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ABSTRACT
Using water hyacinth [Eichhornia crassipes (Mart.) Solms) for

wastewater renovation produces biomass that must be disposed of. This
biomass may be anaerobically digested to produce CH4 or added to
soil directly as an amendment. In this study, fresh and anaerobically
digested water hyacinth biomass, with either low or high N tissue con-
tent, were added to soil to evaluate C and N mineralization
characteristics. The plant biomass was labeled with "N before diges-
tion. The fresh plant biomass and digested biomass sludge were freeze-
dried and ground to pass a 0.84-mm sieve. The materials were thoroughly
mixed with a Kindrick fine sand (Arenic Paleudults) at a rate of 5 g
kg'1 soil and incubated for 90 d at 27 °C at a moisture content adjusted
to 0.01 MPa. Decomposition was evaluated by CO2 evolution and "N
mineralization. After 90 d, approximately 20% of the added C of the
digested sludges had evolved as CO2 compared to 39 and 50% of the
added C of the fresh plant biomass with a low and high N content,
respectively. First-order kinetics were used to describe decomposition
stages. Mineralization of organic "N to "NO;-N accounted for 8°7o of
applied N for both digested sludges at 90 d. Nitrogen mineralization
accounted for 3 and 33% of the applied organic N for fresh plant
biomass with a low and high N content, respectively.

Additional Index Words: CO; evolution, N mineralization, digested
sludge, first-order kinetics.
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Anaerobic digestion of organic materials such as plant
biomass, sewage sludge, or animal wastes is used to
generate CH4 and stabilized organic waste material. This
process generates by-products (solid residue and effluent)
that must be either disposed of, or preferably utilized,
in an environmentally safe manner. Disposal of the
anaerobically digested sludge by land application is an
option often considered. Anaerobically digested sludge
composition differs from fresh organic materials. A con-
sequence of anaerobic digestion is a reduction of the
readily decomposable C of the organic material during
production of CH4 and CO2.

Anaerobically digested sludge application rates for soil
are often determined by nutrient-release potential dur-
ing decomposition. The N-mineralization potential is
commonly used to determine sludge application rates.
Low rates of C and N mineralization have been reported
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during decomposition of anaerobically digested sewage
sludge (Miller, 1974; Tester et al., 1977).

Much of the available information deals with land ap-
plication of anaerobically digested sewage sludge, and on-
ly limited data have been reported on the decomposition
of sludge derived from the anaerobic digestion of plant
biomass. Anaerobic digestion of plant biomass to pro-
duce CH4 was evaluated as a possible alternate energy
source (Shiralipour and Smith, 1984). This form of energy
appears to be particularly attractive in the southeastern
USA where favorable growing conditions exist
throughout most of the year. Among plant biomass that
have received critical evaluation include aquatic plants
such as water hyacinth (Eichhornia crassipes [Mart.]
Solm), terrestrial plants such as napier grass (Pennisetum
purpureum L.), and sorghum (Sorghum bicolor)
(Shiralipour and Smith, 1984).

The objective of this study was to evaluate the C and
N mineralization of fresh and anaerobically digested
water hyacinth added to soil. Four materials were
evaluated, fresh plant biomass with low or high tissue N
content and their respective anaerobically digested
sludges.

MATERIALS AND METHODS
Water hyacinths were grown in tap water and sewage effluent

to obtain low (10 g N kg"1 dry plant tissue) and high (34 g N kg"'
dry plant tissue) tissue N content, respectively. After removal from
their respective growth media, the hyacinths were grown in nutrient
solution containing lsN-labeled (NH4)2SO4 for 2 weeks, frozen, and
chopped to a 1.6-mm length using a Hobart T 215 food processor.

A portion of the water hyacinths were anaerobically digested for
16 weeks in 55-L batch digesters. Each digester received 4.7 g (fresh
wt) of the "N-labeled water hyacinth, 5 L of inoculum from
anaerobic digesters receiving water hyacinth as feedstock, and were
buffered with 210-g NaHCOj. After digestion, the biomass sludge
was separated from the effluent using a 1.00-mm fiberglass screen.

Samples of the fresh water hyacinth and anaerobically digested
water hyacinth sludge were freeze-dried (Thermovac T) and ground
through a 0.84-mm screen of a Wiley Mill. The freeze-dried
materials were characterized for lignin, cellulose, and hemicellulose
(Goering and Van Soest, 1970), ashed mineral constituents (Gaines
and Mitchell, 1979), total solids (TS), volatile solids (VS), total C
(TC) (LECO Induction Furnace 523-300, LECO Corp., St. Joseph,
MI), and total Kjeldahl N (TKN) (Nelson and Sommers, 1973).

