Menoufia J. Soil Sci., Vol.3 December (2018): 317 - 331

IMPACT OF SOME SOIL AMENDMENTS ON PROPERTIES OF
SALT AFFECTED CALCAREOQOUS SOIL AND SALINITY HARMFUL
IN TOMATO PLANT (Lycopersicon esculentum)

S. A. E. Abdelrazek
Soil Salinity Department, Alexandria Soil, Water and Environment Research Institute,
Agriculture Research Center (ARC), Giza, Egypt
Samad_saad@yahoo.com

Received: Sep. 30, 2018

Accepted: Oct. 24, 2018

ABSTRACT: An experiment was carried out in plastic pots under greenhouse
condition during (2) successive season to investigate the effect of the organic manures
(compost, peat moss, chicken and pigeon manures) or soil conditioners (vermiculite and
perlite) on some properties of saline calcareous soil and tomato plant enzymes. The

obtained

results manifested that application of the aforementioned amendments

improved soil aggregates, pH, EC, SP, cation and anion and availability of K. Likewise it
decreased the activity of Catalase, Peroxidase and Superoxide dismutase tomato plants.
The most beneficial influence of the above-mentioned parameters was observed with
addition of peat moss, chicken manure and soil conditioners.

Key words: Borg El Arab, Calcareous soil, catalase, peroxidase and superoxide

dismutase (SOD)

INTRODUCTION

Borg El Arab an area as a desert lands
represent a marginal soils having various
problems and normally poor in nutrient
elements (Abdelrazek S. A. E. (2014).

Organic fertilizers are required for
clean and safe organic food production
all over the world; Addition of organic
manures to soils plays an important role
in improving physical, chemical and
biological characteristics of soil and
maintains soil fertility (Sadovnikova et
al., 2011).

The decomposition of
organic manures in soil produces
different products which increase the
availability forms of soil nutrients (Eyras
et al.,, 1998). The organic manures also
stimulate the biodegradation through
increasing the population and activities
of microorganisms in soil (Burger et al.,
2015).

different

Salinity is the major environmental
stress and is one of the major factors
limiting plant growth and productivity
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(Bohnet and Jensen, 2009). High salt
concentration in particular Na* which
deposit in the soil resulting in decreasing
soil porosity and consequently reducing
soil aeration and water conductance
(Mahajan and Tuteja, 2015).

High salt accumulation in the soil can
alter the basic texture of the soil thereby
decreasing soil porosity and
consequently reduced soil aeration and
water conductance (Mhajan and Tuteja,
2015). So, the addition of organic
fertilizers in the present investigation or
the soil conditioners to the saline
calcareous soil could improve the soil
health in the short run, soil aeration, saoil
quality in the long run, Soil fertility,
nutrient availability and reduced same
plant pests (Audrey, 2013).

Some of the antioxidant enzymes and
Catalase (CAT) peroxidase (POX) and
superoxide dismutase (SOD) were
increased in plants grown on salt
affected soil (Shao et al., 2007).
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Superoxide dismutase metabolizes
oxygen (O-2) redicals to hydrogen
peroxide (H207).Thus protecting cells
from damage (Dalmia and Sawhnay,
2014). Catalase, peroxidase and a variety
of peroxidases catalyze the subsequent
breakdown of H,O, to water and oxygen
(Varshney et al., 2011).

Mittova et al., (2003) reported that the
activities of antioxidative enzymes were
increased in plants grown under water
salt stress, and found correlation
between these enzymes levels and salt
tolerance.

El-Massry and Negm (2015) studied
the effect of organic amendments (cattle
manure, poudrette and chicken manure
on tomato growth. They found that the
chicken one residues treatment were
superior for increasing N uptake and
enhancing growth of tomato plant
cultivated in calcareous soil. Moreover,
El-Missery and Hassan (2003) noticed
reduction in Na and CI ions level in
cabbage and spinach leaves grown in
saline soil amendments with chicken
manure as well as farmyard manures or
compost. So the aim of this investigation
was to appear the beneficial effect of

some  soil amendments (Organic
fertilizers, soil conditioners) an
improving the physical and chemical

properties of salt affected calcareous soil
brought from Borg El Arab and reducing
the salinity harmful on Tomato plants

MATERIAL AND METHODS
1. An experiment

The present study was carried out at
Soil Salinity Alkalinity Laboratory green
house in Alexandria during two
successive spring season through
2015/2016 and 2016/2017.

