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ABSTRACT

This study was carried out during 2001 and 2002 seasons on 8 - years old
Valencia 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 both rootstocks to tolerate salinity as well as ability to transport some
heavy metals.

The obtained resuits showed that, Volkamer lemon rootstocks enhanced tree
size, tree height, shoot length, number of leaves per shoot, trunk cross-sectional area
“TCSAcm® and leaf area than those on Sour orange rootstock.

Also trees on Volkamer lemon rootstock produced the highest values of root
growth i.e. root length, root density and root dry weight at different depths {30, 60 and
S0cm) and distances {50, 100 and 150c¢cm) from tree trunk comparing with those on
Sour arange rootstock and both seedling stocks.

Valencia orange trees on Volkamer lemon rootstock had lower Na and Cl
ions in their leaves and roots and higher levels of proline, carbohydrate and
chlorophyll a,b and its total value than those recorded for leaves on Sour orange
rootslock.

Fruit set was higher on Volkamer lemon than of that on Sour orange
rootstock, meanwhile fruit drop was higher in May, June, July than on Sour orange
rootstock.

Valencia orange on Volkamer lemon maximized fruit yield with higher values
of fruit length, diameter, volume, weight and juice volume, T.5.8, Acidity, T.S.S/acid
ratio and vitamin C than those on Sour orange rootstock.

valencia Leaf N, P, K, Ca, Mg, Fe, Mn, Zn and Cu contents were higher on
Volkamer lemon rootstock. On the contrary leaf Na and Cl vaiues were higher on Sour
orange comparing with those of Volkamer lemon rootstock.

Beside, roct N, P, K, Fe, Mn, Zn and Cu contents were higher on Volkamer
lemon rootstock, but root Ca, Mg, Na and ClI values were only higher on Sour orange
rootstock comparing with Volkamer lemon roots.

Valencia orange trees on Sour orange rootstock had higher Pb, Cd, Se, Ni
and Cr, in their leaves, roots, fruit peel and fruit juice than those on Volkamer lemon
rootstock. Therefore, Volkamer lemon as rootstock for Valencia orange seemed to be
a good substitute comparing with Sour orange rootstock under the conditions of this
experiment.

INTRODUCTION

Rootstock is one of the most important factors affecting citrus
production. Sour orange is the most commonly used rootstock in Egypt
inspite of it's susceptibility to tristeza, gummossis and other virus disease.

A chosen rootstock has different effects on vegetative growth of scion
trees (Monteverde et al., 1990: Martinez et al. 1994 and El-Sayed 1993)
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these variations also included flowering, fruit set, fruit drop and yield (Kitate et
al. 1973 & Inoue, 1989), fruit quality (Saad-Allzh et al. 1985: Mehrotra et al.,
1999 & Meligy ef al. 1999) and leaf mineral content (El-Azab et al.; 1978: El-
Barkouky et al, 1984: Kaplankiran and Tuzcu, 1994 and Azab, 1995).
Rootstock's root system has a great influence on vegetative growth and
production of citrus varieties. This effect can be attributed to 1) resistant to
diseases, 2) tolerant to drought, salinity and alkaiine soil and 3) absorption of
mineral nutrients from a given soil (Allurwar & Parihar, 1992 and Dawood
1996).

So, this study aimed to evaiuate and compare Volkamer lemon as
rootstock for Valencia orange under Kafer El-Sheikh conditions and to
answer this question: is Volkamer lemon c¢an be used as a good substitute for
Sour orange rootstock under the same conditions?

MATERIALS AND METHODS

The present study was carried out at the experimental farm of Sakha
Agriculture Research Station, Kafer El - Sheikh Governorate during 2001 and
2002 seasons, on 8 - years old Valencia orange trees budded on two citrus
rootstocks, i.e., Volkamer lemon (C. Volkameriana) and Sour orange (C.
aurantium). In addition three seedling trees of both stocks were also included
in comparison.The trees were grown in ¢lay soil and spaced 5x5 meters in a
complete randomized block design with three trees plot replicated three times
for a total of nine trees per rootstock. Mechanical and chemicai analysis of
the experimental soil is shown in Table (a)

Table (a) Mechanical and chemical analysis of experiment field soil.

l§ Mechanical Chemical | Available ppm DTPA extractable p
W S 1CRY | structure] pH [ EC1O™] N | P | K [ Fo | 2n | Pb | Ni | cd
9.6532.1558.200 clay [7.97]3.35]|1.90]18.53/7.7873.47{20.09] 9.97 | 0.48 | 0.74 | 0.18

In both seasons of study all trees received the following fertilizer, 300
gm/tree ammonium suiphate in March, 450 gm/tree ammonium sulphate in
June, 200 gm/tree ammonium nitrite and 200 gm/tree potassium sulphate in
August, all trees Irrigated at intervals of 10- 15 days in summer and 15 - 18
days in winter.

in this study four branches of 2 inches in diameter were selected and
tagged on each tree. The vegetative growth parameters were measured in
terms of tree height, shoot Iength number of leaves per shoot, trunk cross-
sectional area “TCSA cm®™ and leaf area. Canopy volume was calculated
according to the formula: 0.5238x tree height x diameter square (Turell,
1546).

