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Abstract

The use of soil amelioration agents is an important physiological method that improves plant tolerance to salt
stress. The aim of this research is to examine the soil application of magnetic iron (MI) and/or potassium humate
(KH) to mitigate the effect of salinity on the flowering and fruiting characteristics of *Aggizi’ olive trees. Ten-
year-old trees grown in sandy loam soil were treated with four levels of MI (0, 500, 750 and 1000 g / tree) and
KH (0, 50, 75 and 100 g/ tree) as a single dose during soil preparation on 1 December in both seasons. The result
showed that the individual application of each anti-salt stress substance improved the flowering and fruiting
characteristics and resulted in the higher number of inflorescence per shoot, fruit set percentage, fruit weight, fruit
diameters, flesh thickness and tree yield compared to the control plants. The dual interaction of MI with KH was
significant for all of the studied attributes. The interaction of the highest levels of MI (750 or 1000 g per tree) and
KH (75 or 100 g per tree) improved the flowering and fruiting characteristics of “Aggizi “olive trees. These results
suggest that anti-salt stress substances may be useful methods for use in arid and semi-arid regions to enhance salt

tolerance in olives.
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Introduction

Olive (Olea europaea L.) is an evergreen tree
belonging to the Oleaceae family, which has been one
of the oldest cultivated trees in the history of the world
for thousands of years (Caponera, 1993). The olive
tree is of great importance in Sinai, because it has
cultural, traditional and economic value. ’Aggizi’
(Aggizi shame) is the most widely cultivated table
olive cultivar in Egypt.

Water used for irrigation in olive orchards is often
saline water, especially in the coastal area of Southern
Sinai. Generally, soils in South Sinai are usually
deficient in fertility nutrients (especially micro-
nutrients), very low in organic matter, alkaline (high
pH), high in calcium carbonate (CaCOs) and high
content of salinity.

In the arid and semi-arid regions, salinity is one of
the most important abiotic stresses and a serious threat
to agricultural sustainability. The extent of salinity
problem is about 10% of world land area and 50% of
irrigated areas which results in 12 billion US$ loss of
agricultural production (Flowers et al., 2010).

Salinity of irrigation water can cause a build-up of
salts in the root zone, particularly if the internal
drainage of the soils (or leaching by rainfall or applied
irrigation) is inadequate. In some coastal areas, the
extracting of groundwater has proceeded to the point
where the intrusion of seawater into the aquifers has
degraded the quality of these resources. Continued
irrigation with such low-quality groundwater has
contributed to the expansion of land salinization
(Karajeh et al., 2013).

Many studies have focused on physiological
aspects of salinity in plants (Long and Baker, 1986;
Morales et al., 2008; Belkhodja et al., 1999; Abadi’a

et al., 1999). Thus, plant growth (i.e., root and shoot
length, total leaf area, and dry weight) is inhibited by
moderate and high salinity (Marin et al., 1995; Tattini
et al., 1995; Chartzoulakis et al., 2002; Vigo et al.,
2005). Plants grown under NaCl salinity show an
increase in sodium and chloride concentrations, and a
decrease in potassium, calcium and magnesium
(Bartolini et al., 1991; Tattini et al., 1995;
Chartzoulakis et al., 2002; Vigo et al., 2002). Nutrient
uptake by plants can be reduced by excessive salts in
the soil solution, either by direct competition between
ions or by increased osmotic potential of the solution
reducing the mass flow of mineral nutrients to the root
surface (Grattan and Grieve, 1999).

Therefore, since salinity is one of the increasing
problems in the world and covers a large area of Egypt,
it is necessary to study and develop physiological
techniques to increase plant resistance to salt stress.
Magnetite (magnetic iron) and potassium humate can
be added to the soil as an ameliorative agent in order
to overcome the negative effect of salinity (Abobatta,
2015).

One of the most useful factors in the plant growth
is the enhancement of salinity tolerance by means of
magnetite. Magnetite has a black or brownish-red
color, a natural row rock with very high iron content,
and a hardness of about six on the Mohs hardness
scale. It is one of two naturally magnetic row rocks in
the world (Mansour, 2011). The positive effect of
magnetic therapy can be attributed to the
paramagnetic properties of certain atoms in plant cells
and certain pigments, such as chloroplasts. The
magnetic properties of molecules influences their
ability to attract and then change the magnetic field's
energy to other energy types and to move it to other
plant cell structures, thereby enabling them to be
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activated (Aladjadjiyan, 2002). Iron oxide minerals
have the most reactive surface sites among inorganic
minerals existing in the environment and are capable
of binding natural inorganic and organic materials,
including cations and anions. The electrostatic forces
between metal ion and surface charge in the presence
of Fe?* of magnetite attributed to such an excellent
adsorption behavior (Ahmed et al., 2013).

