
Journal of Apllied Sciences Research, 2(12): 1175-1184, 2006
© 2006, INSInet Publication

Corresponding Author: A.A.M. Mohamedin, Soils, Waters and Environmental Research Institute, Agric. Res. Center, Dokki – Egypt

1175

Response of Sunflower (Helianthus annuus L.) to Plants Salt Stress under
Different Water Table Depths

1A.A.M. Mohamedin, 2A.A. Abd El-Kader and 2Nadia M. Badran

1Soils, Water and Environmental Research Institute, Agric. Res. Center,
2Soils and Water use and Plant Nutrition Depts. National Research Center, Dokki, Egypt.

Abstract: Field plot study was initiated to determine the effects of different soil types, i.e. different salt affected
soil and soil water depth on growth of sunflower ( Helianthus annuus L.) through the first 30 days. A field plots
experiment were conducted in senores El-Fayoum governorate, through 12 soil profile in Four plots represented
four different soil types i.e., Non saline, Saline, Saline Alkali and Alkaline soil  with three different profile
depth i.e. 110, 100 and 80 cm during the summer season of 2004-2005. The obtained results revealed that
sunflower seeds of fedok cultivar could germinate under different salt affected soils. Salinity and/or alkalinity
has both osmotic and specific ion effects as well as soil depth (water table depth) on plant growth. In present
study, salt stress caused a significant decreases in the studied growth parameters as well as macro and
micronutrients concentration. The negative effect of salinity and alkalinity on plant was due to osmotic potential
by salt in the soil solution which reduced cell water required from soil solution. Therefore, in plants, the uptake
of some nutrients dissolved in water were also restricted. Thus, growth and development of plants are inhibited
due to occurring defect in metabolism. Proline accumulation in response to different salt stresses was
significantly increased in leaf tissues. High levels of Na+ inhibited the K+ concentration and as a result of this,
it caused an increase in Na+/K+ ratio. This may be causes a disturbance in the ion balance in plant by an increase
in the Na+ uptake, reflecting enhanced ion concentration in the leaves. In the light of the obtained results in this
study, it could be said that the further studies by using new techniques should be carried out to reach more
certain realistic results for its remediation the effect of salt stress in the soils.
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INTRODUCTION

Salt affected soils occupy wide regions scattered all
over the world [about 954 millions of hectares,[46]]. About
23j of the world’s cultivated lands saline and 37 j is
sodic[22]. Salinity and / or alkalinity are serious problem
throughout the world particularly in newly reclaimed
areas in Egypt and the plants differ in their ability to grow
under these conditions.

The resistance of alkali stress of sunflowers
[Helianthus annuus L] is stronger than that of other crops.
Some sunflower breeds are able to grow on alkalinized
soil however, there are very few reports about sunflower
resistance to salt stress or alkali stress[24]. In different plant
species it was found that salinity stress caused
accumulation of soluble sugars, free proline and soluble
proteins in germinating seed and leaf growth is most
inhibited under drought and salinity[53,52].

Many of the studies in the area of plant nutrition and
salinity and / or alkalinity interactions have been
conducted in sand or solution cultures. A major difficulty
in understanding plant nutrition as it is effected by soil

salinity is reconciling results obtained in experiments
conducted in the field and in solution cultures[2]. In the
field,the concentrations of some nutrients in the soil
solution, particularly P, K and the micronutrients, are
controlled by the solid phase and concentrations are much
lower than those in nutrient solutions. In addition, certain
nutrients in soil system undergo transformations such as
nitrification [ammonium to nitrate] which may be affected
by salinity[21]. To complicate matters further, field studies
must content with extreme variability in salinity, soil
moisture, soil texture and soil nutritional status. The
factors vary in location, depth and time. 

The objective of the present study was to evaluate the
response of sunflower [Helianthus annuus L] to grow on
different salt affected soils [non saline, saline, saline
alkaline and alkaline soils] under different water table.

