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Abstract: Salt stress adversely affects plant growth and development. The present study aimed to investigate the effects
of compost derived from a mixture of cow and chicken manure and wheat straw at ratio of 3:1:1 (v/v), respectively, on
protection of tomato plants against salt stress. Tomato plants were grown in pots with sandy soil and sandy soil with
compost, which was incorporated into soil at rate of 20% (v/v). At 21-days old, untreated (T2) and compost-treated (T3)
plants were subjected to 150 mM NaCl for 15 days. Plants without any treatments (T1) were used as control treatment.
Salinity treatment decreased plant fresh weight (FW) and dry weight (DW) in comparison to the control treatment, but
under salt stress conditions, compost-treated plants grew better than untreated ones. Salinity elevated the free radicals
superoxide radicals (O,"), hydrogen peroxide (H,(,), and malondialdehyde (MDA), the product of membrane lipid
peroxidation, as well as electrolyte leakage percentage (ELP) compared to the control treatment, suggesting that
oxidative stress was induced in tomato leaves. However, compost-treated plants under salinity had a significant
reduction in such free radical and lipid peroxidation levels, indicating less oxidative damage in response to compost. In
addition, under salinity, activities of antioxidant enzymes, i.e. superoxide dismutase {SOD}, catalase (CAT), guaiacol
peroxidase (G-PER), ascorbate peroxidase (A-PER) and glutathione reductase (GR)] were significantly higher in
compost-treated plants than untreated ones. Further, free radical, 2,2-diphenyl- 1-picrylhydrazyl (DPPH), scavenging
activity test showed similar trends to those recorded for enzymatic activities. All these changes in compost-treated
plants might contribute to protect tomato leaves from oxidative stress as indicated by low peroxidized lipid and ELP
levels. It can be concluded that compost derived from cow and chicken manure and wheat straw alleviates salt stress of
tomato by improving plant growth and inducing higher enzymatic and non-enzymatic antioxidants, thereby reducing
membrane peroxidation and denaturation of biomolecules,
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INTRODUCTION

Growth inhibition in plants exposed to salinity
stress is associated with oxidative damage caused by
reactive oxygen species (ROS) at cellular level. Salinity
induces generation of ROS such as singlet oxygen ('O,),
superoxide anion (O,"), hydroxy! radicals {OH") and
concomitantly I,0,. The superoxide radical {O,") and
hydrogen peroxide (H,(;) are deleterious to the cellular
constituent and further potentiate production of
hydroxyl radicals. These ROS are necessary for inter-
and intracellular signaling but at high concentrations
they disrupt normal metabolism through peroxidating
lipids, denaturing proteins and nucleic acids. Lipid
peroxidation associated with malondialdehyde (MDA)
accumulation causes degradation and impairment of
structural components. This leads to change in selective
permeability of bio-membranes and thereby membrane
leakage and change in activity of enzymes bound to
membrane. These hasten the loss of membrane integrity
and cell metabolites, such as sugar, protein, phenols.
MDA, a decomposition product of polyunsaturated fatty
acids, is an indicator of membrane damage. Therefore,
the cell membrane stability has been widely used to
differentiate stress tolerant and susceptible cultivars of
crops (Liang et al., 2003) and linked with better crop
performance (Sudhakar et al, 2001; Sairam and
Srivastava, 2002; Bor ef al., 2003; Bartels and Sunkar,
2005).

To minimize oxidative damage, plants have
developed complex antioxidant defense systems that
protect against these potentially cytotoxic ROS.
Superoxide dismutase (SOD) converts O, to H,0,,
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Catalase (CAT) and peroxidase (PER) catalyze the
breakdown of H,0,. Hydrogen peroxide could be
detoxified through the ascorbate—glutathione cycle via
ascorbate peroxidase (A-PER) and glutathione reductase
(GR). Hence, the potential of antioxidant enzymes to
quench O;" and H,O, is related to stress tolerance of
plants. Non-enzymatic antioxidant tests could be based
on the evaluation of lipid peroxidation or on the
measurement of free radical scavenging potency
(hydrogen-donating ability). The radical scavengers
donate hydrogen to free radicals, leading to non toxic
species and therefore to inhibition of the propagation
phase of lipid oxidation. Recently, The use of 2,2-
Diphenyl-1- picrylhydrazyl (DPPH) radical scavenging
activity provides an easy, rapid and convenient method
to evaluate the antioxidants and radical scavengers
(Soler-Rivas ef al., 2000; Kansci et al., 2003). High
DPPH-radical scavenging potency corresponded with
the level of plant stress tolerance (Kang and Saltveit,
2002; Sairam and Srivastava, 2002; Jebara et al., 2005).

