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ABSTRACT

The effects of compost on plant growth, photo-
synthetic pigments, activities of superoxide dismu-
tase (SOD), ascorbale peroxidase (APX), dehy-
droascorbate reductase (DHAR), and glutathione
reductase (GR), as well as concentrations of
ascorbate (ASC) and glutathione (GSH) were in-
vestigated in cucumber (Cucumis salivus L.)

plants treated with cadmium (Cd*"). Four different _

treatments were applied: control without any treat-
ment (T1}, compost at 10% rate by weight (72),
cadmium (Cd”') at 100 uM (T3) and combined
treatment of compost + Cd?* (T4). The leaves
showed apparent symptoms of Cd?" toxicity, I.e.
chiorosis, and the plant growth, as well as chloro-
phylls and carotencids were significantly inhibited
in Cd®*-treated plants. In addition, compared with
the controt, 100 uM (o considerably increased
H; 02 concentration and lipid peroxidation indicated
by accumulation of thiobarbituric acid reactive sub-
stances (TBARS), pointing out to cellular oxidative
stress. The addition of 10% compost to the sandy
soil decreased the contents of TBARS and the
preduction of H;Oz, but increased the levels of
photosynthetic pigments, and improved the plant
growth, These results suggest that compost pro-
tects plants from oxidative damage, and this pro-
tection is performed via significant increase in the
activities of the antioxidant enzymes namely SOD,
APX, DHAR, GR, as well as the levels of antioxi-
dants, ASC and GSH. The present results coin-
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cided with the conclusion that compost compo-
nents, i.e. macro- and micronutrients, organic mat-
ters, humic substances, hormone-like substances,
biotic agents, emission of carbon dioxide and nitric
oxide and many others, are effectively contributed
in the physiological metabolism fo counteract oxi-
dative siress induced by Cd®* contaminated soil.

Abbreviations: APX, ascorbate peroxidase; ASC,
reduced ascorbate; Cd>*, cadmium; Co, compost;
DHA, dehydroascorbate; DHAR, dehydroascorbate
reductase; EDTA, ethylene diamine tetraacetic
acid: GR, glutathione reductase ; GSH, reduced
gultathione; GSSG, oxidized glutathione; ROS,
reactive oxygen species; SOD, superoxide dismu-
tase; TBARS, thiobarbituric acid reactive sub-
stances

INTRODUCTION

Ag one of the most toxic environmental poliut-
ants {Zhang et al 2008), cadmium (Cd2+) has a
strong influence on metabolic activities of crop
plants by inducing a number of physiological
changes, such as growth inhibition, changes in
water and ion metabolism, photosynthesis inhibi-
tion, enzyme activity changes, and free radical
formation (Ekmekcl et al 2008). Cd** induces se-
vera oxidative stress by producing excessive ROS,
causing severe damage {o membrane sysiems,
cell organelles and DNA (Gelssle et al 2009), al-
though they act as signaling molecules that medi-
ate many key physiologicat processes (Gechev et
al 2006). MDA is a major product of membrane
lipid peroxidation, and its level is an indicator of the
extent of oxidative damage (Zhang et a/ 2010).
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To scavenge ROS and alleviate their deleteri-
ous effects, plants have developed protective en-
zymatic and non-enzymatic mechanisms. Enzy-
matic antioxidants include superoxide dismutase
(SCD), catalase (CAT), ascorbate peroxidase
{APX), and glutathione reductase (GR), whereas
non-enzymatic antioxidants include glutathione
and ascorbate (Apel and Hirt, 2004). These de-
fense mechanisms against oxidative damage have
been explicitly observed in piants subjected to cd®
stress (Ekmekci ef al 2008).