Potassium humate, as a natural organic
macromolecular compound and environmentally
friendly carbon resource, which derives from peat,
brown coal or weathered coal, etc. possesses a wide
variety of oxygen-containing functional groups and
has good adsorption and complexation properties for
many kinds of soil minerals. Many investigators
reported that, application of humic substances led to a
remarkable increment in soil organic matter and
reduce the negative effect of salt stress, which improve
plant growth and increase crop production (El-Hefny
2010 on cowpea Kirn et al 2010 and Gad El-Hak et al.
2012 on Peason garlic). Moreover, the application of
potassium helps the plants to cope with the hazardous
effects of salinity by improving the morphological,
physiological and biochemical attributes.

Among various macronutrients, potassium (K*)
occupies an important role in the survival of plants
under salt stressed conditions (Mengel, Kirkby, 2001;
Mahmood, 2011).

Potassium humate was combined with magnetic
iron to increase effective adsorption sites and hydroxyl
groups showed a considerable adsorption capacity of
280.6 mg/g (Lei, et al., 2014; Gu et al., 2016). The
most active surface sites (mainly Fe-OH site on
magnetite) are able to bind to humic acid in the soil
(IMes and Tombacz 2006). HA has a skeleton of alkyl
and aromatic units that attach with carboxylic acid,
phenolic hydroxyl and quinone functional groups,
which could have strong affinity to the surface of
magnetite. The absorption of HA on magnetite
generally enhances their stability through a
combination of steric and electrostatic effects.
Additionally, due to ligand exchange reactions
between HA and the surface sites of iron oxide

dissolved Fe (I11) ions move into the aqueous phase
from the surface of magnetite. Therefore, the
bioavailable iron ions are increased in soil and would
subsequently stimulate the growth of certain soil
microbes. It has often been stated that they are active
agents in the decomposition of organic matter,
releasing carbon, nitrogen and ammonia, which supply
plants with nutrients, and releasing cellobiose and
various oligosaccharide intermediates as degradation
products (Bahn et al. 1979). In addition to, magnetite
amendments could facilitate the turnover of C and N
in soil by stimulating soil enzymes such as invertase
and urease (Jenkinson and Ladd, 1981).

However, according to the available literature
there is no information about the effect of magnetite
alone or in combination with potassium humate on
flowering and fruiting attributes of olive trees under
salinity stress conditions.

The aim objective of this study was to evaluate to
what extent applications of magnetite, potassium
humate and their interactions can play an important
role in reducing the impact of salinity stress
on’Aggizi’ olive trees.

Materials and methods

Orchard site and experimental design

This investigation was conducted on olive trees
orchard at South Sinai Experimental Station (Ras
Sudr) a facility of the Desert Research Center of Egypt
located at South Sinai Governorate. The study was
carried out in two successive seasons (2017, 2018 -
2018, 2019). The cultivar *Aggizi’ olive used in this
study was raised by semi hard wood cuttings. Ninety-
six trees healthy, nearly uniform in shape, size, and
productivity and received the same horticultural
practices were selected as test plants. The selected
trees were approximately 10 years old, grown in sandy
loam soil, planted at a spacing of 5 m x 5 m under a
drip irrigation system to supply water from the artesian
well. The physical and chemical properties of the soil
in addition to irrigation water used in this study are
presented in (Tables 1 and 2).

Table 1. Some physical and chemical properties of the experimental soil.

Physical analysis

Soil depth (cm)  Silt % Clay % Texture class
0-30 8.05 10.67 Sand Loam
30-60 7.59 6.33 Sand Loam

Chemical analysis

Soil depth (cm) pH E.Ce (dSm™) Soluble cations (mequiv/L) Soluble anions (mequiv/L)
Ca++ Mg++ Na+ K+ COs> HCO; SO CIf

0-30 7.97 9.06 16.32  6.99 66.30 0.99 - 5.00 4.60 81.00

30-60 8.05 3.94 10.61 1.63 26.61 0.55 - 3.00 12.40 24.00

Table (2): Some chemical properties of the irrigation water.
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pH E.C. (dSm™) Soluble cations (mequiv./L)

Soluble anions (mequiv./L)

Ca2+ Mg2+ Nat*

K* COs* HCO;™ SO% CI

7.22 9.19 13.98 6.52 70.92

0.48 - 4.40 32.20 3.57

The experimental design was a factorial between
magnetic iron applications (four levels) and potassium
humate (four levels) in a completely randomized
block design with three replicates for each treatment
and two trees for each replicate. The four magnetic
iron levels were 0, 500, 750 and1000 g/tree while the
four potassium humate rates were 0, 50, 75 and 100
g/tree. Both magnetic iron and potassium humate were
applied round the trees as a single dose at the levels
indicated above during soil preparation on 1%
December in both seasons. Magnetic iron was
contained 48.8% Fe304, 17.3% Fe O, 26.7% Fe,0s,
2.6% MgO, 4.3% SiO and 0.3% CaO, obtained from
"ElI-Ahram Company", El Talbia, Faisal St. EI-Giza
Governorate. Potassium humate used in this study
produced by Leili Agrochemistry Co., LTD, China
and its properties are shown in (Table 3).

