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ABSTRACT: A pot experiment was carried out at a private farm to evaluate the
effective roll of the organic amendments (compost and biochar) as well as the plant
cultivated (sugar beet) Beta Vulgaris L. on partial removing of heavy metals from the
contaminated soil at Berkat EL-Saba region of Menoufia Governorate, Egypt. Compost
and biochar were added into the soil at rates of 0, 0.5, 1.0 and 2.0%. A completed
randomized block design with three replicates was applied. Soil EC (dSm™), CEC (cmole
Kg™), OM (%) and available Fe, Mn Zn, Cu, Co, Cd, Ni and Pb (mgkg™) were augmented
with application of compost and biochar. Soil pH was slightly raised with biochar
however, it reduced with compost addition. A significant enhancement in the fresh and
dry weights of sugar beet plant and its content from the determined heavy metals
obviously observed with the two amendments applied. The high uptake from determined
heavy metals by sugar beet plants may attract the attention to the importance of this
plant in remediating the contaminated soil with heavy metals.
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INTRODUCTION

Middle Delta region of Egypt
(Menoufia Governorate) have many
resources of pollution such as industrial
activity and high way products either
from atmospheric emissions or through
discharge points of drainage water.
Heavy metals contamination of soil in

metals have been known to adversely
affect soil physical and chemical
properties, plant growth, and soil
microbial organisms (Gibbs et al., 2006).

Soil organic matter is considered as a
major component of soil quality because
it contributes directly or indirectly to
many physical, chemical and biological

this region is typically quantified and
regulated on the basis of total content,
regardless of solubility. Nile Delta soils
containing much colloidal organic and
mineral materials can sorbs and
immobilize these metals to a greater
extent than soils poor in these reactive
materials (Tantawy, 2004 and Basiouny,
2016).

The heavy metals are the most
hazards of inorganic contaminants.
Although many of heavy metals are
needed in small quantities by plants and
animals, they may enter soils in great
enough quantities to pose risks to plants,
animals and humans health. Heavy
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properties. Thus, soil amendment with
composts is an agricultural practice
commonly used to improve soil quality
and also to manage organic wastes
(Perez-Piqueres et al., 2006).

Soil amendment is a major
requirement for the successful
establishment of vegetation in metal-
contaminated soils. The addition of
amendments into soils precipitates or
increases metal sorption, therefore
decreasing the proportion of the total
element in soil solution (de Varennes et
al., 2006). The addition of amendments
such as compost and humic substances
are effective in lowering the metal toxicity
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of soil and provides a slow release of
nutrient sources (Faiyad, 2014 and Chen
et al., 2015).

Biochar is the solid product material
produced during a process known as
pyrolysis from the thermo-conversion of
biomass under little or no oxygen for use
in soils as an amendment (Gaskin et al.,
2008 and Lehmann and Joseph, 2009).
During pyrolysis, labile carbon (C) is
converted into a relatively stable
aromatized C (Krull et al., 2012), while
basic cations are transferred from the
fresh biomass to biochar. This s
advantageous because when biochar is
applied to the soil, these basic cations
become available to the soil by
occupying the soil exchange sites (Wang
et al., 2009). Biochar considered one of
pyrolysis products in addition to biofuel
and syngas. Biochar can persist in soils
and sediments for many centuries
(Glaser, 2007 and Downie et al., 2012) and
has great potential to improve agronomic
production when applied as a soil
amendment (Laird et al.,, 2009).
Potentially leading to a significant
reduction in atmospheric greenhouse
gas (GHG) levels. Thus, biochar may
offer a win-win technology to mitigate
global warming and food security
(Lehmann, 2007b).

The role of organic materials and their
metabolites in limiting the hazardous
action of soil pollution depends on a
number of factors i.e. type and contents
of each of organic materials (as chelating
agents) and heavy metals, soil conditions
(mainly pH, CaCO3; and texture), growing
plants and agronomic practices (Walker
et al., 2003 and EI- Gamal, 2015).

This work was carried out to study the
effect of two soil organic amendments at
different application rates on status of
some heavy metals and some chemical
properties as well as stimulating the
growth of sugar beet plant as a
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phytoremediater plant for the
contaminated soil.

