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Abstract Water extractable organic matter (WEOM) de-
rived from fresh- or early-stage decomposing soil amend-
ment materials may play an important role in the process of
organic matter accumulation. In this study, eight WEOM
samples extracted with a 40:1 (v/w) water to sample ratio
from alfalfa (Medicago sativa L.), corn (Zea mays L.),
crimson clover (Trifolium incarnatum L.), hairy vetch
(Vicia villosa L.), lupin (Lupinus albus L.), soybean
(Glycine max L. Merr.), wheat (Triticum aestivum L.), and
dairy manure were investigated using ultraviolet (UV)–
visible, Fourier transform infrared (FT-IR), solution 31P
nuclear magnetic resonance (NMR), and solid state 13C
NMR spectroscopies. UV–visible and FT-IR spectra of the
plant-derived WEOM samples were typical for natural
organic matter, but possessed less humic-like characteristics
than dairy manure-derived WEOM. Solution 31P NMR

spectra indicated that WEOM samples extracted from
alfalfa, corn, and soybean shoots contained both orthophos-
phate and monoester P. Of the monoester P in WEOM from
soybean shoot, 70% was phytate P. WEOM from crimson
clover, hairy vetch, lupin, and wheat shoots contained
orthophosphate only. The solid-state 13C NMR spectra of
the seven plant-derived WEOM samples indicated that they
all were primarily composed of sugars, amino acids or
peptides, and low molecular mass carboxylic acids.
Carbohydrates were dominant components with very few
aromatics present in these samples. In addition, WEOM
from crimson clover and lupin, but not other three
leguminous plant WEOM samples, contained significant
asparagine. On the other hand, WEOM from corn and wheat
contained less amino acids or peptides. The spectra of
WEOM of dairy manure revealed the presence of significant
amounts of nonprotonated carbons and lignin residues,
suggesting humification of the manure-derived WEOM.
Significant carbohydrates as well as aromatics were present
in this WEOM. The P and C bonding information for these
WEOM samples may be useful for understanding the effects
of WEOM on soil nutrient availability to plants.
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Introduction

Incorporation of plant residues into soils could improve soil
quality and nutrient availability by increasing soil organic
matter content (Gigliotti et al. 2002; Grandy et al. 2002).
The levels of total soil organic matter and the portion of
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dissolved organic matter (WEOM) are both influenced by
the type of organic amendments used (Ohno et al. 2005).
Even though the amount of WEOM in soil and organic
amendments is small compared to the bulk organic matter
content, it plays a significant role in the regulation of
nutrients, metals, and microbial activity in soil (Gigliotti et
al. 2002; Hunt et al. 2007b).

Previously, WEOM extracted from plant shoot biomass
representing commonly utilized US agricultural amend-
ments was used to investigate P sorption inhibition by
WEOM (Hunt et al. 2007b). The results demonstrated that
the extent of inhibition is closely related to the chemical
structure of both the WEOM molecule and the sorbing
mineral surface. Furthermore, sorption to goethite (α-
FeOOH) of the fresh and decomposed hydrophilic and
hydrophobic fractions of these WEOM samples was
positively related to apparent molecular weight, aromaticity,
and phenolic acid content (Hunt et al. 2007a). Character-
ization by wet chemical methods demonstrated that in
contrast to previously published observations, characteristics
of these WEOM samples were wide ranging, varying greatly
within fractions from different sources (Hunt et al. 2007a).

Prior research characterized plant-derived WEOM frac-
tions by excitation–emission matrix fluorescence spectros-
copy with multiway analyses (Hunt and Ohno 2007).
Although the results indicated that the multidimensional
fluorescence spectra of these WEOM fractions can be
modeled by seven fluorophore components, structural
information at the molecular level has not yet been
obtained. We characterized these plant-derived WEOM
samples with ultraviolet (UV)–visible, Fourier transform
infrared (FT-IR), solution 31P nuclear magnetic resonance
(NMR), and solid state 13C NMR spectroscopies. Spectral
information obtained from this study will provide a better
understanding of the relationship between WEOM compo-
sition and behavior in soil environments. For comparison,
WEOM from dairy manure was also characterized in the
same way.