To study the effect of applied organic
manures (compost, Patmos, chicken) and
soil conditioners[ perlite+ vermiculite Jon
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saline calcareous soil properties, the
antioxidant defense systems of tomato
plants (Lycopersicon esculentum L.cv.
Castle -Roke). Tomato seeds were
brought from the Horticulture, Research
Institute, Giza, Egypt.

Thirty tow pots contain 5 kg mixed
soil for each pot was divided into eight
main groups to represent 8 treatments
with 4 replicates. Ten seeds of tomato
were planted in each pot, thinned after
growth to 4 seedlings. The applied
treatment included:

1. Saline calcareous soil

2. Saline calcareous soil mixed with
Loamy soil (1:1 wiw).

3. Saline calcareous soil
compost (1:1 w/w).

4. Saline calcareous soil mixed with peat
moss (1:1 wiw).

5. Saline calcareous soil mixed with
chicken manure [ (0.25+0.75) w/w]

6. Saline calcareous soil mixed with
pigeon manure + washed calcareous
soil [ (0.25+0.75) w/w]

7. Saline calcareous soil
vermiculite (1:1 wiw).

8. Saline calcareous soil mixed with
perlite and vermiculite [(0. 5+0. 5) w/]

mixed with

mixed with

2. Soil Analysis

Particle size distribution
(granuleometric analysis) of the studied
soil samples was deformed by the dry
sieving method described by Kilmer and
Alexander (2013). Soil reaction was
determined in the soil paste (1:2.5) (soil:
water w/v), using a Bekman bench type
pH-meter (Richards, 1954)

Electrical conductivity (E.C) in the
saturated extracts of the different soil
samples was determined according to in
Richards (1954).

Cations and Anions were determine
according to Pag et al. (1982)
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Irrigation with Tap water (Fresh
water)

3. Plant Analysis

Extraction and determination of certain
antioxidant enzymes:

Enzyme extraction:

Sample preparation was described by
Mandhania et al. (2016) A fresh leaf
sample (250 mg) was frozen in liquid
nitrogen and finely ground by pestle in a
chilled morlar. Ten mls of 100 mM
phosphate buffer (KH2PO4/K,HPO.) pH
7.0 containing 0.1 mM (Na2EDTA) and 0.1
g of PVP were added to the frozen
sample. The homogenate was then
filtered through chose cloth then
centrifuged at 15000g for 10 min. The
supernatant centrifuged at 18000 g for 10
min. The resulted supernatant was
collected and stored at 4°C for analysis
of Catalase (CAT) peroxidase (POX) and
superoxide dismutase (SOD)

Absorbance was measured at 560 nm
using a Spectronic 20 spectrophotometer
(Asada, 1992).

- Catalase (CAT) activity

Absorbance at 240 nm as a
consequence of H202 Consumption and
was expressed according to (Ashraf and
Harris 2004).

- Peroxidase (POD) activity

The increase in absorbance due to the
dehydrogenation of guaiacol was
monitored at 470 nm (Scott et al., 1987).

