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Response of Dalbergia sissoo to Sulphur Application under Saline Condition
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Abstract: A pot experiment was conducted during 2004 and 2005 seasons at National Research Centre, Dokli,
Cairo, Egypt, to study the effect of sulphur application (0, 5 and 10 g/pot) rates on the growth and chemical
composition of Dalbergia sissoo seedlings grown on calcareous soil irrigated with four concentrations of saline
water (1000, 2000, 3000 and 4000 ppm). Results indicated that saline water application alone led to a sigrificant
decrease m all growth parameters, while those parameters were sigmficantly increased with increasing sulphur
application rates under mrigation with normal or saline water up to 4000 ppm. The use of saline irrigation water
decreased the content of chlorophyll a, b and carotenoids, soluble, non soluble and total sugar as well as N,
P, K and S concentration. While a pronounced increase was noticed for phenols and indoles contents, as well
as Na, Cl and Ca concentration. On the other hand, all of those above mentioned gave the opposite results with
sulphur application. The interactive effects between sulphur and salinity levels showed a markedly decrease
in phenol and indole content, Na, C1 and Ca concentration, while chlorophyll a, b and carotenoids, soluble, non
soluble and total sugar as well as N, P, K and S concentration increased. Almost similar trend was obtained for
the uptale of concerned nutrients as previously mentioned for their concentration. Tt can be concluded that
sulfur application had decreased the hazard effect of salimty, also, 1t had a favourable effect on growth and
availability of chemical composition to Dalbergia sissoo seedlings grown on calcareous soils.
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INTRODUCTION biochemical and chemical constituents such as

chlorophyll a and b, soluble and non soluble sugar

Dalbergia sissoo is among the main timber trees
cultivated as a source of woods, shade and forage in
different kinds of soils. Worldwide, there 1s msufficient
fresh water to develop all potential arable land. Several
researchers have mvestigated the effect of salinity on
growth of different woody trees species and they reported
that, salmity stress at different concentrations usually
reduces growth characters. Ahmed [1] on Rebinia
pseudoacacia, Bl Settawy and El-Gamal [2] on Casuarina
glauca, Roussos and Pontikis [3] on Simwnondsia

chiensis, Azza et al [4] on Sesbawia aegyptiaca
reported that salinity application decreased growth
patterns. Abd El-Fattah [5] on Adhatoda vasica, Hibiscus
rosa sinensis and Phyllanthus embmlica, Eid and Azza [6]
on Casuarina glauca, Scad [7] on Simmondsia chinensis
and Azza et al. [4] on Sesbania aegyptiaca found that

saline water at different levels decreased various

and N, P and K percentage but increased Ca and Na
content. El-Baha ef al. [8] on Acacia saligna, Casuarina
cumninghamiana  and Fucalptus camaldulensis and
Soad [7] on Simmondsia chinensis found that increasing
salimty levels significantly decreased N, P and K
content in the leaves. Bondok ef al. [9] working on
peach mentioned that proline content tended to increase
as a result of increasing salinity.

The sulfur metabolism of plants provides several
mechanisms by which plants are able to deal with abiotic
and biotic stress. The intensity of the mechanisms is
supposed to be closely related to the sulfur nutritional
status of plant and may be enhanced by applying sulfur
fertilizers to the plant. Burke ef @l. [10] studying wheat
found that leaf area reduced by sulfur deficiency in
plants. Also, El-Magharby ef al. [11] and El-Magharby

[12] working on wheat stated that the application of sulfur
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led to increases in vield. Burke et al. [10] and Dietz [13]
mentioned that a drastic decrease in chlorophyll content
of leaves is a feature of sulfur deficiency and total sugar
content decreased by decreasing sulfur levels. On the
other hand El-Magharby et al. [11] found that the total
uptake of N, P and K were sigmficantly mereased when
so1l was treated by sulfur. In tlis respect, El Gala et al.
[14] studymng barley stated that dry matter yield was
sigmificantly increased with increasing sulfir application
rates under irrigation with normal or saline water. Also,
the interactive effect between sulfur rates and salinity
levels showed a markedly decreases in Na concentration,
while K, P and SO, increased.