Materials and methods

WEOM preparation

Plant shoot biomass was obtained from field grown alfalfa
(Medicago sativa L.), corn (Zea mays L.), crimson clover
(Trifolium incarnatum L.), hairy vetch (Vicia villosa L.),
lupin (Lupinus albus L.), soybean (Glycine max L. Merr.),
and wheat (Triticum aestivum L.), air-dried, and ground to
pass through a 1-mm sieve. The alfalfa, crimson clover,
hairy vetch, and lupin were field grown and harvested at
full flowering stage. The corn, soybean, and wheat were
crop residue left after harvest. The dairy cattle (Bos taurus)

manure sample was acquired locally, air-dried, and passed
through a 2-mm sieve. The dry manure contained 7.9 g N,
7.4 g K, 3.7 g P, 8.8 g Ca, 6.0 g Mg, 6.6 g Al, and 11.9 g Fe
per kg of dry matter. The WEOM was extracted with a 40:1
(v/w) water to sample ratio using cold water and refriger-
ating (4°C) the suspension for 18 h with periodic shaking
by hand (Brown and Sposito 1991). The suspensions were
then centrifuged (900×g) for 30 min prior to vacuum
filtering through 0.4-μm pore size polycarbonate filters
(Hunt et al. 2007b). The WEOM extracts were then freeze-
dried and kept in a desiccator at room temperature until use.

UV–visible spectroscopy

Freeze-dried WEOM samples were redissolved in deion-
ized water to make stock solutions with 5 mg dry matter per
milliliter of water. To reduce the absorbance to the range of
minimum relative uncertainty (usually 0.3 to 0.9), these
stock solutions were diluted 1/120 to 1/180 with deionized
water for UV–visible spectroscopic analysis. UV–visible
spectra were recorded with an Agilent 8453 DAA UV–
visible spectrophotometer (Agilent Technologies,Wilmington,
DE, USA).

FT-IR analysis

The FT-IR spectra were obtained in the 450–4,000 cm−1

range on a PerkinElmer Spectrum One FT-IR Spectropho-
tometer from discs containing about 1 mg sample and
100 mg KBr. Each sample was scanned 24 times with a
resolution of 2 cm−1. All spectra were normalized.

Solution 31P NMR analysis

Another subsample (10 to 79 mg) of freeze-dried WEOM
was dissolved in 0.6 mL 10 M NaOH, 1.0 mL D2O, and
0.6 mL water and allowed to stand for 30 min with
occasional vortexing. Solution 31P NMR spectra were
acquired at 242.75 MHz on a Varian INOVA600 MHz
spectrometer equipped with a 10-mm broadband probe,
using a 90° pulse, 0.68-s acquisition, 4.32-s pulse delay,
82.4-μs dwell time, 17.9-μs pulse width, and 12-Hz
spinning (He et al. 2008).

Solid-state 13C NMR analysis

Solid-state 13C NMR spectroscopic analyses were per-
formed in a Bruker DSX 400 spectrometer at 100 MHz for
13C using 7-mm sample rotors for optimal sensitivity, in a
double-resonance probe head. Qualitative composition
information was obtained with good sensitivity by 13C
cross polarization/total sideband suppression (CP/TOSS)
NMR experiments at a spinning speed of 6.5 kHz and a CP
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time of 1 ms, with a 1H 90° pulse length of 4μs. Four-pulse
total suppression of sidebands (TOSS) was employed before
detection, and two-pulse phase-modulated decoupling was
applied for optimum resolution. The corresponding subspec-
trum with signals of nonprotonated carbons and mobile groups
such as rotating CH3 was obtained by 13C CP/TOSS
combined with 40-μs dipolar dephasing (Mao et al. 2007a, b).

