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Department of Horticulture (Ornametal Plants), Faculty of Agriculture, South Valley University, Qena, Egypt

ABSTRACT

The efficiency of some biostimulants, as natural and safe compounds for humans and
environment, were studied on alleviation the adverse effect of salinity on Foeniculum vulgare
(fennel). Seaweed extract (1.5, 3 and 4.5 cm L"), amino acids (1, 2 and 3 cm L") and dry yeast
(5, 10, 15, 20 and 25 g L") were used, as foliar application. Humic acid (1, 2 and 3 g L") was used,
as foliar application and soil drench. Humic acid at 3 g L' increased significantly most of the
studied traits, when added as a soil application. Most of the studied traits increased gradually with
increasing the concentration of dry yeast. The concentrations of dry yeast (20 and 25 g L") were
the most effective treatments, as compared with other studied-substances for overcoming the
negative effect of salinity. Enhancing plant growth under salinity stress, was combined with
increasing the accumulation of potassium and reducing the sodium ions.
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INTRODUCTION

Foeniculum vulgare (Fennel) belongs to the family Apiaceae is a medicinal herb native to the
Mediterranean region. Fennel is used for various purposes i.e., in the food, cosmetic and medical
industries. The essential oil of fennel has a valuable antioxidant, antibacterial, anticancer and
antifungal activity (El-Awadi and Hassan, 2010; Bahmani et al., 2012).

Soil salinity affects agricultural productivity in many parts of the world (Zorb et al., 2004).
Uncontrolled irrigation, continuous cropping, excessive fertilization and poor-quality water may
be also cause salinity problems with reduction in the yield and quality of the products
(Cansev and Ozgur, 2010).

Plant growth and yield are reduced in salt-affected soil because of the excess uptake of
potentially toxic ions e.g. Na+ which have negative effects on plant growth.

Salt-affected farmland need more research to determine the best salt-tolerant plant species or
find the natural compounds effective in reducing the harmful impact of salinity (Yamaguchi and
Blumwald, 2005).

It was found that, humic acid is the major component of soil organic matter. Humic acid have
both direct and indirect effects on plant growth. Indirect effects involved improvement of soil
properties, such as; aggregation, aeration, permeability, water holding capacity, ion transport and
availability through pH buffering (Tan, 2003). Direct effects involved increasing cell membrane
permeability, oxygen uptake, respiration, photosynthesis, phosphate uptake, root cell elongation,
regulate hormone level, improve plant growth and enhance stress tolerance (Cimrin et al., 2010).
Kulikova et al. (2005) pointed out that humic substances might show anti-stress effects under
abiotic stress.
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There are very few researches about the effect of applications of dry yeast, seaweed extract,
amino acids on the salinity conditions.

Therefore, the present study aimed to investigate the efficiency of humic acid, dry yeast,
seaweed extract and amino acids applications on the alleviation of the adverse effect of salinity as
natural and safe compounds for humans and environment.

MATERIALS AND METHODS

Plant material and cultivation: Field experiment was carried out at the Nursery of Ornamental
plants, Faculty of Agriculture, South Valley University, Qena, Egypt during the two successive
seasons of 2011/2012 and 2012/2013.

The soil of the experimental field was a sandy clay loam and its characteristics are presented
in Table 1.

Seeds of Fennels (Foeniculum vulgare) plant “local cultivar” were sown directly on
15 November 2011 and 2012 for the first and second seasons. Seaweed extract (Gifert liquid
at 1.5, 3 and 4.5 cm L"), amino acids (amino power at 1, 2 and 3 cm L7') and dry yeast
(5, 10, 15, 20 and 25 g L™") were used as foliar application. Humic acid (1, 2 and 3 g L") was used
as soil drench and foliar application. Plants were treated four times/season with 15 days intervals.
The first addition was done after one and half month from sowing.