MATERIALS AND METHODS

The tested soil was brought from
Berket El-Saba region of Menoufia
Governorate South-West Nile Delta,
Egypt which affected by the pollution of
highway  product sources (Cairo-
Alexandria  Agricultural Road). Six,
surface (0-20cm) soil samples were
brought from different sites, air-dried,
ground, well mixed, and sieved through a
2mm sieve. A portion of fine soil (< 2mm)
sample was taken and analyzed for its
physical and chemical properties and
also for its content of biogenic (Fe, Mn,
Zn, and Cu) and non-biogenic (Co, Cd, Ni
and Pb) heavy metals according to the
methods described by Klute and Dirksen
(1986) and Page et al. (1982). The
obtained data of these determinations
were recorded in Table (1). The other
remained fine soil was kept to use in the
greenhouse experiment.

Two soil organic amendments varied
in their chemical properties were used in
this study. These amendments were
compost produced from mixture of rice
straw (RS) and cattle manures (CM) at a
ratio of 1:1 by dry weight and biochar
produced from maize stalk (MS). The fine
biochar and compost were analyzed for
some physical and chemical properties
using the methods described by Klute
and Dirksen (1986) and Page et al. (1982)
and the obtained data were recorded in
Table (2).

Sugar beet (Beta Vulgaris L.) seeds
were brought from Sugar Crops
Research Institute, Agricultural Research
Center “ARC", Egypt. A greenhouse pot
experiment was conducted during the
summer season of 2018. 24 plastic pots
with 25 cm diameter and 30 cm depth
were used in this experiment. Each pot
was filled with 5 kg of fine soil. These
pots were divided into two main groups
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(12 pot/ main group) representing the
used soil amendments (compost and
biochar). All pots received calcium super
phosphate (15.5 % P,Os) at a rate of 300
kg fed™ (1.5 g pot™) before planting and
well mixed with the potted soil.

The pots of each main group were
divided into four subgroups (3pot/sub
subgroup) represent the application rates
of compost and biochar 0, 0.5, 1.0 and
2.0% (0, 2.5, 5 and 10 g/pot w/w). The

treatments were arranged in a completely
randomized block design with three
replicates. Organic amendments were
added before planting and well mixed
with the potted soil. Then each pot was
planted by two seeds of sugar beet (Beta
Vulgaris L, CV, 24) at first day of May
2018 and irrigated by tap water at 60% of
water holding capacity (W.H.C) of each
treatment.

Table (1): Some physical and chemical properties of the used compost and biochar and
their content (mg kg™) of some determined heavy metals

Organic amendments (OA)

Properties and units :
Compost Biochar
Bulk density (g/cm®) 0.82 0.45
pH, 1:2.5 water suspension 7.50 8.15
EC, 1:5 water extract (dSm™) 2.11 4.75
CEC (C. mole kg™ 125.81 38.45
Organic carbon “OC” (%). 23.50 47.75
Total nitrogen “N” (%). 1.10 0.86
C/N ratio 21.37 55.52
Total macronutrients (gkg'l)
N 11.00 3.12
P 6.56 2.81
K 90.15 30.28
Content (mg kg™) of some biogenic and non-biogenic heavy metals in the used
compost and biochar

Biogenic (HM)
Fe
Mn
Zn
Cu
Non-biogenic (HM)
Co
Cd

Ni
Pb

352 365
390 570
50 72
42 55
28 42
35 50
210 90
18 25
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Irrigation water was added every 5-7
days to stand the moisture content at
60% w/d. After complete sowing (13 days)
the plants of each pot were thinned to
one plant. All pots were received nitrogen
(N) as ammonium nitrate (33.5%N) and
potassium(K) as potassium sulphate (48-
50% K,0) at rates of 200 and 250 kg fed™
(1.0 and 1.25¢g pot'l), respectively. Both N
and K fertilizers were applied with
irrigation water on two equal doses after
20 and 40 days of planting. At maturity
stage (120 days), the plant of each pot
was harvested separately as a whole,
washed with tap water several times to
remove any soil particles on the roots
and then washed two times with distilled
water. The harvested plant of each pot
was divided to shoots and roots, and
weighed to obtain the fresh weight (g/pot
or g/plant) of both shoots and roots.
Then those plant materials were air-dried
and oven-dried at 70°C for 48 hours to
obtain their dry matter yield as g/pot or
g/plant. The oven-dried plants were
ground and kept for chemical
determination of its heavy metals content
of Fe, Mn, Zn, Cu, Co, Cd, Ni, and Pb
according to Cottenie et al. (1982).