Surface (0-15 cm depth) soil samples of a Kendrick fine sand
(Arenic Paleudults) were collected at the Agronomy Farm, Univ.
of Florida in Gainesville, FL. The soil was air-dried and passed
through a 2-mm sieve. The soil had a particle size distribution of
92.9% sand, 4.6% silt, and 2.5% clay. The cation exchange capacity
(CEC) was 3.44 cmolc kg"' soil with a base saturation of 47%.

Fifty-gram soil samples were preincubated for 5 d at a water con-
tent adjusted to 0.01 MPa before addition of the residues. The
freeze-dried materials were thoroughly mixed with the soil at a rate
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of 5 g (dry wt) -~ soil (e quivalent to10 Mg ha-’) andincubated
for 90 d at 27 °C. Each treatment consisted of three replications.
Water content was adjusted to 0.01 MPa every 15 d. Ambient
laboratory air with CO2 and NH3 removed by 3 M NaOH and 4
M H2SO, traps, respectively, was passed through the incubation
flasks with an aquarium pump at a rate of 50 mL min-k The CO2
evolved from the soil samples was collected in 0.1 M NaOH traps.
The percentage C evolved with time was calculated by subtracting
C evolved as COz of the control soil (no organic C amendment)
from the various treatments and dividing by the amount of C add-
ed for each residue. Soil samples were analzyed at 0, 30, 60, and
90 d for 2 M KCl-extractable NH~ and NO; by steam distillation
(Keeney and Nelson, 1982), and TKN by acid digestion (Nelson
and Sommers, 1972). The ’ ~N analyses were conducted on a Micro
Mass 602 spectrometer (VG Instruments, West Sussex, England).

RESULTS AND DISCUSSION

PLANT RESIDUE CHARACTERIZATION

Characteristics of the fresh plant biomass and the
anaerobically digested biomass sludge are presented in
Table 1. The TC and TKN concentrations of the digested
sludges were higher than their respective fresh plant
materials. The C/N ratio of the fresh plant biomass with
a low N content decreased from 35 to 16 after anaerobic
digestion. The C/N ratio of the fresh plant biomass with
a high N content did not change after digestion.

The low N fresh plant biomass contained approximate-
ly twice as much lignin as the high N fresh plant biomass
due to a larger rooting mass of plants grown in tap water.
The shoot/root dry weight ratio was 1.6 for the low N
fresh biomass compared to 4.2 for the high N fresh
biomass. Moore and Bjorndal (1984, unpublished data)
concluded that water hyacinth roots, in general, have
higher lignin content than shoots. Lignin content was
significantly higher in digested sludges due to loss of the
more readily decomposable C during anaerobic digestion.
The hemicellulose content was higher with the low N plant
biomass than the high N biomass but did not change after
digestion. The cellulose content decreased for low N fresh
plant biomass after digestion but increased for high N
fresh plant biomass.

Anaerobic digestion of fresh plant biomass resulted in
a large loss of plant K. Potassium is relatively soluble and
is found in the effluent after anaerobic digestion (Atalay
and Blanchar, 1984; Field et al., 1984). Additional K may
be required to enhance the microbial degradation of

Table 1. Characteristics of the fresh and digested
plant biomass.

Low N plant biomass High N plant biomass
Chemical
constituent Fresh Digested Fresh Digested

g kg-~ of biomass

Total C 373.0b~f 425.0a 385.0b 446.0a
Total N 10.6c 26.6b 34.0a 39.3a
Lignin 83.0b 145.0a 43.0c 130.0a
Cellulose 266.0a 180.0b 167.0b 206.0b
Hemicellulose 247.0a 243.0a 183.0b 180.0b
K 22.2a 2.8b 23.5a 3.8b
Ca 21.0b 24.2a 17.6c 18.4c
Mg 6.7a 2.2c 3.2b 2.2c
Na 10.9c 17.4b 8.0d 26.0a

Fe 1.9c 7.2a 1.6c 4.7b
Zn 0.7c 2.0a 0.5d 0.9b

C/N ratio 35.0a 16.0b 12.0e 12.0c

Values with same letter within rows are not significantly different at
P <0.05 by Duncan’s multiple range test.
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digested biomass sludges added to soil. The increase in
plant Na is due to the addition of the NaHCO3 buffer
to maintain digester pH stability. The digestion process
resulted in increases in the amount of tissue Ca, Na, Fe,
and Zn, and a decrease in Mg. Field et al. (1984) con-
cluded that sorption was increased by particle size reduc-
tion of solids during anaerobic digestion.

