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Abstract

Taking into account the necessity of creating alternatives to minimize the environmental impacts caused by
solid and liquid residues, this study aimed at examining the feasibility of Canavalia ensiformis (jack bean)
cultivation in substrates treated with coffee dregs vermicompost and fertirrigated with wastewater. Initially, the
vermicompost was prepared using Eisenia foetida worms and different percentages of coffee dregs. To study
the C. ensiformis development, experimental units were established, organized in a completely randomized
design, with four treatments and eight repetitions. The following parameters were obtained: average number of
leaves per plant; height of the aerial part; fresh and dry phytomass of aerial parts and roots, and length of roots.
Chemical analyses of irrigation water and cultivation soil were carried out. The results showed that the
substrates treated with a compost made of 25% coffee dregs and 75% cattle manure provided the most
favorable conditions for E. foetida to grow, and it is suggested as an alternative to vermicomposting. The
groups cultivated with the application of coffee dregs vermicompost and irrigated with wastewater presented
the best results in terms of the variables chosen to assess plant development. This has possibly resulted from
the higher concentrations of N, P and K present in the wastewater and in the substrate treated with the coffee
dregs vermicompost. This study points to the potential use of irrigation with wastewater, combined with a
substrate treated with coffee dregs vermicompost, in C. ensiformis cultivation.

Additional keywords: Eisenia foetida; jack bean; residues; water reuse.

Resumo

Considerando a necessidade de criar alternativas para minimizar os impactos ambientais causados por
residuos sélidos e liquidos, este estudo teve como objetivo analisar a viabilidade do cultivo de Canavalia
ensiformis (feijdo de porco) em substratos tratados com vermicomposto a base de borra de café fertirrigados
com agua residuéria. Inicialmente, o vermicomposto foi preparado utilizando minhocas da espécie Eisenia
foetida e diferentes percentuais de borra de café. Para estudar o desenvolvimento da C. ensiformis, foram
estabelecidas unidades experimentais, organizadas em delineamento experimental inteiramente
casualizado, com quatro tratamentos e oito repetices. Foram acompanhados os seguintes parametros:
namero médio de folhas por planta, altura da parte aérea; fitomassa fresca e seca da parte aérea e raizes, e
comprimento de raizes. As andlises quimicas de agua de irrigacdo e cultivo do solo foram realizadas. Os
substratos com 25% de borra de café e 75% de esterco bovino apresentaram as condig6es mais favoraveis
para o desenvolvimento da E. foetida. Os grupos cultivados com a aplicacdo de borra de café
vermicomposto e irrigadas com &gua residuéria apresentaram os melhores resultados em termos das
variaveis escolhidas para avaliar o desenvolvimento da planta. Isto resultou, possivelmente, a partir de
concentracdes mais elevadas de N, P e K presentes nas aguas residuais e no substrato a base de borra de
café vermicompostada. Este estudo aponta para o potencial uso de irrigagdo com agua residuaria,
combinado com substrato tratado com borra de café vermicompostado no cultivo da C. ensiformis.

Palavras-chave adicionais: Eisenia foetida; feijao de porco; residuos; reuso da agua.
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Introduction

The present model of economic development
has directly affected natural systems. In the last
decades, the unsustainable exploitation of natural
resources has caused climatic disequilibrium,
alterations in the soil and in the vegetation, as well as
degradation of water quality. Some studies have been
developed with the objective of creating alternatives
for the mitigation of environmental impacts caused by
several human activities (Pelizer et al., 2007; Singh,
2012). One of the possibilities of equating the water
issue is the reuse of effluents. In the specific case of
domestic sewage, its use in irrigation of plant
cultivations has been considered an important
practice in many countries. According to Javarez
Junior et al. (2010), domestic sewage is a natural
source of fertilizers that can provide good productivity.
So much so, that it has increasingly being used in
irrigated cultivations. Studies have already shown that
the use of treated effluents in agriculture can increase
agricultural productivity up to 60%, because of its
considerable N (both organic and mineral), Ca, Mg
and P contents (Almeida et al., 2012; Ludwig et al.,
2012; Sousa Neto et al., 2012; Blum et al., 2013).

