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ABSTRACT

This work was conducted during 2000 and 2001 seasons on
6 vyears old of Washington navel orange trees budded on five
rootstocks, grown on Sakha Horticulture Research Station, Kafr El-
Sheikh governorate, Egypt to study the effect of rootstocks on
vegetative growth, root distribution and ability to tolerate salinity.
The obtained results indicated that tree size and growth vigour of
Washington navel orange were significantly affected by the used
rootstock i.e., Volkamer lemon and Rangpur hime produced the
highest tree height, trunk diameter, canopy volume, trunk cross
sectional area and stock and scion girths. Meanwhile, Cleopatra
mandarin rootstock gave the lowest values of all growth
parameters. On the other hand, trees on sour orange and Troyer
citrange rootstocks recorded intermediate values with most growth
parameters.

Volkamer lemon and Rangpur lime rootstocks had thé
highest wvalues of dry weight, number and length of fibrous roots at
50, 100 and 150 cm from the tree trunk (at 30, 60 and 90 ¢m depth
from soil surface) when compared with the other tested rootstocks.
Leaf chlorophyll content a.b and its total value and leaf proline
concentration of Washington navel orange trees were high on
Volkamer lemon and Rangpur lime rootstocks, while total

carbohydrate percentage recorded lower values than other tested
rootstocks.

INTRODUCTION
Selection of suitable rootstock is an important decision for
growers, because rootstock has a significant effect on scion growth
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“and root distribution, as well as its tolerance 1o certain soil
conditions such as high salinity, alkaline and water logging.

The effect of rootstocks on growth parameters have been
studied by many workers such as Monteverde e/ o/ {1990),
Martinez et al (1994), Valbuen (1996), El-Sayed (1999} and
Dawood (2001). They concluded that both of Volkamer lemon and
Rangpur lime rootstocks exhibiied the most vigourous growth
characterized by longer tree height, larger tree volume. thicker
trunk, higher number of new shoots in spring and summer, larger
leaf area and per plant of different citrus varieties.

Also, Hassan (1984),Saad-Allah e/ a/ (1985a), Allurwar
and Parihar (1992) and El-Sayed (1999) reported that Volkamer
lemon and Rangpur lime as rootstocks had ihe highest values of
fibrous root length, root-density and root dry weight at different
distance from tree trunk at different depths from soil surface and
resulting in a better rooting density and distribution than sour
orange rootstock. In addition, laboren et af (1991), Escalona ¢/ al
(1994), Azab (1995) and El-Sayed (1999) studied the effect of
rootstocks on leaf chlorophyll, carbohydrate and proline contents of
different citrus varieties, they reported that leaves of the tested
scions on Volkamer lemon rtootstock had higher level of proline.
chlorophyll a, b and its total value and carbohydrate (%) than those
recorded on sour orange rootstock.

So, the purpose of this study 1s to evaluate and compare
Washington navel orange grown on five rootstocks namely:
Volkamer lemon, Rangpur lime, Troyer citronge, Cleoratra
mandarin, and sour orange. The evaluation included the vegetative
growth, root distribution and some physiological changes in leaves
related to the used rootstock.

MATERIALS AND METHODS

The present study was carried out on 6 years old
Washington navel orange trees budded on five different citrus
rootstocks in the experimental farm of Sakha Horticulture,
Research Station, Kafr El-Sheikh governorate, Egypt during 2000
and 2001 seasons. The tested rootstocks were: sour orange (Cirrus
awrantium), Volkamer lemon (Citrus Volkameriana), Trover
citrange (Poncirus trifoliata x  Citrus sinensis), Rangpur lime
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(Citrus aurntifolia x Citrus reticulata) and Cleopatra mandarin
(Cirrus 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 trees per rootstock budded with
Washington navel orange. Mechanical and chemical analysis of
experimental orchard soil was done as shown in Table (1).

Table (1). Mechanical and chemical 7- analysis of experimenial
orchard soil.