RESULTS AND DISCUSSION
1. Soil Analysis
1-1. Pysical Properties of the Soil
Granulometric analysis

The analysis of soil samples collected
from Borg El Arab area revealed that the
percentage of fine particles with
diameters ranged from 0.05 to 0.01 mm

Superoxide dismutase (SOD) were relatively low in the un-amended
activity saline soil (Table 1).
Table (1): Soil particles distribution (%) of the studied soil as affected by different
treatments
Treatments <0.05 | 0.05-0.1 | 0.1-0.25 | 0.25-0.50 0.5-1 1-2
particles distribution
Diameter(mm) (%)
Saline calcareous soil 1.877 8.53 8.139 8.368 30.271 32.125
Saline calcareous soil+ 11.353 10.511 3.186 16.455 20.819 39.871
Loamy soil
Saline calcareous soil+ 15.529 17.488 5.126 12.189 22.168 33.827
compost
Saline calcareous soil+ 6.062 16.241 5.152 10.519 29.248 33.948
peat moss
Saline calcareous soil+ 4.674 10.512 4.108 9.581 23.991 47.921
chicken manure
Saline calcareous soil+ 5.551 7.424 3.115 15.828 24.177 55.180
pigeon manure
Saline calcareous soil+ 7.251 17.271 5.149 10.218 23.727 36.919
vermiculite
Saline calcareous soil+ 8.138 10.589 2.945 5.951 13.920 59.221
perlite+ vermiculite
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The addition of organic manures or
soil conditioners to that saline
calcareous soil increased the percentage
of micro aggregates with particle
diameter of 1-2 mm reaching above
5.57% -84.49% in all amendments soils as
compared with their corresponding
saline un- amended soils (Table 1). Such
effect was arranged according to the
following order perlite +
vermiculite>pigeon manure>chicken
manure> loamy soil> vermiculite>saline
calcareous soil> peat moss>compost.

The increase abundance in the size of
soil particles might be attributed to the
aggregation of medium particles after
treatments of soil amendments wherever
the different organic manures has
abundance of organic contents. Similar
results have been obtained by Xue Rong
and Tifayun (1999).

1-2. Chemical
soils

a- pH

Table (2) shows that, the addition of
organic fertilizers or the soil conditioners
to the saline calcareous soil slightly
increased the pH values. The values of
the pH in the amended soils ranged from
8.33 and 7.98. The highest value of pH

properties of the

was recorded in the soil amended with
perlite + vermiculite. The increments of
the pH values (Fig 1) of the amended
soils might be ascribed to the detected
slightly higher levels of HCO®* obtained
from fertilizers and conditions.

b- Electric Conductivity (E.C)

The date of Electric Conductivity are
compiled in Fig. (2) and Table (2) and
varied from 451 dSm? in saline
calcareous soil to 2.46 dSm™ in peat
moss treated soil. The greatest increase
in E.C (451 dSm™) valve recorded in

saline soil was due to its highest
contents of Na and Cl ions. Addition of
different organic fertilizers or soil

conditioners to the calcareous saline soil
decreased the E.C values Fattah and
Abdelrazek (2014) found a similar results.

The reduction in the E.C values in the
amended soils was concomitant with the
marked decrease in Na and Cl ions and
the obvious increases in Ca, Mg and K
ions as well as bicarbonates (Table 3).
These results are agreed with those
reported by Ammal et al. (2016). who
observed a reduction in E.C value after
application of organic amendments.
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Fig (1). pH (1-2.5) of the studied soil as affected by different treatments
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Table (2): chemical properties of the studied soils as affected by different treatments

Treatment pH E.C K* S.P

(1-2.5) (ds/m) mgKg? (%)
Saline calcareous saoil 7.18 451 25.95 35.33
Washed calcareous soil+ Loamy soil 8.16 3.09 19.45 42.40
Saline calcareous soil+ compost 7.78 3.28 23.21 41.01
Saline calcareous soil+ peat moss 7.89 2.46 16.21 51.42
Saline calcareous soil+ chicken manure 7.92 3.61 19.88 56.41
Saline calcareous soil+ pigeon manure 7.82 2.68 16.79 54.81
Saline calcareous soil+ vermiculite 8.01 3.88 12.21 45.01
Saline calcareous soil+ perlite+vermiculite| 8.23 3.01 36.02 62.39