Irrigation is a human activity that demands
large quantities of water. In some cases, rainfall is not
enough to supply the water demand for a certain type
of cultivation, leading to occasional water deficits
(Palaretti et al., 2011) and to a greater need of water
for irrigation. In this sense, Costa et al. (2009) pointed
out that the use of wastewater can keep the
agricultural activity stable along the year, because of its
permanent availability, thanks to the abundance of
domestic sewage.

Besides the problems related to water, the
demographic growth, the industrial activities and the
use of inadequate agricultural procedures have
caused impacts on the soil, such as fertility loss,
erosion and salinization. An important way of treating
degraded soils is the addition of organic matter, once
it can supply nutrients to the plant and promote the
improvement of physical, chemical and biologic
properties of the soil. However, the use of organic
residues, such as manures and soil conditioners,
must be preceded by their maturation (Castilhos et
al., 2008). The use of proper techniques is important,
so that the residues are prepared to guarantee a
stabilized compost of good quality, which will improve
the soil characteristics in a proper way, especially its
ability to provide nutrition for plants.

Coffee dregs, generated during the
production of soluble coffee, are one of the organic
residues produced in large scale in many countries.
In Brazil, for example, according to the Brazilian
Association for the Coffee Industry (ABIC, 2013),
coffee consumption has considerably increased in
the last years. Between November 2011 and October
2012, 20,33 milion 60 kg-bags of coffee were
industrialized, an increase of 3.09% over the previous
corresponding period (November 2010 — October

2011) (ABIC, 2012). The residues, if handled
correctly, can be a source of nutrients for food
production, besides promoting the improvement of the
physical, chemical and biologic conditions of the sail.
However, if inadequately handled, these residues can
turn into contamination sources and lead to negative
impacts on the environment.

With the objective of providing an alternative for
the disposal of coffee dregs, some studies have
demonstrated the feasibility of the use of coffee dregs
vermicompost (that is, coffee dregs after the composting
process) as an integrating part of the substrate for the
cultivation (Souza et al., 2006; Krolow et al., 2006, Vitti
et al., 2007). In addition, during vermicomposting, these
residues can be transformed into source of nutrients,
both for the agricultural production and the production of
worms, which can be used in animal feeds.

In this context, the objective of the present
study is to examine the influence of irrigation with
wastewater (domestic sewage), combined with the
addition of coffee dregs vermicompost to the
substrate, in the initial and vegetative development of
the species Canavalia ensiformis.

Methodology

Initially, an experiment was developed in order
to determine the best percentage of coffee dregs to be
added to the substrate for Canavalia ensiformis
cultivation. Seven experimental treatments were
established (Table 1), using substrates treated with
different percentages of coffee dregs (CD) and cattle
manure (CM) (vermicomposted with the addition of
degraded soil fractions). CM was used as control
material, additionally to the control group (T1), which is
soil with no CD or CM. The CM was mixed with CD to
the realization of vermicomposting, being considered
one of the waste more used in experiments of this
nature. Furthermore, this residue have been used for
organic property and have been presented as
environmentally friendly solution, because it is a
residue, which was discarded in the environment.

In this experiment, with a completely
randomized design and 5 repetitions, 5-liter plastic pots
were used, in which 4 kg of substrate were added, with
proportions of soil, CD and CM as shown in Table 1.
After the experimental units were set, water was added
until the humidity reached 30 to 40%.

Table 1 - Experimental groups established for the
determination of the best percentage of coffee dregs to be
added to cultivation substrate for Canavalia ensiformis.

Percentages (%)

Treatments

Soail CD CM
T1 100 - -
T2 75 25 -
T3 50 50 -
T4 25 75 -
T5 75 - 25
T6 50 - 50
T7 25 - 75

*Legend: CD:coffee dregs; CM: cattle manure.
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After 7 days, which is the time interval for the
composts to stabilize, 15 adult individuals of worm
species Eisenia foetida in each pot. This species was
chosen because of its tolerance to a wide range of
temperatures and humidity, as well as its resistance
to handling (Edwards, 2004). The species is usually
used by vermicompost producers, because it is
capable of converting slightly decomposed organic
residues into stabilized material. Besides, its
reproduction and growth rate are high (Neuhauser et
al., 1980).