CARBON MINERALIZATION

Fresh plant biomass always released more C as CO2
compared to corresponding digested biomass sludges (Fig.
1). There were no significant differences in CO2 evolu-
tion from the two sludges throughout the incubation
period. There was a rapid loss of C as CO2 during the
first 10 d for the fresh plant materials. During this time
period the CO~ evolution from the fresh plant material
with a high N content was approximately twice as much
as the fresh plant material with a low N content.

Since the decomposition rate of plant residues and
sludges in soil is governed by the proportion of the various
C fractions, the overall rate may not be described by sim-
ple first-order kinetics. A multistage decomposition se-
quence has been used to describe organic material decom-
position in soil (Gilmour et al., 1977; Hunt, 1977; Red-
dy et al., 1980; Gilmour et al., 1985). Each stage is
thought to represent the sequential ease of C constituent
decomposition, i.e., soluble sugars and starch, cellulose,
hemicellulose, and lignin.
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Fig. 1. Carbon evolution from fresh and digested plant biomass

added to soil.



The rate equation for a multistage first-order reaction
is expressed as

-dCi/dt = ki Ci [1]

where i refers to a particular stage of decomposition. The
integrated first-order rate equation equals

Cti = Ci exp(- kit) [2]

where
Ci = C concentration at beginning of a decomposi-

tion stage,
Cti = C concentration remaining at end of a decom-

position stage at time = t, and
ki = first-order rate constant.

Therefore, a rate constant can be calculated for each
decomposition stage.

Graphical representation of the stages and their respec-
tive rate constants for the materials used in this study are
shown in Fig. 2. Decomposition of fresh plant biomass
can be approached by a three-stage first-order kinetic
description. The rate constants for the first stage (solu-
ble sugars and starch) were 0.0441 and 0.0222 -’ for high
and low N plant biomass, respectively. A longer time was
required during the second stage (cellulose and
hemicellulose) of decomposition for the low N plant
material due to a higher content of these C constituents
(Table 1). The rate constants for the final stage (lignin)
of decomposition were low for both materials.

Decomposition of the digested biomass sludges was
best described in two stages. The conversion of soluble
sugars and starch to CH, and CO2 during anaerobic diges-
tion consumed most of the soluble C of the digested
sludges, eliminating the first stage of decomposition.
Therefore, the first stage of sludge decomposition cor-
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Fig. 2. Decomposition stages and rate constants of fresh and digested

plant biomass added to soil.

responded to the second stage (probably cellulose and
hemicellulose) of fresh plant biomass. The longer second
stage corresponded to the final stage (lignin) of the fresh
plant biomass.

After 90 d of incubation, approximately 20°70 of the
added C of the digested biomass sludges had evolved as
CO2 compared to 39 and 50% of the fresh plant biomass
with a low and high N content, respectively (Table 2).
More than half of the C evolved from the fresh plant
biomass occurred within the first 10 d.

The percentage C evolved with time from the
anaerobically digested biomass sludge is comparable to
the results of Miller (1974) and Tester et al. (1977) 
anaerobically digested and composted sewage sludge.
Miller (1974) reported a maximum of 20% of the added
C evolved as CO2 during a 24-week incubation period.
Tester et al. (1977) reported 1607o of the added C evolved
as CO2 from composted sewage sludge during 54 d of in-
cubation. However, Terry et al. (1979) found a total 
26 to 42O/o of C evolved as CO2 from anaerobically
digested sewage sludge during 130 d of incubation.

NITROGEN MINERALIZATION

Soil NH~-N concentrations (data not shown) were < 
mg kg-’ throughout the incubation period. Nitrate con-
centration in soil treated with low N fresh plant biomass
was significantly lower than the control (Table 3), in-
dicating the immobilization of both soil- and biomass-
derived inorganic N by the microflora. Minerlizafion rates
were similar for both digested biomass sludges throughout
the incubation period despite the higher concentration of
TKN (Table 1) of the high N sludge. Although the C/N
ratios of high N fresh or digested biomass sludge were
the same, the amount of NO;-N accumulating in the soil
was more than double for fresh biomass compared to
digested biomass sludge. Maximum NO;-N accumulation
for the high N fresh biomass occurred at 60 d, although
C recovered as CO~ continued to increase during the 90-d
incubation.

Table 2. Carbon mineralization during decomposition of fresh
and digested plant biomass added to soil.

Low N plant biomass High N plant biomass

Day Fresh Digested Fresh Digested

% of added C

30 22.4b~ 11.2c 34.2a 9.8c
60 32.5b 14.9c 41.6a 16.1c
90 39.0b 19.1c 49.9a 23.1c

Values with same letter within rows are not significantly different at
P <0.05 by Duncan’s multiple range test.