The experiment was carried out in a complete randomized blocks design with eighteen
treatments and three replications. Each treatment had 12 plants/replicate. There were four ridges
for each treatment in each replicate and three holes in each row with distance 30 cm between them,
four seeds were placed in each hole and thinning was done after three weeks to maintain one
plant/hole.

All plants received recommended dose of fertilization. Plants were fertilized with NPK
at 100, 150 and 100 kg fed ~*, respectively. The sources of NPK fertilizer were ammonium sulphate
(20.6% N), Calcium super phosphate (15.5% P,0;) and potassium sulphate (48% K,0).

Phosphorus fertilizer was added as one dose before planting during the soil preparation. The
amount of nitrogen fertilization was added at two equal batches, the first one was added after
thinning with all amount of potassium and after two weeks from the first addition, the second
amount of nitrogen was added. Plants were irrigated by the available ground water which have EC
value 7.12dS m~".

Table 1: Some physical and chemical characteristics of the used soil

Properties Values
Physical properties

Sand (%) 64.91
Silt (%) 13.49
Clay (%) 21.6
Soil texture Sandy clay loam
SP (%) 32.0
Chemical properties

pH 8.05
E, (dSm™) 3.68
CaCoO (%) 6.9
Ca™ (meq L) 13.76
Mg™ (meq L) 11.79
K" (meq L) 0.37
Na* (meq L) 12.97
CO,*+HCO,™ (meq L") 13.76
SO7, (meq L) 7.71

SP%: Saturation percentage
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Morphological estimation: The morphological characters such as plant height, stem diameter,
number of branches, fresh and dry weights of vegetative growth and fresh weight of roots were
estimated at flowering stage. Flowering date (mean days from sowing to opening the flowers) was
calculated. The number of umbels/plant and fruits weight/plant was estimated after maturity.

Biochemical estimations: Essential oil percentage was determined in the fruits using water
distillation methods according to British Pharmacopoeia, 1963. Proline was determined
according to Bates et al. (1973). Sodium and Potassium were determined using the method of
Humphries (1956).

RESULTS AND DISCUSSION

Concerning seaweed extract treatments, plants treated with 4.5 cm L' significantly increased
plant height, stem diameter, dry weight of vegetative growth and roots fresh weight in the second
season compared to control as shown in Table 2. The highest fruits weight/plant, essential oil
percentage was significantly increased in the plants treated with seaweed extract at the
concentrations of 3 and 4.5 cm L' in both seasons as shown in Table 3. Table 4 illustrates that,
sodium and proline were decreased significantly using all concentrations of seaweed, while
potassium was slightly increased.

This result may be due to that seaweed extracts contain various betaines. Betaines serve as a
compatible solute that alleviates osmotic stress induced by salinity (Khan et al., 2009). Seaweed
extracts improve nutrient uptake by roots, thereby causing enhanced general plant growth and
vigor. Also, yield increases in seaweed-treated plants are thought to be associated with the

Table 2: Effect of seaweed extract, amino acids, humic acid and active dry yeast on the plant height, stem diameter, number of branches, fresh and dry weight
of vegetative growth and fresh weight

Fresh weight of Dry weight of Fresh weight of
Plant height (cm) Stem diameter (cm) No. of branches vegetative growth (g)  vegetative growth (g) roots (g)

