Effect of pruning waste compost on elemental content of soil, alfalfa (Medicago sativa L.)
and Rhodes grass (Chloris gayana L.)
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ABSTRACT

The objective of this research was to determine the
uptake of heavy metals by plants grown om compost-
treated soil. The study took place at El-Bostan region at
Nubaria. Soil and two crops; alfalfa and Rhodes grass,
were sampled in 2004 after applying a total of 32 tha/year
to the soil. The control received only inorganic fertilizers.
Four heavy metals were anatyzed (Cd, Cr, Ni, Pb), as well
as nine essential elements (N, P, K, Ca, Mg. Cu, Fe, Mn,
Zn). '

Compost treated soil in compost lysimeters had more
N, P, K, Mg, Fe, Cu, Mn, Zn, Cd, Cr and Ni tkan did soil
from the control lysimeters. In general, concentrations of
essential elements in plants grown on compost treated soils
were similar to the concentrations of essential elements in
plants grown with inorganic fertilizer. Concentrations of
heavy metals were also similar, except for Cd in stems of
alfatfa; Cr in roots of Rhodes grass; Ni in roots and seeds
of Rhodes grass and Pb in roots of Rhodes grass. Nickel in
seeds of Rhodes grass grown with compost was within the
normal concentration range. Cadmium was at low Jevels in
alt plants, which indicated that, when compost was applied
to the soil; its transfer from the soil to the plaats was low.
Additional of pruning waste compost appeared to be an
effective method for fertilizing plants

INTRODUCTION

In search of a better destination for residues
produced by both domestic and industrial activities,
composting stands as a feasible alternative. This
technique  emphasizes  recycling,  contributes
meaningfulty to the reduction of the original volume,
does not degrade the environment and eliminates
pathogens (Escosteguy et al., 1993; Pereira Neto, 1994,
Scarlato and Pontin, 1995).

According to Costa (1986), the effect of compost
from organic residues goes beyond biological
mechanisms of the soil. Researches conducted by Lima
et al., (1997 a, b, c) proved the beneficial action of
compost on the physical-chemical properties of the soil
and on the plant development.
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Numerous studies have demonstrated that these
organic residues, after proper composting, can be used
with very good results as fertilizers (Scarlato and Pontin,
1995).

Biowaste compost from trimming of plants and
lawns (green waste compost) is a valuable organic
fertilizer and soil conditioner, which supply nutrients as
well as humus (Vogtmann et al., 1993). Management of
biowaste compost for beneficial use in agriculture must
take into account strategies 10 meet crop nutrient needs
and protect the environment. On average, biowaste
compost contains 11.5g/kg total N (Vogtmann et al.,
1993), yet the N is present mostly in the organic form
and therefore is not readily available to plants. This N
can be mineralized and be taken wp by the plant,
immobilized, denitrified and/or leached.

There is concemn that crops grown on soils with
biowaste compost may accumaulate non-essential, heavy
elements in amount toxic to man and animals eating the
crop. Many studies have evaluated the availability of
heavy elements in biowaste spread on the surface of the
soil (Baker and Brooke, 1989, Baker et al., 1994, Entry
et al,, 1996, McGrath et al., 1997, Burken and Schnoor,
1998, Robinson et al., 2000 and Stoliz and Geger,
2002).

Apparently, little information has been published on
the concentration of heavy elements in soils treated with
compost in Egypt. The purpose of this experiment was
to determine the availability, to alfalfa (Medicago sativa
L.) and Rhodes grass (Chloris gayana L.) of non-
essential elements (Cd, Cr, Ni, Pb) in the soil to which
pruning waste compost was applied. Concentrations of
elements known to be essential for plant growth (N, P,
K, Ca, Mg, Cu, Fe, Mn, Zn) were also analyzed.

