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CULTIVAR UNDER KAFR EL-SHE!KH CONDITIONS.
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ABSTRACT

This study was carried out during 2001 and 2002 seasons on 8 -~ year old
Washington navel orange trees budded on Volkamer lemon and Sour orange
rootstocks to evaluate vegetative and root growth, Yield, Fruit quality, leaf and root
mineral contents and ability of the two rootstocks to tolerate salinity, concentration of
some heavy metals of root,leaf,rind,peel and juice of the fruit.

The obtained results showed that, Volkamer lemon produced the highest
values of tree size, tree height. shoot length, number of leaves per shoot, trunk cross-
sectional area “TCSA cm™ and leaf area than those recorded on Sour orange
rootstock.

Volkamer lemon rootstock also, produced the highest values of root growth i.
e. root length, root density and root dry weight at different depths (30, 60 and 90 ¢m)
and distances (50, 100 and 150 c¢m} from tree trunk comparing with those of Sour
orange rootstock.

Washington navel orange tree on Volkamer lemon rootstock had lower Na
and Cl ions in their Jeaves and roots but had higher levels of proline, carbohydrate and
chlorophyll a, b and its total value than those recorded on Sour orange rootstock.

Fruit set was higher on Volkamer lemon than that on Sour orange rootstock,
This result may due to fruit dropped in May, June and July on Volkamer lemon which
was less than on Sour orange rootstock.

Washington navel orange on Volkamer lemon gave the highest yield as
kg/tree and yield efficiency as kg/cm® of TCSA as well as weight kg/m® of tree canopy
volume compared with the corresponding values on Sour orange.

The tested fruits contained higher vaiues of TSS with less acidity(%} on Sour
orange than both values on Volkamer lemon rootstock.On the other hand, fruit taken
from trees on Volkamer lemon recorded higher values of fruit length, diameter,
volume, weight, juice volume and rind thickness when compared with those recorded
on Sour orange rootstock

Leaf N, K, Ca, Mg, Fe, Mn, Zn and Cu contents were higher on Volkarner
leron rootstock than those on Sour orange rootstock.

Root N, P, K, Fe, and Cu contents were also higher on Volkamer lemon
rootstock.On the contrary root Ca, Mg, Mn and Zn values were significantly lower in
concentrations on Sour orange rootstock than these on Volkamer lemon roots.

Additionally, trees on Sour orange rootstock contained higher of Fb, Cd, Se,
Ni and Cr, in their leaves, roots fruit peel and fruit juice than those on Volkamer lemon
rootstock.

INTRODUCTION

The rootstock is one of the most important factors to cultivate more
new citrus varieties in the new reclaimed areas in Egypt. The influence of
rootstock on scion was investigated by many workers. They reported results
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on : (a) tree size and growth. (b} nutrients status of trees Etman (1982) and
Mansour et al. (1993). (c) yield and fruit quality Mehrotra et al. (1999). (d)
resistance to gummossis, lreisteza and other diseases (Louzada, 1992} and
{e) tolerance to drought, salinity and cold.

So, this study aimed to evaluate and compare Volkamer lemon and
sour orange as rootstocks for Washington nave! orange under inviromental
conditions of Kafr El-Sheikh (unbudded) Seedlings of both tested roots tocks
were also included in this study.

MATERIALS AND METHODS

The present study was carried out at the Experimental Farm of Sakha
Agriculture Research Station, Kafr E-Sheikh Governorate during 2001 and
2002 seasons, on 8 - years old Washington navel orange trees budded on
two citrus rootstocks, i.e., Volkamer lemon ( C. Volkameriana ) and Sour
orange ( C. aurantium ). in addition, three seedlings trees of each slock were
also included in these evaluation and comparison. The trees are grown in
clay soil and spaced at 5x5 meter in a complete randomized block design
with three trees plot replicated three times for a total of nine trees per
rootstock. Mechanical and chemical analysis of the experimental soil was
done as shown in Table (a).

Table {a): Mechanical and chemical analysis of the field sail.
Mechanical Chemical Available PPM | DTPA extractable PPM.

Sand| Silt
” " IClay e Texture| pH | EC OM‘ﬂ N | P | K | Fe|Zn|Pb| Nl |Cd

9.65 [32.15|58.20 | clay |7.97[3.35] 1.90 [18.53(7.78173.47|20.09(9.97|0.48{0.74] 0.1

in both seasons all trees received the following fertilizer, 300 gmitree
ammonium sulphate in March, 450 gm/tree ammonium sulphate in June, 200
gm/tree ammonium nitrite and 200 gm/tree potassium sulphate in August, All
trees were irrigated at intervals of 10- 15 days in summer and 15 - 20 days in
winter.

