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Abstract

The influence of salinity on
growth, biomass production and
some chemical analysis of some
woody trees were studied at their
seedling stage in the Tropical
Farm, Kom-Ombo, Aswan Bo-
tanical Garden, Egypt during
2009 and 2010 seasons. Seed-
lings of three woody trees species
i.e. Chrysophyllum oliviforme,
Tamarindus indica and Termina-
lia arjuna were tested against 0,
40, 80, 120 and 160 mM levels of
NaCl. Mortality percentage, stem
length, diameter (root & stem),
weight of stem (fresh & dry) and
weight of root (fresh & dry) of
these seedlings were significantly
affected by salinity. Moreover,
growth and biomass measure-
ments of each tree species de-
creased as salinity increased.
Terminalia arjuna appeared more
NaCl salt - tolerant than Chryso-
phyllum oliviforme or Tamarin-
dus indica trees as its survival
was the highest under the differ-
ent salinity treatments. Mean-
while, the maximum stem length
and biomass parameters were
detected with Tamarindus indica
in both seasons compared to
other species in the mean of sea-
sons. On the other hand, as salin-
ity level increased, Na" and CI'
concetitrations in all plant tissues

were significant y increased for
the tested seedlings. Raising
NaCl in the irrigation solution of
the tested trees significantly de-
creased chlorophyll content in
their feaves.
Keywords:Chrysophylum olivi-
forme; Tamarindus in-
dica;Terminalia arjuna; Saline
irrigation; Growth; Chlorophyll;
Ion content.

Introduction:

Salinity is a major problem
that negatively affects agricul-
tural activities In many regions in
the world, espe:ially the Near
East and North Africa region.
Generally, salinity problems in-
crease with incr2asing salt con-
centration in irigation water.
Crop growth reduction due to
salinity is generally related to the
osmotic potentizl of the root-
zone soil solution (Abou-Hadid,
2003).Water used for irrigation
can vary greatly in quality de-
pending on type and quantity of
dissotved salts. salinity is one of
the major protlems affecting
crop productivity in arid and
semi-arid regions, especially the
Near East and Morth Africa re-
gion. Throughoui the world, 100
million hectars or 5% of the ar-
able land is advetsely affected by
high salt concentration, which
reduces crop growth and vyield
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(Ghassemi er al., 1995). Almost
50% of the irrigated land is af-
fected by high salinity (Zhu,
2001), often resulting in secon-
dary salinization due to inappro-
priate use of saline irrigation wa-
ter. In vearm and dry areas, salt
concentiations increase in the
upper scoil layer due to evapora-
tion that exceeds precipitation
(Arbol e al., 1988).

Growth suppression is initi-
ated at some threshold value of
salinity, which varies with crop
tolerance. Determination of salt
tolerance of various tree species
is of immense value before de-
ciding their suitability for planta-
tion on such sites, especially dur-
ing establishment and early stage
of growth when plants are too
tender to bear soil salinity. Injury
resulting from the presence of
soil salts is caused by differences
in osmotic potential between the
tree and the soil solution; a spe-
cific ion effect associated with
specific salt ions, such as Na™, CI’
and a combination of these two
effects (Chirr, 1976). Saline water
(as drainage water, groundwater
and treared sewage water) in
Egypt is a resource that can be
used to imiprove the environment
as in affcrestation. The decreas-
ing availability of fresh water for
agricultural use to face, the need
for production of food, wood and
fuel from piants is a major prob-
lem ¢ommon in Egypt. This di-
lemma requires the increasing
use of lower guality or saline wa-
ter for crop production. Salt tol-
erant plan: species shouid be se-
lected based on salt cocentrations

