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ABSTRACT

Field experiments were carried out during 2003 and 2004
seasons to investigate the role of some bioregulators and mineral
nutrients in adapting and improving sunflower (Helianthus annuus L.)
plants cv. Vidoc under calcareous and salinity stress conditions.
Bioregulators; paclobutrazol (PPs33) at 10 ppm, salicylic acid (SA) at
10 ppm and thidiazuron (TDZ) at 5 ppm were applied as seed soaking
for 4 hours before sowing. Mineral nutrients; phosphorous as H3POy4
0.5%, potassium as KCI 2.0% and Zinc as ZnSO,4 0.01% were foliar
sprayed (5 and 6 weeks after sowing). Two samples were taken at 50
days after sowing and at harvesting time (90 days after sowing).

Application of P showed significant increase in the mean values
of plant height. Potassium treatment showed significant increase in
shoot fresh and dry weights. In respect to bioregulators, PP333 showed
significant increase in shoot fresh and dry weights in both seasons.
Salicylic acid and TDZ increased Stem diameter and shoot fresh and
dry weights. Application of TDZ reduced Plant height.

All mineral nutrients and bioregulators treatments increased
number of seeds/ head, seeds weight/ head and seeds yield. Foliar
applications of K and Zn decreased Na concentration and increased K,
Ca and P concentrations as well as K/Na ratio. Application of P
showed an increase in Ca and P concentrations. Trace elements; Zn,
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Mn and Fe were significantly increased by K and Zn applications.
Seed soaking in SA and TDZ significantly decreased Na
concentrations and increased K, K /Na, Mg and P concentrations. All
mineral nutrients applications significantly increased oil percentage
and yield. .
Regarding mineral nutrients and bioregulators interactions, best
results were obtained by K+TDZ and Zn+SA treatments, which
recorded the maximum values of shoot fresh and dry weights, yield
and its Components and unsaturated/saturated fatty acids ratio. Also,
the best results of mineral elements concentrations in terms of the
lowest values of Na and the highest values of K, K /Na, Mg, Zn, Mn
and Fe. The effects of mineral nutrients, bioregulators and their
interactions on sunflower growth and productivity under calcareous
and salinity stress were discussed.
Key Words: Sunflower, Helianthus annuus, Paclobutrazol, Sahcyhc
acid, Thidiazuron, Phosphorous, Potassium, Zinc,
Growth, Yield, Oil quality, Mineral elements, Fatty
acids.

INTRODUCTION

Sunflower (Helianthus annuus L.) represents one of the main oil
crops of the world. Being a thermo insensitive, grown in all seasons
and producing oil resistant to rancidity and characterized by higher
percent of unsaturated fatty acids (El-Baz, 1995).

In Egypt, there is a gap between production and consumption of
plant oils. Increasing the cultivated areas of sunflower should be done
in the reclaimed lands due to the limited areas of the Nile valley and
the competition of the main crops.

Thus, the Experimental farm at Maryout Research station
devoted to Desert Research Center was undertaken for the present
investigation. This farm is characterized as highly calcareous soil
(31.7 % CaCoO3), slightly saline (EC 2986 ppm), mildly alkaline (pH
7.9) and loamy in texture. Irrigation water is slightly saline (EC
2950.4 ppm salts). The presence of CaCO; directly or indirectly
affecting the chemistry and availability of Nitrogen (IN), Phosphorous
(P), potassium (K), magnesium (Mg) , Iron (Fe), Manganese (Mn) and
Zinc (Zn), (Obreza et al., 1993).

On the other hand, salinity had deleterious effects on plant
growth, development and even seed germination, particularly seed
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characteristic of sunflower, mainly oil content. Also, salinity
influences nutrient uptake. Where salt concentration is low to
moderate, the first visual symptom is often a thin stem and stunted
growth (Weiss, 2000). Under these circumstances, potassium,
phosphorus and zinc play an important role in improving the plant
growth and subsequently the yield of oil crops. Sakr et al. (1990)
reported that, application of P as monocalcium phosphate gave the
highest dry matter yield in barley and sunflower plants under
calcareous soil. Moreover, Harmati (1993) stated that P,Os and K
applications increased achene and oil yield of sunflower plants.
Badawy (1990) investigated the effect of P on the growth and yield of
soybean plants. He found that P (48 kg P,Os/ fed) treatment increased
shoot dry weight and seed yield of soybean plants under calcareous
soil (34% CaCQOs). Salama (1987) showed that, K fertilizer (200 kg/ h)
increased achene and oil yields of sunflower plants on calcareous
sandy soil.

Application of microelements either as soil application or foliar
spray provided the best treatments which improved growth and yield
of sunflower plants (Hegazy, 2004). In this respect, dry matter amount
of maize plant increased with increasing Zn doses applied to each pot
as ZnSO47H;O in sandy calcareous and clay calcareous soils
(Adiloglu, 2006). Foliar application of Zn (at 60 ppm Zn applied
twice; 75 and 85 days after planting) increased seed yield h!, seed
index and seed oil content of Egyptian cotton grown under clay loam
soil. Even this effect was extended to improve oil quality (Sawan et al,
2006).

Salinity stress not only impact nutrition status of sunflower plant
but endogenous cytokinins as well. Meanwhile, a decrease in
cytokinins (CK) concentration in xylem exudates was found to be
proportional to the concentration of NaCl in root medium of sunflower
plants. This decrease was generally accompanied by an accumulation
of growth inhibitor in the shoot (Pawan et al., 1997).

In consequence, salinity stress can reduce CK export from the
root to the shoot. Therefore, the possible involvement of exogenously
applied CKs in response to adverse environmental conditions has been
suggested by Brault and Maldiney (1999). Also, Becket and Van
Staden (1992) suggested that the synthetic thidiazuron (TDZ) is more
likely to be a commercially viable way of reducing the effects of
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stresses compared with other synthetic cytokinins. It is water soluble
and is 10* times more effective than zeatin in the soya callus bioassay.

So, phytohormones regulate growth and development by up or
down regulating gene expression in plants; their external application
may serve as some kind of a gene substitution. However, in exploring
how to counteract adverse environmental constrains, the synthetic
phytohormones (bio- regulators) proved to be more value than natural
plant hormones (Stark, 1993).

Plant growth retardants such as paclobutrazol (PPs333) and
cycocel (CCC) are synthetic bioregulators. They have been shown to
improve plant growth under different stress conditions ( Shen ef al.,
1996). Also, the natural plant hormone, salicylic acid (SA) as
classified by Raskin (1992) was shown to be an important signal
molecule in plant defense (Shah, 2003) and improve plant growth
under stress conditions when used as seed soaking treatment (Afzal et
al., 2005).

The present study tended to improve growth and oil production
of sunflower plants grown under calcareous soil and salinity stresses
using bioregulators [Paclobutrazol (PPss33), thidiazuron (TDZ) and
salicylic acid (SA)]as presowing seed soaking and application of
mineral nutrients (P, K and Zn) as foliar spray or their combinations.

MATERIALS AND METHODS

Field experiment was conducted in Maryout Station, Desert
Research Center during the seasons of 2003 and 2004. The soil of
experimental station is characteristic as highly calcareous, slightly
saline soil, mildly alkaline and clay loamy in texture (Table 1-a, b).
Irrigation water used was slightly saline as described in Table (1c).

