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Research article

Effects of industrial orange wastes on soil characteristics
and on growth and production of durum wheat

Adalgisa BELLIGNO, Marzia G. DI LEO, Mario MARCHESE, Rosalena TUTTOBENE

Dipartimento di Scienze Agronomiche, Agrochimiche e delle Produzioni Animali, Via Valdisavoia 5, 95123 Catania, Italy

(Received 16 July 2003; accepted 21 October 2004)

Abstract — With the aim of evaluating the possibility of recycling industrial orange wastes as soil conditioners, a research was carried out to
study the effects of different doses of this orange wastes on soil parameters, some growth parameters and production of durum wheat in a
Mediterranean environment where the soils are generally poor in organic matter. Three doses were used in the first year; in the second year the
same doses and the residual effects of the previous treatments were studied. Soil characteristics, crop growth and yield were determined.
Conditioning positively influenced some parameters of the soil. The organic matter had only partly modified its own structure due to the
decomposition process during the year after the conditioning. The processes of degradation of the organic matter were predominant as compared
with the humification ones under the pedologic and climatic conditions of the trials (sandy soil and dry hot climate). Conditioning carried out
with doses higher than the minimum had a depressive effect on the crop productivity due to the excessive vegetation vigour.

industrial orange wastes / soil parameters / durum wheat / growth / yield

1. INTRODUCTION

Disposal of waste from processing, besides affecting pro-
duction costs and reducing competitiveness, has a highly neg-
ative environmental impact due to the polluting effect of these
materials. The use of by-products from the agricultural and
food industry as soil conditioners in agriculture, apart from rep-
resenting one of the possible ways of resolving the problem of
their disposal, can contribute to a re-equilibration in the humic
balance of agricultural soils that are becoming ever poorer in
organic matter (0.m.). This is particularly true in the Mediter-
ranean area, where organic matter degradation is predominant
in comparison with humification since the high temperature
and high oxygen content of the soils lead to an intense miner-
alization rate. Moreover, organic matter supplies are lacking.

In recent years, the solution to these problems has provided
an incentive for research aimed at evaluating the possibility of
recycling by-products of the citrus fruit-processing industry.
Indeed, the use of this organic matrix, with its negligible heavy
metal content, to reintegrate o.m., could be an answer to the
problems of soil fertility maintenance and, above all, helps to
preserve the environment in agricultural areas of the Mediter-
ranean. Citrus (orange, lemon and mandarin) waste is mainly
converted into compost [3, 6, 12]. The recycling of citrus waste
is mainly limited by its high water content (about 85%) which
in turn affects transport cost. Correia Guerrero et al. [1]

* Corresponding author: r.tuttobene @unict.it

increased the production of fresh and dry matter of lettuce
grown in pots in a greenhouse, enriching the soil with dried
orange (pulp and peel) waste, applied according to an increas-
ing amount of nitrogen. Tamburino et al. [10], studying the
processes controlling the natural drying of orange pulp, dem-
onstrated that it is possible to exploit solar energy to dry citrus
pulp in some agricultural areas of the Mediterranean, thus facil-
itating the recycling of waste as organic fertilizer and fodder.

The re-use of dried citrus wastes as organic fertilizer could
be justified by the low cost technology for the recycling of
nutrients contained in these wastes and by the reintegration of
organic matter into the soil.

Until now no information has been available in the literature
concerning the effects of dried citrus waste on the soil charac-
teristics. The research reported here was performed to examine
the short-term effects of soil conditioning with dried orange
wastes, highlighting the immediate and residual effects on
some chemical and physical characteristics of the soil as well
as on the growth and the production of durum wheat (Triticum
durum Desf.).

2. MATERIALS AND METHODS

The research was carried out over a two-year period (1997-
1998) in 0.5-m? (1 x 1 x 0.50) lysimetric basins. The variety
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Table I. General soil properties.

Table II. Orange waste characteristics in the two years.