Mechanical Chemical Available ppm DTPA extractable ppm.
Sand! Silt Clay O.m .
% % o | T [PHIEC| G | N PJ] K |Fe|Zn|Pb| Ni|Cd
97 1322 | 582 |Clay| 80134 {19 [ 185} 7.8 P735)20.1 (5997 | 048074 {0:19

In both seasons, all trees received the following fertillization
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 August. In this study,
four branches of 2 inches in diameter in the four directions of each
tree were selected and tagged for sampling, measuring and all
determinants were used to evaluate and compare vegetative growth
behaviour of Washington nave! orange in the following terms:

1-  Vegetative growth measurements:

 Tree height (m): tree height of each replicate was measured
from the soil surface to the end of growth in both séasons.

¢ Trunk diameter (cm): diameter of each tree trunk per replicate
was measured at
10 cm above soil surface using vernier calipar.

» Canopy volume (m*): the canopy volume was calculated using

the equation: 0.5238 x tree height x dlameter square.,
according to Turrel (1946).

e Trunk cross sectional area (TCSA cm?).
e Trunk girth (cm): data were recorded on stock and scion girths

at 5 cm below and above the bud union respectively during the
two seasons.

e Area per leaf (cm?): three leaves (base, medium, terminal)
were collected from spring and summer flushes and leaf area
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was measured using leaf area meter mode Li. 3100, then
average leaf area was calculated according to Singh and
Snyder (1984). Also leaf area per shoot was calculated.

e ILeaf number per shoot: leaves number per shoot was counted
for spring and summer flushes. Also shoot length of both

spring and summer flushes was measured.

2- Root system measurements:

In September of both seasons, fibrous 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 and Bornes (1971) .using an auger 10 ¢m 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 samples were
washed through 1-cm mesh to separate root from soil. Fibrous { 7 2
mm) root length as cm /auger, root density as number of fibrous
roots / auger and fibrous root dry weight as gm / auger were
determined according to Newman (1966) and Hassan ef al (1984},

3-Chemical determination of some organic substances in

leaves: '

e Leaf proline content: leaf proline content was determined in
0.5 gm fresh weight of fully mature leaves samples from spring
flush collected from each replicate and proline concentration
was calculated as u mole/gm fresh weight according to Bates ef

- al (1973).

® Leaf chlerophyll content: fresh leaf sample was taken from
each replicate to determine chlorophyll ab and its total
according to Moran and Porath (1980).

* Carbohydrate substances: ten leaves were sampled from each
replicate, then washed and dried at 65C° to a constant weight to
determine carbohydrate substances as follwes: 0.5 g of each dry
sample was weighed to extraction of reducing and non-reducing
sugars was done by 80% ethyl alcohol. The reducing and non-
reducing sugars were determined according to Ruck (1963).
The starch was determined in 0.1g of the residue according to
Anon (1965) and the factor 0.9 was used to calculate the strach
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(Ranganna, 1979). Total carbohydrates and C/N ratio were
calculated (Dubois ef al, 1956).

All oblained 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 to compare the main values.

RESULTS AND DISCUSSION
1-  Effect of rootstocks on vegetative growth behaviour:

Data in Table (2) showed that tree size and growth vigour
of Washington navel orange trees were significantly affected by the
tested rootstocks. Volkamer lemon rootstock produced highest tree
height and trunk diameter followed by Rangpur lime with
significant differences between them in both seasons. Meanwhile,
Cleopatra mandarin rootstock gave the least values in this respect
when compared with all tested rootstocks. Moreover, Sour orange
and Troyer citrange rootstocks gave intermediate values of tree
height and trunk diameter when compared with other rootstocks
and the differences were significant between all tested rootstocks in
both seasons. These results are in agreement with Hassan (1984),
and Martinez et al (1994) who reported that Volkamer lemon was
generally the best rootstock for Olinda and Valencia 121 varieties
for their better growth than other tested rootstocks.

Concerning the effect of rootstocks on canopy volume (m’)
and trunk cross sectional area (TCSA sz) of Washington navel
orange scion, it is clear, in both seasons, that trees on Volkamer .
lemon rootstock gave the largest tree canopy volume (m3), and
trunk cross sectional area (TCSA cm?) followed by Rangpur lime
rootstock, whereas trees on Cleopatra mandarin rootstock gave the
least canopy volume and TCSA values. Sour orange and Troyer
citrange rootstocks recorded intermediate values in this respect.
The differences were significant in the two seasons among all
tested rootstocks in both growth parameters (Table 2). These results
are in line with those reptorted by Monteverde ef al (1990) who
found that Valencia scion on Volkamer lemon had the greatest tree
canopy velume. In that respect, Dawood (2001) on Valencia,
Dawood (2002) and El-Sayed (1999) on Washingtion navel orange
suggested that, Volkamer lemon as rootstock for Valencia and
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Washington navel orange trees produced the largest canopy volume
and trunk cross sectional area as compared with those on sour
orange rootstock.