Sunflower seeds were obtained from Oil Crop Research
Institute, Agriculture Research Center in Giza, Egypt. Seeds were
sown in June 1% in both seasons. Bioregulators, 10 ppm PP333, 10 ppm
SA and 5 ppm TDZ were applied as seed soaking for 4 hours before
sowing. Control seeds were soaked in distilled water. Two foliar
applications with one week interval of phosphorous as H3POy4 0.5%,
potassium as KCl 2.0% and Zinc as ZnSO,4 0.01% were started at
Sweeks after sowing. Distilled water was used as control. Tween 20
was used as wetting agent at 0.05%.
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Table (1); () Mechanical and (b) chemical properties of the
experimental farm soil and (c) chemical analysis of irrigation
water at Maryout Research station.

a) Mechanical analysis

Depth  Saturation Coarse Fine Silt Clay Textural
Percentage Sand Sand Class
(cm) () (%) (%) (%) (%)
Sandy
0-28 41.50 2.06 53.01 21.67 23.26 Clay
loam
28-80 435 0.74 44.73 24.10 30.43 Clay
loam
80-110 475 0.40 4110 3453 3453 Clay
. loam

b) Chemical analysis

gt o | Owane a0, Cations ( meg) Anlons (megl)
o | P | ey | M
(%) M| K| G | Mg | COf | HCO; | & | sop
028 |78 |43 (113 (370 |28 |00 (885 |6 - |43 | t667 |17
280 |78 | 3 | 028 | 3070 | 170 | 080 | 695 | 301 | - | 170 | 1550 | 1400
QM0 | 79| BN | - | 930 | 460 | 060 | 942 | B4 | . | 1M | 28 | AN
¢) Chemical analysis of irrigation water
PH EC SOLUBLE CATIONS SOLUBLE ANIONS
(DSM) (MEQ/L) (MEQ/L)

NA' K' CA™ MG™ CO;- HCO,; CL SO,

8.1 4.610 580 27 201 164 - 1798 783 1050
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Treatments were arranged in split plot design with three
replicates. Each replicate was divided into four main plots represent
mineral nutrition treatments; P, K , Zn and their control and main plot
in turn was divided into four sub plots represent bioregulators
treatments; TDZ , SA , PP333 and their control. The experimental unit
area (sub plot) was 9 m* (3 x 3 m) with 30 cm apart rows and plants
spacing 30 cm. The number of treatments reached 16 treatments as

follows:
1. Control 9. K
2. TDZ 10. K+ TDZ
3. SA 11. K+ SA
4. PPs3;3 12. K+ PPs33
5. P 13. Zn
6. P+TDZ 14. Zn+ TDZ
7. P+SA 15. Zn+ SA
8. P+ PPs3; 16. Zn+ PPj33

Recommended fertilization for this type of soil was applied

according to Desert Research Center leaflet (table, 2).
Table (2): Applied fertilization of the experiment

Fertilizer Rate Timing
Organic fertilizer 20 m*/fed During manegment
Ca(HzPOy), 45Kg P,0Os/fed Before sowing
30-50 Kg N/fed 3 times; )
NH,4NO; at 2 weeks, 4 weeks and After sowing
6 weeks after sowing
50K g KO/ fed
KZSO4 3 times with N After SOWillg
application
300 L/fed (3 times at
Microelements 4,6and 8 weeks after After sowing

sowing)
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Two samples were taken. First sample was taken at 50 days after
sowing and the following growth parameters were recorded; plant
height, stem diameter on the 10™ node from the top, leaves number,
plant fresh and dry weights. Chemical analysis was conducted in
leaves on the 7-8'" nodes from the top for determination of some
elements (Na, K, Ca, Mg, P, Zn, Mn and Fe).

The second sample was taken at harvesting time (90 days after
sowing) to determine yield components including, head diameter,
seeds number/head, seeds weight/ head, 100 seeds weight and the
seeds yield (ton/ fed).

Chemical analysis in seeds was conducted to determine fatty
acids and oil percentage. Furthermore, identification of different fatty
acids under different treatment conditions was also analyzed.
Chemical analysis
1. Mineral concentrations

Plant leaves were oven dried at 75° C for 48 h. The dried
materials were ground into fine powder and kept for mineral analysis.
Plant materials were exposed to acid digestion using the wet ashing
procedure as described by Johanson and Ulrich (1959) to determine
Na, K and Ca concentration by flame photometer according to the
method of Brown and Lilleland (1964) using Jenway PFP7 flame
photometer model.

On the other hand, Mg, Zn, Mn and Fe were estimated using
atomic absorption spectrophotometer Pye unicium Sp 1900.

Phosphorus (P) was determined according to Murphy and Riley
(1962).

2. Determination of oil percentage

Oil content of seeds extracted using hexane and soxhlet
apparatus according to A.O.A.C. (2000).

3. Determination of Fatty acids
3.1. Lipid extraction

The method of A.O.A.C. (2000) was conducted for 11p1d
extraction from sample (3-5g seeds) using chloroform /methanol (2:1,
v/v) and soxhlet apparatus to extract the lipids. The associated non-
lipids were removed by washing lipid extract three times with CHj
OH: H,O (1:1v/v). The lipids in chloroform were dried over
anhydrous sodium sulfate, and then the solvent was removed by
heating at 60 °C under vacuum. Separation and methylation with
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diazomethane of fatty acids were performed according to Vogel
(1975).

A set of standard fatty acids of lauric (12:0), myristic (14:0),
palmetic (16:0), stearic (18:0), oleic (18:1), linoleic (18:2) with a
stated purity of 99% by GLC was purchased from Nu-check Prop.

3.2. Identification and determination of fatty acids by gas liquid
chromatograph (GLC)

The method described by Farag et al (1986) was applied for
determination of fatty acids by GLC. The methyl esters of fatty acids
of the samples and standard materials were analyzed with a Pye
Unicam Series 304 gas chromatograph equipped with dual flame
inoization detector and dual channel recorder. The separation of fatty
acid methyl esters was conducted using a coiled glass column (1.5
m x 4 mm ) packed with Diatomite (100- 120 mesh ) and coated
with 10 % polyethylene glycol adipate (PEGA) . The column oven
temperature was programmed at 8 °C/min from 70 °C to 190 °C, then
isothermally at 190 °C for 25 min with nitrogen at 30 ml/min.

Separation Conditions Of Fatty acids

Instrument: Gas Liquid Chromatography/ Injector 250 °C
Pye Unicam Pro-GC Detector 300 °C
Column: SP-2300-Fatty acids Gases flow rate:
Dimensions: 1.5x 4mm N, 30 ml/min.
Temperature Programming H, 33 mUmin.
Initial temp. 70 °C Air 330 mI/min.
Rate 8 °C/min Chart speed: 0.4 c/min.
Final temp. 190 °C

Final time. 35 C/min

Statistical analysis

The data from all experiments were subjected to statistical
analysis of variance and calculated means were separated by Duncan’s
(1955) multiple range test at 0.05 level, using MSTAT computer
statistical software according to Russel (1991).

RESULTS AND DISCUSSION
1. Growth parameters
1.1. Effect of mineral nutrients
The effect of foliar application of P, K and Zn nutrients on
growth parameters of sunflower plants was presented in Table (3).
Application of P showed significant increase in plant height and stem
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diameter during the two successive seasons. These results may be due
to the essential role. of P in cell division and development of
meristematic tissues (Russell, 1973). Meanwhile, P treatment did not
significantly affect shoot fresh and dry weights in both seasons. Such
response was noticed by El- Baisary ef al. (1981) on cowpea plants
grown under calcareous soil.

The maximum mean values of stem diameter (2.20 cm), shoot
fresh weight (932.31 g/ plant) and shoot dry weight (105.99 g/plant)
was achieved by K compared to untreated plants which recorded 1.81
cm, 683.06 g and 75.83 g respectively in 2003. The same trend was
noticed in the second season. This finding is in harmony with that
obtained by Aboul- Magd (1999) on tomato plants. The interpretation
for this promotive effect of K on sunflower growth is that, K increases
the photosynthetic rates, CO, assimilation (Sangakkara et al., 2000)
and has an important role in the translocation of photosynthates from
source to sink (Cakmak et al, 1994). Furthermore, K plays an
important role in the osmotic adjustment for plant under saline
conditions to maintain the selectivity and integrity of cell membrane
(Satti and Lopez, 1994).

Plants treated with Zn showed a significant increase in the
previously mentioned growth parameters in both seasons. These
results are in confirmation with those obtained by Kishk et al. (1985);
Cakmak et al. (1989) and Adiloglu (2006). These results could be
attributed to the role of Zn in the biosynthesis of tryptophan and its
conversion to the growth promoter phytohormone; IAA (Cakmak et
al, 1989 and Peter, 2001). Mineral nutrients did not significantly
affect leaves number in the two seasons.

1.2. Effect of bioregulators

It is clear from Table (4) that soaking sunflower seeds in PP33;
showed significant increase in shoot fresh and dry weights in both
seasons, recording 715.69, 774.63 g fresh weight and 76.54, 93.50 g
dry weight compared with control plants (587.38, 670.28 g fresh
weight and 66.76, 86.26 g dry weight) in 2003 and 2004 seasons
respectively. This increase in fresh weight could be due to the role of
PP;33 in decreasing the rate of water loss caused by stress (Wang and
Lin, 1992). Concerning the increment in dry weight, this effect
probably referred to the improving nutrient uptake from soil by PP33;3
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application (Kuchenbuch and Jung, 1988) and subsequent improve in
plant growth.

