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Abstract

One of the major problems for biodiesel producers is the disposal of the seed cake after expelling oil from seeds. 
Every ton of biodiesel results in 2.5 to 3 tons of seed cake as byproduct. The physicochemical characteristics of this 
residue indicate that itcould be converted into valuable organic fertilizer. In order to evaluate the feasibility of using 
chañar seed cake from biodiesel production as a soil amendment, a greenhouse pot experiment was conducted. Seed 
cake was applied mixed with soil, at rates of 0, 6, 12 and 24%. A single seedling of chañar per pot was transplanted 
and after six months, plants were harvested for foliar analyses as well as some physiological characteristics. Seed 
cake application increased dry biomass production and the shoot concentrations of N and chlorophyll. There were 
no evident symptoms of phytotoxicity. The application of seed cake at 12% proved superior to the 6% treatment and 
the control; ahigher dose of seed cake (24%) was not significantly different from the treatment with 12% in terms 
of dry biomass production of chañar, foliar contents of N, P, Kor total chlorophyll. However, plant aerial biomass 
was significantly correlated with soil microbial respiration and soil C biomass.
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1. Introduction

Biodiesel production from vegetable oils remains 
a strong growth market in the United States, 
Canada and the European Union (Anderson et al., 
2003). The majority of edible vegetable oils have 
excellent characteristics that have made them the 
most commonly used raw materials for biodiesel 
production, with the objection of their high prices 
(Kyu-Wan et al., 2007; Eriksson et al., 2009).  
However, there are critical issues which need to 
be addressed to make the production of biodiesel 
a techno-economically viable and ecologically  

acceptable renewable substitute or additive to diesel. 
In spite of the favorable impact, biodiesel production 
presents some drawbacks related to the economics 
of the process, deeply dependent on feedstock 
costs (Yuang et al., 2008). The biodiesel production 
process produces, simultaneously and inevitably, the 
fuel and other byproducts. The economic viability of 
the biodiesel industry depends to a large extent on 
the ability of the industry to derive value from the 
biofuel it produces as well as the byproducts that are 
generated during the process.
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Facilities integrating recovery and reuse of their 
residues are a key characteristic of biorefineries, which 
have been identified as the most promising route to the 
creation of a newbio-based industry.In general, 50% 
(dry weight basis) of the collected fruits of biodiesel 
feedstock are seeds (kernels). At most 35% of these 
seeds are converted into vegetable oil; the remaining 
65% material is residual oil seed cake. In short, more 
than 85% of a cultivated bio-resource (seed outer 
coats and oil seed cake) is remaining unutilized in 
biodiesel production (Chandra et al., 2011). After the 
extraction process, the remaining solid part is called 
seed cake residue (Erikson et al., 2009; Ozcimen and 
Karaosmanoglu, 2004). Disposal of the seed cake is 
one of the major problems being faced by biodiesel 
producers across the world. A 1 ton per day biodiesel 
plant produces 2.5 to 3 tons of seed cake. Cake 
composition is mainly cellulose, hemicelluloses and 
lignin, depending on the type of seed plant, which 
also determines its possible applications (Culcuoglu 
et al., 2002). Nevertheless, the expansion of biodiesel 
production makes it necessary to find sustainable 
applications for the byproducts and residues. This may 
entail economic and environmental improvements for 
the biodiesel production process.

Oil seed cake obtained from the oil extraction process 
can be converted into valuable soil organic fertilizer. 
The nitrogen content in de-oiled cake varies depending 
on the source and up to 6.48% has been reported in 
the literature (GTZ, 1995). If handled properly,this 
organic residue would maintain the natural balance 
of essential nutrients and organic matter, and thereby 
promote better harvests from crops. In addition, seed 
cake contains some residual oil and consequently 
contains insecticide properties and can reduce the 
number of nematodes in the ground (Tiyagi and Alam, 
1995; Ramachandran et al., 2007). For example, Sinha 
et al. (2011) evaluated combinations of Jatropha 
curcas seed cake with other organic residues in 
order to obtain an appropriate soil amendment and to 
increase soil fertility. The results of this study showed 
a significant increase in J. curcas growth, as well as an 
increase in extractable micronutrient content and soil 