Table (3): Guaranteed analysis and physical data of Humic
total

Guaranteed analysis

Humic acid 80%
Potassium(K20) 10-12%
Zn, Fe, Mn, etc., 100 ppm

Physical Data
Appearance Black powder
pH 9-10
Water solubility <98%

Response of’Aggizi’ olive trees to the tested
treatments was evaluated through the following
determinations.

Flowering and fruiting characteristics

Flowering characteristics

Flowering was evaluated on marked shoots, which
remained on the tree throughout the experiment.
Twenty flowering shoots were marked per tree, on
which inflorescence number, flower number per
inflorescence and number of axes per inflorescence
were determined prior to bloom, and fruit number
determined when fruit set was final. This information
was also used to estimate percentage of fruits dropped
on the ground in June during both seasons. Samples
of ten inflorescences from each tree were taken at full
bloom stage, avoiding marked shoots. Full bloom was
defined according to (Rapoport and Rallo, 1991), as
the day on which more than 50% of flowers were open
on more than 50% of the branches. Flowers within
each inflorescence were examined and the count of
perfect flowers to the total number of flowers was
calculated.

Yield and fruit characteristics

At maturity stage, each tree was manually
harvested and the weight of total yield (kg) for each
individual tree was recorded in the two seasons. For
fruit quality, 50 fruits from each tree were randomly
picked to determine fruit weight (g), flesh thickness
(cm), fruit length (cm) and fruit diameter (cm).

Fruit oil content (%6)

Olives were grinded in a mortar and then dried at
70 °C in a ventilated oven until a constant weight was
measured in two successive weighing measurements.
The oil content was determined by extracting the oil
from the dried olive paste sample by means of Soxhlat
fat extraction apparatus, using petroleum ether (60-
80°C boiling point) as reported in the (A.O.A.C.,
1990).

Statistical analysis

Data recorded during both seasons were subjected
to analysis of variance (ANOVA) according to
Snedecor and Cochran (1980) using by MSTAT-C
software. Duncan multiple rang tests at level of 5%
were used to differentiate means (Duncan 1955).

Results
Flowering parameters

Number of inflorescence per shoot

It is quite clear from Table (4) that treating
"Aggizi" olive trees with magnetic iron at 750 g per
tree increased significantly the number of
inflorescence per shoot, followed by magnetic iron at
1000 g per tree compared to the control treatment.

Moreover, the number of inflorescence per shoot
increased linearly by increasing amount of potassium
humate. The highest number of inflorescence per
shoot was scored with potassium humate at 100 g per
tree. On the other hand, the lowest value was found
with those untreated trees (control).

However, magnetic iron at 750 g per tree
combined with either 75 or 100 g per tree of
potassium humate induced highly significant
improvement in the number of inflorescence per
shoot in both seasons. On the other way around, the
least value of number of inflorescence per shoot was
recorded with the trees which were not received any
of the two investigated anti-salt stress substances.

Number of flowers per inflorescence

Data in Table (4) indicate that both of the treated
trees with magnetic iron at 750 and 1000 g per tree
enhanced obviously the number of flowers per
inflorescence. On the other hand, untreated trees had
given the least number of flowers per inflorescence in
both seasons.
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Furthermore, the highest number of flowers per
inflorescence was obtained by soil application of
potassium humate at 75 g per tree followed by 100 g
per tree in both seasons. While, the lowest number of
flowers per inflorescence was obtained with the
control treatment in both seasons of study.

Nevertheless, the combination of magnetic iron at
750 g per tree and potassium humate at 75 g per tree

produced the highest number of flowers per
inflorescence during the two seasons under study. On
the other hand, the least value of number of flowers
per inflorescence was observed when the “Aggizi
“olive trees were not received neither magnetic iron
nor potassium humate.

Table (4): Effect of magnetic iron (M), potassium humate (KH) and their interactions on number of inflorescence per shoot
and number of flowers per inflorescence of “Aggizi “olive trees grown under salt stress conditions in 2017/018 and 2018/019