During September of both seascns, 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 & Bommes (1971) using an
auger of 10 cm in diameter and 30 cm length. The auger was driven into the
soil to a depth of 30, 60 and 90 ¢cm each from the soil surface. The soil
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samples were washed through 1.0 cm mesh to separate roots from soil. Root
length cm/auger, root density as number of rootsfauger and root dry weight
gmfauger were measured according to Newman (1968). These
measurements will help for evaluating root density and distribution under
Kafer El- Sheikh soil conditions.

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

At harvest time, in March yield as weight Kg/tree, Kg/cm® TSCA and
Kg/m® of tree canopy were determined in both seasons. Fruit quality was
determined as: fruit length, fruit diameter, fruit volume, fruit weight, rind
thickness, juice volume, T.S.S, acidity, T.S.5/acid ratio and ascorbic acid in
100 mi juice according to (A. O. A. C. 1970).

Fresh leaf samples were taken from each replicate for chlorophyll
determination according to Moran (1982). Total carbohydrates were
determined in 0.5 g fine powder leaf sample according to Dubois et al.
{1958). Leaf proline content was determined according to Bates et al. (1973).

in September of both 2001 and 2002 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
sulphoric acid and hydrogen peroxide according to {Evenhuis & DeWaard
1880). Total nitrogen was determined by microkjeldahl Gumming method
({A.O.A.C. 1970). 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 1959). Fe, Zn, Mn
and Cu were determined using parking Elemar atomic absorption
spectrophotoemeter. Chloride was determined by silver nitrate methods
according to Brown & Jackson (1955).

Lead, cadmium, selenium, nicke! and chromium were determined in
leaves, roots, fruit pee! “ ppm” and fruit juice * ppm/100 g juice” using atomic
absorption spectrophotoemeter, according to Black (1965) and Brigs & Crock
(1986). All data were statistically analyzed accordsng 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 tested rootstocks. Valencia orange on Volkamer
lemon rootstock produced the largest tree size and the highest height
comparing with those recorded on Sour orange. Meanwhile, Sour orange
seedlings gave the lowest values in this respect. Moreover trunk cross
sectional area (TCSA) of Valencia orange on Volkamer lemon rootstock was
higher than that recorded on Sour orange rootstock with significant
differences betwaen them in both seasons. Also, average leaves number per
shoot and leaf area were also significantly enhanced by Volkamer lemon
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rootstock in both seasons. Moreover, average shoot length gave the longest
values on Volkamer lemon rootstock followed by those on Sour orange
rootstock with significant” differences between them in the first season.
 Meanwhile in the second season Valencia orange on Volkamer lemon and
- Sour orange had approximately the same values (Table1). These results are
in agreement with those obtained by Monteverde ef al. (1990), Martinez ef al.
(1994) and El-Sayed {1999) who reported that, C. Volkameriana was
generaily the best rootstock for most vegetative growth of Valencia orange
trees.

Table (1): Vegetative growth parameters of valenica crange trees
budded on Volkamer lemon and Sour orange and
corresponding values of both seedling rootstocks dluring

2001and2002 seasons.
Tree |Canopy| TCS [Average| Leaves | Leaf
Rootstock hieght | Volume | A* | shoot | number | area
M__ | m¥tree | cm® |_lenght |per shoot| cm’
] 2001 Season
Valencia orange/C. Volkameriana 3.40 1184 |71.8] 319 207 21.2
Vatencia orange/Sour orange 277 9.02 |50.7| 295 18.2 184
IC. Volkameriana/Seedling rootstock 288 6.60 |47.3]| 334 20.0 198
[Sour orange/Seedling rootstock 265 5.37 417} 342 19.8 19.4
L S.D 5% 0.07 049 18% 1.8 1.4 1.3
2002 Season
Valencia orange/C. Volkameriana 3.66 1448 {923| 28.7 19.1 205
alencia arange/Sour orange 3.00 12.26 |{6B4] 286 17.6 175
o Voikameriana/Seedfing rootstock 3.18 8.14 [48.7] 342 188 20.3
orange/Seedling rootstock 3.00 704 1435f 366 |- 19.2 19.7
S5.D5% 0.05 080 {300t 19 1.1 07
* trunk cross sectional area
2-Root Systern growth:

Concerning Valencia orange scion variety, the longest values of
fibrous root length, at 50, 100 and 150 cm from tree trunk always belonged to
Volkamer lemon rootstock and the differences were significant when
compared with Sour orange rootstock. Also, the results indicated that, fibrous
root length was less when the distance from tree trunk was increased from 50
to 150 cm. This relationship was also frue with increasing soil depth from 30
to 90 cm (Table 2).