This initial experiment was carried out for 90
days, during which the population density of E. foetida
was obtained monthly. The statistical analysis was
performed by applying the Scott-Knott test at 5%
probability and using the software ASSISTAT®.

It was established that the best percentage of
coffee dregs to be added to the substrate for C.
ensiformis cultivation would be the one that would
provide the most favorable conditions to the worm
growth. Once this percentage was determined, the
production of vermicompost was increased to a
guantity enough for Canavalia ensiformis planting and
cultivation.

In this second part of the experiment, a  60-
liter, nonaromatic stationary box was used. The coffee

dregs were added to the soil and vermicomposted
during a 90-day period, with the inoculation of 150
adult worms, according to the methodology used by
Souza et al. (2006). At the end of the process, the
vermicomposts were sieved (2-mm mesh). After that,
they were added to the soil for C. ensiformis planting
and cultivation.

To examine the C. ensiformis development,
four experimental units were established, organized in
a completely randomized design with 4 treatments
and 8 repetitions (Table 2).

Canavalia ensiformis was planted in 12-liter
plastic vases. The vases had a hollow at the base
and were filled with the following layers: i) 3-cm thick
layer of gravel (#1); ii) 3-cm thick layer of coarse-
grained sand; iii) 4 kg soil + 4 kg vermicompost
(groups S+CD+SW and S+CD+WW), and iv) 8 kg
soil (groups S+SW and S+WW). The soil came from
an area of the State of Goids Federal Institute —
Campus Urutai (State of Goias, Brazil), where erosion
is intense. The sowing was done in 2 to 3 cm-deep
grooves, totaling 3 seeds per vase, following the
procedures in Lacerda et al. (2011). Irrigation took
place every day with 8-liter watering cans. In order to
avoid contamination, a different can was used for
each type of treatment.

Table 2 - Experimental units established for the evaluation of the Canavalia ensiformis development,
according to the type of substrate and water used in irrigation

Experimental groups*

Type of substrate

Type of irrigation

S+SW substrate free of coffee dregs vermicompost supply water
S+CD+SW substrate treated with coffee dregs vermicompost supply water
S+WW substrate free of coffee dregs vermicompost wastewater
S+CD+WW substrate treated with coffee dregs vermicompost wastewater

*Legend: S: substrate; CD: coffee dregs; SW: supply water; WW: wastewater.

To assess the initial development of the
chosen species, the following parameters were
measured: fresh and dry phytomass of the roots,
fresh and dry phytomass of the total aerial part, and
height of the seedlings. Regarding the vegetative
development of the species and according to Raij et
al. (1987) recommendations, the following parame-
ters were investigated: the average number of
leaves per plant and the height of the aerial part
(every two weeks) and fresh and dry phytomass of
the aerial parts and roots, and the length of the roots
(evaluated at the end of the experiment). Additional-
ly, the fresh and dry masses of the nodules extract-
ed from the plant roots were also measured at the
end of the experiment.

To characterize the irrigation waters (supply
and wastewater) the concentrations of the following
elements were obtained by ICP-OES: Al, Ca, Fe, K,
Mg, Mn, P and S. At the end of the experiment, a
simple soil sample of each experimental unit (vase)
was collected for chemical analysis. The analyses
were performed according to the EMBRAPA (1997)

recommendations, which consist in the analysis of the
following variables: N, organic carbon, C/N, pH, Ca,
Mg, Ca + Mg, Al, H+Al, CTC, P, K, Na, S, B, Cu, Fe,
Mn, Zn, MO, Sat Al, Sat per base, Ca/Mg, Ca/CTC,
K/CTC, and H + Al/CTC.

All data were analyzed by Kolmogorov-
-Smirnov normality test. The Tukey test was applied
to compare the means. Differences with a
p-value<0.05 were considered statistically significant.

Results and discussions

Pre-production experiment with coffee dregs
vermicompost

The pre-production experiment with the CD
vermicompost started and at intervals of 30, 60 and
90 days, the number of individuals (worms) were
obtained in each experimental unit (Table 3).

It was observed that the higher the
concentration of coffee dregs in the substrates, the
lower the density of Eisenia foetida individuals for
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T2, T3 and T4. In particular, treatment T2 (25% CD)
was that in which the highest density of Eisenia
foetida individuals was observed. Moreover,
treatment T2 presented similar or even better
(statistical) results when compared to the substrate
treatments with cattle manure (Table 3).