The main objective of this work is to determine the
influence of different rates of sulfur and saline water on
the growth and chemical composition of Dalbergia sissoo
trees grown 1n calcareous soil.

MATERIALS AND METHODS

The experunent was carried at the greenhouse of the
National Research Centre during two successive seasons
of 2004 and 2005 to investigate the response of Dalbergia
sissoo seedlings grown under saline conditions, in
addition to sulfur treatment in calcareous soil. The soil
of the experimental site was calcareous in texture of the
following characteristics 37.43% coarse sand, 39% fine
sand, 8.75 silt, 14.82 clay, pH 7.3, EC 9.4 dS m™', CaCO,
50.48% OM 0.15%, Ca37.11, Mg 13.53, Na21.3, K 1.56,
Cl 4230, HCO; 3.25 and SO, 24.31 meq | Seeds of
Dalbergia sissoo Family Memosaceae, were sown on
the 15® of March. Fach pot received 3-5 seeds/pot. The
so1l samples were uniformly packed in pots of 30 c¢m
diameter and 30 ¢m height at a rate of 10 kg calcareous
soil. The seedlings were thinned twice at the age of 3 and
4 weeks leaving one seedling/pot. Elemental sulfur was
mixed with the soil at three rates 3,, S, and 8, (0, 0.5 and
1.0 ton/fed) before cultivation. All plants received
Kristalon (NPK 19:19:19) through this experimental work
were used at a rate of 5.0 g/pot in four doses. The plants
were fertilized after 4, 8, 16 and 20 weeks from sowing
date. Seedlings were urigated during the four weeks with
tap water. Then, four salinity levels were prepared (1000,
2000, 3000 and 4000 ppm) by adding a mixture of sodium
chlonde and calcium chloride at a ratio (1:1) by weight for
irrigating seedlings. Tap water was used for control; 250
ml of water was added to each pot twice a week through
the course of this study (6 months).

216

The experimental design included 15 treatments
which were the combinations of 4 salinity levels (1000,
2000, 3000 and 4000 ppm) viz control ( Tap water) and three
levels of sulfur (0, 5 and 10 g S/pot) of the air dried soi1l.
A Completely Randomized in factorial experiment as a
statistical Design was used, each treatment was replicated
three times. Stem length (cm), stem diameter (mm), root
length (cm), leaves number/plant, leat area, fresh and
dry weight of all plant organs (g) were estimated. The
obtained results were subjected to statistical analysis of
variance according to the method described by Snedecor
and Cochran [15] and the combined analysis of the two
seasons was calculated according to the method of Steel
and Torrie [16]. The following chemical analysis was
determined in soluble, non soluble and total sugar
percentages were determined according to the method
followed by Dubios ef al. [17]. Chlorophyll (a, b and
carotenoids content) were determined according to Saric
et al. [18]. Total phenols were determined by using
A O.AC. [19] procedures. Total indoles were determined
according to the method followed by Selim et al. [20].
The proline concentration was determined using fresh
material according to Bates et al. [21].

Nitrogen, phosphorus, potassium, sodium and
calcium were determined according to the method
described by Cottenie et al. [22]. Chloride percentage was
determined according to the method described by
Higmbothan et af. [23]. Sulfur percentage was determined
according to the method described by Dewis and
Freitas [24]. The physical and chemical properties of
the soil were determined according to Chapman and
Pratt [25].

RESULTS AND DISCUSSION

Growth characters: Data in Tables 1-3 revealed that all
growth characters, stem length, stem diameter, root
length, leaves number/plant, leaf area, fresh and dry
weight of all plant organs decreased with increasing
salt concentration. Ruf et al [26] and Bolus et al. [27]
stated that, the reduction m stem length might be due to
the salinity as it decreased each of cell division, cell
elongation and meristemic activity. Also, the reduction in
leaves number/plant under salimty condition might be
caused a disturbance in natural hormones in leading to
unbalanced growth of the plant. In this respect,
Bemstein et al. [28] reported that the effect of high salt
concentration in the rooting media on growth may be due
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Table 1: Effect of sulfur amendment on vegetative growth of Dedbergia sissoo Under different levels of salinity (average value of 2004 and 2005 seasons)