Similar results were reported by Hassan (1984), Saad-Alla ef al.
(1985 a,b) and Aliurwar & Parihar (1992) who supported the obtained results
herein that Volkamer lemon had a better root distribution than Sour orange as
rootstock for Valencia orange scion.

The results in Tabie (3) indicated that the highest values of root
density was found on Volkamer lemon rootstock comparing with those
recorded on Sour orange rootstock with significant differences between them
in both seasons. These results were true at different soil depths (30, 60 and
90 c¢m) and at different distances (50, 100 and 150 cm) from tree trunk. So,
Volkamer lemon produced the highest root density than that of Sour orange
rootstock (Table 3).
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These results agree with those obtained by Dawood (1896) and El-
Sayed (1999) which said that Volkamer lemon had a better root density than
Sour orange as rootstock for Valencia orange.
Table {2): Fibrous root length {cm) of Sour orange and Volkamer lemon
rootstocks as affected Valencia orange scion and corresponding
values of both seedling rootstocks during 2001and2002 seasons.

] 2001 Season 2002 Season
Rootstock 30cm | 60cm § S0cm | 30cm | 60cm | S0cm
depth | depth | depth | depth | dapth | depth
50 ¢m from tree trunk
Valencia orange/C. Volkameriana 6.5 7.0 33 11.3 10.0 5.1
Valencia crange/Sour orange 5.2 5.3 2.5 7.0 8.1 2.2
C. Volkameriana/Seedling rootstock 24.7 | 135 8.1 22.7 13.9 8.3
Sour orange/Seedling rootstock 12.8 9.3 5.5 12.5 105 6.5
LS.D5% 1.08 | 0.70 0.23 2.1 2.47 0.40
100 cm from tree trunk
Valencia orange/C. Volkameriana 10.1 7.7 24 1.5 10.0 3.3
Valencia orange/Sour orange 3.7 54 1.0 5.1 8.5 1.5
C. Volkameriana/Seedling rootstock 16.4 6.8 4.2 16.4 7.2 4.6
Sour orange/Seedling rootstock 8.6 47 23 8.5 5.4 25
LS.D5% 1.20 | 0.56 0.43 1.31 1.45 0.58
150 cm from tree trunk
Valencia orange/C. Volkameriana 9.2 7.5 22 10.4 103 3.9
Valencia orange/Sour orange 4.8 4.6 1.4 7.3 6.8 3.1
C. Violkameriana/Seedling rootstock 1271 45 1.6 10.9 51 2.8
Sour orange/Seedling rootstock 6.7 3.3 1.1 7.8 a8 1.9
LSD5% 063 | 0.35 Q.74 1.99 1.45 0.48

Auger soil sample = 2356 cm3

Table (3): Fibrous root density (number of roots/auger *) of Sour
orange and Volkamer lemon rootstocks as affected Valencia
orange scion and corresponding values of both seedling
rootstocks during 2001and2002 seasons.

2001 Season 2002 Season
Rootstock 30cm | 60cm | 90cm | 30cm | 60cm 90cm
depth | depth ] depth | depth | depth depth
50 cm from tree trunk
Valencia orange/C. Volkameriana 11.62 j 1246 | 579 | 15.94 | 17.09 1.27
Valencia orange/Sour orange 484 | 459 | 119 | 661 | 7.1 2.0
C. Volkameriana/Seedling rootstock | 43.39 | 23.69 | 14.16 ) 4325 | 23.66 13.51
Sour orange/Seedling rootstock 11.89 | 8.02 | 4.97 { 11.82].9.00 5.84
LSD5% 133 | 151 1 161 | 224 | 3.24 2.09
100 cm from tree trunk
Valencia orange/C. Volkameriana 17.94 1 13.48 ) 589 | 2461 ] 14.92 4.66
Valencia orange/Sour orange 3.06 | 560 | 1.92 | 4.07 | 6.59 1.46
-{C. Volkameriana/Seedling rootstock | 28.85| 11.88 | 7.29 | 27.72 | 10.78 6.46
Sour orange/Seedling rootstock 6.99 | 417 | 205 | 6.81 | 4.13 2.30
LSD5% 1.67 ] 142 | 110 § 241 | 2.99 0.20
150 cm from iree trunk
Valencia orange/C. Volkameriana 16.22 1 13.25] 3.90 | 21.92 | 17.24 5.35
Valencia orange/Sour orange 443 | 391 ] 135 | 598 | 495 1.93
C. Volkameriana/Seedling rootstock | 22.36 | 7.93 | 2.83 | 2266 7.95 2.85
Sour orange/Seedling rootstock 619 | 272 1 099 | 633 | 2.84 1.10
LSD5% 128 | 1.87 | 0.26 | 2.33 | 1.1 0.19

*Auger soil sample = 2356 cm’
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Also, data presented in Table (4) show the fibrous root dry weight of
Volkamer lemon and Sour crange rootstocks at 50, 100 and 150 em from tree
trunk at different soil depths (30, 60 and 80 cm) was affected by Valencia
- orange cultivars. It is clear in both seasons that Volkamer lemon rootstock
gave the highest values of root dry weight than those on Sour orange
rootstock without significant differences between them. This result was true at
different solf depths and distances from tree trunk in both seasons (Table 4).