A major challenge in agricultural practice and
research today is how to cope with environmental
stress including heavy metal stress in an economi-
cal and an environmentally sustainable approach.
Compost derived from agriculturaf wastes can im-
prove crop tolerance and increase plant growth by
providing better soil structure, supply of nutrients,
and by building up antagonistic micro-organisms
(Stevenson, 199%4; Heather et a/ 2006; Pllon-
Smits et al 2009). Compost can also effectively
remedy heavy metal contaminated soil by trans-
forming heavy metals from soluble and exchange-
able fractions to fraction associated with organic
matter, carbonates fraction, and residual fraction,
which are unavailable to plants {Li ef a/ 2008).
Therefore, addition of compost te soils influences a
wide array of plant agronomic and physiological
characteristics and is, therefore, a crucial compo-
nent for any sustainability of agriculture system
(Brady and Weil, 2000). Consequently, we hy-
pothesize that compost addition te agricultural soils
could result in improving protection capacity of
plants under stressful heavy metal conditions. To
date, little information is available in relation to
plant metabolic and physiological changes under
heavy metal stress by compost application (Gan-
dolfi et af 2010; Han-Song et a/ 2010).

The aim of this study was to address the ef-
fects of compost derived from cow manure,
chicken manure and wheat straw on protection of
cucumber (Cucumis safivus 1. cv. Sweet Crunch)
plants, as a model of vegetable crop, against Cd**
toxicity by measuring plant growth, photosynthetic
pigments, lipid peroxidation, and some enzymatic
and non-enzymatic antioxidants.

MATERIALS AND METHODS
Plant material and treatments
Sandy soil was collected from the soil layer 0-

25 cm depth at Facully of Agriculture Farm, Suez
Canal University, Ismailia, Egypt. The compost

produced from composting a mixture of cow ma-
nure, chicken manure and wheat straw at a ratio of
3:1:1 (viv) was used in this study. Chemical char-
acteristics of sandy soil and compost after 160
days of composting were stated elsewhere
(Tartoura, 2009).

Cucumber (Cucumis sativus L. cv. Sweet
Crunch) soeds were planted In plastic pots (3
seeds pot”) containing a sandy soil amended with
the compost at rate of 100 g Kg™' soil and grown
along with control that received no compaost under
natural conditions, The environmental conditions
were as follows: a 12-h photoperiod, temperature
of 25/20°C day/night, and a relative humidity of
65/70%. The pre-planting irrigation was applied 15
days before planting. Afler germination, seedlings
were watered at intervals of 48 h. For Cd* stress
treatment, the cucumber plants at 21-old- days
were Irrigated with the solution at 100 pM CdSQq
and incubated for 14 days. The experimental de-
sign consisting of: a control [sandy scoil and no
added compost (T1)] and three treatments [sandy
soil amended with the compost (T2), sandy soil
treated with Cd** (T3), sandy soll amended with
compost and treated with Cd®* (T4)] were arranged
in a randomized, complete block design, each with
three replicates of 21 plants. Data are the mean
values of three independent experiments. During
the growing period, the water content of the soil in
all pots was maintained near 80% of the field ca-
pacity. The youngest fully developed leaves were
taken after 5 and 10 days for biochemical assays.

Plant growth measurement

After 14 days of treatment, shoot height and
root length were measured. The plants were har-
vested, divided into shoots and roots, dried at
70°C to constant weight and weighed.

Determination of chlorophyll and carotenoid
content

Chlorophyll and carotenoids were extracted by
homogenizing ca 0.2 g fresh leaves in chilled
ethanol solution (19:1 ethanol: water {v/v}). Chlo-
rophyll and carotenoid conlents in supematants

- were spectrophotometrically determined at 665,

649 and 470 nm; the calculation method followed
Lichtenthaler and Wellburn {1983).

Determination of Cd®* contents

The concentration of Cd** in dried leaves was
determined by atomic absorption spectrophotome-
ter as described by Sandalio ef af (2001).
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Determination of H20; and liptd peroxidation

H.0, was measured by monitoring the absorb-
ance of the fitanium-peroxide compiex at 408 nm
as described by Nag et al (2000). Absorbance
values were calibrated to a standard curve gener-
ated using known concentrations of H»O». Lipid
peroxidation was determined via thiobarbituric
acid-reacting substances according to the method
of Sudhakar et al (2001). Absorbance of the su-
pernatant was read at 532 and 600 nm, After sub-
fracting the non-specific absorbance at 600 nm,
the TBARS concentration was determined by its
extinction coefficient of 155 mM™ cm™.

