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To the Research and Development Station for Plants Culture on Sands, Dabuleni, in the period 2020-
2021, in a plum orchard, different doses of compost were applied obtained from sludge resulting from
the processing of domestic wastewater. Soil analyzes, in the second year after the application of com-
post, showed an improvement in the content of nitrogen, phosphorus and potassium, with higher val-
ues at doses of 60-80t / ha compost. Organic carbon showed values between 0.13% in the control
version and 0.69% in the fertilized variant with 80t / ha compost. Regarding the soil reaction, a slight
reduction of pH was observed with increasing amount of compost. The results obtained regarding the
heavy metals in the soil showed increases in all the analyzed elements, with the increase of the amount
of compost, but the values obtained do not exceed the maximum allowed limits in EU countries. The
highest values were determined to dose of 60t / ha of compost, at which the manganese content in-
creased from 180 mg to 414 mg, copper from 10.1 mg to 43.9 mg, and zinc from 15.6 mg to 39.3 mg.
These results lead to the premise of the careful use of composts obtained from sludge resulting from
the processing of domestic wastewater as fertilizer in the orchards.
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Introduction

The use in agriculture of the sludge resulting from the
processing of domestic wastewater is one of the methods
of their release and a form of enhancement of their content
in organic matter and nutrients. Many studies have been
published on the beneficial effects of changes in sewage
sludge on crop production and the physical and chemical
properties of the soil. The addition of sludge to the soil
is known to improve the physical properties of the soil,
increasing water content, increasing water retention, in-
creased aggregation, soil increased aeration, higher perme-
ability, increasing water infiltration and decreasing surface
crust (HUSSEIN [12]). The application of sewage sludge
by mixing it with the 30 cm soil layer has proven to be
effective in improving the physical, chemical and fertility
proprieties of the soil. Also, the use of residual sludge as
organic manure is considered as a necessary source of nu-
trients for plants (HUSSEIN [12]).

Some studies reported that the application of sewage
sludge decreased soil pH and increased the quantity of total
soluble salts, organic carbon and soil cation exchange ca-
pacity (ANTOLIN & al., [2]). They also found that the ap-
plication of sewage sludge increased the content of heavy
metals extractable from the soil (Cd, Cu, Mn, Pd and Zn)
and increased the N-NH4 + content from the soil.

MENDOZA & al., [18] reported that organic and extract-
able matter increased with the addition of sludge to the soil,
while soil pH decreased.

Globally, researches on the application of sludge
composts to fruit trees is much more numerous, and the
results obtained argue for their use in agriculture. The ap-
plication of sludge (biosolids) over several years in apri-
cot (Prunus armeniaca L.) plantations, on sandy soils,
did not lead to a reduction in fruit production, although
fruit ripening was generally delayed, but the percentage
of ripened fruit at the same time was higher at higher bio-
solids doses. Although the C and N content of the soil has
increased with the long-term application of biosolids, it
is recommended prudence on its negative effect on fruit
production (GARY & al., [11]). Researches conducted by
ANGIN (& al., [1]) in a cherry plantation showed that
the application of sewage sludge not only improved the
chemical properties of the soil, but also led to an increase
in nutrient content of cherry leaves. The application of
sewage sludge has increased the content of heavy metals
in the soil. However, the critical values were not exceed-
ed and was not reflected in the heavy metal content of the
leaves. The most effective application rate was 7.5 kg per
tree. Studies should be continued to evaluate the effects of
residual sludge on trees throughout the growing season,

as well as on the parameters of vegetative growth, yield
and fruit quality.

MEHMET (& al., [17]), after a study on the apple spe-
cies, showed that the application of sewage sludge in in-
stallments of 0, 10, 20, 40 and 60 kg / tree for four years,
led to an increase in the production of fruits, annual growth,
and leaves content in N, Mg, Fe, Mn, Zn and Cu at the end
of the study. The results indicated that the repeated appli-
cation of sludge in apple plantations did not cause toxic-
ity to leaves and fruits. However, long-term application of
sludge can lead to the accumulation of Zn, Cu and Ni in the
soil and plant.