After plant harvesting, the soil of each
pot well mixed, ground, sieved through a
2mm sieve and analyzed for its chemical
properties. i.e. soil pH, EC, CEC and the
content of OM, CaCO; as well as the
content of total and available Fe, Mn, Zn,
Cu, Co, Cd, Ni and Pb as described by
Cottenie et al. (1982) and Page et al.
(1982).

The obtained data were statistically
analyzed according to the computer
program costat statistical software. Mean
values were compared with each other
using the least significant deference
L.S.D. (CoStat, V. 2005).

RESULTS AND DISCUSSION
Soil chemical properties

Data in Table (2) show that, soil EC
(dSm™) was increased significantly as a
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result of compost and biochar
applications where those increases were
higher at application rate of 2%. These
increases may be due to the effect of
added organic amendments on the
solubilization of some soil compounds.
At the same application rate, the effect of
compost surpassed that one of biochar
application that may be related to the
stable grade of added compost as well as
the chemical composition and its
decomposition products. Similar results
were pointed out by Abd El-Aal et al.
(2018) and Helmi (2018). The RC values
obviously showed the positive effective
influence of both compost and biochar
on soil EC (Table, 2).

Soil pH recorded in Table (2) reveal
that compost applications significantly
decreased soil pH, however a slight
increasing soil pH were occurred with
biochar applications. These findings may
be cleared from RC (%) values of soil pH
(Table, 2) which were negative with
compost applications and were positive
with biochar treatments. These may be
attributed to the chemical composition of
added organic amendments and their
decomposition products as well as its
effect on soil properties. Abou Hussien et
al. (2019) found a wide variation in soil
pH treated with composts derived from
different plant residues.

Data in Table (2) imply also a
significant decline in the soil content (%)
of CaCO; as affected by organic
amendments applications, where this
content was decreased from 1.73% in the
un amended soil to 1.60 and 1.71% with
RC values of -7.51 and -2.88% in the soil
received 2% compost and biochar,
respectively. These results appear the
effect of added compost on reducing the
soil content of CaCO3; compared to that
one of biochar application. These results
are in consonance with Rabie (2019) who
found similar decrease effect of CaCOg,
by compost and biochar applications.
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Table (2): Some chemical properties of the used soil as affected by different application
rates of two soils organic amendments (OA).

Soil Properties
Added
Added | rate EC pH CaCOs; oM CEC
0,
OA(@) | O 4smilrcown| - |rRcw| % |[Rcw| % | Rc% Cr/'ll‘;'e RC%
Control 0 060 | - | 7.28 1.73 0.80 41.04
05 | 061 |1.67 | 7.25 |-0.41| 1.73 |0.00| 0.80 | 0.00 | 41.80 | 1.85
1.0 | 0.65 | 833 | 7.18 |-1.37| 1.70 |1.73-| 0.87 | 2.15 | 42.50 | 3.56
20 | 070 |16.67| 7.02 |-357| 1.60 |7.51-| 1.02 | 27.5 | 43.42 | 5.80
Compost
Mean | 0.65 7.14 1.68 0.90 4257
05 | 060 | 0 | 7.30 |0.27| 1.73 |0.00| 0.80 | 0.00 | 41.62 | 1.41
1.0 | 062 |333| 739 |151| 1.75 |1.16 | 0.84 | 5.00 | 41.59 | 1.34
Biochar | 2.0 | 0.65 | 833 | 750 |3.02| 1.71 |-2.28| 0.93 |16.25| 42.15 | 2.70
Mean | 0.62 7.40 1.73 0.86 41.79
L.S.D at 0.05
a |0.0066 0.074 0.0175 0.0090 0.4333
b |0.0080 0.0915 0.0214 0.0111 0.5307
a*b |0.0104 0.1179 0.0276 0.0142 0.6839

RC: relative change

Soil content of organic matter (%) was
increased significantly in the saoil
amended by compost and biochar
application (Table, 2). The increases in
this content associated with application
of compost were higher than those found
in the soil amended by biochar. These
may be due the OM higher content of
applied amendment added into the soil.