These resuits agree with those oblained by Saad-Alla et al. (1985b),
Allurwar & Parihar (1892) and El-Sayed {1989) and supported the obtained
results that Volkamer lemon had a root system characterized by better root
growth and distribution than Sour orange roofstock.

Table (4): Fibrous root dry weight (gm/auger*} of Sour orange and
Volkamer lemcn rootstocks as affected Valencia orange
scion and cormrresponding values of both seedling
rootstocks during 2001and2002 seasons.

2001 Season 2002 Season
Rootstock 30cm | 60cm | 90cm | 30cm | 60cm | 90cm
depth | depth | depth | depth | depth | depth
50 cm from tree trunk
Valencia orange/C. Volkameriana 1.06 | 072 | 0.23 1.45 156 | 072
\Valencia orange/Sour orange 1.06 | 069 | 022 | 146 | 1.57 | 0.67
IC. Volkameriana/Seedling rootstock 3.95 2.15 1.28 3.94 2.16 1.29
ISour orange/Seedling rootstock 224 | 151 | 094 | 225 | 153 § 093
L.S.D5% 006 | 013 | 0.02 | 003 § 005 | 007
100 cm from tree trunk
alencia orange/C. Volkameriana 135 | 090 | 0147 | 225 ] 152 | 048
alencia orange/Sour orange 136 | 091 { 017 | 099 | 151 0.48
. Volikameriana/Seedting rootstock 2.62 1.03 0.66 2.53 1.10 0.66
Sour orange/Seedling rootstock 151 | 097 | 038 | 152 § 078 | 038
S.D05% 0.02 0.03 0.02 0.07 0.05 0.04
: 150 cm from tree trunk
alencia orange/C. Volkameriana 106 F 109 | 037 | 203 | 165 | 0.16
alencia orange/Sour orange 106 | 1.09 | 0356 | 2.04 166 | G.18
. Volkameriana/Seedling rootstock 203 0.72 0.26 2.10 0.76 0.26
our orange/Seedling rootstock 1.17 0.53 0.19 1.21 0.58 0.20
LSD5% 0.09 0.11 0.0t 0.20 0.07 0.01

“Auger soil sample = 2356 cm’

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

As shown in Tabie (5} the results indicated that, fruit set percentage
on Volkamer lemon rootstock was higher than that recarded on Sour orange
rootstock, however the differences between them were not significant in both
seasons. On the other hand, Volkamer lemon seedlings recorded highly
significant values of fruit set % than those of Sour orange ones in both
seasons (Table 5). Similar results were obtained by Kitat ef al. (1973) and
Inoue (1989). .

Also, the results indicated that, at May of the first season fruit drop of-
Valencia orange was significantly higher on Sour orange than on Volkamer-
lemon. But in the second season, Valencia orange budded on both rootstocks
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Volkamer lemon and Sour orange had approximately the same values of May
fruit drop.

It is clear that, fruit drop percentages in June, July on Volkamer
lemon were lower than those recorded on Sour orange rootstock, and the
differences were significant in both seasons (Table 5). Similar conclusions
were obtained by Kitate et al. (1973) and Inoue {1989). '

Concemning yield as kgftree listed in Table (5) data showed that,
Valencia orange budded on Volkamer lemon had significantly higher fruit
yield than on Sour orange rootstock. This result was true in both seasons. On
the other hand, the yield of Valencia orange was lower in the second season
when compared with the first one. Conclusively Valencia orange trees
produced more yield on Volkamer lemon than on Sour orange rootstock.
These results agree with those obtained by Saad-Allah et al. (1985), Mehrotra
et al. (1999) and Meligy et al. (1999).

Moreover yield efficiency as Kg/Cm® trunk cross - sectional area
(TCSA),or Kg/m® 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. (1993) on several fruit species, which means that Volkamer
lemon rootstock has a higher yietd capacity than Sour orange rootstock under
the conditions of this experiment.

Table (5): Fruit set, fruit drop and yield as well as yield efficiency of
valenica orange trees budded on Volkamer lemon and Sour
orange and corresponding values of both seedling
rootstocks during 2001and2002 seasons.