seasons.
Magnetic 2017/2018 2018/2019
fron Potassium humate treatments (g/tree)
treatments 50 75 100 Mean 0 50 75 100 Mean
(g/tree)
Number of inflorescence per shoot
0 4.33]j 5.66 i 7.50h 8.66 fgh 6.54C  6.66h 8.00¢ 10.16 f  11.1def 9.00C
500 8.16 gh 9.66def 9.00efg 10.16cde  9.25B 10.50ef  12.00d 11.def 12.50cd  11.62B
750 8.33 efg 11.16abc  11.83ab 12.00 a 11.08A 11.66de 13.50b 15.00ab  16.50a 14.17A
1000 10.00cde  10.00cde  10.66bcd  12.33a 10.75A 12.5cd  12.5cd 13.5bc  15.00ab  13.66A
Mean 7.95D 9.12C 9.75B 10.79A 10.33D  11.50C 13.54B  13.29A
Number of flowers per inflorescence
0 8.33h 9.50 gh 10.50defg  11.00cdef 9.83C  10.669 11.83f 12.66ef  13.66cde  12.20C"
500 9.67 fgh 11.67bcd 11.67 bcd 11.17bcde 11.04B  12.00 f 13.83bcd  14.16bc  13.66cd 13.41B
750 10.00efg 12.33abc  13.50a 12.33abc  12.04A 12.00f 14.50bc 15.66a 1466ab  14.20A
1000 10.83defg 12.17abc  12.17abc  12.50 ab 11.92A 13.16de  14.33hc 14.33bc  14.66ab  14.12A
Mean 9.71B 11.42A 11.96 A 11.75 A 11.95C 13.62B 14.20A  14.16A

Values within column and row for any of two investigated factors were individually differentiated by capital letters, while for
the interaction small letters were used. Means followed by the same letters were not significantly different at 5% level.

Number of axes per inflorescence

Data in Table (5) refer that the higher dose 1000 g
per tree of magnetic iron recorded the maximum
number of axes per inflorescence, followed by
magnetic iron dose at 750 g per tree, as compared with
untreated trees, which reflect the least value of the
investigated parameter in both seasons.

In addition, the maximum number of axes per
inflorescence was detected with the addition of
potassium humate at 75 or 100 g per tree in both

seasons, respectively, as compared with control
treatment.

Moreover, the combination between 750 g per tree
of magnetic iron and 75 g per tree of potassium
humate was the superior one as it maximized the
investigated parameter as compared with the other
combinations. Meanwhile, the least value was
detected with those untreated trees with neither one of
the two investigated substances.

Table (5): Effect of magnetic iron (MI), potassium humate (KH) and their interactions on number of axes per inflorescence and
perfect flowers percentage of “Aggizi “olive trees grown under salt stress conditions in 2017/018 and 2018/019 seasons.

Magnetic 2017/2018 2018/2019
fron Potassium humate treatments (g/tree)
treatments

0 50 75 100 Mean 0 50 75 100 Mean
(g/tree)
Number of axes per inflorescence
0 4669 5.50def 5.33 ef 6.00abcd 537B  4.83d 6.00bc 6.00bc 6.50ab 5.83C
500 5.16 fg 5.66cdef  5.83bcde  5.50def 554 B 5.66 c 6.16abc 6.33abc 6.00bc 6.04BC
750 5.50def  5.83bcde 6.50a 5.83bcde 591 A  6.00bc 6.33abc  6.83a 6.33abc  6.37AB
1000 5.50def  5.83bcde  6.33ab 6.16abc 595A  6.16abc 6.33abc  6.83a 6.66ab 6.50 A
Mean 520C 570B 6.00 A 5.87 AB 5.66 B 6.20 A 6.50 A 6.37 A
Perfect flowers percentage %
0 52.33i 56.0h 60.83 62.fg 57.79C  51.00i 57.50h 62.33g 62.8fg 58.41C
500 59.33gh  63.16de 64.0def 63.50def  62.50B  60.16gh 64.16def 64.50def 64.00def 63.20B
750 61.33fg  65.16de 69.66a 67.50bc 65.91A 62.00fg 65.33de  71.00a 68.00bc  66.58A
1000 65.16cd  65.16¢cd 68.83ab 68.3b 67.37TA  66.16cd  65.83d 69.66b 70.83b 68.12A
Mean 59.5C 62.7B 65.3A 65.8A 59.83C  63.2B 66.8A 66.4A

Values within column and row for any of two investigated factors were individually differentiated by capital letters, while for
the interaction small letters were used. Means followed by the same letters were not significantly different at 5% level.
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Perfect flowers percentage

The data presented in Table (5) indicate that the
addition of either 750 or 1000 g of magnetic iron per
tree had a statistically similar effect on the percentage
of perfect flowers. Nevertheless, control treatment has
proven to be the least effective in both seasons in this
regard.

However, the addition of potassium humate at
either 75 or 100 g per tree caused highly significant
improvement in percentage of perfect flowers,
followed by the lower level of this investigated factor,
as compared with untreated trees, which reflect the
least value of the studied parameter.

Furthermore, the highest value of the investigated
parameter was detected with the combination between
magnetic iron at 750 g per tree and potassium humate
at 75 g per tree. Meanwhile, the least value was
detected with the trees, which did not receive any of
both factors.

Fruit set percentage (%)

Data presented in Table (6) reflect that fruit set
percentage was highly improved with increasing the
dose of magnetic iron, i.e. the higher dose (1000 g per
tree) of magnetic iron was better than the lower dose
(750 g per tree). Furthermore, the least value of fruit
set percentage was recorded with untreated trees.

In addition, the highest significant value of fruit set
percentage was obtained when the trees treated with
potassium humate at a rate of 100 g per tree, followed
by 75 g per tree as compared with control treatment.