Determination of antioxidant enzyme activities

Soluble proteins in plant leaves were extracted
with 50 mM ice cold potassium phosphate buffer
{pH 7.0) coniaining 1% (wh) polyvinylpyrrolidone
(PVP) and 1mM ethylene diamine{etraacetic acid
(EDTA). The activities of SOD, APX, and GR were
determined as described by Jiang and Zhang
{2001). DHAR activity was determined according to
the method described by Nakano and Asada
(1981). Protein content was estimated according to
Bradford {1976) using bovine serum albumin as a
standard.

Determination of ascorbate and glutathione
concentrations

One gram of fresh ieaves were ground in liquid
nitrogen and exiracted with 5 mi of 6.5% ice-cold
metaphosphoric acid containing 1 mM EDTA, cen-
trifuged at 15,000g for15 min, and the supermatant
was used for the assay. Total ascorbate and re-
duced ascorbate {ASC) were estimated according
to Law ef al (1983). Total ascorbate was deter-
mined by incubating samples with 1 mM DTT (final
concentration). A standard curve for ASC was
used.

Non-protein thiols were extracted by homoge-
nizing 0.3 g leaf fragments in 2 ml of 5% suiphosa-
lycilic acid (pH 2}, containing 1 g polyvinylpyrroli-
done (PVP). After centrifugation at 10,0009 for 20
min at 4°C, the supernatants were used for the
analysis. Total glutathione (GSH plus GSSG) was
determined by the recycling method according to
Anderson (1985), using GSH as standard by
measuring the absorbance increment at 412 nm,
with glutathione reductase, DTNB and NADPH. To
quantify GSSG, 2-vynilpyridine was added to the
extract,

Statistical analysis

Data were tested by analysis of variance
(ANOVA) using the CoStat system for Windows,
version 6.311 (CoHort software, Berkeley, CA
94701). Alt data presented are the mean values.
The measurement was done with three replicates.
Statistical assays were carried out by ANOVA lest
and means were compared by the least significant
difference (LSD) test. Comparisons with p values
<0.05 were considered significantly different,

RESULTS
Cd?* toxicity symptom, growth and pigments

Figure (1) shows that Cd>* treatment induced
cholorosis of cucumber leaves and application of
compost inhibited the development of cd? {oxicity
symptoms. Appiication of compost promoted the
growth of both shoot and root. Cd** treatment sig-
nificardly inhibited the plant growth parameters;
however, this inhibition was significantly alleviated
by compost application. Cd* accumulation was
noted in the Cd®* -treated plants, and compost

-freatment notably decreased the accumutation of

leaf Cd?* in compost-treated plants, as shown in
Table (1).

The Cd** symptom was in accordance with
change of levels of photosynthetic pigments. Cd**
freatment also greatly decreased the levels of Chl
a, Chl b, total Chl and carotenoid in cucumber
leaves after both 5§ and 10 days of trealment; how-
ever compost application significantly increased

~ the levels of such pigments, as shown in Figure

(2A-D). Unlike the change of pigment contents,
Cd** treatment did not show statistically significant
effects on Chl a/Chl b at 5 days and significantly
increased carotenoid/ chlorophyll; while addition of
compost significantly increased carotenoid/ chloro-
phyll under Cd”" stress (Fig. 2E and F).

