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The effects of the addition of either crude or exhausted olive pomace at two rates (10 and 20 t ha™?1)
on soil and soil humic acid (HA) properties and durum wheat (Triticum turgidum L.) yield were
investigated in open-field Mediterranean conditions. Soil amendment with olive pomaces produced
a significant increase of total organic, total extractable, humified and nonhumified C forms, and
available K contents. With respect to control soil HA, humic-like acids isolated from crude and
exhausted olive pomaces were characterized by larger phenolic OH group contents, smaller carboxyl
group contents, a prevalent aliphatic character, extended molecular heterogeneity, and smaller
aromatic polycondensation and humification degrees. In general, application of olive pomaces to soil
produced a number of modifications in soil HAs, including the increase of O and acidic functional
group contents, C/N ratio, and aliphaticity and the decrease of C/H ratio and N and C contents.
Wheat grain yield increased significantly as an effect of olive pomace amendment. In particular, the
increases were related to kernel weight, kernel number per square meter, and soil organic matter
content. Possibly, the enhanced amount of soil organic matter in olive-pomace-amended soils relieved
wheat of drought stress from anthesis to maturity by promoting a good soil structure, thereby reducing
water loss by evaporation.

KEYWORDS: Crude olive pomace; exhausted olive pomace; humic acids; Mediterranean agro-ecosystem;
soil amendment;  Triticum turgidum L.; wheat

INTRODUCTION results in moderate stress at wheat anthesis and in severe stress
) L L ) ) ) during grain filling (3—5).
_ Olive oil mill extraction is a widely diffused food industry Furthermore, most agricultural soils in the Mediterranean
in th_e_ Mediterranean reglon._The k_)yproducts obtained _from the region contain small amounts of organic matt@+8), which
traditional three-phase centrifugation process of the olive paste;s 3 further limiting factor for wheat growth and production. In
are the olive oil mill wastewater and a solid residue consisting particular, soil organic matter, and especially its humified
mainly of olive skin, pulp, and pit fragments, which is named fractions such as humic acids (HAs), constitute not only an
olive pomace. The residue obtained from the first olive pressing jmportant source of nutrients but are also a key factor in
by traditional and continuous machines is known as “crude” promoting a good soil structure that improves water retention
olive pomace (CP), whereas the residue obtained after the(g, 9—12). Recycling of CP not further processed and/or EP as
extraction of the small amount of oil still present in CP by water soil amendment represents a promising agricultural practice for
steam and/or organic solvents is named “exhausted” olive increasing soil organic matter content, thus improving crop
pomace (EP). Both materials contain a valuable amount of yields in Mediterranean agro-ecosystems. This practice can also
organic matter and plant nutrients @), help solve environmental hazards and economic costs related
Durum wheat is a widely diffused crop in Mediterranean to the disposal of olive pomace wastes.
countries, and its yield generally suffers from water limitation ~ The objectives of this work were to evaluate the effects of
in the dryland production systems typically used in this area. CP and EP amendment at different rates on (a) some relevant
In particular, most rainfall occurs during autumn and winter, Soil chemical properties; (b) the molecular, structural, and
and water deficit occurs in spring. This rainfall regime typically functional characteristics of amended soil HAs; and (c) the yield
of durum wheat grown in Mediterranean conditions.

* Author to whom correspondence should be addressed (telephd@e MATERIALS AND METHODS
080-5442953; faxt-39-080-5442850; e-mail brunetti@agr.uniba.it). . . . .
t University of Bari. @ag ) Olive Pomaces, Soils, and Field ExperimentSamples of CP and

§ Consejo Superior de Investigaciones Cientificas. EP were collected from an olive oil mill plant located in the Bari
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province in southern ltaly, which employed a three-phase decanter for 24 h at room temperature (298 2 K). The supernatant solution

centrifugation for oil separation. The field experiment was conducted
in Spinazzola (Bari province) on a sandy loam soil (sand, 670°¢;kg
silt, 160 g kg?3; clay, 170 g kg?) classified as a Typic Haploxerept
(13) or Haplic Calcaric Regosoll4). The site is characterized by a
thermo-Mediterranean climatel§) with mild winters and hot dry

was then separated from the residue by centrifugation at®&0®B0

min. The extraction procedure was repeated three times on the residue
that was finally discarded. The combined alkaline supernatants were
acidified with 6 M HCI to pH~1, allowed to stand for 24 h in a
refrigerator, and then centrifuged at 30¢G0r 20 min. The HLA and

summers. The average annual rainfall is 490 mm, which occurs mostly HA precipitates were purified by repeating three times the following

in the autumn and winter, and the average annual temperaturé & 15
The experimental design includes nonirrigated plots (X2 m)

steps: (@) dissolution in a minimal volume of the alkaline extractant;
(b) centrifugation as above; (c) removal of the residue; (d) acidification

arranged randomly, either unamended (S) or amended with CP andof the recovered alkaline supernatant with 6 M HCI to pH; (e)

