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ABSTRACT

A field experiment was carried out in a sandy soil condition of
Ismailia Governorate in Egypt (Latitude 30° 35" 30" N, Longitude 32°
14" 50" E) and Elevation 3 meters above sea level, during the winter
season of 2020/2021, with an objective to study the interaction of three
irrigation levels i.e., 50, 75, and 100% of soil water depletion with four
biochar addition rates 0, 1, 2, and 3 kg/m? on some soil hydro-physical
properties such as pore size classes, water holding capacity, field
capacity, permanent wilting point and infiltration rate.

The results of the mean effect of irrigation rate revealed that
using irrigation rate of 100% of water depletion gave, in general, the
highest values of water holding capacity, field capacity, permanent
wilting point and infiltration rate indices compared to the other
treatments. The biochar rate 3 kg/m? was superior to the other
treatments for water holding capacity, field capacity, permanent
wilting point, and led to a decrease infiltration rate. The biochar rate 3
kg/m? and irrigation rate100% were the highest for water holding
capacity and field capacity.The interaction between water irrigation
rates and biochar treatments was highly significant for all pore size
classes. Mean effect of irrigation rate 100 % and biochar 1kg\m® was
highest for quickly drainable pores (QDP) and the ratio of air/water on
other treatments. While the biochar rate 3 kg/m? and irrigation rate of
50 % was highest for slowly drainable pores (SDP), fine capillary
pores (FCP), and total drainable pores (TDP). Biochar rate 3 kg/m?
and 100 % of irrigation rate gave the highest water holding pores
(WHP) and water storage pores (WSP).

Conclusively, it can be concluded that the biochar rate of 3 kg/m?
was superior to the other treatments for water holding capacity, field
capacity, permanent wilting point, water holding pores, water storage
pores and led to a decrease infiltration rate.
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INTRODUCTION

The irrigated agriculture in Egypt is challenged by many obstacles.
Irrigation water shortage is the most important one of them. Climate change
also, has a great impact on agriculture in this country where more than 95%
of its land is desert. It is a very important issue to study soil water properties
as affected by irrigation. Organic matter also in these desert soils is very low.
Irrigation is a fundamental practice in arid-land agriculture where rainfall
alone cannot replenish the very high crop evapotranspiration rates. Biochar
organic material is gaining more reputation due to its impacts on soil physical
characteristics.

Biochar is a carbonaceous, solid, and recalcitrant compound derived from
the pyrolysis of waste biomass. Its yield and properties are strongly influenced by
pyrolysis conditions and feedstock composition (Pandey et al., 2020). It is a
carbon-rich product that is obtained by the burning of biomass, produced during
slow thermal decomposition of biomass at temperatures from 300— 1000 °C under
zero or low oxygen conditions (Joseph and Lehmann, 2009; Sohi et al., 2010;
Pandey et al., 2020). Biochar is a useful material for the soil where leads to
improvements of soil physical and chemical properties such as water holding
capacity, surface area, improve soil texture, bulk density, soil porosity, and
chemical properties such as cation and anion exchange capacity and adsorption of
nutrients for soil solution in sandy soil (Glaser et al., 2002; Aslam et al., 2014;
Pandey et al., 2020). Also, owing to its low—cost, presence of surface functional
groups, porosity, and moderate surface area, biochar is considered as a support
material for improving soil properties and immobilizing the enzymes where a part
of the biomass is transformed into gaseous, liquid, solid compounds. The biochar
remains as a concrete mass of stable carbon (Tef3in, 2016; Pandey et al., 2020).

Soil amendment with biochar may consequently retain more water
from irrigation and also reduce the frequency of irrigation, hence sustaining
and optimizing the limited water available for crop production. Deficit
irrigation practices are used to sustain crop productivity under reduced water
application by improving soil water extraction by plant roots. This is because
Full irrigation practice is considered a water luxury, which is not sustainable
in a water-limited environment. (Oktem, 2008; EI-Hendawy and
Schmidhalter, 2010; Karimi and Gomrokchi, 2011). Faloye et al., (2019)
showed that the insignificant interaction occurred between biochar and
irrigation on maize productivities. Therefore, amending soil with biochar
under a limited water supply might be a novel approach for enhancing maize
yield and water use efficiencies by minimizing the negative impact of
drought stress.