In order to separate the signals of sp3-hybridized
anomeric C (O–C–O) from those of sp2-hybridized aromat-
ic C, both of which may resonate between 120 and 90 ppm,
the aromatic-C signals were selectively suppressed by a
five-pulse 13C chemical-shift anisotropy (CSA) filter with a
CSA-filter time of 35μs. In particular, this technique
identifies anomeric O–C–O C around 100 ppm typical of
sugar rings (Mao and Schmidt-Rohr 2004).

Results and discussion

UV–visible spectra

The seven plant extracts contained dissolved organic C
(DOC) levels ranging from 1,153 to 3,566 mg L−1 (Table 1).
As all extractions were performed with the same water to
sample ratio, the DOC levels in the extracts reflected the
abundance of DOC in these plant materials. The dairy
manure extract contained less DOC (481 mg L−1) than the
plant extracts, suggesting that the more-soluble C fraction
had been preferentially removed by the animal digestive
systems. The UV–visible spectrum of dairy manure shows
an absorbance shoulder around 280 nm which was similar
to that of swine manure (He et al. 2003). This basically
featureless characteristic of the UV–visible spectra is also
typical for soil humic substances (Baes and Bloom 1990),
which indicates that there were many different chromo-
phores in this sample. In the spectra of plant-derived WEOM
fractions, the absorbance shoulder was more obvious, or
became an absorbance peak between 260 and 280 nm. An
apparent second absorbance shoulder or peak between 300
and 350 nm appeared in the spectra of the WEOM fractions

of corn, hairy vetch, and alfalfa (Fig. 1). Therefore, in plant-
derived WEOM fractions, some chromophores were appar-
ently more abundant than in soil and manure WEOM. Plant
shoot extracts may contain amino acids, nucleic acids, and
other phenolic compounds (Hunt and Ohno 2007), and these
abundant chromophores could be aromatic and/or phenolic
compounds with conjugated C=C and C=O double bonds
which have strong absorbance in the range of 200 to 300 nm
(Abbt-Braun et al. 2004; Baes and Bloom 1990). The
additional peak or shoulder between 300 and 350 nm
indicated that there were some ring-fission products of
phenolic carboxylic compounds present in some WEOM
fractions, because strong absorbance of these ring-fission
intermediates has been frequently observed during microbial
metabolism of phenolic compounds (He and Spain 2000).

FT-IR spectra

FT-IR spectra of the eight WEOM fractions were typical for
natural organic matter (Fig. 2). The broad band around

Sample DOC P P Ca Fe Mg Mn
mg L−1 of extracts mg g−1of dry WEOMa

Alfalfa 2,565 64 3.5 1.5 0 0.9 0.04

Corn 1,826 54 6.6 3.6 0 1.0 0.06

Crimson clover 3,566 40 3.6 12.8 0 0.1 6.1

Hairy vetch 2,454 40 5.3 15.3 0.016 2.1 0.23

Lupin 2,121 39 6.2 6.4 0 0.7 1.9

Soybean 1,153 22 21.4 51.5 0 11.2 0.09

Wheat 1,645 5 0.6 2.0 0.012 1.0 0.16

Dairy manure 481 39 0.9 0 0 0.1 0.0015

Table 1 Selected elemental
contents of WEOM fractions
derived from plant shoots and
dairy manure

a Contents were measured by
inductively coupled plasma
atomic emission spectroscopy
on samples dissolved in NaOH
solution after solution 31 P NMR
analysis
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Fig. 1 UV–visible spectra ofWEOM fractions extracted from plant shoots
and dairy manure. The spectral measurements were with WEOM
concentrations from 28 to 42 mg dry matter per liter of water. All spectra
presentedwere calculated by considering 36mg drymatter per liter of water
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3,400 cm−1 was due to O–H and N–H bond stretching, and
the minor band at 2,936 cm−1 or so was assigned to
aliphatic C–H stretching (Agnelli et al. 2000; He et al.
2006). The sharp band at 1,605 cm−1 is generally attributed
to aromatic C=C vibrations, symmetric stretching of COO−