A major challenge in agricultural practice and
research today is how to cope with plant salt stress it an
economical and an environmentally sustainable
approach. Composted organic matters (OM) can
improve crop tolerance and increase plant growth by
providing better soil structure, supply of nutrients, and
by building up antagonistic micro-organisms (Raviv et
al, 2004; Bayu et af, 2005; Heather et al, 2006;
Termorshuizen et al., 2006; Pilon-Smits et al., 2009;
Tejada er al., 2009). Therefore, supplementation of
composted OM to soils influences a wide array of
agronomic and physiological characteristics and is,
therefore, a crucial component for any sustainable
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agriculture system (Brady and Weil, 2000). Scientific
understanding of the metabolic processes by which
organic amendment influenced the outcome of
physiological responses is still marginal, owing in part
to the inherent complexities of the heterogeneous
organic mixtures (Kavroulakis et al., 2005). To date,
studies about environmental stresses in compost-
amended soils have been scarce (Mata-Gonzailez et al.,
2002)

The objectives of the present investigation were to
study the physiclogical impacts of compost application
on tomato (Lycopersicon esculentum Mill. cv. Super
Strain B) plants against salt stress by measuring plant
biomass production in terms of FW and DW,
membrane-damage-related parameters, and activities of
enzymatic and non-enzymatic antioxidants. The overall
aim of this work was to gain insight into the mechanism
by which compost contributes to protection of tomato
plants against salt stress.

MATERIALS AND METHODS

Analyses of so0il and compost properties:

The soil used was sandy soil collected from soil
layer {0-25 cm depth) of the Faculty of Agriculture
farm, Suez Canal University, Ismailia, Egypt. Compost
was prepared from a coarse (>1 mm) fraction of a
mixture of cow manure, chicken manure and wheat
straw at a ratio of 3:1:1 (v/v), respectively. The organic
materials were mixed and decomposed in a pile.
Moisture content was measured twice a week and was
maintained at 50-60% throughout the active composting
period. The mixtures were turned at three-day intervals
to maintain porosity. The thermophilic stage (>50°C)
lasted for 55 days. After 130 days of composting, the
temperatures reached the ambient level. The compost
was then left for curing about 4 weeks to be suitable as a
culture medivm. The most significant characteristics of
soil and compost are presented in Table 1. QOrganic
matter and nitrogen content were determined in dried
samples using Walkley—Black and Kjeldahl methods,
methods, respectively, Phosphorus and potassium were
analyzed by Olsen method and flame spectrometry,
respectively.

Plant material and treatments:

Seeds of tomato (Lycopersicon esculentum Mill. cv.
Super Strain B) were germinated in peat-filled trays. At
the second true leaf stage, the secdlings were
transplanted into free draining pots (3 pot™) containing
sandy soil (T2) or compost (T3), which was
incorporated into sandy soil at rate of 20% by volume.
The pre-planting irrigation was applied 15 days before
planting. The plastic pots (30 pots of compost-treated
and 30 untreated) were maintained in the greenhouse
and watered when needed. Pot experiments were
carried-out under natural light, with an average
temperature of 25/20°C day/night and a relative
humidity of 65/80%. Diluted nutrient solution (Hewitt,
1966) providing macro and micronutrients were
incorporated to the sandy soil in first two jrrigation
procedure, where seedling plants received the same
quantity of nutrients. At 21 days old, untreated (T2) and

compost-treated (T3) plants were subjected to 150 mM
NaCl for 15 days. NaCl application occurred after
withholding water from the plants for 2 days (without
observable plant wilting). Thirty pots containing plants
without any treatments (T1) were used as control
treatment for comparison. Water content of the pots was
maintained at 80% field capacity for the period of the
experiment. At 7 d after initiation of salt stress, the
upper-most fully expanded leaves of uniform plants
were collected and immediately frozen in liquid N; and
stored at — 70°C until analysis. Electrolyte leakage
percentage was done in fresh samples. However, at 15 d
after salt application, fresh weights of 15 randomly
selected plants per treatment were recorded after
removing all precipitates from the root surface. Samples
were oven-dried at 80°C to a constant weight, and dry
weights were recorded,