Coffee dregs are not usually used in natura
in fertilizing processes, once the potential as an

organic compound is triggered only after composting
or vermicomposting. High acidity is caused by high
coffee dregs concentrations and it may have been
the limiting factor for worm growth in treatments
where CD percentages were 50% and 75%
(treatments T3 and T4). Carlesso et al. (2011) also
pointed out that worms prefer organic matter of low
acidity and mild odor.

Table 3 - Average number of worms per treatment along the experimental period

Average number of worms?

Treatments?
Start 30 days 60 days 90 days

T1 (100S) 15 3.0d 3.6d 0.6e
T2 (75S+25CD) 15 20.2a 38.6a 39.0a
T3 (50S+50CD) 15 9.0c 6.4c 4.2d
T4 (25S+75CD) 15 4.6¢d 2.2d 0.8e
T5 (75S+25CD) 15 24.8a 22.8b 17.2c
T6 (50S+50CD) 15 23.7a 42.6a 34.4b
T7 (255+75CD) 15 16.8b 25.2b 38.0a

1Averages followed by the same letter in the columns do not differ from one another by Tukey'’s test at 5% probability. Legend:
S: soil; CD: coffee dregs; CM: cattle manure, the values before the letters refer to the percentages of substrate used in each

treatment.

On the other hand, lack of organic matter in
treatment T1 must have been the cause for bad
development of worms. According to Neuhauser et al.
(1980), the E. foetida worms tend to look for new
environments when there is a shortage of cellulose
and organic matter in their habitats. As there was no
possibility of escaping from the experiment
conditions, they died, which explains the significant
decrease in population after 90 days of experiment.

Regarding the aspect of the vermicompost
formed after 90 days, treatments T2, T5, T6 and T7
showed characteristics that, according to Ndegwa &
Thompson (2001), indicate an efficient vermicom-
posting, resulting in dark-colored, odorless, light,
soft, finely granulated and aseptic vermicomposts.

Substrates treated with 25% coffee dregs
(treatment T2) created the most favorable conditions
for the development of E. foetida, which makes it an
alternative to vermicomposting. The higher the
number of individuals, the faster the stabilization of
the compost; the lower the C/N ratio, the higher the
capacity of cationic exchange and the higher the
guantity of humic substances (Albenell et al., 1988)
and phytormones (Tomati et al., 1995) — these are
relationships that favor the vegetative development.

Huber & Morselli (2011) observed that the
population density of E. foetida in CD-based substrate
was lower than those resulting from the use of cattle
and swine manure. A similar result was observed for
mate-tee dregs. The discrepancy in relation to this
study may be due to the percentages of CD used in
each of the studies. Huber & Morselli (2011) did not
mention the percentages of CD wused in the
vermicomposted substrates.

Considering the results obtained in the first
part of the research, the percentage of 25% CD was
chosen for the production of vermicompost in quanti-
ties enough for Canavalia ensiformis planting and
cultivation.

In relation to the initial development of
C. ensiformis, no statistically significant difference
was found between the experimental groups for the
variables: fresh and dry phytomass of the seedling
roots, total fresh and dry phytomass of the seedlings,
and height of the seedlings (Figure 1). These data
show that the nutritional content of the endosperm of
the C. ensiformis seeds is a determining factor for the
initial development of the species, which is not
affected by the nutrients coming from irrigation and
coffee dregs.

In relation to the number of leaves, group
S+SW showed values significantly lower than the
other groups in the five evaluations. The groups in
which C. ensiformis was cultivated in substrate
treated with coffee dregs, either irrigated with
wastewater or supply water, the vegetative
development was better after 60 days. On the 75"
day, the number of leaves for group S+CD+WW was
the greatest, when compared to the other
experimental groups (Table 4).

Regarding the height of the plants, the results
were similar to the previous ones. From the 30t to the
60t days, group S+SW was the one that presented
the shortest height in relation to the others. On the
75% day, the groups in which C. ensiformis was
cultivated in substrate treated with coffee dregs
vermicompost presented significantly better results in
relation to the other two, S+SW and S+WW (Table 5).
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Figure 1 - Parameters related to the initial development of Canavalia ensiformis determined in different
experimental conditions. The bars indicate the average of the data + standard deviation. Analysis of variance
and comparison of the averages were performed applying Tukey’s test at 5% probability. Averages followed
by the same letter do not statistically differ from one another.