groups, and H-bonded C=O of conjugated ketones (Agnelli
et al. 2000; He et al. 2006; Olk et al. 2000). However,
unlike humic and fulvic acids (Agnelli et al. 2000; He et al.
2006; Olk et al. 2000), several other strong peaks
associated with COO− groups and conjugated ketones,
such as those in the 1,720–1,710, 1,660–1,630, and 1,230–
1,210 cm−1 regions, were not apparent in the spectra in
Fig. 2. There were two possible explanations on the
observation: (1) no significant abundance of COO− groups
in these plant-derived WEOM samples and (2) there were
COO− groups in these samples, but they were formed
bonds with polyvalent ions present in the WEOM extracts.
However, the relatively less polyvalent ions in these

WEOM samples (Table 1) implied less possibility of the
second hypothesis. In other words, even though we could
not exclude the second hypothesis, the lack of these strong
absorbance bands should be mainly due to the first
hypothesis. With the lack of significant carboxylic groups
in these WEOM fractions, we attributed the peak at
1,605 cm−1 in Fig. 2 to aromatic compounds in these
WEOM fractions. The strong band around 1,380 to
1,430 cm−1 was due to phenolic OH and aliphatic C–H
groups (Agnelli et al. 2000). The composite bands around
1,070 cm−1 are usually assigned to alcoholic and polysac-
charide C–O stretching or silicate vibrations (Agnelli et al.
2000; Francioso et al. 1996). Recent reports (He et al.
2006) observed that the strength of this FT-IR peak is
related to the abundance of P in humic fractions. Based on
the selected element contents of these WEOM fractions
(Table 1), polysaccharide and P compounds may have been
the major contributors to the peaks around 1,070 cm−1.

There were some differences observed among the eight
WEOM samples. A relatively strong band at 1,678 cm−1

and a minor band at 1,529 cm−1 appeared in the spectrum
of lupin WEOM (Fig. 2). The former one could be assigned
to olefine or aromatic compounds (Chang Chien et al.
2007; Francioso et al. 1996) and the latter one to the
presence of nitrogen (N) compounds (N–H stretching and
NH2 deformation). We assigned the band at 1,678 cm−1 to
olefine compounds as the aromatic compounds were
identifiable by the peak at 1,605 cm−1 and these two peaks
did not always appear simultaneously in these spectra.
Based on the strengths of the two bands (Fig. 2), these
olefinic and N compounds decreased in the order of lupin >
manure > crimson clover > hairy vetch > corn > wheat >
alfalfa > soybean. On the contrary, the band at 1,260 cm−1

was relatively strong in the spectra of WEOM fractions of
soybean, alfalfa, wheat, and corn (Fig. 2). This band was
contributed by C–O stretching of esters, ethers, and phenols
(Chang Chien et al. 2007). Combined with the broad bands
at 1,400 cm−1 in these spectra, it appears that these WEOM
fractions contain more aliphatic and/or phenolic groups
than other natural organic matter, such as humic fractions
(He et al. 2006).

