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ABSTRACT: columns experiment was conducted at the laboratory of Soil Sci. Dept., Fac.
of Agric., Menoufia Univ., Shebin Elkom, Egypt to study impact of two organic amendments
(biochar and compost derived from rice straw) application to sandy soil samples collected from
Gabal Quisna, Minoufia governorate (30° 31' 37.63" N, 31° 10' 7.52" E) on its EC, pH and
content of soluble NH4, NO3, P and K. This study was carried out using columns of polyethylene
and prior to packing the columns. The prepared soil samples were mixed and thoroughly
homogenized with 0.00, 0.75, 1.50 and 3.00% compost (RSC) and/or 0.00, 0.75, 1.50 and
3.00% biochar (RSB). All soil columns were supplied by nutrient solution (Hewitt and smith,
1975), moistened to field capacity level and incubated at the room temperature for 25 days. At
the end of incubation period, all soil columns were leached by water to 180% WHC of the
studied soil for 3 times with a ten-day interval. The obtained results indicated that, increasing
biochar rates led to an increase of pH, EC and soluble content of K and a decrease of soluble
NH4*, NOs and P in the leachate. The compost applications conduced to an increase of EC,
soluble NH4*, NOgs-, P and K and a decrease of pH in the leachate.

Key words: Columns, Sandy soil, Compost, Biochar, EC, pH, Soluble macronutrients.

INTRODUCTION Angelova et al. (2013) found that,

Composting is the bioconversion and application of compost reduced the soil pH
decomposition of organic biodegradable significantly as compared to control. In this
materials by heterotrophic and autotrophic respect Aiad (2010), Gohar (2011) and
microorganisms (bacteria, fungi, Elgezery (2016) obtained similar results. Ali,
actinomycetes and protozoa) into humus-like Laila (2001) demonstrated that, the pH
material called compost (Epstein, 1997). It values of cultivated sandy soil were slightly
has become one of the most important decreased after wheat and corn harvesting
waste technologies. This natural process due to the application of cotton stalks or rice
provides the fight organisms, moisture, straw compost. Nigussie et al. (2012)
aerobic conditions, feed material and indicated that, the addition of biochar to soils
nutrients are available for microbial growth. caused to increase of their pH values. Arthur
By controlling these factors the composting et al. (2012) studied the effect of three
process can occur at a much faster rate compost types (vegetable, fruit and yard
(Kumar et al., 2008). Biochar is the solid waste compost, garden waste compost, and
material produced during a process known spent mushroom compost) on basic
as pyrolysis from the thermo-conversion of properties of a loamy sand and greenhouse
biomass under little or no oxygen for use as tomato productivity. They found that all
ameliorate to the soil (Gaskin et al., 2008 compost types significantly increased soil
and Lehmann and Joseph 2009). During electrical conductivity. Kookana et al. (2011)
pyrolysis, labile carbon (C) is converted into showed that, the application of biochar to
a relatively stable aromatized C (Krull et al., soil resulted in an immediate increase in soil
20009). electrical conductivity (EC).
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Leaching is the common way for N loss
from fertilizer, resulting in potential
groundwater pollution (Goulding, 2000). The
organic amendments significantly (p < 0.05)
increased some soil chemical parameters,
including available NO3-N and NH4*-N
(Agegnehu et al.,, 2016). Application of
compost at high rates could result in
leaching of some nutrients (i.e. NH4-N) from
the topsoil, and may lead to contamination
of groundwater (Peverly and Gates, 1994).
Increasing rates of added compost were
associated with an increase of available
NOs-N in the sandy soil. The increase of
NOs-N content in the soil was followed by
compost applications attributed to its high
content of N and its effect on the increase of
microbial activity in soil (Elgezery, 2016).
Application of biochar can increase soil
fertility and crop productivity by reducing the
leaching of nutrients or even supplying
nutrients to plants (Lehmann et al., 2003
and Major et al., 2010). Igbal et al. (2015)
found that, biochar amendments did not
significantly reduce the leaching of dissolved
organic carbon, nitrate, and phosphorus as
compared to the compost treatments. Speir
et al. (2004) reported that, the soil P
increased markedly with increasing compost
application rate. Xu et al. (2014) found that,
the biochar addition to alkaline soils
associated with an increase of available P.
Nigussie et al. (2012) found that, the amount
of available phosphorous in soils were
significantly ~ (P<0.01) increased by
application of biochar. Elgezery (2016)
found that, the calcareous sandy soil treated
with compost have a high content of
available K compared to the untreated soil.
This content was increased with the
increase rate of added compost. Also, Aaid
(2010), Gohar (2011) and Abou Hussien et
al. (2017) have obtained similar results in
sandy soils treated with compost. Novak et
al. (2012) concluded that, the K leached
through the sands was more than that
through the silt loam soil. Biochar drived
from manure has significantly increased the
leachate K from the soil. This studied
revealed that, the concentration of water
soluble K was highly variable and both
sands were prone to K leaching losses.
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The aim of this work is to study the
impact of two organic amendments (RSC
and RSB) applied to sandy soil on its EC, pH
and content of soluble NH4*, NOz", P and K.

MATERIALS AND METHODS

Surface (0-30 cm) sandy soil samples
were collected from Gabal Quisna, Menoufia
governorate (30° 31' 37.63" N, 31° 10' 7.52"
E). Soil samples were air-dried,
homogeneously mixed and sieved through a
2 mm sieve and analyzed for some physical
and chemical properties (Table 1) according
to Cottenie et al. (1982), Page et al. (1982)
and Klute and Dirksen (1986). Two types of
amendments namely, compost and biochar
were prepared from rice straw. The chemical
analyses of these amendments were carried
out according to the methods described by
Page et al. (1982). The obtained data are
presented in Table (2).

