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EFFECT OF FOUR CITRUS ROOTSTOCKS ON FRUIT QUALITY
AND STORABILITY OF FREMONT TANGERINE

Gihan Mohamed Al
Post harvest — Department/Horticulture Research [nstitute
ABSTRACT
This study was carried out on Fremont fruits taken from Southern

Tahrer region. Behera Governorate during two successive seasons 2000-
2001.

Fremont tangerine budded on four rootstocks:- Volkamer lemon
(Citrus volkameriana). Rangpur lime (Citrus limonia). Carrizo citrange
(Poncirus trifoliate x Citrus sinensis ) as newly introduced rootstocks for
citrus and sour orange ( Citrus aurantium ) which is the most common
rootstock were used in this study.

Fruits were picked at maturity stage and stored at 5°c and 85% RH
to detect the effect of rootstocks on fruit characturs. market ability and
storability. '

The major findings are summarized as follows :

Fremont tangerine fruit on sour orange, Rangpur lime and Carrizo
citrange reached maturity earlier than fruits on Volkameriana. Fremont
tangerine fruit weight gave best values on Volkameriana and Rangpur lime.
The highest juice percentage were from fremont fruits on sour orange. The
best rind color was of fruits on sour orange. Rind color increased during
storage life. also pulp of fruits budded on Volkameriana was the most red.
Percentage of weight loss during storage recorded lowest values on
Volkameriana followed by Rangpur lime. The juice content was affected by
storage period. The lowest values of juice were from fruits on sour orange.
Carrizo citrange had the highest total soluble solids. Percentage of acidity
decreased during storage period to lower values on Volkameriana and the
highest values on sour orange. Fremont could be marketed in good
condition with less weight loss or decay after 60 days at 5°c and 6 days at
20°c on Volkameriana and Rangpur lime rootstocks. while Fremont on sour
orange gave the highest percentage of weight loss, most shrivel and lowest
vitamin ¢ with chilling injury.
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INTRODUCTION l

All citrus varieties are mainly buded on sour orange rootstock. it can
be grown on sandy to loam or clay soils and the produced fruits on it are
characterized by their high total soluble solids and acid conteni‘-Y (Abd El-
Rahman 1999). sour orange rootstock had to be replaced in some areas as a
result of its susceptibility to citrus tristeza virus. Selection of rootstock is an
important decision for growers because rootstock has a significant effect on -
fruit quality. Fremont tangerine is an early variety (Nov.), medium to large,
slightly flat. rind color is red orange, rind texture is smooth, easy to peel.
excellent flavor. few seeds number and good quality. Citrus volkameriana
induced the best mean fruit weight for Fremont and the lowest juice
percentage (El-Shafee, 1999), C. volkameriana gave large fruits of
Washington Navel Orange (Tuzcu et al., 1995). For “Rhode Red™ Valencia
(Davies and Zelman, 2001). Lowest T. S. S for Fairchild mandarin ( Fallahi
and Redney. 1991), lowest T. S. S for Orlando tangelo (Fallahi et al.. 1991),
for Shamouti (Shaked et al., 1991) and for Minneola tangelo (Levey and
Lifshity, 1995). Rangpur lime reached maturity early and had the best
values of Fremont fruit weight (El-Shafee, 1999). Carrizo Citrainge had the
highest T. S. S in Fremont and Minneola ( El-Shafee. 1999) Carrizo citrange
had the brightest rind of Parent Novel Orange (Abd El-Rahman, 1994). The
highest T. S. S.: acid ratio for Valencia (Hassan. 1999) for Fairchild
mandarin (Fallahi and Rodney, 1991). '

Quality parameters were affected by rootstocks at harcest and
remained constant during storage and shelf-life (Hollewin et al.. 1994).

The aim of this study is to determine :

1. The effect of rootstocks on fruit maturity and quality.

2. The effect of rootstocks on fruit charecters during cold storage.

3. The effect of rootstocks on maintaining fruit characters during shelf-
life.

MATERIAL AND METHODS
This study was carried out during two seasons 2000-2001 on
Fremont fruit grown at southern Tahrer orchard, Behera, Governorate.
Fremont tangerine trees (8 years old) are budded on four rootstocks.
Volkamer lemon. Rangpur lime, Catrizo citrange and sour orange, the study
comprises the following :-

1. The effect of rootstocks on fruit maturity : ' :

Samples of fTuiis were taken 200 days after full bloon to determine
fruit weight, juice percentage, percentage of total soluble solids, total acidity
and total sofuble solids : acid ratio.
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2. Effect of rootstocks on fruit charaeters during cold storage :

" Fruits were picked at maturity stage according to previous studies,
transferred immediately to the labosatory, washed, packed in 3 kilos Carton
boxes with enough ventilation holes in one layer and stored at 5°C and 85°%
RH. Fruits were examined every 15 days to detect weight loss. juice
percenage, T. S. S, acidity and T. & S agid ratio.