enzymatic activity. However, depending on the 
composition of the seed, some seed cakes have 
been shown to have a detrimental effect on seed 
germination, plant growth and microbial activity 
(Martín et al., 2002; Alguacil et al., 2008). In 
fact, several studies have reported phytotoxic and 
antimicrobial effects of several seed cakes due to 
the content of phytotoxic substances (e.g. phenols, 
tannins, organic acids, hexane) (Linares et al., 2003; 
Martín et al., 2002; Vinay and Kanya, 2008). Chile 
has wide variations in climate and soil conditions, 
and thus has a wide variety of domestic plants that 
produce oil. But the lack of information on the 
composition and utilization of the many and varied 
oilseeds indigenous to Chile is more of a problem 
than is a real shortage of oils. The seeds of chañar, 
Geoffroeadecorticans (Gillies ex Hook. & Arn) 
Burkart,satisfy the availability concern of a biodiesel 
source in a country such as Chile. The plant grows 
well in the semi-arid areas of Chile, where little in 
the way of alternative commercial farming has been 
established (Lewis et al., 1990). Chañaris a non-
edible oil source native to semiarid regions of South 
America. The biodiesel obtained from this oil exhibits 
high quality properties and has been identified as a 
prospective source of biodiesel (Santibáñez, 2011; 
Santibáñez et al., 2012). The main purpose of this 
study was to evaluate the use of chañar seed cake 
from biodiesel production as soil amendment. 

2. Materials and Methods

2.1. Sample collection 

Soil samples and mature fruits of chañar were collected 
from Elqui Province, Coquimbo Region, Chile, during 
May, 2010. To extract oil from seeds an IBG Monforts 
Oeokotec Komet model CA59G screw press was used 
and the residual oil was removed by hexane extraction 
through repeated percolation. The de-oiled seed cake 
was dried at 45 °C for 24 h in an oven and powdered in 
a hand mill and passed through a 60 mesh sieve.
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2.2. Physical and chemical analysis of soil and seed 
cake

The soils and seed cake of chañar were analyzed for 
the following parameters prior to the plant growth 
experiment: pH (solid:deionized water = 1:2.5 
w/v) using a pH meter; electrical conductivity (EC; 
saturated paste extract) using an EC meter; total 
organic carbon was determined by the Walkey and 
Black wet dichromate oxidation method (Nelson 
and Sommers, 1996) and total nitrogen (N) was 
determined by the Kjeldahl digestion–distillation 
method (Bremner, 1996). Moisture retention was 
measured at field capacity and permanent wilting 
point (0.3 and 15 bar) (Klute, 1986). 

2.3. Experimental design

A randomized pot experiment was established in a 
greenhouse to evaluate growth and some physiological 
parameters of chañar grown on seed cake-amended 
soil. Seed cake was applied mixed with the soil at 
rates of 0, 6, 12 and 24% v/v (C, T6, T12, T24) and 
placed in pots (12.5 cm in diameter and 12 cm height). 
The soil used in this study has low organic matter 
content (1.3%). Therefore, rates of seed cake were 
defined in order to obtain an organic matter content 
in the mixtures between 2 and 8%. Subsequently, a 
single seedling of chañar per pot was transplanted. 
Each treatment was replicated 5 times and a total of 
four treatments (Table 1) and 20 experimental units 
were randomly arranged in the greenhouse at 23 °C. 
Each pot was watered two times per week with 150 
ml of deionized water. After six months, the plants 
were harvested and separated into roots and shoots 
for dry biomass determination, nutrient content, and 
chlorophyll analysis as well as some physiological 
analyses. Soil pore-water of the mixtures was collected 
after 0 and 6 months using lysimeters. These samplers 
were vertically inserted into the soil of each pot to 5 
cm depth. The lysimeter was a 5 cm-length porous 
material connected to a syringe at the base which 
extracted the water sample by vacuum and served as 
a pore-water reservoir.  Soil  pore-water samples were

kept in acid-washed polyethylene plastic vials (15 ml), 
pH and electrical conductivity determinations were 
measuredup to 10 min after sample collection with a 
combination pH and EC electrodes. Dissolved organic 
carbon (DOC) was determined using an Apollo 9000 
TOC analyzer (Tekmar-Dohrmann, USA) following 
U.S. EPA method 415.1 (USEPA, 1983).

2.4. Plant tissue analysis

At the end of the experiment, foliar chlorophyll content in 
fresh leaves was determined from 80% acetone extracts 
by spectrophotometry at 646 and 664 nm (Harbone, 
1984). Subsequently, the plants were harvested and 
separated into roots and shoots. All plant tissues were 
thoroughly washed with ultrapure water (<18 MΩ/cm) 
and then dried in a forced air oven at 45 °C for 72 h. 
The dried plant tissues were weighed to determine root 
and shoot dry biomass. The plant tissues were ground to 
a powder in an agate ball mill. Shoot nitrogen content 
was determined by the micro Kjeldahl method with a 
Kjeltec Auto 1030 Analyzer after digesting the samples 
in concentrated H2SO4 with a selenium catalyst. Shoot 
phosphorus content was determined with the stannous 
chloride method using a spectrophotometer (Allen et 
al., 1986). 

