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ABSTRACT

This investigation was carried out during two successive years (2000 & 2001)
in an orchard for sub-tropical fruits located in Abou-Rwash district, Giza Governorate,
Egypt. Two rootstocks of avocado (Persea americana Mill.), the salt-tolerant "Hass"
and the salt-sensitive "Duke" and two rootstocks cf citrus, the salt tolerant "Rangpur”
lime (Citrus limonia) and the salt-sensitive "Volkamer" lemon (Citrus volkamenana)
were grown in a sandy soil and irrigated daily with nutrient solutions containing

various chloride concentrations.

Increasing the concentration of chloride resulted in elevated chloride levels in
avocado leaves, and toxic symptoms that were more pronounced in the "Duke” than in
the "Hass" avocado rootstocks. When leaves of both rootstocks had accumulated
similar chloride levels and showed scorching damage, the leaves of "Hass" abscised,
while those of "Duke" did not. High chloride reduced the total dry matter yield of the

root more than that of the leaves.

Addition of nitrate to the irrigation water reduced chloride accumulation in the
leaves and alleviated its adverse effects. High nitrate reduced phosphorus levels and
caused chlorosis in young leaves. Citrus rootstocks responded similarly, but leaves of
the chloride-sensitive "Volkamer" accumulated more chloride than "Rangpur”. Nitrate
reduced chioride accumulation and toxic symptoms in the leaves of the two citrus
rootstock.

INTRODUCTION

Avocado (Persea americana Mill) is a vigorous evergreen tree,
which become a commercial crop just a few decades ago. A popular use is
as a salad fruit, paste with flavor extracts and skim milk can also be used to
make an ice cream and it's oil can be used for cooking and skin care.
(Nakasone and Paull, 1998). Avocado and citrus rootstocks are important
because they influence disease resistance, tree vigor, productivity, and
quality of fruit produced (Chia and Evans, 1985).

Rangpur lime is a vigorous, dependable, disease-resistant (foot rot,
gummosis and tristeza) rootstock for the usual citrus cultivars grown in Egypt
and producing full sized trees. Rangpur is widely adapted to a range of soil
types. and its seedlings are vigorous and fast growing in the nursery. (Davies
and Albrigo, 1994). ‘Volkamer' lemon is a hybrid which as a rootstock
produces large, vigorous trees yielding large quantities of moderate to poor
quality fruit. It is tolerant to malsecco and phytophthora under most
conditions.
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Ben-Ya'acov and Michelson (1995) concluded that rootstock affect
tree size to large extent and thereby can also affect the productivity per unit
area.

The Mexican avocado is considered the most salt-sensitive and the
West Indian is relatively salt-tolerant (Embieton, et al., 1962). Citrus trees are
also salt-sensitive (Zekri, 1993b). Large quantities of chloride have been
found to accumulate in their leaves and in the juice of fruit from trees irrigated
with water containing high chloride concentrations (Syvertsen, et al., 1993).
Chloride uptake and its toxicity has been found to reduced by increasing the
nitrate concentration of the nutrient solution for other species (Feigin, 1985;
Kafkafi, 1984 and Lahav, et al., 1990).

Any rootstock tolerant or resistant to stress or to any combination of
stresses should not be considered resistant if it fails to induce high
productivity regardless of the presence or absence of stress (Bar, and
Kafkafi, 1992).

Whiley and Schaffer (1994) observed that treating container-grow
"Hass" trees with 5 and 10 mM Cl in the nutrient solution results in reductions
of tree diameter about 15 and 20%, and reduced water consumption by 77
and 63%, respectively, compared to trees receiving no Cl.

Symptoms of salinity injury to avocado vary depending upon the
stage of plant development, leaf age and nutrition (Bingham and Fenn, 1967).
Salinity injury has been associated with high concentration of Cl and Na in
avocado leaves. The most commonly observed responses are leaf curly and
tip and marginal leaf burn, eventually resulting in leaf abscission. Embieton,
et al., (1961).