Fruit drop Yield efficiency
k]
Rootstock ;: 1;. May | June J:aly K:‘,:::, Kg/em® ;ﬂg:'
% % Yo TCSA volume
2001 Season
Valencia crange/C. Volkameriana 27.9 1245( 204 {1204 656 | 0.91 5.54
[Valencia orange/Sour orange 265 {27.7| 223 | 205452 | 0.8% | 501
C. Volkameriana/Seedling rootstock 36.0 [215) 200 {20.3]| 248 | 0.52 3.75
our orange/Seedling rootstock 26.9 {29.6] 250 {266 235 0.56 4,37
IL.S5.D 5% 2.74 [257( NS (2711 479 0.02 0.13
2002 Season
Valencia orange/C. Volkameriana 30.2 {26.3] 244 [17.7(60.3 | 0.65 4.05
Valencia orange/Sour orange 272 126.8] 233 188/ 435] 0.63 | 3.54
IC. Volkameriana/Seedling rootstock 331 |204] 193 {19.0] 23.9 | 0.4%9 2.93
[Sour orange/Seedling rootstock 242 12737 23.2 1241 234 | 0.53 3.32
L.S5.D 5% 381 11.36) 2.06 | 1.84 | 3.2 0.02 0.30

N.S Not significant.

4- Fruit quality:

It is clear from table (6} that the tested rootstocks had a significant
effect on most fruit parameters in this study, i.e. fruit length, diameter, friut
volume, weight and juice volume showed the highest values in fruit
parameters taken from the trees budded on Volkamer lemon comparing with
those on Sour orange rootstock. On the other hand, rind thickness gave °
similar values for fruits either on Volkamer lemon or Sour orange rootstock.
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Total soluble solids, Acidity, Vitamin C and T.S.S/acid ratio were
generally higher in the fruit juice taken from the budded trees on Vioikamer
lemon rootstock than those on Sour orange.These findings are in accordance
- with those obtained by El-Azab et al. (1978), El-Barkouky ef al. (1984 ), Saad-
Allah et al. (1985), Mehrotra et al (1999)and Meligy et al. (1999).50,
Volkamer lemon as rootstock for Valencia orange produced higher yield with
higher acidity in fruit juice,when compared with Sour orange rootstock in bath
season.

it could be concluded that most physical and chemical fruit
characters on Volkamer femon are not less quality than those recorded for
Valencia fruits on Sour orange rootstock except for higher juice acidity of the
fruit on Volkamer lemon rootstock..

Table (6): Fruit quality of Valenica orange trees budded on Volkamer
lemon and Sour orange and corresponding values ef both
seedling rootstocks during 2001and2002 seasons.

- .E t
E IE.I 5 (-] 13 o ] ;
o. 1Y - oF ¥ 1 E.w e 32 -
£ 8 ] & 2 1235| & &
x BlE|{ E| S |Eles)lan|l|B ES
Rootstoc s(El 315 (% :EE |3 & (6%
=|® > = |25l ~| g8)als=
| 5| 5| & [=(3 % |E
E1E)E] 5 E CHE
x >
Season 2001
alencia orangeyC. Volkameriana | 106§ 8.3 | 2827 [193.70| 53 (950 10.9 | 1.29 [ 845 | 44.22
NMalencia ora ur ora 90 | 76 | 2570 {17300} 48 {867 10.8 128843 [4252
%}M&\mm&m 83 | 65| 1268 | 116881 4.2'1446 | 860 | 468 | 1.83 | 38.00
our orange/Seedling rootstock 56 | 45 | 1548 [145908] 52 [56.0]19.24 [ 546 1.69 |31.40
L.S.D 5% 005(0511 3868 { 526 | NS 14091 1.17 |0.05) 062 418
‘ Season 2002
Valencia orange/C. Volkameriana [ 1041 82 | 2772 [189.65] 54 [93.1]1012]1.23[8.21 4338
Valencia orange/Sour orange 88 | 74 | 2535 | 17063 4.2 | 80.0 [10.10] 1.15} 8.08 | 39.24
IC. Ve iana/Seeding rootsiock 68 1 66 | 1271-]111653] 53 [44.1 [ 830 [ 486 | 1.70 | 35.60
ingy rootstock 571 461 1548 [141567 83 [5491913]533]1.71}30.00
S.D5% 042]|152] 586 | 724 | NS |189[082]0.59] 161433
N.S Not significant.

5-Root and leaf Na and C! contents:

Data in table (7) revealed that roots of Sour orange seedlings had
higher contents of Na and Cl when compared with Volkamer lemon seedlings
but the differences were not significant between all tested rootstocks in both
seasons. Regarding the Valencia orange scion effect on the root Na anc Cl of
the two tested rootstocks, Na and Cl concentrations present in roots followed
their concentration in their seedling roots in both seasons.