Solution 31P NMR spectra

The solution 31P NMR spectra of the WEOM extracted
from corn, alfalfa, and soybean shoots were relatively
simple (Fig. 3). A sharp chemical shift peak at appropri-
ately 6 ppm is typical for inorganic orthophosphate. All
other minor broad peaks between 6 and 4 ppm were
attributed to monoester P. In the orthophosphate monoesters
region of the spectrum of the soybean WEOM fraction,
peaks were further assigned for phytate (5.95, 5.06, 4.70,
and 4.52 ppm with the ratio 1:2:2:1). Based on the
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Fig. 2 FT-IR spectra of WEOM fractions extracted from plant shoots
and dairy manure
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integration of these peak areas, the distribution between the
two types of P is 86% orthophosphate and 14% monoester
P in alfalfa shoot. However, the distribution in soybean
shoot WEOM was 68% orthophosphate and 32% monoes-
ter P. Within the monoester P of soybean shoot WEOM,
70% is phytate P. WEOM from corn shoot contained less
monoester P (8% of total P) and the other five WEOM
fractions contained orthophosphate only (data not shown).
As these fractions came from the plant shoots, orthophos-
phate in these fractions might not be truly part of the water
extractable organic matter composition. It could be simply
the free orthophosphate component (nutrient) present in
these plant shoots.

Potassium and Mg salts of phytate are the major storage
forms of P in plant seeds (Bohn et al. 2008). Elemental
analysis of the NMR samples (Table 1) indicates that both
inorganic and organic P species in these plant-derived
WEOM fractions were associated with Ca and Mg; K was
not determined. Thus, the presence of phytate P in the
WEOM derived from soybean shoot might reflect phytate
synthesis when this plant shoot was collected.

To our knowledge, there have been no reports identify-
ing P species in plant-derived WEOM by solution 31P
NMR analysis. Similar to our analysis of dairy manure
WEOM, Gigliotti et al. (2002) reported that the only
solution 31P NMR spectral signal of the WEOM extracted
from pig waste slurry was for orthophosphate. However,
solution 31P NMR analysis demonstrated that orthophos-
phate (55%), phosphomonoester (33%), and pyrophosphate
(12%) were present in hydrophilic WEOM from sewage

sludge, and both phosphomonoesters and phosphodiesters
were present in hydrophobic WEOM from the same sludge
samples (Gigliotti et al. 2002).

Solid-state 13C NMR

Three different techniques were applied: 13C CP/TOSS, 13C
CP/TOSS with dipolar dephasing, and 13C chemical-shift
anisotropy filter (Fig. 4). 13C CP/TOSS provides the whole
qualitative structural information on these samples, dipolar
dephasing detects nonprotonated carbons and mobile
groups such as CH3 groups, and 13C CSA filter selects
sp3-hybridized carbons. The TOSS spectra of all plant-
derived WEOM fractions exhibited similarities. Based on
the general spectral pattern (Fig. 4), the spectra of plant-
derived WEOM could be separated into three groups: those
of (1) alfalfa, hairy vetch, and soybean, (2) crimson clover
and lupin, and (3) corn and wheat. In contrast, the CP/
TOSS spectrum of dairy manure was totally different. The
functional group assignments are as follows (Mao et al.
2007b): 0–50 ppm, nonpolar alkyl; 50–60 ppm, NCH and
OCH3; 60–96 ppm, carbohydrate C; 96–110 ppm, O–C–O
anomerics; 110–145 ppm, aromatic C; 145–162 ppm,
aromatic C–O; 162–190 ppm, COO and N–C=O; and
190–220 ppm, ketone, quinone, or aldehyde C.

The 13C CP/TOSS spectra of alfalfa, hairy vetch, and
soybean (group 1; Fig. 4a–c) all showed a predominant
band of OCH at 72 ppm, COO/N–C=O at ca. 178 ppm, O–
C–O around 100 ppm, and OCH2 at 62 ppm. Broad signals
at around 55 ppm were assigned to NCH or OCH3 and
around 0–50 ppm for CCH, CCH2, and CCH3. Thus, we
concluded, in contrast to terrestrial humic acids (Mao et al.
2007a; Schmidt-Rohr et al. 2004), these WEOM fractions
contained very few aromatic functional groups. This C13