MATERIALS AND METHODS

Two  field experiments were conducted in Senores
El-Fayoum governorate. The excremental area bounded
by  Bahr  Tandud  irrigation  canal  on  western  side  and
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Table 1: Some physical and chemical properties of the studied soils
a- some physical properties
Soil types Sand > 200 µ -20µ % Silt 20 – 2 µ %  Clay ‹2 µ % Soil texture class S.P
Non -Saline 24.55 30.46 44.83 Clay 76.53
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Saline 18.18 31.05 50.63 Clay 100.53
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Saline alkali 24.21 28.45 47.45 Clay 101.01
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Alkali 24.92 30.78 44.31 Clay 89.33

b- Chemical properties for studied soils and irrigation water
Soluble Cations meq/l Soluble anions meq/l

pH E.C OM CaCO3 -------------------------------------------- -------------------------------------------
Soil types 01:02.5 Cdm-1 % % Ca Mg Na K CO3 HCO3 Cl SO4 ESP
Non -Saline 7.9 2.04 0.92 1.58 11.87 6.83 11.01 0.41 -- 2.62 6.82 20.63 5.91
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Saline 7.7 7.79 2.37 1.66 6.13 9.75 57.23 0.39 -- 2.62 38.34 36.31 9.68
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Saline alkali 8.17 7.8 0.43 0.67 22.03 15.17 32.22 0.75 -- 2.26 34.42 34.1 21.01
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Alkali 8.01 3.69 1.51 0.93 3.38 3.87 36.31 0.35 -- 3.04 16.79 16.68 19.51
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Irrigation Water
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8.6 3.49 -- -- 9.15 4.92 20.45 0.36 -- 20.38 4.41 10.08 --

Abo-Tarfaia main drain on the eastern one, which
facilitates the disposal water of drainage system. Four
plots represented four different salt affected soils [non
saline, saline, saline alkali, alkali soils] under each soil
type, three water table depth were chosen [ 110, 100 and
80 cm]. The used treatments were 12. [4 soil type x3
water table depth]. The experiment was setup in a
complete randomized design with three replicates for each
treatment as follows: 1) non saline soil with water table
depth of 110 cm 2) saline soil with water table depth of
110 cm, 3) saline alkali soil with water table depth of 110
cm, 4) Alkali soil with water table depth of 110 cm. 5)
non saline soil with water table depth of 100 cm, 6) saline
soil with water table depth of 100 cm, , 7) saline alkali
soil with water table depth of 100 cm, 8) Alkali soil with
water table depth of 100 cm., 9) non saline soil with water
table depth of 80 cm, 10) saline soil with water table
depth of 80 cm , 11) saline alkali soil with water table
depth of 80 cm ,12) Alkali soil with water table depth of
80 cm. The main analytical data were determined
according  Page et al.,[33] to the selected soils are
presented in Table1 a and b. Sunflower seeds ( Helianthus
annuus L) Fedok variety as imported cultivar, were
cultivated during the two successive season of 2004-2005.

Farmyard manure, super phosphate (15.5 % P2O5 )
and potassium sulphate (48 – 52 % K2O) were
incorporated into the soil during management practices
i.e. at the rates of 20 m3, 30 kg and 24 kg/ fed.,
respectively. Ammonium sulphate (20.5 % N ) at the rate
of 60 kg / fed for the 1st season and 60 kg / fed for the
second one, as recommended in sunflower fields. Micro
nutrients were sprayed three times as chelates at the rate
of 100, 100 and 200 g/fed. from Mn (EDTA) 13 % ; Zn
and Fe (EDTA) 14 % respectively.

Representative plant samples from three replicates of
each treatment were randomly taken after 30 days from

sowing and the following data were recorded during the
two successive seasons:

1- Growth parameters: Dry weight g/ plant ; plant
height (cm) was measured from the cotyledon node to the
uppermost point of the plant, steam diameter, leaves
number, leaf area index (cm2).

2- Chemical analysis of leaf: photosynthetic pigments,
i.e. chlorophyll a, chlorophyll b, (mg/g fresh leaves) were
determined according to the methods described by
Welburn and lichtenthaler[51]. Macro and micronutrients
were determined according to the method described by
Page et al.[33]. Free proline amino acid was estimated
using the method of Botes[9].

3-Statistical analysis: Data of growth parameters as well
as on chemical analysis of the leaf of the two growing
seasons were subjected to conventional methods of
analysis of variance. The combined data of both
experimental seasons were used for results presentation.
The least significant difference (L. S. D.) at 0.05 level of
probability  was  calculated  for  each determined
character  under  different  used  treatments and
regression  analysis  for  chlorophill  and  praline content
in relation to soil EC..