*K: Available Potassium in soils

Table (3): Soluble Cations and Anions of the studied soils as affected by different

treatments
Cation (meq/L) Anion (meq/L)
Treatment
Ca2+ | Mg2+ K+ Na+ SO4-- | HCO3" Cl-
Saline calcareous soil 7.21 8.21 1.19 11.15 18.85 2.7 6.21
Saline calcareous soil+ 8.55 12.01 1.33 5.18 19.90 4.02 3.14

Loamy soil

Saline calcareous soil+ 18.02 | 13.09 1.42 4.41 27.67 4.04 5.23
compost

Saline calcareous soil+ 9.02 7.89 1.24 4,78 14.51 3.41 5.01
peat moss
Saline calcareous soil+ 7.60 13.71 5.41 3.49 20.08 5.21 4.92

chicken manure

Saline calcareous soil+ 10.22 | 14.92 2.86 3.49 20.86 5.61 5.02
pigeon manure

Saline calcareous soil+ 29.61 | 17.92 5.82 2.24 44,99 5.72 4.88
vermiculite

Saline calcareous soil+ 11.40 | 12.61 2.21 7.66 25.65 451 4.22
perlite+ vermiculite
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Fig (2). E.C (dSm™) of the studied as affected by different amendments

c- Saturation Percent (S.P)

The addition of different conditioners
as a soil amendment into calcareous
saline soil markedly increased its
saturation percentage (Table 2). Such
effect was more pronounced in the saline
calcareous soil supplied with perlite +
vermiculite followed by chicken manure.
Pigeon manure, peat moss, vermiculite,
compost and loamy soil. Saline
Calcareous soil received no amendments
has the lowest S.P value. In this respect,
Nelson, (1991) found that perlite and
vermiculite are able to increase S.P and
provide suitable water to the whole plant.

Also, Bhatti et al. (2010) reported that
farmyard amended soil able to provide
available water to the cultivated plant.
This might be due to the increase in soil
organic matter content in the provided
organic manures.

In general, addition of manures or soil
conditioners might increase soil water
holding capacity and porosity as well as
changing pore size distribution thereby
reducing bulk density and penetration
resistance. Therefore, additions of
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organic manures or soil conditioners
improve aggregates stability; thereby
improve soil mechanical properties (Fig
3).

d- Cation

Soil salinity is one of the important
factors leading to severe crop loss every
year (Misra et al.,, 2011). Additions of
organic fertilizer or soil conditioners to
saline calcareous soil nullify the adverse
effects of salt as well as improved the
physical and chemical properties
(Sharma et al., 2014).

1- Calcium lon Level (Ca?*)

It is evident from Table (2) that, Ca?*
level of saline calcareous soil supplied
with either organic fertilizer or soil
conditioners was markedly higher than
that observed in saline calcareous soil.
The maximum increase in Ca®* level was
observed in soil amended with
vermiculite. It was about 4 folds of Ca?*
level in saline soil. However, the increase
in Ca?* levels ranged from one to 2.7
folds in the other treatments (Table 2)
and (Fig 4).
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Fig (3). S.P (%) of the studied soils as affected by different amendments

2- Potassium lon Level (K*)

The variable changes in K* levels of
un- amended saline calcareous soil was
recorded in Table (2), Addition of organic
fertilizers or soil conditioners decreased
that K+ content of the treated saline
calcareous soil. The greatest level of K+
was recorded in the soil amended with
vermiculite thus may be attributed to the
Mg?* higher content of vermiculite and
perlite followed by chicken manure. On
the other hand, application of vermiculite
achieved the highest influence on
increasing the soluble K* (Fig 4) in the
soil, that may be ascribed to higher K*
content of vermiculite clay minerals
(Peterson et al., 1991a).