Int this study four branches of 2 inches in diameter were selected and
tagged on each iree. The vegelative growth parameters were measured in
terms of tree height, shoot length, number of leaves per shoot, trunk cross-
sectional area “TCSA cm™ and leaf area. Tree Canopy volume was
caiculated according to the formula: 0.5238x tree height x diameter square
(Turell, 1946).

During September, root samples were taken from four directions at
distances of 50, 100 and 150 cm., from tree trunk. Samples were obtained by
a method described by Ellis & Bornes (1871) using an auger 10-cm in
diameter and 30 cm length. The soil samples were washed through 1.0-cm
mesh to separate roots from soil. All root parameters, i.e, length cm/auger,
root density as number of roots/auger and root dry weight gm/auger were
measured according to Newman (1960). These measurements will help to
evaluat root density and distribution under tested experimental soil
conditions.

The number of flowers on the tagged branches per tree was counted
threugh the blooming season, then fruit set was calculated as a percentage to
initial number of flowers. Numbers of dropping fruits were also counted during
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the period from May 10" to July 30" in both seasons to determine the
percentage of dropped fruits. _

At harvest time, in December yield as weight Kg/tree, Kglcmz TSCA
and Kg/m3 of tree canopy were determined in both seasons. Fruit quality
characters were also determined as: fruit length, fruit diameter, fruit volume,
fruit weight, rind thickness, juice volume, T.S.S, acidity, T.S.S/acid ratio and
ascorbic acid in 100 ml juice according to (A. O. A. C. 1870).

Fresh leaf samples were taken from each replicate to determine
chlorophyll according to Moran (1982). Total carbohydrate was determined in
0.5-g fine powder leaf sample according to Dubois et al. (1956). Leaf proline
content was determined according to Bates et al. (1873).

During September of both 2001 and 2002 leaf sample of 50 leaves as
well as samples from feeder roots were washed and oven dried at 65-70 °C
to constant weight. The dried leaves and roots were grounded and digested
with H,S0, and H;O; according to Evenhuis & DeWaard (1980). Total
nitrogen was determined by microkjeldahl Gunning method A.O.A.C. (1870).
Phosphorus was determined by colorimeter, potassium by using Flame
photometer according to Chapman & Pratt {1978) Ca, Na and Mg by the
versenate method Johanson & Ulrich {1958). Fe, Zn, Mn, Cu, Pb, Cd, Se, Ni
and Cr were determined using perking Eimer atomic absorption
spectrophotometer, according to Black {1965) and Brigs & Crock (1986).
Chloride was determined by silver nitrate methods due to Brown & Jackson
(1955). All obtained data were statistically analyzed according Snedecor &
Cochran {1967).

RESULTS AND DISCUSSION

1- Vegetative growth: .

Data presented in Table {1) show that tree size and growth vigour
were significantly affected by the tested rootstock. Washington navel crange
on Volkamer lemon rootstock produced the larger tree size and the higher
tree height comparing with those recorded on Sour orange. In this respect,
the seedling of both rootstocks Volkamer lemon and Sour orange gave the
largest tree height (cm) comparing with Washington navel budded on the
same rootstocks in both seasons. Moreover, trunk cross sectional area
(TCSA) of Washington navel orange on Volkamer lemon rootstock was
higher than that recorded on Sour orange rootstock with significant
differences between them in both seasons. Also, average leaves number per
shoot and leaf area were also significantly higher on Volkamer lemon
rootstock in both seascns. Besides, average shoot length gave the longest
values on Volkamer lemon rootstock followed by that on Sour orange
rootstock with significant differences between them in both seasons.
Moreover, Volkamer lemon and Sour orange seedlings gave the longest
values of shoot length when compared with Washington navel orange on
both rootstocks. These results are in agreement with those of Mansour et al,
{1993}, Abou-Rawash et a/, (1995) and Mehrotara et a/, (1999).

2- Root system:

Data in Table {2) show the fibours root length at 50, 100 and 150 ¢cm

from tree trunk of Volkamer lemon and Sour orange rootstocks as affected by
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Washington navel oranges secion in both seasons. It was clear that, root
iength was significantly longer in Volkamer lemon than that on Sour orange
rootstock. In this respect, Volkamer lemon and Sour orange seedlings had
the longest root length especially at 50 and 100 ¢m from tree trunk and at
different soil depth of 30, 60 and 90 cm as compared with Washington navel
orange on the same rootstocks. Beside, the results indicated that fibrous root
iength had less values when the distance from tree trunk was increased from
50 to 150 cm. This relationship was also true with increasing soii depth from
30 to 90 cm. Similar resuits are reported by Hassan (1983) and Saad- Allah
et al (1985 a, b).
Table (1); Vegetative growth parameters of Washington navel orange trees on
Volkamer lemon and Sour orange rootstocks and corresponding
values of both seediing rootstocks in 2001 ~ 2002 seasons.