Superoxide (0,7} anion and I,0, determinations:
The superoxide radical (O,”) was measured by
monitoring nitrite formation from hydroxylamine
following the method of Elstner and Heuper (1976).
Leaf tissues of 0.5 g were homogenized in an ice bath in
4.0 mL of 50 mM sodium phosphate buffer (pH 7.8) and
centrifuged at 12,000g for 15 min at 4°C. The
supernatant was immediately assayed for O,". A
standard curve with NO, was used to estimate the
production rate of ,". Production of H,0, was
measured by homogenizing leaf tissues (0.4 g) in 3.0
mL of 100 mM sodium phosphate buffer containing 1%
polyvinyl pyrollidone (PVP). The homogenate was
centrifuged at 12,000g for 20 min at 4°C, and the
resulting supernatant was used for estimating H;O,
according to the method described by Trinder (1996).

Membrane damage determination:

Lipid peroxidation in leaf tissue was determined by
measuring the amount of MDA wusing thiobarbituric
acid. Fresh leaf tissue (0.5 g) was homogenized in 4.0
mL of 10% trichloroacetic acid and centrifuged at
5000g for 10 min at 4°C. The supernatant was assayed
for MDA following the method of Qing and Bing
(2004). Electrolyte leakage percentage {ELP) was
measured using an electrical conductivity meter as
described in Liu er al, (1985).

DPPH scavenging activity determination;

DPPH-radical scavenging activity was estimated
following the procedure described by Kang and Saltveit
(2002). Fresh leaves (0.5 g} of each sample were
homogenized in 4.0 mL of absolute ethanol at 4°C.
After centrifugation, 0.2 mL of the supernatant was
mixed with 0.8 mL absolute ethanol, 1 mL 0.5mM
DPPH in ethanel, and 2 mL 100 mM acetate buffer (pH
5.5). After standing for 30 min, absorbance of the
mixture was measured at 517 nm. The DPPH-radical
scavenging effect (%) was calculated according to Yen
and Chen (1995).

Antioxidant enzymatic activity assay:

Leaf tissue (0.5 g) was homogenized in 4 mL of 50
mM sodium phosphate buffer (pH 7.0), 0.1 mM EDTA-
Na;, 1 mM L-isoascorbic acid, 1% (w/v)} PVP, and
0.05% (w/v) Triton X-100 in an ice bath. The
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homogenate was centrifuged at 12,000g for 15 min at
4°C. The resulting supernatant was used for assays of
the activities of SOD (EC 1.15.1.1), CAT (EC 1.11.1.6),
guaiacol-PER (EC 1.11.1.7), ascorbate-PER (EC
1.1L.1.11), and GR (EC 1.6.4.2) according to the
procedure described in Parida et al. (2004). Protein
contents in the enzyme extract were determined by the
method of Bradford (1976) using bovine serum albumin
as the standard.

Statistical analysis:

Values presented were means * standard deviation.
The data were subjected to statistical analysis by
analysis of variance using costat computer package
(CoHort Software, Berkeley, CA, USA). The
significance of differences between mean values was
compared by the least significant difference (LSD) test.
Differences at a 0.05 probability level were considered
significant.

RESULTS

Seedling biomass production:

Both fresh and dry weights of tomato seedling were
decreased by salt treatment (Fig. 1A& B). Compost
treatment under salinity-stress conditions increased the
FW and DW of tomato plants by 61.5 and 41%,
respectively, compared with NaCl-treated plants grown
in non-amended soil. Similar plant biomass preduction
were similar in compost-treated and control plants (Fig.
1A& B).

Free radicals production:

Salt treatment significantly increased O,"
production and H,O: in leaves of tomato seedlings (Fig.
2A& B) by 183 and 200%, respectively, compared with
the control. Under salinity-stress conditions, compost
treatment reduced O, production and H,O; by 54.7 and
84.2%, respectively, compared with NaCl-treated plants
grown in non-amended sandy soil, as shown in Figure
2A& B.