Sulfur (g)
Characters Stem length (cim) Stem diameter (mm)
Salinity (ppm) 0 5 10 Mean 0 5 10 Mean
Control 3531 39.74 41.54 38.86 5.10 5.70 6.30 5.70
1000 31.53 32.61 35.11 33.08 4.60 4.90 5.20 4.90
2000 25.71 26.11 30.34 27.39 4.20 4.30 4.60 4.37
3000 20.73 24.31 26.76 23.93 340 3.70 3.90 3.67
4000 17.11 20.51 23.11 20.24 230 3.00 3.20 2.83
Mean 26.08 28.66 31.37 3.90 4.30 5.80
L.8.D. 0.05%
A 2.52 0.56
B 1.78 0.39
AxB 3.56 0.79
Sulfur (g)
Characters Root length (cm) Leaves mumber/plant
Salinity (ppm) 0 5 10 Mean 0 5 10 Mean
Control 24.51 25.96 29.37 26.61 13.35 14.51 1611 14.66
1000 22.63 23.76 25.51 23.97 11.71 12.67 13.85 12.74
2000 17.64 19.64 23.44 20.24 10.07 12.11 1271 11.63
3000 14.11 15.35 19.11 16.19 8.51 10.00 10.75 9.75
4000 12.63 14.61 16.73 14.66 6.11 7.05 813 7.10
Mean 18.30 19.86 22.83 9.95 11.27 1231
L.8.D. 0.05%
A 2.18 0.81
B 1.54 0.57
AxB 3.09 1.14
Sulfur (g)
Characters Leaf area
Salinity (ppm) 0 5 10 Mean
control 4.19 4.53 5.24 4.65
1000 3.53 3.88 4.56 3.99
2000 311 347 3.89 3.49
3000 2.46 2.78 3.25 2.83
4000 2.15 2.60 2.81 2.52
Mean 12.31 3.00 345 3.95
L.8.D. 0.05%
A 0.36
B 0.26
AxB 0.73

A salinity B: sulfur
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Table 2: Effect of sulfur amendment on fresh weight of Daltbergia sissoo under different levels of salinity (average value of 2004 and 2003 seasons)

Sulfur (g)
Characters Stem Leaves Root
Salinity (ppm) 0 5 10 Mean 0 5 10 Mean 0 5 10 Mean
Control 531 5.83 6.26 5.80 6.74 6.89 T.16 6.93 3.17 3.36 3.55 3.36
1000 4.63 4.95 511 4.90 5.15 545 6.17 5.59 3.00 3.12 331 3.14
2000 3.81 4.37 479 4.32 4.76 4.91 5.34 5.00 2.46 271 295 271
3000 3.06 334 3.68 3.36 3.55 387 4.11 384 2.05 2.19 234 219
4000 2.47 2.79 3.14 2.80 9.11 343 37 343 1.73 2.00 217 1.97
Mean 3.8 4.26 4.59 4.66 491 5.30 2.48 2.68 2.86
L.8.D. 0.05%
A 1.13 0.47 0.35
B 0.80 0.33 0.25
AxB 1.60 0.67 0.50
Table 3: Effect of sulfur amendment on dry weight of Daibergia sissoo under different levels of salinity (average value of 2004 and 2005 seasons)

Sulfir (g)
Characters Stem Leaves Root
Salinity (ppm) 0 5 10 Mean 0 5 10 Mean 0 5 10 Mean
Control 3.01 3.22 3.49 3.24 3.15 3.37 3.77 3.43 2.02 2.09 2.17 2.09
1000 216 2.21 2.67 2.35 2.7 2.83 3.35 2.96 1.41 1.51 1.65 1.52
2000 1.77 1.96 2.16 1.96 2.14 2.37 276 2.42 1.05 1.20 1.24 1.16
3000 1.25 1.44 1.71 1.47 1.76 1.96 1.12 1.95 0.76 0.82 0.94 0.84
4000 0.87 1.12 1.29 1.09 1.12 1.27 1.56 1.32 0.61 0.66 0.78 0.68
Mean 1.81 1.99 2.26 2.18 2.38 271 1.17 1.26 1.36
L.8.D. 0.05%
A 0.25 0.63 0.12
B 0.18 0.44 0.08
AxB 0.37 0.86 0.17