MATERIALS AND METHODS

The experiment was conducted in lysimeters at El-
Bostan, Nubaria region. Using soil treated with compost
randomly equated and mixed with the soil in an
equivalent dose of 60 tha and for comparison
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inorganically fertilized control. The compost was
uniformly mixed with air-dried soil sieved at < 2 mm
and placed in the lysimeters.

The compost used (leaves and grass clippings) in the
present study was obtained from pruning waste.
Although there are some seasonal variations in the
quantities and characteristics of green waste in E)-
Bostan, approximately 60 - 70% of the waste volume
manufactured is woody material, mainly from date palm
and the rest from leaves to grass clippings. The green
waste was composted in the composting facility of
Nubaria Research Station.

Window piles 2.5 m high by {0 m long were
constructed using -shredded material. Forced aeration
was used for the first eight weeks (bio-oxidative phase),
followed by a ten-month maturation period during which
the piles were tumed periodically to maintain adequate
O, levels. During the bio-oxidative phase of composting
air was blown through the holes of two tubes placed at
the base of the pile. The ceiling temperature for
continuous aeration was 70°C. The O, saturation level
was also controlled and when it fell below 82%, the
aeratiop system was tummed on. During the maturation
phase the pile was turmed every 15 days in order to
improve both O; level inside the pile and the
homogeneity of the material. Pile moisture was
controlied weekly by adding water to obtain a moisture
content not less than 50%. The end product was passed
through 10 mm sieve. Table 1 shows the chemical
characteristics of randomly collected pruning waste
compost.

The two crops used in this experiment are alfalfa
{Medicago sativa L.) and Rhodes grass (Chloris gayana
L.). The compost and control lysimeters have been
treated in the same way except that only inorganic
fertilizer has been used on the control lysimeters. The
following amounts of inorganic fertilizer 130 kg/ha N as
urea, 75 and 60 kg /ha P as tripelphosphate and K as
potassium sulfate, respectively were added. Three
replicates were used for each treatment.

Composite soil samples from each lysimeter were
randomly collected from each treatment. Soil were
analyzed for: pH (soil/water ratio, 1 : 1) (Peech, 1965),
extractable P (Olsen et al., 1954); exchangeable K, Ca
and Mg (Chapman, 1965); DTPA-extractable Cu, Fe,
Mn and Zn (Lindsay and Norvell, 1978); Cd, Cr, Ni and
Pb were determined using atomic absorption
spectroscopy (Isaac and Kerber, 1971). NH-N and
NO3-N (Bremner. 1965) and soluble salts (electrical
conductivity) of a saturation extract (Bower and Wilcox,
1965).

Alfalfa and Rhodes grass were planted in 15 Feb.
2004 and sampled in 15 August 2004, when the leaves

were still green. Roots, leaves and stems were analyzed
for N, P, K, Ca, Mg, Cu, Fe, Mn, Zn, Cd, Cr, Ni and Pb.

Data reported in the text are the means of
determination made on three replicates and reported on
a dry-weight basis (oven dried at 105°C for 24 hr).
Duncan's new multiple range test (5% level) was used to
determine significant differences between the two
treatments (Steel and Torrie, 1980).

RESULTS AND DISCUSSION
Soil characteristics

The soil texture is loamy sand and the level of
salinity is 2.28 dS/m (Table 1). According to that of the
United States Salinity Laboratory Staff (1954), the soil
is suitable for normal plant growth. The pH value of the
soil is 7.4. This is within the optimum range reported by
Zucconi and Berttoldi (1987) for optimum plant
nutrition, (between 6.50 and 8.50). The organic maiter
of this soil was low (1.72%). The resuits also showed
the low cations exchange capacity of the soil (14.6
comic/kg). The soil is also characterized by low levels
of N and high levels of P, K, Ca and Mg. The mean
concentrations of Cu, Pb, Zn, Fe and Mn were 4.7, 9.4,
59.5, 341.7 and 27.2 mg/kg respectively.