Non-erzymatic antioxidants and membrane damage:

Non-enzymatic antioxidant tests could be based on
the evaluation of lipid peroxidation or on the
measurement of free radical scavenging potency
(hydrogen-donating ability). Lipid peroxidation and
electrolyte leakage percentage were measured to asses
the membrane damage. Oxidative damage of lipids was
estimated by measuring malondialdehyde, which is one
of the decomposition products of polyunsaturated fatty
acids of biomembranes, In the present work, salt
treatment increased leaf MDA content and ELP,
compared with the control plants (Fig, 2C& D). Under
salinity-stress condition, compost application led to a
significant reduction in leaf MDA and ELP by 56.8 and
70%, respectively, compared with untreated plants, as
shown in Figure 2C& D.

The free radical scavengers donate hydrogen to free
radicals, leading to non toxic species and therefore to
inhibition of the propagation phase of lipid oxidation.
The presented data indicate that DPPH scavenging
elfect was increased by 17% due to salinity stress in
untreated plants, but the increase was further increased

to 64% under salinity in compost-treated plants (Figure
3A), indicating that compost resulted in increasing the
activities of non-enzymatic antioxidants.

Enzymatic antioxidants:

The enzymatic antioxidants in higher plant cells can
protect their cells from oxidative damage by scavenging
ROS. The activities of some antioxidant enzymes in
tomato leaves are shown in Figure 3. Salinity stress
increased SOD, CAT, A-PER, and GR activities by
12.9, 16, 50, and 62%, respectively, compared with the
Control plants. Under salinity stress, activities of SOD,
CAT, A-PER, and GR were further increased by 98.7,
62.9%, 145, 162%, respectively, in response to compost
treatment, as shown in Fig. 3B,C,E& F. However, G-
PER was considerably decreased by salinity stress in
untreated plants and compost treatment alleviated the
reduction in its activity of NaCl-treated plants (Fig. 3D).

DISCUSSION

It is well understand that compost applied to soil
improve its quality by altering the chemical and
physical properties, increase organic matter content,
water holding capacity, overall diversity of microbes,
provide macro- and micronutrients essential for plant
growth and suppress diseases which indirectly
contribute to plant growth enhancement (see
Introduction section). Certain microorganisms present in
the compost such as Trichoderma, Rhizobacteria and

fuorescent Pseudomonas are also known to stimulate

plant growth (Dinesh et al., 2000; Sylvia, 2004; Ros er
al., 2006). These microbes benefit plants through
different mechanisms of action, including the
production of secondary metabolites such as antibiotics
and hormone-like substances, the production of
siderophores, antagonistic to soil-borne root pathogens,
and phosphate solublization (Dubeikovsky ef al., 1993).
Coilectively, these changes in response to compost
application under salinity conditions often resulted in
increased plant growth of tomato plants in terms of FW
and DW production in comparison to untreated ones,
which was evident in the present work (Fig. 1A& B).
Salinity-induced inhibition of plant growth may
produce oxidative stress, which occurs when the
generation of ROS overwhelms the antioxidant
defenses. Salinity caused reduction in plant biomass
production in terms of FW and DW (Fig. 2) was parallel
to increased O, anion, HyO, MDA and ELP levels (Fig.
2 ABC& D) in leaf tissues which were reversed
significantly by compost application. Results reveal that
oxidative damage occurs in tomato leaves of untreated
plants and were confirmed by high levels of peroxidized
membrane lipids and electrolyte leakage percentage. In
agreement with the data presented here, Lee ef al.
(2001), Liang er al. (2003), and Jebara et al. (2005)
reported that elevated levels of O, anion radicals and
H,0; accumulation under salinity lead to change in
selective permeability of bio-membranes and thereby
membrane leakage. According to -Hernandez and
Almansa (2002), the peroxidation of membrane lipids
which leads (o membrane damage is due to ROS,
increased membrane peroxidation might have resulted
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from enhanced stomatal closure causing a decrease in
the CO; concentration of NADP" available to accept
electrons from photosystems 1 and 2 and thus initiate O,
reduction with the concomitant generation of ROS.