RESULTS AND DISCUSSIONS

1-Effect of soil type: 
1.1.Growth parameters: Data presented in Table (2)
showed the effect of different soil types [non-saline,
saline, saline alkali and alkaline] and three different
depths of water table [110, 100 and 80 cm] on some
growth parameters and nutrients content of sunflower
grown for two seasons.
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Table 2: Effect of soil type and water table depth on some growth parameters, chl. a and b and praline content in sunflower plants grown for two
successive seasons after 30 days of planting.

photochemical parameters
--------------------------------

Growth parameters Chloro- Chloro
Treatment ---------------------------------------------------------------------- phyll a phyll b
----------------------------------------- Plant Steam Leaves Leaf area Dry Weight -------------------------------- Praline mg/g
Soil depth cm SoilTypes height(cm) diameter (mm) number index (cm2) g/plant mg/g fresh weight dry weight
110 Non- Saline 49.67 7.63 17 57.68 1.41 0.36 0.73 0.2

--------------------------------------------------------------------------------------------------------------------------------------------------------------
Saline 39.65 5.63 13 54.18 1.09 0.7 1 2.41
-------------------------------------------------------------------------------------------------------------------------------------------------------
Saline alkali 33.63 4.67 9 31.05 0.92 0.62 0.94 2.14
-------------------------------------------------------------------------------------------------------------------------------------------------------
alkali 26.61 3.67 7 19.88 0.75 0.54 0.88 2.02

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 37.39 5.41 11.5 40.7 1.04 0.56 0.89 1.69
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
100 Non-saline 49.33 7.33 17 55 1.34 0.48 0.7 0.2

-------------------------------------------------------------------------------------------------------------------------------------------------------
Saline 38.67 5.36 12 50.5 1.02 0.73 1.01 2.2
-------------------------------------------------------------------------------------------------------------------------------------------------------
Saline alkali 30.67 4.2 8 26.63 0.86 0.62 0.94 1.88
-------------------------------------------------------------------------------------------------------------------------------------------------------
alkali 24.06 3.36 6 17.71 0.71 0.55 0.91 1.38

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 35.67 5.06 10.75 37.46 0.98 0.59 0.89 1.42
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
80 Non-saline 47 7.3 16 52.83 1.42 0.45 0.75 0.1

-------------------------------------------------------------------------------------------------------------------------------------------------------
Saline 38.33 5.3 11 41.33 0.94 0.72 1.02 2.31
-------------------------------------------------------------------------------------------------------------------------------------------------------
Saline alkali 29 4 8 24.09 0.8 0.63 0.96 1.98
-------------------------------------------------------------------------------------------------------------------------------------------------------
alkali 22 3.33 6 13.33 0.7 0.57 0.93 1.4

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 34.08 4.98 10.25 32.9 0.97 0.59 0.92 1.45
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean of soil type Non-saline 48.67 7.42 16.67 55.17 1.39 0.44 0.71 0.19

-------------------------------------------------------------------------------------------------------------------------------------------------------
Saline 38.88 5.44 12 48.67 1.02 0.71 1 2.31
-------------------------------------------------------------------------------------------------------------------------------------------------------
Saline alkali 31.1 4.29 8.33 27.26 0.86 0.63 0.91 1.96
-------------------------------------------------------------------------------------------------------------------------------------------------------
alkali 24.2 3.45 6.33 16.97 0.72 0.55 0.88 1.64

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD at level 0.05 Soil depth 1.69 0.54 0.74 2.12 0.02 0.02 0.06 0.11

-------------------------------------------------------------------------------------------------------------------------------------------------------
Soil quality 1.95 0.62 0.85 2.45 0.03 0.03 0.07 0.13
-------------------------------------------------------------------------------------------------------------------------------------------------------
interaction NS NS NS 4.24 0.05 NS NS 0.22

Data reveal that dry weight of plant, plant height,
stem diameter, leaves number per plant of sunflower
plants grown on saline, saline alkali and alkaline soils
significantly decreased as compared with those grown on
non-saline soil.

The highest values of the previous parameters were
obtained from plants grown on non- saline soil followed
by saline, saline alkali and alkaline soils in decreasing
order. The obtained results indicate that alkalinity has
more hazardous effect on the studied parameters of
sunflower plants than salinity alone or salinity alkalinity
together. The effects might be due to salinity which
generally inhibits the growth of plants, through reduced
water absorption, reduced metabolic activities due to Na+

and Cl- toxicity and nutrients deficiency caused by ionic
interference[29].