Tree |Canopy *TCSA, Average [Leaves! Leaf
Rootstock height, |Volume, cm? shoot |num area,
m | m'itree length, cm¥/shoot  cm

2001 Season
LV\J’\Q.;a:shington navel/C. Volkameriana | 2.60 8.50 67.7 13.9 10.7 16.3

ashington navel/Sour orange 230 7.40 51.€ 128 10.3 16.1
C. Volkameriana/seedling rootstock | 2.88 6.60 47.3 334 20.0 19.8
[Sour orange/seedling rootstock 265 5.37 41.7 4.2 19.8 194
L.5.05% 027 | 066 | 263 1.07__| 070 | 027

2002 Season
ashington navel/C, Volkameriana | 2.80 9.30 863.6 146 110 15.3

Washington navel/Sour oragne 2.50 8.10 55.2 135 9.4 144
IC. Volkameriana/seedling rootstock | 3.18 8.14 48.7 342 188 | 203
ISour orange/seedling rootstock .66 7.04 435 e | 192 | 197
L.S5.0 5% 0.11 0.63 1.58 . 1.88 107 | 0.28

* TCSA (trunk cross sectional area}

Table {2): Fibrous root length (cm) of Sour orange and Volkamer lemon
rootstocks as affected by Washington navel sclon and
corresponding values of both seedling rootstocks in 2001-2002

$8asons. .
30cm|60cm| 90cm | 30cm | 60cm [ 90cm |
Rootstock depth |depth | depth | depth | depth depth
2001 Season 2002 Season

50 cm from tree trunk _
[Washington navel/C. Volkameriana 7.1 7.7 3.6 2.1 10.9 5.6
Washington navel/Sour oragne 57 8.5 28 7.6 8.9 24
C. Volkameriana/seedling rootstock 247 | 135 8.1 227 13.9 9.3
[Sour orange/seedling rootstock 128 | 9.3 5.5 12.5 10.5 6.5
L.S.D 5% 055 | 124 | 038 | 212 | 247 0.48

100 cm from tree trunk
[Washington navel/C. Volkameriana 111 8.4 2.3 15.9 10.9 36
Washington navelSour cragne 4.0 5.9 1.2 5.6 9.3 1.7
IC. Volkameriana/seadling rootstock 184 | 6.8 4.2 16.4 72 46
Sour orange/seediing rootstock 86 | 47 | 23 8.5 5.4 2.5
L.S.D5% 0.61 | 048.] 042 1.57 1.28 0.50

150 cm from tree trunk
Washington navel/C. Volkamerniana 10.0 | 8.2 24 114 11.3 4.2
\Washington navel/Sour oragne 52 5.0 1.6 8.0 74 34
C. Volkameriana/seedling rootstock 12.7 4.5 1.6 10.9 4.8 21
ISour orange/seedling rootstock 67 33 1.1 18 | 38 1.8
L.S5.D5% 075 | 046 | 0.44 2.01 1.39 0.95

Auger soil sample = 2356 cmy
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As for root density the data in Table (3) show that, root density as
number of fibrous roots/auger of budded Volkamer lemon and Sour orange
rootstocks with Washington navel crange and unbudded seedling rootstocks.
It is clear that, root densily was significantly promated on Volkamer lemon
than that on Sour orange rootstock. The first counted more number fibrous
roots than the second in both seasons. These results were true at different
soil depths at (30, 60 and 90 cm) from tree trunk in both seasons

Table (3): Fibrous root density (number of rootsfauger *) of Sour
orange and Volkamer lemon rootstocks as affected by
Washington navel scion and corresponding values of both
seedlings rootstocks in 2001-2002 seasons.

30cm [ 60cm | 90cm | 30cm | 60cm | 90 cm
Rootstock depth | depth | depth | depth | depth | depth
2001 Season 2002 Season
50 cm from tree trunk
Washington navel/C. Volkameriana 1273 | 1365 | 634 17.46 | 18.72 | 18.72
Washington navel/Sour orange 5.28 5.01 1.30 7.22 7.65 219
C. Volkameriana/seedling rootstock 43.39 | 23.689 | 14.16 | 43.25 | 23.66 | 13.51
Sour orange/saedling rootstock 11.89 | 8.02 494 | 11.82 | 9.00 5.84
L.S.D 5% 1.14 1.17 0.94 2.39 3.20 2.18
400 em from tree trunk
Washington navel/C. Volkameriana 1486 | 14.77 416 2696 | 16.35 5.11
Washington navel/Sour orange 34 3.24 2.10 444 7.20 1.60
IC. Valkameriana/seedling rootstock 2885 | 11.88 | 7.29 | 27.72 | 10.78 | 6.46
Sour orange/seedling rootstock 8.99 417 2.05 6.81 413 2.30
L.S5.D 5% 2.11 1.23 0.37 1.70 2.57 0.26
150 cm from tree trunk
shington navel/C. Volkameriana 17.78 | 14.82 4.27 2402 | 18.89 | 5.86
ashington navel/Sour orange 4.84 4.27 147 6.54 5.40 2.1
. Volkamerianz'seedling rootstock 2236 | 7.93 283 | 2266 | 7.95 2.85
our orange/seedling rootstock 6.18 2.79 0.99 6.33 2.84 1.10
.5.D 5% 1.51 1.46 0.27 267 2.36 0.29