Leaching Experiment

This study was carried out using soil
columns in the laboratory condition of Soil
Sci. Dept., Fac. of Agric., Menoufia Univ.,
Shebin Elkom, Egypt to study the effect of
individual and/or combined applications of
rice straw compost (RSC) and biochar
(RSB) on leachates of sandy soil pH ,EC
and content of soluble NH4*, NOs-, P and K.
In this study, polyethylene columns having
dimensions of 8.25 cm inner diameter and
25 cm height were used. The columns tops
were kept open to prevent anaerobic
conditions. Prior to packing the columns, a
small layer of glass wool was placed in the
bottom of each column to prevent soil and/or
amendments leaching out. Another layer of
coarse sand (2 cm) was placed over the
glass wool layer. The prepared soil was
mixed and thoroughly homogenized with
RSC and /or RSB at different mixed ratios
(oven dry weight equivalent) which
represented the studied treatments in this
experiment as listed in Table (3). Each
plastic column was filled with 1.5 kg of soil-
RSC and /or RSB mixture. The studied
treatments in this experiment were arranged
randomly with three replicates.
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Table (3): Rank and application rates of RSC and RSB treatments used in the leaching
experiment.

RSC RSB treatments

treatments Bo.oo (0.00%) Bo.75 (0.75%) B1.so (1.50%) Bz.00 (3.00%)
Co.00 (0.00%) Co.00Bo.0o Co.00Bo.75 Co.00B1.50 Co.00B3.00
Co.75 (0.75%) Co.75Bo.00 Co.75Bo.75 Co.75B1.50 Co.75B3.00
C1.50 (1.50%) C1.50Bo.00 Ci150Bo.75 Ci150B1.50 C1.50B3.00
Cs.00 (3.00%) C3.00Bo.00 Cs.00Bo.75 Cs.00B1.50 C3.00B3.00

All  soil columns were supplied by
standard nutrient solution of (Hewitt and
smith, 1975) and incubated at room
temperature for 25 days at moisture level of
field capacity. At the end of incubation
period, all soil columns moistened by 180%
WHC of the soil without treatments (CoBo)
for 3 times with a ten-day interval. Water
application was carried out from the columns
tops through burettes mounted above the
middle of each column. Filter paper was
placed on the soil surface to dissipate the
added water drops on the surface of soil
column. The leachate of each column was
collected during leaching periods, measured
volumetrically and kept in clean and dried
bottle. The collected leachate of each
column was analyzed for its pH, EC (1:10)
the content of soluble NOs,, NH4*, P and K
according to the methods described by
Cottenie et al. (1982).

RESULTS AND DISCUSSION
Effect of Biochar and/or Compost
on Leachates Chemical
Composition
1. Leachate pH

Data in Table (4) illustrate the combined
effect of incubation periods, sources and
rates of organic amendments addition on the
pH values of leachates. Data showed clearly
that, there was an obvious difference in pH
values as a result of impact of the studied
factors. Generally results revealed that, the
highest pH value (9.2) was obtained at the
first period (at 25 days from the beginning of
the incubation) and with CoBs treatment. On
the other hand, the lowest one (6.8) was
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obtained at the third incubation period with
no addition of compost and biochar (CoBo).
Regarding to the effect of incubation periods
on pH, it was found that, the highest pH
values were 9.2 (CoBs), 8.5 (CoBs) and 8.7
(CsBs) at 1st, 2" and 3, incubation period
respectively. On the other hand, the lowest
pH leachate values were 7.0 (CsBo), 6.90
(CoBo) and 6.80 (CoBo) at the above
mentioned incubation periods respectively. It
can be concluded that, the addition of
biochar led to an increase in pH values of
leachate. While the opposite trend was
noticed with the application of compost at
the first leaching. These findings could be
attributed to continuous and rapid changes
occurred in compost composition during
incubation period and also to type and
chemical composition of organic and
inorganic products resulted from compost
decomposition.

Generally, the presented data in Table
(4) show that, the combined applications of
compost and biochar were associated with
an increase of leachate pH in the three
periods comparing with control or the
individual treatments of compost. The
obtained pH values were affected by the
used organic amendments, its application
rates and leaching number. The changes of
leachates pH values under the combined
treatments of biochar and compost in the
three leachings periods may be cleared from
the relative change "RC" values (%) of the
obtained pH. These values were positive
with all combined treatments compared with
the control treatment (Table, 4).
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Table (4): Values of sandy soil Leachates pH and its relative change "RC" (%) as affected
by different applications of biochar (RSB) and/or compost (RSC) at three

incubation periods.

Organic Incubation periods
amendments 1st 2nd 3t
pH

RSC% RSB% pH values RC% values RC% pH values RC%
0.00 7.30 0.00 6.90 0.00 6.80 0.00