Differences in sait tolerance exist among the ecological races of
avocado. Mexican cultivars are more Cl-sensitive (Duke) than that
Guatemalian "Hass" and West Indian cultivars (Walden) Kadman and Ben-
Yaacov 1976. Nitrate accumulation in edible fruits represents a serious threat
to human heaith. The chloride salts markedly reduced plant growth in both
rootstocks (avocado and citrus) (Gorton & Cooper, 1945 and Cram, 1973).

The need to devise practical methods for the optimal irrigation of
avocado and citrus orchards in arid regions, where chloride concentrations in
the water are high, led to study the quantitative relationship between chloride
and nitrate and their effects on the growth and mineral contents in young
plants of salt-tolerant and salt-sensitive avocado and citrus rootstocks.
(Fageria, 1992, and Somani, 1998).

The aim of this study is to find the best rootstocks can be tolerant to
salinity stress for each species (cultivar) and for various growth conditions.
Also, to study the quantitative relationship between chloride and nitrate and
their effect on the growth and mineral content in young plants (avocado and
citrus) rootstocks.
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MATERIALS AND METHODS

This investigates was carried out during the two successive seasons
of 2000 and 2001 in an orchard for sub-tropical fruits located in Abu-Rwash
district, Giza Governorate, Egypt.

Two-years-old healthy, and nearly uniform having of 15-17 leaves
avocado plants of two rootstocks , 'Hass' (Guatemalan race) relatively salt-
tolerant) and Duke (Mexican salt sensitive), the same one year old, healthy,
having of 20-25 leaves, seedlings on two different rootstocks, the salt-tolerant
“Rangpur” Citrus limonia and the salt sensitive ‘Volkamer Citrus
volkameriana.

The four rootstocks were grown in greenhouse in 8-liter earthern-clay
containers filled with a sandy soil. The field capacity of the soil was
determined and the plants were irrigated with 40% excess of the water
required to reach field capacity, and at a frequency that did not allow more
than 25 to 30% water loss by evapotranspiration. The excess of solution
drained out of the pot avoiding salt accumulation in the sand.

The plants were placed under a 40% shade net. The minimum
temperature during the experimental period ranged between 25 and 30°C.
The minimum relative humidity ranged between 40 and 50% and the
maximum between 70 and 90%. Treatments were started on the first of April,
2000 and 2001.

The plants were irrigated for five months with nutrient solutions
containing 4, 8, or 12 mM chloride. Each chioride concentration was
supplemented with 3, 6, or 12 mM nitrate, resulting in a total of nine
treatments, besides the control tap receving water only.

To isolate the chioride anion effects, sodium was excluded from the
nutrient solutions. The only source of sodium was tap water; which contained
0.8 mM sodium and had an EC. of 0.81 ds/m. The tap water also contained
0.18 mM nitrate and 0.95 mM chioride. The relevant chloride and nitrate
concentrations were obtained with chloride and nitrate salts of Mg, Ca, and K,
at a charge equivalent ratio of 1: 5 : 3 respectively.

The chloride content of the tap water was taken into account during
preparation of the nutrient solutions.

Each treatment was replicated three times for each rootstocks. The
following data were measured after 150 days from planting : Number of
leaves and roots - leaves and roots dry weight (mg/plant). For growth
evaluation and mineral analysis, each plant was separated into leaves and
roots, and dried for 48h at 70°C, weighed, ground and the N, P, Ca, Cl and
Na were determined by digestion with sulfuric acid and hydrogen peroxide. N
% was determined by the micro-Rjeldanl method, and Na % by
flamephotometry. P % was determined colorimetrically with ammonium
molybdate after reduction with ascorbic acid. Ca% was determined by atomic
absorption spectrophotometry. Chloride was extracted with 0.1N nitric acid
and determined using a chloridemeter. (Helrich, 1990; Bremner and
Mulvaney, 1982, and Chapman and Pratt, 1961).
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Data were statistically analyzed using a random block design
according to Mead et al. (1993). Mean comparisons were conducted using
LSD values at 0.05 significance level.