Leaf Na and Cli contents of Valencia orange were significantly higher
on Sour orange as compared with those on Votkamer lemon in both seasons.
Beside, leaves of Sour orange seedlings had higher content of Na and Ci
than that on Volkamer lemon without significant differences between them in:
both seasons.These resuils agree with the findings of El-Hammady ef al.
{1995) they reported that, Volkamer lemon seedlings contained the lowest
concentration of Na and C! in their leaves. The obtained results explain the
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ability of Volkamer lernon to avoid high absorption of Na and Cl ions from the
saline soil, so this ability may make it more, lolerant in saline and atkaline soil
than Sour orange rootstock.

6 - Some leaf organic substances:

Conceming, leaf chlorophyll 2, b and its total contents data showed
that, leaves from Valencia orange budded on Volkamer lemon or Sour orange
rootstock had approximately similar values of chicrophyll without significant
differences between them in both seasons. Meanwhile, Volkamer lemon and
Sour orange seedlings had higher values of chiorophyll when compared with
Valencia orange on the same rootstocks in both seasons and the differences
were significant in most cases (Table 7). This result leads to suggest that no
significant effect of rootstock on teaf chiorephyil of scion.

As shown in Table (7) total carbohydrate % was higher in leaves of
Valencia crange on Volkamer lemon than that on Sour orange rootstock in
both seasons without significant differences in both seasons. Similar results
were reported by Azab (1995) and El-Sayed (1999).

The results also indicated that, leaf proline content always was higher
on Volkamer lemon rootstock when compared with that on Sour orange
rootstock with significant differences between them in both seasons. These
results agree with those reported by El-Sayed (1999).

Finely, it could be concluded that Valencia orange tree on Volkamer
lemon rootsteck had higher profine level and total carbohydrate in addition to
lower values of Na and Cl ions than these on Sour orange rootstock. These

results mean that Volkamer iemon rootstock could tolerant saline and alkatine .

stresses under Kafer El-Sheikh conditions more than Sour orange rootstock.

Table {7): Root and leaf contents of Na and Cl, and some organic
substances in leaf of valenica orange trees budded on
Volkamer lemon and Sour orange and corresponding values
of both seedling rootstocks durin J 2001and2002 seasons.

Root Chlorophyfl Total
Rootstock ua%rcm Na%[CI'I. a Lwatal “’b"‘!!! Proline
Season 2001
!alenciaoraggc. Volkameriana 0.210} 0.155 { 0088 | 0.030 |37.84}17.51{55.35} 12.36 | 0.32
Valencia crange/Sour orange 0.230] 0179 | 0.483 | 0.043 }37.52]17.38/54.88] 11,86 | 0.27
. Volkameriana/Seedling rootstock  10.223] 0.148 | 0.152 | 0.206 [50.48)48.90]69.38; 14.90 | 0.63
r orange/Seedling rootstock 0.240! 0.182 } 0.16 0,220 149.78]/19.04/6882] 17.00 | 0.52
5.0 5% NS ] NS 0213 | 0023 [390 I NS {360] 244 | 005
Season 2002
Ealam:ia orange/C_Volkameriana _10.205] 0.151 | 0.06% | D.040 [36.24118.60]54.94] 12.44 | 0.49
Valencia orange/Sour orange 0.232] 0.189 | 0421 | 0.050 |36.30]18.70|49.99] 10.50 | 0.37
E. Volkameriana/Seedting rootstock  10.2221 0.183 | 0.152 | 0.204 {51.87120.82171.56} 15.23 | 0.67
orange/Seeding roctstock 0.239] 0.179 § 0.162 } 0.217 |4892|20.82|68.24] 1743 | 0.55
0,05

LSD5% — INS] NS [0042 | 0030 [137 { NS (446 [ 4.08
N.S Not significant. .

7-Leaf and root mineral content:

Data in Table (8) revealed that, N, P and K contents in leaves of
Valencia orange on Volkamer lemon was higher in both seasons than those
determined on Sour orange rootstock without significant differences. This
result was true in both seasons. Also i was clear that leaf Ca and. Mg
contents were higher on the tree leaves budded on Volkamer lemon as
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compared with those on Sour orange in both seasons. However, the
difference was significant in Mg% in both seasons.

Table (8): Leaf mineral content of valenica orange trees budded on Volkamer
| lemon and Sour crange and corresponding values of both seedling
rootstocks during 2001and2002 seasons.

Fe Mn Zn Cu

Rootstock {N% P%|x%icw.inng%|wm ppmlpp_ml u

Season 2001 :

[Valencia orange/C. Volkameriana 245101817133 [ 393 [ 041 | 87.7 ) 415 | 415 | 141
[Valencia orange/Sour orange 24010162 116 § 389 | 0.36 | 697 | 31.3 ; 342 } 132
F
2

9
IC. Volkameriana/Seeadling rootstock 4710202 1.33 | 3.56 | 057 [134.8] 448 | 554 | 128
[Sour crange/Seedling rootstock .56§0.1941 137 1 352 | 048 {1251} 345 | 450 | 13.0
L.S.D 5% NS|I NS | NS [ 022 | 0.03 | 8.2 5.6 43 | NS
Season 2002
|Valencla orange/C. Volkameriana 4910.190] 1.41 | 396 | 046 | 915 | 450 | 450 | 14.0
Valencia orange/Sour orange 4710.1801 108 {394 § 041 1 720§ 312 ) 31.0.) 13.0

F
C. Volkameriana/Seedling rootstock 242102037138 | 355 | 0.65 |1320] 455 | 56.6 | 128
Sour ora edling rootstock 251101981 1321 358 | 056 }123.0]1 356 | 455 | 135
L.S.D 5% NS] NS | NS | 015§ 007 | 6.1 5.6 76 | NS

N.S Not significant.