Soil hydrological properties such as moisture content, water holding
capacity, water retention, and infiltration rate are invariably related to the surface
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area, porosity, bulk density, and aggregate stability. Several studies have reported
alterations in water-holding capacity and water retention in biochar-amended soils
(Laird et al., 2010; Jones et al., 2011; Uzoma et al., 2011) with as low as 0.5% (g
g ') biochar application rate sufficient to improve water-holding capacity.
Alghamdi, et al., (2020) results showed that the largest increase in both water
content at field capacity and available water content was observed with the
smallest biochar particle size due to increased micro-porosity as a result of the
larger internal surfaces and the porous structure of the biochar particles. Tokova et
al., (2020) found that during the dry period, a relative increase in soil water
content was observed at all biochar treatments-the largest after re-application of
biochar at a dose of 20 t ha™ at all fertilization levels. The biochar application also
significantly increased plant available water. Verheijen et al., (2010) revealed that
the biochar is highly porous, therefore its application to sandy soil is considered to
improve various soil physical properties such as bulk density, porosity, water
retention, and hydraulic conductivity. Ajayi and Rainer, (2016) found that the
notably, biochar addition improves soil water retention and available water
capacity. This is commonly observed in coarse-textured soils or soils with large
amounts of macro-pores, although the amount of biochar often required to
enhance water retention is high and vary with soil type (Glaser et al., 2002).

Therefore, the aim of this work is to study the interaction of three
irrigation levels with four biochar addition rates on sandy soil hydro-physical
properties.

MATERIALS AND METHODS

A field experiment was carried out in split plot design with three
replicates, during the winter season 2020/2021 under sandy soil conditions.
The experiment was performed at Ismailia Agricultural Research Station
(Latitude 30° 35' 30" N, Longitude 32° 14' 50" E and Elevation 3 meters
above sea level), Agricultural Research Center (ARC), Egypt, to investigate
the effect of different irrigation levels and biochar rates on some soil physical
and hydraulic properties such as pore size classes, water holding capacity,
field capacity, permanent wilting point and infiltration rate.

MATERIALS

Soil: One type of soil was used for this work. The studied soil was a
sandy soil located at Ismailia Agricultural Research Station, Ismailia
governorate, Egypt. Some initial physical and hydro-physical properties of
the studied soil are shown in Table 1.
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Table (1): Some initial routine soil analyses of the studied soil.

Property Value
Particle size distribution (%)
Clay 2.97
Silt 4.77
Sand 92.26
Texture class Sand
Infiltration rate (cm h™) 16.83
Saturation percentage (%) 21.53
Field capacity (%) 10
Permanent wilting point (%) 49
Water holding capacity (%) 21.3
Bulk density (g cm®) 1.65
particle density (g cm®) 2.65
Porosity (%) 37.73
pH (Soil suspension 1:2.5) 7.88
EC (dSm™) at soil paste extract 0.47
Irrigation:

Water source: Fresh water of Ismailia canal.

Irrigation System:

- Solid set sprinkler irrigation system (10 m between lines and 10 m
between Sprinklers).

- Lateral line is 90 meters long with 9 sprinklers.

- Sprinkler service circle = 78.5 m?.

Ie = Irrigation efficiency of the sprinkler irrigation system in the field

(assumed to be 80% of the total water applied).

Sprinkler discharge 1.13m® h™ was measured in-situ as described by

Ismail, (2014).

Soil depth =30 cm

Gross Irrigation requirement: The amount of water needed for

irrigation at each level, was calculated via the Eq. (Katerji et al., 2008):

Ig= ((Ofc - Bpwp) X T X p X D x A x 100)/Ie

Where:
- lg is the gross irrigation requirement (m?)
- O IS the percentage of soil moisture content at the soil field capacity point
- Bpwp, IS the percentage of moisture content of the soil at the wilting point
-t is the moisture depletion percentage from the soil (50%, 75%, and

100%)

- p is the soil bulk density (kg m ™)
- D is the root zone depth (m)
- Ais the plot area (m?)
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- I is the irrigation efficiency, which was considered as 80% on average
according to sprinkler irrigation method.
= |Irrigation time was calculated using the following equation from (Ismail, 2002):
Irrigation time =

__ Bulk density (g kg~*) x soil moisture at field capacity xsoil depth x Area(m?)
- Sprinkler flow rate (m? h) x reciprocal of irrigation efficiency

1.65X.1x.3X78.5

Irrigation time = =2.75h & (165 minutes)
1.13 X 1.25

= Irrigations treatments were divided into three levels:

- A;: 100% Irrigation time of the field capacity (2.75 h™).