RESULTS AND DISCUSSION

Effects of Chioride on Avocado Rootstocks :

it is obvious from Tables (1 and 2) that increasing the chloride
concentration in the nutrient solution containing 3 mM nitrate resulted in an
increase in chloride levels in the leaves of both rootstocks. The chloride
levels in the leaves of the salt-tolerant “Hass” plants in most cases was
slightly than those in the salt-sensitive “Duke”.

Table (1) : Effects of chloride and nitrate concentrations on some
growth characteristics of two avocado rootstocks (Hass
and Duke) during (2000 and 2001) seasons.

Season 2000 2001
Growth Dry weight Dry weight
characteristics Number of r:my Ipla%t Number of r:ly Ia?nt
zﬁa:n ents Leaves | Roots | Leaves |Roots | Leaves | Roots | Leaves | Roots
Hass control |  33.4 46.4 56.8 67.2 351 48.5 58.5 68.9
4 3 26.3 31.7 44.6 37.4 27.4 32.7 45.7 38.7
4 6 28.1 37.2 47.6 44 .9 28.3 37.6 46.6 46.5
4 12 32.5 46.1 54.0 55.4 33.5 46.8 53.3 54.6
8 3 25.2 28.2 42.5 33.3 26.9 29.4 44.2 34.8
8 6 26.4 313 44.1 37.6 25.9 323 451 39.1
8 12 27.3 35.4 45.9 42.9 27.7 " 34.5 47.9 43.3
12 3 21.5 27.1 35.5 32.2 22.0 26.7 36.8 31.2
12 6 23.3 30.6 39.6 36.1 21.2 314 37.4 37.7
12 12 24.1 325 40.6 38.7 23.3 338 39.3 39.9
Mean | 26.81 | 34.7 451 4257 | 2713 3542 | 4548 41.9
LSD at 0.05 3.2 2.8 3.9 3.4 33 29 38 3.4
Duke Control [ 31.2 36.7 52.7 66.3 34.6 39.9 74.8 66.3
4 3 24.5 27.4 40.3 32.9 25.85 28.6 55.0 47.6
4 6 25.7 | 233 42.6 38.8 274 33.7 59.4 56.1
4 12 30.3 37.5 51.6 449 31.3 38.5 68.2 64.6
8 3 21.8 24.8 35.6 28.8 20.5 24.3 44.0 40.8
8 6 23.2 25.5 39.3 30.8 24.7 26.1 52.8 44.2
8 12 25.1 27.8 42.0 32.5 24.1 28.2 52.8 47.6
12 3 19.6 25.4 32.3 30.2 20.2 27.0 44.0 45.9
12 6 20.5 26.3 34.2 31.8 19.4 254 41.8 425
12 12 18.4 226 30.7 26.4 19.5 21.6 41.9 35.7
Mean | 24.03 [28.92 [ 40.13 |36.34 | 2475 26.90 | 4852 | 49.13
LSD at 0.05 3.1 2.6 a7 2.8 3.1 25 3.9 3.1

increasing the chloride level resuited in decreasing the number of
leaves and roots which was more pronounced in the “Duke” than in “Hass”
plants (Table 1). It is obvious that salinity had a great deleterious effect of leaf
number/seedling.The increament in chiloride content in the plants was
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associated with a decrease in leaves dry matter. However, the dry mater yield
of "Hass" plants was in all cases higher than that of "Duke”.

Table (2) : Effects of chloride and nitrate concentrations on some leaves
mineral contents of two avocado rootstocks (Hass and
Duke) during (2000 and 2001) seasons.

Season 2000 2001 ]
Treatment I !
CIl:NO;N%| P% |Ca% |Na% | Ci% [N% | P% | Ca% | Na% | CI% |
__(mM) !