Data, in general show that the studied growth
parameters of sunflower plants grown on non- saline soil
were better than those grown on saline, saline alkali and
alkaline soils. This mean that salt stress inhibits plant
growth by water deficiency and ion toxicity among other
factors[17,13]. The obtained results in the current research
are in good agreement with previous ones reported by
Aziz,[4], who reported that salinity at all concentration
ranges caused a significant decrease in plant height,
number of branches, leaf area, fresh and dry weight of
leaves as well as decreased fresh and dry weights of
calyces and epicalyces of rosella plants.

1.2. Leaf area: Data in Table [2] show that leaf area
index of sunflower plants grown on saline, saline alkali
and  alkaline  soils  significantly  decreased  as compared
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with those obtained from plants grown on non saline soil.
This mean that the growth of sunflower seedling were
inhibited by salinity and alkalinity and both salinity and
alkalinity together and this effect tended to be more
serious in plants grown on alkaline soil relative to that
grown on saline and saline alkali soils and mean also that
the inhibition effects on growth by salinity were increased
with increasing alkalinity. Under the previous condition,
the plasma membranes are injured more seriously with
intensifying stress. In this concern Patakas et al,[34] stated
that under severe water stress conditions caused by high
salinity or drought plant growth sharply decreased and
accumulate solutes in cells in order to maintain the cell
volume and larger against dehydration. This phenomenon
is known as osmotic adjustment, which has been observed
in stem, leaves and fruits. Confirm the obtained results
Sanchez Blanco et al,[39], Serpil et al.[40] and Shi and
sheng[42] who reported that the effect of salinity and
alkalinity on leaf area were significant and they
recommended that the effects of salinity and alkalinity on
electrolyte leakage rate were insignificant [P < 0.001) and
the effect of alkalinity was greeter than that of salinity.
They added that stressed plants had a significantly lower
[P < 0.05] leaf area than that of the control treatment and
the most important effect of stress reduced leaf area and
decreased growth rate.

1.3.Chl. a and b: The results in Table [2] show that
photosynthetic pigments [chlorophyll a and b ] content in
sunflower seedlings were significantly affected with
different soil types. Chlorophyll a and chlorophyll b were
significantly increased when sunflower was grown on
saline, saline alkali and alkaline soils as compared with
those grown on non-saline soil. The highest values of both
chlorophyll a and b were found in plants grown on saline
soil followed by saline alkaline, alkaline and non-saline
soils in decreasing order. Confirm these results Robert
and Roloyn[38] who stated that it was noteworthy that the
rate of quenching of chlorophyll fluorescence was
markedly increased in the salt-stressed sunflower leaves
and at the steady state value quenching was slightly
greater than in the control leaves. They added that
changes in parameters of chl. fluorescence in response to
salinity are less specific and not as dramatic. Although
further study is necessary to evaluate fully the feasibility
of chlorophyll fluorescence measurements for screening
for salt tolerance, the results obtained are sufficiently
encouraging suggest that it is worthwhile to that the
method on verities or closely related species that are
known to differ in salt tolerance. Data in Table (2) also
show that the chlorophyll a and b content in the sunflower
plants grown on alkaline soil were significantly decreased
as compared with those obtained in plants grown on saline
alkali or saline soils.

1.4.Proline content: Data in Table (2) show that praline
content mg/g dry weight of sunflower plants grown on
saline, saline alkali and alkali soils significantly increased
as compared with those plants grown on non-saline soil.
This means that proline contents increased with rising
salinity, the degree of increase also tended to be higher
with upsurges in salinity. Similarly, the extent of proline
accumulation also increased with increasing alkalinity.
Furthermore, the proline content increased most steeply
when both salinity and alkalinity were high. These results
demonstrate that alkali stress also can cause heavy
accumulation of proline and that the physiological
functions of the proline accumulated in sunflower, under
salt and alkali mixed stress may not be just behave as an
osmolyte and protectant but may also have other roles
related to alkali stress. The highest values of proline
content were found in plants grown on saline soil
followed by saline alkali, alkali and non-saline soils in
decreasing order. In this experiment, it is evident that
proline content increased not only with salinity, but also
when saline alkali and alkali soils were used for growing
sunflower. The principal role of proline probably is not to
reduce the osmotic potential, but to protect enzymes
against dehydration and salt accumulation. Also, the
ability of exogenous proline to maintain higher water
content in severely stressed seedlings might be attributed
to its contribution to osmotic adjustment both directly by
increasing the internal proline content and indirectly by
increasing the internal contents of other amino acids[1].