Table 4 - Number of leaves per plant (Canavalia. ensiformis), determined every two weeks along the experiment
period.

Evaluations*

Experimental groups

15 days 30 days 45 days 60 days 75 days
S+SW 5.2b 7.5b 12.0b 17.8c 21.5¢
S+Ww 5.7ab 10.6a 17.9a 21.7b 25.7b
S+CD+SW 5.4ab 10.1a 16.9a 25.2a 28.4ab
S+CD+WW 6.8a 10.4a 18.4a 26.5a 30.8a

*Averages followed by the same letter do not differ statistically from one another by Tukey’s test at 5% probability.
Legend: S: substrate; CD: coffee dregs; SW: supply water; WW: wastewater.

Table 5 - Height of the plants (Canavalia ensiformis), determined every two weeks along the experiment period.

. Evaluations
Experimental groups 15 days 30 days 45 days 60 days 75 days
S+SW 16.9a 20.5b 23.1b 28.9b 33.7c
S+WWwW 22.6a 25.7a 27.2a 34.5a 41.8b
S+CD+SW 23.3a 25.3a 28.1a 35.5a 48.2a
S+CD+WW 23.4a 29.6a 31.9a 37.5a 51.0a

*Averages followed by the same letter do not differ statistically from one another by Tukey's test at 5% probability.
Legend: S: substrate; SW: supply water; CD: coffee dregs; WW: wastewater.
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The data indicate that the vegetative
development of the species could have been trig-
gered by the nutrients present both in the coffee
dregs vermicompost and the wastewater used in
irrigation. Vitti et al. (2007), studying the effects of the
use of commercial and alternative substrates (Humus
Fértil, Plantmax Folhosas, solid cattle vermicompost,
swine vermicompost and coffee dregs vermicompost)
in lettuce production (cultivar Quatro Estacdes),
obtained interesting results in relation to the use of
coffee dregs vermicompost. The coffee dregs-treated
substrate was superior in relation to plant height,
when compared to the other treatments, which,
according to the authors, can be related to chemical,
physical-chemical and biological properties of the
compost, which provided better conditions for the
development of the seedlings.

Lacerda et al. (2011), adopting the same
parameters measured in the present study and also
examining the C. ensiformis vegetative development
using domestic sewage coming from a stabilization
pond, observed that the fertirrigated cultivations
presented the largest aerial part and longest roots,
showing the influence of irrigation in the development
of the species.

Another variable investigated in the present
study was the natural nodulation of the experimental
cultivations. The fresh and dry mass of the nodules

extracted from Canavalia ensifomis roots of group
S+CD+WW was statistically better when compared to
the other groups (Figures 2A and 2B). These results
indicate large population of native rhizobia in the
cultivations  fertirrigated with  wastewater and
developed in substrate treated with coffee dregs
vermicompost, pointing to the high potential of the
use of this species as green manure in these
conditions.

The results presented in Figure 3A-B show
that the fresh and dry phytomass of the plant aerial
part were influenced by both coffee dregs ver-
micompost and wastewater, the group S+SW being
statistically worse than the others. Regarding the
parameters fresh and dry root phytomass and length
of the root, no statistical difference was found
between the groups (Figure 3C-E). Vitti et al. (2007)
found similar results for the same parameters in
relation to lettuce cultivation in substrate treated with
coffee dregs vermicompost.

In relation to macro and micronutrients
analyzed for water used in irrigation, the concen-
trations found (excepting Al) in wastewater were
higher than those found in supply water (Table 6).
Such results can explain the better vegetative
development of C. ensiformis in the groups irrigated
with wastewater, which must have been favored by
the higher nutrient availability.

Table 6 - Concentration of chemical elements present in the water used in irrigation.

