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Abstract: Biorefinery waste has potential to provide alternative sources of
phosphorus (P) for plant industry if biomass has been pretreated by
phosphoric acids during its production process. In this study, we investigated
the potential of the fermentation waste from a bioethanol process as a P
fertilizer. Three treatments were set up for growing crops of snap bean (var.,
Bronco) and radish (var., Crimson Giant), i.e., P source as fermentation
wastes from bioethanol production, commercial P fertilizer as triple
superphosphate containing 44% P2O5 and control without any P fertilizer.
The yields, biomass and leaf greenness of two crops were measured. Results
showed that higher leaf greenness, yields and biomass were observed for the
crops treated with fermentation wastes, suggesting the wastes from
bioethanol production have the potential as P fertilizer. However, more
related researches in a large scale will be needed in the future.
Keywords: Bioethanol Fermentation Wastes, Phosphorus Fertilizer, Snap
Bean, Radish

Introduction
Bioethanol is the most extensively-used biofuel for
transportation around the world (Ward and Singh, 2002;
Ibeto et al., 2011). Florida became the home to the first
commercial-scale cellulosic ethanol project in the United
States in 2013 (Postelwait, 2013). The technology to
produce bioethanol from renewable resources such as
starch, sweet sorghum extractives and lignocelluloses
has been extensively explored (Willington and Marten,
1982). Sugarcane bagasse is used as feedstock for
biofuel production and consisted of 45-55% cellulose,
20-25% hemicelluloses, 18-24% lignin, 1-4% ash and
1% wax (Rainey et al., 2009). Thus, bagasse itself
doesn’t contain much phosphorus (P) but during the
pretreatment process, dilute phosphoric acid is
generally added (Wyman et al., 2005; Zeng et al.,
2014). As biofinery fermentation industry wastes are
generated in huge quantities in a short period of time, a
main environmental problem represents in the entire
biofuel production processes (Vijayaraghavan and Yun,
2007). There are many concerns for large-scale ethanol
development, such as how to deal with the waste or the
by-product from the fermentation-distillation process

(Willington and Marten, 1982; Kim and Dale, 2004;
Mustafa et al., 2008). It has been reported that the
biofuel waste has a considerable pollution potential
(Sheehan and Greenfield, 1980; Ward and Singh, 2002).
Handling the waste correctly is important not only for
a scale-up process but also for sustainable environment.
The use of the waste may also add value to current
bioethanol processes (Willington and Marten, 1982;
Wilkie et al., 2000; Kim and Dale, 2004; Mustafa et al.,
2008). Several approaches have been discussed about
handling the regular wastes such as conventional sewage
treatments, returning to agricultural fields as fertilizers
and using as an animal or aquaculture feed (Sheehan and
Greenfield, 1980; Willington and Marten, 1982;
Sahai et al., 1983; Driessen et al., 1994; Wilkie et al.,
2000; Kolář et al., 2008). Biofuel waste is also a
potential commodity for the fertilizer/agriculture market
since the waste is generally rich in nutrients essential for
plant growth and development (Moore, 2011). Thus, if
the waste can be used as a phosphate fertilizer, then it is
not only unnecessary to be treated but also a good Pfertilizer source for agriculture. Particularly, as P rock is
depleting and will be run out in a few decades, a
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November 7th, 2012. Radish were seeded on August 20th
and harvested on September 24th, 2012.

potential P crisis is on the horizon (Abelson, 1999;
Cordell et al., 2009), using biofuel waste to provide P
nutrient will be beneficial. The objective of this study
was to evaluate the effects of the fermentation waste
from biofuel production on the yields, biomass and leaf
greenness of snap bean and radish.

Leaf Greenness, Yields and Biomass
Leaf chlorophyll concentrations were measured with
a SPAD-502 meter (Konica-Minolta, Osaka, Japan) at
harvest. Beans and radish were removed from the plants
and weighed fresh as the yields. Biomass accumulation
at harvest was determined by cutting plant stems at the
soil surface for each pot. The entire plant of radish or the
shoot and beans of snap bean were oven-dried at 70oC
until constant weight was achieved.