found in saline areas. Stainleaf
tree (Chrysophyllum oliviforme,
L.) belongs to family Sapotaceae.
It contributes to the aesthetics of
the forests where it grows, helps
protect the soil, and furnishes
food and cover for wildlife. The
wood, which has a specific grav-
ity of 0.9, is hard, heavy, and
strong. It is used for construction
in Cuba (Little and Wadsworth,
1964). Tamarind tree (Tamarin-
dus indica L.) belongs to family
Fabaceae, is an important woody
perennial tree species that is
found throughout the tropics for
its beauty as an omamental,
adaptability to variable climatic
and edaphic conditions and fruit
production (El-Siddig er al,
1999), Tamarind timber consists
of hard, dark red heartwood and
softer yellowish sapwood. Due to
its denseness and durability,
tamarind heartwood can be used
in making furniture, wood floor-
ing, building purposes and fur-
nishes excellent charcoal for
gunpowder (Morton, 1987). Ar-
gun tree (Terminalia arjuna
Roxb.) belongs to family Com-
bretaceae, is the large size de-
ciduous tree. Its wood is used in
boat and house building as it is
very hard. Its wood is also used
in the making of agricultural im-
plements and weapons. It is
grown in the cities and towns for
the purpose of shade {Srivastava
etal, 1999,

There are a number of woody
species that can tolerate/resist
varying degrees of salinity
throughout various adaptations to
overcome the problem of salinity.
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It is generally considered that
halophytes have to overcome the
additional problem of physio-
logical drought. It has been re-
ported that many drought tolerant
plants (Xerophytes) can easily
overcome salinity provided there
is no hindrance to their root res-
piration. Fortunately, it is quite
easy to select suitable salt toler-
ant species from our indigenous
flora i.e. Acacia (kikar), Tamarix
{Farash) and Azadirachta
(Neem). The plants growing in
saline or sodic have to face some
or all of the following problems:
1. concentration of soil solution
is greater than that of cell sap in
the root, which resuits in loss
(exosmosis) of water from the
root. 2. The imbalance of ions in
the soil solution may have toxic
effect on celi physiology. 3. Wa-
ter drainage, root penetration and
root respiration are restricted due
to deflection (break down of soil
structure) and rising water table
i.e. Eucalyptus (Safaidah) and
Atriplex (Salt bush). Tree species
tolerance of salinity is better as
reported by Marcar et dal,
{2000b).

Therefore, the aim of the cur-
rent study was to determine
growth, biomass production, leaf
chlorophyll concentration and ion
content of l-year-old Chryso-
piyllum oliviforme, Tamarindus
indica and Terminalia arjuna
seedlings under varying NaCl
conditions in order to assess their
NaCl tolerance and suitability for
afforestation and planting in salt-
affected soil.

Materials & Methods

The experiment was con-
ducted in the Tropical Farm,
Kom-Ombo, Aswan Botanical
Garden, Egypt during 2009&
2010 seasons to swudy the influ-
ence of saline irrigation water on
growth and some physiological
characteristics of Chrysophyllum
oliviforme, Tamarindus indica
and Terminalia arjuna seedlings.

Mature Chrysophylium olivi-
forme and Terminalia arjuna
seeds were collected during Feb-
ruary 2008 & 2009 from the
Tropical Farm, while Tamarin-
dus indica seeds were bought
from Aswan Market for the Me-
dicinal Plants. The seeds were
cleaned, dried ané scarified to
overcome hard seed coat dor-
mancy by removing a smal!l por-
tion of the coat at the cotyledon
end with steel file. Then, seeds
were surface sterilized with 2000
ppm sodivm hypothlorite for 5
min, rinsed with sterile distilled
water. Seeds were sown directly
into the plastic pot$ containing a
mixture of soil amd sand (3:2).
One-year-old  seedlings  of
Chrysophylium oliviforme,
Tamarindus indica and Termina-
lia arjuna were selected for uni-
formity according to leaf number
{15) and plant height (30 cm)
then transplanted to plastic pots
(30 x 20 ¢m) containing the same
potting mixture. The physical and
chemical charactetistics of the
sand and ¢lay soil used in this
study were shown in Table (1).
Salt concentrations of 40, B0, 120
and 160 mM were prepared by
dissolving 2.32, 4.64, 6.96 and
928 gm Sodium Chloride
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(NaCi)/L. distilled water, respec-
tively. Seedlings were treated
twice a week with the different
concentrations of salinity to pro-
duce electrical conductivities of
5, 10, 15, and 20 m S cm’

equivalent to the 40, 80, 120 and
160 mM salt concentrations in
the soil medium. To balance the
evaporative losses, and also to
maintain plants at the required
levels of

