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Increasing water-holding capacity of sandy soils will help improve efficiency
of water use in agricultural production. We hypothesized that addition of
biochar will increase the water-holding capacity and decrease drainage of
sandy soil. Biochar used from local plant residuals; olive wastes including
olive pomace (OP) and olive trees wood chops (WC). column experiment had

Keywords: undertaken at the laboratory of the Faculty of Environmental Agricultural
Biochar, Sciences, Arish University, Arish City, Egypt, using different rates of OP and
sandy soil, WC. Slow pyrolysis had undertaken on 400° at 75 min for (OP) and 350° at
drainage, 150min for (WC). Biochar was mixed with soil at (0%, 0.2%, 0.4% and 0.8%
bulk density, W/W) and placed into columns. Biochar amended columns had a significant

average increase of 44.4% and 70.4% in gravity drained water content,
relative to the controls for WC and OP. Columns receiving the 0.8% biochar
treatment lost significantly less water to drainage comparably with the other
treatments. There were significantly differences in evaporation and drainage
between 0.2 and 0.4% addition of WC350 and OP400, respectively. On the
other hand, values of drainage observed in the 0.4 and 0.8% of both biochars
were significantly less than the values of drainage for the 0.2% addition rates.
Bulk density of the control columns increased significantly during the
incubation from 1.42 to 1.47 g cm™ for incubation day 0 and 36, respectively.
On incubation day 36, significant lower bulk densities of 8.82, 10.6, 3.11,
85.1, 5.45, and 8.56% for OP400-0.2%, OP400-0.4%, OP400-0.8%, WC350-
0.2%, WC350-0.4%, and WC350-0.8% treatments we observed, respectively,

water holding capacity.

') relative to controls. The results suggest that biochar added to sandy soil
Check for increases water-holding capacity, decrease drainage of sandy soil and might
updates increase water available for crop use.
INTRODUCTION climate changed to improve crop

productivity (Sohi et al. 2009). Once mixed

Soil water movement and storage are
crucial for nutrient delivery and plant
productivity. Agricultural and environmental
applications of biochar to soils have received
increasing attention as a possible means of
improving productivity and sustainability
(Lehmann and Joseph, 2015). Biochar is a
fine-grained, carbon rich product obtained
by heating biomass such as wood, manure,
or leaves in a closed container with a
limited or no supply of oxygen. Amending
soil with biochar is an approach to mitigate

with soil, Biochar can affect plant growth
by altering soil hydrologic properties and
nutrient availability (Liu et al. 2017).
Biochar is known for its neutral to high
surface area, high water holding capacity,
and high cation exchange capacity (CEC)
(Mukherjee et al., 2011).

Increasing population, economic growth,
and climate change are putting substantial
stress on the world’s water resources.
Biochar has the potential to alter soil
hydrology and to drive shifts in the amount
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of water stored in soils. Previous studies
concerning the addition of biochar to soil
have shown the potential for increasing soil
water holding capacity (Smith et al., 2016).
The ability of biochar to increase water
holding capacity of soils might have a
positive effect by either reducing the
amount of water used by the agricultural
sector or increasing food production for a
given amount of water (Basso et al., 2013).
Sandy soils generally have low capacity for
retaining water; hence supplement an
irrigation is often needed for agricultural
production on these soils. There are only a
few studies testing the impact of biochar
additions on water retention by sandy soils
(Sohi et al., 2010). Current work assesses
the potential of adding different ratio of
biochar on increasing water holding
capacity and decreasing drainage of sandy
soil by wusing infiltration soil column
experiment.