- Ay 75% Irrigation time of the field capacity (2.06 h™).

- Az 50% Irrigation time of the field capacity (1.37 h™).
Biochar amendments: Biochar was made from some plant sources and
attained from Jordan Maser Company for import, export and public
procurement, Giza, Egypt. The biochar materials were added one week
before the treatment.

Table (2): Some physio-chemical characteristics of biochar used in the

experiment.
Property Value
EC (dSm™) at soil paste extract 2.09
pH (Soil suspension 1:2.5) 7.98
Total carbon (g kg™) 482
CEC(cmoley) kg™) 36.13
N (g kg™ 4.31
P (g kg™ 2.26
K (g kg™) 8.42
Ca (g kg™ 5.14
Mg (g kg™) 2.87
Bulk density (g cm®) 52

Experimental design:

The study was laid out in a split plot design with three replicates.
Irrigation levels were assigned to the main plot as three levels (50%, 75% and
100% of the filed capacity) corresponding to 1.55, 2.33 and 3.10 m®.The sub
plots included biochar at four rates (0, 1, 2 and 3-kg biochar / m?)
corresponding to 0, 6, 12 and 18 kg plot™. The materials used as sources of
biochar have been crushed and sieved to size (< 2 mm). The total
experimental area was 216 m? divided to 36 plots, each plot 2mx 3m = 6m?.
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METHODS OF ANALYSES:

Soil analyses: Top soil samples (0-30 cm) before starting and at the end
of the experiment were taken air dried, crushed, and sieved through a 2 mm
sieve, mixed well and prepared for routine and targeted physical and
chemical analyses:
a) Particle size distribution was accomplished using the international pipette

method as described by Piper (1950).

b) Soil reaction (pH) was measured using a glass electrode pH - meter in (1:2.5)
soil water suspension while, Electrical conductivity (EC) as well as soluble ions
was measured in (1:2.5) water extracts as described by Jackson, (1973).

Hydro-physical parameters:
Infiltration rate (IR):

Infiltration rate, as a very important indicator for sprinkler irrigation,
was estimated by the double ring infiltrometer method as described in detail
in (FAO, 2002) by Kostiakov equation as described in (Kostiakov, 1932).

Z=ct"
Where:  Z = Filtration rate.  T= Time after the onset of filtration.
C, m = constants that depend on the type of soil and its initial condition.
Soil bulk density:

Soil bulk density was estimated by the core method as described in
(Black et al., 1982).

Particle density:

Soil Particle Density was estimated by the Pycnometer method as
described in Estefan et al., (2013).

Field capacity:

Field capacity was measured in-situ by the method described in
Gardner,(1960).
Saturation percentage:

Saturation percentage was estimated by the saturated paste method by

following equation as described in Richards (1954):
Total mass of water

i = X
Saturation percentage Mass of oven—dry soil 100

Porosity: Porosity was estimated as described in FAO (2020) by the
following equation:

Soil porosity (%) = (1 — ﬁ) x 100
Where: p = Soil bulk density (gm/cm?),
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Table (3): Soil moisture retention (percent %) in the different Irrigation rate
and biochar levels.

Irrigation rate | Biochar rate Split plot design
U] Kg / m? (B)

0.001 0.10 0.33 0.66 | 1.00 | 15.0
Without (B) 21.40 19.47 | 17.27 | 14.30 | 9.80 | 5.03
100 % F.C 1Kg (B) 2290 | 20.47 | 17.87 | 14.10 | 9.70 | 5.83
2 Kg (B) 2360 | 21.97 | 19.21 | 16.00 [11.20| 6.63
3 Kg (B) 2510 | 23.17 | 19.98 | 17.30 [12.30| 6.83
Without (B) 21.30 18.87 | 16.95 | 13.70 | 9.00 | 4.53
759 E.C 1Kg (B) 2260 | 20.77 | 17.81 | 1450 | 9.00 | 6.33
2 Kg (B) 2330 | 21.67 | 1890 | 15.60 |10.60| 6.53
3 Kg (B) 2480 | 2277 | 1991 | 16.20 [11.80| 6.93
Without (B) 2130 | 19.27 | 1698 | 14.20 | 9.70 | 4.93
50 % F.C 1Kg (B) 2230 | 2027 | 17.77 | 14.90 | 9.30 | 5.93
2 Kg (B) 2320 | 21.27 | 1865 | 15.80 [10.40| 6.23
3 Kg (B) 24.9 2287 | 1956 | 16.40 |11.70| 7.13