" Also, data presented in Table (2)revealed that Washington
navel orange trees budded on Volkamer lemon produced more
stock and scion girths, followed by tree on Rangpur lime rootstock
with significant differences between them in both seasons. Trees on
sour orange and Troyer citrange rootstocks were moderate in that
respect, meanwhile Cleopatra mandarin rootstock gave the least
values of stock and scion girths in both seasons. The differences
were significant between all tested rootstocks in both seasons. The
obtained herein results concrening stock and scion diameter are in
line with those reported by Mehrotra et a/ (1999). In addition. El-
Sayed (1999) suggested the superiority of Volkemer lemon and
Rangpur lime as rootstocks for Washington navel, Valencia orange
and Balady mandarin.

Data presented in Table (3) showed that most leaf growth
parameters were significantly influenced by the tested rootsiock.
As for average leaf area in spring and summer flushes, it is clear
that trees on Volkamer lemon rootstock produced the highest leaf
area, followed by Rangpur lime rootstock with significant
differences between them during the two growth flushes in both
seasons. However, the values of leaf area of spring and summer
flushes were intermediate on sour orange and Troyer citrange
cisicsks without significant differences between them in both
seasons. The least values in this respect belonged to Cleopatra
mandarin in both seasons ( Table 3 ).

Regarding the average leaves area per shoot, it was highest in
trees on Volkamer lemon and Rangpur lime in both seasons with
significant differences between them. While the least values were
found in trees on Cleopatra mandarin. On the other hand, trees on
sour orange and Troyer citrange gave intermediate values (Table
3). Concerning, the average number of leaves per shoot, it was
highest in Washington navel orange trees budded on Volkamer
lemon and Rangpur lime with significant differences between
them. The least value was found,in those grown on Cleopatra
mandarin with significant differences among them. This result is
true in the two seasons, except for spring flushes in the second
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season, the differences among the obtained values were not
significant (Table 3). In tlus respect, sour orange and Troyer
citrange gave intermediate values during spring and summer
flushes in both seasons.

Table (2): Tree vigour pararmeters of Washington navel orange as
affected by five rootstocks during 2000 and 2001

seasons.
Rootstock Tree Trunk Canopy  TCSA* Girth e
Height  Diameter  Volume em? L
3 stack Scion
m cim n
2000
Sour orange 1.57 433 491 1473 12.73 11.88
Volkamer lemon 202 5.57 10.45 2473 16.64 153.46
Troyer clirange 1.76 4.85 6.90 18.48 13.58 100
Rangpur lime 1.95 5.38 G.4] 22.74 1530 13.77
Cleopatra manderain 1.26 3.47 2.53 9.46 1135 1034
LSD 3% 0.07 0.12 0.14 0.14 0.74 125
1% ’ 0.10 0.16 0.20 0.20 1.01 1.70
2001

Sour orange 1.86 5.13 8.16 20.68 1482 14.08
Volkamer lemon 2.41 6.64 17.71 34.64 i943 1845
Troyer citrange 1.97 5.43 9.68 23.16 1480 1229
Rangpur lime 226 6.23 14.62 30.50 1750 15.93
Cleopatra mandrain 1.44 397 3.78 12.38 1284 1182
L.S.D 5% 0.04 0.05 0.18 0.21 0.12 0.58
1% 0.06 0.06 0.24 0.29 0.17 G.80

* TCSA (Trunk cross sectional area ¢m’)

Data in Table (3) showed that the average shoot length of
Washington navel orange was longest on Volkamer lemon
rootstock followed by Rangpur lime with significant differences
between them. However, trees on Troyer citrange and sour orange
exhibited nearly similar shoot length in the second season only. On
the other hand, Cleopatra mandarin as rootstock produced the least -
values of Washington navel orange shoot length. This result was
true in spring and summer flushes (Table 3).These results agree
with those reported by Saad—Allah e/ a/ (1985a), Azab and Hegazy
(1995) and El-Sayed (1999). They found that the number of new
shoots in spring and summer flushes, shoot length and total shoot
length were largest in Washington navel orange tree budded on
Volkamer lemon rootstocks when compared with other tested ones.
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Table (3): Leaf growth parameters of Washington navel orange

trees as affected by five citrus rootstocks during 2000
and 2001 seasons.
Av, Leaf Area Avleavesarea  AV. Shool Av. No leaves