Table (1) Physical and chemical characteristics of sand and clay soil

used for growing seedling species,

Soil characteristics Sand | Agriculture oil
Physical
Counse Sand % 65.50 345
Fine 'Sand 31.50 37.03
Silt% 0.77 27.75
Clay% 2.50 27.25
Organic matter 0.30 0.33
Texture Sandy Clayey
Chemical
pH 6.70 8.10
E.C.{ds/m) 0.56 2.13
Na(ppm) 345 13.40
K(ppm) 0.58 0.85
Biocarbonated (ppm) 1.95 4.00
Chloride{ppm) 2.80 16.50
Sulphur(ppm) 2.28 0.83
Calcipm carbonate (ppm) 28.00 3.77
Ca**{ppm) 2.12 5.25
hl\/[g'“'ggpprﬂ) 0.88 1.79
C.E.G(Meg/100g) 5.50 32.60

salts, they were watered every
alternate day after a check of the
electrical ¢onductivity of the soil
medium (Rawat and Banerjee,
1998). Control plants were sup-
plied with tap water only.

The experiment involved
three tree species i.e. Chryso-
phyitum oliviforme, Tamarindus
indica and Terminalia arjuna
and five treatments (40, 80, 120
and 160 mM salt besdide the
control without salt). Each treat-
ment had three replicates of six
seedlings aach in a randomized

complete block design. Saline
irrigation treatments were carried
out from March to July 2009 and
repeated in 2010 season (20
weeks of continuous salt treat-
ment every season).

After recording observations
on survival, plants were hat-
vested to record height, stem di-
ameter and fresh weight of stem
and roots. Dry mass of stems and
roots was determined after oven
drying the samples at 90°C to a
constant mass, The pigment den-
sity (chlorophyll a&b) was
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measured with a spectrophotome-
ter type SP3-300 (Pye Unicam,
Cambridge, UK) at 664 nm (chl.
a) and at 647 (chl. b) following
the method of Mackinney (1941).

Leaves, stems and roots were
analyzed for sodium (Na") and
chloride {CI") content. Na* con-
centration was determined from
dry, powdered plant tissue after
extraction in Hydrochloric acid
using an atomic absorption spec-
trophotometer (905 AA, GBC,
Australia). CI” was assessed by
silver ion titration with chloride
meter (6610, Eppendorf, Ger-
many).

The obtained data were tabu-
lated and statistically analyzed
according to the method by
Snedecor (1956), and 1..5.D men-
tioned by Little and Hills (1978).
Results and Discussion:
Survival

NaCl salinity significantly
affected mortality percentage as
indicator for survival of the
tested seedlings, which generally
increased under higher salt levels
in both seasons, but decreased
under lower salt levels as com-
pared to the controls (Table 2).
The highest value of mortality
percentage (30.0 %) was re-
corded with Tamarindus indica
as mean of salinity levels for the
two seasons as compared to the
other trees, while the lowest
value (26.7 %) was obtained with
Terminalia arjuna seedlings.
Variations in salt tolerance have
been observed previously be-
tween species and genotypes of
woody plants (Bell et al., 1994
and Tal, 1986). Species like Dal-

bergia sissoo and Eucalyptus
camaldulensis have been re-
ported to survive 160 mM NaCl
salinity (Rawat axd Banerjee,
1998).

