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ABSTRACT: A field experiment was carried out at Experimental Farm Barrage, Horticultural
Res. Inst., Agric. Res. Center, through two successive grown seasons of 2011 and 2012 to
study the effect of partial replacement for mineral fertilizers by biogas manure on soil physical
and chemical properties and its content of available macro and micronutrients. Several
vegetative, tuber roots, yield parameters and chemical and mineral composition of sweet potato
(Ipomoea batata L.), Minufiya 6/96 cv. were determined.

The obtained data showed that:-

The increase of added biogas manure was associated by decrease of soil bulk density, pH and
the content of CaCO3 and increase of soil total porosity, EC (dS m™), CEC, the content of OM
and available macro and micronutrients, except available N which increased with the increase
of added mineral nitrogen. Also, the high values of the measured vegetative, tuber roots and
yield parameters were resulted obtained from the treatment of 50 % mineral fertilizers + 50 %
biogas manure. Except tuber roots content of N and protein, the contents of total carbohydrates,
total sugar, carotein, vitamin C, P and K of tuber roots were increased with the increase of
added biogas manure.

Key words: Sweet potato, Mineral fertilizer, Biogas manure, Soil properties, Growth and yield
parameters and Chemical and mineral composition.

INTRODUCTION The amount of residues generated by

Fertilizer is one of the most important biogas  production  has  increased
inputs of increasing the productivity of crops dramatically due to worldwide interest in
(Anonymous, 1997). In order to obtain good using renewable energy. Biogas residues
yield, modern varieties of different crops originate from anaerobic degradation of
require relatively high quantity of fertilizer different types of rural and urban organic
compared to the traditional cultivars. wastes and have been proposed as organic
However, the economic condition of fertilizers because of their high content of
Egyptian farmers often does not support ammonium and other valuable macro and
them to use required quantity of fertilizers micronutrients (Abubaker, 2012).The biogas
due to its high cost. On the other hand, the is a good source of plant nutrients and way
organic matter content of most soils of Egypt improving the physical, chemical and
is very low (0.2 — 1.8 %) as compared to biological soil properties. The physical soll
desired (2.5 % and above) levels (Balba, properties  mainly  constitute  texture,
1995 and Alaam, 2001). Therefore, it structure, porosity, bulk density and water
becomes an immense need to formulate an holding capacity, which in turn control the
optimum fertilizer recommendation that oxygen availability and soil drainage
would produce satisfactory yields and would capacity (Marinari et al., 2000 ; Grag et al.,
maintain soil health to ensure sustainable 2005 and Odlare et al., 2011). The common
crop production. One of the alternatives to chemical soil properties are pH, salinity
economize the use of mineral fertilizer is to (EC), cation exchange capacity (CEC),
incorporate crop residues or farmyard organic matter (OM) and C/N ratio were
manure in combination with mineral clearly affected by biogas manure additives
fertilizers (Sarker et al., 1996 and Hati et al., (Lehmann et al., 2003 and Darilek et al.,
2007). 2009). There, any change in these

properties can cause a direct or indirect
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effect on the soil microorganisms. Some
microbial activities, such as nitrification, are
particularly sensitive to changes in soil
properties, which make them suitable as
indicators of disturbance in the soil system
(Dick, 1992 and Ciarlo et al., 2007). But also
presents challenges, as the beneficial
effects of these material may be
accompanied by risks to both the soil and
the environment due to contaminants
(Albihn, 2002 and Bationo et al., 2007).

Sweet potato (Ipomoea batata L.) is
considered the sixth most important food
crops in the world (Morrison et al., 1993). It
is widely grown in many countries and
produces a considerable yield under a wide
range of environments. It is also considered
the dominant food crop in the tropical and
subtropical countries. On the world scale,
sweet potato provides significant amounts of
energy and protein; it contains
carbohydrates, protein, vitamin C, carotene
and some minerals nutrient. Its production
efficiency of edible energy and protein is out
— standing in the developing world (Salem et
al., 2009). Sweet potato comes the 8" of
important developing world crops in terms of
the quality of energy per hectare per day
which they can produce. Sweet potato also
has higher energy than the cereals. The
average energy output/input rations for rice
and sweet potato on Fijian farms were 17:1
and 60:1, respectively (Woolfe, 1992).