Plant cells possess both enzymatic and non-
enzymatic defense systems to maintain the cellular
redox state and to mitigate the damage caused by
oxidative stress (reviewed by Parida and Das, 2005;
Munns and Tester, 2008). In addition to crucial roles in
defense system and as enzyme cofactors, antioxidants
influence higher plant growth and development by
modifying processes from mitosis and cell elongation to
senescence and death. Most importantly, they provide
essential information on cellular redox state, and
regulate gene expression associated with biotic and
abiotic stress responses to optimize defense and survival
(Shao er al., 2008). Present results showed that NaCl
treatment slightly increased DPPH scavenging effect,
relative to the control, but under these conditions, leaves
of compost-treated plants had higher level of radical
scavenging activity (Fig. 3A) in comparison to untreated
ones. This suggests that compost may act in increasing
the non-enzymatic anfioxidants, which estimated as
radical DPPH scavenging activity. Such antioxidant
system having potential to quench ROS were implicated
in stress tolerance, as also reported by (Kang and
Saltveit, 2002; Sairam and Srivastava, 2002).

As stated, antioxidant enzymes ar¢ capable of
removing ROS. Main enzymes are SOD, CAT, A-PER
and GR. Compost-treated plants subjected to salinity
exhibited higher activity levels of antioxidant enzymes
(SOD, CAT, G-PER, A-PER, GR), as assayed in vitro,
than untreated ones (Fig. 3B,C,D,E& F). This finding
suggests that compost might be activating antioxidant
enzymes and elevating antioxidants, thereby controlling
free radical generation of biomolecules, hence
preventing membrane peroxidation and denaturation of
biomolecules resulting into improved plant growth
under salinity. The controlling of ROS leve!l are
considered to be the way of plant to tolerate the stress
condition, as also suggested by Chattopadhyay et al.
(2002) and Bor et al. (2003). A correlation between the
intracellular antioxidant capability to reduce the ROS
and NaCl tolerance has been demonstrated in a wide

range of plant species (Noctor and Foyer, 1998; Badawi
et al., 2004; Mandhania et al., 2006; Baltruschat ef al.,
2008; Xue and Liu, 2008). Thus, the higher non-
enzymatic and enzymatic antioxidants in compost-
treated plants indicate their better tolerance than
untreated ones.

The modes of compost action in protecting tomato
plants against salt stress may be related to the beneficial
effect of compost application that is a result of many
components that may work synergistically at different
concentrations. It is known that compost represents a
good source of all macro- and micronutrients, organic
matters, humic substances, hormone-like substances and
many others, which played important roles in
stimulating metabolic processes, promoting growth, and
increasing the synthesis and accumulation of more
metabolites in plant tissues; thereby alleviating abiotic
environmental stresses including salinity stress, as also
reported by Knight et a/. (1997), Shibli er al. (2001),
Akiyama and Tsuruta (2003), Li et a/. (2004), Hussein
et al. (2006) Ashraf et al. (2009). Although the effects
of the compost on the later stages of growth and yields
of tomato have not been investigated, composts have the
potential influence to increase plant growth and to
reduce yield losses under stressful conditions. It is
concluded that soil amended with the compost derived
from cow and chicken manure and wheat straw
mitigates oxidative damage generated by salt stress and
boosts the resistance capability of the tomato plants
against stress conditions via improving plant growth and
activating the antioxidant defense systems, thereby
reducing membrane peroxidation and denaturation of
biomelecules.
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Table (1}: Chemicai characteristics of sandy soil and compost after 160 days of composting under study.

Parameter Soil Compost
pH" 79 6.8
EC (dSm™)" 1.1 4.4
Total organic matter (%) 0.50 75.6
' Total C (g Kg') 200 450
| Total N (g Kg-1) 0.3 27.0
- C/N ratio 9.67 16.67
‘To,_ta.l-P g Kg") n.d. 9.40
" Total-K (g Kg') 0.025 25.2

®The pH and electric conductivity were measured in aqueous solutions 1:2.5, and 1:10 dilutions in terms of soil and compost, respectively.
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Fig, (1); Effects of compost on plant fresh weight (A), and Plant dry weight (B) of tomato plants subjected to salt stress
for 15 days. T1, control plants without any treatments; T2 and T3, untreated and compost-treated subjected to
salt stress; T3, compost-treated plants and subjected to salt stress. Data are mean values = SD from three
independent experiments. Bar with the same letters are not significantly different at the 0.05 levels.
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Fig. (2): Effects of compost on the levels of O,” production rate (A), H,O, (B), MDA V(VC), and ELP (D) .(.)f tomato
plants subjected to salt stress for 7 days. Rest legend is the same as in Figure 1.
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GR (F), of tomato plants subjected to salt stress for 7 days. Rest legend is the same as in Figure 1.
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