H,0; and lipid peroxidation concentrations

Changes in Hz0: concentration in response to
compost application after subjecting cucumber
plants to Cd** were evaluated. Cd** treatment sig-
nificantly increased HzO: level in cucumber leaves,
especially at 10 days after treatment, relative to the
control. However, compost application significantly
decreased leaf H,0; level in compost-treated and
compost + Cd**-treated plants, as shown in Fig.
(3A).
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Fig. 1. Effects of compost addition on the phenotype of Cucumis sativus leaves treated with cd®

Table 1. Effect of compost on shoot height, root length, shoot and root DW, total DW, and leaf .
content of 14 day treatment cucumber plants grown in sandy soils * Cd*. (T1), control;
(T2} compost; (T3}, Cd*’ treatment; and (T4) compost + Cd™" treatment

, Traatments , ::i;ii | Roc;’;::r;gth ‘ ?QHET:H?EH; ,Tjjohjt 1 Ti;:jI . {i: ;M;Lt)

| | {cm) . (g plant’™) {g plant™) i
T | 504" so6s | 494" 0.552° 5.57° nd. l
A R B OY 89.71" | 5.77° 0.625° 6.30° n.d.
. 44.22° 49,95 3.45° 0.396° 3.89° 172 |
| 14 | 5195 58.88° |  427° 0495° | 481 go.8® |

Data show the means of three replicates from three independent experiments. Within a column, mean valugs fallowsd

by amall different Isttars are significantly differant [p < 0.05)

TBARS were measured as an index of lipid pe-
roxidation and its ievel Is an indicator of the extent
of oxidative damage. Changes in TBARS levels
were similar to those of HxQ; Cd™ treatment sig-
nificantly increased leaf TBARS level, whereas
compost treatment significantly reduced the accu-
mulation of TBARS (Fig. 3B). Thus. it is &vident
that application of compost considerably de-
creased the levels of HxO: and TBARS in leaves of
compaost-treaied plants, as compared with un-
treated ones.

Antioxidant enzymatic activities

Changes In the activities of antioxidant en-
zymes (300, ARPX, DHAR, and GR) in response to
campost application after subjecting cucumber
plants to Cd*" were avaluated. As shown in Fig.
(4A), compost application increased SO0 activity
in the leaves of compost and compost plus Cd®"-

treated plants. Cd** treatment significantly in-
creased S0OD activity and the highest SOD activily
being at in the combined treatment. Figure (4B)
shows that Cd® treatment considerably promoted
APX activity in the leaves, and the effect was more
obvious with the increasing tims afier treatment.
Compost addition significantly increased APX ag-
tivity. The highest APX activity was noted at § and
10 days of the Co + Cd*" -treated plants. As shown
in Fig. (4C), Cd*' treatment significantly increased
DHAR activity in the Cd”'-treated plants. However,
compest application reduced DHAR activity in
compost-treated plants, but significantly increased
leaf DHAR activity in the cucumber grown under
Cd™ stress. Figure (4D) shows that treatment with
Cd*" significantly increased GR activity in the
leaves. Composl addition to sandy soil increased
GR activity in the cucumber leaves for 5 and 10
days, with the highest GR activity being at 10 days
of compost-treated plants grown under Ca**.

Annals Agric. Sci., 55(2), 2010
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Ascorbate and glutathione concentrations

Fig. (5) shows that Cd*" treatment significantly
decreased the levels of ASC, DHA and total
ascorbate in the leaves. Compost application in-
creased the levels of ASC and total ascorbate at 5
and 10 days of the cuctimber freatment under Cd**
stress. The ratio of ASC/ DHA was significantly
reduced by Cd** stress at 10 days of the treatment;
however, this reduction was alleviated by compost
addition.

Fig. (6) shows that Cd®* stress treatment con-
siderably decreased the concentrations of GSH
and total glutathione. Compost application signifi-
cantly increased GSH level of compost-treated
plants subjected to Cd** stress. Cd** stress in-
creased GSSG tevel when compost was not
added. The ratio of GSH/ GSSG was significantly
reduced by ca* stress; however, this reduction
was alleviated by compost addition.