This study was carried out to evaluate

the effect of partial replacement of mineral
fertilization by organic fertilizers (biogas) on

soil physical and chemical properties and its
content  of available macro and
micronutrients. Also, this effect on some
vegetative, tuber roots and yield parameters
and chemical and mineral composition of
sweet potato was studied

MATERIALS AND METHODS

A field experiment was carried out
through two successive grown seasons of
2011 and 2012 at Experimental Farm,
Barrage, Horticultural Research Inst., Agric.
Res. Center, to study the effect of partial
replacement of mineral fertilizers (N, P and
K) by biogas manure on alluvial soll
properties and its content of available
nutrients and sweet potato (Ipomoea batata
L.), Minufiya 6/96 cv. growth, productivity
and quality. Before planting, surface (0-30
cm) soil samples were taken from the
studied soil, air — dried, ground, good mixed,
sieved through a 2 mm sieve and analyzed
for some physical and chemical properties
and its content of available macro — and
micronutrients according to the methods
described by Cottenie et al. (1982) ; Page et
al. (1982) and Kim (1996). The obtained
data were recorded in Table (1). The used

biogas manure was obtained from the
"Biogas Training Center", at Moshtohor
Village Qalyubia Governorate. Chemical

analysis of this biogas manure was carried
out according to the methods described by
Page et al. (1982) and the obtained data
were recorded in Table (2).

Table (1). Physical and chemical properties and the content of available macro - and
micronutrients of the studied soil.

-9 Particles size distribution (%) Bulk Total Field
c O - Textural ) . .
25 Coarse Fine Silt Cla rade densng/ porosity capacity
28 | sand sand y 9 (Mg/m®) (%) (%)
e s 7.90 13.90 33.20 43.00 Clayey 131 50.06 40.50
pH EC Soluble cations Soluble anions
T _cqn_) 125 (soil (meg/l) (meg/l) oM CEC CaCo3
E = soil : Ext) . . " " ] ] o | () cmol (%)
o o | water ds rﬁ'l Na K Ca Mg Cl HCO3 | SO4 /kg
5 S |susp.
750 | 059 255|061 | 153 | 1.21 | 3.72 | 043 175 | 192 | 4180 | 250
% %) Macronutrients (mg/kg) Micronutrients (mg/kg)
c
=2 N P K Fe Mn Zn Cu
z2 56.80 5.95 682 3.52 4.87 1.86 0.77
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Table (2). Some chemical characters of the biogas manure used.

: Total

pH EC (1:5) ° _a oM oC Total CIN Total
(1:5) extract solid o o N (% i B (%
susp. (ds m—l) (%) (%) (%) (%) ratio (%)
6.50 2.80 13.30 50.00 29.07 1.50 19.38 0.83
Total Total Micronutrients (mg/kg) Moisture
K (%) S (%) Fe Mn Zn Cu content (%)
0.89 0.11 556 264 103 33 235

This experiment including six treatments.
The studied treatments and the used
mineral (N, P and K) fertilizers and biogas
manure and their application rates were
listed in Table (3). The recommended doses
of N, P and K for sweet potato plants
according to Ministry of Agriculture, Egypt
were 40 kg N, 46.5 kg P,Os and 100 kg
K,O per feddan as ammonium nitrate (33.5
% N), ordinary super phosphate (15.5 %
P,0s5) and potassium sulphate (48 % K,0),
respectively.

The studied treatments were distributed
through the experimental plots in a
randomized complete block design with
three dispersed replications. The area of
each experimental plot was 12 m? (4 m
length x 3 m width) divided into fifth lines
with 60 cm width. The used variety of sweet
potato in this study was Minufiya 6/96. Vine
of sweet potato was transplanted in lines at
the spacing of 60 cm x 30 cm. Vines of
terminal and semi—matured portions were
used for trans planting. The cutting was
about 15 cm in length with 5-6 nodes. One
weeding was done at 30 days after
transplanting. All applications of biogas and
ordinary super phosphate and half of added
other mineral fertilizers were applied at final
land preparation. Remaining the mineral
fertilizers was added in two equal doses at
35 and 60 days after transplanting. The
harvest was done at full maturity (about 145
days after transplanting).