Rootstock cm” per shoot em’ length  (cm) per shoot
*Spr. Sum.: Spr.  Sum.  Spr. Sum. Spr Sum
. 2000
. Sour orange c 1586 1470 1507 1132 1350 1233 9.5 7.7
Volkamer lemon 18.67 1662 2240 1612 1772 16.09 12 9.7
Troyer citrange 1558 1442 1044 937 1318 11.00 6.7 6.5
Rangpur lime ~ 1642 1480 1560 1214 1504 1334 9.5 82

Cleopatra mandarin 1494 1425 926 784 1184 1069 62 5.3
L.S.D 5% 03t 040 260 338 008 0O.le 1.13 1.40
1% 043 0.36 3.55 4.61 0.11 0.22 1.61 1.97

2001
Souwr erange 1511 13.47 1118 979 138 122 7.4 77
Volkamer lemon 1596 1538 15332 1446 194 17.8 9.6 2.4
Troyer citrange 1465 1332 9.7 799 136 116 6.6 6.0
Rangpur lime 1560 13.57 1279 1058 156 16.2 82 7.8

Cleopatra mandarin 1435 13.19 89.0 71.2 124 9.2 6.2 34
L.S.D 5% 036 09 427 308 1.89 1.74 NS 1.29
1% 0.49 1.32 5.83 4.20 2.60 240 N.S 1.79

* Spr. (Spring Sum. (Summer) N.S not significant

From the result presented in Tables (2 and 3) it is obvious
that all growth parameters of Washington navel orange measured
were significantly affected by the tested rootstock. Volkamer
lemon and Rangpur lime as rootstocks showed the best growth
parameters represented by tree height, trunk diameter, canopy
volume, girths (stock and scion), leaf area, leaves area per shoot,
leaves number per shoot and shoot length. sour orange and Troyer
cilrange as rootstocks for Washington navel orange gave
intermediate values with most growth parameters, on the other
hand, the lowest values of the measured growth parameters were
obtained on Cleopatra mandarin comparing with the other tested
rootstocks.

These results are similar to those obtained by Monteverde
el al. (1990), Martinez er al. (1994) and El- Sayed (1999) on some
orange cultivars. The results presented in Tables (2 and 3) revealed
that Volkamer lemon and Rangpur lime rootstocks produced higher
values of all vegetative growth parameters measured for
Washington navel orange trees than those recorded on the other
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tested rootstocks. This result may be due to that, the two superior
rootstocks attaind higher growth vigour to the scion, these results
agreed with those reported by El-Sayed (199%) who refered the
superiority of Volkamer lemon and Rangpur hime rootstocks to
their vigourous growth, which in turn influenced the most
vegelative growth parameters of Washington navel . orange.
Valencia orange and Balady mandarin as scions. 1t1s concluded
that, Volkamer lemon and Rangpur lime exhibited more tolerant to
salinity and drought conditions than other tested rootstocks as
obtained by El- Hammady e al (1995) who stated that Volkamer
lemon and Rangpur lime are more tolerant to salinity than sour
orange and Cleopatra mandarin. Also, Azab and Hegazy (1995)
reported that Rangpur lime, Volkamer lemon and Maycrophylla
had better growth and controlled plant water relations under arid
evironment of Qater when compared with the other rootstocks such
as Cleopatra mandarin.