3. Effect of rootstocks on fruit characters during shelf-lifé.

At the beginning, middie and the end of storage period, fruits were
taken and left at ambient temperature (18-20°C) for 6 days to.simulate the
marketing period. Changes in fruit characters were recorded : weight loss,
juice percentage. decay percentage, chilling injury, shrivel, T. S. S. acid. T.
S. S : acid ratio rind and juice color quantified using Hunter-colorimeter
model DP 9000 (a: green red) , (b: blue — Yellow) . (L: lightness (Mc
Gjuire, 1992).

Data obtained were statasnnally analyzed according to. (Snedecor
and Cochran. 1972).

RESULTS

(1) Effect of rootstocks on fruit characters and maturity :

Data presented in table (1) showed that, Fremont fruits on Carrizo
citrange, sour orange and Rangpur lime reached maturity early at 220 days
trom full bloom while Volkamer lemon reached maturity later (at 230 days).

Fruit weight was affected by rootstocks. The highest fruit weight was
recorded for Fremont on Volkamariana lemon (124.2 . 120.6 gm) in both
seasons. On the other hand the lowest fruit weight was recorded on sour
orange (90.7 , 93.8 gm). No significant differences were detected between
Rangpur lime and Carrizo citrange rootstocks.

These results are in agreement with those of (Tuzcu et al.. 1995) and
(Salem et al.. 1994) who found that Valencia fruits on C. Volkameriana had
the greater weight, (Valbucna. 1996) who declared that average weight was
greater from Clatifolia trees on C. "Volkameriana than on Cleopatra
mandarin, also El-Shafee, 1999) who found that the best Fremont fruit
weigit values were from trees grafted on Rangpur and Volkameriana.

Coneerning juice percentage, it is clear that, fruits produced on sour
orange. rootstock gave the highest percentage of juice (51.2% 45.8) while
the lowest values were on Volkameriana rootstocks (42.2% , 4.28%) in both
seasons. No significant differences in percent juice content of fruits were
found between Rangpur lime and Carrizo citrange rootstocks. In-the second
season, diasta showed' that juice: % were not significantly. different this-is-in*
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Table 1. Effect of rootstocks on Fremont fruit characters at matunty

- , (Season 2000)
B o o Fi'uitweight ‘ ‘ " _-% Julce _ T " T.S.S
R‘."f”(‘;‘;’m. Days from full bisom * Daysfromfullblosin | Days from full bloom
| 2000 2200 230 TM 200 220 230 RM 2107 2200 230 RM
A 95.0 T 1150 [ 1633 | 1244 | 448 | 434 ] 385 | 423 | 93 [ 65 1 108 | 59
B 80.7 1 103.5 | 1265 | 1066 | 443 | 475 | 415 | 445 | 10.1 | 105 | 109 | 105
C__ 1874 | 939 | 1203 | 100.5 | 46.7 | 483 | 45.6 | 469 | (1.1 | 123 | 126 | 120
D | 793 | 920 | 1008 | 90.7 | 485 | 542 | 508 | 512 | 10.8 | (1.7 | 127 | 11.7
DM | 879 | 1011 | 127.7 | 105.6 | 461 | 48.4 | 44.0 | 46.2 | 104 | 11.0 | 11.8 | 11.0
RIl2 D70 DsR14T [ R 38 D26 DxRns | RO7D0ZDxROS
: Acidity -' TT.S.5: Acid
Roo(t;t;mks- Days from full bloom | 2-}30 Days fron?2 ggll bloom 230
- 210 20 250 RM | 00 o4
A 29 16 1 9 | 32 1 6l 0.0 | 65
B 23 15 1. 16 | 45 7.1 9.6 71
C 23 | 14 1 16 39 | 9.0 i 83
R 24 | 1.7 13 T8 | 45 | 70 9.8 74
D.M 2.5 16 1.2 17 | 43 73 102 | 72
' Rns D 0.2 DxR n.s. ;1. ~Rns D08 DxRn.s,
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Table 1. Cont. (Season 2001)