Hass control| 22 | 018 [ 235 ] 018 | 165 | 21| 0.20 | 241 | 0.21 | 1.68
4 3 24| 016 | 226 1022 [ 170 {23 0.18 [ 232 | 0.24 | 1.72

4 6 26| 015 | 224 [ 024 | 183 [27] 0147 [ 227 ] 025 [ 1.79

[ 4 12 28] 015 [ 220 [ 025 [ 186 [29] 016 | 223 ] 0.26 | 1.84
! 8 3 24] 014 [ 193033 [ 195 [25] 015 | 215 | 029 | 1.93
\ 8 6 261 014 [ 1811035 179 (291 0.14 | 2.07 [ 032 [ 197 |
| 8 12 28] 013 [ 176 [ 036 ] 165 (29| 0.14 [ 192 | 0.34 | 1.86 |
[~ 123 21] 013 [ 165 [ 044 | 260 [ 26| 0.13 | 1.86 | 0.38 | 2.54 |
[ 12 6 24| 012 | 162 [ 046 | 235 [27] 012 [ 1.73 [ 043 [ 2.38 |
12 12 26 012 | 162048 | 122129 011 | 1.66 | 045 [ 2.27
Mean [2.49] 014 | 194 | 032 [ 1.86 | 2.4 | 0.15 [ 2.06 | 0.31 [ 1.99

LSD at 0.05 NS| 004 [ 003008 NS |NS[007]003]007]NS
Duke  Control [ 21 ] 017 [ 193] 0.15 | 1.15 [1.90] 0.19 | 217 | 0.17 | 1.19
4 3 19| 015 | 187 [ 0.21 | 1.22 [2.00] 017 [ 205 | 0.18 | 1.24

4 6 23] 014 [ 181 ] 022|112 2.10] 016 | 1.93 [ 019 [ 1.23

4 12 24 014 [ 179 [ 024 | 113 [2.36] 0.15 | 1.87 | 0.22 [ 1.18

8 3 22] 013 [ 163 ] 032 ] 1.39 [2.20] 0.14 | 1.74 | 0.28 | 1.32

8 6 24 ] 012 [ 152 ] 033 | 1.06 [240] 0.14 | 163 | 0.31 | 1.13

\ 8 12 23 012 [ 1511033 [ 092 [240] 013 | 161 [ 032 [ 1.12
\ 12 3 21] 012 [ 132 [ 041 [ 2.34 [230] 0.13 | 1.54 | 0.38 | 2.25
\ 12 6 24 011 [ 127 [ 043 | 1.85 [2.50] 0.12 | 1.43 | 0.42 | 2.13
| 12 12 26| 010 [ 124 [ 045 | 1.14 [2.60] 0.11 | 1.36 | 0.46 | 1.96
Mean [2.03] 0.13 [ 1.58 [ 0.31 | 1.33 [2.20] 0.14 | 1.73 | 0.27 | 1.47

LSD at 0.05 NS| 005 [ 002 008 NS [NS] 006 002]006] NS

The dry weight of the root system in both rootstocks was decreased
than that of the leaves in rootstocks irrigated with solutions containing 3 mM
nitrate, while increasing the chloride conc. from 4 to 12 mM decreased the
dry weight of the roots in both rootstocks.

Data presented in Tables (1 and 2) showed that chloride levels in the
leaves of “Hass” were higher than in “Duke” and the leaf tissue of “Hass” is
more tolerant than that of “Duke” to high level of chloride. The salt-tolerant
“Hass” seedlings shed their leaves when the chloride content exceeded a
certain level, whereas the salt-sensitive “Duke” did not.

These findings are agreement with the results obtained by
(Nakasone, & Paull, 1998; Somani, 1988; and Whiley and Schaffer, 1994) in
other species. The enhancement of leaves growth by irrigation water
containing 6 mM chloride is probably a result of reduced root growth which
lowers root demand for carbohydrates, and thus allows a more abundant
supply to the leaves.
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Root media in the severe treatment (Cl, 12 : NOj;, 12) having the
highest salt ratios and the highest osmotic pressure, this possibly lead to
increasing the concentration of specific toxic ions to plant growth. All these
factors may lead to reduce the relative roots power of absorbing water as
previously recorded by (Ben-Ya'acov & Michelson, 1995; Downton, 1978;
Kadman & Ben-Ya'acov, 1976).