EP at rates of 10 and 20 t heon a dry weight basis (CP10, CP20 and

standing of the suspension for 24 h at room temperature; and (f) final

EP10, EP20, respectively). Each treatment was performed in four centrifugation as above. The centrifuged HLAs and HAs were recovered

replicates. Olive pomace was applied in late March 2003 and immedi-

ately incorporated into soil at a depth of20 cm with a disk harrow.
Five surface soil subsamples (Ap horizors-ZD cm depth) were
collected randomly from each plot in late July 2003 using a soil probe
of 3 cm diameter. A soil sample was then obtained for each plot by
mixing equal amounts of the five corresponding soil subsamples. In
early November 2003, durum whedtriticum turgidumL.) was planted

in rows 15 cm wide at a seeding rate of 250 kg'hat a density of 450
plants nT2. During the growing season weeds were controlled by apply-
ing the herbicides clodinafop-propargyl [prop-2-ym)H2-[4-(5-chloro-
3-fluoropyridin-2-yloxy)phenoxy] propionate] and tribenuron-methyl
[2-[4-methoxy-6-methyl-1,3,5-triazin-2-yl(methyl) carbamoylsulfamoyl]-
benzoic acid)]at rates of 250 and 15 g harespectively. Soon after

with distilled water and then dialyzed against distilled water using a
membrane having a molecular weight cutoff of 66@D00 Da until
the dialysis water gave a negative Gbn test with AgNQ. Finally,
the dialyzed HLAs and HAs were freeze-dried and stored at room
temperature in plastic vials placed in a desiccator containy.P
Humic Acid Analyses. The moisture content of HLAs and HAs
was measured by heating overnight at 2@5and the ash content by
burning overnight at 550C. The C, H, N, and S contents of HLAs
and HAs were determined in triplicate using a Fisons Instruments
(Crawley, U.K.) elemental analyzer model EA 1108. Oxygen content
was calculated by difference: 0% 100 — (C + H + N + S)%.
Total acidity was determined according to the Ba(@Hhtethod and
carboxyl group content according to the Ca@Ci@0O) method, and

the wheat physiological maturity was reached (mid-July 2004), the entire phenolic hydroxyl group content was calculated by difference (20).

above-ground wheat biomass was collected from each plot.

Pomace and Soil AnalysesPrior to analyses, pomace and soil
samples were air-dried, crushed, and passed thr@aug mmsieve.

The Fourier transform infrared (FT IR) spectra of HLAs and HAs
were recorded over the range from 4000 to 400 ‘com pellets obtained
by pressing under reduced pressure a mixture of 1 mg of HA and 400

The principal chemical properties of the samples were determined mg of dried KBr, spectrometry grade. A Nicolet (Madison, WI) 5PC

according to conventional methods (16). In particular, (a) dry matter
was measured after the sample had been heated overnight &C;105

FT IR spectrophotometer operating with a peak resolution of 2tcm
and Omnic 1.2 software were used to obtain the spectra.

(b) ash content was measured by burning the sample overnight at 550 Fluorescence spectra in the emission, excitation, and synchronous-

°C; (c) the pH was determined at a ratio of pomace to water of 1:10
and a ratio of soil to water of 1:2.5; (d) electrical conductivity (EC)

scan modes were obtained on aqueous solutions of each HLA and HA
at a concentration of 100 mg L after overnight equilibration at room

was measured on water extracts obtained at a ratio of pomace to watetemperature and adjustment to pH 8 with 0.05 M NaQ#l)( Spectra

of 1:10 and a ratio of soil to water of 1:5; (e) total organic C (TOC)

were recorded using a Perkin-Elmer (PE, Norwalk, CT) LS-5 lumi-

was determined on 0.5 mm ground sample by dichromate oxidation nescence spectrophotometer equipped with a PE Data Station 3600 for

followed by titration with ferrous ammonium sulfate; (f) total N content
was obtained according to the Kjeldahl method; (g) total P and K

data generation and processing by PE Computerized Luminescence
Spectroscopy (PECLS) software. Emission and excitation slits were

contents in olive pomaces were determined on nitric and perchloric set at a 5 nnbandwidth, and a scan speed of 120 nmThimas selected

acid digests of 0.5 mm ground samples by inductively coupled ptasma

for both monochromators. Emission spectra were recorded over the

atomic emission spectrometry; (h) available P content of soils was range from 380 to 550 nm at a constant excitation wavelength of 360
determined according to the Olsen method; and (i) available K content nm. Excitation spectra were obtained over a scan range of 300