Applications of compost and biochar,
significantly raised the soil CEC (cmole
Kg'l) compared to that found in the
untreated soil (Table, 2). These increases
may be attributed to expand the saoil
surface area resulted from receiving
organic amendment distinguished with
higher specific surface area. The same
results show that, the influence of
compost on enhancing the CEC excelled
that one of biochar, wherever the value of
RC for the highest rate of applied
compost showed an obvious effect more
than double for that one of biochar.
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Those results are in agreement with the
results obtained by Helmi (2018).

Soil content of available heavy
metals

Data presented in Tables (3 and 4)
display the soil content (mg kg™) of
available heavy metals as affected by
applications of compost and biochar. In
general, the contents of available
biogenic and non-biogenic heavy metals
were increased with different
applications of compost and biochar,
where these increases were promoted
with the incremental addition of organic
amendments. Therefore, RC (%) values of
the soil available contents of heavy
metals were positive. These increases
may be attributed to the effect of the
added amendments on soil properties
especially decrease of soil pH and its
content of CaCO; as well as to the
increases of soil CEC (Rabie, 2019).
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At the same application rate of applied
organic amendments, the content of
available heavy metals in the soil
amended by biochar was higher than that
found with the compost treatment. This
trend may be explained on the
decomposition products of added
organic amendments and its effect on
soil chemical and biological properties.
Also, this trend may be cleared from RC
(%) values of the soil content of available
heavy metals, where at same application
rate RC, values in the soil amended by
biochar showed efficiency more than that
found with the treatment of compost.
Similar results were observed partially by
Rabie (2019).

At the same treatment of added
organic amendments, data in Tables (3
and 4) exhibit wide variations in the
available soil content (mg kg™) of the
determined heavy metals. These heavy
metals could be arranged according to
the means of the determined values
affected by compost as follows: Pb > Fe

Table (3): Soil content of available of some
amendments applications (OA)

> Mn > Zn > Co > Ni > Cu > Cd. Same
trend was also observed in the soil
received biochar amendment. These
results may be attributed to the initial soil
content of both total and available heavy
metals (Table, 1). The higher available Pb
occurred in the experimented soil may be
due to the traffic (cars) exhausts for long
period. These findings are in concomitant
with the data obtained by El Fouly and
Tantawy (2016) and Mahmoud (2017).
They found a positive relationship
between the soil content of available
heavy metals and the initial content of
these metals as well as with the chemical
composition of the wused organic
amendments and its application rate. It
out to mention here in generally that
application of both amendments
augmented the available heavy metals
more than double-fold with the highest
rate of application, that refers to
beneficial of that amendment in raising
the value of the elements to be absorbed
the remediated plant.

biogenic heavy metals as affected by organic

Added OA Fe

Mn Zn Cu

Source | Rate% |mgkg™| RC% |mg kg

T RC% |mgkg™| RC% |[mgkg'| RC%

Mean 11.92 9.83

Control 0.0 10.00 8.25 3.02 0.68
2 0.5 10.55 5.50 8.40 1.82 3.10 2.65 0.76 11.76
S 1.0 11.70 | 17.00 9.15 10.91 3.75 24.17 0.82 20.59
g 2.0 13.50 | 35.00 | 11.95 | 44.85 8.82 59.60 1.35 98.53
)

3.89 0.98

0.5 11.11 | 11.10 9.03

9.70 3.60 19.21 0.80 17.65

% 1.0 1295 | 29.50 | 10.65 | 29.09 | 4.62 52.98 1.15 69.12
.‘:90 2.0 16.17 | 67.00 | 14.33 | 73.70 6.50 11523 | 2.05 | 201.47
Mean 13.41 11.34 491 1.33
L.SD at 0.05
a 0.1315 0.1107 0.0466 0.0127
b 0.1610 0.1356 0.0571 0.0156
a*b| 0.2075 0.1748 0.0736 0.0201

RC: relative change
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Table (4): Soil available content (mg kg'l) of some non-biogenic heavy metals as affected

by organic amendments applications (OA).