A: salinity B: sulfur

to the osmotic inlbition of water absorption, by
specific ions concentration in the saline media or a
combination of both. The decrease m fresh weight of
leaves might be due to salimty that mcreased osmotic
pressure which caused a drop in plant water content as
found by Sanchezconde and Azura [29]. High salinity
levels caused a depression in photosynthetic activities
resulting in low CO, fixation. The decrease in leave dry
weight due to salinity treatments might be attributed to
that salinity reduced the synthesis of organic matter in
leaves of the plant as mentioned by Kabanov et al. [30]
on pea. The decrease in stem weight may be due to the
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mhibition of water absorption and this greatly affected
the metabolic processes. However, the decrease in
root fresh and dry weights due to salinity might be due to
the reduction in water and minerals absorption and/or
the reduction in upper ground growth. These result
are 1n harmony with those found by El Settawy and
El-Gamal [2] Roussos and Pontikis [3] Azza et ol [4] and
Eid and Azza [6].

All previous growth were greatly
stimulated by using at different concentration levels of

characters

3. The stimulation was gradual and parallel to the increase
inthe level with up 10 g. Scott [31] and El-Shall et al [32]
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Table 4: Effect of sulfiur amendment on Chlorophyll a, b and carotenoids (mg g~! F.W.) of Dalbergia sissoo under different levels of salinity (average value

of 2004 and 2005 seasons)

Sulfir (g)
Characters Chlorophyl (a) Chlorophyll (b) Carotenoids
Salinity (ppm) 0 5 10 Mean 0 5 10 Mean 0 5 10 Mean
Control 2.17 223 2.33 2.24 0.65 0.71 0.79 0.72 0.92 0.97 1.15 1.01
1000 1.93 201 2.17 2.04 0.56 0.66 0.73 0.65 0.87 0.93 0.98 0.93
2000 1.81 1.85 2.03 1.90 0.53 0.62 0.65 0.60 0.82 0.91 0.93 0.89
3000 1.62 1.68 1.76 1.75 0.48 0.55 0.61 0.55 0.63 0.69 0.81 0.71
4000 1.30 1.34 1.58 1.41 0.43 0.48 0.53 0.48 0.55 0.59 0.76 0.63
Mean 1.77 1.83 1.97 0.53 0.60 0.66 0.76 0.82 0.93

found that the favorable effect of sulfur was referred to its
influence on reducing soil pH, improving soil structure
and 1ncreasing the availability of certam plant nutrients.
Marschner [33] stated that, sulfur requirement for optimal
growth varies between 0.1 and 0.5% of the dry weight of
plants. Also, under sulfur deficiency shoot growth i1s more
depressed than root growth, leading, for example in
tomato, to a decrease in shoot-root dry weight ratio from
4.4 in sulfur sufficient to 2.0 in sulfur deficient plants
[34]. Interruption of a sulfur supply within a few days
decreases root hydraulic conductivity, stomatal aperture
and net photosynthesis [35]. The reduced leaf area in
sulfur-deficient m plants 15 the result of both smaller
size and particularly number of leaf cells [10]. The number
of chloroplasts per mesophyll cell might or might not be
affected, for example, in wheat [10] or distinctly decreased,
for example in spinach [13].

Concerning the effect of mteraction, sulfur treatments
were also effective on the growth characters of salinized
water wrigated plant, the growth characters were greatly
induced, these trends point out the ability of inoculation
to overcome the restricting effect of thus type of wrigation
water. This could be due to the influence of produced
sulphate ions on decreasing the hazard effect created by
both Na and Cl 10ons. Such results were in good agreement
with those reported by Gohk et al. [36].

Chemical composition:
Pigments Data in Table 4 show that,
mereasing salimty level generally decreased the content
of  photosynthetic pigments (chlorophyll a, b and
carotenoids). These results are in agreement with
those obtained by Patil et al. [37] and Batanouny et al.
[38] who found that the
ability under salt

content:

lowered photosynthetic

stress  conditiens was due to
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stomata closure, mhibition of chlorophyll synthesis, a
decrease of carboxylase and due to high chlorophyllase
activity.