of soils was measured in 1 M BaCloil extracts using a ratio of soil

to extractant of 1:10. The fractions of total extractable C (TEC) and
humified C (HA + FA) were isolated from soils according to the
procedure described in Ciavatta et al7); Briefly, 100 mL of a solution

of 0.1 M NaP,07 and 0.1 M NaOH was added 2 g of 0.5 mmground

soil sample, and the mixture was shaken for 48 h at 338 K. The

nm by measuring the emission radiation at a fixed wavelength of 520
nm. Synchronous-scan excitation spectra were measured by scanning
simultaneously both the excitation (varied from 300 to 550 nm) and
the emission wavelengths while maintaining a constant, optimized
wavelength differencALl = Aexc — dem = 18 nm (21). The overall
relative fluorescence intensity (RFI) was expressed in arbitrary units

supernatant solution was then separated from the residue by centrifugaas the unitless reciprocal to the gain used to normalize each emission

tion and filtration. Twenty-five milliliters of the supernatant (TEC
fraction) was acidified to pH~1 with 50% HSO, to allow the
precipitation of the HA fraction. The fulvic acid (FA) fraction remaining
in solution was purified by passing on a column filled with polyvi-
nylpyrrolidone and then added to the HA fraction. The combined HA
and FA fractions were transferred into a 50 mL flask and brought to
volume with 0.5 M NaOH. The contents of TEC and (HAFA)-C
were determined by dichromate oxidation followed by titration with
ferrous ammonium sulfate. Nonhumified (NH) C content was calculated
by difference: NH= TEC — (HA + FA). The degree of humification
(DH) was calculated as DH%= 100 x (HA + FA)/TEC, the
humification rate (HR) as HR% 100 x (HA + FA)/TOC, and the
humification index (HI) as HE NH/(HA + FA) (17, 18).

Isolation of Humic Acids. The humic-like acids (HLAs) and HAs
were isolated according to a conventional procedli8 fespectively,

from the pomaces and composite soil samples obtained by mixing equal

weights of the four corresponding replicates of each treatment. Briefly,
a solution of 0.1 M NzP,0O; and 0.1 M NaOH was added to each air-

spectrum (21).

Wheat Yield Analyses.The entire wheat plant samples collected
were weighed, and then the grain was separated from the straw and
also weighed. Moisture contents of the grain and straw were determined
by heating for 24 h at 105C. Total wheat plant and grain yields were
calculated on a moisture-free basis, whereas straw yield was calculated
as the difference between total and grain yields. The harvest index was
calculated as the percentage amount of grain in the total above-ground
biomass. The number of spikes per square meter was determined by
dividing the number of spikes contained in all plants in each plot by
the plot area. The average kernel weight was calculated as the average
of the weights of 1000 kernels taken randomly. The number of kernels
per square meter was determined by dividing the grain yield by the
average kernel weight. The number of kernels per spike was calculated
as the average number of kernels in 20 spikes selected randomly.

Statistical Analysis. Analytical data were subjected to statistical
analyses of variance (ANOVA). Mean separations were determined
using the Fischer’s protected least significant difference teft at

dried, 2 mm sieved sample using a ratio of extractant to sample of 0.05. Simple regression analyses were performed to find possible