Fruit weight % Juice T.S.5
ROOt;tOCKS Days from full bloom Days from full bloom Days from full bloom
(R) 210 220 230 RM 210 220 230 RM 210 220 230 RM
A 93.9 | 113.0 | 1568 | 126.6 | 43.1 43.1 42.1 | 428 92 | 95 10.5 9.7
B 917 | 123.1 [ 1433 | 1194 | 445 457 | 415 | 439 9.7 104 | 107 | 10.2
C 922 | 1035 | 1272 | 167.7 | 44. 633 | 426 | 443 10.8 119 | 124 1 11.6
D 81.2 | 929 | 1066 | 93.8 | 447 | 452 | 476 | 458 10.7 113 1 122 11.6
D.M 89.9 | 108.1 | 133.0 1 1103 | 44. 45.1 435 | 44.2 10.1 10.7 11.4 10.7
R 1.1 D50 DxR 99 Rns DnsDxRn.s R 04D 02 DxRn.s
Acidity T. S. S: Acid
Root;tocks Days from full bloom Days from full bloom
(R) 210 220 230 RM 210 220 230  RM
A 2.7 1.6 1.1 1.8 3.3 6.1 9.3 6.2
B 2.4 1.4 1.2 1.7 4.0 7.2 8.7 6.6
C 22 1.6 1.2 1.7 4.9 7.4 10.1 7.5
D 2.0 1.4 1.1 1.5 5.4 8.3 1.1 8.3
DM 23 .5 | 1.0 g 4.4 7.2 0.8 JA
R 0.1 D 0.1 DxR 0.1 R 0.3 D 0.3 DxR 0.5

2 Inter. Conf. Hort. Sci., 10-12 Sept. 2002, Kafr El-Sheikh, Tanta Univ., Egypt.

Mean separation L. S. D at 0.05.

Rootstock® :

A ! Volkamer lemon

B : Rangpur lime

C : Carrizo citrange

D : Sour oraﬁ.ge
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parailel with those results of Tuzcu et al (1995) who studied the effect of
some citrus rootstocks on Washington Navel orange variety, found that trees
on C. Volkameriana gave large fruits with a fow juice content. also El-
Shafee (1999) cleared that juice percentage was the best to Fremont on sour
orange.

On the contrary, (Abd El-Rahman 1999) stated that rootstocks had no
significant difference on fruit juice of Partent Navel orange. Salem et al.,
(1994) reported that fruit of trees on Volkamer lemon had the highest juice
percentage. _ _

It’s clear that T. S. S % values increased with season advancement.

" Fremont fruits on Carrizo citrange recorded the highest T. S. § % (12.0°.
11.6%), while the lowest T. S. S % was in fruits on Volkamer lemon
rootstock (9.9 , 9.7 %) in both season.

This result, are in line with those of Fallahi et al.. {1991} who found
that citrange rootstocks had the highest T.S. S for Orlando tangelo. Fallaki
and Rodney (1992) for Fairchild mandaren, Levy and Lifshitz (1995) for
Minneola tangelo and El-Shafee (1999) for Fremont tangarine.

It's obvious that % juice acidity content decreased as fruit reach
maturity. The highest value was attainéd on Volkamer lemon (1.9 . 1.8) in
both seasons, the lowest value was on Carrizo Citrang (1.6) in the first
season and sour orange (1.5) in the second one. The differences are not
significant in the first season.

These results are in harmony with those of Kimbal (1984) who found
that % juice acidity decreased by advanced fruit growth towards maturity.
On the other hand, Salem et al., {1994) found that Valencia orange on sour
orange had the highest values, El-Shafee (1999) reported that % acidity of
Fremont tangarine was not affected by rootstocks.