The previous results of proline content in sunflower
plants are in good agreement with those obtained by
Nuran and Cakirlar[31], Abdel-Hamid et al.,[1] and Shi and
Sheng[42] who stated that proline improve the salt-
tolerance by protecting the protein turnover machinery
against stress-damage and up-regulating stress protective
proteins.

Data in Fig. 1 and 2 Considerable increases in both
total chlorophyll (a and b) and proline were noticed
compared with non –saline soil in positively correlation
with soil EC. Johnston, et al.[21] concluded that the
increase of the chlorophyll alb ratio occurred at an early
stage during recovery from sodium deficiency preceding
the increase in chlorophyll concentration and the growth
response. It is therefore likely that the low chlorophyll alb
ratio may be intrinsically associated with the condition of
sodium deficiency.

Changes in proline content in several crops had been
correlated with their capacity to tolerate and adapt to
salinity conditions. However, the role of proline in
promoting tolerance to salt stress is a polemic theme.
Some researchers admit that the increase in proline
content is merely a salt stress effect, rather than a cause of
tolerance. Nevertheless, there are other researchers that
did not find any increase in proline content as result of
salt stress possibly because it is a genetic feature to adapt
to stress conditions. 
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Fig. 1: Effect of soil EC on total chlorophyll content
(mg/g  fresh  weight)  in  sunflower leaves after
30 days.

Fig. 2: Effect of soil EC on proline content (mg/g dry
weight) in sunflower leaves.

1.5.Macronutrients (N, P, K, Na  and  Cl): Data in
Table (3) show that Na concentration in sunflower
seedling grown on saline, saline alkali and alkali soils
significantly increased as compared with plants grown on
non saline soil. The highest Na values were obtained in
seedlings grown on alkali soil followed by those grown on
saline alkali, saline and non-saline soils in decreasing
order. This mean that the degree of Na+ was significantly
higher in plants grown on alkali soil as compared with
those obtained from plants grown on saline alkali and/or
saline soils. In this concern, some reports clearly
demonstrated the existence of alkali stress and showed
that it is more severe than salt stress[44,47]. The obtained
results of Na concentration in sunflower seedlings are in
good agreement with those obtained by Francois[16],
Bareett-Lennard[7] and Shi and Cheng[42].

Generally, data show that K+ concentration in
seedling of sunflower grown on saline, saline alkali and
alkali soils significantly decreased when compared with
K+ content in sunflower seedlings grown on non-saline
soil. The highest K+ values were attained in sunflower
seedling grown on non-saline soil followed by those
seedlings grown on saline, saline alkali and alkali soil in
decreasing  order.  Confirm  these  results  Grattan and
Grieve[18] who reported that under saline-sodic or sodic
conditions, high levels of external Na not only interfere
with K+ acquisition by the roots, but also may disrupt the
integrity of root membranes and alter selectivity.

Results in Table (3) show that Na+ increased and K+

decreased not only with increasing salinity but also with
rising alkalinity, a phenomenon perhaps related to plasma

membrane being destroyed more severely by alkaline
stress. These changes in Na+ and K+ are reflection of a
reciprocal enhancement between salt stress and alkali
stress, which was the peculiar feature of salt-alkaline
mixed stress. Moreover, Na+ and K+ changes also
reflected the effect of salt-alkali mixed stress on the
metabolism of Na+ and K+ and indicate that the
physiological responses of plant to salt-alkali mixed stress
were more complex than that of salt stress alone. Confirm
the previous results Weimberg[13] and de Lacerda et al.[50]

who reported that Na+ increased and K+ decreased in
plants stressed by salt and they added that high levels of
Na+ inhibited the K+ concentration in sunflower plants and
as a results of this it caused an increase in the Na+/K+

ratio.
Data presented in Table (3) show that Cl-

concentration in sunflower seedling which grown on
saline, saline alkali and alkali soils was significantly
increased as compared with those obtained in seedlings
grown on non-saline soil. The highest Cl- values were
attained in seedling grown on saline alkali soil followed
by those obtained from saline alkali an alkali soils in
decreasing order. Came to the same results Francois[16]

and Barrett-Lennard[7] who stated that as soil salinity
increased Cl- in both the petiole and blade tissue
increased.