Regarding the effect of sulfur, all photosynthetic
pigments increased by increasing sulfur rates. The
former results were m agreement with those obtained
by Dietz [13] who reported that, this is to be expected
as 1n leaves a high proportion of the protem 1s located
in the chloroplasts where the chlorophyll molecules
comprise prosthetic groups of the chromoproteid
complex. Accordingly, under sulfur deficiency,
shortage of the sulfur-containing amino acids cysteine
and methionine not only nlubits protein synthesis but
also decreases the chlorophyll content in leaves in a
similar manner.

Dealing with salt stress and sulfur interaction, the
data indicated that the combmation of both factors on
chlorophyll a, b and carotencids was more effective than
the effect of each factor when tested alone.

clear from Table 5 that
soluble, non soluble and total sugar percentage showed
the same trend as photosynthetic pigment in regard to
the influence of salinity treatments. soluble, non soluble
total
salinity

Sugar percentage: It was

and sugars were gradually augmented as the
concentration  was sloping down. In this
concern, Kabanov ef al [30], mentioned that high
salinity levels caused a depression of photosynthetic
activates, resulting in low CO, fixation. The absorption
of mineral could be retarded leading to low plant
metabolism.

As for the effect of sulfur on sugar percentage, sulfur
at both used rates caused an increase in soluble, non
soluble and total sugar percentage as compared with the
untreated seedlings. Increase in sugar percentage being
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Table 5: Effect of sulfir amendment on soluble, non soluble and total sugar percentage of Dalbergia sissoo under different levels of salinity (average value of

2004 and 2005 seasons)

Sulfiir (g)

Characters Soluble sugar (%o) Non soluble sugar (%6) Total sugar (%6)

Salinity (ppm) 0 5 10 Mean 0 5 10 Mean 0 5 10 Mean
Control 4.26 4.61 4.78 4.55 16.76 17.09 17.74 17.20 21.02 21.70 22.52 21.75
1000 3.57 4.33 4.51 4.14 15.14 15.64 16.07 15.60 18.71 19.97 20.58 19.75
2000 3.21 4.11 4.37 3.90 14.21 14.64 1511 14.65 17.42 18.75 19.48 18.55
3000 3.13 3.78 3.91 3.61 13.76 13.97 14.36 14.03 16.93 17.75 18.27 17.65
4000 2.67 2.89 3.16 2,91 12.11 13.54 13.86 13.17 14.78 16.43 17.02 16.08
Mean 3.37 3.94 4.15 14.40 14.98 1543 17.77 18.92 19.57

Table 6: Effect of sulfir amendment on proline, Phenols and Tndoles contents of Dalbergia sissoo under different levels of salinity (average vahie of 2004 and

2005 seasons)

Sulfiir (g)

Characters Proline (um g™ Phenols {(mg ! FW.) Indoles (mg g~! F.W.)

Salinity (ppm) 0 5 10 Mean 0 5 10 Mean 0 5 10 Mean
Control 3.9 3.50 2.90 3.43 13.37 12.07 10.71 12.05 1.83 1.67 1.58 1.69
1000 4.7 4.10 3.50 4.10 15.16 13.31 11.00 13.16 1.91 1.84 1.70 1.82
2000 5.5 4.80 4.10 4.80 16.74 15.12 13.07 14.98 1.99 1.88 1.74 1.87
3000 0.7 5.60 5.00 5.77 19.11 17.41 15.13 17.22 2.07 1.95 1.83 1.95
4000 82 7.20 5.80 7.07 21.43 18.34 16.36 18.71 2.14 2.01 1.94 2.03
Mean 5.8 5.04 4.23 17.16 15.25 13.25 1.99 1.87 1.76

gradual and parallel to increase the applied level of S
up to 10 g. The positive effect of sulfur on enhancing
the sugar percentage may be due to starch may
accumulate as consequence either of impaired
carbohydrate metabolism at the sites of preduction
(the source) or of low demand at the sink sites
(growth inhibition) [33]. The interaction between two
factors (salinity x sulfur) showed an increased in sugar

percentage compared with using each alone.