DISCUSSION

Cd* toxicity can induce complex physiclogical
and biochemical changes in pfants. The most ob-
vious symptoms include leaf chlorosis, inhibition of
plant growth and chiorophyll biosynthesis (Das et
al 1997 and Ekmekci et al 2008). Recently, there
is some evidence indicafing that compost has a

great number of beneficial effects on plant growth
under environmental stress conditions, including
heavy metal (Ciecko et af 2001; Chang-Chlen et
al 2006; Tartoura, 2009; Antoilin ot &/ 2010 and
Han-Song et al 2010). in the present study, Cd**
freatment of cucumber plants induced leaf chloro-
sis, reduced plant growth parameters and signifi-
cantly decreased the levels of photosynthetic pig-
ments, which was positively correlated with the
visual symptom of chlorosis. Inhibition of cucumber
growth was significantly alleviated by compost ap-
plication. Similar Cd®" inhibitory effects have been
obtained in various plant species (P4l et al 2008;
Zhang et al 2008, Lépez-Millan et al 2009 and
Feng et al 2010). The strong inhibition of chloro-
phylls and carotenoids contents under Cd** stress
Fig. (2) suggests that Cd®* may cause oxidative
stress in the leaves of cucumber. However, appli-
cafion of compost reversed the chlorosis and in-
creased the levels of chlorophyll and carotenoids
at the same level of Cd®* toxicity. it is known that
the decrease of chiorophyll level inhibits piant abil-
ity to absorb and utilize light energy, and conse-
quently leads to reduced photosynthesis. Carote-
noids are considered to be antioxidants against
free radicals since they can remove oxygen from
the excited chlorophyll-oxygen complex (Young,
1991). Two possible mechanisms of Cd®* toxicity
on photosynthesis have been proposed to explain

Annals Agric. Sci., §5{(2), 2010 -
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the decrease in chlorophyll pigments. Cd?' can
affect both chiorophyll biosynthesis by inhibiting
protochlorophyilide reductase and the photosyn-
thetic electron transport by inhibiting the water-
splitting enzyme located at the oxidizing site of
photosystem Il, as reported by Van Assche and
Clijsters (1990). Cd** treatment also caused an
accumulation of Cd®* in cucumber leaves and ap-
piication of compost decreased the leaf Cd** con-

tent. The lower levels of Cd® in cucumber leaves

may be explained by the fact that compost acts as
an immobilizing agent of heavy metals that makes
Cd®* less soluble and consequently decreased
cd** uptake of cucumber pianfs, as also reported
by Bolan & Duraisamy {2003); Han-Song ef a/
(2010), and Satoa ef al (2010). It may be con-
cluded that compost alleviated the inhibitory effect
of Cd** on growth parameters and photosynthetic
pigments of cucumber plants.

Oxidative stress is a well-documented effect of
metal toxicity in plants, including Cd?* stress. In the
present study, Cd** at 100 pM caused an en-
hanced level of TBARS in cucumber leaves, which
is an index of lipid peroxidation and, therefore, of
oxidative stress. Similar to TBARS, considerable
leaf Hz0; formation was noted in the Cd**-freated
cucumber, However, under the same level of cd*
level, application of compost decreased the levels
of Hz02 and TBARS, indicating that compost alle-
viates Cd** induced oxidative damage.

Hydrogen peroxide could be efficiently elimi-
nated by non-enzymatic and enzymatic defense
systems (Ekmekci ef al 2008). Superoxide dis-
muatase and ascorbate—glutathione cycle en-
zymes play important roles in removing H202 under
oxidative sitress conditions. SOD constitutes the
first line of defense against ROS, which is crucial
for the removal of Oz in the compartments where
O;" radicals formed (Shao et al 2008). in the pre-
sent investigation, a significant enhancement in
S0D activity was noted in cucumber plants when
exposed to Cd”* stress, suggesting an important
role in removing O;" induced by cd*. Application
of compost further increased SOD activity in com-
post-treated plants subjected to Cd**-contaminated
soil, and therefore increasing the Oz anion scav-
enging activity. The decomposition of 02" radical is
accompanied by production of the toxic metabolite
H20s.