Auger soil sample = 2356 cm’

Concerning seedling rootstocks, the highest root density as fibrous
root was found on Volkamer lemon seedling rootstock comparing with that
recorded for Sour orange seedling rootstock with significant differences
between them in both seasons. These results agree with those obtained by
Dawood (1996) and El-Sayed, Somaia {1999) under Kafr El-Sheikh
conditions.

Also, data presented in Table (4) show the fibrous root dry
weight(gm) of Volkamer lemon and Sour orange rootstocks at 50, 100 and
180 cm from tree trunk and at different scil depths of 30, 60 and 90 cm as
affected by Washington navel orange variety.

It is clear from Table (7) that, Volkamer lemon and Sour orange
rootstocks gave simitar values of root dry weight in both seasons, meanwhile,
Volkamer lemon seedling rootstock gave the highest values of root dry weight
than that recorded on Sour orange seedling rootstock with significant
differences between them in both seasons (Table 4). These results agree |
with those obtained by Saad- Allah et al. (1985 b) and Allurwar and Parihar
(1992).

3045



Abd Alla, Somala A.E.

Table (4): Fibrous root dry welght (gm/auger *) of Sour orange and
Volkamer lemon rootstocks as affected by Washington navel
scion and corresponding values of both seedling rootstocks

{n 2001-2002 seasons.
30cm | 60cem | 90cem | 30em | 60cem | 90 cm
rootstock depth | depth | depth | depth | depth | depth
2001 Seascn 2002 Season
50 cm from tree trunk
Washington navel/C. Volkameriana | 1.00 0.85 0.24 1.38 1.29 0.35
Washington navel/Sour oragne 1.00 0.95 024 1.38 1.30 0.35
C. Volkameriana/seedling rootstock | 3.95 215 1.29 3194 2.16 1.29
Sour orange/seedling rootstock 2.24 1.15 0.94 2.25 1.53 0.93
L.5.0 5% 0.07 0.04 0.02 0.03 0.05 0.06
100 cm from tree trunk
Washington navel/C. Volkameriana 1.78 1.21 0.26 0.90 1.24 '0.24
Washington navel/Sour cragne 1.79 121 0.26 0.99 1.36 0.27
C. Volkameriana/seedling rootstock | 2.62 1.08 0.66 2.53 1.10 0.66
ISour crange/seedling rootstock 1.51 0.79 0.39 1.52 0.78 0.38
L.S.D5% 0.06 0.03 0.02 0.07 0.05 0.04
150 cm from tree trunk’
Washington navel/C. Volkameriana | 1.62 1.32 0.29 1.14 1.00 0.35
\Washington navel/Sour oragne 1.62 1.32 0.28 1.26 1.10 0.38
IC. Volkameriana/seedling rootsiock | 2.03 0.72 0.26 2.10 0.76 0.26
our orangefsesdling rootstock 1.17 0.53 0,19 1.21 0.58 0.20
5.0 5% 0.29 0.08 0.01 0.04 0.24 0.01

Auger soil sample = 2356 cm’

3- Fruit set, fruit drop, yield and yield efficiency :

As shown in Table (5) the results indicated that, frun set percentage
on Volkamer lemon rootstock was higher than that recorded on Sour orange
rootstock. However, the differences between them was significant in the first
season only. Similar result was obtained by Kitat et al. (1973).

Also, results indicated that, fruit drop percentage of Washington navel
orange on Volkamer lemon was lower than that recorded on Sour orange.
The differences were not significant, except fruit drop percentage in July in
both seasons (Table 5). Similar conclusions were obtained by Abbas (1997)
on Washington navel orange.