0.75 7.60 411 7.20 4.35 7.20 5.88

0.00 1.50 7.90 8.22 7.80 13.04 7.70 13.24
3.00 9.20 26.03 8.50 23.19 8.30 22.06

Mean 7.98 9.32 7.60 10.14 7.50 10.29

0.00 7.20 -1.37 7.50 8.70 7.00 2.94

0.75 7.30 0.00 7.60 10.14 7.30 7.35

0.75 1.50 7.60 411 7.80 13.04 7.80 14.71
3.00 8.10 10.96 8.10 17.39 8.10 19.12

Mean 7.53 3.15 7.75 12.32 7.40 8.82

0.00 7.10 -2.74 7.20 4.35 7.10 441

0.75 7.40 1.37 7.50 8.70 7.50 10.29

1.50 7.50 2.74 7.90 14.49 7.70 13.24

1.50 3.00 7.70 5.48 8.30 20.29 8.20 20.59
Mean 7.45 2.05 7.73 12.03 7.63 12.21

0.00 7.00 -4.11 7.50 8.70 7.20 5.88

0.75 7.20 -1.37 7.70 11.59 7.40 8.82

1.50 7.30 0.00 8.20 18.84 7.50 10.29

3.00 7.40 1.37 8.40 21.74 8.70 27.94

3.00 Mean 7.23 -0.96 7.95 15.22 7.65 12.50

Data in Table (4) presented the leachate
pH values and their relative changes (RC %)
after three incubation periods (25, 35 and 45
days) affected by the individual applications
of compost or biochar added to sandy soil
samples. These data showed that, values of
pH increased with the increase rates of
added biochar alone at the three periods
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compared with the control treatment. This
effect was in contract with the individual
treatments of compost at the first leaching
(at 25 days). Similar finding was reported by
Angelova et al. (2013) who found that,
application of compost reduced the soil pH
significantly as compared to control. Also,
Kookana et al. (2011) who stated that, the
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application of biochar to soil resulted in an
immediate increase in pH. The increase in
soil pH with the application of biochar could
be generally attributed to its ash accretion
which is generally dominated by carbonates
and alkaline earth metals and its few
amounts of organic and inorganic N
(Nigussie et al., 2012). In other study on
application of compost to soil, Gohar (2011)
and Elgezery (2016) obtained similar results.

Relative changes "RC" (%) of leachates
pH affected by the individual treatmants of
biochar and compost were calculated and
obtained values were recorded in Table (4).
These values were positive for the three
leachings of samples treated with biochar
and were negative in the leachate of
samples treated only by compost for the first
leaching only.

The effect of addition rates (R) of
individual biochar or compost on pH values
of the leachate from sandy soil samples can
be expressed as the following equations:
Biochar H=0.563 Ra+6.96 (R?=0.99)
Compost pH =0.058 Ra + 7.073 (R? = 0.99)
Where, Rais application rate%

These equations revealed that, pH
values of leachate as affected with
application rates (R) were higher by addition
of biochar than compost. The previous
equations showed that, the increasing rate
of pH in the case of adding biochar was
higher than compost by 9.64.

On the other hand, leachates of samples
treated with biochar alone recorded high pH
values in the first leaching. These values
were slightly decreased in the second and
third leachings (in most individual
treatments of biochar). This trend could be
attributed to remove the basic cations by
water leaching. These findings were in
harmony with biochar chemical composition
especially its high stable structure. Similar
results were obtained by Novak et al.
(2009) and Granatstein et al. (2009) who
stated that, chars made from herbaceous
feedstocks (switchgrass, digester fiber,
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peanut hulls) had lower carbon contents,
higher nitrogen contents, and higher pH
than chars made from woody feedstocks .
The data in Table (4) also showed that, at
the same rate of added compost alone,
leachates pH have a wide range among the
three leachings compared with that found
with biochar applications. These results
reflect the high stable structure of biochar
compared with compost and also to high
decomposition rate occurred for compost by
soil microorganisms compared with biochar
as reported by Fischer and Glaser (2012).

It can be expressed with the following
equations for the effect of incubation periods
(days) on the pH values of leachates from
sandy soil treated with different rates of
compost and biochar.

In the case of biochar:

pH = - 0.022P +8.47 (R?2=0.90)
In the case of compost:
pH =-0.016P +7.64 (R?=0.52)

Where, P is incubation period (day)

These equations indicated that, the pH
values of leachate generally, decreased with
increasing incubation periods (P) for the
individual addition of compost and biochar.
The decrease in pH values of leachate be
more pronounced in the case of biochar
than in compost as shown in Table (4). The
previous equations cleared that, in the case
of biochar, the rate of decline in pH values of
leachate equal to 0.022 / day, while in the
case of compost equal to 0.016/day. These
equations also illustrated that, the rate of
decrease in pH values of leachate greater
by 1.375 in the case of biochar than that, in
the case of compost.

2. Leachate EC (dSm™)

Data in Table (5) presented that, the
individual and combined effect of both
compost and biochar on leachate EC
(dSm1) of soil samples through three
incubation periods (25, 35 and 45 days). In
general it can be observed that, the increase
of incubation periods resulted in a decrease
in EC (dSm) values with the addition of
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compost or biochar. On the other hand, the
increasing in application rates of both
compost and/or biochar led to an increase in
EC values. The highest value of leachate EC
resulted from the combination between
compost and biochar was 3.60 dSm with
treatment of CsBs in the first period. The
lowest value of EC was 0.20 dSm* was

recorded with control treatment (CoBo) in the
31 period.

The highest value of EC presented in
Table (5) were 3.60, 2.9 and 1.8 dSm-! for
the treatment of CsBs at first, second and
third periods of incubations, respectively.
The lowest values were 0.6, 0.4 and 0.2
dSm- for the treatment of CoBo, Co.75Bo,
respectively at the progressive periods.

Table (5): EC (dSm™) values of sandy soil Leachates and its relative change "RC" (%) as
affected by different application rates of biochar (RSB) and/or compost (RSC)

at three incubation periods.

Organic Incubation periods
amendments 1st ond 3th

RSC% RSB% EC(dS/m) RC% EC(dS/m) RC% EC(dS/m) RC%
0.00 0.60 0.00 0.45 0.00 0.20 0.00

0.00 0.75 0.80 33.33 0.60 33.33 0.30 50.00
1.50 1.15 91.67 0.80 77.78 0.40 100.00
3.00 1.60 166.67 0.96 113.33 0.56 100.00
Mean 1.04 72.92 0.70 56.11 0.33 62.50
0.00 0.75 25.00 0.40 -11.11 0.25 25.00
0.75 1.18 96.67 0.70 55.56 0.40 100.00

0.75 1.50 1.40 133.33 0.90 100.00 0.50 150.00
3.00 2.40 300.00 1.10 144.44 0.60 200.00
Mean 1.43 138.75 0.78 72.22 0.44 118.75
0.00 1.10 83.33 0.65 44.44 0.40 100.00