Application of PP333 decreased plant height. This decrement was
significant in season 2003. The same trend was noticed by
Rademacher (2000). He concluded that plant growth retardants
decreased shoot growth of sorghum in terms of plant height and
internodes elongation without any changes in numbers of internodes.
Growth retardants considered as anti-gibberellins and reduce plant
height by inhibiting GA; production which responsible for the cell
elongation (Barrett, 2001). Meanwhile, insignificant effects were
detected by PP333 on stem diameter or leaves number.

Seed soaking in SA significantly depressed plant height and
number of leaves of sunflower plants in the first seasons. This
depression was insignificant in the second season. Stem diameter,
shoot fresh and dry weights were significantly increased during the
two seasons.

Many investigators declared the effect of SA as a natural
hormone on enhancing growth parameters. Seed soaking with SA at
10 and 20 ppm stimulated fresh and dry weights of mungbean
(Zaghlool, 2002), and maize (Aydin ef al, 2005). Salicylic acid
regulates the response of plant to the environmental stresses and could
be used as growth regulator to improve plant growth under stress
conditions (Aydin er al, 2005 and Afzal er al., 2005). It plays an
important role in plant response to abiotic stress by increasing the
level of cell division within the apical meristem of seedling roots
(Sakhabutdinova et al., 2003). Horvath et al, (2007) found that,
preliminary treatment of plants with low concentrations of SA showed
acclimatization-like effect, causing enhanced tolerance toward most
kinds of abiotic stress.



Table (3): Effect of foliar applications with mineral nuirients on some growth parameters of sunflower plants at 50 days after planting during the seasons of 2003 and 2004,
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It is obvious from data in Table (4) that stem diameter, shoots
fresh and dry weights were significantly increased by TDZ treatment
in both seasons. This promotive effect of TDZ could be attributed to
two factors; first, the role of TDZ as a synthetic cytokinin in
enhancing plant growth in terms of, cell division chlorophyll
biosynthesis. Second, the role of TDZ in reducing the harmful
influences of stress upon plants. The later role could be explained by
the role of TDZ in reducing ABA levels (Ji and Wang, 1988,)
promoting the synthesis of endogenous cytokinins (Thomas and
Katterman, 1986) or inhibiting cytokinin oxidase (Beckett and Van
Staden, 1992). On contrary, plant height showed a significant
reduction in both seasons. This reduction in plant height was also
recorded on tomato seedlings treated with TDZ (Aboul- Magd, 1999).
Insignificant increase was noticed in leaves number in both seasons.

However, plants treated with TDZ recorded the maximum mean
values of stem diameter (2.17 cm), shoot fresh weights (929.88 g) and
dry weights (105.06 g) as compared to control pants which recorded
1.87 cm, 587.38 and 66.76 g respectively in season 2003.

1.3. Effect of mineral nutrients, bioregulators and their
interactions

Approximately all treatments significantly increased plants
height during the seasons of 2003 and 2004 (Table 5) except TDZ
treatment and its combination with P or K which gave insignificant
reduction. Application of Zn + TDZ and P+SA showed insignificant
stimulating effect in the two seasons. The maximum values were
obtained from P treatment (144.17cm) followed by P+PP33; (135.50
cm) then Zn (132.67 cm) comparing with control plants (120.67cm) in
the first season. An increase in stem diameter was noticed by all
treatments. This effect was insignificant with P, PP33; and their
combinations as well as Zn treatment. The superiority was due to
K+TDZ and Zn+SA in both seasons.

Regarding the effect of the interactions between mineral
nutrients and bioregulators on shoot fresh and dry weight during the
seasons of 2003 and 2004, a significant increase was obtained by all
treatments except P application which gave insignificant increase in
shoot fresh and dry weights in the 1% season. Moreover, K+TDZ
treatment showed the maximum significant values recording (1399.00
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g fresh weight and 162.75 g dry weight) followed by Zn+SA which
recorded 928 g fresh weight and 101.05 g dry weight comparing with
control plants which recorded 378.00 g fresh weight and 47.85 g dry
weight in the 1% season. The same trend was achieved in the 2™
season with the exception that, the difference between the two
applications was not significant in case of fresh weight.

It is obvious that, K and TDZ treatments acted synergistically.
So combination treatment (K+TDZ) showed significant increase in
fresh and dry weights as compared with the individual application of
K or TDZ.

Application of K, K+TDZ and Zn+SA showed the best results
for enhancing leaves number recording 26.00, 26.00 and 24.67 leaves
/plant, respectively comparing with control plants which recorded
21.00 leaves/plant in season 2003. In the season of 2004, the values
were 25, 24.33, 24.33 leaves/plant compared to control plants (21.67
leaves/plant).

It is obvious from Table (5) that the highest values of stem
diameter during the two seasons could be achieved by descending
orders of K+TDZ, Zn+SA and K treatments.
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2. Yield and yield component
2.1, Effect of mineral nutrients

Data in Table (6) showed that, all foliar applications of mineral
nutrients increased head diameter, number of seeds/ head, seeds
weight/ head, 100 seeds weight and seeds yield during the seasons of
2003 and 2004 with the exception of P treatment, which
insignificantly decreased head diameter in the 1% season, but increased
other yield parameters. The positive effect of P upon oilseed crops
was mentioned by, Cheema et al. (2001) and Sawan et al. (2006).

Phosphorus has a key role in reactions in which energy is
involved. The biosynthesis of fats, oils and related molecules requires
a correspondingly large investment of metabolic energy (Taiz and
Zeiger, 1998). This explains the enhancement in oil seeds production
by P application.

Concerning the effect of K application, it is obvious from data in
Table (6) that K significantly enhanced all yield parameters in both
seasons except head diameter which showed insignificant increase in
the first season. These results confirmed the findings of Salama (1987)
and Mekki et al. (1999) on sunflower plants.

However, K is required as cofactor for many enzymes involved
in respiration and photosynthesis. Thus, an enhancement in carbon
fixation and energy production would gain by K application which
positively affect oil seed yield.

Plants applied with Zn showed significant increase in head
diameter, number of seeds, seeds weight/ head, 100 seeds weight and
seeds yield during the seasons of 2003 and 2004. These results were in
agreement with Hegazy (2004) on sunflower and Sawan et al. (2006)
on seeds yield of Egyptian cotton.

The superiority was due to foliar application with Zn in all the
studied yield parameters recording 21.25 and 26.46 cm head diameter,
1219.00 and 1404.00 seeds/ head, 115.76 and 113.22 g seeds / head,
9.30 and 8.83 g/100 seeds and 1678.50 and 1641.67 kg seeds / fed
during the seasons of 2003 and 2004 respectively. Bid et al. (1993)
pointed out that application of ZnSO, significantly increased yield of
solanum melongena in calcareous soils. Insignificant differences were
noticed between Zn and K treatments with seeds number in both
seasons and 100 seeds weight in the 1% season as well as, seeds
weight/ head and seeds yield in the 2™ season.
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2.2. Effect of bioregulators

As shown in Table (7), it is obvious that seed soaking in all
bioregulators significantly enhanced seeds number/head, seeds
weight/ head, 100 seeds weight and seeds yield in both seasons with
the exception that, the increment in head diameter of plants treated
with PP333 didn't reach the 5% level of significance in both seasons.
Seed soaking in SA gave the highest mean values for seed
number/head as well as seeds weight/ head and seeds yield which
recorded 1201.83 seeds/ head, 107.83 g seeds/head and 1563.55
kg/fed in the 1% season comparing with control plants (876.83 seeds/
head, 78.08 g seeds’head and 1132.15 kg/fed). On the other hand,
TDZ surpassed all treatment in head diameter and 100 seeds weight
recording 21.21 cm and 8.92 g respectively in the 1% season
comparing with control plants (18.79 cm and 7.73 g).