Plant growth:

Vegetative characteristics of
the tested seedlings were affected
in all salt irrigation water treat-
ments. The greatest reduction of
seedlings growth occurred in
plants by the 160 r1M treatment.
NaCl reduced the ltngth of seed-
lings, which led lo significant
differences in sten length be-
tween the control and all treat-
ments (Table 2). The highest
value of stem lergth (80.3cm)
was obtained by 7amarindus in-
dica in the two seaions, while the
lowest value {54.8 cm) was re-
corded with Chryscphyllum olivi-
Jorme in both seascns.

Statistical anzlysis of data
indicated significant decrease in
root length of the seedling spe-
cies after 20 weels of applying
sodium chloride treatments (Ta-
ble 1). In the present study, the
mean root length of Terminalia
arjuna (27.1 cm) was higher as
compared with thet of Tamarin-
dus indica (23.5 cm) or Chryso-
phyllum oliviforme (20.9 cm) by
the end of the experiment. Also,
the same Table shows significant
differences in sem diameter
among the different salt concen-
trations across the ested seedling
species. The decreases in stem
diameters of these seedlings were
concomitant with the increase in
concentrations of sodium chlo-
ride in both seasiins. However,
the highest value (0.83 cm) of
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stem diarneter was resulted from
I arjunc , while C. oliviforme
seedlings recorded the lowest one
(0.52 cm in the mean of differ-
ent salt ireatments for the two
seasons. It is well known that
salinity affects growth of plants
adversely due to disturbance in
physiolog.cal and metabolic
processes occurring in plant body
as reported earlier by Afzal er al.,
2006; Neves and Bernstin, 2005;
Rashid er 2., 2004 and Marcar et
al., 2000a; However, transplants
can tolerate salinity to a certain
degree as compared to agricul-
tural field crops (Niazi er al,
1985). Reduced growth was
probably caused by the high
NaCl level, which increased the
osmotic potential of the irrigation
solution and also created salt

stress from excessive uptake of
tons. Gebauer ef al, (2001) on
Tamarindus indica found that
plant growth was slightly af-
fected by 40 and 80 mM NaCl,
but was markediy reduced at the
160 mM treatment. The reduction
of vegetative growth under saline
water treatments could be attrib-
uted to the decline in the content
of endogenous gibberellins and
indole acetic actd hormones
which are required for both shoot
elongation and cambial growth.
The plants of increased salinity
resistant are expection to main-
tain higher rates of growth than
less resistance plants under
equivalent levels of salinity
(Hussein and Haggag, 2003 and
Corser et al., 2001 ).

307



Assiut J. of Agric. Sci., 42 (Special Issue }(The 5" Conference o) Young Sci-
entists Fac. of Agric. Assiut Univ. May.8, 2011) (302-316}

Table (2): Mortality percentage, stem length, root length and stem di-
ameter of Chrysophyllum oliviforme, Tamarindus indica
and Terminalia arjuna seedlings as influenced by NaCl sa-
linity 20 weeks after initiation of the treatment during 20069