1.50 0.75 1.40 133.33 1.00 122.22 0.50 150.00
1.50 1.85 208.33 1.40 211.11 0.70 250.00
3.00 2.90 383.33 1.50 233.33 0.75 275.00
Mean 1.81 202.08 1.14 152.78 0.59 193.75
0.00 1.30 116.67 0.98 117.78 0.70 250.00
0.75 1.65 175.00 1.50 233.33 0.90 350.00

3.00 1.50 2.25 275.00 1.70 277.78 0.90 350.00
3.00 3.60 500.00 2.90 544.44 1.80 800.00
Mean 2.20 266.67 1.77 293.33 1.08 437.50
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This increasing effect was found with
compost and biochar added individual or in
combined application at different application
rates. Data in Table (5) indicate that, EC
(dS/m) values of leachates at the three
leaching resulted from the combined
treatments of compost and biochar were
higher than these resulted from the
individual application of compost or biochar.
The rates of the EC increases as a result of
the applied biochar and/or compost at the
three leaching varied widely from treatment
to another. These rates may be cleared from
the calculated RC (%) values of EC
recorded in Table (5). In this respect
Agegnehu et al. (2015) obtained similar
results. Electrical conductivity (EC) in
leachates of soil amended with compost and
biochar together at three leachings were
increased with the increase of added
compost and biochar and more increase of
EC was associated the increase of added
biochar. Also, with all combined treatments
of compost and biochar, EC values of first
leaching were higher than those found in the
leachates of both second and third
leachings.

Data in Table (5) showed that, at the
same rate of added compost and biochar,
EC values of leachates of the soil treated
with biochar were slightly higher than those
resulted from compost treatments. This
increase may be due to biochar applications
have a high solublizing effect on soil salts as
result to high specific surface area of biochar
and its high increase effect of soil porosity,
water holding capacity and cation exchange
capacity. Similar finding were obtained by
Kookana et al. (2011), Lehmann et al.
(2003) and Fowles (2007).

The effect of application rates (Ra) of
both compost and biochar on EC of leachate
can be expressed with the following
equation:

Compost: EC = 0.381 + 0.203 Ra (R?=0.97)
Biochar: EC =0.425 + 0.210 Ra  (R?=0.99)
Where Ra = addition rate %
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These equations revealed that, the effect
of application rates in the case of biochar
was higher than that in compost. The
increasing rate of EC value with increase 1%
compost was 0.203 dS/m, while in the case
of biochar was 0.210 dS/m. Meanwhile, the
effect of application rates on EC values in
the case of biochar was higher than that in
the case of compost by1.03 times.

In addition, the data in Table (5) reveal
that, with all treatments, leachates EC
(dS/m) were decreased with the increase of
leaching periods regardless of sources and
rates. Generally, the Mean of EC values
were 0.99, 0.66 and 0.38 dSm at the 1%,
2"d and 3 period of incubation, respectively.

The impact of incubation time (days) on
leachate EC can be expressed with the
following equations:

Biochar: EC =1.878-0.0336P (R2=1.00)
Compos: EC =1.611-0.0275P (R?=0.99)
Where P =incubation period (days).

These equations pointed out that, the
rates of EC decreasing were slightly higher
in the case of biochar than in compost.
These results may be taken as a clear
indicator for the leachings effect on the
decrease of soil salinity by removal soluble
salts from the sandy soil treated by compost
and biochar. Also, these data indicate the
importance of leaching after soil organic
amendments application especially under
saline soil condition.

3. Leachates content of soluble
macronutrients

a. Soluble ammonium (NH.-N) content
Loss of NH4* through leaching is a

common way for N to be lost from fertilizer,

resulting in potential groundwater pollution

(Goulding, 2000).

Data in Table (6) show that, the
leachates content of NHs-N widely varied
according to leaching period and the studied
treatments of compost and biochar. The
same data demonstrated that, the highest
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content of soluble NHs" in sandy soll
leachate was 5.4 meg/L with the treatment
of CsBo at first period of incubation. The
lowest content of soluble NHs* was 0.0 meq
NH4*/L with the treatment of CoBuis, CoBs,
Co.7sBs and CisBs at third incubation period.
The highest values of NHs* (meqg/L) in
leachate were 5.4 (C3Bo), 4.9 (CsBo) and 0.7
(C3Bo) at first, second and third periods of

incubation, respectively. While, the lowest
contentof NH4* (meg/L) were 1.4 (CoBs),
0.20 (CoB3) and 0.00 (CoBs) at the 1st, 2nd
and 3" periods of incubation, respectively.
These results revealed that, soluble NH4*
(meg/L) in the studied soil leachate was
increased with increasing added rates of
compost at the three incubation periods.

Table (6): Soluble NHs-N content (meg/L) in Leachate and its relative change "RC" (%) as
affected by different applications of biochar “RSB” and compost “RSC” at

three incubation periods.