MATERIALS AND METHODS
Soil

The soil used in this study was a sandy
soil sampled from the surface 20 cm of a
field on the research farm, Faculty of
Environmental Agricultural Sciences, Arish
University, North Sinai, Egypt. Soil sample
was air dried, ground with a wooden mallet
and passed through a 2 mm sieve and stored
in clean dry plastic bags for further use.
General soil properties were presented in
Table 1. Soil texture was determined using
hydrometer methods as described by
(McKeague, 1978). The tested soil was
sandy in nature with 4.50% and 2.30% clay
and 93.2% sand fractions, respectively. Soil
pH was determined in soil: water
suspensions (1:2.5 ratio) using a pH meter
and combined glass electrode (Ag/AgCl)
(Model pH 209, HANNA Instruments,
Bedford, UK). Electric conductivity (EC)
was measured in 1:5 soil: water suspension
using a Conductivity meter (Model HI 9033
Multi-range, Hanna instruments, Bedford,

UK). Total soil carbonate content was
measured using the Collins' Calcimeter
method (Piper, 1954). Briefly, 1 g dried
soil (< 2 mm size) interacted with 2 ml of 6
M HCI in a sealed connected vail to the
instrument. After a set reaction time, CO;
was measured to calculate CaCO3%. The
instrument was calibrated using pure
reagent grade CaCOs. Soil organic carbon
(SOC) concentrations were determined in
HCI treated samples using a CNS Analyzer
(FlashEA® 1112) following standard
methods as described by Mahayni (2012).
Multi-element analysis was undertaken by
ICP-MS (Model X-Series", Thermo-Fisher
Scientific, Bremen, Germany).

Biochar

Two types of biochars were used in soil
column experiment. Olive pomace (OP)
samples were collected from an extra-virgin
olive oil extractor located in the Faculty of
Environmental Agricultural Sciences, Arish
University, Arish City and the Wood
branches (WC) were collected from olive
trees grown in Experimental Farm of the
Faculty of Environmental Agricultural
Sciences, Arish University, Arish city. A
known quantity of dried material of olive
wood chops (WC) and olive pomace (OP)
wastes were taken in closed perforated
crucible and heated in muffle furnace
(Sadaka et al., 2014), (OP) on 400°C/75
min and (WC) on 350°C/150 min slow

pyrolysis.
Biochar Characteristics

Characteristics of the biochar are
provided in Tables 2 and 3.

Yield

After the pyrolysis process, the biochar
yield was recorded. Biochar yield was
calculated using the following equation:
Mass yield (%) = (Ws/ Wj) x 100

Where:

Wt is the dry mass (g) of the produced
biochar and Wy is the dry mass (g) of the
precursors (Vijayanand et al., 2016).
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Table 1. Tested Soil chemical characterization

159

Parameter Value
PH 7.66
EC dSm™ 0.30
CaCO3 (%) 0.05
Organic matter (%o) 0.01
Total element concentrations mg kg™

Na 3134
Mg 2502
K 4410
Mn 140
Fe 6106
Particle size distributions (%bo)

Sand 93.2
Silt 2.30
Clay 4.50
Soil Texture Sand

Table 2. Total elemental and phenol concentrations in Biochar from OP and WC
synthesized by different pyrolysis time and temperature

Element OP at 400 °C and 75 min WC at 350 °C and 150 min
C (%) 73.20 74.50
H (%) 3.01 3.01
N (%) 0.30 0.20
Molar ratio

H:C 0.490 0.481
C:N 285.0 434
Fe (mg kg™) 317.0 166
Mn (mg kg™) 13.3 18.3
Ca (%) 1.31 1.51
Mg (%) 0.106 0.244
Na (%) 0.100 0.14
K (%) 0.900 0.14
T. Phenol (%) 0.32 (0.61)* n.a

*Value in parenthesis is the concentration of total phenol in OP raw materials
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Table 3. Summary of physicochemical analysis of Biochar from OP and WC synthesized
by different pyrolysis time and temperature

OP at 400 °C and 75 min

WC at 350 °C and 150 min

Parameter

Pore number per unit area 39400
Pore diameter nm 66.3
pH 8.09
EC dSm™ 0.145
ORP mV 115
Biochar yield (%) 42.7
OM (%) 46.0
SOM (%) 49.8
SOMYI 2130

21500
55.9
7.49

0.245
70.0
41.2
40.6
55.3
2280

Moisture content

Cleaned oven-dried porcelain crucibles
were weighed and added to each
approximately 1 g and weighed to the
nearest 0.1 mg of the ground WC and OP.
The samples were placed in the oven at
105°C for 120 minutes, dried in a
desiccator for an hour and the crucible was
weighed. Percent moisture in the sample
was calculated according to: Moisture (%)=
[(A-B)/A] x 100

Where:

A= Grams of the air-dry sample used, B=
Grams of the sample after drying at 105°C
(Vijayanand et al., 2016).

