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ABSTRACT
The influence of five rootstocks on flowering, yield and fruit
quality of Washington navel orange trees was evaluated for trees
grown on clay soil in Sakha Agriculture Research Station, Kair El-
Sheikh, Egypt. The percentage of flowering, fruit set exhibited
moderate values for trees budded on Volkamer lemon and Rangpur
lime, but the least percentage of fruit drop was found on the same
rootstocks. Volkamer lemon and Rangpur lime as rootstocks for
Washington navel orange cultivar produced higher yield with good
physical fruit characters in terms of length, diameter, volume,
weight, juice volume. On the other hand, The same rootstocks
produced fruits with lower of some chemical characters such as

T.S.S and acidity as well as coarse peels.

INTRODUCTION
The citrus rootstocks had a significant effects on tree vigour,
flowering and fruiting as well as fruit quality. Citrus rootstocks can
influence flowering, fruit set, fruit size and fruit qualiiy of scion
variety due to physiological and chemical properties of the
rootstock used. Studies show clearly the effect of rootstocks on
flowering, fruit set and fruit drop. Dawood (2002) and El-Sayed
(1999) stated that the percentage of fruit set in Washington navel
orange trees on Volkamer lemon were higher than those on sour
orange rootstock., Contrary fruit drop in May, June and July was
higher on sour orange rootstock than that recorded on Volkamer
lemon rootstock. Valbuen (1996), Protopapadakis er al. (1998) and
Dawood (2001) reported that yield as fruit number or weight/tree of
different citrus varieties was greater on Volkamer lemon than that
on sour orange or Cleopatra mandarin rootstocks. Moreover.
Monteverde (1989), Protopapadakis e/ a/. {1998) and El-Saved
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(1999) suggested that fruit quality in terms of fruit length,
diameters, weight, velume and juice of fruits produced from trees
on Volkamer lemon were higher than those produced from those on
sour orange or Cleppatra mandarin rootstocks. Also, trees on
Volkamer lemon produced fruits with the lowest tofal soluble solids
and total acidity values. So, this study aimed to evaluate and
compare five citrus rootstocks on flowering, yield and fruit quality
of Washington navel orange under Kafr El-Sheikh conditions.

MATERIALS AND METHODS

The present study was carried out on 6 years old trees of
Washington navel orange budded on five different citrus rootstocks
in the experimental farra of Sakha Horticulture Research Station.
Kafr El-Sheikh governorate, Egypt. durmg 2000 and 2001 seasons.
The tested rootstocks were: sour orange (Cifrus auraniium),
Volkamer lemon (Citrus volkameriana), Troyer citrange (Ponsirus
trifoliata  x Citrus sinensis), Rangpur lime (Cifrus aurntifolia x
Citrus reticulata) and Cleopatra mandarin (Citrus reshni). The trees
were planted at 5 x 5 meters in a complete randomized block design
with three trees plot replicated three times for a total of nine
tree/rootstock budded with Washington navel orange. Mechanical

and chemical analysis of experimental field soil was done as shown
in Table (1 ). '

Table (1) Mechanical and chemlcal analysis of experimental
orchard soil. o

Mechanical . Chemical Available ppm DTPA extraciable ppm.__ |

Sand | Silt] Clay oM T, T

f,‘/u ‘o %3 T{pR|EC] | N | P LK [Felzn]|r|N i Cd ‘

97 3221582 |Clay| 80 |34 [ 19 {185] 7.8 127351201 997|048 {074 |01y

" In both seasons, all trees received the following fertilization
programe: 300 gm ammonium sulphate/tree in March + 450 gm
ammonium sulphate/tree in June + 200 gm ammonium nitrite/tree
and 200 gm potassium sulphate/tree in Augest. In this study, four
branches of 2 inches in diameter from each replicate were selected
and tagged in the four directions counting and frunt sampling.

1- Flowering, fruit set and fruit drop:
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a- The percentage of flowers: the number of flowers on
tagged branches on each tree was counted every 3 days intervals
and continued unti! the end of blooming, then the percentage of
flowers was calculated.

b- The percentage of Fruit set: The number of setting fruits
was counted twice at weekly intervals until fruit setting complete.

then fruit set was calculated as percentage of the initial number of
flowers.

c- The percentage of fruit drep: the number of dropped fruits
was counted twice at weekly intervals until mid of September when
no fruit drop was noticed, then the percentage of dropped iruit was
estimated depending on the total number of the remained fruits/iree.