Compost characteristics

The characteristics of the prepared compost are
shown in Table 1. EC in a water extract did not exceed

Table'l. Chemical properties of the used soil and

compost on dry weight basis.
Parameters Soil Compost
EC (d8/m) 228 247
pH 74 8.2
OM (%) 172 88.3
CEC (coml/kg) 14.6 132
NOy (mg/kg) 17.9 30.2
P-NaHCO; (mg/kg) 213 41.7
K-NH,OAC (mg/kg} 155.6 164.3
Ca- NH,OAC (mg/kg) 83225 2480.7
Mg-NH,0AC (mg/kg) 31750 5496.0
Cu-DTPA (mg/kg) 4.7 4.1
Pb-DTPA (mg/kg) 9.4 114
Zn-DTPA (mg/kg) 59.5 536
Fe-DTPA (mg/kg) 347.1 2389
Mn-DTPA (ng/kg) 272 259
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the limit value of 3 dS/m recommended by V. L.A.C.O.
(1995). pH value was slightly alkaline (8.2) and was
within the normal range for plant growth (Zucconi and
Berttoldi, 1987). Organic matter and tota) nitrogen
content (30.2 mg/kg) were above the minimum level
required by V.L.A.C.O, (1995).

Total heavy metals (Table 1) were below the limit
values set by the European Communities for biosolids
intended for agricultural use (Council of European
Communities, 1986). This implies that this material can
be used in agriculture.

The lysimeter experiment

Table 2 showed that the pH of the treated soil with
compost was less than that of the soil treated with
inorganic fertilizer. Difference in the pH values of the
compost and inorganic fertilizer probably contributed to
their different effect on soil pH. Compost can lower the
pH of soils because of the nitrification reaction and the
microbial production of CO, (Packnee and Summer,
1997). Concentrations of soluble salts were higher in the
compost treated soil than in the conventionally fertilized
soil. At 0-2 dS/m, salinity effects are mostly negligible
and at 2-4 dS/m, yields of very sensitive crops may be
resiricted (Bemnstein, 1964). The crops grown in the
lysimeters (alfalfa and Rhodas grass) have mediuvm salt

N

tolerance (United States Salinity Laboratory Staff, 1954)
and no salt damage was observed.

The NH-N concentration in the soil with compost
was greater than that in the soil with inorganic fertilizer,
But the differences were not significant. Compost
significantly increased the NO;-N and P concentrations,
the N and P fertilizing value of compost is well known
(Ouedraogo et al., 2001 and Pinamonti et al., 1997) the
high NO;-N content of the soil with compost indicated
that the N in the compost was being mineralized to NOy-
N. Potassium concentrations were also increased by
compost application. Soil with compost and soil with
inorganic  fertilizer had similar effect on the
concentrations of Ca. The concentration of Mg in soil
with compost was greater than that in soil with inotganic
fertilizer. Concentrations of essential trace clements in
the soil (Cu, Fe, Mn, Zn) were usually increased by
compost, especially Fe, Mn and Zn.

Table 3 shows the concentrations of Cd, Cr, Ni and
Pb in both soils. Compost increased concentrations of
Cd of the soil. The concentration of Cr was not elevated
significantly by compost, concentration of Ni was
significantly higher in soil .with compost than in soil
with inorganic fertilizer. fertilizer and compost treated
soil had similar concentrations of Pb.

Table 2. pH, and elemental composition of loamy sand soil treated with compost and laorganic fertilizer.

Parameters Compost inorganic
pH 7.2b 1.7
NH4-N (mg/kg) 71.3a 6.9a
NO;-N (mg/kg) 38.8a 12.3b
P-NaHCO, (pg/g) 68a 57b
K-NH,0AC (ng/g) 329 250b
Ca-NH,0AC (ng/g) 2380 2050
Mg-NH.OAC (pg/e) 112a 95b
Cu-DTPA (ug/g) 2.6a 2.3a
Fe - DTPA (ug/p) 43.4a 24.5b
Zn-DTPA (1g/R) 2.1a 0.9b
9.0a 4.3b

Mn - DTPA (pg/g)

Mean in each row for each parameter, followed by the same lettcr, are not significantly different at the 0.05 level according w0 Duncan's new

multiple range test
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Tabie 3. Concentrations of non-essential elements in

loamy sand soil treated with compost or
inorganic fertilizer.