10:1. The mixture was shaken mechanically in agds atmosphere

correlations of the grain yield with any other wheat parameter and
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Table 1. Main Chemical Properties of Olive Pomaces (+ Standard Table 3. Total Extractable C (TEC), Humified C (HA + FA), and
Errors of Three Laboratory Replicates)? Nonhumified C (NH) Contents and Degree of Humification (DH),
Humification Rate (HR), and Humification Index (HI) of Unamended
crude exhausted Soil (S) and Soils Amended with either Crude Pomace or Exhausted
property pomace pomace Pomace at Rates of 10 or 20 t ha=! (CP10, CP20 and EP10, EP20,
dry matter (g kg 340+ 1 780+ 1 Respectively) and Correlation Coefficients (r) of the Wheat Grain Yield
ash (g kg™) 50 + 4 48+1 with Each Variable?
pH 57+01 59+0.1
electrical conductivity (dS m=1) 31+0.1 29+0.1 TEC
total organic C (g kg~ 450+ 3 411+2 soil (9kg™)  HA+FA NH DH (%) HR HI
=1
:gg: ,; Eg kgﬁ) 10503 10804 S 7.9d 7.0d 09c 89a 68a  0.3b
gkg™Y) 0.50 + 0.04 0.35+0.06
total K (g kg2) 1714023 159402 CP10 8.8¢c 73c¢C 15b 83b 63b 0.21a
CIN ratio 43 38 CP20 9.6b 78b 19ab 8lb 63b 0.24a
EP10 9.1c 75b 15b 83b 64b 0.20a
EP20 102a 83a 19a 8lb 64b  023a
aAll data except dry matter are expressed on a dry matter basis. r 0.967* 0.901* 0.985%*  —0.964*  —0.844  0.964*
Table 2. Some Chemical Properties of Unamended Soil (S) and Soils aValues in the same column followed by the same letter are not significantly
Amended with either Crude Pomace or Exhausted Pomace at Rates different (P = 0.05). *, P < 0.05; **, P < 0.01.
of 10 and 20 t ha™! (CP10, CP20 and EP10, EP20, Respectively) and
Correlation Coefficients (r) of the Wheat Grain Yield with These Table 4. Elemental Composition (+ Standard Errors of Three
Properties® Laboratory Replicates, Moisture- and Ashfree) and Atomic Ratios of
EC 10C  totalN  availableP avaiablek G/ Humic-like Acids (HLAS) Isolated frpm C_:rude Pomace (CP) and
soil pH  @SmY (gkgd) (gkg™) (mgkgd) (mgkg-) ratio Exhausted Pomace (EP) and Humic Acids (HAs) from Unamended
3 20a  0la 103d  Llo0a Ba 186 1006 Soil (S) and Soils Amended with either CP or EP at Rates of 10 or 20
CPI0 80a 02la 115¢ 11a a 253b  10.8ab t ha*_l _(CP10, CP20 and !EPl_O, EP_ZO, Respectively) and Clorrelat|0n
CP20 79a 022a 124ab 1la 2a 297a  115a Coefficients () of the Grain Yield with Each Property of Soil HAs
EP10 80a 019a 117bc 1lla 3la 220¢c 10.6b o
EP20 80a 019a 130a lla 3la 268b  115a origin of gkg! atomic ratio
r -0197 0459  0976% 0892  -0.585 0818 0913 HLA and
HA sample C H N S (o] CIN CH 0IC
@Values in the same column followed by the same letter are not significantly S 501+7 47+1 461 2+1 315%9 151 11 04
different (P = 0.05). *, P < 0.05; **, P < 0.01. EC, electrical conductivity. TOC, CP 616+5 80+1 17+1 1+0 286+6 415 06 03
total organic C. CP10 5632 47+2 440 3+0 343+5 150 10 05
CP20 5814 620 38x1 2+0 317+3 178 08 04
EP 574+8 68+1 21+0 2+1 337+#6 320 07 04

analytical data of unamended and amended soils and their HA fractions. EP10 553+4 50+0 42+0 3x0 3525 155 09 05

The SPSS 11.5.1. program for Windows (SPSS, Inc., 2002, Chicago, EP20  558+4 50+1 40+0 3+1 350+2 163 09 05
”_) was used for statistical analysis. r -0.677 0493 -0.831 0423 0562 0578 -0.720 0.598

RESULTS AND DISCUSSION . o . . .
mineralization processes, that is, larger priming effect, in these

Olive Pomaces and SoilsThe chemical properties of CP  soils than in the EP-amended ones. The larger presence of easily
and EP Table 1) generally fall within the ranges commonly biodegradable compounds in CP than in EP may feasibly result
reported in the literature for these material226). With in a larger increase of soil microbial activity due to a greater
respect to the EP, the CP has a much smaller dry matter contentavailability of energy sources, thus leading to a larger enhance-
similar ash and total N contents, pH, and electrical conductivity ment in soil organic C decomposition. Furthermore, the slight
(EC), slightly larger TOC content and C/N ratio, and larger increase of C/N ratio in amended soils would suggest a slight

contents of total P and total K. decrease of organic matter stability, especially at the larger
Some chemical characteristics of the unamended soil and soilsamendment rate.
amended with either CP or EP at rates of 10 and 20t hee In comparison to the control soil, olive pomace amended soils