NMR-based observation was consistent with the FT-IR
spectral feature of these WEOM samples discussed above.
Further dipolar-dephased spectral analysis indicated that
most of carbons in the three WEOM fractions were
protonated. This result is similar to what was obtained for
algae, which is not unexpected given they are all composed
of biomolecules (Mao et al. 2007b). In addition to a
dominant COO/N–C=O band, there was a small non-
protonated O–Cq–O around 100 ppm, nonprotonated OCq

signals barely above the baseline around 60–90 ppm, and a
small CCH3 around 22 ppm. Based on aforementioned
assignments, the signals around 50–60 ppm could be from
OCH3 and NCH; dipolar-dephased spectra indicate that
signals around 50–60 ppm were primarily attributed to
NCH since dipolar dephasing only retains nonprotonated
carbons and mobile groups such as OCH3 groups and
removes protonated carbons such as NCH. The 13C CSA-
filtered spectra showed that the peak around 100 ppm was
from sp3-hybridized O–C–O. Interestingly, residual O–Cq–O
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Soybean
8 7 6 5 4 3 2 1 PPM

Corn

Fig. 3 Solution 31P NMR spectra of WEOM fractions extracted from
plant shoots
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signals around 100 ppm were detected in the dipolar-
dephased spectra of alfalfa and hairy vetch, but not of
soybean, indicating that all O–C–O’s of soybean were
protonated. Anomerics are nonprotonated in all ketoses, e.g.,
in fructose. The anomeric peak plus OCH at 72 ppm and
OCH2 at 62 ppm indicated the presence of sugar rings in
these WEOM fractions. The existence of a band at ~178 ppm
was from either COO or N–C=O. The N–C=O and the NCH
around 55 ppm suggested the existence of amino acids or
peptides; the COO and CCH, CCH2, and CCH3 indicated the
existence of low molecular mass carboxylic acids. Phenolic
acids were not observed in alfalfa and hairy vetch, as found
by Hunt et al. (2007a); however, in soybean CP/TOSS
spectrum, a tiny peak around 160 ppm could be due to
phenolic acids. Nevertheless, phenolic acids were minor
constituents of these WEOM fractions.

The spectra of corn and wheat (group 3; Fig. 4g, h) were
generally similar to those of alfalfa, hairy vetch, and
soybean (group 1): a dominant OCH at ~70 ppm, a OCH2

shoulder at ~62 ppm, and an anomeric peak at 100 ppm
which indicated the large quantities of sugars; signals
around 50–60 ppm from NCH and N–C=O from 178 ppm
which suggested the presence of amino acids and peptides;
and COO at ~180 ppm and a broad band from 0–50 ppm
assigned to CH, CH2, and CCH3 which indicated the
existence of low molecular carboxylic acids. However,
several significant differences and features should be noted.
First, the peak of anomerics at 100 ppm and the peak of
OCH at 72 ppm were very sharp compared with those of
group 1, suggesting that some sugars be crystalline.
Second, there were fewer signals in their CP/TOSS spectra
and more residual peaks in their dipolar-dephased spectra
around 50–60 ppm, indicating that less amino acids or
peptides existed in wheat and corn than in alfalfa, hairy
vetch, and soybean. This result was consistent with the fact
that the three group 1 plants are leguminous. Third, their
dipolar-dephased spectra indicated that in addition to those
nonprotonated and mobile signals, there were low-intensity
broad nonprotonated aromatic C–O and aromatic signals
around 160–110 ppm for corn but less for wheat. Further,
the OCq and OCH3 were more intense in wheat than in corn
and group 1. The presence of significant OCH3 could

indicate the existence of lignin. However, the tiny amount
of aromatic C–O around 145–162 ppm excludes the
possibility of significant lignin in these samples.