3- Magnesium lon Level (Mg?*)

The data presented in Table (3) show
that, the addition of organic fertilizers or
soil conditioners increased the level of
Mg?* in the amended saline calcareous
soils. Such increase was much more
pronounced in salty soil amended with
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vermiculite followed by pigeon manure
then chicken manure, compost, loamy
soil, perlite +vermiculite, peat moss and
saline calcareous soil (Fig 4). They may
be attributed to the Mg?* higher content

of vermiculite and organic manure
(Nelson, 1996).
e- Anion
1- Bicarbonate (HCOz3)
Date in Table (3) show that,

application of organic fertilizers or soil
conditioners markedly increased the
bicarbonate content in saline calcareous
soil. The highest value of bicarbonate
was observed in vermiculite and pigeon
manure amended soil. Generally, it has
been observed in the  present
investigation that additive of organic
fertilizers or soil conditioners to saline
calcareous soil obviously increased Ca?,
Mg?* and K* ions as well as bicarbonate
concentration with marked decreases in
Na and Cl ions.
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The greatest level of Ca?", Mg?* or K*
ions was recorded in saline calcareous
soil supplied with vermiculite (Table 2).
This was attributed to the higher content
of these ions in vermiculite (Kang et al.,
2014). Moreover, Nimje and Jagdish
(1981) reported that farmyard increased
the available P and K of the treated soil.
Also, Singh and Barar (1988), Found that
total organic carbon and available P of
the soil treated with Azolla and Eichornia
composts and farmyard were
significantly increased over the contents
of the untreated one Moreover, Kahlown
and Azam (2013) Postulated that.
Farmyard manure reduced soil Sodicity
and Salinity and increased E.C of soil.

There is no doubt that the ameliorate
of saline calcareous soil by the
investigated applied organic manures or
the soil conditioners is closely related to
fertilizers properties which provide the
treated soil with organic and/or inorganic
nutrients as well as growth promoting
substance, (Abdel-Rahman et al., 2009)
Also, Sharma et al. (2014) Postulated that
various organic manures can reclaim and

324

improve the physical and chemical

properties of the saline soil.

2- Chloride ion level (CI")

Saline soil was rich in CI- (6.2 meq /L);
however the addition of organic fertilizers
or soil conditioners reduced the levels of
Clions in the amended soils (Table 3).
The greatest reduction in Cl- level was
recorded in loamy soil followed by soil
amended with perlite + vermiculite (Fig
5).

F- Available Potassium in soils
Results in this study showed that
(SOD) activity (Table 4). in stressed
tomato received no amendments
significantly surpassed that one grown in
saline calcareous soil mixed with to
loamy soil, by more than 3-fold Some
researchers also, suggest that salt stress
led to a decrease in (SOD) activity in salt
sensitive plants or to an increase in salt
tolerant ones (Rout and Shaw 2011). On
the other hand, the activity of (SOD) was
significantly  decreased in tomato
seedlings grown in amended saline soils
(Table 4). Such effect might be attributed
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to the reduction in salt level in the
amended soils which results from
decrease in sodium adsorption ratio,

uptake and transport and / or increase in
soil moisture content. Furthermore,
salinity stimulates the accumulation of
the reactive oxygen (ROS) including
(H202) in plant cells. The metabolism of
(H202) is dependent on various
functionally  interrelated antioxidant
enzymes such as catalase, phenol
peroxidase and superoxide dismutase.
These enzymes are involved in
elimination of (H.0:) from the stressed
plant cells (kim et al., 2015).

Data in Fig. (7) and Table (4) illustrated
the changed in the activity of antioxidant
enzymes (catalase (CAT) peroxidase
(POX) and superoxide dismutase (SOD)) .
These results revealed that the activities
of the previously mentioned enzymes
were significantly increased in stressed
tomato plant grown in saline calcareous
sandy soil. However it significantly
reduced in that soil treated with the
different amendments.

The increase in the activities of
phenol proxidases (POX), catalases
(CAT) and superoxide dismutase (SOD)

in stressed tomato plant might suggest
their strong implication in the elimination
of (H202) formed in plant cells.