Added OM Co Cd Ni Pb
Source | Rate% | mgkg? | RC% |[mgkg®| RC% |mgkg?| RC% | mgkg™| RC%
Control 0.0 2.10 0.07 0.68 15.02

7 0.5 2.25 7.14 0.07 0.00 0.72 5.88 15.90 5.86

8_ 1.0 2.90 38.10 0.09 28.57 0.98 44.12 17.25 14.85

g 2.0 4.10 95.24 0.18 157.14 1.65 142.65 | 31.30 | 41.81

© Mean | 3.08 0.11 1.12 18.15

o 0.5 2.65 26.19 0.07 0.00 0.85 25.00 16.82 | 11.99

% 1.0 3.33 58.57 0.15 114.29 1.50 120.59 | 20.20 | 34.49

.C% 2.0 4,98 137.14 0.40 471.43 2.25 230.88 | 25.14 | 67.38

Mean 3.65 0.21 1.53 20.72

L.SD at0.05 a 0.0359 0.0020 0.0147 0.2023
b 0.0439 0.0025 0.0180 0.2477

a*b| 0.0566 0.0032 0.0232 0.3193

RC: relative change

Fresh and dry matter vyield of
sugar beet plants

Data in Table (5) exhibit the fresh and
dry weights (g/pot) of both roots and
shoot of sugar beet plants grown on the
experimental soil as a result of two
organic amendments applications at
different rates. Different applications of
compost and biochar significantly
increase the fresh and dry matter yields
of sugar beet plants (roots and shoots).
The highest weights (g pot'l) as well as
its RC (%) were observed with the high
rate (2%) of the tested organic
amendments. These results are in
correspondence with Elgezery (2016) and
Hammad (2019), who mentioned that,
application of organic amendments into
different soils of Egypt resulted in a
significant increase of many plant growth
and productivity. This may be ascribed to
that the enhancing effect of organic
amendments on plant growth in due its
effect on soil fertility especially its
content of available macro and micro-
nutrients. The obtained results denoted
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that the influence of compost addition on
promoting plant growth excelled that of
biochar one (Table, 5). These findings
may be attributed to the chemical
composition of the two organic
amendments (Table, 1) and its effect on
soil properties (Table, 2). El-Khamisy
(2017) and Hessen (2019) reported similar
results in agreement with the obtained
results.
Sugar beet of
heavy metals

Data in Tables (6 and 7) appeared that,
increasing rate of added compost and
biochar significantly increased the
determined heavy metals (Mn, Zn, Cu, Co,
Cd, Ni and Pb) content of roots and
shoots of sugar beet plants. The rate of
these increased may be cleared from RC
(%) values wherever, the incremental of
the addition of amendments ascending
the augmented of the plant content from
the determined heavy metals. The
highest of application percent magnified
that content by more than 50% compared

plants content
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to the control. These results are in
concordance with those obtained by
Heba (2003) and Mahmoud (2017).

At the same application rate of
organic amendments data in Tables (6
and 7) show that, heavy metals
determined values in the plants grown on
the soil amended by compost were
higher than that one received biochar.
This trend was in similar with both roots
and shoots. The superior increase effect
of compost applications on Cu and Zn
uptake by sunflower plants compared
with that associated the treatment of
biochar pointed by Mahmoud (2017).

Regarding the distribution of the high
absorbed heavy metals within roots and
shoots of sugar beet plants grown on the
polluted soil, data in Tables (6 and 7)
show a high shoots uptake of the
determined heavy metals compared with
those absorbed by roots at the same
treatments of the tested organic

amendments. They may be imputed to
the higher fresh weights of shoots than
that of roots by more than double fold
(Table, 5). These results means that,
sugar beet plants may be used as a good
plant to remediation for the heavy metals
from the polluted soils especially this
accumulation occurred mainly in the
shoots.

Sugar beet (roots or shoots) plants
content (mg plant™) of the determined
heavy metals at the same treatment of
soil organic amendments varied widely
from metal to another depending on the
initial content of each metal in the soil as
well as solubility affected by the soil
treatments. The highest uptake was
found with Pb followed by Fe, but the
lowest one was found with Cd. Nearly
this trend was found with roots and
shoots with different treatments of
organic amendments.