2.5. Microbial analysis

Substrate aliquots for microbial analysis were kept 
in hermetically sealed plastic bags and stored at 4°C 
in the dark until their microbiological analysis. Basal 
respiration was determined by placing 50 g of each 
substrate sample at 70% of field capacity in a 0.5 L 
air-tight sealed jar along with 10mL of 1N NaOH, 
followed by incubation for 28 days in the dark at 28°C. 
The C-CO2 evolution was periodically determined by 
titration (Anderson, 1982). Basal respiration rate was 
calculated based on cumulative CO2 evolution over 
the 28 days period. Microbial biomass C (MBC) was 
determined by the chloroform fumigation extraction 
method (Gregorich et al., 1990). This parameter is 
estimated by the difference between fumigated and 
non-fumigated samples. Anextraction efficiency 
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(Kec factor) of 0.45 is often used to calculate 
he MBC value (Sparling et al., 1990). The 
microbial metabolic quotient was calculated as 
basal respiration (μg C-CO2 h−1) per mg of MBC 
according to Anderson and Domsch (1990).

2.6. Statistical analysis

Significant differences between the treatments 
and the control were determined using a one-way 
ANOVA and a post hoc Tukey test. Significance was 
reported at p<0.05. Normality was checked with the 
Shapiro–Wilks test and a Levene statistic test was 
performed to check the homogeneity of variances. 
The software INFOSTAT 1.1 (Universidad Nacional 
de Córdova, Argentina, 2002) was used for all 

Table 1. General chemical and physical properties of soil and seed cake (dry weight basis)

3. Results and Discussion

3.1. Chemical and physical characteristics of soil and 
seed cake 

The main chemical and physical characteristics of the 
experimental soil and seed cake are listed in Table 1. 
According to The United States Salinity Laboratory 
(Rhoades and Clark, 1978) the studied soil may be 
classified as slightly saline, while the seed cake was 
non-saline. With regard to pH, the soil was classified 
as slightly alkaline and the seed cake as neutral. 
According to Etchevers (1980) the soil has extremely 
low content of both organic carbon and nitrogen and 
poor moisture retention capacity. However, seed cake 
shows complementary properties, such as high moisture 
retention capacity and high nutrient contents, which 
could help to improve soil characteristics.

3.2. Pore water properties 

The results showed that the application of seed cake 
significantly increased the concentrations of dissolved 
organic carbon (DOC) in the pore water compared to 
the control (Table 2). The DOC concentrations in pore-
water increased as the rate of seed cake application 
increased. The dissolved organic carbon is composed 
of organic compounds of low molecular weight that 
are produced during decomposition of organic matter 

(Neff and Asner, 2001). ). Fresh organic residues such 
as the seed cake used in this study are rich in water-
soluble organic compounds that were not stabilized 
by a process such as composting or anaerobic 
digestion. Therefore it is likely that microorganisms 
were actively degrading the organic matter and 
producing high amounts of DOC.

The application of seed cake tended to decrease the 
pH values of mixtures (Table 2).
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Table 2. pH and dissolved organic carbon in pore-water from seed cake-treated soils at 0 and 6 months

Different letters indicate significant differences at p< 0.05 according to a one way ANOVA and Tukey test.

After three months of seed cake application, the pH 
values of pore-water decreased as the rate of seed 
cake application increased, whereas after 6 months, 
the effect of the application rate was not significant. 
Several factors can modify the pH of the final substrate 
generated, such as microbial breakdown of organic 
matter and the process of nitrification of the seed cake. 

3.3. Nitrogen, phosphorus and chlorophyll content in 
chañar shoots 

The treatments with application of seed cake showed 
greater shoot contents of N, P and chlorophyll than 
the control (p<0.05; Table 3). The shoot N content in 
the treatments with seed cake application was within 
the normal range for plants (3–4%), and the control 
showed shoot N deficiency (Table 3). In addition, 
the plants grown in the control showed poor growth, 
and extremely thin and yellowish leaves. By contrast, 
the plants treated with seed cake showed large and 
vigorous leaves with an intense green color and 
healthy aspect. The shoot content of N increased 
as the rate of seed cake application increased. The 
application of seed cake increased the content of total 
chlorophyll (chlorophyll a + chlorophyll b) in the 
leaves by 87, 316, and 352% as the dose of seed cake 
increased (Table 3).

Seed cake allowed greater biomass production in 
plants, because the N added with seed cake is an 
essential element for making proteins and chlorophyll 

(Chiu et al., 2006). The N-deficient plants growing 
on soil exhibit pale green or yellowish leaves, 
which occurs because the deficiency of N limits the 
chlorophyll production in the leaves of the plants 
(Garnier et al., 1999; Blackmer, 1997). 

The chlorophyll contents of plants from this 
experiment were consistent with the coloration 
observed and the N content in the leaves. The 
leaves of the control (C) showed a green-yellowish 
coloration due to the low N contents in the leaves 
(Table 3), and therefore the control showed a lower 
content of chlorophyll than the treatments amended 
with seed cake, which had appropriate levels of 
foliar N.