Data of Yield as( kg/tree) in Table (5) showed that, Washington navel
orange on Volkamer lemon had significantly higher yield than on Sour orange
rootstock. This result was true in both seasons. On the cther hand, the yield
of Washington navel orange was less in the second season when compared
with the first one. Conclusively Washinglon navel orange tree produced more
yield on Volkamer lemon than on Sour orange rootstock. These results agree
with those obtained by Mehrotra et al. {1999) and Chohan et a/. (2000) on
sweet orange when tested as a scion

AlbO yield efficiency as Kg!cm trunk cross - sectional area (TCSA),
or Kgim® of tree canopy volume on Volkamer lemon rootstock was
significantly higher when compared with that on Sour orange rootstock in
both seasons. These results are in accordance with those obtained by
Mehrotra et al. (1999).
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Table (5): Fruit set, dropping and yield of Washington navel orange
trees on Volkamer lemon and Sour orange rootstocks and
corresponding values of both seedling rootstocks in 2001-
2002 seasons.

. Fruit dro . Yield efficiency
Rootstock Fruit YI'l(elld Kglem? Kgim”
Set % | May % [June %| July % o 9 1 BEE | canopy

- volume

2001 Season
ashington navel/C.Volkamerianal 27.5 | 24.2 | 197 | 181 | 67.5 | 0.99 7.94
Washing:on navel/Sour orange 234 ) 245 | 201 | 203 | 463 | 096 6.66
IC. Volkameriana/seediing rootsiock 36.0 ) 215 | 200 | 202 | 248 0.52 375
Sour orange/seedfing rootstock 269 | 206 | 250 | 266 | 235 ] 056 4,37

L.S.D 5% 2761 172 | 159 | 202 | 809 | 002 | 010
2002 Season

Wj‘lf“'"g‘?“ navel/C. 286 | 249 | 226 | 168 | 544 | 085 | 5.84

olkamenana 260.{ 260 | 232 | 183 | 328 | 059 | 4.04

ashington navel'Sowrorange | 444" | 204 | 193 | 190 | 239 | 049 | 293

. Volkameriana/seedling rootstock
" 4. . . 4.1 4 0. .32
S b o gelsseding rootstock AR Yl Bl B el B ol B

4- Fruit quality:

It is clear from Table {6) that the tested roo!stocks had a significant
effect on most fruit characters in this study, i, e. fruit tength, diameter, volume,
weight and juice volume recorded the highest values when the fruit are taken
from trees on Volkamer lemon comparing with those on Sour orange
rootstock. On the contrary, peel thickness was thickner in the fruit taken from
tree on Volkamer lemon rootstock than that measured for the fruits on Sour
orange rootstock.The analysis of juice recorded higher TSS and lower
acidity% in the fruits taken from trees on Sour orange rootstock when
compared with those on Volkamer lemon rootstock in both seasons. On the
other hand, T.5.S/acid ratio was significantly lower on Volkamer lemon
rootstock than that on Sour orange rootstock. Vit. C was higher in the juice
taken from fruits on Volkamer lemon than that on Sour orange without
significant differences between them in both seasons. These findings are in
accordance with those obtained by Davies & Albrigo (1994) they reported
that, C. Volkameriana generally induced high yields, but produced relatively
poor fruit quality, fruits with less TSS characterized by high acidity and coarse
peel.

5- Root and leaf Na and CI contents:

Data in Table (7) revealed that, Na and C! presented in the roots of
Volkamer lemon were lower in both seasons than those determined on Sour
orange rootstock with significant differences except Na in both seasons. On
the other hand, Sour orange seedlings had higher content of Na and Cl when
compared with Volkamer lemon seedlings with significant differences
between them in both seasons. Moreover, Sour orange and Volkamer lemon
seedlings had higher Na and Ci in their roots when compared with
Washington navel orange on the same rootstocks in both seasons (Table 7).
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These results agree with the findings of Combrink ef al. (1995) they
studied seedlings of Troyer citrange, Citrus Volkameriana, Carrizo citrange
and Rough lemon which were tested for salaine irrigation water. They
reported that, Volkameriana was the most tolerant to chloride when
compared with the other tested rootstocks.

Leaf Na and Ci contents of Washington navel orange were
significantly higher on Sour orange as compared with those on Volkamer
lemon in both seasons. In this respect leaves of Sour orange seedlings had
higher content of Na and Ci than that on Volkamer lemon ones with
significant differences between them in both seasons.

Table (6): Fruit quality of Washington navel trees on Volkamer lemon
and Sour orange rootstocks and corresponding values of
both seedling rootstocks in 2001 and 2002 seasons.