Effects of Nitrate on Avocado Rootstocks :

Four-fold increase in nitrate conc. in the irrigation water (from 3 to 12
mM) resuited in an increase from 10 to 20% in the level of N. in the leaves of
both rootstocks. Increasing the nitrate concentration in nutrient solution led a
decrease in chioride level in the leaves of both rootstocks. Addition of 3 to 12
mM nitrate to the solutions reduced chioride leveis in the leaves of “Hass” by
40-60% and in ‘Duke” by 35-40% (Table 2).

When the nitrate conc. in soiution containing 12 mM, chioride was
increased from 3 to 12 mM, and the dry matter weight of leaves and roots
were significantly increased. As shown in Table (1) indicated that averages
number of new leaves decreased with increasing of total dissolved salts in
the irrigation water.

A decrease in P. level was found in the leaves of both rootstocks as a
response to increased nitrate conc. in the nutrient solution. The Ca content of
“Hass” leaves Table (2) was higher than that of “Duke” in all the treatments
with an average of 1.94% and 1.58% in dry matter, respectively in the first
season, 2000. The Ca content of leaves was decreased with increasing
salinity, whereas, the Na content of leaves increased with increasing salinity
level..

The results of this study confirm the observations of these
invistigators (Bar & Kafkafi, 1992; Bingham & Fenn, 1967; and Chia & Evans,
1987).

Salinity injuries has been associated with high concentrations of Cl
and Na in avocado leaves. (Kadman and Ben-Ya'acov, 1978). The most
commonly observed responses are leaf curl and tip and marginal leaf burn,
eventually resulting in leaf abscission. (Cram, 1973).

Downton (1978) observed that high conc. of NaCl (20 mM) in the
potting medium reduced the number of leaf buds of “Fuerte” scions grafted on
to Mexican and Guatemalan race rootstocks. The crop takes up sodium with
water and it is concentrated in the leaves as water is lost by transpiration.
Toxicity may result if Na accumulates to concentration that exceed the
tolerance of the crop (Fageria, 1992).

This is in line with the findings of (Embleton, et al., 1961 & 1962;
Kafkafi, 1990 and Lahav, et al, 1990). Such effect was clear in both two
seasons, (2000 and 2001).

Effects of Chloride on Citrus Rootstocks :
Irrigation of “Rangpur” and “Volkamer” rootstocks for 150 days with

water containing higher concentrations of chloride resulted in increasing
chloride contents in the leaves Tables (3 and 4). When irrigated with water
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containing only 4 mM chioride, which is considered prime irrigation water, the
chloride content of “Volkamer” leaves was four-folds higher than that of
“Rangpur” rootstock irrigated with the same solution.

Table (3) : Effects of chloride and nitrate concentrations on vegetative
growth of two citrus rootstocks (Rangpur and Voikamer)
during (2000 and 2001) seasons.

Season 2000 2001
Growth Dry weight Dry weight
characteristics Number of mg/plant Number of mg/plant
Treatmentcs: Y Leaves | Roots | Leaves | Roots | Leaves | Roots | Leaves | Roots |
Rangpur control| 78.5 89.5 | 241.3 (1171 753 86.3 | 165.0 146.2
4 3 59.7 68.8 | 1357 | 871 58.3 69.5 | 12786 117.3
4 6 63.1 74.6 138.6 | 94.7 61.2 75.7 134.2 127.5
4 12 66.3 76.2 | 137.4 | 96.5 67.6 776 | 1474 130.9
8 3 41.3 47.6 82.0 58.7 54.1 53.2 | 118.8 90.1
8 6 44 .1 51.8 87.6 62.7 51.9 55.1 121.0 93.5
8§ 12 46.2 53.2 91.1 64.1 46.7 58.3 | 1276 98.6
12 3 28.7 23.5 55.2 274 42.5 49.5 92.4 83.8
12 6 26.4 30.6 50.9 354 36.3 46.7 79.2 78.2
12 12 23.0 26.5 44.4 29.4 334 49.4 72.6 83.1
Mean 47.7 54.2 1064 | 67.3 58.7 65.7 118.5 104.9
[LSD at 0.05 3.6 3.9 4.5 3.6 4.1 4.3 4.9 5.7
Volkamer Control 66.3 78.3 151.8 | 1014 09.6 79.2 151.8 134.3
4 3 46.1 576 | 101.2 | 735 58.0 59.1 127.6 100.3
4 6 51.5 624 | 107.1 | 78.7 59.4 61.8 | 129.8 103.7
4 12 54.2 67.2 108.3 | 83.7 59.3 65.9 129.5 110.5
8§ 3 32.2 39.9 63.7 49.6 42.5 38.7 92.5 64.6
8 6 35.7 43.4 70.3 52.8 46.2 42.6 127.3 71.4
8§ 12 37.8 46.4 72.2 56.2 49.1 45.0 | 107.8 76.5
12 3 224 28.0 421 33.3 35.8 27.3 77.0 459
12 6 21.0 25.8 39.7 29.3 38.7 26.4 83.6 44.2
12 12 18.5 23.0 333 26.7 39.9 24.8 85.8 40.8
Mean | 38.57 |47.52 | 78.97 |58.52| 49.85 |47.08 | 111.27 | 79.22
LSD at0.05 2.0 3.5 3.9 3.4 3.6 3.4 4.7 4.8