Methods and Materials
Fermentation Waste Collection
The fermentation waste (approximately 25% solid)
from the Stan Mayfield Biorefinery Pilot Plant in Perry,
Florida was collected. This pilot plant produced the
bioethanol through a phosphoric acid catalyzed steam
explosion pretreatment process followed by a
Liquefaction plus Simultaneously Saccharification and
Co-fermentation Process (L plus SSCF) and sugarcane
bagasse was used as the feedstock. This waste has
approximately 300 mg L−1 (354±59 mg kg−1) available
P and <1 mg L−1 (0.4±0.1 mg kg−1) nitrogen (N) with
pH 6.2±0.4. It was diluted to 10 mg L−1 phosphorus
pentoxide (P2O5) with de-ionized water and then
applied as P fertilizer to snap bean (var., Bronco) and
radish (var., Crimson Giant) plants grown in pots.

Statistic Analysis
Data were analyzed using one-way ANOVA method
(SAS Institute, 2009) and was considered significant at p
< 0.05. After running the SAS program, the critical
ranges (LSD2, 0.05) of Duncan’s Multiple Range Test
were used to detect the difference significance between
two means (Hubbard, 2001).

Results and Discussion
Leaf Greenness
The SPAD chlorophyll meter measures transmittance
of red and infrared light through the leaf and displays a
number that is proportion to chlorophyll concentrations
in the leaf (Hoel, 1998). The results showed that the leaf
greenness of snap bean with the fermentation waste
treatment was significantly (p < 0.05) greater than those
of the commercial fertilizer treatment and the control but
the latter two were not significantly different. Similarly,
radish plants treated with the biofuel waste had
significantly greater leaf greenness than those with P
fertilizer. The latter was significantly greater than those
of the control (Fig. 1). The exact compositions of the
fermentation wastes depend on the raw material and
distillation techniques. Generally, the compositions
have high concentrations of Biological Oxygen
Demand (BOD) and nutrients (Willington and Marten,
1982; Callander et al., 1986; Wilkie et al., 2000). For
the fermentation wastes used in this research, high P
concentration (~300 mg L−1) was observed but the N
content was low (<1 mg L−1). Others, however, have
measured high N contents in other bioethanol wastes
(Moore, 2011; Galvez et al., 2012). Some of the
literature indicated that there was a positive relationship
between leaf chlorophyll concentration and leaf N
content in agricultural crops (Wood et al., 1992;
Turner and Jund, 1994; Percival et al., 2008). In this
study, the greater SPAD readings of the fermentation
wastes may be related to possible increase in nutrient and
water holding capacity in sandy soils by the fermentation
wastes (Wang et al., 2014). These possible compounds
were not able to be detected in this study.

Pot Experiment
The experiment was conducted using a randomized
complete block with two treatments and four replications
for snap bean and five replications for radish. Each
replication had six pots for snap bean and five pots for
radish, respectively. The pot size was 3,200 ml. Each pot
was filled with sandy soil collected from the University
of Florida Plant Science Research and Education Unit
near Citra, FL, USA. The soil was classified as Candler
sand with 97% sands (Buster, 1979; Zotarelli et al.,
2011). Plant available (Olsen extractable) nutrients (mg
kg−1) in this soil were 20 mg kg−1 P, 18 mg kg−1 K, 422
mg kg−1 Ca, 45 mg kg−1 Mg. Other basic properties of
this soil were pH 6.3; soil bulk density 1.5 g cm−3; soil
organic matter 1.0%; CEC, 2.8 cmol kg−1.
Each pot had one plant for snap bean and 2 plants for
radish. The treatments were paralleled with a control
without P fertilization. The two treatments were (1)
fermentation wastes without P fertilization; (2)
commercial P fertilizer as triple superphosphate
containing 44% of P2O5. The fertilizer application rates
were based on the Institute of Food and Agricultural
Sciences (IFAS) recommendations (Olson et al., 2013;
Ozores-Hampton et al., 2013). The N, P and K application
rates (kg ha−1) were 112, 134 and 134 for snap bean, as
well as 101, 112 and 112 for radish, respectively. The
fertilizers were applied in liquid twice a week to snap bean
for five weeks and to radish for three weeks. Snap bean
was planted on September 10th, 2012 and harvested on
2
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Fig. 1. Differences in the leaf greenness of snap bean and radish treated with the fermentation waste, commercial p < 0.05 fertilizer
treatments and control without phosphorus fertilizer. Different lowercase letters on histograms denote significant difference
(p < 0.05). LSD0.05, 2 was 4.08 and 2.02 for snap bean and radish, respectively.