Parameters Characteristics 1st year 2nd year
Reaction (pH) 1:5 (H,0) 735 Humidity on use (%) 38.30 10.00
Sand(%) 71 pH 5.95 5.85
Loam (%) 17 Total N (%o) 27.90 21.30
Clay (% 12
. zy ((E;) - Conducti , C/N 14.50 18.80
L. ectric Conductivity saturation paste extract
basis jumhos ey y P 045 Total P (%0) 3.80 3.60
K* (meq 1)) 63 Ash (%) 14.90 10.10
Me™ (meq 1) 1o TE.C. (%) 24.60 24.50
HA + FA (% 15.00 15.20
S.A.S. (Soil Aggregates Stability%) 24.30 ( ) .
Total CaCO5 (%) 260 DH (Humification Degree %) 67.50 62.20
ota al .
Total N (% )3 0 1250 HR (Humification Rate %) 39.70 38.10
ota .
v HI (Humification Index) 0.48 0.61
CN 11.90 Ca** (meq 100 g 275 21
T.O.C. (Total Organic Carbon %) 1.43 Mg** (meq 100 g_l) 41 27
T.E.C. (Total Extractable Carbon %) 0.87 K*( 100 71) 53 6
m
HA + FA (Humic Acids +Fulvic Acids %) 071 e
Na™ (meq 100 g) 31 31
. 1
of durum wheat used was “Mongibello”. The soil (Tab. I) was ~ Frotein (mgg 5.8.) X 30.30 24.60
prevalently sandy, sub-alkaline, lacking total limestone and  Total carbohydrate (mg g™ s.s.) 36.30 34.60

organic C; the C/N value demonstrated that the organic matter
was well humified; the low E.C. from the saturated paste extract
was due to the low content in soluble cations.

In a randomized block design with five replications, the fol-
lowing treatments were studied:

1st experimental year

— unconditioned soil (A);

-3kg m~2 (B) orange waste supply;
- 9kg m2 (C) orange waste supply.
2nd experimental year

— unconditioned soil (A + 0= Ay);

— unconditioned soil where in the 1st year of experimenta-
tion3 (B+0=B;)and 9 (C + 0 =C;) kg m ~ had been
supplied, respectively;

— repeating the soil conditioning with 3 (B + 3 = D) and
9(C+9=E)kg m~2, respectively.

The orange wastes used in the two-year trial were previously
air-dried for six months to obtain a 35% humidity. The char-
acteristics of this organic matrix are shown in Table II. The
orange wastes have an acid reaction and are rich in organic car-
bon, nitrogen and Ca**, whose content is five-fold higher than
the other cations. Sowing was carried out on December 4 and
10 in the two experimental years, respectively, using 400 ger-
minating kernels per square meter. The experimental plot
0.5 m2) constituted 4 rows 0.80 m long (0.20 m between rows).

Three samplings of the soil were carried out in the first year
of the trial, before sowing (November), during the crop cycle
(May) and after harvest (September) and two in the second year,
before sowing (November) and after harvest (May). On these
samples, the contents of soluble and exchangeable cations from
the saturated paste extract, Cation Exchange Capacity (C.E.C.),
Sodium Absorption Rate (S.A.R.), Nitrogen and Organic Carbon

(Total T.O.C., Extractable T.E.C., Humic+Fulvic HA+FA)
were determined and the humification parameters, represented
by the Humification Degree (DH), Humification Rate (HR) and
Humification Index (HI), were calculated, according to the offi-
cial methods for chemical analysis of the soil [5]. In addition,
pH, Electric Conductivity (E.C.) and Soil Aggregate Stability
(S.A.S.) according to the Robinson and Page method [7] were
determined.

All the plants in 0.15 m of one row (about 12 plants or 18
culms) for each lysimetric basin in 5 replicates were taken in
3 successive phenological phases (tillering, heading and early
milk ripening), cutting them at ground level. Leaf area (Area
measurement system Delta—T Devices Ltd., Burwell Cam-
bridge, England) and dry weight (by drying in forced-air oven
at 105 °C) were determined. These parameters were used to cal-
culate LAI (Leaf Area Index) and CGR (Crop Growth Rate in
g m—2d?) according to Hunt [2].

In the first year, undisturbed soil cores were taken at a depth
of 0-20 cm in the same sample area used for the epigeal part
of the crop and then dried at 60 °C. Each sample was subdivided
into three sub-samples of 50 g, on which, after treatment with
sodium metaphosphoric acid (in 10% solution), washing and
filtering on a 0.150-mm square mesh sieve, the root length (cm)
was determined [4, 11]. The root length data were converted
into Root Length Density (RLD) which relates the root length
to the soil volume (cm cm_3), using the value of the soil bulk
density.

Percentage data (TOC, TEC, etc.) were arcsin J"Z transformed
before statistical analysis; actual percentages are shown. Data
of soil and crop parameters were subjected to analysis of variance
(ANOVA), and means were separated by Least Significant Dif-
ference (LSD) if the F-test was significant at P < 0.05 (different
letters indicate significant differences at P < 0.05). The analysis
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Table III. Chemical parameters of the soil in relation to the treatments.