2- Yield and yield efficiency:
a- Yield: at harvest time (December in both seasons), the yield

of each tree was determined as number and weight (kg/tree) of
fruits/iree.

b- Yield efficiency: yield efficiency was calculated as fruit
number/em® of TCSA (Trunk cross sectional area) and frujt
number/m® of _canopy volume. Also, fruit weight (kg/m”)of canopy
volume and fruit weight (kg/cm?) of TCSA were calculated.

3- Fruit quality: : : '

To determine fruit quality, 10 fruits were taken at random
from each tree at harvest time of both seasons and prepared for
determination of physical and chemical fruit characteristics.

a- Physical characters: Fruit weight (gm), fruit length (L-cm) and
daimeter (D-cm) were measured and their fruit shapes (L/D ratio)
were calculated. Fruit volume (cm’ ), number of segments, rind

thickness (mm), number of seeds/fruit and juice volume (cmP)/ruit
~were determined.

b~ Chemical characters:

-+ Total soluble solids (TSS) were determined by handly
refractometer.
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+ Total acidity was determined as citric acid according to A.O.A.C.
(1967) using 0.1 N sodium hydroxide.
» Ascorbic acid (VC) as mg/100 ml juice was determined by 2,6
dichlorophenol indophyenol according to Jacobs (195 1)
« TSS/acid ratio was calculated.

. All obtained data were statistically analyzed using a randomized
complete block design according to Snedecor and Cochran
(1967), and the least significant difference (L.S.D. at 5% level)
was used 10 compare the main values.

RESULTS AND DISCUSSION
1- Effect of rootstocks on flowering , fruit set and fruit
drop:
a- The precentage of flowers :

In March of both seasons, most flowers was produced
especially in 21, 24 and 27 of March. In the fiist season, results
indicated that the trees budded on sour orange gave the highest
percentage of flowers followed by Troyer citrange and Rangpur
lime. Beside, Volkamer lemon had intermediate values in this
respect (Fig. 1 and 2). Meanwhile, the lowest percentage of flowers
was counted in the trees budded on Cleopatra mandarin. Significant
differences were not considered in most cases.

Generally, the blooming period was started in the second
week of March continued until the first week of April. The
percentage of flowers was less in the beginning, then increased
gradually until arrived the maximum in March, 24 then decreased
gradually in April 8. This result was true in both seasons.
Concerning the effect of rootstocks on the percentage of flowers,
there was no effect or any clear trend due to different rootstocks in
both seasons (Figures 1 and 2). Similar results were reported by

Saad-Allah er al. (1985), Barbera and Carimi (1988) and Inoue
(1989),

b- The percentage of fruit set:

It 1s clear that the trees budded on Troyer citrange produced
the highest percentage of fruit set, followed by Rangpur lime and
Volkamer lemon without significant differences among them. Trees
on sour orange and Cleopatra mandarin gave intermediate values as
compared with other three rootstocks as shown in (Figures 3 and



425

ah .
— = . Sour orange
42 Volknmer lemaon a5 «— - + Sourorange
a9 - = ~ Troyer clitrango a2 Volknmer lemon
20 —8a— Rangpur lima 18 - = = Trayer cilrango
b , = ——Cleopira mandarin h —&—— Rangpur limo
33 e M ‘= Cleopira mandesin
20 a7 :
. 27 an
§ 24 27
r F]
=2 g 2
3 67!
in -
= B in
5 5 -
. P
g § 12
j= a n 1]
1=
o o
3
- N T~y i

14 m 71 24

2T

Bit} g E f

MGy

4

Al
o+

10 1n 21 241 27 ) 2 5 4]