Table (5): Fresh and dry weights (g pot™) of sugar beet plants (shoots and roots) grown
on the studied soil as affected by organic amendments applications (OA).

Added (OA) Fresh weights Dry weights
Rate Roots Shoots Roots Shoots
Source (%)
g pot'1 RC% | g pot'l RC% | g pot'l RC% | g pot'1 RC%
Control 0.0 90.10 205.50 26.25 56.90
7 0.5 107.10 | 18.87 | 230.30 | 12.07 | 30.90 | 18.52 | 62.13 9.19
S 1.0 120.15 | 33.53 | 260.50 | 26.76 | 35.15 | 33.90 | 68.75 | 20.83
g 2.0 133.30 | 47.59 | 296.16 | 44.12 | 39.11 | 48.99 | 76.13 | 33.80
o Mean | 120.18 262.32 35.05 69.00
= 0.5 98.15 8.93 | 215.25 | 4.95 28.50 6.86 59.80 5.10
‘cj 1.0 113.00 | 25.42 | 233.33 | 13.57 | 33.11 | 26.13 | 63.60 | 11.78
= 2.0 120.20 | 33.45 | 268.70 | 31.01 | 33.60 | 35.62 | 70.75 | 24.34
@ Mean | 110.45 239.59 32.25 64.72
L.S.D at 0.05
a 1.190 2.590 0.345 0.689
b 1.457 3.172 0.422 0.844
a*b | 1.878 4.089 0.544 1.88

RC: relative change
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Table 6
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Table 7
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CONCLUSIONS

Data of this study concluded the high
importance and beneficial effects of
organic amendments such as compost
and biochar on enhancing the uptake of
the determined heavy metals. This
tremendous uptake by plants shoots and
roots may be taking the consideration the
importance of sugar beet plants in
removing heavy metals from the saoil,
consequently it may be considered as a
phytoremediated of the contaminated
soils.
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Table (6). Sugar beet (shoots and roots) content (mg pot™) of biogenic heavy metals in the studied soil as affected by organic

amendments applications (OA)

Added OA Fe Mn Zn Cu
Shoots Roots Shoots Roots Shoots Roots Shoots Roots
Source Rate
pot (%) pot (%) pot (%) pot (%) pot (%) pot (%) pot (%) pot (%)
Control 0.0 20.8 8.3 22.7 8.8 11.7 4.7 7.4 2.8
= 0.5 235 | 13.0| 10.1 | 21.7 | 254 | 119 | 108 | 22.7 | 13.1 | 120 | 5.8 234 | 84 13.5 3.4 21.4
é 1.0 26.8 | 28.8 | 12.3 | 48.2 | 29.2 | 28,6 | 129 | 46.6 | 15.6 | 33.0 70 | 48.9 | 10.3 | 39.2 3.7 | 32.1
% 2.0 322 | 548 | 149 | 795 | 344 | 515 | 16.0 | 81.8 | 18.7 | 59.8 | 8.8 87.2 | 126 | 70.3 54 | 929
O
Mean | 27.5 12.4 29.7 13.2 15.8 7.2 10.4 4.2
0.5 115 | 115 | 9.8 181 | 25.2 | 11.0 | 105 | 193 | 133 | 13.8 | 5.5 170 | 8.6 16.2 3.3 17.9
s 1.0 269 | 269 | 12.3 | 48.2 | 285 | 25,6 | 12.6 | 43.2 | 15.2 | 29.9 6.9 | 46.8 | 10.2 | 378 | 43 | 53.6
o
-ﬂ%’ 2.0 56.3 | 56.3 | 134 | 614 | 34.1 | 50.2 | 144 | 63.6 | 185 | 58.1 | 8.0 70.2 | 12.7 | 72.6 5.2 | 85.7
Mean | 31.6 11.8 39.3 12.5 15.7 6.8 10.5 4.3
L.S.D at 0.5 a | 0.284 0.126 0.305 0.134 0.163 0.073 0.109 0.044
b| 0.348 0.154 0.374 0.164 0.200 0.089 0.133 0.054
a*b| 0.449 0.199 0.481 0.211 0.258 0.115 0.172 0.070