Organic incubations periods
amendments 1st ond 3th
RSC% | RSB% mNe';;‘L RC% mNe';‘/‘L RC% mNe';;‘L RC%
0.00 3.10 0.00 2.50 0.00 0.40 0.00
0.00 0.75 2.60 -16.13 1.50 -40.00 0.10 -75.00
1.50 1.90 -38.71 1.40 -44.00 0.00 -100.00
3.00 1.40 -54.84 0.20 -92.00 0.00 -100.00
Mean 2.25 -27.42 1.40 -44.00 0.13 -68.75
0.00 3.80 22.58 3.20 28.00 0.40 0.00
0.75 3.50 12.90 1.10 -56.00 0.20 -50.00
0.75 1.50 2.20 -29.03 0.30 -88.00 0.10 -75.00
3.00 2.00 -35.48 0.30 -88.00 0.00 -100.00
Mean 2.88 -7.26 1.23 -51.00 0.18 -56.25
0.00 4.20 35.48 4.30 72.00 0.40 0.00
1.50 0.75 3.90 25.81 2.80 12.00 0.10 -75.00
1.50 3.30 6.45 1.70 -32.00 0.10 -75.00
3.00 2.90 -6.45 0.90 -64.00 0.00 -100.00
Mean 3.58 15.32 243 -3.00 0.15 -62.50
0.00 5.40 74.19 4.90 96.00 0.70 75.00
0.75 4.70 51.61 4.60 84.00 0.30 -25.00
3.00 1.50 3.80 22.58 3.00 20.00 0.50 25.00
3.00 2.50 -19.35 1.50 -40.00 0.40 0.00
Mean 4.10 32.26 3.50 40.00 0.48 18.75
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On the contrary the soluble HN4* (meg/L)
produced in leachate of sandy soil was
decreased with increasing biochar rates.
These results illustrated that, compost was
ammonium producer but biochar was
ammonium absorbent. Glaser et al. (2002),
Lehmann et al.,, (2003) and Major et al.
(2010) indicated that, the application of
biochar can be reduced the Ileaching
amounts of nutrient.

Increasing of biochar rate with particular
compost rate in combined treatments led to
a decrease in leachates contents of soluble
NHs-N compared with the same rate of the
compost alone. These contents were lower
than that resulted from the individual
compost applications and higher than that
resulted from the individual applications of
biochar. So, RC (%) values of leachates
contents of the soluble NH4-N affected by
the combined treatments decreased with
increasing biochar rates in the combined
treatments at the same rate of compost. This
trend was found in the three leaching.

Table (6) show that, in the same leaching
period, the increasing rates of added biochar
individually associated by a decrease of
leachates content of NH4-N compared with
control treatment. Ding et al. (2010)
concluded that, bamboo biochar may be a
potential amendment in soils for nutrient
retention due to its adsorption properties
and can theoretically retard nitrogen-
leaching losses. However, little information
is available about the effect of biochar on
inorganic nitrogen adsorption and cation
exchange capacity in agricultural soil under
leaching conditions. Therefore, the influence
of biochar on nitrogen retention and leaching
to groundwater during application of
chemical fertilizers in soils needs to be
further studied. Glaser et al. (2002),
Lehmann et al. (2003) and Major et al.
(2010) stated that, Application of biochar
can increase soil fertility and crop
productivity by reducing the leaching of
nutrients or even supplying nutrients to
plants. Regarding to the individual
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applications of compost, data indicated that,
increasing compost rates associated by an
increase of the content of soluble NHs-N
(meg/L) in the sandy soil leachates. So, RC
(%) values of leachates content of NHs-N
were positive with all individual application of
compost. Such results were observed by
Peverly and Gates (1994) who stated that,
application of compost at high rates could
result in leaching of some nutrients (i.e. NHas-
N) from the topsoil, and may lead to
contamination of groundwater. The wide
changes in the found of NHs-N (meg/L) may
be defined and cleared from the calculated
"RC" (%) values of this content as shown in
Table (6). These values were negative with
individual applications of biochar and
positive with the individual treatments of
compost. The highest negative values of
"RC" for leachates content of NH4-N were
found in leachates of the samples treated by
3.00% biochar alone, but the highest
positive RC values of this content were
found in the leachates of the samples
treated by 3.00% compost only. This trend
was found in the three leaching.

The impact of each compost or biochar
addition rates (Ra) on the amounts of soluble
ammonium in sandy soil leachate can be
expressed by the following equation:
Compost: HN4* (meg/L) = 2.05 + 0.555 Ra
(R?=0.992)

Biochar: HN4* (meg/L) = 1.87 - 0.469 Ra
(R2=0.964)

Where Ra = the addition rates%

This equation indicated that, soluble
ammonium in sandy soil leachate was
increased by 0.555 meqg/L with increasing
compost rate by 1%, while the amount of
soluble ammonium in leachate was
decrease as 0.469 meqg/L when biochar was
increased by 1%.

These findings mean that, biochar has a
high sorption capacity of NH4-N compared
with that found with compost. Also may be
suggested that, biochar applications to
sandy soil prevent NHs-N leaching from soll
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and increased soil fertility compared with
compost applications. These results are in
agreement with those obtained by Lehmann
(2007a) and Zhao et al. (2016).

Data in Table (6) show that, the highest
contents were found in leachates of the first
leaching and the lowest contents were found
in the leachates of the third leaching with all
treatments of biochar or/and compos.The
effect of incubation periods (25, 35 and 45
days) on vontent of soluble NHs* (meg/L) in
leachates can expressed with the following
equations when compost or biochar was
added to sandy soil.

Compost: NHs4* (meg/L) = 9.16 — 0.182
Pi(R2=0.992)

Biochar: NHa* (meg/L) = 4.98 — 0.106 Pi
(R?=0.964)

Where Pi= incubation periods (days)

These equations revealed that, there was
an inverse relationship between the soluble
HN4* (meg/L) in the studied soil leachates
and incubation periods when compost or
biochar was added to sandy soil. On the
other hand, the previous equations
illustrated that, the decreasing in HNs*
(meg/L) in leachate was 0.182 meg/L/day
when compost was added to sandy soil.
While the decreasing was 0.105 meqg/L/day
when biochar was added to sandy soil.

b. Soluble nitrate (NO3s-N) content

The combined effect of compost and
biochar added together on soluble NOsz
(meg/L) of sandy soil leachates at three
incubation periods (25, 35 and 45 days)
illustrated that, applications of combined
treatments (RSC+RSB) associated by an
increase of sandy soil leachates content of
NOs-N (meg/l) compared with control
treatment. These increases were lower than
that resulted from added compost alone and
were higher than that resulted from added
biochar alone. Increasing of biochar level
with particular compost level in combined
treatments led to slight decreases of
leachates contents of soluble NOs-N
compared with the same rate of the compost
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alone. These contents were lower than that
resulted from the individual compost
applications and higher than that resulted
from the individual applications of biochar.