Proline content: Data in Table 6 indicated that, salinity
mcreased proline concentration as its concentration
increased up to that 4000 ppm. Levitt [39] mentioned
that, salt stress inhibits growth and protem synthesis
preventing the utilization of proline and thus leading to its
accumulation. There is also, evidence that proline
accumulation 1s a sign of injury rather than of resistance.
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On the other hand, proline concentration decreased
by increasing sulfur rates. Considering the interaction
effect, lowest proline values were generally found when
using sulfur at a rate of 10 g combined with tap water
salimty then with 1000 ppm salinity.

Phenols and Indoles content: Similarly phenols and

indoles contents showed the same trend obtained
previously on proline content. They were increased as
the salimty concentration mcreased. Sweidan et al. [40]
stated that accumulation of phenolic compounds in
plants tissues may be considered as one of the mdirect
factors causing toxicity of salt treated plants and
consequently reduce its growth. Indeed, tlus may be
attributed to the fact that phenclics may have indirect
effect on physiological processes, through more non

specific effects on mtermediary metabolism. Concerning
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Table 7: Effect of sulfur amendment on N, P and K percentage of Dadbergia sissoo under different levels of salinity (average value of 2004 and 20035 seasons)

Sulfir (g)

Characters N % P % K %%

Salinity (ppm) 0 5 10 Mean 0 5 10 Mean 0 5 10 Mean
Control 2.47 2.59 271 2.59 2.55 2.61 275 2.64 231 2.39 2.51 2.40
1000 215 2.19 2.37 2.4 2.23 2.37 251 2.37 2.00 211 215 2.09
2000 1.56 1.76 1.90 1.74 1.9 2.05 216 2.04 1.65 1.71 1.76 1.71
3000 1.12 1.31 1.45 1.29 1.67 1.72 1.84 1.74 1.31 1.35 1.39 1.35
4000 0.78 0.97 1.07 0.94 1.23 1.60 1.67 1.50 0.99 1.12 1.18 1.10
Mean 1.62 1.76 1.90 1.92 2.07 219 1.65 1.74 1.80

Table 8: Effect of sulfur amendment on N, P and K uptake / plant leaves of Dalbergia sissoo under different levels of salinity (average value of 2004 and 2005

SEASONs)
Sulfur (g)

Characters N P K

Salinity (ppm) 0 5 10 Mean 0 5 10 Mean 0 5 10 Mean
control 77.81 87.28 102.17 88.84 80.33 87.96 103.68 90.55 7277 80.54 94.63 82.30
1000 58.27 61.98 79.40 66.30 60.43 67.07 84.09 70.15 54.20 59.71 72.03 61.86
2000 33.38 41.71 52.44 42,12 40.66 48.59 59.62 49.37 3531 40.53 48.58 41.38
3000 19.71 25.68 30.74 25.16 29.39 33.71 39.01 3393 23.06 26.46 29.47 26.33
4000 8.74 12.32 16.69 12.41 13.78 20.32 26.05 19.80 11.09 14.22 1841 14.52
Mean 20.32 32.05 2.94 41.86 4927 59.53 35.97 4141 4878

Table $:  Effect of sulfur amendment on Na, Ca percentage and uptake/plant leaves of Dalbergiz sissoo under different levels of salimty (average value of 2004 and 2005 seasons)

Sulfur (g)

Caharcters Na% IMa uptake Ca% Ca uptake

Salinty (pprm) o] 200 400 Iean o] 200 400 Ivfean o] 200 400 Iviean 0 200 400 IMean
Control 315 2.86 241 279 9923 o436 S0.86 o482 213 185 145 1.81 67.1 62.35 54.67 61.37
1000 341 301 2.53 2.98 92.41 85.18 8476 87.45 217 1.91 1.58 1.89 58.81 54.05 52.93 55.26
2000 352 313 265 3.10 75.33 418 73.14 7422 230 199 1.67 199 4922 47.16 4608 4749
3000 381 326 274 3.27 67.06 63.90 58.09 63.02 238 208 1.75 2.07 41.89 4077 37.10 39.92
4000 4.11 349 279 346 46.03 44.32 43.52 4462 268 230 1.80 2.26 30.02 2921 23.08 29.10
Wean 360 314 2.62 76.01 7239 70.07 233 2.03 165 4041 4671 4377