& 2010 seasons.
NaCl 2009 010
. con- ) Stem| Root $tcm . Stein| Root Stem
Tree species centra- Mortality | lengt| lengt| diame-| Mortality| lengt; lengt diameter
tion % h h ter (%) h h
(mM) (em)| (em}| (em) (em) | emy] ™
0 0.00 | 80.3| 344 0.81 0.00 | 73.5{ 3021 0.75
Chrysophyllun 40 0.00 | 70.9| 25.4] 0.71 0.00 | 69.71{ 28.5{ 0.70
oliviforme 80 11.11 | 68.0] 24.5] 0.59| 2222 | 64.4[ 25.8] 0.61
120 22.22 | 6491 21.9| 0.54| 13333 | 55.8| 18.8] 0.53
160 100.0  00.0] 00.0f 0.00 100.0 | 00.0{ 00.0] 0.00
Mean 26,7 | 568|21.2] 0.53| 31.1 | S82.7]20.7{ 0.52
LSD 5% 20.69 [ 630(230) 906} 1566 | 3.8 4.1 | 0.06
0 000 [97.6]274] 079 000 ![87.2]258| 088
Tamarindus 40 11,11 | 85.7{23.3] 0.74) 1111 | 84.21257| 0.76
indica 80 33.33 | 81.5]22.8) 0.73; 2222 | 77.8) 258] 0.78
120 4444 | 76.2| 20.8) 0.70| 55.56 | 79.8} 25.0| 0.68
160 5556 | 75.8] 159] 0.62| 66.67 | 57.11 23.0] 0.68
Mean 289 | 83.4)22.0( 0.72| 311 [77.2: 251 0.76
LSD 5% 29.29 | 8.80| 2.80| 0.06| 2929 | 89| 1.6 0.06
0 0.00 | 81.8) 2B.6] 1.05 0.00 | 68.3) 347, 099
Terminalia 40 0.00 8051269094 0.00 ;657|304 087
arjuna 80 1111 | 74.7] 25.4| 0.82 2222 {62.2| 29.0( 0.77
120 44.44 | 72.5] 23.8| 0.78 | 55.56 {59.21263| 0.73
160 66.67 | 71.2{23.5| 0.76 | 66.67 | 51.4] 22.6] 0.55
Mean 244 176.1] 25.6] 0.87| 289 |61.4:28.6] 0.78
LSD 5% 8.0 25] 0082349 7.6 5% | 0.06] 19.18
Biomass production dry weight (7.4g), whereas

Sodium chloride reduced
the mean stem fresh and dry
weights as well as the root fresh
and dry weights of the tested
seedlings at all four salt congen-
trations but to different degrees
(Table 2). Biomass production of
seedlings for each tree species
reached the maximum value un-
der non- saline conditions (con-
trols). Tamarindus indica gave
higher stem fresh weight (25.6
g), root fresh weight (13.5 g),
stem dry weight (12.5 g) and root

Chrysophylium oliviforme gave
the lowest stem fresh weight,
root fresh weight, stem dry
weight and root dry weight, in
the mean of both scasons. The
treatments showed significant
variations in these characters for
the tested seedlings and showed a
decreasing trend with the increas-
ing of salt concentrations. Seed-
lings growth was cnly slightly
affected by low salin.ty level, but
was greatly reduced by high sa-
linity treatment. These results are
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consistent with the previous find-
ings of (Gebauer ef al., 2001) on
Tamarindus indica. They found
that tamarind seedlings can toler-
ate salinity level up to 80 mM
NaCl, but are sensitive to an ex-
cessive high salinity level of 120
mM. Our results revealed that
Chrysophyilum oliviforme and
Terminalic arjuna were highly
susceptible to increasing salinity
with respect to their biomass
production, while Tamarindus
indica was found highly resis-
tant.

The plants growing in saline
or sodic have to face some or all
of the following problems; Con-
cenfration of soil solution is
greater than that of cell sap in the
root, which results in loss (exos-
mosis) of water from the root,
The imbalance of ions in the soil
solution may have toxic effect on
cell physiology and Water drain-
age, root penetration and root
respiration are restricted due to
deflection (break down of soil
structure) and rising water table.
The reduction of biomass among
the saline water treatments is
probably due to the decrease in
photosynthesis activity (Afroz et
al., 2005).

Na' and CI content in plant
tissues

The highest amount of Na’
and CI' in all salt treatments was
found in the roots of the tested
woody seed]ings (Tables 3 and
4}. Application of NaCl increased
Na' and CI' concentrations in ali
parts of the seedlings. As salinity