Season Season Season Season Season Season
Treatments First Second  First Second First Second First Second First Second First Second
Control
0.0 79.9% 70.0*  0.43% 0.41"  10.0%  9.6% 27.4° 26.3" 5.02" 4.90" 5.50%  4,0%
Seaweed (cm L)
1.5 79.5° 66.6"  0.37" 0.43°* 7.3" 8.0°  20.0° 27.0* 3.88" 4.30" 4.98%  5.0¢
3.0 81.5% 76.6%  0.37% 0.46% 8.0 8.0°  225% 29.2%  4.45¢ 4.80" 5.00% 5.3
4.5 83.6°  81.0¢  0.40%" 0.49% 8.0 8.6% 23.7¢ 31.6%  4.63" 6.80" 5.80% 6.0
Amino acids (g L")
1.0 80.8% 716"  0.38" 0.53° 7.4" 9.0% 18.5° 3428 4.72¢ 6.13% 500"  7.0™
2.0 88.3¢ 76.0%  0.48 0.52¢¢ 95 9@l 312! 33.8"  5.44¢ 6.60% 5.40°  5.6°
3.0 84.3 955"  0.43% 0.61" 9.2 10.0% 282" 38.1%" 460" 7.00° 5.10%  5.9%
Humic acid (spray) (g L™)
1.0 81.9% 85.6%  0.41%" 0.62" 8.8  9.0* 261" 3578 4.34% 5.27  4.00¢ 3.9¢
2.0 85.1%  83.6%  0.45% 0.62"  10.1%% 10.0% 29.3¢ 37.8"  4.80¢ 6.80" 5.90¢ 6.9
3.0 90.8°  100.0™  0.48" 0.71*  11.5™* 10.3* 35.0* 43.6 6.51 7.53 6.70° 7.4"
Humic acid (soil) (g L™)
1.0 85.4%  97.3*  0.33" 0.62" 8.8 10.0*  26.6" 40.1% 4.26° 5.00" 3.66" 6.8
2.0 89.1  100.0"  0.40%" 0.63" 9.7 10.5%  38.8¢ 40.4%  4.96¢ 7.20° 5.26< 7.1
3.0 103.1>  103.5*  0.61" 0.74*  10.7' 11.0¢  55.5™ 60.0°  11.80° 13.00° 5.70 7.2
Active dry yeast (g L™)
5 105.1*" 81.5¢  0.56" 0.47° 12.8™ 110  56.0™ 48.0° 9.16" 9.00% 5.81 5.4°
10 113.7° 97.3*  0.57% 0.510  12.2"¢ 110 525" 545  10.48" 10.20%¢ 5.66° 7.3
15 11.5" 90.0¢  0.67™ 0.61" 13.0° 185" 61.3" 63.0°  10.89 11.00¢ 8.70° 9.1°
20 107.7 73.6°  0.65 0.64" 13.3° 135" 70.8° 72.00  12.04° 13.00 8.53" 9.5
25 108.5 75.5%  0.73 0.71*  17.0°  16.0™ 88.7° 87.9"  24.68" 22.93*  10.60°  10.0°
LSD, s 8.8%* 6.7%%  0.09%* 0.07%%  2.3%% ¥ 9] gk 5.8%%  3.41%* 1.52%%  159%F  1.1%¥

Dry yeast on the plant height, stem diameter, number of branches, fresh and dry weight of vegetative growth and fresh weight of roots of Foeniculum vulgare
plants under salinity stress, values in the same column not followed by the same letter are significantly different at the 5% level of probability, **Significant
atp= 0.01
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Table 3: Effect of seaweed extract, amino acids, humic acid and active dry yeast on the flowering date, number of umbels/plant, fruits
weight/plant and essential oil percentage of Foeniculum vulgare plants under salinity stress
Flowering date (days) No. of umbels/plant  Fruits weight/plant (g) Essential oil percentage (%)