Water used in Al Ca Fe K Mg Mn P S
irrigation (igL?)  (mgL?) (gL (mglL?) (mgL?) (ugL?) (mglL?) (mgl?)
Supply water 92.3 5.26 59.6 2.38 2.95 2.32 <LQ* 1.57
Wastewater 76.8 11.40 234.0 14.7 4.58 54.2 1.76 2.96
Quantification limit 9.51 0.0130 7.98 0.0716  0.00155 1.17 0.0890 0.0644
* Below the quantification limit of the equipment.
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Figure 2 - Fresh (A) and dry (B) mass of the nodules obtained from C. ensiformis roots at the end of the
experiment. The bars indicate the average of the data + standard deviation. Analysis of variance and comparison
of the averages were performed applying Tukey’s test at 5% probability. Averages followed by the same letter do
not statistically differ from one another.
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Figure 3 - Result of the analysis of the parameters related to the Canavalia ensiformis vegetative
development. The bars indicate the average of the data + standard deviation. Analysis of variance and
comparison of the averages were performed applying Tukey’s test at 5% probability. Averages followed by
the same letter do not statistically differ from one another.

Table 7 presents the results obtained for
soils. The application of coffee dregs vermicompost
in the soil caused an increase in N contents, which
is a result similar to that obtained by Castilhos et al.
(2007), who cultivated lettuce (cultivar Regina) using
different vermicomposted substrates (quail manure,
cattle manure, equine manure, swine manure, sheep
manure, coffee and mate-tee dregs). The ver-
micomposts originated from coffee and mate-tee
dregs increased mineral N contents.

In relation to potassium, it was observed that
its concentration in group S+CD+WW was approxi-
mately 5 times higher than the concentration found in
the control group (S+SW). It is believed that K present
in the soil resulted from both irrigation with wastewater
(Table 6) and addition of coffee dregs vermicompost.

The use of coffee dregs in addition to irri-
gation with wastewater also promoted an increase of

P contents in the soil (Table 7). These results
corroborate those of Medeiros et al. (2008), in which
the application of wastewater of domestic origin
promoted an increase in available K* and Ca*? and
exchangeable P contents. Group S+CD+WW
presented the highest calcium concentration.

Conclusions

The data of this study point to a potential use
of irrigation with wastewater combined with a
substrate treated with coffee dregs vermicompost in
C. ensiformis cultivation. This practice may help save
drinkable water for other uses; create an alternative
destiny for solid residues, such as coffee dregs, and
promote a decrease in costs caused by the use of
fertilizers, once wastewater contain nutrients in
concentrations that can trigger the vegetative
development of C. ensiformis.
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Table 7 - Chemical evaluation of soil samples.

Experimental groups

Parameters S+SW SAWW S+CD+SW S+CD+WW
Nitrogen (%) 0.15 0.23 0.39 0.55
Organic carbon (%) 0.58 0.93 3.65 4.00
CI/N 3.87 4.04 9.37 7.28
pH (CaCl) 6.5 6.2 6.3 6.2
Ca (mEq 100 cm-3) 3.1 3.9 4.0 4.3
Mg (mEq 100 cm3) 1.6 1.2 3.3 3.6
Ca + Mg (mEq 100 cm3) 4.7 51 7.3 7.9
Al (mEqg 100 cm3) 0 0 0 0
H + Al (mEq 100 cm-) 1.2 0.8 1.3 0.9
CTC (mEq 100 cm-3) 6.3 8.2 10.0 10.5
P (Melich) (mg dm-3) 9 8 17 23
K (mEqg 100 cm-3) 0.25 0.19 1.13 1.43
K (mg dm-) 96 76 440 560
Na (mg dm-3) 30 480 63 65
S (mg dm3) 6 5 5 7
B (mg dm) 0.2 0.2 0.2 0.2
Cu (mg dm3) 4.2 1.8 5.8 6.0
Fe (mg dm-) 158 215 642 503
Mn (mg/dm?) 37 54 68 57
Zn (mg dm-3) 3.9 4.4 6.8 6.6
Mat Org (%) 6.3 6.9 1.6 1.0
Sat Al (%) 0 0 0 0
Sat Base (%) 81 90 87 91
Ca/Mg 1.9 3.3 1.2 1.2
Ca/CTC (%) 49 48 40 41
Mg/CTC (%) 25 15 33 34
KICTC (%) 4 2 11 14
H + Al/CTC (%) 19 10 13 9
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