level increased, Na~ and CI
concentrations in all plant tissues
increased and there were signifi-
cant differences between treat-
ments. Moreover, tissue Na~ con-
centration was much higher than
Clconcentration. The highest
values of Na” and CI contents in
plant tissues were resulted from
Tamarindus indica as compared
to the other seedling species in
both seasons, while the lowest
values were recorded with
Chrysophyllum  oliviforme tis-
sues. In the tested trees, the high-
est amount of Na” and CI' was
found in the roots, indicating a
retention mechanism and are of-
ten responsible for leaf injuries in
salt- stressed plants as reported
by (Mass., 1993). Saline water
moves up through vegetation
rather than moving through soil
capillaries and leaving saits on
soil surface. In the presence of
vegetation, water transpires into
the atmosphere while, leaving the
salts in the plant tissue. Concen-
tration of soil solution is greater
than that of cell sap in the root,
which results in joss (exosmosis)
of water from the root. The im-
balance of ions high osmotic
pressure decreases the availabil-
ity of soil water and changes the
ability of tree to absorb water,
causing moisture stress within
the plant. Soil salinity can cause
nutrient imbalances, while result
in the accumulation of elements
to plants, and reduction water of
initiation if the level of one salt
element — sodium — is high.
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Table (3): Fresh and dry mass of stem and root of Chrysophyilum
oliviforme, Tamarindus indica and Terminalia arjuna
seedlings as influenced by NaCl salinity during 2009 &
2010 seasons.

NaCl 2009 2010
concen- Stem | Root | Stem | Root { Stem | Root | Stem | Root
Tree species tration frt.:sh fresh | dry | dry |fresh | fresh | dry | dry
(mM) weightjweightiweightweightiweightiweightiweightiweighy
® @ @@ @|@ @@
0 126.78[21.25/11.16| 6.9]1 |36.08|17.00] 14.6 | 5.24
Chrysophyllum 40 123.98]13.44111.00] 4.87 |35.53(15.42113.71! 5.4
oliviforme 80 [20.64]10.11]10.5913.38 |17.73]|10.96] 6.65 | 4.62
120 |18.44 ] 6.88 | 7.6513.01 {16.71| 844 | 6.4]1 | 2.1]
160 | 0.0 | 0.00 | 0.00 { 0.00 [ 0.00 | 0.00 | 0.00 | 0.00
Mean 18.0 1 10.3 | 8.1 | 3.6 |21.2 (104 8.3 | 34
LSD 5% 262 1242 (1200711328 [ 2.36 } 1.27 | 0.86
0 129.75/15.52|16.07{ 8.76 129.19119.45[17.86}11.00
Tamarindus 40 129.4711043]12.52] 591 {29.00)|18.46114.56] 9.87
indica 80 2640|987 [11.72]5.53 12542|18.01[12.55{ 9.60
120 125.93]9.57 |11.31]4.70 {24.12/17.05}11.37| 8.94
160 12096 6.80 | 9.93 | 466 116.241045] 7.9] | 549
Mean 265 1104 | 123 | 59 {248 |16.7 | 12.8 | 9.0
LSD 5% 278 1445 1159 ({115} 378 | 1.53 | 2.16 | 1.19
0  130.83{14.71|13.271 5.85 |28.27]13.26]10.44; 5.87
Terminalia 40_'_ 260711394 |11.85] 591 [24.04|12.29| 8.87 | 4.62
arjuna 80 1255911471146 4.75 |16.34| 9.69 | 4.87 | 2.89
120 123.15]11.12]9.66 1 4.58 |13.71] 7.06 | 4.34 | 2.58
160 122.13]9.88 | 948 1 3.78 | 9.22 | 6.09 | 2.56 | 1.49
Mean 2351122 {111} 5.0 | 183 | 9.7 | 6.2 | 3.49
LSD 5% 347 1 1.41 [ 220 | 0.58 | 3.56 | 1.69 | 1.36 | 0.83
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Table (4): Ion content of Na™ (inM) in tissues of Chrysophyllum olivi-
Jorme, Tamarindus indica and Terminalia arjuna seed-
lings as affected by salinity after 20 weeks of the treat-
ments during2009 and 2010 seasons.

