474 | 458 | 459 | 473 46.6 1 = Sour orange. 2 = Carrizo.
3 = Cleopatra. 4 = Citrumelo.
Means | 49.7 | 48.8 | 493 | 484 A = Rootstock type B = Fruit age.
a*b = Interaction
LSD values at 5 % level
Factor A B a*b Factor A B a*b
Values N.S. 1.34 299 Values N.S. 1.48 3.14

Table 7. Effect of four rootstocks on fruits TSS content of "Hernandina" Clementine
fruits at various stages of development in 2005/2006 and 2006/2007

seasons.
First season (2005: 2006) Second season (2006:2007)
Fruit Rootstock types (a) Friit Rootstock types (a)
age age
(days) | 1 2 3 4 | Means | (days) | 1 2 3 4 | Means
210 9.4 10.1 9.5 9.5 9.6 210 9.3 10.7 | 103 | 104 10.2
217 9.4 10.2 9.5 9.8 9.7 217 10.1 | 10.8 | 10.6 | 10.7 10.6
224 9.5 10.8 9.9 10.1 10.1 224 104 | 114 | 108 | 11.2 11.0
231 10.0 11.0 10.1 10.7 105 231 11.0 111 11.2 113 11.2
238 10.2 | (1.1 10.9 11.2 10.8 238 11.5 123 11.8 119 11.9
245 109 | 116 | 11.2 11.5 11.3 Means | 10.5 11.3 11.0 111
252 11.5 | 122 | 118 | 12.1 119
Abbreviations:-
259 11.7 | 129 | 122 | 125 123 1 = Sour orange. 2 = Carrizo.
3 = Cleopatra. 4 = Citrumelo.
Means | 103 | 11.2 | 106 | 109 _;[)_ImLodﬂxp_e =TFruit age.
a = Interaction
LSD values at 5 % level
Factor A B a*b Factor Al B a*h
Values 0.17 0.22 0.49 Values 0.17 0.18 0.38
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Table 8. Effect of four rootstocks on fruits total acidity content of "Hernandina”
Clementine fruits at various stages of development in 2005/2006 and
2006/2007 seasons.

First season (2005: 2006) Second season (2006:2007)
Fruit Rootstock types (a) Fruit Rootstock types (a)
age age
(days) 1 2 3 4 | Means | (days) 1 2 3 4 | Means
210 1.00 | 0.84 | 092 | 0.86| 0.91 210 1.34 1.24 1.22 | 1.24 1.26
217 1.04 | 0.86 | 0.89 | 0.88 | 0.92 217 1.15 | 091 1.00 | 1.04 | 1.02
224 094 | 072 | 0.77 | 0.76 0.80 224 0.93 0.74 | 0.88 | 0.76 | 0.83
231 0.84 0.72 0.76 | 0.74 0.76 231 0.78 0.71 0.72 | 0.66 0.72
238 083 [ 0.70 | 0.72 | 0.65 | 0.73 238 0.72 | 0.63 | 0.66 | 0.63 | 0.66
245 0.74 | 0.63 | 0.64 | 0.63 | 0.66 Means | 0.98 | 0.84 | 0.90 | 0.87
252 0.65 | 0.56 | 0.62 | 0.59 | 0.61 Abbreviations:-
259 | 056 | 053 | 0.54 | 058 | 0.55 1 = Sour crange. 2 = Carrizo.
3 = Cleopatra. 4 = Citrumelo.
Means | 0.83 0.69 0.73 | 0.71 A = Rootstock type B = Fruit age.
LSD values at 5 % level a*b = Interaction
Factor A B a*b Factor A B a*b
Values 0.027 0.035 0.077 Values 0.033 0.035 0.074

Table 9. Effect of four rootstocks on fruits TSS/total acid ratio of "Hernandina”
Clementine fruits at various stages of development in 2005/2006 and
2006/2007 seasons.

First season (2005: 2006) Second season (2006:2007)
Fruit Rootstock types (a) Fruit Rootstock types (a)
age age
(days) 1 2 3 4 Means | (days) 1 2 3 4 Means
210 9.6 120 | 103 11.2 10.8 210 7.0 8.7 8.5 8.4 8.1
217 9.3 120 | 107 | 11.3 10.8 217 8.8 120 | 10.7 | 103 10.5
224 104 | 150 ( 128 | 134 129 224 11.3 | 156 | 124 | 148 135
231 12.0 | 154 | 135 | 14.6 13.8 231 142 | 15.7 | 156 | 17.3 15.7
238 123 | 159 | 152 | 17.2 15.2 238 16.0 | 196 | 18.0 | 19.1 18.2
245 148 | 185 | 174 | 18.2 17.2 Means | 11.5 143 | 13.0 | 14.0
252 178 | 219 | 19.2 | 205 19.8 Abbreviations: -
259 | 210 | 246 | 227 | 215 | 224 1 = Sour orange. 2 = Carrizo.
3 = Cleopatra. 4 = Citrumelo.
Means | 134 | 169 | 15.2 16.0 A = Rootstock type B = Fruit a
LSD values at 5 % level a*b = Interaction
Factor A B a*b Factor A B a*b
Values 0.45 0.58 1.28 Values 0.51 0.54 1.15