AN Ayl

Fig. (2) The percentage of flowers production and

J. Agric. Res. Tanta Univ., 30 (2) 2004

Fig. (1): The percentage of flowers production and
blooming period in Washington navel orange tree as
afTected by five citrus rootstocks in 2000 season

blooming period in Washington navel orange tree as
affected by five rootstocks in 2001 season.
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4).Generally, fruit set percentage in Washington nave] orange
budded on different rootstocks counted less fruits in March, 18 then
increased at later dates of March and April. This result means that
the flowers produced in the first period had low set ability but those
produced in the second and third periods exhibited more fruit
setting. This result was true in both seasons (Figures 3 and 4) . It
seems that the effect of rootstock on fruit set of Washington navel
orange was nearly similar among all tested rootstocks and the
differences in most cases were not significant. This result agreed

with those reported by Mohsen ef af. (1989) , Inoue (1989) and El-
Sayed (1999).
- The percentage of fruit drop:

Concerning fruit drop of Washington navel orange, it 1s
clear from (Figures 5 and 6) that there were four fruit drop waves,
the first wave was happened in March and April, the droping
percentage was counted as small fruits and fruitiets . In this period
trees budded on sour orange, Troyer citrange and Volkamer lemon
recorded the highest percentage of dropped fruits, while trees on
Rangpur lime and Cleopatra mandarin counted the least percentage
of fruit drop depending on the total number of flowers counted on
the tagged branches. The second wave of dropping was noticed in
May and it counted low percentage of dropped fruits. This result
means that no clear differences were obtained due to all tested
rootstocks. The third dropping wave was noticed in June, the uees
budded on sour orange, Volkamer lemon and Rangpur lime dropped
more percentage of fruits, while those on Troyer citrange and
Cleopatra mandarin gave less percentage. This result was true in
both seasons (Figures 5 and 6).The fourth dropping wave was
recorded in July and August and it counted high percentage in the
first season and low in the second season. Generally, fruit drop in
Washington navel trees was seemed to be less on Volkamer lemon
and Rangpur lime, especially in June and July when compared with
the other tested rootstocks. Similar results were reported by Barbera
and Carimi {1988) . Abbas (1997) and El-Sayed (1999).

2- Effect of rootstocks on yield and yield efficiency:
a- Yield as number and weight (kg)/tree:
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It is clear that from Table (2) that yield as number of
fruits/tree and weight (kg/tree) of Washington navel orange was
highest on Volkamer lemon, followed by Rangpur lime. Moreover,
those budded on Troyer citrange and sour orange gave intermediate
values 1n this respect, but the lowest number of fruits/tree and
weight (kg/tree) was recorded for those budded on Cleopatra
mandarin. The differences were significant among all tested
rootstocks . This result was true in both seasons.

Table (2): Yield and yield efficiency of Washington navel orange
trees as affected by five citrus rootstocks during 2000
and 2001 seasons.

Yield ~ Yield efficiency
Raooot stock Nlo. of Ka/tree ﬁl\lf;/g;? N(?. , kg/cm? of Keg/m®
. fruits/tree of TCSA of fruit/m*| TCSA
2000
Sour orange 73 8.79 4.95 14.86 0,59 .79
Volkamer lemon 140 19.54 5.74 13.39 0.80 1.86
Troyer citrange 99 11.66 5.35 14.34 0.63 1.68
Rangpur lime 128 17.03 5.62 13.60 0.74 1.80
Cleoptra mandarin 39 4.25 4.12 15.41 0.44 1.67
L.S. D5S5% 4.68 0.08 0.07 0.40 0.09 0.08
1% 6.39 0.11 0.09 0.55 0.12 0.12
. 2001 .
Sour orange 136 14.93 6.57 16.66 0.72 1.82
Volkamer lemon 257 35.07 741 14.51 1.01 1.98
Trover citrange 155 1675 § H.68 16.01 0.72 1.73
Rangpur lime 219 28.07 7.18 14.97 0.92 1.91 |
Cleoptra mandarin 63 6.46 5.08 16.66 0.52 1.70
1.5 D %% 5.94 1.05 0.20 0.48 0.04 .04
1% 8.10 1.44 0.27 0.66 0.06 0.06

Generally, yield of Washington navel orange trees was
higher on Volkamer lemon and Rangpur lime than those on the
other tested rootstocks. Moreover, Troyer citrange and sour orange
had intermediate values of yield as number of fruit and weight'trce.
On the other hand , trees on Cleopatra mandarin had low yield when
compared with other rootstocks (Table 2).