131

st year
Treatments May September
Soil parameters November A B C A B C
C.E.C. (Cations Exchange Capacity meq 100 g‘]) 19.80 a 18.70 a 22.10a 1820 a 18.10a 19.00 a 19.70 a
Na® solub. (ueq 100 g‘l) 68 c 60 c 120 b 210 a 70 ¢ 110b 210 a
Na™ exch. (meq 100 g‘l) 1.17a 1.14 a 1.10a 127 a 1.13a 1.25a 1.38a
K* solub. (peq 100 g1 47e 40e 100 ¢ 230 a 30f 60 d 130b
K* exch. (meq 100 g™) 0.83b 0.65¢ 095b 1.75a 0.58d 0.83b 1.75a
Ca*™* solub. (peq 100 gh 133d 120d 230 ¢ 890 a 110d 260 ¢ 570 b
Ca™* exch. (meq 100 g’l) 10.0a 104 a 9.40 a 11.10 a 8.60 a 9.10 a 10.80 a
Mg** solub. (ueq 100 g) 110e 100 e 240d 760 a 100 e 290 ¢ 550b
Mg** exch. (meq 100 g’l) 042a 041 a 042a 043 a 042a 042a 043 a
S.A.R. (Sodium Absorption Rate) 0.51 0.49 0.49 0.53 0.53 0.57 0.58
Total N (%o0) 1.18 ¢ I.1lc 1.30b 1.68 a 1.05¢ 1.32b 1.74 a
T.0.C. (%) 143 ¢ 1.48 ¢ 1.69b 2.05a 1.52¢ 1.74 b 195a
C/N 12.60 15.10 14.20 13.60 13.00 12.10 10.20
2nd year
Treatments November May
Soil parameters A B, C, D B
C.E.C. (Cations Exchange Capacity meq 100 g’l) 19.70 b 20.50ab  24.00 a 19.80 b 19.50 b 230a
Na* solub. (peq 100 g1 32a 24c¢ 27b 29 ab 26 be 23¢
Na* exch. (meq 100 g1 2.80a 274 a 237a 223a 247a 1.78 a
K* solub. (ueq 100 g‘l) Ile 9f 37d 48 ¢ 84 b 296 a
K* exch. (meq 100 g‘]) 0.8d 0.96 ¢ 1.03 ¢ 1.5b 1.6b 38a
Ca** solub. (ueq 100 g™1) 79e 68 f 102d 196 ¢ 258 b 423 a
Ca™ exch. (meq 100 g‘l) 11.30b 1340 a 13.60 a 14.00 a 13.60 a 14.60 a
Mg** solub. (teq 100 g1 T4 e 65 f 88d 98¢ 191b 270 a
Mg** exch. (meq 100 g1 0.64 a 0.68 a 0.71a 0.64 a 0.67 a 0.81a
S.A.R. (Sodium Absorption Rate) 1.15 1.03 0.89 0.82 0.92 0.64
Total N (%o0) 1.05¢ 1.00 ¢ 1.38b 1.61b 1.70 b 3.06 a
T.0.C. (%) 1.24¢ 1.48d 1.71¢ 1.92b 1.94b 321a
C/N 11.80 14.80 12.40 11.90 11.40 10.50

A: unconditioned soil; B: 3 kg m~2 orange waste supply; C: 9 k; m2 orange waste supply.

Ay: unconditioned soil (A+0); B;: B+0 kg m; Ci: C+0kgm

; D: B+3 kg m2; E: C+9 kg m~2.

In each row values followed by different lowercase letters are significantly different at P < 0.05 using the LSD test.

was performed for all samples, as regards soil parameters, sep-
arately for each sampling, as regards LAI, CGR and RLD (sam-
pling was not an experimental factor).

3. RESULTS AND DISCUSSION

3.1. Chemical characteristics of the soil

We studied the effects of the organic matter on soluble and
exchangeable cation contents, Cation Exchange Capacity,

Sodium Absorption Rate, and on Total Organic Carbon and
Nitrogen levels as well as on their ratio (Tab. III). In the first
year we did not observe significant variations in unconditioned
treatments from November to September in soluble and
exchangeable cations, Total Organic Carbon and total N,
except in K* which showed a decrease. The contents of the sol-
uble cations were affected by conditioning and showed signif-
icant increases in May and September according to the doses
of conditioner. The exchangeable Na*, Ca*™ and Mg** were
not affected by conditioner supply, whereas K* showed an
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Table IV. Extractable (T.E.C.), humic and fulvic organic carbon (HA+FA) and humification parameters (DH, HR, HI) in relation to the

treatments.