Data in Table (3) reveal that N concentration in the
sunflower seedlings grown on saline, saline alkali and
alkali soils significantly decreased as compared with those
obtained in seedlings grown on non saline soil. The
lowest N concentrations in sunflower seedlings were
obtained  when  plants  grown  on  alkali  soil  followed
by  saline  alkali,  saline  and non-saline soils in
increasing order. Confirm these results Pessarakli[35] and
Al-Rawahy et al.[3] who stated that salinity can reduce N
accumulation in plants. This is not surprising since an
increase in Cl- uptake and accumulation is often
accompanied by a decrease in shoot-NO3 concentration.
Many  scientists  attributed  this reduction of N conc. to
Cl- antagonism of NO3

- uptake[5], while others attributed
the response to salinity's effect on reduced water
uptake[23]. Generally, the salinity-N relations of
horticultural crops are obviously complex. The bulk of the
studies indicate the N uptake or accumulation in the shoot
may be reduced under saline conditions, although these
are studies that found the opposite or no-effect[15].

Data in Table (3) show that the interaction between
salinity and phosphorus (P) content of plants is equally as
complex as that between salinity and N i.e. the P conc. in
sunflower seedlings took the same trend of N conc. In
most cases, salinity decreases the concentration of P in
plant tissue, but the results of same studies indicate
salinity either increased or had no-effect on P uptake.
Phosphate availability is reduced in saline soils not only
because  of ionic strength effect that reduce the activity of
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Table 3: Effect of soil types and water table depth on the concentration of some macro and micronutrients in sunflower plants grown for two
successive seasons after 30 days of planting.

Treatment Concentration of macro- nutrients in leaves Concentration of micro -nutrients in leaves
------------------------------------------------ ---------------------------------------------------- -----------------------------------------------------------------
Soil depth Cm Soil types N % P % K % Na % Cl % Fe ppm Zn ppm Mn ppm
110 Non-saline 3.79 0.33 2.7 0.48 0.23 248 72 92

-------------------------------------------------------------------------------------------------------------------------------------------------
Saline 3.18 0.28 2.57 1.24 2.85 215 67 72
-------------------------------------------------------------------------------------------------------------------------------------------------
Saline alkali 2.78 0.17 2.13 2.09 1.97 155 42 38
-------------------------------------------------------------------------------------------------------------------------------------------------
alkali 2.65 0.16 1.73 2.94 1.44 116 32 22

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 3.1 0.24 2.28 1.69 1.62 183.5 53.3 56
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
100 Non-saline 3.34 0.31 2.63 0.4 0.18 233 70 85

-------------------------------------------------------------------------------------------------------------------------------------------------
Saline 3.08 0.25 2.42 1.01 2.71 193 62 57
-------------------------------------------------------------------------------------------------------------------------------------------------
Saline alkali 2.94 0.16 2.06 1.73 1.88 144 40 32
-------------------------------------------------------------------------------------------------------------------------------------------------
alkali 1.91 0.14 1.48 2.51 1.18 106 30 20

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 2.82 0.22 2.15 1.41 1.49 169 50.5 48.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
80 Non-saline 3.19 0.28 2.53 0.36 0.13 218 68 80

-------------------------------------------------------------------------------------------------------------------------------------------------
Saline 3 0.21 2.34 0.9 2.48 182 57 51
-------------------------------------------------------------------------------------------------------------------------------------------------
Saline alkali 2.39 0.17 2.04 1.42 1.7 134 35 28
-------------------------------------------------------------------------------------------------------------------------------------------------
alkali 1.81 0.13 1.4 2.14 1.07 93 28 20

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 2.6 0.2 2.02 1.21 1.35 156.8 47 44.8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean of soil type Non-saline 3.44 0.31 2.62 0.41 0.18 233 70 85.7

-------------------------------------------------------------------------------------------------------------------------------------------------
Saline 3.09 0.25 2.44 1.05 2.68 197 62 60
-------------------------------------------------------------------------------------------------------------------------------------------------
Saline alkali 2.7 0.17 2.08 1.75 1.85 149 39 32.7
-------------------------------------------------------------------------------------------------------------------------------------------------
alkali 2.12 0.14 1.54 2.53 1.23 105 30 20.7

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean of soil depth Cm 110 3.1 0.24 2.28 1.69 1.62 183.5 53.3 56