These results, generally agreed with those findings of
Valbuen (1996)who reported that C. latifolia trees on Volkamer
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lemon rootstocks had more fruit number and average weight/tree
than those grown on Cleopatra mandarin rootstock. In this respect,
Protopapadakis ef al. (1998) stated that Washington navel orange
trees grafied on Volkamer lemon rootstock had larger and heavier
fruits than those on sour orange rootstock.

b- Yield efficiency:

Data in Table (2) revealed that, vield efficiency as number
of fruits/em?, kg/cm2 of TCSA and kg/rn3 of canopy volume seemed
to be higher with Volkamer lemon and Rangpur lime as rootstocks
for Washington navel orange trees. Moreover, Troyer citrange and
sour orange gave intermediate values. The lowest values belonged
to those on Cleopatra mandarin rootstock. These results find support
in those reported by Dawood (2001), Dawood (2002). Also, El-
Sayed (1999) reported that yield and yield efficiency values were
higher in trees on Volkamer lemon than those on sour orange
rootstock under Kafr El-Sheikh conditions.

On the other hand, yield efficiency as number of fruits/m’ of
canopy volume recorded the highest value in the tree on Cleopatra
mandarin followed by sour orange rootstock. While the least value
was recorded for trees on Volkamer lemon and Rangpur lime
rootstocks. Trees on Troyer citrange gave moderate values in this
respect. This result could be attributed to that Cleopatra mandarin
had dwarfing effect on Washington navel orange as scion, While
those of Volkamer lemen and Rangpurlime behaved as vigorous
for scion. Such conclusions agreed with the findings of Kurian er o/
{1996) who found that fruit yield of mango c¢v. Alphonso scion
expressed as the number or weight of fruits/unit space occupied by

the canopy, was considerably higher on dwarfing rootstocks when
compared with vigorous one.

3- . Effect of rootstocks on fruit quality :
a- Physical characters:

The effect of rootstocks on fruit quality as physical
characters was studied mn both seasons (Table 3). The results |
showed that fruit length, fruit diameter, volume and fruit weight
were highest 1 fruits from trees budded on Volkamer lemon,
followed by tree on Rangpur lime, then came sour orange and
Trover citrange. Contrarly, Cleopatra mandarin rootstock produced
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the least value of Washington navel orange fruit length, fruit
diameter, volume and fruit weight, but the differences were not
significant among all tested rootstocks in the frist season. The same
results were obtained in the second season and the differences were
not significant only between sour orange and Troyer citrange as
rootstocks for Washington navel orange.

Beside, the results in Table (3) indicated that rind thickness
was thicker in fruits on Volkamer lemon and Troyer citrange with
significant differences between them in both seasons. sour orange
and Cleopatra mandarin produced fruits with moderate rind
thickness without significant differences between them in both
seasons. But rind thickness of fruits from trees budded on Rangpur
lime was thinnei than that measured for tested rootstocks. These
results were true in both seasons. These results were generally
agreed with those obtained by El- Sayed (1999). Also, the obtained
results were in line with those reported by Dawood (2002) who
found that Washington navel orange budded on Volkamer lemon
had larger fruit diameter, heavier fruit weight with thicker peel
thickness and tended to increase fruit juice than that on sour orange
rootstock. '

Such conclusions agreed with those of Monteverde {(1989)
who suggested that after evaluation of Valencia orange on ten
rootstocks for fruit quality, Volkamer lemon seemed to be suitable
rootstock for this cultivar. On the other hand, El-Azab er al. (1978),
on Washington navel and Valbuen (1996), on persian lime, stated .
that Cleopatra mandarin rootstock produced the smallest fruits

comparing with sour orange, Troyer citrange and Volkamer lemon
rootstocks.

b- Chemical characters

Data in Table (4) showed that T.S.S and acidity values were
higher in fruits from trees on Rangpur lime, followed by sour
orange and Cleopatra mandarin with significant differences among
them 1n both seasons. Fruits on Volkamer lemon had significantly
lower - T.S.S and acidity values when compared with all tested
rootstocks. This reduction in T.S.S, acidity and T.S.5/acid ratio may
affect flavour value to Egyptian consumers but may be not for
foreign markets, this conclusion needs more mformation about
export markets. However, thicker peel remains as quality problem
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of Washington navel orange fruits porduced on Volkamer lemon as

rootstock.