Soil-water retention curves and pore size classes:

Pore size classes were estimated using soil-water retention curves.
These curves were determined by exposing the completely saturated samples
to constant suction levels of 0.001, 0.1, 0.33, 0.66, 1.0, and 15 atm. using the
pressure membrane method (Stakman, 1966).

The percent of moisture content (volume basis) of soil samples at
equilibrium with different potentials represent two limits of each pore size
class as follows according to Amer (2016):

. Pore size range Potential
Pore size class
(W range (atm)
Quickly (or rapidly) drainable pores (QDP or RDP) > 28.8 0.001 - 0.10
Slowly drainable pores (SDP) 28.80 - 8.62 0.10-0.33
Water holding pores (WHP) 8.62-0.19 0.33-15.0
Fine capillary pores (FCP) <0.19 >15.0

WSP

e————— TDP (or VDP) -

——— QDP —— = —=—— SDP — = |=—— WHP— = ~~—— FCP ——=

—— = 288 u o 28 8-8.62 U — - 8.62-0.19 | —pfe— < 0.19 p o

CCPR -

Source: Amer (2016)
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The ratio of air to water was calculated as the relation between the
total or volume drainable pores (TDP) and water storage pores (WSP), i.e.

Air TDP  QDP + SDP

Water WSP WHP + FCP
Statistical analysis:

Results were statistically analyzed using STATISTIX software. The
ANOVA test was used to determine the significance (p<0.01 or p<0.05)
treatment effect and Duncan Multiple Range Test was used to determine the
significance of the difference between individual means (Gomez and
Gomez, 1984).

RESULTS AND DISCUSSION

Hydro-physical parameters
Data in Table (4) showed significant effect of biochar addition rate in
increasing WHC, FC, PWP and IR value while the effect of irrigation rate
was only significant to increase value of WHC and FC. The mean effect of
biochar addition rate followed the sequence: 3kg B > 2kg > 1kg > without B
for WHC, FC, and PWP as well as without > 1kg > 2kg > 3kg for infiltration
rate. This effect of biochar may be due to increased micro-porosity as a result
of the larger internal surfaces and the porous structure of the biochar
particles. In addition Alghamdi, et al., (2020) showed that the largest increase
in both water content at field capacity and available water content was
observed with the smallest biochar particle size due to increased micro-
porosity as a result of the larger internal surfaces and the porous structure of
the biochar particles.
As for the irrigation rate, the effect followed the order: 100% FC >
75% FC > 50% FC for WHC and FC. Highest value (25.1 and 23.2%) of
WHC and FC, respectively were obtained as affected by the treatment of 3kg
biochar under 100% FC of irrigation rate while, the highest value (7.13%) of
PWP was observed with 3 kg biochar under 50 % FC of irrigation rate. For
IR, the preferable effect was due to addition of 3 kg biochar under 50 % FC
of irrigation rate. These results may be related to the effect of biochar at a
suitable concentration on improving the physical properties of the sandy soil,
especially when the soil contains a suitable amount of water consequently. In
addition Laird et al., (2010) found that the soil hydrological properties such
as moisture content, water holding capacity, water retention, and infiltration
rate are invariably related to the surface area, porosity, bulk density, and
aggregate stability. Several studies have reported alterations in water-holding
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Table (4): Hydro-physical parameters in sandy soil as affected by Irrigation
rate and biochar levels.