NaCl 2009 2010
Tree concen- Tissue Tissue
species tration | jeaf | stem { root leaf | stem | root
(mM)

0 | 25.54) 18491 85.55 | 26.74| 19.04] 88.67
Chrsophlium 30| 24368 161.01| 501.19|247.74] 166.7] 51687
"ISOPAY 80  |292.89 170.45 1162.65 301.76 175.01 1193.48

oliviforme 120 |315.78 186.94) 1188.22] 327.33] 190.94] 1208.12
160 | 0.00] 0.00] 0.00 | 0.00]| 0.00  0.00

Mean 175.6| 107.4| 587.5 | 180.7] 110.3] 601.4

LSD 5% 442 | 6.04 | 3380 | 5.15]| 6.06 | 18.37

0 21.67] 2832 86.16 | 22.00] 29.38! 88.35
Tomarindus in. |40 | 2248412522/ 520.18] 33156 128.22] 528.86
arincus 80  |272.89149.40(1105.24/280.12 152.37 1128.0

dica 120 |293.28 167.79 1132.52,302.05 171.68 116691
160 |360.39 188.94 1212.18/ 368,75 193.86| 1236.70

Mean 214.6] 131.9] 811.2 | 240.9] 135.1] 833.4
LSD 5% 773 | 825| 8.05 | 851 10.43] 15.85

0 40.63] 14.73[ 63.14 { 4199 1541] 65.64
40 250.42119.98 493.01|260.28 124.08 509.42
80 311.15/190.33 869.59|318.41) 195.79 898.59

Terminalia ar-

Juna 120 |352.91]220.05] 995.56 | 364.62 225.80] 1025.14
160 |412.88 236.66 1093.60,419.71 243 20 1122.75

Mean 273.6] 156.31 703.0 | 281.0] 160.8| 724.3
LSD 5% 6.00 | 479 | 818 | 6.15| 9.62 | 12.27
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Table (5): Ion concentratlon of CI

(mM) in leaves, stems and roots of

Chrysophyllum oliviforme, Tamarindus indica and Termi-
nalia arjuna seedlings as affected by NaCl salinity after
20 weeks of the treatments during 2009and 2010 seasons.

Tree NaCl c?n- 2009 2010
species centration Tissue - Tissue

(mM) feaf | stem | root | leaf | stem | root

0 35.47; 18.79] 108.60| 36.89] 19.74| 114.03

Chrysophyllum 40 204.41] 158.400 460.25)208.53 161.57 469.45
oliviforme 80 251.311170.04] 8%0.25(263.66 171.73] 916.95
120 266.91} 185.41] 1046.35{ 275.81] 192.83] 1067.15

. 160 000 000 0060 | 0.00) 0.00! 0.00

Mean 151.6| 106.5] 501.1 | 157.0| 109.2| 5135

LSD 5% 520 3.00| 534 | 472 | 3.08| 5.46

0 27.78] 31.18| 104.82| 29.17{ 32.75! 110.13

Tamarindus in- 40 195.59) 189.85] 443.131203 44 205_. 463.72
dica 80 224.56{ 206.89 970.00}229.04{211.03|. 989.40
120 305.11]255.66 1047.84] 314.25/ 265.88 1079.28
160 411.08/313.98 1091.13{415.21{317.13] 1112 .84

Mean 232.8| 199.5| 731.4 | 238.2( 206.5] 751.1

LSD 5% 624 | 559 | 630 | 641 | 575 23.13

0 23.89| 31.61| 72.38 § 25.13] 33.19| 76.00

Terminalia ar- 40 180.41/242.37| 355.03| 187.61(247.21} 362.12
juna 80 212.51270.67 802.44(214.65/281.49 826.52
120 279.720311.041 968.311285.31280.38 987.67
160 402.18380.291017.35/ 416.93| 384 10 1027.39

Mean 219.7| 247.2| 643.1 | 225.9; 245.3| 655.9

LSD 5% 336 | 5.63; 549 | 425 577 | 5.63

Leaf chlorophyll content g fw) of total chlorophyll was
After 20 weeks, plants detected with 7. indica but C

treated with 40 mM, 80 mM, 120
mM or 160 mM NaCl exhibited
drop in chlorophyll content of
their leaves compared to the con-
trol. Increased NaCl salinity was
gradually decreased chlorophyll
(a&b) content of leaf tissue of the
tested trees {Table 5). A marked
decline in chlorophyl} of seedling
leaves was associated with 160
mM treatment. Chlorophyll con-
centration was comparatively
higher for T. indica than T. ar-
Juna or C. oliviforme in both sea-
sons. The highest value (2.27 mg/