listed inTable 2. The control soil features a moderately alkaline have larger contents of TEC, (HA FA)-C, and NH-C Table
pH, small EC, TOC content, and C/N ratio, and levels of total 3), especially at the highest amendment rate and for the EP
N, available P, and available K adequate for wheat gro@h. ( amendment (except for the NH content). Furthermore, both
The pomace-amended soils have pH, EC, and contents of totalamendments cause a significant decrease of DH and HR and
N and available P similar to those of the control soil, but larger an increase of HI Table 3). These results suggest that
contents of TOC and available K and slightly larger C/N ratios. amendment with olive pomace, especially with CP, leads to a
The significant increase of available K in amended soils may slight decrease of native soil organic matter stability by
be directly related to the large contents of this nutrient in olive increasing the nonhumified organic matter fraction more than
pomaces. However, no significant increase of N is measured inthe humic fractions.
amended soils with respect to the control soil, despite the Humic Acids: Elemental and Functional Group Compo-
relatively large amount of N in olive pomaces. This result sition. The elemental composition and atomic ratios of HLAs
suggests a partial N loss, possibly by N mineralization and isolated from CP and EP and the HAs from control and amended
subsequent Nklvolatilization, which can be ascribed to the soils are shown imTable 4. The CP-HLA has larger or much
moderately alkaline soil pH and/or nitrification and BO larger C and H contents and C/N ratio and smaller or much
leaching (2829). smaller O, N, and S contents and C/H and O/C ratios than S-HA.
Despite the slightly larger TOC content of CP as compared In contrast, EP-HLA has smaller C and N contents and C/H
to EP, the slightly smaller TOC increase measured in the CP-ratio, similar S content and O/C ratio, and larger H and O
amended soils suggests the occurrence of more extendedtontents and C/N ratio than S-HA. With respect to S-HA, the
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Figure 1. FT IR spectra of humic-like acids isolated from crude olive
pomace (CP) and humic acids from unamended soil (S) and soils amended
with either 10 or 20 t ha~! of CP (CP10 and CP20, respectively).

Table 5. Acidic Functional Group Contents (Moisture- and Ashfree)
and Relative Fluorescence Intensity (RFI) of Humic-like Acids (HLAS)
Isolated from Crude Pomace (CP) and Exhausted Pomace (EP),
Humic Acids (HAs) from Unamended Soil (S) and Soils Amended with
either CP or EP at Rates of 10 or 20 t ha=! (CP10, CP20 and EP10,
EP20, Respectively), and Correlation Coefficients (r) of the Grain Yield
with Each Property of Soil HAs?

origin of RFI
HLA and total acidity COOH phenolic (arbitrary
HAsample  (mmolg™!)  (mmolg™?) OH (mmol g~1) units)

S 47 43 0.4 3.0
CP 59 2.2 3.7 3.2
CP10 6.0 4.6 14 35
CP20 71 45 2.6 36
EP 59 2.0 3.9 3.6
EP10 6.6 53 1.3 41
EP20 6.5 53 12 4.1
r 0.910* 0.685 0.648 0.865
ax P<0.05.
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Figure 2. FT IR spectra of humic-like acids isolated from exhausted olive
pomace (EP) and humic acids from unamended soil (S) and soils amended
with either 10 or 20 t ha™* of EP (EP10 and EP20, respectively).

These results indicate a difference between S-HA and
pomace-HLAs and between CP-HLA and EP-HLA, which are
clearly due to their different origin and genesis. Residues and
byproducts of the olive mill agroindustry are characterized by
large polyphenol content24, 30—32), which may explain the
larger phenolic OH group contents measured in pomace-HLA
with respect to soil HAs. Pomace amendment affects slightly
the elemental composition but increases the content of acidic
functionalities of soil HA, probably as a result of the partial
incorporation of pomace-HLAs into soil HA. Furthermore,
pomace applications might have favored microbial oxidation
reactions leading to the formation of additional acidic oxygen-
ated functional groups in amended soil HAs.

Humic Acids: FT IR Spectra. The FT IR spectra of CP-
HLA and EP-HLA differ markedly from the spectrum of S-HA
(Figures 1and?2). The main features of these spectra and their
corresponding assignments, according to BellaB8),(Mac-
Carthy and Rice34), and Stevenso), are the following: (a)

a common, intense broad band at about 3400 'cosually
attributed to G-H stretching and, secondarily, to™NH stretch-

HAs from CP- and EP-amended soils have similar or slightly jng of various functional groups; (b) two sharp bands at about
larger H, O, and S contents and C/N and O/C ratios and slightly 2925 and 2855 cni due to aliphatic C—H group stretching,

smaller C and N contents and C/H ratios.

the relative intensity of which varies in the order CP-HEA

The acidic functional group compositions of CP-HLA and EP-HLA > S-HA; (c) an absorption at about 1710 chuue to
EP-HLA are similar to one another but differ markedly from C=O0 stretching of various carbonyl groups, which is much more

that of S-HA (Table 5). In particular, total acidity and especially

intense in CP-HLA and EP-HLA than in S-HA; (d) a broad

phenolic OH group contents of CP-HLA and EP-HLA are larger band in the region between 1660 and 1600 nwhich is
and carboxyl group contents are smaller than those of S-HA. generally considered to be an envelope of unresolved absorptions
The HAs isolated from amended soils show greater total acidity mainly due to aromatic €C, C=0 stretching of amide groups

and phenolic OH and carboxyl group contents than S-HA.