RC: relative change

* JO uolelpawsalolAyd Buloueyua ul Jeyosolq pue 1sodwod Buizijnn



0T¢

Table (7). Sugar beet (shoots and roots) content (mg pot™) of non-biogenic heavy metals in the studied soil as affected by organic
amendments application (OA)

Added OA Co Cd Ni Pb
Shoots Roots Shoots Roots Shoots Roots Shoots Roots
Source Rate
pot (%) pot (%) pot (%) pot (%) pot (%) pot (%) pot (%) pot (%)
Control 0.0 2.46 1.05 0.34 0.11 2.28 0.85 11.12 4.22
= 0.5 285 | 159 | 1.25 | 19.1 | 042 | 235 0.15 | 364 | 254 | 114 | 1.02 | 20.0 | 12.33 | 10.9 | 5.01 | 18.7
§ 1.0 3.24 | 31.7 | 1.47 | 40.0 | 0.54 | 58.8 021 | 909 | 292 | 28.1 | 1.21 | 414 | 16.18 | 455 | 582 | 39.1
% 2.0 3.83 | 55.7 | 1.71 | 629 | 0.72 | 111.8 | 0.30 |172.7| 3.45 | 51.3 | 142 | 67.1| 1791 | 61.1 | 6.70 | 58.8
(@)
Mean | 3.31 1.48 0.56 0.22 2.97 1.22 15.47 5.84
0.5 278 | 13.0 | 1.17 | 114 | 045 | 324 0.16 | 45,5 | 2.48 8.8 0.96 | 129 | 12.35 | 11.1 | 466 | 104
e 1.0 3.10 | 26.0 | 1.42 | 35.2 | 0.57 | 67.7 0.23 |109.1| 2.79 | 22.4 | 1.18 | 38.8 | 14.13 | 27.1 | 553 | 31.0
(&)
'c% 2.0 399 | 62.2 | 152 | 448 | 0.79 | 1324 | 0.31 |181.8| 3.33 | 46.1 | 1.29 | 518 | 1751 | 575 | 6.24 | 47.9
Mean | 3.29 1.37 0.60 0.23 2.87 1.14 14.66 5.48
L.S.D at 0.5a 0.034 0.015 0.006 0.0024 0.030 0.012 0.157 0.059
b|0.042 0.018 0.008 0.0030 0.037 0.015 0.192 0.072
a*b | 0.054 0.023 0.010 0.0038 0.048 0.019 0.247 0.092

RC: relative change
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	البحث28 نوفمبر
	Soil Properties
	Added rate (%) (b)
	CEC
	OM
	CaCO3
	pH
	EC
	Added
	cmole/kg
	OA (a)
	RC%
	RC%
	%
	RC%
	%
	RC%
	-
	RC%
	dSm-1
	41.04
	0.80
	1.73
	7.28
	-
	0.60
	0
	Control
	1.85
	41.80
	0.00
	0.80
	0.00
	1.73
	-0.41
	7.25
	1.67
	0.61
	0.5
	3.56
	42.50
	2.15
	0.87
	1.73-
	1.70
	-1.37
	7.18
	8.33
	0.65
	1.0
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	43.42
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	-3.57
	7.02
	16.67
	0.70
	2.0
	Compost
	42.57
	0.90
	1.68
	7.14
	0.65
	Mean
	1.41
	41.62
	0.00
	0.80
	0.00
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	0
	0.60
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	5.00
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	0.62
	1.0
	2.70
	42.15
	16.25
	0.93
	-2.28
	1.71
	3.02
	7.50
	8.33
	0.65
	2.0
	Biochar
	41.79
	0.86
	1.73
	7.40
	0.62
	Mean
	L.S.D at 0.05
	0.4333
	0.0090
	0.0175
	0.074
	0.0066
	                        a
	0.5307
	0.0111
	0.0214
	0.0915
	0.0080
	                        b
	0.6839
	0.0142
	0.0276
	0.1179
	0.0104
	                        a*b
	0.689
	0.345
	2.590
	0.844
	0.422
	3.172
	1.88
	0.544
	4.089
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