At first sight, the spectra of crimson clover and lupin
(group 2; Fig. 4e, f) seemed to be totally different from
those of groups 1 and 3. However, if the three sharp peaks
at 36, 51, and 176 ppm were removed, they would be quite
similar to the others, especially to those of group 1 since
they are all leguminous plants. These three peaks probably
arose from asparagine because the 13C chemical shifts of
CCH2, NCH, COO, and H2NCO in asparagines are at 37.7,
51.5, 173, and 175.6 ppm in solution state, respectively.
The broader linewidths and other mechanisms leading to
slight changes in chemical shifts in solid state indicated a
good match with asparagine. In addition, the approximate
ratio of the peak at 176 ppm to either that of 51 or of
36 ppm was 2:1, indicating that there were two C=O
functional groups in this compound compared with the
signals at 51 and 36 ppm. Thus, WEOM fractions in this
group contained significant asparagine in addition to
compounds found in group 1.

In contrast, the spectra of the dairy manure WEOM were
totally different from those of plant-derived WEOM (Fig. 4d).
Its 13C CP/TOSS spectrum was very broad and especially the
aromatic signals (110–160 ppm) were significant. There
were also small carbonyl carbons around 200 ppm, COO/
N–C=O at ~178 ppm, sharp OCH at 72 ppm, NCH/OCH3

around 56 ppm, CCH at 40 ppm, and CCH3 around
~25 ppm. Its dipolar-dephased spectrum showed rich
environments of nonprotonated carbons and mobile groups
and also indicated that the carbonyl groups around 200 ppm
were primarily from keto groups. It also showed that the
signals around 55 ppm belonged to both NCH and OCH3

since there was a significant OCH3 peak in the dipolar-
dephased spectrum. In addition, the dipolar-dephased
spectrum had COO/N–C=O around ~178 ppm, aromatic
C–O around 150 ppm, nonprotonated aromatics around
120–140 ppm, small nonprotonated anomerics around
100 ppm, OCq from around 65–90 ppm, and mobile
CCH3 from 10–25 ppm. The 13C CSA filter technique
clearly selected anomeric signals which overlap with
aromatics in its CP/TOSS spectrum. Almost all the
anomerics were protonated, as suggested by the dipolar-
dephased spectrum. The presence of OCH3 and aromatic
C–O indicated the existence of significant lignin, the N–C=O
and NCH signals showed the existence of peptides, and the
O–C–O functional groups were indicative of sugar rings in
this manure. In summary, despite certain differences, similar
major structures were observed in all plant-derived WEOM
samples: sugars, amino acids/peptides, and low molecular
mass carboxylic acids. In contrast, WEOM from dairy
manure was structurally different, containing significant
amounts of nonprotonated carbons and lignin residues.

Fig. 4 Spectral editing for identification of functional groups in 13C
NMR. Three experiments were conducted: 13C CP/TOSS spectra
showing qualitative structural information, corresponding dipolar-
dephased (DD) 13C CP/TOSS spectra showing nonprotonated carbons
and mobile segments like CH3, acquired after a period of 40μs
without decoupling, and selection of sp3-hybridized carbon signals by
a chemical-shift anisotropy filter, which in particular identified OCO
carbons, near 100 ppm, typical of sugar rings. a Alfalfa, b hairy vetch,
c soybean, d dairy manure, e crimson clover, f lupin, g corn, and
h wheat. The number of scans of all the spectra is 3 k with a recycle
delay of 5 s

R
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Conclusions

Dissolved organic matter derived from seven plant shoots
and a dairy cattle manure was characterized by UV–visible,
FT-IR, solution 31P, and solid-state 13C NMR spectroscopic
techniques. The spectral data provided P and C bonding
information for these WEOM samples. All plant-derived
WEOM sources were primarily composed of significant
soluble carbohydrates, as well as some other soluble
organic compounds such as organic acids, amino acids/
peptides, and phenolic compounds. Carbohydrates are dom-
inant components with very few aromatics present in these
samples. In contrast, the spectra of dairy manure-derived
WEOM were significantly different. Its spectra were broad
and more featureless, indicating humification with significant
amounts of nonprotonated carbons and lignin residues.
Significant carbohydrates as well as aromatics are present in
this manure-derived WEOM. The differential characteristics
of WEOM derived from different sources may be useful for
investigating the humification process of plant WEOM.
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