Data in Table (7) revealed that, the
highest content of soluble NOs(meg/L) in
leachates was 29.10 meg/L when sandy soil
was treated with CsBo after 25 days of
incubation. While the lowest NOsz(meq/L)
value was 5.8 meq/L when sandy soil was
treated with Co7s Bs after 45 days of
incubation. These findings may be become
more clearly from the calculated RC (%)
values of NO3-N content in the leachates of
samples soil treated by biochar and compost
together. The highest RC (%) values of NOs-
N content were found in the leachates of soil
samples treated by low biochar rates and
high compost rates (Table, 7). These
findings were almost found in the leachates
of the three leachings. Marofi et al. (2015)
found that, waste water and compost could
increase all leached nutrients comparing to
the control.

Table (7) represented the individual
effect of compost and biochar rates on
soluble NOs(meg/L) of sandy soil leachate
at three incubation periods (25, 35 and 45
days). The increasing rates of added biochar
individually associated by a decrease of
leachates content of NOs-N (meqg/l)
compared with control treatment. So, RC
(%) values of NOs-N in the leachates were
negative at all individual application rates of
biochar and became more negative with the
increase rate of added biochar. The
increased basic functional groups on La-
biochars were beneficial to improve NOsz
and PO4* adsorption (Wang et al., 2015).
On the other hand, the leachates of NO3-N
(meg/L) from studied sandy soil increased
with the increase rate of added compost
alone compared with the control treatments
(Table, 7). So, all RC (%) of NOs-N contents
in the leachates of samples treated with
compost only were positive and increased
with the increase of added compost. The
trend effect of the individual applications
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either of biochar or compost on leachates
NOs-N content was similar in the three
leachings. Raw and composted animal
manures provide physical, chemical and
biological benefits but those can contribute
to NOs leaching in groundwater (Andraski et
al., 2000).

Regarding the effect of amendments on
the sandy soil content of leachate NOsz
(meg/L), Table (7) indicated that, there was
an evident increase in soluble NO3z(meg/L)
of leachate with increasing compost rates.
While the increase in biochar rates led to
very slight decrease in soluble NOs(meg/L).

Table (7): Soluble NOs-N content (meg/L) in Leachate of and its relative change "RC" (%)
as affected by different applications of biochar (RSB) and/or compost (RSC) .

Incubation periods
Organic amendments
1St 2nd 3th
RSC% RSB% NOs RC% meq/l RC% NOs | pooe
meq/L meq/L

0.00 27.80 0.00 21.00 0.00 6.20 0.00
0.00 0.75 27.70 -0.36 20.80 -0.95 6.00 -3.23
1.50 27.60 -0.72 20.80 -0.95 6.20 0.00
3.00 27.60 -0.72 20.90 -0.48 6.10 -1.61
Mean 27.68 -0.45 20.88 -0.60 6.13 -1.21
0.00 28.00 0.72 22.30 6.19 6.00 -3.23
0.75 27.90 0.36 21.70 3.33 6.00 -3.23
0.75 1.50 27.90 0.36 22.10 5.24 5.90 -4.84
3.00 27.70 -0.36 22.00 4.76 5.80 -6.45
Mean 27.88 0.27 22.03 4.88 5.93 -4.44
0.00 28.40 2.16 22.50 7.14 6.20 0.00
1.50 0.75 28.00 0.72 21.95 452 6.10 -1.61
1.50 28.00 0.72 22.30 6.19 5.90 -4.84
3.00 27.80 0.00 20.90 -0.48 5.90 -4.84
Mean 28.05 0.90 21.91 4.35 6.03 -2.82
0.00 29.10 4.68 23.00 9.52 6.30 1.61
0.75 28.90 3.96 21.98 4.67 6.30 1.61
3.00 1.50 28.70 3.24 22.20 5.71 6.99 12.74
3.00 28.70 3.24 22.24 5.91 6.80 9.68
Mean 28.85 3.78 22.36 6.45 6.60 6.41
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The relationship between application
rates (Ra) and the soluble content of NOs
(meg/L) in sandy soil leachate can be
expressed with the following equation
Compost: NOs  (meg/L) = 18.42 + 0.366 Ra

(R?=0.971)
Biochar: NOs (meg/L) = 18.27 — 0.032 Ra
(R?=0.303)
Where, Ra = The addition rates of
amendment%

The above equations revealed that in the
case of compost, the increase in soluble
NOs (meg/L) in sandy soil leachate was
0.66 meqg/L when compost was added by
1%, while the decrease in case of biochar
application was 0.032 per 1%.

Concerning to the effect of the incubation
periods on leachate content of soluble NOz
(meg/L), data in Table (7) indicated that,
there was adecrease in NOs (meg/L) of
leachate with increasing incubation time.
The relationships between studied
incubation periods and the content of
soluble NOs (meg/L) produced from
leaching sandy soil can be expressed with
the following equations:
Compost: NOs~ (meg/L)
(R?=0.938)
NOs (meg/L)
(R?=0.957)
Where, P= incubation periods (days)

57.7 — 1.107 P

559 - 1.078 P

Biochar:

These equations showed that, the
decreasing rates in soluble NOs content
(meg/L) of leachate with increasing
incubation time were the same in both cases
of RSC and RSB.

c. Soluble phosphorus (P) content

Data in Table (8) represented the effect
of compost and/or biochar on leachate
content of soluble P (mg/L). The results
illustrated that, the highest content of
leachate P was 43.30 mg/L at the 2
incubation period with treatment of CsBo.
The lowest content of leachate P was 6.50
mg/L at the 1St incubation period with
treatment of CoBs.
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- At 1%t incubation period: the highest
leachate content of soluble P was 24.9
mg/L with the treatment of CsBo, while the
lowest content was 6.50 mg/L with CoBs .