]
- E
|l 5l gl 2] % |E= 2| 2|
£ s £ .9F§ 32 A 2lz £ 8
Rootstock SIE|Z B 25128|2[8]|8(82
2| 813 2 leE “als 3 £
=383 "E' £ -55"0 Ladll -4 o EE
El3)1E|IElEl~ - é
[re L[S T
L |
2001 Season

Washington navel/C.Volkameriana | 8.0 | 8.0 [265.01181.4] 6.5 [108.019.51(1.35[7.04]39.0
Washinglon navel/Sour orange 74177 1222.5175.2] 5.0 |96.7110.6311.1219.48]38.2
IC. Velkameriana/seedling rootstock| 6.8 | 6.5 [126.8/1116.8] 4.2 |44.618.60(4.68| 1.83]38.0
ISour crange/seedling rootstock 55| 45 154.8145.d 52 156.0{8.24(54611.689)314
S.D5% | 0.0710.28)3.3916.05/1.32/6.99/1.08/ 0.15|0.57 | 4.11
2002 Season
Washington navel/C.Volkkameriana | 8.7 | 8.7 @84.7194. 6.3 1116.019.21[1.317.03|44.5

ashington navel/Sour orange 8.0 | 8.3 [239.64188.7| 5.1 {104.1]10.37] 1.07 | 9.69 | 40.2
IC. Volkameriana/seedling rootstock) 6.8 | 6.6 [126.8116.5 5.3 144.118.3014.86]1.71|35.6
[Sour orange/seedling rootstock 57146 [154.8(141.5 6.3 [54.9/9.13|5.33/1.71|30.0
L.S.D 5% | 1.2 0.96/6.3016.11| 1.1 |3.76]0.38) 0.21[0.752.20

6- Some leaf organic substances :

it is clear from Table (7) leaf chlorophyll a, b and its total content had
higher values on Volkamer lemon rootstock than that on Sour orange
rootstock in both seasons. Similar results were reported by El-Sayed (1999).

Total carbohydrate, C/N ratio and proline content were higher in
leaves of Washington navel orange tree on Volkamer lemon than those
recorded on Sour orange rootstock in both seasons (Table 7). Similar results
were reported by Azab (1995} and El-Sayed (1999)

Finely, it could be conciuded that Washington navel orange tree on
Volkamer lemon rootstock had higher leaf, total carbohydrate %, C/N ratio
and proline level, on the other hand, low values of Na and Cl ions as shown
in {Table 7) than these on Sour orange rootstock. These results mean that
Volkamer lemon rootstock probably had the ability to tolerate salinity and
alkaline stress under Kafr EI-Sheikh conditions than Sour orange rootstock
according to the tested indicators used in these study.
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Table {7): Root and leaf content of Na and Cl, and some organic
substances in leaf of Washington navel orange trees on
Volkamer lemon and Sour orange rootstocks and in leaves
of both unbudded seedling rootstocks and corresponding
values of both seedling rootstocks in 2001 and 2002

seasons.
Root Leaf Chlorophyi!t Total
ota
Rootstock Na%] Cl1% [Na%|CI%| a | b [Totall carbonydrate 0"

2001 seasons
W ashingtan navelC. Volkameriana [0-220] 0.159 .nsorgoeo 44.8(23.3]68.1 11.3 0.47
0

Washington navelSourorange  |0.220] 0.167 [0.3000.070( 44.7 | 22.1 1 66.9 11.0 0.32
IC. Volkameriana/seadling rootstock (0.223) 0.148 0.15210.200/ 50.4 1 18.9{89.3 149 0.83
[Sour orange/seedling roatstock 0.240) 0.162 0.1610.220) 48.7 | 19.0| 68.7 17.0 0.52
I.S.D5% 0.020{ 0.004 0.0300.@ 2.51 2.80 | N.S 1.70 0.04
2002 seasons
Washing[on navelVC. Volkamernana 0.223 0.153 0.030 .070 43.6 214 65.0 1.1 0.48
\Washingtan navel/Sour orange 0.225( 0.177 10.2500.080{ 37.318.555.8 10.7 0.39

. Volkameriana/seadling rootstock (0.222] 0.163 b.1520.200 51.9]19971.8 15.2 0.67

our orange/seediing rootstock  |0,230| 0,179 [0.16200.210{46.9( 1981687 | 174 | 0.85
L.S.D 5% 003| 0.004 10.020/0.039]1.27 | 0.58(1.89 | 148 | 0.05]

7- Leaf and root mineral content:

Data in Table (8) revealed that, N, P, K,Ca and Mg contents in the
leaves of Washington navel orange on Volkamer lemon were higher in both
seasons than those determined on Sour orange rootstock with significant:
differences in all cases, except P. The result also indicated that, Fe, Mn, Zn
and Cu levels in leaves of Washington navel orange were higher on
Volkamer lemon rootstock than those on Sour orange. The differences were
also significant between them in both seasons. On the other hand, Volkamer
lemon seedlings had high of P, K, Ca, Mg, Fe, Zn and Cu but had low N and
Mn contents when compared with Sour orange seedlengs (Table 8). Similar
results were reported by Mansour et al. (1993), Abou-Rawash et al. (1995)
and El-Sayed (1999).