Plant samples (5 plants) were randomly
selected after 130 days from transplanting.
The following characters were determined;
plant height (cm), number of branches/plant,
number of phalanges/main stem and the
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mean leaves on main stem were measured
and recorded. Before harvesting stage (after
140 days from transplanting), other plant
samples (5 plants) were taken from each
experimental plot. The stems of each
selected plant were separated from the
tubers. The yield (kg/plant) of the stem was
weighted. Some parameters such as
number of tuber roots/plant, tuber length and
diameter (cm) and weight of each tuber
roots (gm) were measured. Other total yield
of tuber roots weight (kg/plant and
ton/feddan) and tuber roots dry yield as a
percent (%) of fresh yield (ton/feddan) were
estimated.

After sweet potato plants harvesting, soil
sample (0—-30 cm) was taken from each
experimental plot and prepared for the
studied determinations as described with the
initial soil sample (Cottenie et al.,, 1982;
Page et al., 1982 and Kim, 1996).

At the harvest, the tuber roots samples
were collected, washed, air - dried, oven —
dried at 70°C for 72 hrs, weighted, ground
and used to determine the content of total
soluble sugars and total carbohydrates
which determined calorimetrically using the
phenol sulfuric acid method of Dubois et al.
(1956). Carotein was estimated as
described by Witham et al. (1971). The
content of vitamin C was determined
according to the methods described by (A.
O. A. C,, 1975). Finally, the content of some
macro and micronutrients was determined in
tuber roots digestion using the methods
described by Jackson (1973); Cottenie et al.
(1982) and Page et al. (1982). Content of
protein (%) obtained by multiple the content
of N (%) by 5.75 (A.O.A.C., 1985).



Mohamad and Tantawy

Table (3). The studied treatments and application

rates of the

used biogas and mineral

fertilizers.
0

2 Ratio of the used fertilizer S ~ Nitrogen | Phosphorus | Potassium

g % E application | application | application

E (%) (%) = (N) (P205) (K20)

1 0 0 0 0 0

2 100 0 40 60 96

3 75 25 0.7 30 45 72

4 50 50 14 20 30 48

5 25 75 21 10 15 24

6 0 100 2.8 0 0

All obtained data from this study were the mineral soil ones and (2) organic

statistically analysis with the help of substances facilitate soil aggregation,

COSTAT - C program, and least significant
difference (LSD) at 0.05 probability level to
make comparisons among treatment means
according to Duncan (1996).

RESULTS AND DISCUSSION
1- Soil Properties:-

A- Bulk density and
porosity.

The presented data in Table (4) showed
that the soil bulk density (mg/m®) as affected
by the studied treatments was decreased
with the increase of added biogas, but its
unaffected by individual application of
mineral fertilizers. The relative change
values (RC, %) of bulk density were
negative with the different treatments of
biogas where these value ranged between —
1.53 and — 5.34 % compared with control
treatment. On the other hand, and with
different treatments of biogas, the values of
total porosity were increased, where the
percentage (RC, %) of these increases
ranged from 1.48 to 5.22 % compared with
unfertilized soil. The individual treatment of
mineral fertilizers had no effect on the total
porosity. Reduction of the soil bulk density
and the increase in total porosity as the
results of organic manures (biogas)
application may be referred to one or both of
the two following reasons, (1) density of
organic particles is lower than that those of

total
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thereby increasing soil porosity or reducing
the bulk density. In this respect Marinari et
al. (2000); Grag et al. (2005); El-Sedfy
(2008); El-Shouny et al. (2008) and
Mohamad (2009), they found that presence
of organic matter in soil acts as cementing
materials, thus both flocculation and
cementation help in aggregate formation
and increasing void ratio.

B- Soil reaction and salinity.