The high content of organic matter and the amount of
residual sludge nutrients are a guarantee of agronomic ben-
efits. At the same time, the use of sludge from wastewater
makes possible reusing the organic waste and has many ad-
vantages. There is insufficient organic matter in agricultural
soil, a serious problem in areas with a Mediterranean climate
where high summer temperatures promote high annual min-
eralization of organic matter (ANTOLIN & al., [2]). Tur-
key’s agricultural lands, especially the eastern ones, the soils
of the Anatolian region are generally low content in organic
matter. Therefore, these soils favor the application of sew-
age sludge as an organic amendment and the provision of
nutrients for these soils with a relatively low risk of pollu-
tion (BOZKURT & al., [5]). An increase in soil organic mat-
ter and other nutrients after the application of sewage sludge
has been observed by other researchers (BROFAS G., & al.,
[6], GARCIA-GILLI[9]).

The use of sewage sludge improves soil structure by
increasing the stability of aggregates, which leads to im-
prove water retention capacity, aeration and reduction ero-
sion (SORT & al., [25])., BARGEZAR., & al., [4]). Simi-
larly, many researches have shown the beneficial effects of
applying sewage sludge on production to different crops
(VIATOR & al., [28], BARBOSA & al., [3]., Korboulewsky
[15]., MATA- GONZALES[16]).

PINAMONTI & al., [22] tested the compost of sludge in
different apple orchards. The resulted data showed that the
sludge can be used for soil fertilization without any short/ me-
dium term danger to the environment or crops. NEILSEN &
al., [20], they initiated an experiment to evaluate the effects of
municipal biosolid on an 8-year-old plantation. The applica-
tion of biosolid often increased in the leaves the concentration
of Zn, Cu and Mn, but the increases were modest.

At the national level, researches have been carried
out in fruit growing on the use of compost from sludge.
For fruit trees are relevant the researches undertaken by
SUMEDREA & al., [27], and NICOLA & al., [21], on the
apple species, which showed that the application of the
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same amounts of manure and sludge per volume of plant-
ing substrate at 0-30 cm compared to the depth of 0-60 cm
did not show a significant difference in tree growth. At the
same application rates, manure induced a more intense and
earlier growth of annual shoots and cross-section of tree
trunks compared to urban sludge. Also, in the apple or-
chard, IANCU & al., [13], showed that the use of sludge as
a fertilizer in agriculture prevents environmental pollution,
which is mainly caused by some infestations of pathogens
or the high content of chemicals above the maximum limits
admitted by law. SMITH, & al., [24] shows that the long-
term accumulation of heavy metals in the soil is an impor-
tant concern, as they can have important consequences on
the quality of the human food chain, plant toxicity and soil
microbial processes and, once applied, have long-lasting
effects in the ground.

In the present study was evaluated the sandy soil chemi-
cal compounds after use of urban sludge as fertilizer in a
plum orchard.

Materials and Methods

Study area

The study was conducted in a plum experimental
plot of the Research and Development Station for Plants
Culture on Sands, Dabuleni. The orchard was estab-
lished in 2014 year, with Stanley cultivar. The experi-
mental plot was located at 43 80 60 N and 24 05 97 East
on a sandy soil poor in nitrogen (0.02-0.06%), medium
to well supplied with phosphorus 24-107 ppm) and low
supplied with exchangeable potassium (15-38ppm). The
organic carbon content was low (0.07-0.49%), charac-
teristic of sandy soils, and the soil reaction was mod-
o = 0.36-7.10). To evalu-
ated the effect of urban sludge compost as fertilizer, in

erately acidic to neutral (pH

2020 year in the first decade of April, a single factor
experiment was designed (five experimental variants
with four replicates) the experimental factors with the
following graduations: V1=0 tons/hectar; V2=20 tons/
hectar; V3=40 tons/hectar; V4 = 60 tons/hectar; V5=80
tons/hectar (t/ha) of urban sludge compost obtained at
the Mioveni wastewater treatment plant applied as fer-
tilizer, the doses was mixing to the 30 cm soil depth.
The compost was applied in compliance with the Envi-
ronmental Acquis ([*** 29, 30, 31]).