T.S.S.: acid ratio increased gradually by increasing T.S.S. and
decreasing acidity, the lowest values are (6.5 : 1 . 6.2 : 1) with fruits on
Volkamer lemon, the highest values were on Carrizo citrange (8.3) in the
first season and sour orange (8.3 : I) in the second one. The fruit maturity
depended on T. S S : acid ratio, it’s evident that fruits on Carrizo which
recorded 9.0 : I in the first season and fruits on sour orange which recorded
(8.3 : 1) in the second one reached matlirity earlier than fruits on Volkamer
lemon. ‘
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2. Effect of rootstocks on fruit cheracters at cold storage (5°C) :-
Weight loss % increased significantly at 5 °C till the end of the
storage period after 60 days. It’s evident from table (2) that physiological
weight loss was the lowest value on Volkamer lemon and Rangpur lime
(5.3% , 7.3%). respectively in the first season and 6.8% , 7.5% on the
second one, while the highest weight loss was recorded by Carrizo citrange
(9.4%) in the first season and by sour orange (8.8%) in the second one.
These findings coincide with those of Hassan (1999) who stated that sour
orange rootstock gave the highest value of weight loss for Valencia orange
at 4°C and the lowest value were Cleopatra mandarin and Volkamer lemon.

Percentage of juice : fruit juice content increased during storage
period in the first season (starting with 44.9% and attaining 46.4% at the end
of storage). The highest values were noticed with the fruits on Carrizo
citrange (46.4%), while the lowest values were recorded with fruits on sour
orange. In the second season no significant differences were detected
between rootstocks. In this regard, Fahmy (1967) found that juice
percentage of Raladi orange fruit tended to increase steadily with prolonged

s 1

storage at 40 "F. the effeci of rootstocks (sour orange. Rough iemon.
Egyptian lime) on the juice content during storage was negligible.

Abd El-Moneim (1999) stated that juice content of Valencia orange
at 5°C for 18 weeks increased with the increase of storage period. The
increase was not significant in the first two weeks and a gradual increase
after the second week was noted. On the other hand. Hassan (1999) found
that the highest % juice value of Valencia at 4 °C was noticed with fruits on
sour orange. The lowest values were on Volkamer lemon, no significant
difference was detected between Carrizo citrange and Cleopatra mandarine.

T. 8. S content increased significantly during storage till the end of
the storage period. It increased from (11.3, 11.2) to (13.7 . 11.4) at the end
of storage in both season, respectively. Fruits on Carrizo citrange gave the
highest T. S. S (14.1, 12.3) followed by sour orange (13.6, 12.5). while
the lowest values are recorded for fruits on Volkamer lemon (12.1 . 10.4)
and Rangpur lime (12.7,, 10.5) in both seasons.

These results are in line with those of (Hallewin et al., (1994) who
- found that quality parameters of Avana mandarin from trees on sour

orange, Citremon 1449, Poncirus trifoliata, Arlodo tangelo and Troyer |
citrange affected by rootstocks than by storage temperature at 2 or 8°C for
one month.Hassan,1999 stated that fruit T.S.S of Valencia (stored at 4°C) on
Troyer citrange and sour orange recorded the highest values without
significant differences followed by Carrizo citrange and Cleopatra
mandarin, while the lowest values were recorded on Volkamer lemon.
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Table 2. Effect of rootstocks on fruit Characters at cold storage 5°C

‘ -Season 2000
Days of Weight ioss % Juice T.S.S
storage A B C D |D-M] A B C D |D-M|] A B C D | D-M
start 00 1 00 ¢ 00| 0O {001 451 [ 41.01 [ 43.1 1504 {449 103 (104 ¢ 13.1 {1281 117
15 23 | 3.0 | 4.1 24 |29 43,1 | 4933901 | 514 1457 | 12.0 | 120 13.7] 13.0 | 12.7
30 43 62 | 78 1 72 1647 419 [ 46013951468 143.5) 13.0 ) 138 13.8113.7) 13.6
45 64 { 88 [ 11.0] 99 [ 9.0 435 | 450 (4451414 [43.6 12.6 1 13.7 11531143 | 14.0 |
60 82 | 111 ] 146 139 (11.9] 425 [ 463 | 450 | 419 | 46.4| 124 | 13.7] 145 ] 144 137 ]
R-M 53 73 1 94 | 83 ;761 43.2 14551422 | 464 1443 ) 12.1 | 127 14,1 | 13.6 f 13.1
D!8 R0O5S DxR1.0 Dn.s R n.s DxR 6.1 D 05R 0.7 DxR 1.0
Days of Acidity T.8.8:ACID
storage A B C D D-M A B C D D-M
start 1.38 1.36 1.68 1.64 1.52 7.5 7.6 7.8 7.8 7.7
15 1.00 096 1.44 |.44 b.21 12,0 12.5 9.5 4.0 10.7
30 0.98 1.04 1,20 1.31 1.13 13.3 13.3 11.6 10.5 12.2
45 0.72 0.94 113 1.26 1.01 176 | 14.8 13.6 1.3 14,3
60 0.72 0.85 [NE 1.06 0.93 17.2 16.3 13.1 13.5 15.0
R-M 0.96 1.03 1.31 1.34 1.16 13.5 12.9 II.I‘ 10.4 12.0
D006 R0.14 DxR 0.13 DIOR I3 DxR 19
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?ml