However, insignificant differences were noticed between SA and
TDZ treatments regarding seeds number and 100 seeds weight. The
enhancing effects of growth retardants on seeds yield were obtained
on barley by Khafagi er al/ (1984) and on garden pea by Bisen et al
(1999) who mentioned that, seeds soaking treatment in CCC increased
yield as compared with foliar spray. The positive response of TDZ
could be due to the increase in cytokinin activity by inhibiting
cytokinin oxidase. Consequently, the plant could avoid the harmful -
surrouriding conditions in the early stage of growth which supposed to
be the most sensitive stage to stress. The improvement of plant
growth either by TDZ or SA reflected latter on plant yield.
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2.3. Effect of mineral nutrients, bioregulators and their
interactions
Results presented in Table (8) showed the effect of mineral
nutrition and bioregulators interactions. Seeds number/head, seeds
weight/head and seeds yield were significantly increased by individual
treatments and their interactions during the two seasons with an
exception that the increment in seeds yield of plants treated with PP33;
was insignificant in 2003 season. Concerning head diameter, an
increment was noticed by all treatments, comparing with control
plants, except P application which insignificantly decreased head
diameter in both seasons. Moreover, the values of head diameter of
plants applied with PP;3; and K didn't reach the level of significance
in the two seasons. Insignificant increase in 100 seeds weight was
obtained by TDZ, P and its interaction with PP333. Other treatments
significantly increased 100 seeds weight except PP333 which
insignificantly decreased it. Yield and yield components reached the
highest values of seeds number, seeds weight/head and seeds yield by
the application of Zn+SA recording 1447.00 and 1550.67 seeds no.
/head, 129.85 and 125.62 g seeds/ head and 1882.78 and 1821.54 kg/
fed during the seasons of 2003 and 2004 respectively comparing with
control plants which recorded 672.67 and 677.67 seeds no./ head,
51.30 and 52.97 g seed/ head and 743.80 and 767.20 kg/ fed, followed
by K+TDZ treatment. Anyhow, insignificant differences were found
between the two applications. Heads diameter and 100 seeds weight
achieved their maximum values by K+TDZ and Zn+SA treatments.
These results were in agreement with Aboul- Magd (1999) who found
that application of KCl with TDZ significantly increased the fruits
yield /fed of tomato irrigated with saline water.

3. Chemical analysis
3.1. Mineral elements
3.1.1. Effect of mineral nutrients
Data presented in Table (9) showed that foliar applications of
K and Zn significantly decreased Na content and increased K, K/Na,
Ca and P with an exception that the increment of Ca concentration in
plants treated with Zn didn't reach the 5% level of significance during
the two seasons. These results were in agreement with Wu er al.
(1999) who revealed that K and trace elements application increased P
concentration in soybean.



Table (8): Effect of minerat nutrients / bioregulator interactions on yield and yield components of sunflower plants at 90 days after planting during tl

seasons of 2003 and 2004.
2003 2004

Mincrals Bioregulator: Head diameter  No.ofseeds  Seeds weight 100 Seeds weight  Seedsyicld Head dinmeter No.of seeds  Seeds weight 100 Seeds weight  Seeds yield

(xm) {head (g/bead) ® (Kpffed) (cm) {head (g/hend) (®) (Kgffed)

cont cont 17.83gh 67267 51.30j 707 743805 2017 671671 5297i 5.67i 767.20i

PPy, 1833fh  879.67h 63151 6.87h 915681 2067z 107400 62.15h 562 901.18h
SA 19.67df  944.00gh 84.61 fg 7.64fe  122680fg 22.50ef 1121005 82.45fg 6.86 f-h 1195.48 fg

TDZ 20.17c-c 974671 64971 732 ¢h 94202 24.17cd 1171L.00hi 64431 6.23 hi 934.24h

P cont 17.00h 767671 67.07hi 726¢gh 97247hi  2000i 85967k 76.57g 6.26 hi 111027
PPyy  1867eg 979.67fg 76.63gh  733gh  111L14gh 21.83fg 1178.00h 8237fg  672gh 1194411
SA 18.33fh 124567b 105.80de 8.27 de 1534.05¢c¢  21.67fh 1483.00bc 102.55 cd 703 e-g 1486.93 cd
TDZ 21.50ac  1078.67de 9546 ef 873 ¢cd 1384.17ef 2567b  1293.67f 99.41de 1.71 de 1441.54 de
4 cont 18.33f-h  1058.00df 89917¢ 7.94 of 1303.65f 2033m  1282.67fg 91.04¢f 6.90 f-h 1320.13 ef
PPy 19.50d-f 1113.67cd 10724 cd 9.10be 155493 ¢c-e 22.17ef 134933 ef 103.38cd 7.94d 1499.01 cd
SA 19.67 d-f 1170.67 bc 111.07 cd 9.38 b 1610.57b-d  23.50de 1374.00¢ 108.61 be 832cd 1577.41 be

TDZ 2267a 1422.67a 12343a2b 10402  1789.74ab 28.17a 1521.00ab 123.52a 9.92a 179099 a
n cont 22.00ab 1009.00c-g {0405de  868cd 150868de 28008 1226.00gh 100.75¢d  7.61 d-f 1460.93 cd
PPsss 20.33cd  1177.00bc 117.27 be 9.54b 170037 bc  24.50b-d 139767 de 113.55b 9.24 ab 1646.43 b

SA 2217 a 1447.00a - 129.535 a 9.56b 1882.78a 28.00a 1550.67a 125.62a 951 ab 1821.54 a

TDZ 20.50b-d  1243.00b {{1.87cd 9.43 b 1622.17b-d 2533bc 1441.67cd 112950 8.95 be 1637.78 b
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Table (9) Effect of follar npplkadons with mineral nutrlents on migeral element conccnmﬂons in leaves (’,B) of sunﬂoﬂ

50 das\s after planting durug the seasons of 2003 and 2004
N K < EMa | Mg . ? I Ms | Fe |
B (ogigdm) (mgpdw) (mggdw) ntio | {mggds)  (mgl00y dv) | (mgl00gdw): (mgl0dg dw) (mgi00g dw)
2003 ’
cont 8430 #4400 W0e | 245b 4sa . 028d 16 08¢ g.s0b
P 81la 44990 83863 362 0 048a | LMD . 43¢ "634c
K 1611b  §7082 94> 302a  37a 040b 1388 100 119622
s 16366 46928 $150be 1932  378a | 036c | LMe 79 I2N76a
2004
cont 18708 46505 1 66.50¢ 202¢ § 280b | 0TS 0&08H | S4BRD 92487
P L 16198 45.49) 06S8h | 5208L | g2903c
K 19D SIa 620D | 108 10812 | S9amb 1089482
Ia 82T 2194 6749¢  3T2b 0 S63m 0 033c | 100 | 6I8¥a | 1194284

Insignificant increments in Mg concentration were noticed by all
treatments in the season of 2003; this effect was significant by K and
Zn applications in season 2004. Also, an increase in Mg concentration
of Sudan grass plants was mentioned by Kishk et al. (1985) as a result
of Zn application under calcareous soil (30%CaCOs3) with salinity.

Application of P showed an increase in Ca and P concentrations
but did not significantly affect Na, K and Mg concentrations. These
effects were noticed in both seasons.

Trace elements; Zn, Mn and Fe were significantly increased by
K and Zn applications in both seasons, while application of P
insignificantly reduced Mn in both seasons and showed significant
reduction in Fe concentration in both seasons as well as significant
increase in Zn in the 1* one. Many investigators achieved similar
results. Sakr er al (1990) and Hegazy (2004) mentioned that, P
application decreased Mn and Fe concentrations and increased the
concentration and uptake of Zn in sunflower plants grown under
calcareous soil.

The highest values recorded for K and K/ Na (47.08 mg/g dry
weight and 3.02) were achieved by K foliar application in the season
of 2003 followed by Zn treatment. Moreover P treatment gave the
maximum mean values of Ca and P concentration recording (88.86
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mg/ g dry weight and 0.48 mg/ 100 g dry weight) followed by K then
Zn treatments. On the other hand, the lowest mean values of Na
concentration (16.11 and 13.94 mg/g dry weight) comparing with the
control plants (18.43 and 15.79 mg/g dry weigh) were gained by K
treatment in the seasons of 2003 and 2004 respectively. This finding
was in harmony with Ozoris et al. (1985) who reported that the
concentration of K* and Mg"? in sorghum plants were increased by
application of Zn under calcareous soil and saline conditions. The role
of K in the asmotic adjustment of plants under saline conditions and
consequently its importance of being required to the selectivity and
integrity of cdl membrane was explained by (Satti and Lopez, 1994).

The highest concentration of Zn (1.55 mg/100 g dry weight) was
observed by K treatment followed by Zn treatment .Meanwhile, Zn
application gave the maximum values of Mn and Fe (7.98 and 121.76
mg/100 g dry weight) respectively in the season of 2003 followed by
K foliar application. The same trend was true in 2004 season.
Regarding foliar application of Zn, Liu ef al. (1992) reported that Zn,
Mn and Fe concentrations and uptake were increased in sorghum and
rape plants.