Moreover, the combination between the higher
dose of both (1000 g per tree of magnetic iron + 100 g
per tree of potassium humate) was the superior one as
it maximized the investigated parameter as compared
with the other combinations. Meanwhile, the least
value was detected with those untreated trees with
neither one of the two investigated substances.

Table (6): Effect of magnetic iron (M), potassium humate (KH) and their interactions on fruit set percentage and June fruit
drop percentage of “Aggizi “olive trees grown under salt stress conditions in 2017/018 and 2018/019 seasons.

Magnetic iron 2017/2018 2018/2019

treatments Potassium humate treatments (g/tree)

(g/tree) 0 50 75 100 Mean 0 50 75 100 Mean
Fruit set (%)

0 2.21i 2.81gh 3.06efg  3.47cd 2.89D 2.16j 3.20ghi  3.33fgh  3.67bcde  3.09D
500 2.61h 2.92fgh 3.35de 3.56bcd  3.11C 2.92i 3.25fgh  3.50def  3.71bd 3.35C
750 2.85fgh  3.56hcd 3.69bc 3.76abc  3.46B 3.10 hi 3.65cde  3.78bcd  3.96ab 3.62B
1000 3.15ef 3.78ab 3.72abc  4.01a 3.66A 34lefy  3.95abc  3.96ab 4.13a 3.86A
Mean 2.70D 3.27C 3.46B 3.70A 2.90C 3.51B 3.64B 3.87A

June fruit drop (%)

0 16.33a 13.50b 9.00de 5.83fg 11.16A  17.50a 13.00b 8.50de 5.16fgh 11.04A
500 14.16ab  11.66bcd  7.66ef 5.16fg 9.66A 12.34bc  10.50cd  6.66ef 4.50ghi 8.50B
750 12.33bc  9.16de 4.33¢g 4.669 7.62B 11.00bc  4.58fghi  3.75hi 4.16hi 5.87C
1000 9.66cde  8.00ef 3.80¢g 3.08g 6.13B 8.66de 6.33fg 3.33hi 3.03i 5.3C
Mean 13.12A  10.58B 6.20C 4.68D 12.37A  8.60B 5.56C 4.21D

Values within column and row for any of two investigated factors were individually differentiated by capital letters, while for
the interaction small letters were used. Means followed by the same letters were not significantly different at 5% level.

June fruit drop percentage (%)

Data presented in Table (6) refer that treated trees
either at 750 or 1000 g per tree of magnetic iron led to
reduce of June fruit drop ratio in both seasons. On the
other hand, untreated trees gave the highest values in
this respect.

Furthermore, fruit drop ratio was decreased
significantly by increasing potassium humate rate,
which reached to the minimum values with the
treatment of 100 g per tree of potassium humate in
comparison with control treatment in both seasons.

Moreover, the combination of the higher magnetic
iron level (1000 g per tree) and the higher potassium
humate level (100 g per tree) has led to a lower fruit
drop ratio. Meanwhile, the reverse was true of treated
trees with neither of the two factors.

Total yield (kg /tree)

Data tabulated in Table (7) showed that the
addition of magnetic iron either at 1000 or 750 g per
tree were effective in this respect, as the two
abovementioned levels significantly increased the
yield of tree during both seasons of study. On the other
hand, the least value of gained yield was gotten with
untreated trees.

Moreover, the maximum yield value was detected
with addition of the higher level of potassium humate
(100 g per tree) during both seasons of study. On the
other hand, the least value of tree yield was noticed
with those untreated trees (control).

Furthermore, the maximum vyield value was
recorded with the combination between magnetic iron
at 1000 g per tree and potassium humate at 100 g per
tree. Meanwhile, the least yield value was recorded
with the trees that did not receive any of both factors.
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Fruit oil percentage (% dw)

Data shown in Table (7) reflect that all magnetic
iron treatments succeeded in improving fruit oil
percentage compared with the control treatment.

In addition, the best results were for oil olive with
potassium humate either at 100 or at 75 g per tree
compared to the control in both seasons.

The combination of magnetic iron at 750 g per tree
and potassium humate at 75 g per tree recorded the
highest percentage in olive oil. Meanwhile, the lowest
percentage of oil in “Aggizi” olive cultivar obtained
with trees that did not receive any transactions during
the study seasons.

Table (7): Effect of magnetic iron (MI), potassium humate (KH) and their interactions on total yield and fruit oil percentage of
“Aggizi “olive trees grown under salt stress conditions in 2017/018 and 2018/019 seasons.