Days of - Weight loss T %duice . - : T.S.S
storage A B C D [IDM| A} B [ C [ D |DM| A B C D {D-M

_stait | 0.0 | 0.0 [ 0.0 | 00 | 0.0 {454 1460 (494 (477 [47.1 {104 (103 | 122 {119 | 1.2

15 290 132 | 34 | 341321451478 43.8 44.4 453 (101 | 101 ] 112 [ 11.8 | 108
30 60 | 66 | 69 | 70 | 6.6 | 486 | 451 443 | 497 {469 L 102|107} 120 | 121 | 113
45 8.1 | 84 [ 100103 42 446|492 14241494 (46211101105 [ 13.7¢513.3 1 12,1

60 102 | 11.8 ) 145 144 | 127 | 452 | 46.7 | 388 | 52.1 | 457 11051 10.7 |} 123 | 13.4 | 11.7

R-M | 68 | 75| 87 | 88 | 79 {457 (4704374861463 (1041051231125 ti.4

D 0.7 R0.3 DxR 0.6 _ Dns Rn.s DxRn.s D0.6 R0.9 DxRn.s
[ Daysof |_____ Acidity —_ _ _ T.5.5:ACID |
. -_storage A B C - D | DM A | B C D D-M
|- start 116 | 148 | 149 | 158 | 123 | 90 | 76 82 | 75 | 19
15 100 | 1.08 | 108 | 163 | 122 | 9l 93 | 102 | 75 9.0
30 106 | 121 | 126 | 140 | 123 | 96 | 9. 45 | 86 | 92
45 1.04 1.21 1.43 1.60 132 10.6 8.7 96 | 83 9.3
60 ] 102 | 089 | 124 | 140 | 104 | 102 | 120 | 99 95 | 104
| RM ] 108 | 118 130 | 152 127 | 97 9.2 9.5 83 |92
D0.i3 R0.10 DxR n. s | D08 R0.7 DxRn.s |

Me_an sef;aration L. S. Dat 0.05. _ : L _
Rootstock ® : -~ A : Volkamer femon B : Rangpur lime  C: Carrizo citrange D : Sour orange
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Percentage of total acidity : It's evident that fruit acidity %
decreased with the advancing of storage period. The highest acidity was
obtained from sour orange (1.36 % , 1.52%) while Volkamer lemon gave
the lowest values (0.96 % , 1.08 %) in both seasons. respectively. In this
regared, Hassan (1999) suggested that juice acidity in Valencia fruits at on
tive different rootstocks were close to each other without significant
difference.

T. 8. 8 : acid ratio, showed significant increases till the end of -
storage period the highest ratio (13.5: 1, 9.7 : 1) on Volkamer lemon. while
sour orange had scored the lowest values (10.4 : 1 . 8.3 : 1) in both
seasons.

On the contrary, Hassan (1999) found that there was no signiticant
results as the highest values came from Cleopatra followed by Carrizo and
sour orange while the lowest was on Volkamer lemon.

Effect of rootstocks or maintaining fruit characters during shelf- life

During shelf-life at ambient temperature (18 - 20 °C) at the
beginning, niiddle and the end of tire storage period. data from table (3)
showed that. that weight loss % and T. S. S percentage increased. acidity
and Vitamin ¢. content decreased with prolonged storage. The lowest weight
loss, T. S. 8. and acidity were of fruits on Volkamer rootstock. while it had
the highest juice and vitamin (¢) percentage.

Both external color of the peel and juice were increased during
storage. Fruits on sour orange had the best rind color while the lowest was
on Carrizo citrang. The best lightness rind and juice color values were on
Carrizo citrange. Concerning juice color, it’s clear that Volkamer lemon had
the highest value of a/b ratio.

This is in agreement with those results of Fahmy (1967) who tound
that mature Egyptian Baladi orange fruits on sour orange attained the
richest and deepest rind color, also, Abd el-Rahman (1990} who found that,
rind color of ~Parent” navel orange on both sour orange. Carrizo citrange
and Cleopatra mandarin had the brightest and most attractive color. while
Citrus volkamariana and Troyer citrange rootstocks resulted in poorest rind
color. While Hassan (1999) found that Valencia fruits on Carrizo citrange
had the best color followed by sour orange, Cleopatra mandarin, Volkamer
lemon and Troyer citrange, besides, fruit juice color was not affected by -
rootstocks.