3.1.2. Effect of bioregulators

Presosking treatments of SA and TDZ significantly decreased
Na concentrations (Table, 10). Seed soaking in PP333 significantly
decreased P concentration in both seasons. Concerning the effect of
SA and TDZ en other elements, significant increase in K, K /Na, Ca,
Mg and P cancentrations was noticed in both seasons. The highest
mean values were observed by SA application on K concentration
(47.25 mg/g dry weight), Ca (89.31 mg/g dry weight), K/Na ratio
(3.00) and Mg (3.83 mg/g dry weight) followed by TDZ treatment
with insignificant differences in season 2003. Improving minerals
uptake by SAand TDZ treatments was mentioned by Stark (1993) and
Igbal and Ashraf (2005) who mentioned that cytokinins modified the
uptake and dstribution of Na and K which improved the osmotic
adjustment aad stabilized the leaf turgor of cotton plants grown under
salinity stres. Aydin er al. (2005) reported that salicylic acid
pretreatment as seed soaking increased K, Mg and P and reduced the
accumulation of Na™ under either salt or drought stress conditions.
These results suggest the possibility of SA to be used as a potential
growth regulstor to improve plant resistance to salinity stress.
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Application of SA and TDZ showed significant increase in Zn,
Mn and Fe. Meanwhile, PP333 enhanced Mn and Fe concentrations but
the significant effect was achieved with Mn in the 1* season and with
Fe in the 2™ one. This promotion in Zn, Mn and Fe obtained by SA
and TDZ was in agreement with Aydin et al. (2005). Whereas, PP333
results were confirmed with Yelenosky (1995) who mentioned that,
PP333 showed higher concentration of Fe and Mn.

The promotion of growth and yield was concomitant with lower
Na® content as well as higher K content and K/Na ratio which
achieved by SA and TDZ treatments in the successive seasons.

Table 10y Effect of seed soaking with bioregumm on mlneml elenenrs concemaﬂom of sunﬂower plnnts at %0 dws
afer plantng durtag the seasons of 2003 and 2004, : ; »
M X G | KN Mg 4 s . M Fe
Bioregulators : I ——
........ (mgdn) (mggin) (g dW)‘ nte  {mggdw) (mpld0gdw): (mpl0lydw): (oglldgdy): (mgl00ydw)
1003
cont | lsdte | 466D @45 | 2Mb e 0Mc | Ldec | S07c | 8.20¢
PPy 18278 44375 0 T%0c ¢ 246b  1%0be 0.28d L18c &b 37.87¢
sa 1895b | 47282 ®31a  300a | 3832 043b | l6fa | T2 | 12798a
TDZ 16.35b 46912 8363 b 293a | 170ab J46a ; 149% 683a @ 10921b
1004
cont 16432 406> 6l06c  194b  346b  030c | 080b | 528D 934
PP,y 13952 B06c ; 2960 | 3470 022d 0500 93.57¢
54 (.67b ) 5208 7L3a  388a 3682 040 Ll4a 6098 121878
™Z 410b, 83170 HMb | 390  3fla 0472 | 108 £808 | 10470D

3.1.3. Effect of mineral nutrients, bioregulators and their
interactions
As shown in Tables (11,12), application of mineral nutrients,
bioregulators and their interactions showed an inhibitory effect on Na
content which recorded higher values in control plants grown under
calcareous saline soil in the two seasons . The reverse was true by
other determined elements with the following exceptions; PPs33;
insignificantly inhibited P concentration in both seasons. Individual
application of SA decreased Ca content in the 2" seasons. Application
of Zn+SA as well as K+TDZ gave the best results in terms of the
lowest values of Na (14.43 and 14.43mg/g dry weight ) and the
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highest values of K (49.51 and 49.17mg/g dry weight ), K/Na (3.46
and 3.45mg/g dry weight ), Mg (4.06 and 3.87mg/g dry weight), Zn
(1.79and 1.83mg/100g dry weight ), Mn (10.73and 9.00mg/100g dry
weight ) and Fe (204.75and 143.83mg/100g dry weight) in the 1%
season respectively. Application of P + SA gave the maximum values
of Ca concentration.

These results could be attributed to the role of K in the osmotic
adjustment and maintaining the selectivity and integrity of cell
membrane (Satti and Lopez, 1994).

Adyin et al. (2005) reported that SA has a diminishing effect on
Na concentration and has a promotive effect on K, Mg, P, Zn, Mn and
Fe content.

3.2. Oil percentage and oil yield
3.2.1. Effect of mineral nutrients

Data in Table (13) clearly demonstrate that, all mineral
applications significantly increased oil % and yield in both seasons
with exception of K in the first season where insignificant increase in
oil % was recorded. Application of Zn recorded the highest mean
values of oil % (39.77, 39.94%) and oil yield (668.13 and 656.52
Kg/fed) comparing with control plants which recorded 34.31, 34.76
0il% and 324.95, 326.24 Kg/fed oil yield in both seasons respectively.

3.2.2. Effect of bioregulators
As shown in Table (14), seed soaking in bioregulators induced
reduction in 0il%. This effect was significant by PP333 and SA in both
seasons and by TDZ in the second season. On contrary an increase
was noticed in oil yield. This effect was significant by SA and TDZ in
both seasons.



Table (11): Effect of minersl nutrients / bioregulator interactions on mineral elements concentrations of sunflower plants at S0 days after planting during

the season of 2003 .
2083
Minerals Bioregulators Na K Ca K/Na Mg P Zn Mn Fe
(mgfg dw) {mg/g dw) (mg/g dw) ratio (mpfgdw)  (m/100gdw) (mp/ld8gdw) (mp/100gdw) (mg/100g dw)
cont cont 2180a 4148 f 59.99i 1.90g 285e 0.23h 063g 320i 57.29h
PPy 1763 c¢ 44 .82 de 87.26¢ 2554d-f 3.65bd 020h 108 ¢ 473 gh 93.00 de

SA 1731 cf 4549 ¢d 67.27h 2.63c-e 37 ad 033 ef 1.50 b-d 580eg 94.75 de
TDZ 16.99 ¢-f 4583 cd 102276 270c-¢ 3T2ad 0.37de 145¢ce 6.60 d-f 112.96 ¢

P cont 1923 b¢ 44.16 de 73.63fg 230¢cg 341d 041d LI3f 4.13hi 6333 gh
PPy3; 17.63 ¢ 44.49 de 72.72 ef 253 d-f 3.64bd 0394 122 ¢f 3.60 fg 84,38 d-f
SA 16.67 d-g 4683 be 11863 a 2.82bd 373 ad 055a 1.68 ad 5.60 fg 95.58d
TDZ 1891 bd 44,49 de 8545 cd 235¢g 349cd 055a 0.95f 3.93 hi 62.08 gh
K cont 1443 g 48.51 ab 104.09b 338a 3.75 ad 0.47 be 1.70 a¢ 7.73bd 13433b
PPy 20.19 ab 4349¢ 69.50 gh 2151 3.46d 0.25gh 1.03f 473 gh 83.58 ef
SA 15.39¢g 4717 be 8454 cd 308a<c 383ac 0.37 ge 1.65 ad 6§93 c¢ 11671 ¢
TDZ 1443 g 49.17a 73.63 1 3452 387ab 0.50 ab 1.83a 9.00b 143.83b

¥/ cont 18.32bd 44.49 de 84.09 cd 246 d-f 370ad 0.25gh £19¢f 520gh 7383 fy
PPy 17.63 ¢ 45.49¢cd 81.13dc 259 d-f 3.64 bd 0281g 142 de 820hbc 90.50 de

SA 1443 g 49513 868l ¢ 3462 4.06 a 0480 179a 1073 a 2047523

TDZ 15.07 fg 48.17 ab 73.18 g 3.23 ab 374ad 042 cd 1.75 ab 7.80 b-d 11796 ¢

8LY

SYOLVTINOHTIOIL HIWOS NI DNIAVOS dddS 40 LOd444



J. Biol. Chem. Environ. Sci., 2008, 3(1), 455-489

479

“Table (12): Effect of mineral awirients ; blovegularor inter oft minerat el conce of sunflower plants al 80 days
alter planting during the veusan ol 2004 , :
H 2004
Mimarah ?hm-lmas Na K Ca KNy Mg ? : ™ Me fr
T pe | (gt gate  mne | (egrdn (ap0gpdn | (egibghg | (agidbgde) | (mplatg e
B30r | J0ltg  $£91%  26) | 3a2e 049y 0ol 1274 6204
19390 45.17de | T2t Si8ed | Asbe  0I8g | 08gh s47e | 1e263de
IS0bel 4820de X0S13 Aed | 362 DNeg | 0Wde £96 ab 1038 4
CI0ef| 9aTde 8227D Ja9dg deta omdt | oisde 95 10847cd
P comt | 182e ) 4ziSTy | 6091x 131§ | 3dlde | 0294 D49 gh wred 62384
PRy 16004t @6 291 Db | oande 083t seste 043 1%
SA W] wiTde #2901 A0 2stab ¢ 0s0a . pARbe | AT2he | 10437cd
TDZ | 166e< | 4506eg ) WQc  186hj  3aded 02 D43R 485 T2
K comt | LM £ TS ANk 9% | O8b 1188 fadab nsse
PPy, | 1%Mah | 4140fg; AKISH 2460 | 3Ride 00 0.3k L0 8962
SA IS4S Oled | TTH 38Tee ! 32a  0274f . 087ed 6008 1090804
| HIST | 4Bl @Sf  Md9a | 34a | 0Ma 1 52920 128280
(160 ad 141605 0098 C2Wed  aslab - 0.20g omtg L8 5788 fg
PPiy (507Dt 45.08dc | 6318 32dhi 3Mbe . 02fg o et U | e
SA Q8N GSlab | TASc Af3ab | BHa - 082D t4aa S4ta 18840 8
IDZ UBAS SMEc | £2Th 39Tid | 38w 04de 180 | s . UeMo