Regarding the effect of the studied
treatments on soil pH recorded in Table (4),
it could be noticed that, slight and
insignificant decrease in soil pH occurred
after addition of biogas manure, due to the
buffering capacity of soil controlling the
effect of organic acids produced as
metabolites  through  decomposition  of
organic matter, as well as, such metabolites
are further broken down in soil. All
calculated values of relative change (RC, %)
were negative where it's increased
negatively with the increase of added biogas
manure. These values ranged between —
0.27 and — 1.60 % compared with the
untreated soil. Liberation of H" as result of
biodegradation of organic manures leads to
the formation of carbonic acid (H2CO3)
which enhances the dissolution of insoluble
compounds in soil. These findings are in
agreement with those reported by Hati et al.
(2007) and Odlare et al. (2011).
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Also, the data in Table (4) show slight
and insignificant increase of soil salinity
measured as EC (dS m 'l) as a result of the
studied treatments, where the occurred
increase was higher with the high additives
of biogas manure. The calculated values of
RC (%) for EC were ranged between 1.72
and 20.69 % compared with the control
treatment. These increases were resulted
from the dissolving effect of organic
manures decomposition products specially
H" for some insoluble compounds such as
gypsum, calcium carbonate and others.
Mohamad (2009) and Odlare et al. (2011)
obtained on similar results.

C- Organic matter (OM).

The presented data in Table (4) showed
that, except the treatments number 2 and 3,
the soil content (%) of OM was increased
with the increase of added biogas. The
calculated RC (%) of OM varied from — 2.63

% with the treatment of 100 % mineral
fertilizers to 7.89 % with 100 % biogas
additives compared with the control

treatment. The negative RC value of OM
content in the mineral fertilizers treatment
was resulted  from the occurred
decomposition of soil organic matter. Odlare
et al. (2011) and Abou Hussien et al. (2012)
obtained on similar results with many types
of organic manures under different soll
conditions.

D- Cation

(CEC).
The studied fertilization treatments have
a positive effect on soil CEC (cmol/kg),
except the treatment of 100 % mineral
fertilizers, where its increased from 42.10 to
43.25 cmol/kg corresponding RC values of
0.72 and 3.47 % over the control and
unmanured soil. These findings were
resulted from the high CEC of organic
particles compared with that of mineral
particles. Similar findings were reported by
Mohamad (2009) and Abou Hussien et al.
(2012).

E- Calcium carbonate (CaCO3).
Concerning the effect of the studied
treatments on soil content (%) of CaCO3 it
can be noticed that, the treatment of 100 %
mineral fertilizers not have any effect on the

exchange capacity
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soil content of CaCO3 (Table, 4), where RC
value calculated for this treatment was 0.0
%. On the other hand, biogas manure
additives resulted in a decrease of CaCO3
content, where the found decrease was
increased at high rates of added biogas. The
values of RC for CaCO3 (%) ranged from
0.00 to — 8.00 % compared with unfertilized
soil. This decrease due to the dissolving
effect of organic matter and its
decomposition products specially H* and
H2CO3 for CaCOa3. In this respect, Sarker et
al. (1996) and Bationo et al. (2007) obtained
on similar results.

2- Soil Content of Available

Nutrients:-

A- Available macronutrients.

The presented data in Table (5) show the
soil content (mg/kg) of available N, P and K
affected by the studied treatments. With the
treatment of 100 % mineral fertilizers, the
soil contents (mg/kg) of available P and K
were decreased, where RC values for there
nutrients were — 3.45 and — 1.48 compared
with unfertilized soil, respectively. These
decreases due to high amounts absorbed
from these nutrients added in mineral or
soluble form by plants and also other
amounts leached to deeper layers of solil
profile or transferred into unavailable forms.
On the other hand, the same treatment was
resulted in an increase of available N by
5.05 % over the control treatment. Biogas
manure additives were associated by
increase of soil content of available N, P and
K, except at 25 % biogas manure treatment
with both P and K. So, RC values for the
content of available N, P and K in the soil
treated by biogas manure were positive and
ranged from 6.49 to 12.61 %, — 0.86 to 3.97
% and — 0.74 to 3.70 % for N, P and K in the
biogas manure treatments compared with
unfertilized soil, respectively. The content of
available N have a high value of RC (%)
compared with P and K at different biogas
manure treatments. This may be resulted
from the high content of N in the biogas
manure compared with either of P or K
(Table, 2). These findings are in agreement
with those obtained by Lehmann et al.
(2003); Darilek et al. (2009) and Abubaker

(2012) under different soil conditions
manure by different types of organic
manures.
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B- Available micronutrients.