Soil sampling and laboratory analysis

In the study period 2020-2021, for evaluated the soil
chemical characteristics the following determinations
were made: total nitrogen by Kjeldahl method (KJEL-
DAHL [14]); the extractable phosphorus (P-AL) by

Egner - Riem Domingo method, by which phosphates
are extracted from the soil sample with a solution of ac-
etate - ammonium lactate at pH - 5.75, and the extracted
phosphate anion is determined calorimetrically as - mo-
lybdenum blue; the changeable potassium (K-AL) by
Egner-Riem Domingo method which the hydrogen and
ammonium ions of the extraction solution replace by ex-
change the potassium ions in exchangeable form from
the soil sample which are thus passed into the solution
(EGNER & al.[8]). The potassium dosing in the solu-
tion thus obtained is done by flame emission photometry;
the organic carbon by the method of wet oxidation and
titrimetric dosing (gogoasa modification); the soil pH by
the potentiometric method; the determination of the con-
tent of heavy metals in the soil, before the application
of the compost and after the application was performed
at National Research and Development Institute for Soil
Science, Agrochemistry and Environment Bucharest. The
geoaccumulation index of heavy metal in soil (lgec) was
calculated after formula: L,= log, (C, /1.5xB ) (MULER
[19]) where C, is the measured concentration of the ele-
ment in sewage sludge (mg/kg ) and B is the geochemi-
cal background value in soil. The constant value 1.5 is
introduced for better analysis of the natural variability of
the content of the chosen substance in the environment.

Vegetable material sampling and laboratory
analysis

After the administration of the compost, during the pe-
riod of intense growth of the shoots, leaves samples were
collected to determine the nitrogen, phosphorus and potassi-
um content of the plants. The chemical content in the leaves
during the period of intense growth of shoots was evaluated
by the following methods: the total nitrogen by the Kjeldahl
method; the total phosphorus by the colorimetric method;
the total potassium by method of dosing by flame emission
photometry.

Statistical analyses

The obtained results were statistically analyzed using the
analysis of variance (ANOVA). Means were compared us-
ing Duncan’s multiple range test at 0.05 probability levels.

Results and discussion

The chemical composition of the soil before the
application of the sewage sludge compost

The results obtained regarding the chemical composition
of the soil before the application of the sewage sludge com-
post used as fertilizer, show that soil is poorly provisioned
in total nitrogen (0.03%), also the average soil content in
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Table 1. Chemical composition of the soil in the plum, before applying the compost

Total

. Extractable Exchangeable Organic
Dose of compost Depth nitrogen !
applied (t/ha) (cm) content Nt phosphorus potassium carbon pH
(%) (ppm) (ppm) (%)
0-30 0.04 62 38 0.38 6.66
V1-0 30-60 0.05 53 26 021 6.36
60-90 0.03 40 20 0.18 6.70
0-30 0.06 65 26 0.46 6.56
V2-20 30-60 0.01 52 20 0.35 7.00
60-90 0.02 46 20 0.43 6.87
0-30 0.04 46 26 0.41 6.87
V3-40 30-60 0.02 24 15 0.07 7.10
60-90 0.02 34 15 0.21 6.86
0-30 0.02 73 32 0.07 6.96
V4-60 30-60 0.04 77 26 0.21 7.00
60-90 0.03 62 20 0.42 6.95
0-30 0.04 82 20 0.49 6.87
V5-80 30-60 0.03 72 20 021 6.80
60-90 0.02 107 20 0.17 6.76
Average 0.03 87 20 0.29 6.81

Table 2. Analysis of heavy metals and microelements (mg/kg dry soil) from sandy to plum soil

Depth

Cd Cu Co
(cm) .
0-30 0.066 10.1 4.03
30-60 0.043 8.56 3.13
“Normal limits
after Order 1-3 20-100 15-30
756/1997

Mn Ni Pb Zn
180 7.50 6.12 15.6
147 7.78 5.47 14.6
900 20-75 20-50 100-300

phosphorus (87 ppm), potassium (20 ppm) is normal after
RAUTA & CHIRIAC [23] the organic carbon content was
low (0,29 %) (Table 1). The heavy metals content before
sewage sludge compost applied in plum orchard was under
the normal limits after Order 756/1997 (Table 2).