“Table (13): Effect of follar appiications with mineral mrtrients on ofl % and ofl yelld (Kg/fed)

of sunfiower planfs at 90 days afler planting during the seasons of 2003 and 2004,

3 H 2003
Aigerals % it ; mﬁ 2% Ol f(;l{l;f:g
cont 34310 324.98 d 33.76 d 26,24 d
IS 39144 486.35 ¢ 3895 b s0722c
- o o 33 : ¥yt o Pprra
Za 3977 a 668.13 a 19943 656.52a

'_ Table(l -I) Eﬂect ot secd sosklng n m: bloregulators on oli% snd ofl velid (Kg,red) of sunflowe
_ plaats at 90 days after planting during the scasons of 2003 and 2004.

— 2003 2004
Bioregulators % Gil - %, Ot 3 WW?Ig{m’) -
cont 38 68 a 438.62b 3939 s 4£8.61 1
. o o U Juedab
SA 639D s7.82a 36.83 be 166.12 8
1oz 37.912 $52.244 37296 48788
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3.2.3. Effect of mineral nutrients, bioregulators and their
interactions on oil % and oil yield

Data in Table (15) showed that oil percentage of sunflower seeds
cv. Vidoc under the experimental conditions is 35.50 and 36. 40% in
2003 and 2004 respectively.

The maximum values of 0il % were due to foliar application of P
(45.41%) followed by Zn+TDZ and P+SA then Zn+SA or PPss;
comparing with untreated plants in both seasons. The lowest values of
oil % comparing with control plants were recorded by SA and
K+PP333. It could be seen that, Zn acted synergistically with
bioregulators as its combination with PP333, SA and TDZ showed
higher values compared with individual applications of Zn.

Oil yield was significantly increased by application of the
studied treatments with the exception of TDZ in the two seasons. The
superiority was due to Znt+SA followed by Zn+TDZ then K+TDZ
which recorded 745.02, 708.75and 702.70% in the first season
respectively.

Table (15): Efrect of minerat mm1ents bloregulator tnteractions on oil% aad oil yeild (Kg’fed) of sunflower
plants at 90 days alter planting during the seasons of 2003 and 2004,
2003 2004
Miserals Biorelatos o Odyd o Oivied
Kyted) Kgited)

_cont eont - 3550eg 26402} 3840eg | 27880h
PPy 36S8ef | 3621hi  3760de | 330.00g

CSA 06Th  37887H  3075) | 367400y

™ 448fg | 32469  3427gh . 32004gh
P cont 45382 44120 ;fg_ 4532a ¢ 602 40 ed
PPy 3550 e-g 394,21 gh 3452gh 413.39 ef :
SA 41,80 be 836.95¢ 42, 38 b £30.72 b )

. ™2 34179 473051  3348h  48236d
K ot 3726de | 48524et  3B67ce . 51047ed
PPy 30.12h 468.18 f R 31 1011 1 488.11¢ de )
SA 3383g | 54144de  3485fh | 54844c

IDZ 39.33 ¢d 70247ab - 38.72c-e 893458

in _cout 36.59 of §52.02d 3718 d+f 54308 ¢
PPy, 393cd 666.74bc  4033bc __‘_663 82 ab :
sa 3957¢ 745020 3952¢d | 718928

TDZ 43.64 ab 708.75 ab 42.72h £89.26 2

The promotive effects of spraying plants with P and Zn in
increasing oil % were achieved also by Sawan et al. (2006) on cotton
plants. This may be attributed to the requirement of P for production
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of high quality seeds, since it involved in energy transfer reactions;
energy is trapped in photosynthesis in form of ATP and NADP. This
energy is then used in photosynthetic fixation of CO, and the
synthesis of lipids and other essential organic compounds (Taiz and
Zeiger, 1998). These results were found to be agreeing with those
obtained by Rajendran and Veeraputhiran (2001) on sunflower.

33. Effect of mineral nutrients, bioregulators and their
interactions on fatty acids composition.

As shown in Table (16), the most 4 common fatty acids in
sunflower oil are the saturated fatty acids; palmitic (16:0) and stearic
(18:0) and the unsaturated fatty acids; oleic (18:1) and linoleic (18:2).
Also, low percentage of lauric and myristic acids were observed in
sunflower oil comparing with other fatty acids.

Myristic acid was not detected by K+TDZ application, wh11e the
rest of treatments increased it. Lauric acid showed a variable trend.
Concerning palmitic acid %, an increment was observed by foliar
applications of P, K and Zn. The highest values of palmitic acid were
due to TDZ followed by K then K+SA and Zn respectively. Stearic
acid was depressed by all treatments except K, P+SA and P+TDZ.

Considering total saturated fatty acids %, an enhancement was
showed by application of TDZ, P, P+PPs33, K and K+ PPs33 or SA.
Oleic acid was increased by all treatments. Results of linoleic acid %
showed an opposite trend to those of oleic acid %. The effect of
treatments on oleic/linoleic ratio showed the same trend of oleic acid
%. All the studied applications, except P+PPj333, enhanced unsaturated
fatty acids % (oleic % + linoleic %). In addition, unsaturated/saturated
fatty acids ratio was reduced by TDZ, P, K, P+ PP333 and K+SA.
This ratio was enhanced by other treatments. The highest values of
unsaturated/saturated fatty acids ratio were obtained by Zn+SA and
K+TDZ treatments. The marked increase in oleic acid %( 65.63 %)
noticed by TDZ was in agreement with that obtained by Ahmed et al.
(1988).
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Table (16): Effect of inineral nutrients (as foliar application) and bioregulators (as seed soaking)
and their combinations on fatty acids (%o) of sunflower seeds at 90 days after planting.

= - 5 5 -3
< 2 ko T g - a g = K- 2
. £ § = £  F £ § 2 & &%
= ‘-‘; - 1) L — x - - P T » 2
- - y . pA ot N el [ - - 3 4 -
g E = ! ¥ ¥ v = 2= EE 3 &
£ ol " 3 < ] it b FE E§  ~ ~
s = T z g % % 5 E 5 3
2 H 5 5 A 2 3 3 ¢ =
cont cont 021 0.08 460 400 4489 4334 8.89 8823 992 1.04

PP:;3 0.09 020 451 346 4898 4052 826 89.50 10.83 1.21
SA 026 020 410 340 5043 3135 786 9078 1141 190
TDZ 0.10 024 5.83 300 6563 2420 916 89.83 980 2.71
P cont 035 045 482 392 6407 2484 935 8891 931 258
PPy 020 0.66 495 330 35517 33.00 911 8817 9.68 1.67
SA 005 0.16 413 412 6045 2894 847 8939 10.56 2.09
TDZ 002 064 3.60 460 6478 2434 886 89.12 10.06 2.66
K cont 000 0.5 564 426 60.04 29.14 1005 8918 887 2.06
PPy; 0.00 097 450 350 53.04 36.00 897 89.04 993 147
SA LI9 276 545 380 4993 39.00 1320 8893 6.74 1.28
TDZ 000 000 404 312 6103 2882 716 8985 1155 212

Zn  cont 0.00 009 510 290 6997 1827 809 8824 1091 3.83
PPs3;; 022 021 406 336 6518 2563 785 9081 11.57 2.54
SA 000 036 450 245 70.61 22.05 731 92.66 12.68 3.20
TDZ 033 039 404 376 60.64 2954 852 9018 10.59 2.05

The higher % of oleic acid, unsaturated fatty acids, unsaturated/
saturated fatty acids ratio and oleic/linoleic ratio are mostly indicators
for stress tolerance (Salama, 1987; Badawy, 1990; and Flagella,
2004). Oil quality plays a necessary role. High oil quality could be
achieved by increasing the ratio of unsaturated/saturated fatty acids.
So, Zn+SA and K+TDZ treatments gave the best results in this
concern. :



J. Biol. Chem. Environ. Sci., 2008, 3(1), 455-489 483

REFERENCES

A.O0.A.C. (2000). Official Methods of Analysis of the Association of
Official Analytical Chemist. 14™ ed Washington , D.C. USA.