Organic matter, stable organic matter,
and indexed organic matter

The  manufactured  biochar  was
characterized for oxidizable organic carbon
(OC) content by the potassium dichromate
oxidation method using methods described
by the Black and Weekly method modified
as described by Sopok (1992). Loss on
ignition (LOI) was determined by ASTM
method D-1762-84. The carbon liability
index was calculated as the OC/LOI ratio.
A comparative measure of stable organic

matter (SOM) was calculated as below
(Thomas et al., 2013):

SOM= LOI - (OC x 1.724)
Where:

1.724 is the factor to convert organic
carbon to organic matter.

Stable organic matter yield index
(SOMY) was determined by the following
equation: SOMY I= Char yield 100 x SOM

pH, oxidation-reduction potential (ORP)
and electrical conductivity (EC)

Sample pH and ORP of biochars were
measured according to the procedure
described by Ahmedna et al. (2000). A
proportion of 1.0% (W/W) water
suspension of each type of Biochar was
heated to approximately 90°C, and stirred
for 20 min. The mixture was allowed to
cool to room temperature and the pH and
ORP were determined using pH Meter
(HANNA  Instruments, Ann  Arbor
Michigan) after initial calibration with
standard pH 4 and pH 7 buffers. The EC
was determined by stirring a 1.0% (W/W)
solution of biochar for 20 min and was
measured using a Conductivity meter
(HANNA  Instruments, Ann  Arbor
Michigan). All analyses were performed in
triplicate.
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Scanning electron microscope (SEM)

The microstructural features of some
biochar samples produced at different
pyrolysis temperatures and times were
investigated by means of scanning electron
microscopy (SEM; Quanta 450 FEG-
ESEM, FEI Company) as shown in Fig. 1.

Pore number and size per area unit

The SEM images were imported into
ImageJ software to analyze them in order to
find out the number and size of samples’
pores and the average pore diameter.

BET surface area

The surface area was determined using
dry biochar samples via N2 adsorption at 77
K on Surface Area Analyzer (Micromeritics
ASAP 2020 BET).

Zeta potential

Zeta potential (ZP) was determined for
each sample in duplicate using a Zeta-
Meter 3.0 system (Zeta Meter Inc., VA).

Total phenolic content

Phenolic compounds were determined
using the  Folin—Ciocalteu = method
(Singleton et al., 1965).

Available elements

Available (Fe, Mn, Ca, Mg, Na and k)
were extracted according to the method
of Soltanpour (1991) by mixture
solution of ammonium bicarbonate and
diethylenetriamine pentaacetic acid 97%
(AB-DTPA) with adjusting pH at 7.6; 20 ¢
of biochar sample was shaken with 40 ml
from the mixture solution to 15 minutes
before being filtered through filter paper.

Incubation

The soil incubation was carried out in
PVC columns of 29 cm height and 6 cm
external diameter. A PVC end cap on the
bottom of each column had a drain hole (3
mm) with an attached tube (4.3 mm) for
collecting water draining out the bottom of

the columns. The total mass of oven dry
soil in each column was 1000 g. There were
four rates of biochar application 0% (control),
0.2%, 0.4% and 0.8% (W/W) for each
feedstock OP and WC. The biochar
completely mixed with soil in all treatments.
The columns were incubated for six leaching
events. Every event lasting for a week. The
24 columns were randomly distributed in
two square tables (Fig. 2). Every seven days
150 mL of 0.001M CaCl® solution was
added to each column to produce a leaching
event. Dilute CaCl? was used to reduce soil
dispersion. The solution was introduced on
the top of each column at approximately 4
mImin, using a dropper system. Fiberglass
filter paper was placed at the soil surface of
each column to help disperse solution drops
as they impacted the soil.