The soil content (mg/kg) of available Fe,
Mn, Zn and Cu as affected by the studied
treatments which recorded in Table (5) show
that, with the treatments number 2 and 3
(100 and 75 % mineral fertilizers + 25 %
biogas manure), the soil contents of the
determined micronutrients were decreased.
So, the values of RC for these
micronutrients at the treatments 2 and 3
were negative. On the other hand, the soll
contents of Fe, Mn, Zn and Cu in the
treatments number 4, 5 and 6 (50, 75 and
100 % biogas manure) were increased by
different rates varied from nutrient to another
compared to the control treatment. The RC
values for the content of Fe, Mn, Zn and Cu
with the treatments number 4, 5 and 6 were
ranged from 1.47 to 12.35, 2.11 to 7.37,
2.75 to 11.54 and 5.00 to 17.50 % over the
control treatment, respectively. The increase
effect of biogas manure on the soil content
of available micronutrients was attributed to
biogas manure considered as a good source
for such these nutrients and this manure
play a major role in the improve solil
properties specially its effect on the
decrease of soil pH. These findings are in
agreement with those obtained by El-
Shouny et al. (2008) and Abubaker (2012)
under different soil conditions manure by
different manures types.

3-

Sweet Potato Growth and

Yield:-

A- Vegetative growth parameters.

The presented data in Table (6) show
some vegetative growth parameters of
sweet potato and its relative change (RC, %)
affected by the studied treatments. All
vegetative growth parameters under study
greater and wide affected by the fertilization
treatments under study. These parameters
were increased as a result of the
experimental treatments. The high value of
the fourth vegetative growth parameters
were resulted from the treatment number 4
(50 % mineral fertilizers + 50 % biogas
manure). All calculated values of RC for the
measured vegetative growth parameters
were positive, where these values were
ranged from 8.33 to 100.00, 3.95 to 34.48,
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10.56 to 38.92 and 25.87 to 100.70 % for
number of branches/plant, stem length (cm),
number of nodes/main stem and mean
leaves on main stem with the treatments
number 2 and 4 over the control treatment,
respectively. The high response for the
studied fertilization treatments was found
with mean leaves on main stem followed by
number of branches/plant and the lowest
response was found with stem length (cm).
This positive effect was resulted from the
effect of added fertilizers on the improve soll
properties and increase its content of
available macro and micronutrients. Similar
results were obtained by Sarker et al. (1996)
and Ali et al. (2009).

B- Tuber roots parameters.
Regarding to the effect of the studied
fertilization treatments on some tuber roots
parameters of sweet potato recorded in
Table (7), it may be noticed that, the
measured tuber roots parameters. i. e.
number of tuber roots/plant, tuber roots
length (cm), tuber root diameter (cm) and
weight of tuber root (gm) were increased
significantly with all fertilization treatments
under study. The high values of these four
parameters were associated the treatment
number 4 (50 % mineral fertilizers + 50 %
biogas manure). Generally, increasing
biogas manure additive resulted in more
increase of the tuber roots parameters
compared with that associated the increase
of added mineral fertilizers. These increases
were resulted from the enhancement of
added fertilizers on plant growth and
increase the activity of enzymatic activity
and metabolize processes. All values of RC
(%) calculated for the estimated tuber roots
parameters were positive. The RC values for
number of tuber roots/plant, tuber roots
length, tuber root diameter and weight of
tuber root ranged from 40.24 to 130.33, 8.96
to 23.11, 7.14 to 40.48 and 3.12 to 45.30 %
over the control treatment, respectively. The
high values of RC were associated the
treatment number 4 (50 % mineral fertilizers
+ 50 % biogas manure) and the lowest ones
were resulted from the treatment number 2
(100 % mineral fertilizers), except the control
treatment. Also, the calculated RC values
show that, the high response for the
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measured tuber roots parameters to the
studied fertilization treatment was found with
number of tuber roots/plant, followed by

tuber roots length and the lowest one was

recorded with weight of each tuber roots.
Sarker et al. (1996) and Ali et al. (2009)
obtained on similar results.