Aboul-Magd, E.H. (1999). Physiological studies on the adaptation of
some tomato varieties under saline condition. M.Sc. in Plant
Physiology, Fac. of Agric., Ain Shams Univ., Cairo, Egypt. pp. 26-
104.

Adiloglu, S. (2006). The effect of increasing nitrogen and zinc doses
on the iron, copper and manganese contents of maize plant in
calcareous and zinc deficient soils. Asian Journal of Plant Sciences,
5(3): 504-507.

Afzal, I.; M. A. B. Shahzad; A. Nazir and M. Farooq (2005).
Optimization of hormonal priming techniques for alleviation of
salinity stress in wheat (Triticum Aestivum L.). Caderno de
Pesquisa Sér. Bio., Santa Cruz do Sul, 17(1): 95-109.

Ahmed, F.A.; A. Sharaf; T. S. Mahrous and S.S. El-Saadany. (1988).
Effect of kinitin plant growth regulator on lipid composition of
soybean and safflower. Aceites 39(4-5):213-218.

Aydin, G.; A. Inal; M. Alpaslan; N. Cicek; E. Guneri; F. Eraslan
and T. Guzelordu (2005). Effects of exogenously applied salicylic
acid on the induction of multiple stress tolerance and mineral
nutrition in maize (Zea mays L.). Archives of Agronomy and Soil
Science, 51(6): 687 — 695.

Badawy, A.A.S. (1990). Studies on the effect of some growth
regulators, macro and micro nutrientson some biochemical
constituents of soybean under the condition of reclaimed soils.
Ph.D. in Agricultural Biochemistry, Fac. of Agric., Ain Shams
Univ., Cairo, Egypt.

Barrett, J. (2001). Mechanisms of Action, In: M. Gaston (ed.). Tips on
regulating growth of floriculture crops. OFA Services Inc:
Columbus, OH. p. 32-41.

Beckett, R. P. and J. Van Staden (1992). The effect of th1d1azuron on
the yield of salinity stressed wheat. Annals of Botany, 70: 47-51.
Bid, N.N.; B.K. De; A.K. Srivastava; K.K. Kole and M.H. Ali (1993).
Response to micronutrients, Zinc and copper on brinjal (Solanum
melongena L.). Proceedings of the Workshop on Micronutrients,

22-23 January, 1992, Bhubaneswar, India, pp. 305-310.



484 EFFECT OF SEED SOAKING IN SOME BIOREGI;TLATORS

Bisen, A.L.; P.K. Sharaf and G.C. Joshi (1999). Effect of growth
regulators on growth and yield of garden pea (Pisum sativum L.)
cv. G.C. 322. Orissa J. Hort. 19(1-2):57-63.

Brault, M. and R. Maldiney (1999). Mechanisms of cytokinin actlon
Plant Physiol., Biochem., 37: 403-412.

Brown, J. D. and O. Lilleland (1964). Rapid determination of
potassium and sodium in plant material and soil extract by flame
photometry. Proc. Amer. Hort. Sci., 73: p. 813.

Cakmak, I.; C. Hengeler and H. Marschner (1994). Partitioning of
shoot and root dry matter and carbohydrates in bean plants
suffering from phosphorus, potassium and magnesium deficiency.
J. Exp. Bot., 45: 1245-1250.

Cakmak, I.; H. Marschner and F. Bangerth (1989). Effect of zinc
nutritional status on growth, protein metabolism and levels of
indole-3-acetic. J. Exp. Bot., 40: 405-412.

Cheema, M.A.; M.A. Malik; A. Hussain; S.H. Shah and S.M.A. Basra
(2001). Effect of time and rate of nitrogen and phosphorus
application on the growth and the seed and oil yields of
canola(Brassica napus L.). J. Agron. and Crop Sci., 186(2):103-
110.

Duncans, D. B. (1955). Multiple range tests and multiple F test.
Biometrics 11:1-42.

El-Baisary, E.M.; M.M.B. El-Din and M.A. Negm (1981). A study on
phosphorus fertilization of cowpea plant (Vigna sinensis, Savi.) in
calcareous soil. Agricultural-Research-Review, 59(4): 267-278.

El-Baz, M. G. M. (1995). Effect of plant density on productivity of
some sunflower varieties. Ph.D. Thesis. Fac. of Agric., Ain Shams
Univ., Cairo, Egypt.

Farag, R.S.; S.A.S. Hallabo; F.M. Hewedi and A.E. Basyony (1986).
Chemical Evaluation of Rape seed. Fette- Seifen Anstrichmittel, 88
(10): 391-397.

Flagella, Z.; M. M. Giuliani; T. Rotunno; R. Di Caterina and A. De
Caro (2004) Effect of saline water on oil yield and quality of a
high oleic sunflower (Helianthus annuus L.) hybrid. European J.
Agron., 21(2): 267-272.

Harmati, 1. (1993). Effect of fertilizers on sunflower yields.
Agrokemia-es-Talajtan, 42(3-4): 282-292.



J. Biol. Chem. Environ. Sci., 2008, 3(1), 455-489 485

Hegazy, A.M.A. (2004). Physiological studies on some plants grown
under calcareous soil conditions. Ph.D. in Plant Physiology, Fac. of
Agric., Ain Shams Univ., Cairo, Egypt. pp. 42-75.

Horvath, E.; G. Szalai and T. Janda (2007). Induction of abiotic stress
tolerance by salicylic acid signaling. J. Plant Growth Regulation,
26(3):290-300.

Igbal, M. and M. Ashraf (2005). Presowing seed treatment with
cytokinins and its effect on growth , photosynthetic rate, ionic
levels and yield of two wheat cultivars differing in sat tolerance. J.
Integrative Plant Biol., 47(11):1315-1325.

JiZ.L.and S. Y. Wang (1988). Reduction of abscisic acid content and
induction of sprouting in potato, Solanum tuberosum L., by
thidiazuron. J. Plant Growth Regulation, 7: 37-44.

Johnson, C. M. and A. Ulrich (1959). Analytical methods for use in
plant analysis. U.S. dept. Agric. Informa. Bull., p.766.

Khafagi, O. A.; A. A. Shalaby and E. T. Kishk (1984). Effect of (2-
chloroethyl)-trimethyl ammonium chloride “CCC” on the salt
tolerance of wheat, barley and broad bean. Desert Inst. Bull., 34(1-
2):369-382.

Kishk, E. T.; A. A. Robishy and O.M. Ali (1985). Utilization of some
micronutrients as aregulator for growth of Sudan-Grass
plants,grown under saline and calcareous soil conditions. Desert
Inst. Bull., 35(1):219-231.

Kuchenbuch, R. and J. Jung (1988). Canges in root-shoot ratio and ion
uptake of maize (Zea mays L.) from soil as influenceed by a plant
growth regulator. Plant Soil. 109: 151-157.

Liu, C.Z.; G.Y. Yuan; Z.X. Chen; H.C. Jing and S. Portch (1992).
Effect of zinc on zinc content, seed yield and some qualities of
rape. International symposium on the role of sulphur, magnesium
and micronutrients in balanced plant nutrition. China, 1992, pp.
333-336. ‘

Mekki, B.B.; M.A. El-Kholy and E.M. Mohamed (1999). Yield, oil and
fatty acids content as affected by water deficit and potassium
fertilization in two sunflower cultivars. Egypt. J. Agron, 21: 67-85.

Murphy, J. and J.P. Riley (1962). A modified single solution method
for the determination of phosphate in natural waters. Anal. Chem.
Acta, 27:31-36.



486 EFFECT OF SEED SOAKING IN SOME BIOREGULATORS

Obreza, A.T.; AK. Alva and D.V. Calvert (1993). Citrus fertilizer
management on calcareous soils. Series of soil and water science,
Florida, USA. Ser.1127, pp 1-10.

Ozoris, M. A.; A. A. Robishy; K. Reda and E. T. Kishk (1985). Effect
of K, Ca and Mg foliar application on yield and chemical
composition of sorghum under salinity conditions. Desert Inst.
Bull., 35 (2): 567-582.