Also, data in Table (9) show, root mineral contents of Volkamer
lemon and Sour orange rootstocks as affected by Washington navel crange.
Its effect as scion was clear on Volkamer lemon rootstock which gave higher
values of leaf N, P, K, Fe and Cu contents than those determined for Sour
orange rootstock. On the contrary, Ca, Mg, Mn and Zn were higher on Sour
orange rootstock than those recorded on Volkamer lemon rootstock. Sour
orange seedlings had higher contents of N, P, K, Mg, Mn and Zn than those
on Volkamer lemon seedlings, but lower Ca and Fe than Volkamer lemon
seedlings (Table 9).
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Table {(8): Leaf mineral content of Washington navel orange trees budded on
Volkamer lemon and Sour orange rootstocks and in leaves of both
unbudded seadllnLootstocks in 2001 and 2002 seasons.

P K |[Ca|Mg| Fe |Mn| Zn | Cu
Rootstock ./. % “ " % |ppm| pm | Pom pn;l
2001 Season
Washington navelC. Volkameriana 2.69 119.0[ 48.7 | 31.1 ] 125
ashington navel'Sour orange 222 134.6] 31.2 | 275§ 11.7
. Volkameriana/seedling rootstock 247 134,11 34.5| 55.3 1128
Sour orangefseediing roatstock 2.56 115.0| 445 | 45.0 | 13.0
L.S.05% 0.10 10.4 | 6.88| 2.8 | N.S
ash.nglon naveUC_ Volkkameriana 2 96 3-39 0.60 120.3 48.0 31.0 10.0
ashington navelSour orange 240 3.65| 0.44 |136.6] 31.3 | 280 95
. Volkameriana/saedling rootstock 2.42 3.551 0.57 1132.0| 3561 56.6 | 140
our orange/saedling roctstock 2.51 3.51 | 0.48 |123.0{ 45.5 455 | 13.5
LS05% 0.25 NS [ 0.04] 62 | 44 @.2 14

Table (9): Root mineral content of Sour orange and Volkamer lemon
rootstocks as affected by Washington navel orange scion
and in roots of both seedling rootstocks and corresponding
values of both seedling rootstocks in 2001 and 2002 sescns.

N|P | K | Ca Mg| Fe | Mn | Zn | Cu
[— Rootstock Y%l % | % | % | % pm | pm | Ppm | ppm
2001 Season
ashington navelC. Volkameriana 1.65[0.22]1.00[1.48] 0.25| 92.0 | 25.0 | 30 | 8.9
mashinglon navel’Sour orange 1.45/0.20(0.90|1.56{0.27 | 885|248 | 33 7.8
C. Volkameriana/seedling roolstock 1.34)0.18/0.8811.49|0.24 | 224 (680 | 70 | 11.0
Sour arange/seedling rootstock 1.45(0.12(0.91) 145,027 ) 184 | B7.0 | ™ 16.8
LSO 5% 10.41|N.5 0.08| NS | NS | 67 | 45 | 44.| 18
2002 Season
ashingtan navelC, Volkamerana 767[0.20]0.98[1.59|0.26] &7 | 29 | 26 | 8
Washington navel/Sour orange 1.5510.18|0.78/1.68|028( 85 | 33 | 25 7
IC. Volkameriana/seedling foatstock 1.46(0.18]0.86({ 148/ 0.24 | 225 | 71 69 11
Sour crange/seedling rootslock 1.44)0.20(0.51]/1.46 | 0.26 | 185 | 92
L.S.D 5% 0.11| N.5 |0.08/ 0.07 | 0.02| 3.8 | 5.1 Ls Las

8- The concentrations of some heavy metals :

Data in Table (10) show that, Pb, Cd, Se, Ni and Cr contents in
leaves, roots, fruit peel and fruit juice of Washington navel orange budded on
Volkamer lemon rootstock were lower than those on Sour orange rootstock
with significant differences between them in most parameters.

This result was true in both seasons. The concentrations of different
heavy metals were always higher in roots than that in leaves. This resuit was
true for Washington navel orange on both rootstocks. Conclusively, Volkamer
lemon as rootstock probably had the ability to absorb and transport lower
quantities of most heavy metals when compared with Sour orange rootstock
which enhance their absorption and translocation of these elements.

3050



J. Agric. Sci. Mansoura Univ., 31 (5), May, 2006

Table (10): Concentrations of some heavy metais in leaf, root, fruit peel
and fruit juice of Washington nave! orange on Volkamer
lemon and Sour orange and in the same parts of both
seedling rootstocks in 2001and2002 seasons.