Magnetic 2017/2018 2018/2019

fron Potassium humate treatments (g/tree)

treatments 50 75 100 Mean 0 50 75 100 Mean
(gltree)

Total yield (kg/ tree)

0 7.79k 9.75j 12.15hi 13.88fg 10.89C 11.83g 15.66f 17.66cdef  17.41cdef 15.64C
500 10.76ij  13.89fg 14.51ef 15.08cde  13.56B  17.50cdef 17.16def  19.25bcde  20.08bc 18.50B
750 12.98gh  15.55cde  17.50b 16.51bc 15.63A  16.500ef 20.50bc 22.16 b 22.33b 20.37A
1000 13.75fg  14.63def  16.05bcd  19.50a 15.98A 18.41cdef 19.66bcd 22.00b 27.33a 21.85A
Mean 11.32D  13.45C 15.05B 16.24A 16.06D 18.25C 20.27B 21.79A

Fruit oil percentage (dw%)

0 13.66h  14.28gh  15.92de  15.00fg 14.72B  12.33f 13.60ef 14.61cd 14.93cd 13.87B
500 17.72ab  18.53ab  18.63abc  17.29bc  18.04A 15.93bc 17.70ab 16.67ab 16.96ab 16.82A
750 17.19bc  16.44cd  19.80a 18.17ab  17.90A  15.07cd 13.70ef 18.54a 17.08ab 16.10A
1000 15.50ef  16.05de  17.72ab  18.83ab  17.02A  14.39de 16.18ab 16.66ab 17.68ab 16.23A
Mean 16.02C  16.32BC  18.02A 17.32AB 14.43B 15.30B 16.62A 16.66A

Values within column and row for any of two investigated factors were individually differentiated by capital letters, while for
the interaction small letters were used. Means followed by the same letters were not significantly different at 5% level.

Fruit quality parameters

Fruit weight (g)

Data tabulated in Table (8) showed that the
addition of magnetic iron either at 1000 or 750 g per
tree were effective in this respect, as the two above
mentioned levels increased the fruit weight during
both seasons of study. On the other hand, the least
value of fruit weight was detected with control
treatment.

In addition, the maximum fruit weight value was
detected with addition of potassium humate either at
100 or at 75 g per tree during both seasons of study.
On the other hand, the least value of fruit weight was
noticed with those untreated trees (control).

Moreover, the maximum fruit weight value was
recorded with the combination between magnetic iron
at a rate of 750 g per tree and potassium humate at a
rate of 75 g per tree. Meanwhile, the least fruit weight
value was recorded with the trees that did not receive
any of both factors.

Table (8): Effect of magnetic iron (MI), potassium humate (KH) and their interactions on fruit weight and flesh thickness of
“Aggizi “olive trees grown under salt stress conditions in 2017/018 and 2018/019 seasons.

Magnetic iron 2017/2018 2018/2019
treatments Potassium humate treatments (g/tree)

(g/tree) 0 50 75 100 Mean 0 50 75 100 Mean
Fruit weight (9)

0 7.21i 8.05h 8.73g 9.26¢f 8.32C  7.46e 8.48d 9.50ab 9.65cd 8.52B
500 8.80g 8.80g 8.80g 8.80g 8.80B 8.50d 8.41d 9.70ab 9.93bcd  8.88A
750 8.95fg 9.46cde 10.28a  9.80bc 9.63A  8.4o0d 8.73cd  10.00a 9.23abc 9.09A
1000 9.36de  9.55cde 9.68cd 10.18ab 9.70A  8.53d 8.83cd  9.20abcd 9.91a 9.12A
Mean 8.58C 8.96B 9.37A 9.51A 8.22B  8.61B 9.60A 9.18A

Flesh thickness (cm)

0 0.33h 0.38¢g 0.42f 0.44ef 039D  0.31f 0.37e 0.42d 0.43cd 0.38D
500 0.42f 0.44def 0.44ef 0.46de 0.44C  0.38e 0.43cd  0.44cd 0.43cd 0.42C
750 0.47d 0.51c 0.56a 0.53abc 0.52B 0.44c 0.51b 0.55a 0.52b 0.51B
1000 0.52bc 0.54ab 0.54ab 0.53bc 0.54A 0.51b 0.52b 0.52b 0.52b 0.52A
Mean 0.44C 0.47B 0.49A 0.49A 0.41C 0.46B 0.48A 0.48A

Values within column and row for any of two investigated factors were individually differentiated by capital letters, while for
the interaction small letters were used. Means followed by the same letters were not significantly different at 5% level.
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Flesh thickness (cm)

Tabulated data in Table (8) showed that the
addition of magnetic iron either at 1000 or 750 g per
tree were effective in this respect as the two above
mentioned levels increased the fruit flesh thickness
during both seasons of study. On the other hand, the
least value of fruit flesh thickness was detected with
control treatment.

In addition, the maximum fruit flesh thickness
values of "Aggizi” cultivar grown under salinity stress
conditions were detected with higher levels of
potassium humate (100 or 75 g per tree) in both
seasons of study.

However, the maximum fruit flesh thickness value
was recorded with the combination between magnetic
iron at 750 g per tree and potassium humate at 75 g
per tree. Meanwhile, the least fruit flesh thickness
value was recorded with the trees that did not receive
any of both factors.