Water Partitioning

Water partitioning was assessed for every
leaching event during the incubation by
measuring the mass of water draining out
the bottom of the column, water retained
within the column, and water evaporated
out the top of the column. The weight of
each column was determined before the
start of a leaching event and the mass of
water retained within the column was
determined by subtracting the initial dry
column weight. Drainage was collected for
approximately 24 hr., after the beginning of
the leaching event in plastic bottles placed
below each column and connected with the
drainage tube. The collection bottles had a
cap with a small hole that allowed the drain
tube to be fitted into the bottle to minimize
evaporation loss. The weight of each bottle
was subtracted from the weight of the bottle
without solution and weekly drainage was
determined. Evaporation was assessed by
computing the difference between water
added and drainage plus any change in
water content. In order to wet the entire
column and produce leaching, the first
leaching event was made using 300 ml of
solution. The remaining leaching events
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WCat350°Cand 150 min 1 FM 038388

Fig. 1. SEM images for OP pyrolysis at 400°C and for 75 min and WC pyrolysis at

350°C and for 150 min.

Fig. 2. Soil column experiments design incubated for 36 days with different rate of (OP)

and (WC).

were completed using 150 mL of solution.
The amount of water potentially available
for evapotranspiration (ET) was the sum of
water retained in the column and the
amount of water lost to evaporation
between watering events.

Evaporative demand temperature in the
room where the columns were incubated
was kept constant during the incubation.
Nevertheless, there were differences in

temperature  across the room and
evaporative demand was also influenced by
proximity to overhead air circulation fans.
In order to take into account these
differences, evaporative demand was
determined. For this, PVC cups were filled
with an equal amount of water and placed
above each column. Several times during
the period of two or three days, the PVC
cups were weighed to determine average
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water loss per hour for each column. This
measure of evaporative demand was used
as a covariate in the statistical analysis.

Bulk Density

Bulk density was determined before and
after every leaching event. The distance
from the top surface soil to the top of the
column was recorded and the volume of
soil was determined. Bulk density was
calculated by dividing the mass of soil by
the soil volume. This approach assumes no
changes in soil mass during the incubation
and the value obtained was the average bulk
density of the column (Grossman et al.,
1968).

Statistical Analysis

Analysis of variance (ANOVA), paired
T-tests and Pearson correlation coefficients
were determined using Minitab ® 15.1.3.0.;
the default level of confidence was 95.0%
(P < 0.05) unless stated otherwise in the
discussion.

RESULTS AND DISCUSSION

Water Partitioning (Amount of Water
Retained by the Soil, Evaporated and
Drained)

Fig. 4 show that biochar amended
columns had a significant average increase
of 44.4% and 70.4% in gravity drained
water content, relative to the controls for
WC and OP. Biochar increased gravimetric
water content in experiments by other
researchers (Novak et al., 2009; Laird et
al., 2010; Sun et al., 2019). Differences in
water content between biochar treatments
were not significant although OP amended
column showed slightly higher water
content than the other biochar treatment in
all application rates. Columns receiving the
0.8 % biochar treatment lost significantly (p
< 0.05) less water to drainage to the other
treatments. There were significantly
differences in evaporation and drainage
between 0.2 and 0.4% addition of WC and

OP, respectively. On the other hand, values
of drainage observed in the 0.4 and 0.8% of
both biochars were significantly (p<0.05)
less than the values of drainage for the
0.2% addition rates. This difference might
be due to the fact that the more additions of
biochar in the soil columns had slower
water infiltration rates during most of the
incubation time compared to the other
treatments, resulting not only in the least
drainage, but also in greater evaporation
due to ponding of water. Tryon (1948)
observed that addition of charcoal to soil
reduced slightly the loss of moisture by
evaporation, and that the effect was more
pronounced when a sandy soil was used
instead of a clayey soil. In the present
study, we observed a contrast results as
biochars were mainly well mixed with the
whole soil column not the top surface.
However, in the experiment setup that
Tryon (1948) used to determine evaporation
there was no possibility for drainage and
the quantities of biochar used were much
greater than in the present experiment, so
his results are not directly comparable with
those obtained here.