1st year
Treatments November May
Soil parameters

A B C

T.E.C. (%) 0.87 a 0.84a 0.96 a 1.08 a
HA + FA (%) 0.71a 0.69 a 0.76 a 0.87 a
DH (%) 81.60 82.20 79.20 80.50
HR (%) 49.50 48.90 45.00 42.40
HI 0.224 0.217 0.263 0.241

2nd year
Treatments November May
Soil parameters Ay B, (O D E
T.E.C. (%) 0.71d 0.87 ¢ 093¢ 1.09 be 0.99 be 1.76 a
HA + FA (%) 0.65d 0.76 ¢ 0.82 be 0.89b 0.84 be 1.33a
DH (%) 97.50 88.10 88.90 81.70 85.40 75.50
HR (%) 63.70 51.60 48.20 46.50 43.50 41.40
HI 0.025 0.136 0.134 0.226 0.176 0.325

A: unconditioned soil; B: 3 kg m2 orange waste supply; C: 9 k; m2 orange waste supply.

A: unconditioned soil (A+0); B;: B+0 kg m>% C 1:C+0kg m™

; D: B+3 kg m2; E: C+9 kg m2.

In each row values followed by different lowercase letters are significantly different at P < 0.05 using the LSD test.

increase proportional to the dose used in both samplings. These
data are confirmed by the values of Cation Exchange Capacity
which was not affected by soil conditioning. The conditioning
also determined significant increases in both samplings of the
oxidable organic carbon (Total Organic Carbon) and of Nitro-
gen in proportion to the amount added.

The increase in the soluble cations and exchangeable K* in
the conditioned treatments highlights a greater mobilization of
the elements in comparison with the unconditioned treatment,
determined by the acidification due to the functional acid
groups present in the added biomass. Furthermore, the Sodium
Absorption Rate continuously showed an equilibrated quantity
of ions and therefore a favorable habitat for the plants. The
greatest solubility of the bivalent cations, in B and C treatments
in response to the increased organic supply, may be attributed
to the accelerated mineralization process, which determined a
greater presence of CO, in the system. The Total Organic Car-
bon and N values, which were constant for the same dose from
May to September, demonstrated that the organic matrix was
a source of easily degradable carbon, as confirmed by the C/N
values.

In the second year, we observed significant decreases in the
unconditioned treatments from November to May in all soluble
cations and increases in exchangeable K* and Ca™. Total
Organic Carbon and C/N also increased, presumably because
the crop presence enriched the soil with root exudates, whereas
N was constant. In the treatments without (B1 and C1) and in
those with more conditioner (D and E), significant increases in
the soluble Ca**, Mg** and K* and in exchangeable K* were
observed. Owing to conditioning, an increase in N and Total
Organic Carbon and a reduction in C/N were confirmed. The

degradation of the conditioner macro-molecules, in particular
the pectin, likely contributed to an increase in the soluble cations
in the medium, without, however, contributing to an improvement
in the Cation Exchange Capacity

3.1.1. Extractable humic and fulvic organic carbon
and humification parameters

Values of the organic carbon, as well as the humification
parameters, are reported in Table IV with the aim of evaluating
if and how the wastes added to the soil influenced the state of
the organic matter. In the first year we did not observe signif-
icant variations in the values of Total Extractable Carbon and
Humic Acids +Fulvic Acids following the conditioning. On the
contrary, a year after the conditioning a dose-dependent
increase in Total Extractable Carbon and Humic Acids +Fulvic
Acids was observed. The Humification Degree and Humifica-
tion Rate did not show increases in the conditioned treatments.

A year after conditioning, the organic matrix supplied had
already in part modified its own original structure, mostly due
to the decomposition process. The increase in Humic Acids
+Fulvic Acids in the conditioned treatments and the parallel
decrease in the Humification Degree and Humification Rate
demonstrate that the physiological state of the soil had not been
improved yet by the organic supply. The greater Humic Acids
+Fulvic Acids values indicated the presence of humic-like sub-
stances that had not degraded yet. The processes of demolition
of the organic matter were predominant as compared with the
synthesis ones since the high temperatures and the high oxygen
content of the sandy soil determined an intense mineralization rate.
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Table V. Physical parameters of the soil in relation to the treatments.