(amide | band), quinonic €0, and/or GO of H-bonded
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Figure 3. Fluorescence emission spectra of humic-like acids isolated from Figure 4. Fluorescence excitation spectra of humic-like acids isolated
crude olive pomace (CP) and exhausted olive pomace (EP) and humic from crude olive pomace (CP) and exhausted olive pomace (EP) and
acids from unamended soil (S) and soils amended with either CP or EP humic acids from unamended soil (S) and soils amended with either CP
at rates of 10 or 20 m® ha~! (CP10, CP20 and EP10, EP20, respectively). or EP at rates of 10 or 20 m* ha~* (CP10, CP20 and EP10, EP20,
respectively).

conjugated ketones, which is less intense in CP-HLA and EP-
HLA than in S-HA; (e) a band of medium intensity at about Show a prominent aliphatic character and are rich in carbonyl
1540 cnt! preferentially ascribed toNH deformation and & and N-containing groups and polysaccharide components. As
N stretching of amides (amide 1l band), which is evident only an effect, amended soil HAs appear to incorporate, at least
for CP-HLA and EP-HLA,; (f) a medium-intensity band at about partially and increasingly with amended rate, especially for CP-
1460 cnt? attributed to aliphatic C—H, which is very sharp in amended soils, the structural and functional moieties in which
CP-HLA and EP-HLA, but a weak shoulder in S-HA; (g) a pomace-HLAs are rich.
common band of medium intensity centered at about 1380 cm Humic Acids: Fluorescence SpectraThe relative fluores-
possibly due to C-H deformation of CHand CH; groups and/ cence intensity (RFI) value of EP-HLA is slightly larger than
or to antisymmetric stretching of COQgroups; (h) a broad  that of CP-HLA, and both are slightly larger than that of S-HA.
band of medium-strong intensity centered between 1270 andThe RFI values of the HAs isolated from soils amended with
1220 cnt?! and generally ascribed to-€D stretching and & either CP or EP are generally greater than those of S-HA, CP-
H deformation of carboxyl groups and=O stretching of aryl HLA, and EP-HLA (Table 5).
ethers, the intensity of which is much larger in S-HA; and (i) The fluorescence emission specffig(re 3) of all HLA and
an absorption at about 1040 cigenerally attributed to €0 HA samples feature a typical broad band with the maximum
stretching of polysaccharides or polysaccharide-like substancescentered at 516 nm for S-HA, at 458 nm for CP-HLA, and at
which is more intense in CP-HLA and EP-HLA than in S-HA. 467 nm for EP-HLA. The amended soil HAs feature the
The FT IR spectra of HAs isolated from amended soils are emission maximum at a shorter wavelength than that of S-HA
more similar to the spectrum of S-HA than to the spectra of and a broad shoulder that extends to shorter wavelengths.
CP-HLA and EP-HLA (Figures land 2). However, the The fluorescence excitation spectfagure 4) of CP-HLA
absorptions ascribed to aliphatic structures, carboxyl groups,and EP-HLA are very different from the spectrum of S-HA and
and polysaccharides are relatively more intense in the FT IR are characterized by four major peaks at short (336 or 338 nm),
spectra of amended soil HAs than in the spectrum of S-HA intermediate (392 or 395 nm), and long (441 or 440 and 469 or
and tend to increase with the amendment rate, especially in the466 nm) wavelengths. The excitation spectrum of S-HA features
spectra of HAs from CP-amended soils. a prominent band with two peaks (466 and 451 nm) at long
FT IR analysis confirms the marked structural and functional wavelength and a faint shoulder at 395 nm. The excitation
differences between S-HA and pomace HLAs in that the latter spectra of amended soil HAs are similar to one another and to



Olive Pomace Amendment in Mediterranean Conditions

479

Relative fluorescence intensity

T T T
400 450 500

Wavelength (nm)
Figure 5. Fluorescence synchronous scan spectra of humic-like acids
isolated from crude olive pomace (CP) and exhausted olive pomace (EP)
and humic acids from unamended soil (S) and soils amended with either
CP or EP at rates of 10 or 20 m3 ha~! (CP10, CP20 and EP10, EP20,
respectively).

T
350

the spectrum of S-HA. However, with respect to S-HA, amended
soil HAs, especially CP20-HA, exhibit a more intense shoulder
at intermediate wavelength, and the band-465 nm is slightly
less intense than that at450 nm.

The fluorescence synchronous scan speéligufe 5) of EP-
HLA and especially of CP-HLA are also very different from
the spectrum of S-HAs. The CP-HLA features four prominent
bands of similar relative intensities at intermediate and long
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accompanied by a shoulder at longer wavelengths. The syn-
chronous scan spectra of amended soil HAs resemble more the
spectruum of S-HA than those of CP-HLA and EP-HLA in
showing a prominent unique peak at long wavelengtd 13

nm) and a weak shoulder at402 nm.