Season Season Season Season
Treatments First Second First Second First Second  First Second
Control
0.0 106.1%f 113.8% 8.7¢¢ 8.08M 57K 6.0 0.38! 0.32¢
Seaweed (cm L)
1.5 109.6"d 109.0"  6.1° 7.4 7.9¢8h 7.18 0.25' 0.26f
3.0 108.8¢f 116.5% 6.5° 7.7 8.0¢h 7.48 0.63" 0.98
4.5 112.3% 111.0%  6.9% 7.8h 8.3fh 8.5 1.16° 1.20°
Amino acids (g L™)
1.0 110.4™ 112.0°  6.0° 7.8 7.0 6.9¢ 0.75% 0.55%¢
2.0 111.8™ 106.7¢ 7.8% 8.1fh  9.0f 7.28 1.0° 0.60
3.0 116.8° 105.0% 7.1% 9.1%k 7.9 7.48 0.5" 1.00%
Humic acid (spray) (g L™)
1.0 112.1% 107.6% 7.1% 8.7 g pehi 7.5¢ 0.47" 0.47%f
2.0 111.9" 105.8¢% 8.1% 9.24f g5 8.3 0.57¢ 0.56%¢
3.0 113.0% 102.2¢ 8.4 10.4™ 9.0 8.8f 1.0° 1.02%
Humic acid (soil) (g L™)
1.0 117.3° 108.6™4  6.4° 8.7 6.0 7.18 0.5" 0.58%¢
2.0 112.5™ 107.4 7.4% 9.3% 7 .5h 7.18 0.8¢ 0.79%
3.0 112.2% 105.9%% 9.8bed 10.9° 11.0° 10.7° 1.11° 1.13%
Active dry yeast (g L™)
5 110.6™ 118.9° 11.9% 9.9 1559 15.2¢ 0.6% 0.58%¢
10 109.9% 118.8° 10.0°¢ 8.6 19.0° 15.4¢ 0.7 0.70%
15 108.6°%f 116.1% 11.4%° 13.2° 16.0¢ 18.5° 0.8¢ 0.81"
20 104.7° 108.9%4  13.7* 10.2™¢  23.0° 25.2" 0.9° 0.99%
25 105.5¢ 104.2°% 13.7° 13.6° 26.0° 28.0° 1.0° 1.00*
LSD, s 4.9%% 8.0% 4.8%* 0.9%*  0.9%* 0.8%*  0.06%** 0.27%*

Values in the same column not followed by the same letter are significantly different at the 5% level of probability, *,**Significant at
p = 0.05 and 0.01, respectively

hormonal substances present in the extracts especially cytokinins (Norrie and Keathley, 2005).
Seaweed extracts seems to mediate stress tolerance by enhancing K+uptake (Khan et al., 2009).

With respect to amino acids applications, the concentration of 3 cm L~ increased significantly
plant height in the second season compared to control (95.5, 70 cm, respectively). All the
concentrations of amino acids increased significantly stem diameter, fresh weight of vegetative
growth and roots in the second season. Essential oil percentages were increased significantly in the
first season using all concentrations. A significant increase was observed in the fruit weight/plant
for both seasons compared to control. Sodium and proline content were significantly decreased
using all concentrations of amino acids in both seasons.

Tao et al. (2008) pointed out to the enhancement in plant growth after amino acid treatments
as aresult of protein synthesis. Amino acids act as a precursors or activators of phytohormones and
growth substances (El-Awadi and Hassan, 2010).

Regarding the effect of the humic acid, it can be seen that its addition to the soil had more
stimulation effect on plant growth and yield compared to the foliar application. The high
concentration of humic acid (3 g L™") increased significantly most of the studied traits when added
as a soil application compared to the control.

Foliar application of humic acid at all concentrations had a significant effects on the plant
height, stem diameter, fresh and dry weight of vegetative growth in the second season except for
the concentration of 1 g L ™" with respect to dry weight of vegetative growth. Application of humic
acid at 3 g L' as a spray increased significantly plant height and fruits weight/plant and proline
in both seasons.
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Table 4: Effect of seaweed extract, amino acids, humic acid and active dry yeast on the proline, Na and K and content of Foeniculum
vulgare plants under salinity stress

Proline (mg g~ DW) Na*(mg g~! DW) K" (mg g™ DW)