st year
Treatments November May September
Soil parameters
A B C A B C
pH 7.35d 7.38d 7.33d 724 e 8.40 a 8.32Db 8.01c
E.C. (umhos cm 1) 1380 d 1260 de 2100 ¢ 5210a 1090 e 2020 ¢ 3410b
S.A.S. (Soil Aggregates Stability %) 24.30c 25.50c 25.00 c 42.00 a 28.50 be 31.20b 43.60 a
2nd year
Treatments November May
Soil parameters
Ay B, C D E
pH 8.04 ab 8.13a 8.00b 792c¢ 7.75d 7.62¢
E.C. (umhos cm 1) 1283 ¢ 1040 d 1187 ¢ 1890 b 1840 b 3590 a
S.A.S. (Soil Aggregates Stability %) 26.20 ¢ 26.80 ¢ 28.00 ¢ 3220b 37.70 b 66.40 a

A: unconditioned soil; B: 3 kg m2 orange waste supply; C: 9 k§ m2 orange waste supply.

A: unconditioned soil (A+0); B: B+0 kg m2; C: C+0kgm™

; D: B+3 kg m‘z; E: C+9 kg m2.

In each row values followed by different lowercase letters are significantly different at P < 0.05 using the LSD test.

3.2. Physical characteristics of the soil

The effects of the conditioning on the reaction of the soil,
the Electric Conductivity of the extract of saturated paste and
on Soil Aggregate Stability, are reported in Table V. The soil
reaction showed a significant rise from May to September (pH
from 7.38 to 8.40) in the unconditioned treatment in the first
year. This increase was attributable to the increased concentra-
tion in salts, determined by the reduction in soil water content.
The supply of the organic substance, such as orange wastes with
an acid reaction, determined a significant decrease in pH in the
C treatment in comparison with the control in May, and in all
the treatments, in September. In the period May-September, the
sugar-rich organic matrix is easily attacked by micro-organ-
isms according to the studies of Schnurer et al. [8] and Sparling
etal. [9], and undergoes a marked oxidation and mineralization
process, which justifies the lower pH (7.24) level of the C treat-
ment in the early stages of drought (May), and of all the treat-
ments in September. From May to September the soil reaction
tended to rise, including the conditioned treatments, showing
significant increases in B and C (from 7.33 to 8.32 and from
7.24 to0 8.01, respectively). These increases in pH were related
to the rise in cations linked to the evapotranspiration recorded
during the summer period. The increase in pH was lower in the
Ctreatment, where a greater production of CO, was found (data
not reported), as a consequence of mineralization of the organic
substance observed in the same period which blocked the alka-
lizing effect of the cations.

In the second year, notwithstanding the massive release of
soluble cations in the medium, a significant dose-dependent
decrease in pH was found in all the treatments in comparison
with the control, mainly depending on the demolition process
of the organic matter and on the sandy texture of the soil. The
decomposition of the organic matrix balanced the excess of
hydroxyls acidifying the system. In addition, the organic matter
played a tampon effect thanks to its functional acid groups.
Increases in the Electric Conductivity proportional to the con-

ditioner dose were observed in both years in relation to the ris-
ing levels of the soluble cations. The rising values of Soil
Aggregates Stability in both years testify that the organic matter
contributed to improving the aggregation of the soil particles,
especially in May of the second year with the highest dose of
conditioning where Soil Aggregates Stability was more than
double that in the control.

3.3. Growing season and crop growth

The two years were characterized by fairly different weather
conditions that influenced the growth course. In the first year,
from December to June, 223 mm of rain were recorded with a
regular distribution during the growing season (52% in the win-
ter period, 48% from March to June); in the second year, rainfall
did not exceed 140 mm during the growing season. In the first
year, in both treatments with soil conditioner, there was an
increase in the length of the shooting phase compared with the
control (25 more days), mainly due to an early beginning; the
differences between the conditioned treatments and the control
were reduced to a few days (maximum 5) in the booting, flow-
ering and ripening phases; the period between milk and full rip-
ening lasted on average 52 days and the total cycle ended at
188 days after sowing for all the treatments.