Table 10: Effect of sulfur amendment on 5, Cl percentage and uptake/ plant leaves of Dalbergia sissoo under different levels of salintty (average value of 2004 and 2005 seasons)

Sulfur (g)

Caharcters 3% 5 uptake CL% CL uptake

Salinty (pprm) o] 200 400 Iean o] 200 400 Ivfean o] 200 400 Iviean 0 200 400 IMean
Cortrol 0.20 024 0.28 0.24 6.30 810 10.60 833 045 037 0.28 0.37 15.44 1247 10.56 12.82
1000 0.17 021 0.24 0.21 4.60 5.94 8.04 6.1% 055 041 0.31 042 14.91 116 10.3% 12.30
2000 015 018 0.21 0.18 321 4.27 5.80 4.43 0.64 048 0.37 050 137 1138 10.21 1176
3000 0,12 016 012 0.16 21 314 4.03 309 073 056 0.44 0.58 12.85 1098 933 11.05
4000 0.09 012 015 0.12 101 1.52 2.34 1.62 091 074 0.57 10,19 94 .89 9.49
Wean 015 018 0.21 345 459 516 066 051 .39 1342 1117 988
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sulfur, phenols and indoles contents were decreased with
mcreasing sulfur rates.

As for the interaction effect between water salmity
and sulfur, the lower values were provided when adding
10 g sulfur combined with tap water salinity than with
1000 ppm salimty.

Mineral content: Data presented in Tables 7-10 revealed
that the use of saline water decreased the percentage and
uptake of N, P, K and S m leaves. Saline conditions were
claimed to mhibit growth through the osmotic limitation
of water absorption and or specific ion effects of the
constituent's ion the saline medium [41]. The effect
operated on both compenents of the plant preduction
system 1e. by mducing disturbances in plant nutrition.
Such disturbances was clearly shown in the obtained
results, for instance, the decrease in N, P and K content
with an increase in proline content which might indicate
disturbance m protein metabolism. Similarly Na, Ca and Cl
uptake presented the same trend obtained previously
on the percentage and uptake of N, P, K and 5. They
were decreased as the salinity concentration was
mcreased. On the other hand, Na, Ca and Cl percentages
showed an opposite trend, they increased by increasing
salinity concentration. The obtained reduction in K
uptake might refer to the existence of some antagoristic
effects between Na and K that might be responsible
for the diminished (K) concentration under saline
condition [42]. Generally, the decrease in the contents
of some nutrients determined under salimty condition
might be attributed to the depressive effects of salinity on
the absorption, uptake and or translocation of these
elements.

On the contrary, the percentage and uptake of N,
P, K and S were clearly increased m leaves while the
percentage and uptake of Na, Ca and Cl tended to
decrease as a result of S application. Similar results were
obtamed by El Gala e al. [14].

The favorable effects of sulfur may be referred to its
influence on increasing the availability of such nutrients
as previously mentioned.

The mteraction effect between different salinity levels
and sulfur application rates showed that the highest
values percentage and uptake of N, P, K and S illustrated
in the seedling treated with sulfur at level of 10 g and
combined with saline water urigation at level 1000 ppm
mixed salts. Meanwlnle, the mnteraction showed that sulfur
treatments decreased Na, Ca and Cl concentration in
plants grown on calcareous soil, but their values still
higher than those found for the control treatment. These
could be due to the influence of produced sulphate 1on on
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decreasing the hazard effect created by both Na and C1
1ons. Such results were in good agreement with those
reported by Gohk et al. [36].

From the above mentioned results, it can be
concluded that, sulfur application had decreased the
hazard effect of salimity of urigation water, in addition had
favorable effect on growth and availability of chemical
compositions to Dalbergia sissoo seedlings grown on
calcareous soils.
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