Eiements Treatments

(ng/e) Compost Inorganic

Cd- DTPA 2.71a 1.29b

Cr- DTPA 34.21a 31.24a

Ni- DTPA 12.88a 12.02b

Pb- DTPA 14.05a 13.89a

level according to Duncan's new maltiple range test Mean in ¢ach row
for cach clement, followed by the same letter, are not significantly
different at the 0.05

Despite their different effects upon soil pH (Table
2), the effects of compost and inorganic fertilizer upon
the concentration of Cu were similar, compared to the
findings for Zn and Mn. Addition of compost increased
the levels of Cu, Zn, Mn and Pb as found previously in
different soil types (Narwal and Singh, 1998 and Walker
et al., 2003). Raising the soil organic matter content can

increase soil CEC, a factor which may affect both
soluble and exchangeable metat levels (Shuman, 1999
and Yoo and James, 2002). The effect of compost on
heavy metal solubility also depends greatly upon the
degree of humification of its OM and its effect upon soil
pH (Narwal and Singh, 1998, Almas et al, [999,
Shuman, 1999 and Walker et al., 2003). However, in the
current study, the effects of compost on soil pH seemed
to be the main determinants of Zn and Mn availability
and uptake. So, the pH effect was greater than that of
metal complex formation by soluble OM.

The element concentrations were closely (inversely)
related to soil pH (Table 4), reflecting earlier findings
(Williamson and Johnson, 1981, Sanders, 1983 and
Ross, 1994). The relationship was close for Zn and Mn
than for Cu, perhaps because Cu levels in soil often are
influenced more by OM than by pH, due to the ease with
which Cu can be chelated by OM (Sanders, 1983,
Sanders et al., 1986 and Ross, 1994).

The availability and plant uptake of Pb were reduced
by compost. This may have been a consequence of the
immobilization of Pb in the compost-treated soil (Ross,
1994 and Walker et al., 2003) and in the casc of
inorganic fertilizer, due to increased soil pH.

Table 4. Pearson correlation coefficients calculated for the relationships between elements concentration
extractable from soit with DTPA (ug/g dry soil) and soil pH, shoot elements concentration ((pg/g DM) and
soil pH and shoot elements concentration and soil element concentration extractable with DTPA,

Pearson correlation coefficient*

Element {Shoot element] - |Shoet element] - [Soit element] -
[Soi element®] [Soil pH ®| ISoil pH}

Cu 0.837°" -0.882" 0754

Pb 0.416ns -0913"™ - 0.689™

Zn 0.982"" -0.968"" 0977

Fe 0.265ns - 0.28%ns -0.64)""

Mn 0.938"" - 0.903™ . 0.897""

35 = gipnificance level; #+* p<0.00L, ns P 2005
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Elemeats
Plant
treatmest N r K Cs Mg Cd Cr Cu Fe Ma Ni Pb In
tssnes
%
Compost 1.19 119 125 0.58 023 - - 27.5a 3965 126 - - 503
Roots
Inorganic fertilizer  1.02 118 128 0.56 020 - - 16.8b 3510 121 - - 4385
Compost 197 0472 1.589 082 0.19 0.027 0389 162 401 I 0.059 0234 N9
Leaves
Inorganic festilizer 209 0.23b 1.80 076 0.17 0.022 0376 15.7 388 129 0.053 0.244 36.7
Comtpost L.73 030 305 0.63 026 0.023a 0.166 14.1 179 13 0.043 0122 913
Stem
Inocganic fertitier  1.68 0.16b 298 058 025 0.013b 0.149 132 162 119 0.038 0119 89.7
Compost 204 045 093 011 029 0.014 0.147 10.3 145 572a 0.091 123 448
sceds
Inotganic fertilizer 2,10 042 087 0.09 027 0.011 0.142 970 139 30.8b 0.086 0.120 442

Mean m each column for cach tissue, followed by the same letier, are not significantly Jitkerent at the 0.05 level according t0 Duncan's new multipl range test.
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Table 6. . Elements concentration in roots, leaves, stem and grains of Rhodas grass grown in compost or inorganic fertilizer treated soil.