The influence of compost application on plum
leaves chemicals characteristic

The values of the total nitrogen content from plum leaves,
after fertilization in the plantation, divided the 5 fertilization
variants into 3 statistical classes. The differences registered

between the fertilization variants are between 5.50-12.3%.
The highest values of leaf content in total nitrogen and po-
tassium were recorded in plants of variant V5, respectively
80t compost/ha in 2020 year and in 2021 year the highest
value were registered on V4 variant. In our case, the dif-
ferences between the total nitrogen values in leaf registered
in first and in the second year were between 0.42% - 9.1%.
Regarding the phosphorus content of the leaves, the high-
est value was registered for fertilized plants with a dose of
20t/ha (0.33%) in 2020 year and in the second year, 2021
the highest value was registered on V5 variant (0.44%). The

Table 3. The influence of compost application on the nitrogen, phosphorus and potassium content of the plum leaves in
2020-2021 year

Total nitrogen Total phosphorus Total potassium
Dose o.f compost (%) (%) (%)
applied (t/ha) 2020 2021 2020 2021 2020 2021
Vi1-0 2.06 c* 1.96¢ 0.26b 0.24d 2.05d 1.38¢
V2-20 2.05¢ 2.23d 033 a 029¢ 2.19cd 1.87d
V3-40 2.18b 240b 0.25b 037b 2.28¢ 1.99¢
V4-60 2.23b 2.80a 0.29 ab 0.39b 2.71b 2.79b
V5-80 235a 2.36¢ 0.29 ab 0.44 a 292a 2.96 a

*Different letters indicate significant differences for the probability P<0.05 according to Duncan’s multiple range test.
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Table 4. The chemical composition of sandy soil profile, in plum orchard after compost application, 2021 year

Dose of . Extractable Exchangeable .
compost Depth Total Izltrogen phosphorus potassium Orgamoc carbon pH
applied (tha) em ) (ppm) (ppm) %)
0-30 0.04 ¢ 53gh 32i 0.35i 6.70 ab
V1-0 30-60 0.03 ¢ 51h 38h 049 ¢g 6.60b
60-90 0.03 ¢ 474 36h 0.13k 6.62b
0-30 0.04 ¢ 66 ¢ 32i 0.63 ¢ 6.29 ¢
V2-20 30-60 0.04 ¢ 59 f g 0.35i 6.95a
60-90 0.03 ¢ 52h 304 0.24j 6.70 ab
0-30 0.05 be 66 ¢ 32i 0.58d 6.54 be
V3-40 30-60 0.05 be 76 cd 45 f 0.66 b 6.64b
60-90 0.03 ¢ 64 ¢ 50 ¢ 0.55¢ 6.48 be
0-30 0.07 be 78 ¢ 38h 0.70 a 6.51 be
V4-60 30-60 0.06 be 86 b 57d 0.60 d 6.66b
60-90 0.04 be 56 fg 63¢ 0.45h 6.57b
0-30 0.10a 74d 57d 0.69 a 6.48 be
V5-80 30-60 0.07 be 96 a 77b 0.57 de 6.77 ab
60-90 0.06 be 73d 84a 0.52 f 6.65b

*Different letters indicate significant differences for the probability P<0.05 according to Duncan’s multiple range test.

differences assured statistically, in the case of the phospho-
rus content in the leaves, vary between 12.1-21.2%, and be-
tween 17.2%-44.5% in 2021 (table 3). The values recorded
to the potassium leaves content showed the highest value in
the study period on the V5 variant (2.92 % in 2020 year, and
2.96 in 202 1year) (table 3).

The influence of compost application
on the chemical characteristics of sandy soil
profile, in plum orchard.

The total nitrogen content of the soil after sewage sludge
compost applied as fertilizer in the plum orchard, presented
in table 4, was between 0.03% for the control variant (V1)
and 0.10% for the V5 (80t/ha). That show, an increase of
total nitrogen with differences between the studied variants
till 30%. The differences between the analyzed variants are
statistically assured, the same situation is with the content
of extractable phosphorus and exchangeable potassium were
the differences between V1 variant and the other studied
variants rise progressively with the sewage sludge compost
dose till 47%.