High concentration of chloride in the water inhibited leaves growth in
“Volkamer” more than in “Rangpur”. So the number of new roots and leaves
were significantly lower in plants irrigated with saline water than that watered
with none saline, tap water (control). Moreover, rootstocks received severe
salt treatments (chloride 12 : Nitrate 12, produced the least average number
of new roots and leaves.

In this concern, Fageria, 1992 and Somani, (1998) pointed that the
early formative stages of leaves and roots are governed by cell division and
are relatively insensitive to drought and salinity. Otherwise, the adverse
effectiveness of salinity may be due to the hormonal imbalance which may
decrease promoters and increase inhibitors.

In the chioride-sensitive citrus rootstocks “Volkamer”, inhibition
leaves and roots growth were apparent even at 8 mm chloride. In contrast.
The salt tolerant "Rangpur” showed some growth inhibition only at the higher
chloride conc. and slight yellowing only at 12 mM chioride.
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The mode of resistance to chloride in citrus differs from that in
avocado leaves of "Rangpur” rootstocks accumulated much less chloride
than those of “Volkamer” rootstocks irrigated with water containing the same

conc. of chloride.

Table (4) : Effects of chloride and nitrate concentrations on leaves
mineral contents of two citrus rootstocks (Rangpur and
Vokamer) during (2000 and 2001) seasons.