-------------------------------------------------------------------------------------------------------------------------------------------------
100 2.82 0.22 2.15 1.81 1.49 169 50.5 48.5
-------------------------------------------------------------------------------------------------------------------------------------------------
80 2.6 0.2 2.08 1.21 1.35 156.8 47 44.8

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD at 0.05 level Soil depth 0.16 0.01 0.12 0.02 0.02 6.06 2.61 2.57

-------------------------------------------------------------------------------------------------------------------------------------------------
Soil quality 0.19 0.01 0.14 0.02 0.02 6.99 3.02 2.96
-------------------------------------------------------------------------------------------------------------------------------------------------
interaction NS 0.02 NS 0.04 0.04 NS NS N.S

%: g/100 gram dry weight  ppm: mg/ kg dry weight

phosphate but also because phosphate concentrations in
soil  solution  are  tightly  controlled  by sorption
processes and by the low-solubility of Ca-P minerals.
Therefore, it is understandable that phosphate
concentrations in field-grown agronomic crops decreased
as salinity (NaCl+CaCl2) increased.

1.6.Micronutrients (Fe, Zn and Mn): It was observed
from the presented data in Table (3) that the
concentrations of Fe, Zn and Mn in the sunflower
seedlings grown on saline, saline alkali and alkali soils

were significantly decreased when they compared with
their corresponding elements in the seedling grown on
non-saline soil. The highest values of Fe, Zn and Mn
concentration in sunflower seedlings were obtained when
plants grown on non-saline soil followed by those grown
on saline, saline alkali and alkali soils in decreasing order.
In saline and sodic soils, the solubility of micronutrients
(e.g. Fe, Zn and Mn) is particularly low and plants grown
in these soils often experience deficiencies in these
elements[32], but not in all cases. Most studies on
horticultural  crops,   regardless   of   whether   they  were
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conducted in soils or in solution culture, indicate that
salinity reduces Mn concentration in shoot tissue.
Example include bean[37]. Confirm the previous results
Shukla and Mukhi,[45] who stated that Zn conc. in shoot
tissue has been found to decrease with increasing sodicity.
Furthermore, Hassan et al.[20] stated that salinity decreased
the Fe conc. in the shoots of barely and corn. Generally,
the relationship between salinity and/or alkalinity and
trace element nutrition is complex and salinity may
increase, decrease or have no effect on the micronutrient
concentration in plant shoots[18]. The obtained results in
this investigation are in line with those obtained by Vieira
Santos et al.[49] who reported that KCl decreased NO3

-,
Mn, Fe, P and B in whole sunflower plant.

2- Effect of water table depth: Data in Table (2) show
that all the growth parameters of sunflower seedlings
decreased gradually with decreasing the depth of water
table from 110 to 80 cm. Regardless the effect of soil
types the dry weight per plant, plant height, stem diameter
and leaves number of seedlings grown under water table
depth of 100 cm were significantly higher as they
compared with those of seedlings grown on soils with
water table depth of 100 and 80 cm. However, the
previous parameters of the seedlings grown under water
table depth of 100 cm did not reach the level of
significance of 0.05 as compared with those attained
under water table depth of 80 cm.

Data in Table (2) also show that, regardless of the
soil types effect, the leaf area index as well as chl. a and
b significantly decreased by decreasing the water table
depth from 110 to 80 cm. The highest values were
attained when the seedlings of sunflower were grown
under water table depth of 110 cm followed by those
under 100 and 80 cm in decreasing order.

Proline content also significantly decreased in
sunflower seedlings grown under water table depth of 100
and 80 cm as compared with those grown under water
table depth of 110 cm. Proline content in seedling grown
under water table depth of 100 cm did not show any
significant differences as compared with those grown on
soil with water table depth of 80 cm. The highest values
of proline content were found under water table depth of
110 cm followed by those under 100 and 80 cm in
decreasing order. Saline and/or alkali soils is subjected to
waterlogging (saturation of the soil) because of the
present of shallow water tables sodcity[36]. This
waterlogging has a range of effect on plants. Firstly, it
rapidly decreases growth, initially of roots and
subsequently of shoots[6] and it increases the senescence
of roots, leginning at the tips[6]. Secondly, it affects
processes associated with solute movement across
membranes, such as the uptake of inorganic nutrients[10],
the regulation of cytoplasmic pH and membrane
potentials[19] and the efflux of internal cell constituents
such as K+, Cl-, organic and amino acids and "basic and

acidic metabolites"[11]. Thirdly, it can decrease stomatal
conductance and/or leaf water potential[14].