Pawan, K. J. ; P. S. Rana and A. Gulati (1997). Strategies for
improving salt tolerance in higher plants. Science Publishers, Inc.
U.S.A.pp. 1-24.

Peter V. Minorsky (2001). The Hot and the Classic, Tribute to Folke
Skoog. Plant Physiol. 125 : 1546-1547.

Rademacher, W. (2000). Growth retardants: Effects on Gibberellin
Biosynthesis and Other Metabolic Pathways. Ann. Rev. Plant
Physiol. and Plant Molecular Biol., 51: 501-531.

Rajendran, K. and R. Veeraputhiran (2001). Phosphorus nutrients in
sunflower. Agric. Rev., 22: 68-70.

Raskin, 1. (1992). Salicylate, a new plant hormone ? plant phsyiol. 99:
799-803.

Russell, E. W. (1973). Soil condition and plant growth. The English
Language Book Society and Longman, London.(C.F. Sawan et al.
2006).

Russel, .D. F. (1991). MSTAT C, Director. Crop and Soil Sciences
Dept. Michigan State Univ. US A..

Sakhabutdinova, A. R; D. R. Fatkhutdinova; M. V. Bezrukova and F.
M. Shakirova (2003). Salicylic acid prevents the damaging action
of stress factors on wheat plants. Bulg. J. Plant Physiol., Special
issue. 314-319

Sakr, A.A.; S.A. Rizk and S.A. Mahmoud (1990). Growth and uptake
responses of plants to zink as influenced by phosphorus
fertilization. Annals-of-Agricultural-Science-Cairo, 35(1):587-594.

Salama, A.M.(1987). Yield and oil quality of sunflowers as affected by
fertilizers and growth regulators. Novenytermeles, 36(3): 191-202.

Sangakkara, U.R., M. Frehner and J. Nosberger (2000). Effect of soil
moisture and potassium fertilizer on shoot water potential,
photosynthsis and partitioning of carbon in mungbean and cowpea.
J. Agron. Crop Sci., 185:201-207.



J. Biol. Chem. Environ. Sci., 2008, 3(1), 455-489 487

Satti S. M. and M. Lopez (1994). Effect of increasing potassium levels
for alleviating sodium chloride stress on the growth and yield of
tomatoes. Commun. Soil Sci. Plant Anal. 25 (15&16): 2807- 2823,

Sawan, Z. M.; S. A. Hafez; A. E. Basyony and A. R. Alkassas (2006).
Cottonseed, Protein, Oil Yields and Oil Properties as Influenced by
Potassium Fertilization and Foliar Application of Zinc and
Phosphorus. World Journal of Agric. Sci., 2 (1): 66-74.

Shah, J. (2003). The salicylic acid loop in plant defense.Plant Biology,
6(4): 365-371.

Shen, F.F.; C.Y. Yin;F.Z. Gao and Y.J. Yu (1996). The promotion of
salt tolerance of cotton seedlings from seed soaked in MET
solution. China-Cottons, 23(5): 9-10.

Stark, C. (1993). Phytohormonal approach to salinity resistance. H.
Lieth and A. Al Masoom (eds): towards the rational use of high
salinity tolerant plants.1: 307- 311.

Taiz, L. and E. Zeiger (1998). Plant physiology. Third ed. Sinauer
Associates, Inc., Publishers. Sunderland, Massachusetts. p 110

Thomas, J.C. and F. R. Katterman (1986). Cytokinin activity induced
by thidiazuron. Plant Physiol., 81: 681-683.

Vogel, A.J.(1975). A text book of practical organic chemistry .Third
ed. P.969-971, English Language Book Society and Longman
Group Ltd. London.

Wang, L.H. and Chin-Ho Lin (1992). The Effect of Paclobutrazol on
Physiological and Biochemical Changes in the Primary Roots of
Pea. J. Exp. Bot., 43(10):1367-1372.

Weiss, E.A. (2000). Oilseed Crops. Second Edition, Blackwell Science.
Australia. pp.205-243.

Wu, M.C,, CZ Xiao and P.Y. Zheng (1999). Study of the
physiological function of phosphorus to soybean. Scientia
Agricultura Sinica, 32(3):59-65.

Yelenosky, G., J.C.V.Vu and H. K. Wutscher(1995). Influence of
paclobutrazol in the soil on growth, nutrient elements in the leaves,
and flood/freeze tolerance of citrus rootstock seedlings. J. Plant
Growth Regul., 14(3): 129-134.

Zaghlool, S.AM. (2002). The effect of gibbrellic acid (GA3), salicylic
acid (SA), sperimidine (Spd) and methodes of application on
growth, yield, some chemical constituents and some
phytohormones in mungbean(Vigna radiata 1..). Arab Univ. J.
Agric. Sci., 10(2):493-504.



488 EFFECT OF SEED SOAKING IN SOME BIOREGULATORS

shmgilly Bl QA g galll Clalila any B ol i AL
a3 (b uadll S il b Jpanally el o liSlg p saniligall s
Latal) Lpulst)
i) 26 Sy Cpn Paaad) g pdla pludd gt 5 gibhiaa Caa e sl
1lad 3 o am 2Aglis
o eaa = 3 Al —aed Cpe Aaala —del ) I A€ - of 30 bl a8 -
cpan = 5l =gl janall Cigay S e~ Al saap —A5 )l J paY) 0l -2

le el ymaall Gigay 38 el daglll da gy ja S gay Anaa (B Aliall (o jladll <y sal
200362004 om0 A & gaad e (el dbe Sl

AN gaill ciladiia Jillas A cilela ) sad Ao )3 ) g2l a3 o

o o5 10 35S lluadld) padda g ol (6 5a 10 358 Jg 51 iU
Ol (e 3a 5 5850 0okl 5 ¢l

A pralinll Jillass dot 530 e gl 655 22y il (3 3

il Gl S 5 % 2 S50 asmmlishl 25K 5% 0,5 3855 ¢h ) shudll (aea
% 0,01 5xS%

& (a3 90)danlt vie Al 5 Aol )30 2y a5 50 see de GV e 3
Gl iy oY) Lall 3 jualiall ail AheS @3lat Jae y gaill il 2l
A0l Al 8 Sl g dgaall paleall gy 5 gudana g A 5 4T 58 9 J goanall
1 oh e i) paf cuilg

Alalaal) @ yelal Sl g Al Jgla A & gina B0 ) ) studlly clilall i oo
, S padll g geaall Glall 5 aill )5l e JS (A Ay sina 33 p el ally

IS (o Ay gime Bl ) Sopan M il ol gl Cilalaie (8 o0l oy (Blady Lk
Ja ) s slSlll e ) ohy canlis ) il (g puiadd) & ganall Gl 5 (adl 0350 00
5 ol ot S g elduallll mes o JS (8 ol COWlae il Laiy
il 5 laa gl g (g sl & gendll Calall 5 Lmall o)l 5 Glall ka8 & i
il J s e 095 il dalaall

e (B35 salll Cilakiia b adill Gy jualially 55 Cllela JS Conua
’ dyaaadl 0395 0a 8/ )50 0 )5 ol

pongall CIGE 0 A pall N il 5 agliplhy clilall ) coleae ol
sl g asadlSll g o gali sl G JS il 318 5 8830 )



J. Biol. Chem. Environ. Sci., 2008, 3(1), 455-489 489

Oo IS N (ol i apaall g el g il ¢ g maall pualiall I dpaally Ll
o aliall Al 82y gina 5ol ) (A i Sl g @ ppuli sl

A QXS g o gauliall 55 (g Bay)s pamigall S5 (A S sine palli Jaayl
ol g0 guaitlall g0 guall / o gl gl

Ll b Ay gina 82 N ol pualially (55 cBlales JS off il i of
LSyl J g XS g Guedll abie ) iy 3 Ay gial

laliia o adill 5 jualiadly (350 Cllalae o delitl i < )Lal k8 e gac
IS5 (9 ) gkl + a gealisall ilalan (1o Lgle Jganll o3 geiliil) Jusadl o ) el
gsaaall Gilall y (aill )l a8 el el Ay dhluadlall (aea + olil
e Agiaalt [alealt (e i o SIS afli€ay Jgeana Aol Al (5 jasl)
cAnpdiall / dapliall

il 5ypa b pualiadl @l 38 55 8 S Juadl Glildlaall s cilef @lli
3 psngpall / agpligl i g aglisll 0o iS5 el 5 pgagall e il 1S
- Stiadall g anall s oli 5l g o gaic Lall