Season| 2000 2001

Treatment o T T
Cl:NOy N% | P% [Ca%|Na%| Ci% | N% | P% | Ca% | Na% |Cl%

(- (mM) L |
Rangpur control | 1.8 [0.26[1.16]/0.16] 0.04 | 1.9 [ 028 | 119 [ 0.18 [0.07
4 3 2.25 [0.180.78[0.21] 0.18 [ 227 [ 0.21 [ 0.86 | 0.21 |0.17
4 6 2.30 [0.17]0.73[0.23] 0.15 | 2.33 | 0.21 | 082 | 0.22 |0.16
4 12 2.45 [0.16]0.68[0.25] 0.13 | 2.53 [ 0.19 | 0.75 | 0.24 [0.15
8 3 2.53 [0.15[0.64[0.32[ 0.27 [ 2.56 [ 0.16 | 0.72 | 0.28 [ 0.29
3 6 2.65 [0.14|061]0.34] 026 | 262 | 0.17 | 068 | 0.31 |0.28
8 12 2.73 [0.14[0.58]033[ 024 | 2.75 | 0.15 [ 0.63 | 0.35 |0.26
123 2.91 [0.13[0.57[0.45] 0.53 [ 2.93 | 0.14 [ 0.59 | 0.36 [0.38
126 2.90 |0.13/0.56]/0.47] 0.48 | 290 | 0.14 | 0.56 | 0.39 [0.36]
12 12 3.20 [0.12]0.55[049] 0.42 | 3.40 | 0.13 | 0.55 | 0.42 [0.33]
Mean 257 |10.15/0.68/0.32[ 0.27 [ 261 | 0.17 | 0.72 | 0.29 |0.24]
LSD at 0.05 0.40 |0.06]0.02[0.07] N.S [ 0.39 [ 0.07 | 0.04 | 0.06 [NS |
[Volkamer Control | 1.56 [0.25]0.96/0.14| 0.06 | 162 | 0.27 | 0.98 | 0.16 |0.09
L 4 3 212 [0.18]0.62][0.26 0.78 | 1.84 | 0.21 | 0.86 | 0.19 |0.57
[ 4 6 2.31 [0.16]/0.60(0.27| 0.65 | 1.87 | 0.20 | 0.78 | 0.22 |0.55
\ 4 12 [ 2.47 [0.14]0.60]0.29] 0.58 | 1.36 [ 0.18 [ 0.71 | 0.27 [0.51
[ 8 3 | 263 /0.15/0.58/0.43] 0.74 | 235 | 0.17 | 0.66 | 0.35 |0.78]
[ 8 6 2.73 |0.14/0.56[0.45[ 062 | 251 | 0.16 | 0.62 | 0.39 |0.76 |
L 8 12 2.75 [0.13[0.56]0.48] 0.57 | 2.67 | 0.15 [ 0.57 | 0.43 [0.72]
[ 123 2.86 |0.12]0.55]/0.51] 0.86 | 2.78 | 0.13 | 0.53 | 0.48 |0.86]
126 2.4 |0.13[055/054] 0.77 [ 291 [ 0.12 | 0.51 | 0.52 |0.85|
12 12 2.98 [0.12]0.53[0.56| 0.67 [ 2.96 | 0.11 | 0.51 | 0.56 |0.82
Mean 2.52 |0.15/0.61]0.39] 063 | 2.34 | 0.17 | 0.67 | 0.35 |0.65
[LSD at 0.05 [0.37 [0.06[0.0210.09] NS [ 031 ]0.07 | 0.03 [ 008 [NS

Thus, chioride resistance in “Rangpur” may be attributed to both its
ability to restrict chloride uptake and transport to the leaves and the ability of
its leaf tissue to withstand high chloride concentrations. This explanation was
suggested by Gorton & Cooper, 1954; Feigin, 1985; Fageria, 1992, and
Davies & Albrigo 1994).

Effects of Nitrate on Citrus Rootstocks :

Addition of 6 or 12 mm nitrate to the irrigation water containing 4, 8 or
12 mM chloride resulted in decreased chioride contents in the leaves of both
“Volkamer and Rangpur” rootstocks.

Application of 6 mM nitrate to water containing 12 mM chloride
slightly enhanced leaves grow in “Rangpur’. However the Cl-induced
inhibition of growth of “Volkamer” leaves was strikingly reversed by the
addition of 6mM NO; to water containing 4, 8 or 12 mM chloride.
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A further increase in nitrate concentration had no significant effect on
leaves growth. Increasing the nitrate concentration in the water from 3 to 12
mM resulted P. decreased levels in the leaves of both citrus rootstocks.

Addition of nitrate to irrigation water containing high chloride conc.
resulted in decreased chloride levels in citrus leaves, and might therefore
account for the alleviation of the chloride-induced toxic effects.

Leaves and roots of “Volkamer” displayed severe damage as a
response to increased chloride conc. in the water but no damage was
detected in “Rangpur” leaves even at 12mM chloride, except for some slight
yellowing. This result was true for the two successive years of (2000 &
2001).The rate of calcium translocation to leaves in the salt-tolerant
“Rangpur” was higher than in the salt sensitive “Volkamer” rootstock. The
obtained results agreed with those of Embleton, et al. (1962) in avocado and
of Zekri, 1993 a & b) in citrus.

The reduction in leaf nitrogen content may be attributed to the
depressing effect of saline water on the activity of the metabolic processes
and the bad nitrogen translocation (Fageria, 1992).

In this concern, Syvertsen, et al. (1993) reported that the
translocation of N and P from the leaves of avocado and citrus trees was in
general, adversely affected by soil salinity.

It can be concluded that these avocado rootstocks “Hass” and citrus
“Rangpur” are more salt-tolerant at seedling growth stage.
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