Enzymes of ASC and GSH cycle play a crucial
role in removing ROS and maintaining the celiular
redox status (Drazkiewlcz et af 2003 and Liu ot a/
2007). In this cycle, APX malnly plays an important
role in removing H20; and DHAR and GR can pro-

vide substrate for APX by catalyzing reactions. In
this study, activilies of APX, DHAR and GR were
increased in cucumber plants when subjected lo
Cd®* stress, suggesting their active role in constant
detoxification of H:0; under Cd”’ toxicity. DHAR
and GR could keep higher subsirate for APX by
increasing their activities. Application of compost
further increased activities of APX, DHAR and GR
in compost-treated plants under cd® stress, indi-
cating that compost effectively improves Cd** tol-
erance in cucumber to oxidative stress via increas-
ing the efficiency of ASC and GSH cycle. Our data
suggest compost application resulting in improve-
ment of Cd** tolerance, which associated with in-
creasing the activities of antioxidant enzymes.
Additionally, ASC and GSH are two important
non-enzymatic antioxidants, which also scavenge
ROS under oxidative conditions and in furn protect
the cellular membranes from lipid and protein oxi-
dation (Foyer, 2003). in this study, Levels of ASC
and GSH significantly decreased in cucumber
leaves treated with Cd**. The decline of ASC level
reduced the availability of substrate for APX, re-
sulting in elevation of H20; accumulation. GSH
deplefion could cause oxidative stress, as also
reported by De Vos et al (1892). According fo
Metwally et af (2005), more Cd**-sensitive pea
genotypes had lower root GSH concentrations,
whereas less sensitive genotypes had higher root
GSH concentrations In response to Cd** treatment.
GSH concentrations were also higher in Cd*'-
tolerant genotypes than in Cd®*-sensitive geno-
types of Siene vulgars (De Knecht et al 1994).
Enhanced levels of such antioxidants in Cd®* -
treated cucumber plants grown in compost
amended soil indicate their active involvement in
detoxification of ROS directly as well as through
the ASC-GSH cycle, as also reported by Asada
and Takahashl (1987). Indeed, one mechanism of
increasing tolerance to Cd”* toxicity may be the
formation of non-enzymatic anfioxidants. The pro-
tective roles of ASC and GSH in plant protection
against heavy metal stresses have previously been
reported by Xiang et al (2001} and Kwon et af
(2003). In addition, Zkao et af (2005) showed that
wheat plants treated with L_-galactono-1, 4-lactone
{GalL), the biosynthetic precursor of ASC were
more Cd** tolerant. The metabolite Monodehy-
droascorbate, as a result of APX catalysis and
certain non-enzymatic reacfions, is unstable and
highly reactive, and it disproportionates spontane-
ously to DHA that Is reduced by DHAR using GSH
as an electron donor. Compost-treated plants had
higher leaf DHAR activity than that in untreated

Annals Agric. Scl., 55(2), 2010
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ones under Cd?" toxicity. In this respect, Kwon. et
al (2003) reported that transgenic tobacco plants
expressing a human DHAR gene properly worked
for the protection against oxidative stress in plants.
Elevated DHAR activity in cucumber leaves grown
in Cd*-contaminated soil ¢ould increase the con-

version of DHA to ASC. However, level of ASC -

decreased In Cd*'-treated plants may be due to
Increasing oxidation of ASC and prevention of ASC
formation under Cd?* toxicy. In agreement with
the present results, Romero-Puertas et al {2007)
indicated that ASC content was decreased under
Cd® stress. On the other hand, the decrease in
DHA level led to a decrease in the substrate of
BHA to ASC catalyzed by DHAR, resulting in a
lower ASC/DHA ratio. Addition of compost in-
creased ASC level at Cd?* stress, which probably
atiributed to increased DHAR activity or lower oxi-
dative stress caused by compost application. GSH
is oxidized to GSSG during the conversion of DHA
- to ASC, which depends on GR to reform GSH by
- oxidizing NAD(P)H to NAD(P)" . Present results
showed that there is a gradual shift to more oxi-
dized cellular redox status as reflected by the de-
crease in the ratios of ASC/ DHA and GSH/ GSSG.
In fact, it is well established that not only ASC and
GSH concentrations, but also the ASC/ DHA and
GSH/GSSG ratios are important to maintain cellu-
lar redox status (May et al 1998; Smirnoff and
Wheeler, 2000). Present data indicate that high
ASC/ DHA and GSH/GSSG ratios could be main-
tained by compost application in the cucumber
plants exposed to Cd** treatment.