During most of the incubation time, water
infiltration was very slow in the columns of
the OP treatments, requiring approximately
20 min for all of the added water to
infiltrate. In all WC treatments, around 10
min was sufficient for all of the water to
infiltrate. The infiltration rate of the OP
columns, however, increased with time and
became similar to the infiltration rate of the
other treatments by the end of the
incubation period (36 days). Infiltration rate
was not measured in this experiment; these
values are estimates from observation made
during the incubation course. However, this
observation suggests that the biochar used
might be hydrophobic when it is fresh and
that it become more hydrophilic after
prolonged contact with soil, air and
watering solution, as observed in other
studies (Cheng et al., 2008; Joseph et al.,
2010).
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Fig. 3. Water partitioning for each treatment averaged across 36 days of incubation.
Biochar rates for both selected materials (OP and WC) were 0.00, 0.2, 0.4, 0.8%

Soil water content of columns treated
with biochar were relatively constant during
the incubation period while the water
content of the control slowly increased
during the incubation from day 7 to 36 (Fig.
4), probably due to the decrease in soil bulk
density observed for the control columns

(Fig. 5).

The same as control, all other treatments
behalf the same trend. In comparing day 29
with other event days, there were significant
decreases in water content for all columns
that received biochar and the control.

Average values of available water for ET
for each treatment at incubation day 36
were 35.0, 35.7, 34.6, 36.3, 39.3, 38.8 and
40.4 g of water per kg of oven-dry soil for
the control, OP 0.2%, OP 0.4%, OP 0.8%,
WC 0.2%, WC 0.4%, and WCO0.8% treatment,
respectively. These values represent a
significant increase in available water for
ET for the biochar treatment with high rate
of additions of WC relative to OP treatments.

Determine Changes in Bulk Density
after Biochar Addition to the Soil

Bulk density of the control columns
increased significantly during the incubation

from 1.42 to 1.47 g cm™ for incubation day
0 and 36, respectively (Fig. 4). On the other
hand, changes in bulk density for the
biochar treatments were not significant
along the incubation period for OP and WC
at 0.4% (Fig. 4). At the end of the incubation,
the average values of bulk density were
1.43 (control), 1.35 (OP 0.2%), 1.31 (OP
0.4%), 1.44 (OP0.8%), 1.36 (WC 0.2%),
1.39 (WC 0.4%) and 1.35 (WC 0.8%) gcm,
Other researchers have also found a
decrease in soil bulk density after biochar
additions (Laird et al., 2010; Githinji,
2014; de Jesus Duarte et al.,, 2019),
probably due to the low bulk density of the
biochar itself (Downie et al., 2009). On
incubation day 36, we observed a significant
(p<0.05) lower bulk densities of 8.82, 10.6,
3.11, 85.1, 5.45, and 8.56% for OP 0.2%,
OP 0.4%, OP 0.8%, WC 0.2%, WC 0.4%,
and WC 0.8% treatments, respectively,
relative to controls. Decrease in bulk
densities may promote plant root elongation
(Voorhees et al., 1975) and root density
(Thompson et al.,, 1987). In addition,
reduction of bulk density by 12% has been
shown to improve water infiltration by 27%
(Franzluebbers, 2002).



Radwan, et al. | SINAI Journal of Applied Sciences 9 (2) 2020 157-168

25

,ﬁ
74
= 20 ;" NS S
VRN
En /,' ! '% \\%’0 ‘1‘\‘
3 7/ NS
® 15 /".t;f t‘:.“\.v.-.'-? .
= e ot
, 4 e
£ 10 2274/ ‘
g 77w P
s | P
EI s
of
0
8 15 22 29 36

Incubation Days

=0 =Control
ey OP 0.2%
4 OP 0.8%
- A -WC0.2%
- N -WC0.4%
- & - WC0.8%

165

Fig. 4. Temporal dynamic of gravimetric water content for each treatment during the
36 days of incubation. Biochar rates for both selected materials (OP and WC)
were 0.00, 0.2, 0.4, 0.8%. Error bare were removed for clarity
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