These results are in agreement with those illustrated by Bassal (2000), who
indicated that total soluble solids and total soluble solids/total acidity ratio of Marisol,
Hernandina and Clemenules mandarin cultivars fruits increased while total acidity

contents of fruit juice decreased with the advanced of fruit age . Furthermore, these

results are supported by the findings of that rootstock types had an obvious effect on
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clementine fruits juice contents of TSS, total acidity, TSS/total acidity ratio and
ascorbic acid during 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 affect “Avana” mandarin fruit
quality in terms of total acidity and ascorbic acid at harvest, but had no effect on TSS

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 of this study until reaching
the maximum nearly at 235 — 240 days of age, then began to decrease gradually and
significantly with the increasing of fruit age during the first season, but during the
second season this trend was not clear because the samples were ended after 238
days of fruit age.

Data also cleared that rootstock types had no clear effect on fruit contents of
ascorbic acid during both seasons. In spite of fruits produced on Carrizo, Cleopatra
and Citrumelo had ascorbic acid contents higher than that on Sour orange during the
second season. While during the first season, fruits on Carrizo rootstock only had
ascorbic acid contents higher than that on the other rootstocks.

These results are in agreement with those illustrated by Bassal (2000), who
mentioned that ascorbic acid increased during the early developmental stages while
decreased with delaying harvesting process.

Furthermore, these results are supported by the findings of that rootstock
types had an obvious effect on clementine fruit juice contents of ascorbic acid during
growth development and maturation (Cohen, 1985 and Fallahi and Rodney, 1992,).
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Table 10. Effect of four rootstocks on fruits V.C content of "Hernandina" Clementine
fruits at various stages of development in 2005/2006 and 2006/2007

seasons.
First season (2005: 2006) Second season (2006:2007)
Fruit Rootstock types (a) Fruit Rootstock types (a)
age age
(days) 1 2 3 4 Means | (days) 3 2 3 4 Means

210 111 [ 99 | 104 | 111 10.6 210 188 | 20.0 | 184 | 214 19.6
217 17.0 | 164 | 168 | 16.8 16.8 217 209 | 239 | 236 | 23.0 229
224 17.7 | 183 | 17.0 | 165 17.4 224 238 | 205 | 228 | 25.1 23.0
231 186 | 183 | 194 | 185 18.7 231 23.1 | 245 | 239 | 228 23.6
238 195 198 | 17.1 | 193 18.9 238 216 | 240 | 233 | 217 22.6

245 183 | 187 | 184 | 196 18.7 Means | 21.6 | 226 | 224 | 228

252 16.2 | 175 173 | 17.2 171 Abbreviations -
259 | 158 | 159 | 162 | 151 | 158 1 = Sour orange. 2 = Carrizo.
3 = Cleopatra. 4 = Citrumelo.
Means | 168 | 169 | 16.6 | 16.8 A = Rootstock type B = Fruit age.
a*b=Interaction

LSD values at 5 % level

Factor A B a*b Factor A B a*b

Values N.S. 0.47 1.04 Values N.S. 0.33 0.71

C- Fruit maturity stage

From previous illustrated data especially those related to fruit juice quality, it
could be conclude that Hernandina fruits bearing on Carrizo and Citrumelo followed
by those on Cleopatra rootstocks reached maturation one week earlier than that on
Sour orange (nearly after 230 : 235 days from full bloom, during the first week of
January). Moreover, data also indicated that fruit quality deteriorated quickly with
the delaying of harvesting process after reaching maturity stage.

These results are in line with those obtained by Ba/l 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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Table 11. Effect of four rootstocks on properties of "Hernandina" Clementine fruits at
maturity stage in 2005/2006 and 2006/2007 seasons.

First season (2005: 2006 Second season (2006:2007)
fruit properties* Rootstock types Rootstock types

1 2 ‘ 3 I 4 1 2 ‘ 3 ’ 4
fruit age (days) 238:242 230:238 238:242 230:238
fruit weight (g) 145.8 145.8 | 141.7 | 1354 119.3 136.1 | 129 | 113.9
fruit gravity (g/cm?) 0.97 0.93 0.95 0.93 0.91 0.84 | 0.86 | 0.84
(Colour) Hue Angle 67.7 64.9 62.3 64.1 68.6 63 66.1 | 64.7
Fruit firmness (g/cm?) 106 949 | 106.6 | 101.9 104.5 100.9 | 99.1 | 97.5
juice % 48.8 48 48.3 47.1 50.2 47.1 | 49.6 | 49.2
T.S.S 10.2 111 10.9 11.2 115 123 | 11.8 | 119
Acidity % 0.83 0.7 0.72 0.65 0.72 0.63 | 0.66 | 0.63
TSS / Acid ratio 12.3 i5.9 15.2 172 16 19.6 18 19.1
V.C (mg/ 100ml) 19.5 19.8 17.1 19:3 21.6 24 233 | 21.7

1 = Sour orange 2 = Carrizo 3 = Cleopatra 4 = Citrumelo

* =The above fruit properties recorded at 238 days of fruit age.
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