In light of the obtained results in Tables (4,5 and 6), it was
cleared that Volkamer lemon and Rangpur lime had large root
system with high distribution and density in soil, which in turn
played an important role in the absorption of water and mineral
nutrients from soil solution. The ability of both rootstocks in this
respect may explain the vigourous growth of most vegetative
growth parameters discussed herein.However, contrary to
Volkamer lemon and Rangpur lime as vigourous rootstocks,
Cleopatra mandarin rootstock produced lower values of all-
vegetative growth parameters recorded for Washington navel
orange as scion when compared with those on all other tested
rootstocks.It could be atiributed to that Cleopatra mandarin
rootstock had a degree of dwarfing effect on scion growth. These
results agree with those reported by Dawood (1996) who found that
Cleopatra mandarin gave the least plant height, canopy volume and
trunk diameter. In this line, Dawood er a/ (2002) also reported that
Cleopatra mandarin recorded the lowest values of tree height,
TCSA and tree volume when compared with Volkamer lemon,
Rangpur lime, Troyer citrange and sour orange. Concerning Troyer
citrange and sour orange rootstocks, they had intermediate values
with most vegetative growth parameters measured for Washington
navel orange scion grown on each of them when compared with



409 Zayan, M.A. et al.,.

those recorded on the other tested rootstocks. These results agreed

with those reported by El-Sayed (1999) and Dawood et ol (2002 a)
under Kafr El-Sheikh conditions.

2-Root growth parameters:
a-Fibrous root length / auger :

Data in Table (4) showed the fibrous root length of sour
orange, Volkamer lemon, Troyer citrange, Rangpur lime and
Cleopatra mandarin which budded by Washington navel orange at
50 ¢m distance from tree trunk and at 30 cm depth. It was clear that
Volkamer lemon had the longest fibrous root length followed by
Rangpur lime with significant differences between them in both
seasons. However, Troyer citrange and sour orange gave
intermediate values in this respect with significant differences
between them in the second season only. On the other hand.
Cleopatra mandarin had significantly recorded the shortest root
length in comparison with all tested rootstocks.At 60 cm depth,
Volkamer lemon produced significantly longer root length than that
on other tested rootstocks. While, Rangpur lime and sour orange
gave intermediate values without significant differences between
them. On the other hand, Troyer citrange and Cleopatra mandarin
had the shortest root length in this respect.Moreover, at 90-cm
depth, Volkamer lemon produced the longest root length followed
by Rangpur lime with significant differences between them. sour
orange gave intermediate values of root length. On the other hand.
Cleopatra mandarin recorded the shortest root length. These r=ciilts
were true in both seasons (Table 4).Similar results were obtained at
100 and 150 cm from tree trunk and at 30,60 and 90cm depths. In
most cases root length was significantly longest in Volkamer lemon
as compared with all tested rootstocks, then Rangpur lime came
second. sour orange and Troyer citrange gave intermediate values
of root length. Contrary, Cleopatra mandarin recorded the shortest
values of root length when compared with all tested rootstocks.
This result was true in both seasons (Table 4).

Generally, the results indicated that root length was
decreased down wards from the surface and the value of root length
in deeper layer (90cm) was the least. These resuits are in harmony
with those obtained by Nasr and Hassan (1984)and Allurwar and
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Parihar (1992). They reported that the best root system (feeder root
length and fresh weight) was found on Rough lemon and Volkamer
lemon rootstocks as compared with Cleopatra mandarin rootstock .
Such conclusion find support in the results of Saad-Allah e/ o/

(1985b), reported that Rangpur lime had the longest of both
skeletal and fibrous roots.

Table (4): Fibrous root length as cm/auger* of five citrus rootstocks

as affected by Washington navel orange tree during 2000
and 2001 seasons.

50 cm from tree trunk 100 em from wree trunk 130 cm from tree trunk
Rootsiock -30cm -60cm 90c¢m -30cm  -60cm 90 em -30em -60c¢m =00 ¢cm
depth  depth. depth  depth  depth. depth  depth  depth.  depih
2000
Houwr orange 53 54 22 38 52 1.1 55 47 15
Volkamer lemon 6.7 7.2 34 10.4 79 22 94 7.7 23
Troyer citrange 53 39 1.3 38 4.2 1.1 49 4.1 1.5
Rangpur ime . 55 55 2.6 7.1 55 i2 56 50 1.6
Cleopatra mandarin 43 29 13 33 38 1.0 42 3.6 14
L.S.D 5% 0.36 0.28 0.22 0.59 0.47 0.05 0.37 }.15 0.39
1 % 0.53 0.40 0.32 0.86 0.69 0.07 0.54 j.68 (.57
2001
Sour orange 7.1 83 24 52 86 16 7.5 6.9 32
Volkamer lemon 85 16.2 53 143 10.2 34 10.7 10.6 4.0
Trover citrange 6.5 59 23 5.0 13 1.6 15 59 32
Rangpur lime 7.1 88 36 96 87 1.8 8.2 86 37
Cleopatra mandarin 50 5.0 22 43 6.9 1.4 6.7 55 28
LS D 3% 042 044 022 044 042 024 029 027 049
1% 0.61 064 032 065 061 035 043 039 071