The large overall fluorescence intensities and the short
wavelengths measured for the main fluorescence peaks of
samples EP-HLA and CP-HLA suggest the presence of simple
structural components of wide molecular heterogeneity and small
molecular weight, degree of aromatic polycondensation, level
of conjugated chromophores, and humification degdg On
the contrary, the small fluorescence intensities and long
wavelengths of major peaks of S-HA may be ascribed to the
presence of an extended, linearly condensed aromatic ring
network and other unsaturated bond systems capable of a great
degree of conjugation in large molecular weight units of great
humification degree1). The HAs from amended soils exhibit
slight but measurable differences from S-HA, which confirms
the partial incorporation of simple and low humified components
of pomace HLAs into soil HA. This effect appears to increase
with increasing amendment rate, especially when CP is applied.

Wheat Yield. The wheat yield parameters of the unamended
soil and soils amended with either CP or EP at rates of 10 and
20 t hat are shown inTable 6. Soil application of CP and EP
determines a significant increase of total and grain dry matter
yields, spike and kernel numbers per square meter, and kernel
weight. A small but not significant increase of straw dry matter
and harvest index and a decrease of the number of kernels per
spike are also apparent. Except for the total dry matter yield,
no significant difference in yield parameters is measured
between the variously amended soils.

The grain yield is correlated positively with the total yield
(P < 0.05), the number of spikes per square mefer(0.01),
the number of kernels per square meter< 0.001), and the
kernel weight (P< 0.001) and negatively with the number of
kernels per spike (< 0.01) (Table 6). Thus, the increase of
grain yield in soils amended with olive pomaces may be
primarily related to the increased number of kernels per square
meter and kernel weight and secondarily to the increase of spikes
per square meter and decrease of kernels per spike.

The correlation coefficients of the grain yield with the
chemical parameters of unamended and amended soils are
indicated in the bottom rows dfables 2and3. The grain yield
is correlated positively and highly significantll (< 0.01) with
TOC, TEC, and nonhumified C contents and significaniy (
< 0.05) with humified C and total N content, but negatively

wavelengths (405, 440, 475, and 501 nm) and a less intensewith DH and HI. No significant correlation appears to exist
band at shorter wavelength (348 nm). The synchronous scanbetween grain yield and pH, EC, available P and K contents,

spectrum of sample EP-HLA is characterized by two prominent

and HR. Among the elemental and functional compositional

peaks at 500 and 474 nm and a series of less intense peaks atata of unamended and amended soil HAs, only total acidity
intermediate (403 nm) and short (352 and 329 nm) wavelengths.appears to be correlated positively and significantly with the

The S-HA shows a unique peak at long wavelength (479 nm)

grain yield (bottom rows offables 4and5).

Table 6. Wheat Yield Parameters and Correlation Coefficients (r) of the Grain Yield with Each Variable?

dry matter yield (t ha=?) harvest spikes kernels
soil grain straw total index (%) (no./m?) no./m? no./spike av wt (mg)
S 2.1b 5la 72¢ 30a 416 b 6424 b 15a 33b
CP10 28a 53a 8.1bc 35a 582a 7542 ab 13a 37a
CP20 3la 64a 9.5ab 32a 628 a 7921a 13a 3Ba
EP10 29a 5.7a 8.6 abc 34a 584 a 7843 a 14a 37a
EP20 33a 6.9a 10.1a 32a 70la 8395 a 12a 3a
r 0.863 0.942% 0.578 0.990* 0.997** -0.978* 0.993#*

@Means followed by the same letter within the same column are not significantly different according to LSD (P = 0.05). *, P < 0.05; **, P < 0.01; *** P < 0.001.
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Water deficit at wheat anthesis may lead to a decrease of (5) Garcia del Moral, L. A.; Rharrabti, Y.; Villegas, D.; Royo, C.

wheat grain yield by reducing the spike number and, conse-
quently, the kernel number per unit area. Furthermore, drought
stress from anthesis to maturity, especially if accompanied by
high temperatures, reduces the duration and rate of grain filling

and, hence, the kernel weight (3—27, 35). The results

described above thus suggest that the increase of wheat grain

yield in soils amended with olive pomaces may be related
primarily to the increased content of both humified and
nonhumified soil organic matter fractions. Most probably, the

enhanced amount of soil organic matter relieves wheat of
drought stress from anthesis to maturity by promoting a good
soil structure, thereby reducing water loss by evaporation.
Furthermore, regression analyses show that grain yield increases

Evaluation of grain yield and its components in durum wheat
under Mediterranean conditions: an ontogenic appro&agton.
J. 2003,95, 266—274.