3.4. Dry biomass production 

At harvest, plants grown in the seed cake-treated 
pots were healthy with no macroscopic symptoms of 
toxicity. In the control, plants experienced retarded 
growth and reduced dry shoot biomass production 
compared to those grown in the treatments amended 
with seed cake. The dry biomass production is shown 
in Figure 1. The rate of seed cake application had a 
significant effect on dry shoot biomass production. 
Treatments T12 and T24 showed higher production 
of shoot biomass, with no significant difference 
between them. The differences among treatments 
in the production of dry root biomass, although 
suggestive, were not significant. 
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Table 3. Foliar contents of macronutrients and total chlorophyll in chañar grown in seed cake-treated soils

Different letters indicate significant differences at p < 0.05 according to a one way ANOVA and Tukey test.

Figure 1. Plant aerial biomass (dry weight basis, d.w.) in experimental treatments (bars indicate standard deviation, 
n = 5) after 6 months. Different letters indicate significant differences at p < 0.05 according to a one way ANOVA 
and Tukey test.

3.5. Nitrogen, phosphorus and chlorophyll content in 
chañar shoots 

At the end of the assay accumulated respiration 
significantly increased in all treatments with addition 
of seed cake with respect to the control (Table 4). This 
parameter increased as the dose of seed cake increased. 
Microbial biomass C increased in all treatments with 
addition of seed cake with respect to the control (Table 
4) and ranged between 195 – 419 μC g-1 allMBC 
values were significantly greater than the control. Soil 
MBC has been used to compare natural and disturbed 

ecosystems. MBC was lowest in those treatments 
where C-CO2 emission was also low. The general 
increase of both microbial respiration and MBC in all 
treatments amended with seed cake can be attributed 
to the incorporation of easily degradable materials, 
which stimulate the autochthonous microbial activity 
of the soil, and to the incorporation of exogenous 
microorganisms (Perucci, 1992). 

A high respiration rate may indicate either an 
ecological disorder or a high level of productivity in 
the ecosystem (Islan and Weil, 2000).
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Table 4. Soil microbiological parameters at the end of the experiment 

Cbio: Microbial biomass C.  Different letters indicate significant differences at p < 0.05 according to a oneway ANOVA and 
Tukey test.

Table 5.Pearson’s correlation coefficient between plant aerial biomass and several microbial and chemical 
properties of experimental substrates (n = 20).

DOC, dissolved organic carbon; SOC, soil organic carbon *Correlation is significant at the 0.01 level (two tailed)

The respiration rate per unit of microbial biomass 
or metabolic quotient (qCO2) is a variable of 
easier interpretation. The qCO2 has been utilized 
as a microbial stress indicator and interpreted as 
‘‘microbial efficiency’’, since it is a measurement of 
the energy necessary to maintain metabolic activity 
in relation to the energy necessary for synthesizing 
biomass (Bardgett and Saggar, 1994). This parameter 
is useful to evaluate the stability and degree of 
maturity of a restored system, and should be high 
in young (immature) soils and low in mature soils. 
However, soils under stress would also present higher 
qCO2 values than non-stressed soils.  The values of 
qCO2 in all  treatments were within the range of 
reported values in the literature  (0.5 – 3 μg C-CO2 

mg Cbio-1) (Beck and Bengel, 1992; Kandeler et al., 
1993). However, they decreased in all treatments 
with addition of seed cake and the highest value was 
recorded in the control (Table 4). This might reflect 
low soil quality and low efficiency of functioning 
organisms, because the soil evaluated showed 
limiting edaphic conditions.

3.6. Correlation between plant aerial biomass and 
some microbial and chemical parameters

Correlation analysis revealed significant 
positivecorrelation of plant aerial biomass with 
microbial respiration and MBC (Table 5). 
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4. Conclusions

Overall it is seen that application of appropriate 
amounts of organic formulations based on de-oiled 
chañar cake as soil amendment will lead to significant 
improvement in plant growth parameters. The results 
suggest that application of seed cake at 12% proved 
superior to 6% treatment and the control, and showed 
no significant difference with the treatment with 
higher dose of seed cake (24%) in terms of chañar dry 
biomass production, foliar content of N, P, K or total 
chlorophyll. Plant aerial biomass was significantly 
correlated with soil microbial respiration soil 
microbial biomass C.

In addition,use ofseed cake would also provide an 
opportunity for energy savings and reduction of 
CO2 emissions which will ultimately mitigate global 
warming. This gainful utilization also provides a 
solution for the problem associated with the safe 
disposal of de-oiled cake waste. However, these 
results should be tested under field conditions in 
order to confirm their efficacy under semi-arid 
Mediterranean climate conditions.
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