Data presented in Table (3) reveal that the
concentrations of macro (N, P and K) and micronutrients
(Fe, Zn and Mn) in sunflower seedlings grown under
water table depth of 100 cm were significantly higher than
those obtained in seedlings grown under water table depth
of 100 and 80 cm. Also, the concentration of all studied
nutrients were significantly higher in sunflower seedlings
grown under water table depth of 100 when compare with
80 cm. Generally the highest values of all macro and
micronutrients were attained under water table depth of
100 cm followed by 100 and 80 cm in decreasing order.
The presented data here (Table 3) suggest a potentially
over-looked role of soil depth (water table depth) on
nutrient uptake. For such nutrients to be available to
plants, these must be sufficient water in soil for diffusion
or mass flow of the nutrients to occur. The hydraulic
redistribution may provide that water, potentially
mobilizing nutrients at water table depth. This effect at
water table depth of 80 cm was higher as compared with
those water table depths of 100 and 100 cm. In this
concern, Mc Culley et al.,[27] stated that the possible role
for hydraulic redistribution may help reconcile
discrepancies with forehole data showing mineral changes
in soil moisture contents at depth, hydraulic redistribution
would mobilize nutrients directly around roots where
nutrient uptake occurs.

3- Interaction between soil types and water table
depths: Data in Tables (2 and 3) show the interaction
effect of the soil types under different water table depths
on growth parameters, chl. a and b, proline content and
concentrations of macro and micronutrients in sunflower
seedlings. The interaction between soil types and water
table depths did not significantly affect dry weight/plant,
plant length, stem diameter and leave number/plant, while
it significantly affected the leaf area index. The highest
values of the leaf area index were attained in seedling
grown on non-saline soil with water table depth of 100
cm, while the lowest values were found when the
seedlings of sunflower were grown on alkali soil with
water table depth of 80 cm.

Proline content was significantly affected with the
interaction between soil types and water table depths. The
highest values of the proline content was obtained in
sunflower seedlings grown on saline soil with water table
depth of 110, while the lowest ones were found when
seedlings were grown on non-saline soil with water table
depth of 80 cm.

Nitrogen, K, Fe, Zn and Mn concentrations (Table (3)
in sunflower seedlings did not affect with the interaction
between the soil types and the water table depths. On the
other hand, P, Na+ and Cl- concentrations were
significantly affected with the interaction between the soil
types and the water table depths. Where the highest values
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of P were found in seedlings grown on non-saline soil
with water table depth of 110 cm, while the lowest values
were attained when the seedlings were grown on alkali
soil with water table depth of 80 cm. Concerning Na+

concentration, the highest values were obtained when
seedlings were grown on alkali soil with water table depth
of 100 cm, while the lowest ones were attained when
seedlings were grown on non-saline soil with water table
depth of 80 cm. Furthermore, data show that the highest
Cl- values were found in seedlings grown on saline soil
with water table depth of 100 and the lowest values were
obtained in seedlings grown in non-saline soil with 80 cm
water table depth. Generally, the highest values of P, Na+

and Cl- were obtained when the water table depths were
at 110 cm, while the lowest values were found when the
water table depths were 80 cm. These results are in good
agreement with those obtained under the effect of water
table depths on nutrients concentration in this
investigation.

Conclusion: The sunflower seeds of fedex cultivar could
germinate under different salt affected soils. Salinity
and/or alkalinity has both osmotic and specific ion effects
as well as soil depth (water table depth) on plant growth.
In present study, salt stress caused a significant decreases
in the studied growth parameters as well as macro and
micronutrients concentration. The negative effect of
salinity and alkalinity on plant was due to osmotic
potential by salt in the soil solution which reduced cell
water required from soil solution. Therefore, in plants, the
uptake of some nutrients dissolved in water were also
restricted. Thus, growth and development of plants are
inhibited due to occurring defect in metabolism. Proline
accumulation in response to different salt stresses was
significantly increased in leaf tissues. High levels of Na+

inhibited the K+ concentration and as a result of this, it
caused an increase in Na+/K+ ratio. This may be causes a
disturbance in the ion balance in plant by an increase in
the Na+ uptake, reflecting enhanced ion concentration in
the leaves.

In the light of the obtained results in this study, it
could be said that the further studies by using new
techniques should be carried out to reach more certain
realistic results for its remediation the effect of salt stress
in the soils.
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