*auger = 2356 cm’

b-Fibrous root density as number of roots / auger:

Data in Table (5) showed that at 50, 100 and 150cm destance
from tree trunk at 30,60 and 90 cm depths, the number of roots was
higest on Volkamer lemon which varied among all tested
rootstocks then came Rangpur lime, sour orange and Trover
citrange. Finally Cleopatra mandarin had the lowest values of
number of roots. The differences were significant among all tested
rootstocks. This result was true in both seasons. Similar results
were obtained by Allurwer and Perihar (1992), El-Syed (1999) and
El-Wakel (1999). They reported that Volkamer lemon had
significantly higher number of roots per tree than that recorded on
sour orange or Troyer citrange.
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Table (5): Fibrous root density as number of fibrous roots /auger*
of five citrus rootstocks as affected by Washington

navel orange trees during 2000and 2001 seasons,
50 cm from tree trunk 100 cm from tree trunk 150 cm from tree trunk

Rootstock -30em - 60cm -S0cm -30cm - 60cm -90cm -30em  -60cm -90em
depth  depth.  depth  depth  depth.  depth  depth  depth  depih
2000 . '
Sour orange 492 466 197 311 487 195 450 397 1.37
Volhamer Jemon 11.85 1271 381 1830 1375 388 1635 13352 398
Troyer citrange 377 303 1.69 225 317 175 384 316 1.12
Rangpur lime 551 604 239 746 369 229 582 599 1M
Cleapatra mandarin 275 216 12§ 207 243 148 269 233 .11
L.S.D 3% 0.75 1.07 122 036 040 040 037 0354 (355
1 % 1.10 156 178 052 059 059 054 079 080
2001
Scur orange 6.71 7.11 24 674 6469 149, =19 5.02 408
Volkamer lemon 1626 1743 772 2510 1322 476 2236 1759 S46
Troyer citrange 526 480 179 413 487 148 608 471 297
Rangpur ime 762 778 360 1077 763 193 770 828 457
Cleopatra mandarin 357 405 140 353 432 155 5.62 447 1.96
L.S.D 3% 030 062 060 052 045 028 046 040 040
1% 044 090 088 075 065 04] 0.67 058 038

*auger = 2356 cm”

c- Fibrous root dry weight / auger:

Data in Table (6) showed that Volkamer lemon had the
highest value of root dry weight followed by Rangpur lime with
significant differences between them. Sour orange and Troyer
citrange gave intermediate values without significant differences
between them in most cases. On the other hand, Cleopatra
imzndarin  gave the lowest root drv weight when camnared viith the
other tested rootstocks. This result came true in both seasons (Table
6). In addition, the obtained results agreed with those reported by
Dawood et al (2002a) and El-Syed (1999). They found that
Volkamer lemon had the greater total root system (kg) than that on
other tested rootstocks such as Cleopatra mandarin rootstock.

Generally, it is clear that, datain Tables (4.5 and 6) show
that. Volkamer lemon and Rangpur lime had more ability to
produce more roots longer with higher root dry weight when
compared with the other tested rootstocks.It was obvious that the
fibrous roots at 30 cm depth at all distance from tree trunk (50, 100
and 130 cm ) were higher in number than those at deeper layers of -
soil surface. These results are in line with those obtained by Hassan

3
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(1984), Saad- Allah er al. (19854, b), Allurwar and Parihar (1992)
and El-Sayed (1999). These results may atiributed to the relatively
high root growth rates of Volkamer lemon and Rangpur lime, also

due to its ability to tolerate soil type, slight alkaline and saline soil
conditions.

Table (6): Fibrous root dry weight as gm /auger* of five citrus
rootstocks as affected by Washington navel orange trees
during 2000 and 2001 seasons.