Table 3. Soil NO;-N concentrations during decomposition of
fresh and digested plant biomass added to soft.

Low N plant biomass High N plant biomass

Day Control Fresh Digested Fresh Digested

mg kg-~ soil

0 9.1a~ 8.2ab 7.9abc 8.4ab 6.6c
30 ll.0c 0.9d 20.0b 51.4a 17.2b
60 13.2c 1.0d 24.4b 70.3a 24.8b
90 14.5c 4.8d 28.4b 68.8a 30.3b

~fValues with same letter within rows are not significantly different at
P <0,05 by Duncan’s multiple range test.
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Table 4. Nitrogen-15 mineralization during decomposition of
fresh and digested plant biomass added to soil.

Low N plant biomass High N plant biomass
Day Fresh Digested Fresh Digested

% of added "N
30
60
90

NDJ
ND
3.3c

4.7bT
6.2b
7.7b

24.8a
34.3a
33.3a

3.8b
6.0b
7.7b

t Letters indicate differences within rows significant at P <0.05 by
Duncan's multiple range test,

t ND = not detectable.

Mineralization of organic 15N to "NOl-N accounted
for 33% of the applied N from the high N fresh plant
biomass while only 3% of the applied N was recovered
as 15NOs-N for low N fresh plant biomass (Table 4).
Ogwada (1983) incorporated shredded 15N-labeled water
hyacinth with a C/N ratio of 35 into a Myakka fine sand
(Entic Haplaquods) at a rate of 20 Mg dry wt ha"', and
at the end of 60 d, 33% of "N from the soil-incorporated
water hyacinth was mineralized. In the present study, 8%
of the applied N was recovered as 15NOl-N for both
sludges at 90 d (Table 4). Tester et al. (1977) reported
6% of composted sewage sludge N mineralized to NOi
in 54 d.

CARBON VS. NITROGEN MINERALIZATION

Carbon/N ratio is commonly used as a guideline for
predicting the relative decomposability or N-
mineralization potential of organic materials added to soil
(Reddy et al., 1979). In this study, the high C/N ratio
of the low N fresh plant biomass (C/N = 35) resulted
in immobilization of inorganic N while the low C/N ratio
of high N fresh plant biomass (C/N = 12) resulted in
rapid mineralization. However, C/N ratios may have
limited applicability for predicting N transformations of
digested biomass sludges. The high N fresh biomass and
digested biomass sludge both had a C/N ratio of 12, but
only 8% of the applied N was recovered as 15NO;-N from
the digested biomass sludge compared to 33% from fresh
plant biomass.

Gilmour et al. (1985) established a linear relationship
between net N mineralization and CO2 evolution for
sewage sludge and four plant materials having a high total
N content. A highly correlated linear relationship existed
between N mineralization and CO2 evolution during this
study for digested biomass sludges but not for the fresh
plant biomass (Table 5). Gilmour et al. (1985) conclud-
ed that a 1:1 ratio existed for N mineralization and CO2
evolution for sewage sludge. During this study, N
mineralization of anaerobically digested biomass sludge
was approximately one-third of the C lost as CO2.

The slow decomposition rates of anaerobically digested
biomass sludges cannot be attributed to their initial N
concentration. Disposal of sludge by land application is
attractive but requires thoughtful consideration of goals
for that disposal. Using sludge as a nutrient source for
crops provides for a slow release of N but may require
additional fertilization. If nutrient release is a primary
goal in land application of sludge then blending fresh
plant biomass with the digested sludge may enhance
decomposition and nutrient mineralization.

Table 5. Regression equations for N mineralization (Nm) and
CO2-C evolution during decomposition of fresh and

digested plant biomass added to soil.
Material Regression equations
Low N plant biomass

Fresh
Digested

High N plant biomass
Fresh
Digested

Nm = 0.15 CO,-C - 36
Nm = 0.32 COfC + 15

Nm = 0.52 CO2-C + 89
Nm = 0.30 CO,-C + 9

0.729
0.936

0.770
0.953
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ERRATUM 

Decomposition of Fresh and Anaerobically Digested 
Plant Biomass in Soil 

K.K. Moorhead, D.A. Graetz, and K.R. Reddy; J.  Environ. 
Qual. 16:25-28. 

An error was found in the above article. On page 25,  in 
the “Materials and Methods” section, second paragraph, 
second line, it should read: “Each digester received 4.7 kg 
(fresh wt),” not 4.7 g. The authors regret any inconvenience 
caused by the error. 
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