Based on the foregoing results, the increase in
antioxidant compounds and related enzyme activi-
fies under heavy-metal stress can help plants to
better survive under Cd*? stress conditions . We
showed that compost increased enzymatic and
non-enzymatic antioxidants. This evidence sug-
gested that compost alleviates Cd*? induced oxida-
tive damage by increasing the expression of genes
related to production of antioxidant molecules and
antioxidant enzymes activities. In agreement with
our data, a correlation between the intraceilular
antioxidant capability to reduce ROS and heavy
metal-stress tolerance has been demonstrated in a
number of plant species (Freeman et al 2004;
Halliwell, 2006; Song et af 2009). The functional
roles of compost in protecting cucumber plants
against Cd** toxicity are mainly aitributed to the
beneficial effects of compost application on the
physlcochemical properties of soil and its biclogy.
Compost components could synergistically act in
affecting numerous physiological and biochemical
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”functions of plants, including water and mineral

uptake and transport, photosynthesis, enzyme
activation and osmotic potential. In addition, com-
post represents a good source of all macro- and
micronutrients, organic matters, hormone-like sub-
stances, biotic agents, carbon dioxide, nitric oxide
and many others, which play important roles in
stimulating metabolic processes, promoting
growth, and increasing the synthesis and accumu-
lation of more metabolites in plant tissues, as also
reported by Akiyama et al (2003), Heather et al
{2006), Geissler et al (2009}, Pilon-Smits et a/
{2009), and Jia et af (2010). Apart from nutrients
and organic matters, composted organic matters
contain a substantial amount of humic substances
(Deiana et al 1990), which affect plant growth and
development. In addition, Cd*? may be fightly
bound to insoluble organic matter such as large
humic acid molecules and humin, thereby increas-
ing the capacity of soil to adsorb Cd** (Kaschl et
al 2002). Further, humic substances contain a va-
riety of functional groups, including COOH, pheno-
lic OH, enolic OH, alcoholic OH, quinone, hydroxy-
quinone, lacione, and ether (Stevenson, 1994).
According to Xia and Rayson (2002), the binding
of Cd*" to various organic materials was associ-
ated with carboxylate functionalities. The kinetic
experiment showed the evidence that the Cd**
binding occurs via an ion exchange as well as by
electrostatic Interaction between carboxylate
groups and Cd?* (Chol and Yun, 20086). The esteri-
fication of carboxyl groups and hydrolysis of ester
groups in the native biomass provided strong evi-
dence that the carboxyl functionality is the main
group responsible for binding Cd** {Sawalha et a/
2007).

CONCLUSIONS

The results of the present work suggest that
compost application resulting in reducing the Cd'?
uptakes due to changing of its available forms to
some unavailable forms, Compost addition also
resulted in efficient antioxidant machinery systems
aliowed the compost-treated plants to cope better
with Cd'? oxidative stress. ‘

The results of the present work also suggest
that Cd”* treatment can increase the accumulation
of H202, induce lipid peroxidation, and chlorophyll
degradation in the cucumber plants. However,
compost application protects plants from Cd*-
induced oxidative stress damage and increased
Cd** tolerance in cucumber plants. This protection
is achieved via increased the capacity of the anti-
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oxidant machinery system that allowed the cucum-
ber plant to cope effectively better with heavy
metal stress. All together, the obtained results
suggest that compost application could be advan-

" tageous against Cd** toxicity and may confer plant
tolerance to soil contaminated with Cd?*,
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