In this year the conditioner determined a significant increase
in leaf area development (Leaf Area Index) and crop growth
capacity (Crop Growth Rate), irrespective of the doses in all the
samplings (Fig. 1). Leaf Area Index showed, on average of two
doses applied, increases of 104 (tillering), 98 (heading) and
87% (milk ripening), when compared with the control (2.5, 2.8
and 3.0 at the three samplings). On average of the two condi-
tioning treatments, Crop Growth Rate values were significantly
higher than in the control, reaching 3.1 (tillering-heading) and
209 g m~2 d! (heading-milk ripening), respectively. Root
Length Density was positively affected by the soil conditioner
with an increase compared with the control (about 5 cm cm_3)
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Figure 1. Leaf Area Index (LAI), Crop Growth Rate (CGR) and Root
Length Density (RLD) of crop in the 1st year. A: unconditioned soil;
B: 3 kg m~2 orange waste supply; C: 9 kg m> orange waste supply.
For each sampling different lowercase letters indicate significant dif-
ferences at P < 0.05 using the LSD Test.

equal to 31% at tillering and 28% at heading, on the average
of the two doses.

In the second year, the lack of rain influenced the length of
the biological cycle which amounted to 151 days, with a dif-
ference of more than one month compared with the first year;
no differences were recorded among the treatments as regards
the length of the phenological phases: shooting lasted only
15 days, the interval between milk ripening and full ripening
20 days. At the milk ripening stage, Leaf Area Index (Fig. 2)
showed very low values for all the treatments due to the arid
conditions of the season that caused an early senescence of the

8 —
LAI
6 —
a
4 — aa3
ANGE
b =
2 1 =
O E
tillering  heading milk ripening
30 —
CGR A
22 B
20 N ¢
i B D
o
£ a E=SE
m <
a K2
RN T
63
/\gﬁ
9%
N
. N

tillering-head. head.-milk rip.

Figure 2. Leaf Area Index (LAI) and Crop Growth Rate (CGR) of
crop in the 2nd year. A : unconditioned soil (A+0); B;: B+0 kg m‘z;
Cl: C+0 kg m~%; D: B+3 kg m™%; E: C+9 kg m™2; A, B and C corres-
pond to the orange waste supplies of the 1st year: unconditioned soil,
3 kg m~2 and 9 kg m2, respectively. For each sampling different
lowercase letters indicate significant differences at P < 0.05 using the
LSD Test.

leaves; there was also a rust attack that damaged the plants in
the B, Cy, D and E treatments; the percentages of plants dam-
aged were equal to 15 and 35% in the By and C; treatments and
to 60% on the average of the D and E treatments. Also in this
year, the conditioning, especially when realized with the high-
est doses, determined significant increases in Leaf Area Index;
at tillering, when the crop leaf area still had not reached the
maximal expansion, a higher value was recorded on the average
of By, Cy, D and E treatments (3.9) compared with the control
and Al treatment (2.5); at heading, when the crop leaf area
reached the maximal expansion, progressively higher values
were recorded as the amount of the conditioning increased. In
the period between heading and milk ripening, the Crop Growth
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Table VI. Yield (t ha’l) in relation to the treatments.

Ist year
Treatments A B C
3.00a 220b 2.00b
2nd year
Treatments Ay B, C; D E
1.68 a 1.32a 0.53b 0.34b 0.50b

A: unconditioned soil; B: 3 kg m2 orange waste supply; C: 9 kg m- orange waste supply.

A unconditioned soil (A+0); B;: B+0 kg mZ; C: C+0kgm

; D B+3kgm ; E: C+9kgm

In each row values followed by different lowercase letters are significantly different at P <0.05 using the LSD test.

Rate showed significantly higher values (+79%) in the treat-
ments compared with the control, w1thout statistical differences
between the different doses (18.3 g m™ 2d7 ' on average).

3.4. Production

The grain yield of the first year was significantly and nega-
tively influenced by the excessive vegetative growth induced
by soil conditioning (Tab. VI) In fact, the thesis treated with
wastes produced only 2.1 tha™!, with a decrease of 30% when
compared with the control. The grain yield obtained in the sec-
ond year, in general very low due to the very low supply of
water during the ripening phase, was negatively influenced by
the conditioning when carried out with doses higher than the
minimum; in fact, the most productive treatments were the con-
troland By (1.5t ha~! on average against the 0.45 tha™ "on the
average of the other treatments).

4. CONCLUSIONS

Conditioning with “dried industrial orange wastes”, carried
out with different doses on wheat-cultivated soil, had both
direct and residual effects on soil parameters.

In conclusion, the present research indicates that the re-use
of dried orange waste as a soil conditioner in areas with a Med-
iterranean climate where normally organic matter supplies are
lacking, could be a feasible technique for the reintegration of
organic matter supply, provided that the amount of wastes is
defined according to the requirements of the crop and the soil
conditions.
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