Generally, leaves of Sour orange seedlings had higher content of
N,P.K, Ca and Mg when compared with those of Volkamer lemon seedlings
without significant differences between them in both seasons.
The result also indicated that, Fe, Mn, Zn and Cu levels in leaves of Valencia
orange iree were higher when budded on Volkamer lemon rootstock than those
on Sour orange. The differences were significant between them in both seasons,
except Cu level in both seasons. In other words, it is clear that. leaves from
Valencia orange budded on Sour orange had less Fe, Mn and Zn concentrations
than on Volkamer lemon rootstock. This reduction may, explain thé vigorous effect
of Volkamer lemons rootstock. Similar results were reported by Labanauska &
Bitters 1974, Saad-Allah et al. (1985), Kaplankiran & Tuzcu (1994), Azab (1895)
and El-Sayed (1999). Concerning root mineral content, roots of Volkamer lemon
had high values of N, P, K, Ca, Fe and Cu, and lower Mg, and Mn when
compared with those recorded for Saur orange rootstock. However, the
differences were not significant in most cases in both seasons{Table 9). These
results are in line with those obtained by Saad-Alla ef al. (1985a), Azab (1995)
and Dawood {1996).

Table {9): Root mineral content of Sour orange and Volkamer lemon rootstocks
as affected by Valencia orange scion and corresponding values of
both seedling rootstocks during 2001and2002 seasons

Rootstock 1 N %iP % I K %lCa % | Mg% me om T ppm ppm
Season 2001
[Valencia crange/C. Volkameriana 1.72 1098 | 115 ] 155 [ 0.25 | 86 25 1253175
Valencia orange/Sour orange 168 ;014 ] 095 | 1468 | 027 | 85 [ 258 | 20 6.6
C. Volkameniana/Seedling rootstock 134 1018 { 088 { 149 | 0.24 | 224 TO 66 11
Sour orange/Seedling rootstock 145 1 019 | 091 | 145 ] 0.27 | 184 91 a7 17
L.5.D 5% 020 | NS {010 [ 0068 | NS |1003] 4.1 4.3 2.8
Season 2002
(Valencia orange/C. Voilkameriana 1.73 | 037 | 1.08 | 1.52 | 0.25 78 25 27 L]
IWalencia orai r 166 1 015§ 087 | 144 | 0.26 79 28 26 5
IC. Volkamariana/Seedling rootslock 135 | 018 | 088 | 1.48 | 0.24 | 225 71 89 11
Sour orange/Seedling rootstock 144 ] 020 | 048 | 1.46 | 0.28 | 185 92 88 18
L.S.D 5% . 0.19 | NS | 0.08 | NS NS .| 87 6.6 5 1.8

N.S Not slgnificanl.
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8-The concentrations of some heavy metals:
Data in Table (10) showed that, Pb, Cd, Se, Ni and Cr contents in the
leaves, roots, fruit peel and fruit juice of Valencia orange budded on
Volkamer lemon rootstock were lower than those on Sour orange rootstock
with significant differences between them in most cases. This result was true
in both seasons. ’

Table (10): Concentrations of some heavy metals in leaf, root, fruit peel and
fruit juice of Valancia orange budded on Volkamer lemon and
Sour orange and corresponding values of both seedling

rootstocks during 2001and2002 seasons.

Season 2001
Rootstock Ph Cd Se I Ni 1 Cr
ppm | ppm_| ppm ppm
Season 2004

%alenda crange/C. Volkameriana 201 83 | 388 | 548 | 600
Valencia orange/Sour orangs 247 .35 | 400 | 558 | 539

Leat C. Volkameriana/Seedling roctstock 296 )11 | 238 | 178 | 148

Sour orange/Seedling rootstock 218 273 | 3668 | 294 ) 200

L. S.D 5% 0.84 0.33 0.47 Q.56 141

[Valencia orange/C. Volkameriana 295 | 333 | 451 | 574 | 486

\Valencia orange/Sour grange 273 3.66 4.68 501 6.01

Root |C. Volkameriana/Seediing rootstock 5149 1 433 | 809 | 498 | 741

Sour orange/Seediing rootstock 5.02 562 ) 1165 | 550 7.63

L.5.0 5% 0.31 0.81 0.54 0.37 0.49
Valencia orange/C. Volkameriana 0.022 § 0.013 | 0.031 | 0020 | 0.035