Table (3): Physical characters of fruit quality of Washington navel
orange trees as affected by five citrus rootstocks during
2000 and 2001 seasons.

Fruit | Fruit Fruit Fruit Fr_uit Rind Juice
Rootstock length | diamete shape valume [ weight | thickness | volume
em rem (7 cm’ (2) (cm)  |em3/ Fruit
2000
Sour orange 6.20 5.96 1.04 126 119 0.42 45.66
Voikamer lemon | 6.70 6.60 [ 1.01 151 139 0.35 6333
Trover citrange 6.00 586 | 102 123 117 0.52 44.33
Rangpur lime 630 | 606 | 1.03 143 132 | 041 57.66
Cleopatra mandarin{ 5.90 540 | 1.09 124 108 0.51 39.66
L.S.D5 NS 027 | 0.05 NS 284 0.03 4.03
1. N.§ 040 | NS N.S 4.12 0.04 5.87
2001
Sour orange 5.71 585 | 1.02 116 109 0.47 42.06
Volkamer lemon | 6.55 6.45 1.4 147 136 0.57 61.9%
Troyver citrange 5.51 5.38 1.02 112 107 0.48 40.71
Rangpur lime 611 | 578 | 105 | 138 128 0.40 55.95
Cleopatra mandarin| 4.95 4.95 1.00 113 101 0.47 36.36
L.S.D3 0312 0.78 NS 375 2.96 0.02 4.34
L B 0.430 | NS NS 5.17 4.08 0.4 620 |

Concerning, T.S.S./acid ratio, it was higher in fruits from
trees budded on Volkamer lemon and Rangpur lime with significant
differences among them only in the first season. However,
T.8.S./acid ratio in fruits from trees budded on Troyer citrange and
sour orange gave moderate values without significant differences
among them in the two seasons. In this respect, the lowest values
was obtained when Cleopatra mandarin was used as rootstock for
Washington navel orange variety.As for vitamin C content. fruits
from trees budded on sour orange and Cleopatra mandarin recorded
higher values without significant differences between them. Trees
on Troyer citrange and Rangpur lime contained intermediate
concentration of vitamin C. On the other hand, fruits from trees
budded on Volkamer lemon had the least values of vitamin C. This
result was true in both seasons (Table 4). The obtained herein
results agreed with those found by El-Barkouky er al. (1984). Saad

—Allah et al. (1985), Abd-Allah er al. (1998), Meligy er al. (1999)
and Dawood (2001).
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Table (4): Chemical characters of fruit quality of Washington
navel orange trees as affected by five citrus rootsiocks
during 2000 and 2001 seasons.

2000season 2001 season i
) .| Vitamin C L] Viamin C
Raotstatk | 5.5 1 Acidity. |75/ Mortoo mi | T.5.5 | Acidity. |55 Mesion m)
<1 dratio . d ratio )
guice 2uite
Sour prange 11.74 1.22 9.63 41.75 11.64 1.23 9.47 3846

Volkamer lemon | 9.57 0.92 10.41 36.12 9.59 0.95 10.10 35,35
Troyer citrange 10.16 |, 1.06 9.59 4136 10.84 1.17 927 37.98

Rangpur lime 1256 | 1.24 1013 40.49 12.36 1.21 10.22 3929
Cleopatra mandarin| 11.57 1.25 9.26 41.74 10.81 1.20 3.01 38.28
L.S. b3 0.03 0.03 0.21 0.21 0.05 0.04 0.25 1.34

- L 0.05 0.04 029 031 0.08 0.06 0.34 1. 85

Generally, data in Tables (2, 3 and 4) revealed that
Volkamer lemon and Rangpur lime as rootstocks for Washington
navel orangecultivar produced higher yield with good physical fruit
characters 1n terms of length, diameter, volume, weight, juice
volume. On the other hand, the same rootstocks produced fruits of
chemical fruit characters such as lower T.S.S and acidity values.
beside fruits in total soluble solids and acids, with coarse peels.
Similar results were reported by Davies and Albrigo (1994) and
Protopapadakis et al. (1998). They found that Washington navel
orange on Volkamer lemon produced fruits with the lowest total
soluble solids and total acids.
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