'"'r%i‘;"():; B'giza/rr;?)te WHC (%) | FC (%) | PWP (%) (crrI1Rh'1)
Without (B) 21.40 19.47 5.03 14.61
1 Kg (B) 22.90 20.47 5.83 14.25
100 % F.C 2 Kg (B) 23.60 21.97 6.63 13.64
3 Kg (B) 25.10 23.17 6.83 13.64
Mean 23.2ba 21.27a 6.08 14.03
Without (B) 21.30 18.87 4,53 14.66
1 Kg (B) 22.60 20.77 6.33 14.21
75 % F.C 2 Kg (B) 23.30 21.67 6.53 13.59
3 Kg (B) 24.80 22.77 6.93 13.65
Mean 23.00b 21.02b 6.08 14.03
Without (B) 21.30 19.27 4.93 14.32
1 Kg (B) 22.30 20.27 5.93 14.12
50 % F.C 2 Kg (B) 23.20 21.27 6.23 13.88
3 Kg (B) 24.90 22.87 7.13 13.46
Mean 22.93b 20.92b 6.06 13.95
Mean effect of B-rate
Without (B) 21.33d 19.20d 4.83d 14.53a
1 Kg (B) 22.60c 20.50c 6.03c 14.20b
2 Kg (B) 23.37b 21.63b 6.47b 13.70c
3 Kg (B) 24.93a 22.93a 6.97a 13.58¢c
F Test
I *x ** NS NS
B *% *% *% *%k
IxB o o NS NS

capacity and water retention in biochar-amended soils (Jones et al., 2011,
Uzoma et al., 2011) with as low as 0.5% (g g *) biochar application rate
sufficient to improve water-holding capacity.

Drainable and water storage pores

Tables (5 and 6) revealed that the irrigation rates F test was significant
for the water storage pores (WSP) and water holding pores (WHP) and non-
significant for quickly drainable pores (QDP), slowly drainable pores (SDP),
fine capillary pores (FCP), total drainable pores (TDP), available water ratio
and the ratio of air/water. The mean effect of 50% FC of irrigation rate
showed that the highest value (2.01, 2.68, 4.68, 0.67 and 0.26) of quickly
drainable pores (QDP), slowly drainable pores (SDP), total drainable pores
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Table (5): Effect of Irrigation rate and biochar levels in Pore size classes as a
percent of total volume pores in sandy soil.

Irrigation | Biochar rate QDP SDP WHP FCP
rate () | Kg/m’(B) <10kPa | 10-33kPa | 33-1500kPa | >1500kPa
AS% AS% AS% AS%
Without (B) 1.93 2.19 12.24 5.03
oo Ec | LK (B) 2.43 2.60 12.03 5.83
2 Kg (B) 1.63 2.75 12.58 6.63
3Kg (B) 1.93 3.18 13.15 6.83
Mean 1.98 2.68 12.50a 6.08
Without (B) 2.43 1.91 12.42 453
1Kg (B) 1.83 2.96 11.48 6.33
75% F.C 2 Kg (B) 1.63 2.77 12.36 6.53
3Kg (B) 2.03 2.85 12.98 6.93
Mean 1.98 2.62 12.31ab 6.08
Without (B) 2.03 2.29 12.05 4.93
1Kg (B) 2.03 2.50 11.84 5.93
50 % F.C 2 Kg (B) 1.93 2.61 12.42 6.23
3Kg (B) 2.03 3.30 12.43 7.13
Mean 2.01 2.68 12.18b 6.06
Mean effect of B-rate
Without (B) 2.13a 2.13c 12.24c 4.83d
1Kg (B) 2.10a 2.68b 11.78d 6.03c
2 Kg (B) 1.73b 2.71b 12.46b 6.47b
3Kg (B) 2.00a 3.11a 12.85a 6.97a
F Test
[ NS NS * NS
B . - - -
IxB * * *ox o
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Table (6): Effect of Irrigation rate and biochar levels in Pore size classes as a
percent of total volume pores in sandy soil.

Irrigation rate Blrc;ctr;ar TDP WSP AWR ;;{::EP ratio
(1 Kg/ m (B) <33kPa AS% | >33kPa AS%
Without (B) 4.13 17.27 0.71 0.24
1 Kg (B) 5.03 17.87 0.67 0.28
100 % F.C 2 Kg (B) 4.39 19.21 0.65 0.23
3Kg (B) 5.12 19.98 0.66 0.26
Mean 4.67 18.58a 0.67 0.25
Without (B) 4.35 16.95 0.73 0.26
1 Kg (B) 4.79 17.81 0.64 0.27
75% F.C 2 Kg (B) 4.40 18.90 0.65 0.23
3Kg (B) 4.89 19.91 0.65 0.25
Mean 4.61 18.39%ab 0.67 0.25
Without (B) 4.32 16.98 0.71 0.25
1 Kg (B) 453 17.77 0.67 0.26
50 % F.C 2 Kg (B) 4.55 18.65 0.67 0.24
3Kg (B) 5.34 19.56 0.64 0.27
Mean 4.68 18.24b 0.67 0.26
Mean effect of B-rate
Without (B) 4.26C 17.07d 0.72a 0.25b
1Kg (B) 4.78b 17.82¢ 0.66b 0.27a
2 Kg (B) 4.45¢ 18.92b 0.66b 0.24c
3Kg (B) 5.11a 19.82a 0.65¢ 0.26ab
F Test
| NS * NS NS
B ** ** ** **x
IxB * * ** *