Season Season Season
Treatments First Second First Second First Second
Control
0.0 3.97° 3.47° 2.4° 1.7° 18.1° 9.7"
Seaweed (cm L)
1.5 3.99° 2.7 2.2° 1.5° 18,580 10.0%0
3.0 2.39¢ 2.35% 2.3" 1.5° 18.8f¢h 11.9%
4.5 1.9580 2.19° 2.14 1.45 20.4edef 12.4
Amino acids (g L™)
1.0 3.14° 3.01° 2.3 1.5° 18.7%h 10.1%0
2.0 2.39¢ 2.77° 2.14 1.45 19.5dcfeh 11.0°f
3.0 2.95° 2.33% 2.2¢ 1.4™ 20.2bedefe 11.6%
Humic acid (spray) (g L™)
1.0 2.29% 2.40¢ 2.14 1.5° 19.2¢fh 11.0°f
2.0 2.17% 2.28°% 2.14 1.45 19.6%fh 11.74%
3.0 1.93¢" 1.89¢ 2.0° 1.3« 21.02bede 13.3™
Humic acid (soil) (g L™)
1.0 2.11f 2.38% 2.14 1.45 19.7e%feh 11.39%f
2.0 1.83" 2.292f 2.1¢ 1.3« 19, 7edefeh 12.2¢¢
3.0 1.83" 1.64" 1.9 1.2¢ 21,120 13.3%
Active dry yeast (g L")
5 2.05% 1.99¢ 2.0° 1.2¢ 21,120 13.2%
10 1.57 1.48 1.9 1.2¢ 21.2%0 14.1%
15 1.531 1.36 1.9 1.2¢ 21.4% 14.2%
20 1.36 1.16* 1.9 1.2¢ 21.9% 14.4*
25 1.19% 1.01' 1.88 0.9° 22.3° 14.7°
LSD, s 0.13** 0.11%* 0.1%* 0.2%* 1.9%* 1.3%%

Values in the same column not followed by the same letter are significantly different at the 5% level of probability, **Significant at
p=0.01

The mechanism of humic acid in promoting plant growth have been proposed, humic substances
may enhance the uptake of nutrients and reduce the uptake of some toxic elements (Cimrin et al.,
2010). Delfine et al. (2005) reported that humic acid can be used as a growth regulator to regulate
hormone level, improve plant growth and enhance stress tolerance.

With regard to dry yeast application, most of the studied traits increased gradually with
increasing the concentration of dry yeast.

The results show that treated plants with the high concentrations of dry yeast
(20 and 25 g L") was the most effective treatments compared with other studied-substances for
overcoming the negative effect of salinity (Table 2-4).

The concentration of 25 g L' increased significantly all studied traits in both seasons compared
to the control except for plant height in the second season. Fruits weight/plant and essential oil
were increased by approximately five times and three times than the control, respectively.

The stimulation effect of dry yeast on plant growth, fruits yield and oil production may be due
to the fact that active dry yeast is rich with amino acids, vitamins and proteins (Selim et al., 2013).
Dry yeast also had stimulatory effects on cell division and enlargement, protein and nucleic acid
synthesis and chlorophyll formation and act as a source of cytokinins (El-Lethy et al., 2011).

All treatments decreased significantly proline content compared to the control (plants grown
under saline water only). Where, proline was accumulated in the plant organs grown under salt
stress as a sink for energy to regulate redox potential, as a hydroxy radical scavenger, a solute that
protects macromolecules against denaturation (Tammam, 2003).
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Table 4 showed that, improvement the plant growth of fennel using dry yeast and other
substances as mentioned above was combined with enhancing the accumulation of potassium ions
and reduction of sodium ions (toxic elements). This results suggested the role for alleviation salt
stress deleterious in the fennel plant. Humic acid and dry yeast alleviate the reductive effect of
osmotic stress by increasing the content of K" and that governs the tissue extensibility by
maintaining the turgid of plant tissues under stress conditions. These results confirmed with the
finding of Tuteja (2007).

CONCLUSION

It can be concluded that, sprayed fennel plants with active dry yeast at all concentrations
especially at 25 g L' was the most effective substances to alleviate the negative effect of salinity
that would inhibit plant growth of fennel plant due to its ability to alleviate the adverse effect by
restoring the ion balance.
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