- At the 2" incubation period: the highest
leachate content of soluble P was 43.30
mg/L with the treatment of C3sBo, while the
lowest content was 6.6 mg/L with CoBs.

- At the 3" incubation period: the highest
and the lowest leachate contents of soluble
P were 33.00 and 7.50 mg/L when
compost and biochar were applied at C3Bo
and CoBs treatments, respectively.

The highest content of leachate P can be
obtained with Cs3Bo treatment while, the
lowest leachate P content obtained with

CoBsz treatment at the three incubation
period.
With the combined applications of

biochar and compost, soluble P content in
leachate were lower than that resulted from
the individual compost applications and
were higher than the individual applications
of biochar. So, RC (%) values of the P
content in the leachates of combined
treatments in the first leaching were negative
and higher than those associated with
individual treatments of biochar. It is
suggested that application of biochar can
reduce the leaching of nutrients or even
supplying nutrients to plants. Such trend was
observed by Glaser et al. (2002), Lehmann
et al. (2003) and Major et al., (2010). Also,
Laird et al. (2010) reported that, the addition
of biochar produced from hardwood to
agricultural soil was significantly reduced
total N and P leaching by 11% and 69%,
respectively.

Table (8) represnted the individual effect
of compost and and biochar rates on soluble
P (meg/L) of studied samples leachate at
three incubation periods (25, 35 and 45
days). These data show that, the individual
applications of biochar were associated by a
decrease of leachates content of soluble P
compared with the control treatment in the
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three leachings. Similar trend was indicating
by Novak et al. (2009) was found that, soil
column experiment, biochar application
significantly increased P retention in soils
and decreased P levels in leachate

solutions. So, RC (%) for leachates values
content of soluble P were negative with all
individual applications of biochar in the three
leachings.

Table (8): Soluble phosphorus content (mg/L) in Leachate of and its relative change "RC"
(%) as affected by different applications of biochar (RSB) and compost (RSC)

at three incubation periods

Incubation periods
Organic amendments
1st 2nd 3th
RSC% RSB% P mg/L RC% mg/L RC% P mg/L | RC%

0.00 20.40 0.00 23.97 0.00 16.00 0.00

0.00 0.75 15.50 -24.02 18.00 -24.91 15.22 -4.88
1.50 11.45 -43.87 13.00 -45.77 12.00 -25.00

3.00 6.50 -68.14 6.60 -72.47 7.50 -53.13

Mean 13.46 -34.01 15.39 -35.78 12.68 -20.75

0.00 22.13 8.48 33.50 39.76 27.00 68.75

0.75 18.00 -11.76 25.88 7.97 19.50 21.88

0.75 1.50 15.50 -24.02 21.00 -12.39 16.99 6.19
3.00 12.33 -39.56 16.50 -31.16 13.00 -18.75

Mean 16.99 -16.72 24.22 1.04 19.12 19.52

0.00 24.45 19.85 35.50 48.10 28.80 80.00

1.50 0.75 18.50 -9.31 29.45 22.86 21.00 31.25
1.50 13.00 -36.27 25.00 4.30 19.00 18.75

3.00 11.83 -42.01 19.44 -18.90 13.50 -15.63

Mean 16.95 -16.94 27.35 14.09 20.58 28.59
0.00 24.90 22.06 43.30 80.64 33.00 106.25

0.75 17.90 -12.25 32.82 36.92 29.00 81.25

3.00 1.50 13.00 -36.27 29.00 20.98 24.50 53.13
3.00 11.50 -43.63 27.00 12.64 18.83 17.69

Mean 16.83 -17.52 33.03 37.80 26.33 64.58
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On the other hand, the individual
applications of compost were associated
with an increase the content (mg/L) of
soluble P in the studied leachates for the
three leachings (Table, 8). So, RC (%)
values of leachates content of P were
positive with all individual application of
compost. In the same line Sims et al. (1998)
reported an extensive review of P loss in
agricultural drainage when manure or
fertilizer was applied to different soils and
found significant leaching of P following
manure application. When P leaches
through soil, it can eventually reach the
ground water. In many cases, ground water
emerges as surface water and thus can
contribute to eutrophication if it contains
sufficient P. In general, the addition of
organic matter followed by incubation
caused a decrease in the P-adsorption
capacity of soil derived from basalt, thereby
increasing the risk of P pollution. These
results were attributed to the changes of soil
chemical properties followed by the
applications of compost and other organic
manures which resulting in an increase of P
availability and solubility. Similar discussion
was out lined by Aiad, (2010), El-Gamal
(2015) and Elgezery (2016).

Generally, leachate P increased with
increasing compost rates, while it decreased
with increasing biochar rates at all studied
incubation periods. The effect of compost or
biochar rates on leachate P can be
expressed by the following equations:
Compost: P(mg/L)= 22.26+4.18 Ra (R?=0.90)
Biochar: P (mg/L)= 19.63- 4.41 Ra (R2=0.90)
Where, P = Soluble phosphorus (mg/L) in

leachate
Ra= Application rates (%)

The previous equations revealed that, the
relationship between compost rates and
leachate P was positive. The increasing rate
of leachate P was 4.18 mg/L for every 1%
application rate of compost. On the other
hand, the prior equation revealed that, the
relationship between biochar application
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rates and obtained leachate P was negative
and decline rate of leachate P was 4.41
mg/L for the increasing in biochar as 1%.