(6) Singer, M. J.; Le Bissonnais, Y. Importance of surface sealing
in the erosion of some soils from a Mediterranean climate.
Geomorphology1 998,24, 79-85.

(7) Caravaca, F., Masciandaro, G.; Ceccanti, B. Land use in relation
to soil chemical and biochemical properties in a semiarid
Mediterranean environmergoil Tillage Res2002,68, 23-30.

(8) Plaza, C.; Hernandez, D.; Garcia-Gil, J. C.; Polo, A. Microbial
activity in pig slurry-amended soils under semiarid conditions.
Soil Biol. Biochem2004,36, 1577—1585.

(9) Stevenson, F. JHumus Chemistry: Genesi€omposition
Reactions; Wiley-Interscience: New York, 1994; 496 pp.

(10) Piccolo, A.; Pietramellara, G.; Mbagwu, J. S. C. Use of humic
substances as soil conditioners to increase aggregate stability.
Geodermal997,75, 267—277.

(11) Dexter, A. R. Soil physical quality. Part I. Theory, effects of
soil texture, density, and organic matter, and effects on root
growth. Geoderma2004, 120, 201—-214.

(12) Bronick, C. J.; Lal, R. Soil structure and management: a review.

with decreasing DH and increasing Hl, that is, with decreasing
soil organic matter stabilization, which may be attributed to its
greater degradability and ease in releasing plant nutrients. Re-
sults obtained also suggest that grain yield is affected positively
to some extent by the increased total content of acidic functional
groups in amended soil HAs. These groups are known to pro-

mote the capacity of HA to bind mineral particles together, thus
improving soil structure, porosity, and water-holding capacity

(9,10,12). The poor or absence of correlations found between

grain yield and pH, EC, N, and available P and K may be due

to the little effect of pomace application on these parameters

and/or to their adequate initial levels for wheat growth.
Conclusions.Soil amendment with crude and exhausted olive

pomaces determines some modification of general soil proper-

ties, including increase of TOC, TEC, humified C, nonhumified C,

and available K contents. Furthermore, the compositional, struc-

tural, and functional chemical characteristics of native soil HA
are modified by the partial incorporation of HLA components
typical of applied pomaces. In particular, O and acidic functional

group contents, C/N ratio, and aliphaticity increase, whereas
C/H ratio and N and C contents decrease in pomace-amended

soil HAs. These effects are generally more evident in the HAs

from CP-amended soils than in the HAs from EP-amended soils

and tend to increase with increasing amendment rate.
Olive pomace amendment of soils affects positively durum

wheat yields in Mediterranean conditions by increasing the spike

Geoderma2005,124, 3-22.

(13) Soil Survey Staff.Keys to Soil Taxonomy8th ed.; Natural
Resources Conservation Service, USDA: Washington, DC, 1998;
327 pp.

(14) FAO/ISRIC/ISSSWorld Reference Base for Soil Resources
World Soil Resources Report 84; FAO: Rome, Italy, 1998; 88 pp.

(15) UNESCO/FAO Bioclimatic Map of the Mediterranean Zone
Explanatory Notes, Ecological Study of the Mediterranean Zone,
Arid Zone Research, 21; FAO, Rome, Italy, 1963; 58 pp.

(16) Sparks, D. L.; Page, A. L.; Helmke, P. A.; Loeppert, R. H.;
Soltanpour, P. N.; Tabatabai, M. A.; Johnston, C. T.; Sumner,
M. E. Methods of Soil AnalysisPart 3, Chemical Methods;
ASA—CSSA—SSSA: Madison, WI, 1996; 1390 pp.

(17) Ciavatta, C.; Vittori Antisari, L.; Sequi, P. A first approach to
the characterization of the presence of humified materials in
organic fertilizers Agrochimical1988,32, 510—517.

(18) Sequi, P.; De Nobili, M.; Leita, L.; Cercignani, G. A new index
of humification. Agrochimical986,30, 175—179.

(19) Schnitzer, M. Organic matter characterizationMiethods of Soil
Analysis Part 2, Chemical and Microbiological Propertie®age,

B. L., Miller, R. H., Keeney, D. R., Eds.; SSSA: Madison, WI,
1982; pp 581—-594.

density and especially the kernel number per unit area and kernel (20) Perdue, E. M. Acidic functional groups of humic substances. In

weight. The enhanced amount of organic matter in pomace-
amended soils appears to play a major role in improving wheat

performance, possibly by increasing moisture retention in
amended soils, thus minimizing the water deficit effects from
wheat anthesis to maturity.
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