Rootstocks Pb, cd, Se, Ni, Cr,
Ppm ppm ppm ppm ppm
2001 season
teaf
Washington navel/C. Volkameriana 2.47 4.05 4.82 6.14 517
Washington navel/Sour orange 3.07 3.00 533 6.94 4.89
C. Volkameriana/seedling rootstock 2.96 2.1 2.38 1.78 1.46
Sour orange/seedling rootstock 2.18 2713 3.66 294 2.09
L.8.D 5% .0.55 0.32 0.49 0.46 0.39
Roct
ashington navel/C. Volkameriana 3.59 5.38 4.95 5,80 5,15
Washington navel/Sour orange 3.66 4.26 5.22 6.96 5.13
C. Volkameriana/seedling rootstock 4.33 4.33 8.99 4,94 7.41
Sour orange/seedling rootstock 5.62 5.62 11.65 5.50 7.83
L.8.D 5% 0.45 0.50 0.41 0.49 0.41
Fruit Peel
ashington navel/C. Volkameriana 0.022 0.018 0.038 0.021 0.045
ashington navel/Sour orange 0.028 0.019 0.035 0.022 0.055
C. Volkameriana/seedling rootstock 0.017 0.018 0.019 0.015 0.047
ISour orange/seedling rootstock 0.025 0.031 0.c27 0.022 0.061
L.S.D 5% 0.003 0.002 0.003 0.004 0.003
Fruit Juice
Washington navel/C, Volkameriana 0.0029 0.0015 0.0021 0.0051 0.0045
Washington navel/Sour orange 0.0026 0.0013 0.0024 0.0058 0.0048
C. Volkameriana/seedling rootstock 0.0023 0.0013 0.0017 0.0022 0.0033
ISour orange/seedling rootstock 0.0035 0.0021 0.0022 0.0059 0.0065
L.5.D 5% 0.0002 0.0001 0.0001 0.0004 0.0002
2002 season
Leaf
ashington navel/C. Volkameriana .67 3.40 5.08 6.53 6.03
Washington navel/Sour orange 372 3.44 5.24 6.90 6.35
C. Volkameriana/seedling rootstock 274 2,19 2.55 1.82 1.56
Sour orange/seedling rootstock 228 258 3.78 2.05 2.40
LS.D5% 0.35 0.94 0.26 0.83 0.30
Root
ashington navel/C, Volkameriana 4.09 5.57 5.11 5.87 570
Washington navel/Sour orange 3.85 5.00 5.83 7.01 549
C. Volkameriana/seedling rootstock 8.36 4.38 9.08 4.17 7.74
Sour orange/seedling rootstock 5.89 5.65 11.77 5.61 7.90
L.5.0 5% 0.34 0.49 0.54 1.25 0.39
Fruit Peel
Washington navel/C. Volkameriana 0.023 0.017 0.032 0.018 0.044
Washington navel/Sour crange 0.026 0.018 0.032 0.019 0.053
IC. Volkameriana/seedling rootstock 0.015 0.017 0.019 0.013 0.045
Sour orange/seedling rootsiock 0.021 0.032 0.026 0.021 0.059
L.S.0 5% 0.006 0.005 N.S NS N.S
Fruit Juice
Washington navel/C. Volkameriana 0.003C 0.0017 0.0020 0.0057 0.0050
Washington navel/Sour orange 0.0027 0.0014 0.0023 0.0057 0.0051
C. Volkameriana/seedling rootstock 0.0024 0.0010 0.c016 0.0021 0.0035
Sour orange/seedfing rootstock 0.0032 0.0019 0.0042 0.0058 0.0064
L.5.0 5% . N.S 0.0002 0.0003 0.0013 0.0010
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Conclusion

It could be concluded that Washington navel orange on Volkamer
lemon produced the highest values of most vegetative and root growth
parameters, also, gave the highest yield as Kg/tree or yield efficiency with
higher values of fruit physical properties with poor chemical properties such
as lower TSS value and higher acidty.

Moreover, Washington navel orange tree on Volkamer lemon
rootstock had lower Na and Cl ions in their leaves which reflect its tolerance
to these ions present in the soil. The higher values of chlorophyll, proline,
total carbohydrate and C/N ratio and other good growth factors support its
salt tolerance. Thus, Volkamer lemon as rootstock for Washington navel
orange cultivar exhibited higher ability for growth and yield than on Sour
orange under saline and alkaline condition of Kafr El-Sheikh soil. This
conclusion needs more studies to assure the successful replacement of
Volkamer lemon as a rootstock for Washington navel orange variety grown
under different environmental conditions.
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