They seemed to be the most important
antioxidants in the defense system of
tomato plant. Different trends of
peroxidases activity in the leaves of
sensitive and tolerant rice plants grown
under saline condition has been regarded
by Dionisio-Sese and Tobila (2014). In
addition, higher activities of SOD,
peroxidase and catalase were recorded in
cultivated Nacl stressed species of
Lycopersicon pennellii (Jauany et al.,
1996) as well as in the moderately salt-
Tolerant cotton plant (Ben Amor et al.,
2015). It has been reported that the
oxidative damage in some halophytes
resulted from an enhancement in
(catalase (CAT) peroxidase (POX) and
superoxide dismutase (SOD)) enzyme
activities (Ben Amor et al., 2015).

On the other hand, adding organic
manures or soil conditioners markedly
reduce the activities of some antioxidant
enzyme such as superoxide dismutase
SOD, Catalase, as well as Phenol
peroxidase (POX) (Table 4) in tomato.

50 q
45
40 A
35
30 A
25
20 A
15
10 A

Anion [meqg/L)

B 504--
B HCO3-

\\ﬁt

ck

Fig (5). Anion (meq/L) of the tested soil as affected by different treatment
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soil
the

Various
conditioners

organic manures or

amendments nullify
stress effects on the plant cells.
Meanwhile, the activities of the
antioxidant enzymes were significantly
reduced as compare with those of plant
grown in the saline soil. Organic manures
or soil conditioner supplied the soil with
organic carbon, vitamins, and hormones,
available nutrients as well as increased
the soil moisture content thereby
increased the tolerant of plants on one
hand and decreased the salt levels in the
amended soils on the other hand.
Furthermore, addition of manures or
conditioners decreased the absorption
rate of salts stress on plants (decrease
salinity level).

A-biotic stress, such as salinity stress
cause molecular damage to plant cells
either directly or indirectly through the
formation of SOD In the present study,
the plants exposed to salinity showed a
significant increase in CAT and POX
activity and a significant decrease in CAT
and POX activity with increase of

potassium levels Fig (6). The enzymes
assayed are scavengers of free radical
species. Hydrogen peroxide is converted
to oxygen and water by CAT and POX,
which use ascorbate as the hydrogen
donor. In conclusion, the results of the
present study clearly showed that there
was scavenging enzymes in tomato
under different salinity stress and high
potassium levels.

Antioxidant  defiance  mechanism
Antioxidant enzymes exposure to salt
stress can increase oxygen —cellular
damage due to the increased (ROS)
generation (Mittler, 2012).

The phospholipids membranes are
impermeable to charged (O~;) molecules,
therefore superoxide dismutase (SOD)
are present for the removal of superoxide
(O72) radicals who are formed (Alscher et
al., 2017) superoxide dismutase (SOD) is
the first defense agent against reactive
oxygen species (ROS) as it is the major
scavenger of (O72) (Almoguere et al.,
1995).

CAT Unit/g

Potassium in soils

Fig (6). Relationship between Catalase enzymes in plant and available potassium in soils.
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Table (4): Effect of Saline soil amendments different organic fertilizer or soil conditioners

on the activity of catalase (CAT) peroxidase (POX) and superoxide dismutase
(SOD) of tomato plant after 40 days from sowing.

Tomato
Treatment CAT POX SOD
(Unit/g) (Unit/gb) (Unit/g)
Saline calcareous soil 1196.3a 99.8a 796.1a
Saline calcareous soil+ Loamy 842.4d 27.7f 201.2f
soil
Saline calcareous soil+ compost 982.9b 49.9c 676.1b
Saline calcareous soil+ peat 997.1b 17.8¢g 523.1c
moss
Saline calcareous soil+ chicken 396.6f 34.3d 521.1bc
manure
Saline calcareous soil+ pigeon 842.3d 37.3d 609.1b
manure
Saline calcareous soil+ 398.3c 55.87b 367.9d
vermiculite
Saline calcareous soil+ perlite+ 576.1e 54.2b 349.3e
vermiculite
L.S.D value at 5% level 1.8 1.8 1.8
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Fig (7). Effect of Some amendments (organic fertilizer and soil conditioners) on the

Enzymes activity of Tomato plants
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