3

oliviforme recorded the lowest
one (0.86 mg/ g fw) in the mean
of seasons. A decrease in chloro-
phyll concentration in glyco-
phytes due to salinity has been
reported earlier by several work-
ers (Chavan ‘and Karadge, 1986
and Grant' and Somers, 1981),
and has been attributed to the
increased chlorophylls activities
(Svitsev et al., 1973). (Choud-
hary et al., 2003) Concluded that
photo—inhibition was the main
factor responsible for drastic re-
duction in net photosynthesis rate

12
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and coupled with a toxic of salt
ions on cellular metabolism made

the survival of the plants impos-
sible under high salinity.

Table (6): Chlorophyll content (a & b) in leaves of Chrysophyllum

oliviforme,

Tamarindus indica and Terminalia arjuna

seedlings as affected by NaCl salinity after20 weeks of
the treatments during 2009 and 2010 seasons.

NaCl con- 2009 2019

spTer:iZs centration Chilorophyll Qng/Tgo tf;;) iChlorophyll (mg/ Tg oft\:l!

(mM) Chl.ai{Chl.b Chl. Chl.a | Chl.b Chl.

0 0.85 | 043 1.29 | 088 | 045 1.33

40 0.76 | 0.37 1.13 0.78 | 0.39 1.17

C”g’;‘;’frfe"" 80 067 1 028 | 006 | 0.68 | 030 | 0.98

120 449 | 0.29 0.78 049 | 029 0.78

160 0.00 0.00 0.00 0.00 0.00 0.00

Mean 055 | 0.27 | 0.87 | 057 ¢ 0.29 | 0.85

LSD 5% 006 { 0.06 | 005 | 0.06 | 006 | 0.07

] 1.69 [.14 2.83 1.77 1.19 2.96

. 40 1.53 | 0.97 2.50 1.61 0.99 2.60
T “’f":;.’c"d"" 80 149 | 078 | 2.28 | 1.55 | 0.0 | 235 |
marea 120 .18 | 074 | 192 | 123 | 0.75 | 198 |

160 1.03 0.60 1.63 1.05 0.61 1.66

Mean 1.38 | 0.85 | 2.23 1.44 | 0.87 | 231

L LSD 5% 006 | 006 | 008 | 0.08 { 0.06 0.08
¢ 1.38 1 0.52 1.88 144 | 0.54 .98 |

Terminalia |— 40 127 | 052 1.75 1.31 0.54 1.85

arjuna 80 1.26 | 0.40 1.67 1.29 | 042 1.71
120 0.99 0.29 1.28 1.00 0.30 1.30 |

160 0.77 | 0.27 1.04 .78 | 028 1.06

Mean 1,13 | 0.40 1.52 1.16 | 0.42 1.58

LSD 5% 0.06 { 0.06 | 0.08 006 | 0.06 | 0.08

Conclusions salinity levels up to 80 mM re-

The study revealed that sulted in moderate plant growth

NaCl salinity had influenced the
mortality  percentage,  plant
growth, biomass production and
chlorophyll content in Chryso-
phyllum oliviforme, Tamarindus
indica and Terminalia arjuna
transplants. In this regard the in-
fluence varied with the species
and sait concentrations. In re-
spect of survival, 7. arjuna ap-
peared more NaCl salt-tolerant
than the other two species. NaCl

and biomass production. At the
high salinity levels the roots
failed to control the invasion of
salt ions, which accumulated in
the shoot tissue, resulting in
harmful salt concentrations in the
leaves. Thercfore, in the seedling
stage, these trees are moderately
salt tolerant tree species and suit-
able for afforestation and plant-
ing of salt- affected lands in

Egypt.
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