Fig. 2. Differences in bean yield of snap bean and radish treated with the fermentation waste, commercial P fertilizer treatments and
control without P fertilizer. Different lowercase letters on histograms denote significant difference (p < 0.05). LSD0.05, 2 = 16.2
3
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Yields and Biomass

significantly greater bean/shoot ratio than the control
(Fig. 4).
Similarly, both fresh yield and biomass of radish with
the fermentation waste were significantly greater than
those with the control (Fig. 5). However, the P-fertilizer
treatment and control did not show any significantly
differences in both fresh yield and biomass. The
fermentation waste has also been reported as a quality
soil amendment to improve the physical and chemical
properties of soil besides the nutrient effects. For
example, Wang et al. (2014) found that the amendment
of fermentation waste from a bioethanol process was
able to significantly improve water retention and reduce
N and P in the leachate for a sandy soil. The soil quality
improvement would be also expected to increase crop
yields even though the exact effects of the waste on soil
properties were not examined in this study.

The results showed that the yield of snap bean treated
with the fermentation waste (298±17 g/plot) was
significantly greater than those the P-fertilizer treatment
(94±6 g/plot) and the control without P fertilizer (51±10
g/plot, p<0.05, Fig. 2). Similarly, the biomass of the
beans among the treatments was significantly different
following this order: the fermentation waste treatment >
the P-fertilizer treatment > the control. However, for the
shoot biomass, only the waste treatment was
significantly greater than the other two (Fig. 3). This
significant difference may be attributed to that the
fermentation wastes appeared to divert more
photosynthetic assimilates to the beans and hence,
increase the bean/shoot ratio significantly as compared
with the P-fertilizer treatment. The latter had in turn

Fig. 3. Differences in biomass of snap bean treated with the fermentation waste, commercial P fertilizer treatments or control without
P fertilizer. Different lowercase letters on histograms denote significant difference (p < 0.05). LSD0.05, 2 was 2.6 and 5.4 for
beans and shoots, respectively

Fig. 4. Differences in bean/shoot ratio of snap bean treated with the fermentation waste, commercial P fertilizer treatments and control
without P fertilizer. Different lowercase letters on histograms denote significant difference (p < 0.05). LSD0.05, 2 was 0.07
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Fig. 5. Differences in radish yield and biomass treated with the fermentation waste, commercial P fertilizer treatments and control
without P fertilizer. Different lowercase letters on histograms denote significant difference (p < 0.05). LSD0.05, 2 was 9.5 and
0.79 for radish yield and biomass, respectively

In commercial bioethanol production, every liter of
ethanol can generate approximately 13 to 20 liters of
liquid waste (Willington and Marten, 1982; Wilkie et al.,
2000). If not treated properly, the generated waste can be
a serious water pollutant (Sheehan and Greenfield, 1980;
Ward and Singh, 2002). The data of this study show that
the biofuel waste can be a valuable and alternative
resource used as a P fertilizer and soil amendment.
Specifically in Florida, one of the largest states for
agriculture, it will not only be a solution for
environmental sustainability, but also will gain economic
benefits by converting the wastes to valuable fertilizers
or soil amendments.

Particularly, the waste increased the bean/shoot ratio
of snap bean significantly and hence increase
economic yield of the crop. Potentially, the
fermentation wastes from bioenergy production may
be used as an alternative of P fertilizers. These data
may provide an insight for a sustainable solution to
deal with the rapid accumulation of fermentation
wastes from biofuel production. Additionally, using
the waste as an alternative P fertilizer source may also
contribute
to
alleviating
depletion
of the
nonrenewable mineral resource of phosphate rock
over the world. More researches are needed to study
the efficiency in large scale of these “waste
fertilizers”.

Conclusion
Acknowledgement
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