The organic carbon showed values between 0.13%
in the depth of 60-90 cm for the control variant (V1) and
0.69% in the depth of 0-30 cm for the variant fertilized
with 80 t/ha compost (V5). As for the soil reaction, a slight
decrease in pH can be observed with increasing amount of
compost (table 4).

Between the amount of nitrogen in the compost and the
content of total nitrogen, extractable phosphorus and ex-
changeable potassium in the soil, polynomial correlations
were established, given by second degree equations, with

significant correlation factors. Nitrogen and potassium (av-
erage content per profile 0-90cm) accumulate in the soil with
increasing amount of compost, and phosphorus increases
with increasing of nitrogen content in compost to the nitro-
gen values in compost of 1000 kg/ha (Figure 2 1).

In the second year after sewage sludge compost applied
used as fertilizer in plum orchard, the heavy metals soil con-
tent show for five from seven elements analyzed the highest
content in the v4 variant, on the deeep 0-30 cm, with dif-
ferences between 30.4 and 2.2% (table 5). Also, the highest
value in soil cobalt content was recorded on V4 variant to
the depth 60-90 cm. In case of soil nickel content the high-
est values (20.7 mg/kg) was recorded on variant V5, on 30-
90cm depth. For all the havy metals analyzed, the differ-
ences between the fertilizer variants applied, were ensured
from a statistical point of view (Table 5).

The geoaccumulation index according to MULER [19]
cited by DIAZ-DE-ALBA & al.[7], is associated with a
qualitative scale of pollution status: L, < 0 indicates prac-
tically unpolluted status; I, = 0-1 denotes unpolluted to
moderately polluted status; L= 1-2 is moderately polluted
status; I = 2-3 represents moderately to strongly polluted
status; Igeo = 3—4 is strongly polluted status; I, =45 is
strongly to extremely strong polluted status; and Igeo > 5 is
extremely polluted status. In our study, after 1., was calcu-
lated for all seven metals studied, for Cd heavy metal, the
sandy soil was high polluted on V4 and moderate polluted
on others studied variants. For the other heavy metals ana-
lyzed after Lo calculated the soil was characterized as no
polluted (table 6).
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Figure 1. Correlation between the amount of nitrogen in the compost and the content of total nitrogen, extractable phosphorus
and exchangeable potassium in the soil for the plum species, 2021

The results obtained by NICOLA & PARASCHIV [19],
in an apple orchard, show that in the first year after sludge
compost applied the soil contamination with Cd, Pb, Zn ap-
peared to a dose of 60t/ha, versus to the second year after
compost applied, when the pollution moderately was iden-
tify to a dose of 40 t/ha compost. So, they show that heavy

metals are trapped in soluble compounds and are made avail-
able with changing environmental conditions.

In whatever way, after the studies made by ANTOLIN &
al.[2], IANCU & al. [13], Bozkurt & al.[15], ANGIN & al.
[1] long-term application of sludge compost can lead to the
accumulation of Zn, Cu and Ni in the soil and in plant, also.

Table 5. The sandy soil heavy metals content (mg/kg dry soil) in the second year after the application of the urban sluge