Fruit Malencia orange/Sour orange 0.024 | 0.019 | 0.037 | 0021 | 0.044
Pesi . Volkameriana/Seedling rootstock 0.017 | 0018 | 0.019 | 0.015 | 0.047
Eour orange/Seedling rootstock 0.025 | 0031 | 0.027 | 6.022 | 0.081

L.5.0 5% 0.003 { 0.010 | 0.005 | 0.003 | 0.003
\alencia orange/C. Volkameriana 0.0019 { 0.0012 { 0.0018 | 0.0054 | 0.0042
Fruit \Valencia orange/Sour orange 0.0032 | 0.0018 { 0.0021 { 0.0061 ] 0.0051
Juice iIC. Volkameriana/Seediing roctstock 0.0023 1 0.0013 | 0.00t7 | 0.0022 { 0.0033
orange/Seediing rootstock 0.0035 1 0.0021 | £.0022 { 0.0059 | 0.0085
S5.05% - 0.0003 1 0.0002 | 0.0002 | 0.0002 | 0.0004

Season 2002 |

[Valencia orange/C. Volkameriana 218 2.81 4.21 B6.05 5.04

atencia ora Qur orange 223 | 468 | 438 | 6.81 6.44

Leaf . Volkamenana/Seeding rootstock 274 1 219 | 255 | 182 | 1.56

[Sour crange/Seedting rootstock 2.28 2.78 3.78 2.0C 2.40

L.5.D 5% 0.12 0.56 0.27 1.34 0.30

\Valencia orange/C. Volkamerana 302 | 378 | 445 | 579 | 5.14

Vale1cia orange/Sour orange 333 f 434 | 483 | 6.7 6.54

Root C. Volkameriana/Seedling rootstock 8.36 4.38 9.08 417 7.74

Pr orange/Seediing rootstock 589 | 567 | 11.77 | 561 7.90

S$.D 5% 043 | 047 | 006 N.S 0.65
Valencia crange/C. Volkameriana 0.023 | 0.015 § 0.033 | 6G.019 | 0.037

Eruit (Valencia orange/Sour orange 0.028 | 0.020 | 0.038 | 0020 | 0.043
peel L Vclkamerianafgeedlin rootstock 0.015 | 0.017 | 0.019 | 0.013 § 0.045
ing rootstock 0.021 | 0.032 | 0.026 | 0021 ] 0.059

L.S.D 5% 0.006 | 0.005 ) 0011 | NS | 0.000
Valencia orange/C. Volkameriana 0.0018 | 0.0010 | 0.0019 | 0.06053 { 0.0044
Fruit [Valencia orange/Sour orange 0.0030 1 0.0017 | 2.0020 | 0.0058 1 0.0053
Juice C. Voﬂ-:ameriat_laISeediing roptstock 0.0024 { 0.0010 1 0.0016 { 0.0021 § 0.0021
wﬁm rootstock 0.0032 § 0.0019 | 0.0024 | 0.0058 | 0.0066

5.0 5% N.S N.S NS | 0.001 | 0.001

N.S Not significant.
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The concentrations of different heavy metals were always higher in

roots followed by leaves and fruit peel then came fruit juice, on both
rootstocks.

) Conclusively, Volkamer lemon rootstock might have absorbed and

transported less amount of most heavy metals when compared with Sour

orange rootstock.

The concentration of heavy metals are within the normal level in the
four tested sampled parts and their values were much less than those
considered toxic limits for citrus as reported by Salama & Khalifa (1993) of Cd
{1-2.4 ppm), Cr {10 ppm), Ni (55 ppm), Pb (2-14 ppm) and Se (2 ppm} in the
leaves. Also, this concentrations of heavy metals in fruit juice are too lower to
cause any harmful effects for human health.

CONCLUSION

It could be concluded from this study that Valencia orange on
Volkamer lemon produced the highest values of most vegetative and root
growth parameters. Also, gave the highest yield as Kg/tree or vyield efficiency
compared with some characters of Sour crange rootstock. Valencia orange
fruits on Volkamer lemon seemed fo have physical and chemical characters
are not less in quality than those produced on Sour orange rootstock, except
for higher acidity of fruit juice.

Moreover,Valencia orange tree on Volkamer lemon rootstock had
lower Na and Cl ions in their leaves and roots but had higher values of
chlorophyll, proline and total carbohydrate. Thus, Volkamer lemon rootstock
is recommended for Valencia crange cultivars exhibited higher ability for
growth and yield than on Sour crange under saline and alkaline soil at Kafer
Eil-Sheikh. This conclusion assure the successful replacement of Volkamer
lemon as a rootstock for Valencia orange which seemed to be a good
substitute for Sour orange rootstock under the conditions of this experiment.
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