P6e

Elements
Plant
treatment N P K Ca Mg ca Cr Cu Fe Mn Ni Pb Zn
tissues
% Hg'e
Compost 1.16a 0.16a 028a 048 0.66 130 7.62a 4.13 806a 423a 3.54a 4.73a 35a
Roots
Inorganic fertilizer 091b 0.04b 027 045 003 1.19 5.74b 3.06b 742b 291b 1.83b 2.18b 26b
Compost 138a 0.40 032 0.30 023 0.19 021 293 110.1 373 1.15 0.72 16.0
Leaves
Inorganic fertilizer 1270 028 030 025 020 0.16 0.20 288 108.4 252 1.12 0.64 14.5
Compost 119 037 031 026 022 0.21 023 zn 104.06 207 125 1.32 13.1
Stem
Inorganic fertilizer 0.86 036 027 023 0419 0.19 022 268 1034 196 119 1.40 10.2
Compost 262 0.46a 0.34 0.09 0.13 0.08 .19 254a 94.1 142 1.072 0.72 15.0a
sceds
Inorganic fertilizer 267 0300 031 0.07 0.12 0.06 017 2.46b 82.5 139 1.00b 0.69 12.0b

Mean in each column for each tissue, followed by the same letter, are not significantly different at the 0.05 level sccording to Duncan's hew multiple range test.

9002 JIAWIDT(T ~HIHOLIO # ON ‘LT "TOA "TYNINOL FDNVHOXT GONIIDS YIIONYXTTY



EL-GARAWANY, M. M. AND ABDULLAH, H. EL-SAID: EFFECT OF PRUNING WASTE COMPOST ON ELEMENTAL ... 395

Concentrations of elements in alfalfa fertilized with
compost were not significantly different from those in
alfalfa fertilized with inorganic fertilizer (Table 5).
Except for phosphorus in lcaves and stems of plants
grown with compost which was significantly higher than
in those grown with inorganic fertilizer. Seeds from
alfalfa treated with compost had significantly more Mn
than the inorganically.fertilized 'seeds, Stems grown with
compost had more significantly Cd than those grown
with inorganic fertilizer. Roots with compost had
significantly more metals than control roots.

Except for K, Ca, Mg and Cd, roots of Rhodes grass
composts had significantly higher concentrations of all
elements than roots grown with inorganic fertilizer
(Table 6). The leaves of compost treatments had
significantly higher content of N only than leaves grown
with inorganic fertilizer (Table 6). The effect of the
treatments had similar in other elemental concentrations.
Stem from the both two treatments of treated plants were
similar in concentration of elements. Grains from the
inorganic fertilizer and compost treated plants were
similar in elemental concentration, except for P, Cu, Ni
and Zn, which were significantly higher in grains from
the compost treated plants, in grains than from the
inorganically fertilized plants.

CONCLUSION

Concentrations of essential and non-essential
clements in plants grown with compost were similar to
the concentrations of these elements in plants grown
with inorganic fertilizer. Nickel was the only non-
essential element of concern in compost which occurred
in higher concentrations in the grains than in the grains
of inorganically fertilized plants. But the concentration
of Ni in the grains from plants grown with compost was
within ranges observed in plants not grown with
compost. Therefore, the results indicated that pruning
waste is an effective method of fertilization with
minimal transfer of non-essential elements from soil to
plants,
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