50 ¢m from tree trunk 100 cm from tree trunk 150 cm from tree trunk

Raotstock -30cm -60cm -90cm  -30cm -60cm -90cm  -30em -60cm -90¢m
depth  depth  depth  depth  depth. depth  depth  depth.  depth
2000 - R
Sour orange 0930 0880 0230 0670 0920 0180 0850 0750 0260
Volkamer lemon 1.078 1156 0538 1664 1250 0353 1505 1230 0362
Troyer citrange 0872 0700 0224 0598 6732 0173 0849 0730 0.260
Rangpur lime © 1022 1120 0444 1382 1053 0240 1079 1II0 0316
Cleopatra mandarin 0766 0600 0220 0576 0677 01434 0747 0630 025)
L.S.D 3% 0095 06176 0058 0088 0095 ©¢015 0074 0253 0.013
1% 0131 0243 0080 0121 0132 0021 0102 0349 0.017
2001
Sour orange 1.280 1205 0325 092F 1266 0248 1167 1.022 0356
Volkamer lemon 1482 1.581 0738 0 2290 1547 0486 2070 1678 0497
Troyer citrange 1200 0947 0305 0822 1007 0238 1156 0991 0350
Rangpur lime 1406 1.545 0611 1900 1448 0330 1483 13523 0433
Cleopara mandans  "1.052 0823 0303 0792 0931 G185 1026 0887 0346
L.5.D 5% 0042 0025 0033 0017 0013 0.026 0020 0043 0032
1% 0072 0037 0048 0025 0015 0038 0029 0063 0046

*auger= 2356 cm”

The results in Tables (4, 5 and 6) indicated that Volkamer
lemon and Rangpur lime had larger fibrous root system with more
distribution 1n the same soil volume in horizontal and verticai level
than all tested rootstocks. This ability helps to absorp more amount
of water and mineral nutrients. This result could explain the
vigorous of vegetative growth of Washington navel orange tree
budded on Volkamer lemon and Rangpur lime rootstocks. These
results find support with our obtained data in Table (2 and 3) and
assure the relationship between root ability and vigorous vegetative
growth of Washington navel orange grown on Volkamer lemon and
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Rangpur lime as rootstocks. Also, Syvertsen (1981) stated that
Carrizo citrange and rough lemon seedlings had the highest root
conductivity, whereas Cleopatra mandarin and sour orange had less
ability. -
3- Physiological changes of some organic substances as affected
by the tested roetstocks: ‘

a- Leaf chlorophyll content:

Data in Table (7) showed that leaf chlorophyll content (a, b
and its total value) of Washington navel orange trees was slightly
affected by rootstocks.

Table (7): Leaf chlorophyll (ug /-cm ?), carbohydrate % , C/N ratio
and proline (ug/g fresh weight ) content of Washington
navel orange trees as affected by five citrus rootstocks
during 2000 and 2001 seasons .

Chiorophyll ug/ em? Carbohvdrate % Proline
Rootstock A B Total reducing Non-— Starch Towl C/N  ugh
sugar reducing % o, ratio  fresh
o sugar %% \\'cighl
2000

Sour orange 3767 1472 5240 1.58 1.74 725 1057 416 0436
Volkamer lemon 37.37 1482 5220 1.41 1.69 729 L399 368 0667
Trover citrange 3732 1430 5162 1.60 FI7 0 721 1038 431 0435
Rangpur lime 3720 1425 51.70 1.44 1.72 732 1048 387 0.535
Cleopatra mandarin 36.82 1485 51.67 1.67 1.82 740  J0.89 451 0418

LSD 5% NS 017 046 N.S 0.07 NS 015 0.07 0010
1% NS 024 064 NS 0.09 NS 022 010 0014

- 2001
Sour orange 4177 2119 6296 162 1.75 732 1069 456 ‘051t
Yolkamer lemon 4229 1173 64.02 1.44 1.71 730 1045 378 0721
Troyer citrange 4214 2211 6425 1.63 1.79 728 1070 476 048}
Rangpur lime 4127 2040 61.67 1.48 1.74 737 1039 404 0590
Clecpatra mandarin 3877 1866 5743 171 1.85 746 1102 498 0469