as fertilizer

Dose of

compost Depth Cd Cu

applied (t/ha) (cm) (mg/kg) (mg/kg)
0-30 0.066 ¢ 10.01i

V1-0 30-60 0.043 g 8.56 k
60-90 0.035 h 536¢€

0-30 0.064 ¢ 39.8b

V2-20 30-60 n.d** 238e¢
60-90 0.081 d 8.9 jk

0-30 n.d** 24.0¢

V3-40 30-60 n.d** 213fF
60-90 n.d** 13.9h

0-30 0.201a 439a

V4-60 30-60 0.118 b 25.8d

60-90 n.d** 9.7 ij

0-30 0.091 ¢ 335e

V5-80 30-60 0.088 ¢ 193¢
60-90 0.056 f 145h

Co Mn Ni Pb Zn
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
4.03b 1801 7501 6.12b 15.6 ]
3.13¢ 147 n 778 547d 14.6 k
2.15d 120 0 7.80 i 432¢ 13.821
n.d** 316 f 6.67 j 44le 232f
n.d** 250 k 9.40 g 3.11g 18.6h
3.01c 306 h 1.6f 4.97d 31.8b
1.63¢ 323e 7831 5.71c 249e
1.55¢ 274 j 8.95h 4.43e 20.7 g
3.02¢ 175 m 129e 401 f 13.6¢
151¢ 414a 17.6 b 6.63a 393a
3.07¢ 352D 17.7b 6.42ab 30.1¢
421a 297 i 17.1¢ 3.27g 16.9 i
n.d#* 346 ¢ 15.7d 459¢ 26.4d
148 ¢ 3l g 20.7a 4.24ef 263d
2.23d 332a 20.7a 3.35g 26.8d

*Different letters indicate significant differences for the probability P<0.05 according to Duncan’s multiple range test; n.d** - not detected
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Table 6. The degree of sandy soil heavy metals pollution in the second year after the application of the urban sludge

compost as fertilizer

Dose of compost The analized Heavy metal content of  Havy metal content The Degree of heavy metal
applied (t/ha) metal fertilized soil (mg/kg) of compost (mg/kg of Igeo pollution in the soil
d.m) index
V1=0 Cd 0.066
Cu 10.1
Co 4.03
Mn 180
Ni 7.50
Pb 6.12
Zn 15.6
V2=20 Cd 0.064 1.04 1.0 moderate pollution
Cu 39.8 72.36 0.0 pollution no
Co 0.021 38.75 0.0 pollution no
Mn 316 446.14 0.0 pollution no
Ni 6.67 29.53 0.2 pollution no
Pb 4.41 32.21 0.3 pollution no
Zn 232 557.0 0.1 pollution no
V3=40 Cd 0.091 2.0 moderate pollution
Cu 24.0 0.1 pollution no
Co 1.63 0.8 pollution no
Mn 323 0.0 pollution no
Ni 7.83 0.2 pollution no
Pb 5.71 0.2 pollution no
Zn 249 0.1 pollution no
V4=60 Cd 0.201 32 high pollution
Cu 439 0.0 pollution no
Co 1.51 0.8 pollution no
Mn 414 0.0 pollution no
Ni 17.6 0.1 pollution no
Pb 6.63 0.2 pollution no
Zn 39.3 0.1 pollution no
V5=80 Cd 0.091 2.3 moderate pollution
Cu 335 0.0 pollution no
Co 0.001 0.0 pollution no
Mn 346 12 moderatte pollution
Ni 15.7 0.1 pollution no
Pb 4.59 0.3 pollution no
Zn 26.4 0.1 pollution no
Conclusion post, showed increases to all the analyzed microelements,

Soil analyzes in the second year after the application of
compost to the plum orchard showed an improvement in the
content of nitrogen, phosphorus and potassium, with higher
values at doses of 60-80 t/ha compost. The organic carbon
showed values between 0.13% in the depth of 60-90 cm for
the control variant and 0.69% in the depth of 0-30 cm for the
variant fertilized with 80 t’/ha compost, results that indicate
a reduced to middle states. Regarding the soil reaction, a
slight reduction of pH was observed with increasing amount
of compost.

The results obtained regarding the heavy metals in the
soil in the second year after the application of the com-

with the increase of the amount of compost, but the valu-
es obtained do not exceed the maximum allowed limits.
The highest values were determined at a dose of 60t/ha of
compost, for which the manganese content increased from
180 mg to 414 mg, copper from 10.1 mg to 43.9 mg, and
zinc from 15.6 mg to 39.3 mg. The values obtained for the
analyzed microelements, in the conditions of sandy soils,
in the second year from the compost administration lead to
the premise of the careful use of composts obtained from
sludges resulting from domestic wastewater treatment in
orchards. Regarding the analysis of the macroelements in

the leaves, the results obtained show that the increase in
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the amount of compost led to the increase of the content

of the three macroelements, both in the first year and in

the second year, and the highest values were recorded in
fertilized variants with 60 and 80t /ha.
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