Concerning the contents of juice, 1o obvious changes during storage
could be detected except fruits produced on sour orange rootstock as it
decreased with prolonged storage.
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Table 3. Effect of rootstock ks on fruit characters at shelf-life

First season

Weight loss| Rind color % Juice color Vitamin Chilling
Rootstocks | Peried . T.S.S | Acidity Shrivel Decay
% a/b I, |juice] a/b L C injuy
L 2.0 090 | 43.0 {438 056 | 569 ¢ 10.0 1.2 34.2 . - -
A 2. 2.7 1.09 | 463 1442 0.60 | 586 ;| 13.0 1.0 329 - - -
3. 3.6 117 | 482 (4641 090 | 60.2 § 130 0.9 323 - - -
1. 2.2 0.83 | 453 1497 | 050 { 540 | 105 12 323 - - -
B 2. 32 097 | 47.1 1473 059 { 570} 125 0.9 337 - - -
3. 4.5 105 | 50.1 {456 | 066 | 550 ) 13.5 0.9 328 - - -
1. 2.5 0.51 + 502 1421 048 | 600 | 115 1.3 313 - - -
C 2. 3.5 056 | 52.1 [433 1 056 | 594 130 1.2 320 - - -
3. 5.6 060 | 610 {4501 0.78 | 60.9 4.0 I 320 - - -
l, 3.6 099 [ 42,0 |48.0| 047 | 550 { 1.0 1.5 35.0 - - -
D 2. 4.3 120 1 47.0 | 46.0 | 0.60 | 57.0 { 13.2 1.2 33.0 - - -
3. 7.2 130 { 48.1 (420 0.66 | 49.8 | 136 1.0 30.5 20.0 10.0 5.2
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Second season

Rootstocks Period Weight Ri.nd color * ulce color T.S. 8} Acidity Vitamin Shrivel | Ci Decay
loss% | ab | L Jjuice] ab | L ¢
1. 20 0921 420 (452 055 {574 105 1.2 36.0 - - -
A 2 2.5 097 | 470 (450 065 | S824 13.0 1.1 34.2 - - -
3. 3.8 b16 | 52,0 [ 464 099 6123 133 0.7 34.2 - - -
1, 2.4 074 440 ) 44.1) 050 §55.0] 105 1.2 324 - - -
B 2. 3.0 089} 500 [420] 060 5761 13.0 1.2 33.1 - - -
3. 4.0 LI0| 500 1450 0.68 .52.0 14.0 0.8 322 - - -
1. 28 048 | 500 1433 ) 044 | 6001 12,0 1.4 347 - - -
C 2. 32 060 | 60.0 (404 | 055 {59.01 135 1.2 35.0 - - -
3. 52 061 | 62.0 425 0.83 {6201 15.0 1.1 320 | - - -
1. 3.0 1.03 | 47.0 1 462 | 0.50 | 540 120 15 33.8 - - -
D 2. 5.1 1.24 | 48.0 |44.1 ] 059 | 53.0| I35 1.3 35.1 - - -
_— 3. 8.0 1.26 ) 485 14021 062 15401 140 1.2 31.0 30.0 15.0 8.8
Rootstock : A : Volkamer lemon. B : Rangpur lime.
' C : Carrizo citrange. - D :sour orange.
1. Beginning. 2. Middle. 3. End of storage.

- Per_iod ’
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Some signs of peel shrinkage start to appear for sour orange
rootstock at the end of storage period. It presented the percentage of 20 . 30
in both seasons. Also. brown spots percentage (chilling injury) were 10.0 %,
15.0% in the same time.

The fruits showed no signs of decay after storage and during shelf-
iifz periods except the fruits on sour orange as it showed a percentage of
decay 5.2 % . 8.8 % in both season at the end of the storage period.

These results are in line with Hassan (1999). who found that the
highest percentage of decay, shriveling and brown spots under 4 °C
happened in Valencia on sour orange.

Fremont fruits on Volkamer lemon was stored safely and considered

marketable for 60 days at 5 °C plus 6 days at 18 - 20 °C and the loss in
weight was in the acceptable range.
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