Fruit length (cm)

Data in Table (9) indicate that all magnetic iron
treatments exerted statistically similar effect on fruit
length in the first season. While, treated trees with
magnetic iron at 1000 g per tree enhanced obviously
the length of fruit in the second season. On the other
hand, untreated trees had given the least length of fruit
in both seasons.

Moreover, all potassium humate treatments gave a
similar and high positive effect on length of fruit in the
first season. During the second season, the highest
fruit length was recorded with potassium humate at
either 100 or 75 g per tree. While, the control
treatment showed the least values in this respect in
both seasons.

The combination between the higher levels of
magnetic iron and potassium humate (1000 or 750 g
per tree + 100 or 75 g per tree) significantly increased
the length of fruit. At the same time, the lowest value
of fruit length was recorded with trees that did not
receive either agent during the two seasons.

Table (9): Effect of magnetic iron (MI), potassium humate (KH) and their interactions on fruit length and Fruit diameter of
“Aggizi “olive trees grown under salt stress conditions in 2017/018 and 2018/019 seasons.

Magnetic iron 2017/2018 2018/2019

treatments Potassium humate treatments (g/tree)

(g/tree) 0 50 75 100 Mean 0 50 75 100 Mean
Fruit length (cm)

0 2.12e 297abc  2.86abcd  2.72cd 2.66B  2.15bc 2.29bc 2.11bc 2.31bc 2.21B
500 2.69d 2.84bcd  2.95abcd 2.93abcd 2.85A  2.32bc 2.16bc 2.23bc 2.30bc 2.25B
750 2.82bcd 2.75bcd  3.09a 2.88abcd  2.88A  2.14bc 2.08c 2.08b 2.41b 2.17B
1000 2.88abcd  2.80bcd  2.99ab 2.99ab 2.82A  2.34bc 2.26bc 28la 2.32a 2.43A
Mean 2.63B 2.84A 2.97A 2.88A 2.24B 2.20B 2.31A 2.33A

Fruit diameter (cm)

0 1.37h 1.63fg 1.83cd 1.78cde 1.65D  1.44ef 1.46ef 1.44f 1.78bcd 1.53B
500 1.58g 1.76de 1.82cd 1.94b 1.77C  1.62de 1.73bcd 1.72bcd 1.83abc 1.72A
750 1.70ef 1.77de 2.08a 1.84cd 1.84A  1.68cd 1.79bcd 1.99a 1.81bc 1.81A
1000 1.74de 1.81cd 1.88hc 1.85bcd 1.82B  1.74bcd 1.78bcd  1.76bcd  1.86ab 1.79A
Mean 1.60C 1.74B 1.90A 1.85A 1.62C 1.69BC 1.73B 1.82A

Values within column and row for any of two investigated factors were individually differentiated by capital letters, while for
the interaction small letters were used. Means followed by the same letters were not significantly different at 5% level.

Fruit diameter (cm)

Data in Table (9) refer that the higher dose 750 g
per tree of magnetic iron recorded the maximum of
average fruit width, followed by magnetic iron dose at
1000 g per tree, as compared with untreated trees that
reflect the least value of the investigated parameter in
both seasons.

Furthermore, the maximum fruit width was
obtained by applying potassium humate at 75 g per
tree, followed by 100 g per tree in the first season, and
the reverse was true in the second season. While, the
lowest fruit width was obtained with the control
treatment in both seasons of study.

In addition, magnetic iron at 750 g per tree
combined with 75 g per tree of potassium humate
induced highly significant improvement in the
average fruit width in both seasons. On the other way
around, the least value of average fruit width was

recorded with the trees that were not received any of
the two investigated anti-salt stress substances.

Discussion

The ultimate goal of the health and vigour
management of tree through integrated approaches is
to improve flowering, fruit setting and yield. In
addition, fruit weight, fruit size and flesh thickness
are the most important parameters and are mainly
considered when fruits are bought for a Table olive
use.

Application of magnetite and K-humate to saline
soils results in reduction in the concentration of
sodium salts which is not correlated with a leaching of
the salt, yet it may be correlated with improving the
root growth and accumulation of Na* in the root and
less Na* transduction to plant aerial parts. This effect
enhances root absorption, decreases salinity, increases
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in soil organic matter content and improves the
balance of endogenous hormones, which has
contributed to improved plant nutrient status and
photosynthesis, reflecting plant growth and
productivity (Cimrin et al., 2010; Aydin et al., 2012;
Abobatta, 2015; Javanshah and Aminian-Nasab,
2016). Also, an increasing in photosynthetic rate, a
positive effect as a result of magnetic which leads to
a better photo stimulation (Hoff, 1981).

Humic acid increases plant growth and production
by increasing protein synthesis (Russo and Berlyn,
1990; Delfine et al, 2005). The reduced
photosynthetic ability under salinity is due to stomata
closure and suppression of specific enzymes that are
responsible for the synthesis of photosynthetic
pigments. Humic acid increased the antioxidant
enzymes activity and caused the plant to absorb
different nutrient elements, especially K, which is a
major element in the synthesis of proteins and
enzymes, and it was effective in coping with salinity
stress and improving photosynthesis by helping the
stomata to open more (Mahmoudi et al., 2014).