*AWR is the available water ratio, and AS is the saturation degree.

(TDP), available water ratio and the ratio of air/water. For the mean effect of
100 % FC of irrigation rate showed that the highest value (12.50, 6.08 and
18.58) of Water holding pores (WHP), fine capillary pores (FCP), and the
water storage pores (WSP).

Regarding the F test for biochar rates showed that the highly significant
for quickly drainable pores (QDP), slowly drainable pores (SDP), water
holding pores (WHP), fine capillary pores (FCP), total drainable pores
(TDP), the water storage pores (WSP), available water ratio and the ratio of
air/water. Mean effect of biochar rates for Pore size classes under this study
revealed that the biochar rate 3 kg was highest value (3.11, 12.85, 6.97, 5.11
and 19.82) of slowly drainable pores (SDP), Water holding pores (WHP),
fine capillary pores (FCP), total drainable pores (TDP), and the water storage
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pores (WSP). While, that the biochar rate Without (B) was the highest value
(2.13 and 0.72) for quickly drainable pores (QDP) and available water ratio,
but the biochar rate 1 kg was the highest value (0.27) for the ratio of
air/water. These results are in agreement with those reported by Sun et al.,
(2013), in addition, Tammeorg et al., (2014) reported that biochar
amendment is conducive to reduce soil density and increase soil porosity, and
thus can improve soil structure and facilitate plant root growth. Atkinson et
al., (2010) showed that decrease in bulk density of biochar amended soil
could be one of the indicators of enhancement of soil structure or
aggregation, and aeration, as well as could be soil-specific. The higher the
total porosity (micro- and macro-pores) the higher is soil physical quality
because micro pores are involved in molecular adsorption and transport while
macro pores affect aeration and hydrology.

The interaction between water irrigation rates and biochar treatments
was highly significant for all pore size classes. Mean effect of irrigation rate
100 % FC and biochar 1kg was highest value (2.43 and 0.28) for quickly
drainable pores (QDP) and the ratio of air/water on other treatments. While
the biochar rate 3 kg and 50 % FC of irrigation rate was highest value (3.30,
7.13 and 5.34) for slowly drainable pores (SDP), fine capillary pores (FCP),
and total drainable pores (TDP). Regarding biochar rate 3 kg and 100 % of
irrigation rate was highest value (13.15 and 19.98) for Water holding pores
(WHP) and the water storage pores (WSP). But the Without (B) biochar rates
and 75% FC of irrigation rate were highest value (0.73) for the available
water ratio. Ajayi and Rainer, (2016) found that the notably, biochar addition
improves soil water retention and available water capacity. This is commonly
observed in coarse-textured soils or soils with large amounts of macro-pores,
although the amount of biochar often required to enhance water retention is
high and vary with soil type (Glaser et al., 2002).

Conclusion

From the present results, biochar rate 3 kg was superior to the other
treatments for water holding capacity (WHC), field capacity (FC), permanent
wilting point (PWP), and led to a decrease infiltration rate (IR). The biochar
rate 3 kg and irrigation rate100% FC were the highest for water holding
capacity (WHC) and field capacity (FC). The interaction between water
irrigation rates and biochar treatments was highly significant for all pore size
classes. Mean effect of irrigation rate 100 % FC and biochar 1kg was highest
for quickly drainable pores (QDP) and the ratio of air/water on other
treatments. While the biochar rate 3 kg and irrigation rate of 50 % FC was
highest for slowly drainable pores (SDP), fine capillary pores (FCP), and
total drainable pores (TDP). Biochar rate 3 kg and 100 % FC of irrigation
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rate gave the highest water holding pores (WHP) and water storage pores
(WSP).
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