LSD S% NS 206 328 0.04 0.06 NS NS 034 0015
1% NS 284 452 0.06 0.08 NS NS 047 0020

Chlorophyll a, b and its total value were higher in the second
season than that on the first season. Moreover. trees budded on
Cleopatra mandarin had lower content of chlorophyll a. b and its
total in their leaves when compared with other tested rootstocks.
while chlorophyll a, b and its total value of Washington navel
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budded on other tested rootstocks were nearly similar without
significant differences in most cases. However, Volkamer lemon
and Rangpur lime as rootstocks recorded higher values of
chlorophyll a, b, and its total value in leaves of Washington navel
orange as scion than those recorded on Cleopatra mandarin
rootstock. This increasing in chlorophyll may be due to increasing
the absorption of mineral nutrients, especially N and Mg which m
turn increased their levelsin leaves. This explanation agreed with
those of El-Sayed (1999). She reported that Volkamer lemon and
Rangpur lime as rootstocks absorped more of N, K, Ca, Mg, Fe and
Mn tending to increase their levels in leaves of Washington navel,
Valencia orange and Balady mandarin as scions varieties than those
determined for Cleopat-a mandarin as rootstock. Similar results
were obtained by Schembecker and Lodders (1991) and Ei-Sayed
(1999). They reported that Washington navel orange budded on
Cleopatra mandarin had lower values of chlorophyll a, b and its
total value.

b- Leaf carhohydrate:

Leaf reducing and non-reducing sugars %, starch % and
total carbohydrate contents in Washington navel orange grown on
different rootstocks showed two different trends, the first on
Cleopatra mandarin, Troyer citrange and sour orange which
recorded significantly higher values of all carbohydrate fractions in
Washington navel orange leaves, the second, on Rangpur lime and
Volkamer lemon which had lower values in that respect. Such

reduction in all carbohydrate frations could be attributed to active
 vegetative growth in the trees budded on Volkamer lemon and
Rangpur hme rootstocks. On the contrary, Cleopatra mandarin
rootstock has a degree of dwarfing effect on Washington navel
orange as scion, so the reduction in vegetative growth vigour led to
carbohydrate accumulation in the tested scion grown on this
rootstock.

This explanation finds support in the results of Azab(1995)
on seven citrus rootstocks, who reported that Volkamer lemon and
Rangpur lime contained lower level of total carbohydrate % than
in Cleopatra mandarin. In addition, El-Sayed (1999) mentioned that
Rangpur lime and Volkamer lemon as rootstocks for Washington
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navel orange had lower values of carbohydrate than those on
Cleopatra mandarin,

¢- Leaf C / N ratio:

It is clear that trees budded on Rangpur lime and Volkamer
lemon had the least C/N ratio in their leaves. Morcover.
Washington navel orange trees on Troyer citrange and sour orange
had intermediate values in their leaves. On the other hand, leaves
from those budded on Cleopatra mandarin had the highest C /N
ratio with significant differences when compared with all

rootstocks. Similar results were found by Azab (1995) and El-
Sayed (1999).

d- Leaf proline content:

Leaf proline content was higher in Washington navel
orange trees on Volkamer lemon and Rangpur lime than those on
the other rootstocks with significant differences among them. It
was clear that trees on sour orange had intermediate values. On the
other side, trees on Troyer citrange and Cleopatra mandarin had the
least values of proline content without significant differences
among them (Table 7). These findings are in accordance with those
obtaind by Laboren er al (1991), Escalona er a/ (1994) and El-
Sayed (1999). :

In light of the obtained results, 1t could be concluded that
Washington navel orange“rees grown on- Volkamer lemon and
Rangpur lime rootstocks had higher amount of chiorophyll a, b and
its total value and also higher levels of proline content when
compared with the other tested rootstocks. This result may explain
the ability of Volkamer lemon and Rangpur lime rootstocks 1o
tolerate salinity, alkaline and drought stresses as suggested by Azab
(1995) and El-Sayed (1999). Accordingly, under stress conditions
{salinity and drought) amount of chlorophyll a, b and its total value
were reduced and also, led to accumulate higher level of proline in
leaves. Ennab (1997) and Zayan er af (2002) found higher
accumulation of proline in leaves of papaya plant and grapevine
under salt and drought stresses. This conclusion finds support in the
results of Levitt, (1980) and Zayan er al (2002).
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Finally, it could be concluded that Volkamer lemon and
Rangpur lime rootstocks could tolerate salinity and alkaline stress
under Kafr El- Sheikh conditions than all tested rootstocks due to
their ability to absorp more K+ ions than Na+ when soil solution
contains high concentration of Na+ ions in the alkaline soil.
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