Potassium humate was combined with magnetic
iron to increase effective adsorption sites and
hydroxyl groups showed a considerable adsorption
capacity of 280.6 mg/g. Metal oxide/carbon
composites especially ferric oxide/carbon films, have
special features such as functional surface, porous
structure, large surface area and special separation
properties under external magnetic field (Lei, et al.,
2014; Gu et al., 2016).

The results reported herein regarding the impact of
magnetic iron and potassium humate on flowering of
“Aggizi " olive trees were very similar to those
reported by Lovatt et al., (1988); Ahmed et al.,(2011);
Khattab et al., (2012); Sugier et al.,(2013) and Ahmad
et al.,(2013) they found that, positive associations
between accumulations of carbohydrates and
flowering have been shown. The application of humic
acid will increase the number of pomegranate flowers.
Humic acid application increased spike length, which
confirmed the role of HA in improving nutrient
uptake, and in turn increased spike length and overall
flower quality. The flowering stage of Rosella plants
was earlier when the soil was blended with magnetic
iron plus humic acid and enhanced the number of open
flowers per plant.

Generally, fruit set percentage, fruit drop ratio and
trees production results of this study are in line with
the results obtained by Abdel-Aziz et al., (2010); Du
et al., (2011) and Mohamed et al., (2013). It is also
interesting to note that the apparently reduced
accumulation of Na in plants with magnetite and
humate treatments may have helped the trees to
continue their growth with less detrimental effects
on total yield (Eman et al., 2010; Abobatta, 2015).
Soil application of NEC (natural element compound)
including magnetite on navel orange trees improved
tree yield through increasing fruit set % and reducing
the pre-harvest fruit drop percentage (Abd El-

Rahman et al., 2015; Ibrahim, 2011). Humic acid
improved fruit yield and decreased the percentage of
fruit drop in ‘Anna’ apple (Mosa et al., 2015).

Likes wise, Eman et al., (2010) reported that the
highest yield of le conte pear trees was obtained when
the trees were received 750 and 1000 g/tree of
magnetic iron. Meanwhile, Ismail et al., (2010) on
grapevine and Ali, Mervat et al., (2013) on Thompson
seedless grapevines cleared that magnetic iron was
the superior one in enhancing vine yield as expressed
as weight and number of cluster/vine in comparison
with vines under salinity stress condition. Moreover,
Alva and Obreza (1998) reported that, application of
iron humate increased fruit yield of Hamlin orange
trees. Moreover, the explanation for obtaining highest
percentage of fruit oil with magnetite plus humic may
be due to their effect on plant growth stimulation
through increased photosynthetic and carbohydrate
content, as well as improved nutrient and water
absorption, hormonal regulation, improved plant
growth and increased stress tolerance (Zaghloul et al.,
2009; Laila et al., 2013).

The increase in fruit weight, fruit size, fruit length
and diameter in many species due to magnetite and k-
humate application is probably ascribed to improve
the absorption of mineral nutrients under salt stress
conditions. However, the possible hormone- like
activity of the humic acid (i.e., auxin-, gibberellin and
cytokinin-like activity), should also be taken into
consideration (El-zaawely et al., 2013; Abobatta,
2015). Increased CK with IAA could result in
increased  photosynthetic  pigments, vegetative
growth, fruit yield and fruit quality of '‘Chemlali' olive
trees (Dabbaghi et al., 2018). Humic substances
increase the tolerance of plants to abiotic stress
through the regulatory effect on phytohormone levels,
in particular ABA (Cimrin et al., 2010). Humic acid
hormone-like effect, particularly 1AA, has been
documented on fruit weight and dimensions, in
‘Florida Prince’ peach (Abd El-Razek et al., 2012)
and ‘Kalamata’ olive (Laila et al., 2013). Humic acid
at 1% recorded maximum custard apple fruit yield per
plant, fruit weight and diameter (Sindha et al., 2018).
The increase in fruit weight may be due to the
stimulation of photosynthetic pigment accumulation
and photosynthesis rate (Abdel-Mawgoud et al.,
2007)

Referring to the relationship between magnetic
Iron and fruit quality, the present results are in line
with those reported by Mohamed et al., (2013) and
Abobatta (2015) on Valencia orange trees, as they
reported that magnetite increased fruit dimension,
peel thickness and fruits had good rind color. In the
same line, Ismail et al., (2010) found that magnetic
Iron was more effective in achieving the best value of
berry characteristics (weight, volume, length and
diameter).

Conclusion

Based on the results obtained, the soil application

of magnetic iron and/or potassium humate could
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significantly improve the flowering and fruiting
characteristics of 'Aggizi' olive trees affected by
salinity.
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