Regarding to the effect of incubation time
(days) on leachate P mg/L as affected by
different rates of compost and/or biochar,
data present in Table (8) revealed that,
soluble P was increased with increasing
incubation period to 35 days and then it was
decreased after 45 days. Data in Table (8)
show a wide variation in leachates of the
three leachings content (mg/L) of P under
different treatments of biochar and compost.
The highest content (mg/l) of P was found in
the leachate of second leaching but the
lowest one was found in the leachate of the
first leaching. This trend may be related to
the solubility degree of most P compounds
especially organic form presented in the soil
and the added organic substances. The
relationship between incubation time and
leachate P mg/L can be expressed by the
following equations:

Compost: P (mg/L) = - 0.095Pi2 + 6.799P; —

87.75  (R2=0.999)
Biochar: P (mg/L) = - 0.023P:2 +
1.586Pi— 11.67  (R2=0.999)

Pi = incubation time (days)
These equations can be used to predict
the values of leaching P after limited time.

d. Soluble potassium (K) content

The content of soluble K (mg/L) in the
leachates of sandy soil treated by RSC and
RSB individually and together and its relative
changes "RC" (%) were recorded in Table
(9). These data showed that, all individual
and combined treatments of RSC and RSB
were associated by an increase of leachates
content of soluble K. These increases were
found in the three leachings. The highest
value was 7063 mg/L at the first leaching
with C3Bs treatment, while the lowest content
of soluble K was 69.7 mg/L with CoBo
treatment at the third leaching. The highest
and lowest values of soluble K in the
leachate at the first incubation period were
7063.4 and 224.7 mg/L with C3Bs and CoBo
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treatments, respectively. At the second
incubation period, the highest and the lowest
values of leachate K were 2439.3 and 144.0
mg/L with CsBsz and CoBo treatments,
respectively. At the third incubation period,
the highest and lowest content of soluble K

were 1401.4 and 69.7 mg/L with treatment
of CsBs and CoBo, respectively. These
results pointed out that, the values of soluble
leachate K increased with increasing
compost and/ or biochar rates.

Table (9): Soluble potassium content (mg/L) in Leachate of and its relative change "RC"
(%) as affected by different applications of biochar (RSB) and compost (RSC)

at three incubation periods

incubation periods
Organic amendments
1st 2nd 3t
RSC% RSB% K mg/L RC% mg/L RC% Kmg/L | RC%

0.00 224.70 0.00 144.00 0.00 69.66 0.00
0.00 0.75 680.10 202.67 464.80 222.78 200.63 188.01
1.50 2262.40 906.85 627.80 335.97 320.46 360.03
3.00 5734.50 | 2452.07 | 1198.30 732.15 507.77 628.92
Mean 2225.43 890.40 608.73 322.73 274.63 294.24

0.00 623.60 177.53 221.60 53.89 110.66 58.86
0.75 926.80 312.46 728.60 405.97 288.31 313.88
0.75 1.50 1843.30 720.34 1263.70 777.57 492.02 606.32
3.00 5841.40 | 2499.64 | 1423.00 | 888.19 724.57 940.15
Mean 2308.78 927.49 909.23 531.41 403.89 479.80
0.00 1003.50 346.60 524.20 264.03 245.90 253.00
1.50 0.75 1648.30 633.56 939.70 552.57 396.86 469.71
1.50 2436.90 984.51 1375.30 | 855.07 577.26 728.68
3.00 5460.00 | 2329.91 | 2104.50 | 1361.46 990.91 1322.50
Mean 2637.18 1073.64 | 1235.93 758.28 552.73 693.47
0.00 2016.20 797.29 1073.70 645.63 422.41 506.38
0.75 2881.50 1182.38 | 1563.00 | 985.42 622.35 793.41
3.00 1.50 3810.10 1595.64 | 1947.70 | 1252.57 782.37 1023.12
3.00 7063.40 | 3043.48 | 2439.30 | 1593.96 | 1401.35 | 1911.70
Mean 3942.80 1654.70 | 1755.93 | 1119.39 807.12 1058.65
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At the same individual application rate of
either biochar or compost, the treatments of
biochar were associated by high increases
of leachates content of soluble K compared
with the individual treatments of compost.
More increases of soluble K were found in
the leachates with the combined treatments
of biochar and compost. Similar observation
was obtained by Kamara et al. (2015) who
found that, rice straw biochar was rich in
exchangeable cations especially K (39.7
cmol/kg biochar) as compared to Mg (5.8
cmol/kg biochar) and Ca (12.6 cmol/kg
biochar). In addition, Widowati et al. (2014)
concluded that, potassium in biochar can be
dissolved and leached. Also, Lehmann et al.
(2003) found that K in the leachate
increased after the addition of biochar to
soil, giving high K content of biochar to soil.
El-Gamal (2015) and Elgezery (2016)
concluded that, there are increases in
calcareous and sandy soils content of
available K followed by an increase of
application rates of soil organic amendments
( biogas manure and compost). Table (9)
represented the individual effect of
amendments rates (compost or biochar) and
incubation periods on K leachate. The
following equations can be used to express
the effect of amendments rates (compost or
biochar):
compost: K(mg/L)= 99.2+348.6 Ra (R?=0.91)
biochar: K (mg/L)= 14.9+800.9 Ra (R2=0.98)

Where, K is soluble phosphorus (mg/L) in
leachate and Ra is application rates (%) of
compost or biochar

These equations indicated that, the
soluble K rate in the case of biochar was
higher than compost by 2.3 times. In the
case of biochar the soluble K was 800.9
mg/L per addition 1% biochar, where in the
case of compost the soluble K in the
leachate was 348.6 mg/L with 1% compost.

It can expressed the effect of incubation
periods (days) on the soluble rates of K in
sandy soil leachate by the following
equation:
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Compost: K=1877.7-37.7P (R%2=0.98)
Biochar: K = 4450.2 - 975 P (R?=0.95)
Where P = Incubation period (days).

These equations revealed that, the rate
of soluble K per day in the case of biochar
was higher than the compost by 2.4 times.
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