Table (6). Some vegetative growth parameters of sweet potato affected by the studied
fertilization treatments and its relative change (RC) as a percent (%) of control
data as mean values of two grown seasons.

2 Number of Stem length Number of Mean leaves on

E branches/plant (cm) nodes/main stem main stem

E No. | RC (%) | (cm) | RC (%) No. RC (%) | No. | RC (%)

1 12 210.00 34.67 14.30

2 13 8.33 218.30 3.95 38.33 10.56 18.00 25.87

3 18 50.00 | 236.60 | 12.67 43.00 24.03 | 21.30 | 48.95

4 24 100.00 | 282.40 | 34.48 49.33 38.92 28.70 | 100.70

5 20 66.67 | 254.00 | 20.95 47.67 37.50 26.70 86.71

6 19 58.33 | 246.70 | 17.48 46.67 34.61 | 23.00 | 60.84
LSD at 5% 1.747 9.029 3.002 2.065

level

Table (7). Some tuber roots parameters of sweet potato affected by the studied
fertilization treatments and its relative change (RC) as a percent (%) of control
data as mean values of two grown seasons.

%) Number of tuber | Average of tuber | Average of tuber Average weight

E roots/plant. root length root diameter of tuber root

=

. No |y |l | gy | em | g | Em | g

1 3.33 21.20 4.20 426.70

2 4.67 40.24 23.10 8.96 4.50 7.14 440.00 3.12

3 5.33 60.06 23.30 9.91 4.80 14.29 | 470.00 | 10.15

4 7.67 130.33 26.10 23.11 5.90 40.48 620.00 | 45.30

5 7.00 110.21 | 25.40 19.81 5.30 26.19 | 573.30 | 34.36

6 5.67 70.27 24.30 14.62 5.30 26.19 566.70 | 32.81
Ls?ef,l;s % 0.6354 0.3639 0.1286 16.4300
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C- Sweet potato (straw and tuber

roots) yield.

The determined sweet potato yield
parameters recorded in Table (8) appeared
a wide variations in their affected by
fertilization treatments under study (Table,
8). For example, the high straw yield
(kg/plant) was associated to the treatment
number 4 (50 % mineral fertilizers + 50 %
biogas manure), where the high dry yield of
tuber roots as a percentage (%) of fresh
weight was resulted from the treatment
number 6 (100 % biogas manure). The yield
of fresh tuber roots/plant and its response to
fertilization treatments under study were
lower than those for straw fresh vyield
(kg/plant). This trend was more clearly in the
treatments having high application percent
of mineral fertilizers. Also this trend means
that, biogas manure additives were
associated by increase of tuber roots yield
and also increased the dry yield of tuber
roots as a percent (%) of fresh weight.
Except the dry yield of tuber roots, the high
yields of other parameters were found with
the fertilization treatment number 4 (50 %
mineral fertilizers + 50 % biogas manure).
The values of RC (%) of the determined five
yield parameters as affected by fertilization
treatments under study were positive. At the
same fertilization treatments and according
to the RC (%) values, the determined vyield
parameters take the order : straw fresh yield
(kg/plant) > biologically yield (kg/plant) >
tuber roots fresh yield (ton/feddan) > tuber
roots fresh yield (kg/plant) > tuber roots dry
yield as a percent (%) of fresh yield. These
findings are in agreement with those
obtained by Woolfe (1992) and Ali et al.
(2009).

D- Chemical composition of tuber

roots.

The tuber roots content of total
carbohydrates (%), total sugar (%), carotein
(mg/100g) and vitamin C (mg/100g) present in
Table (9) reveals that, these four
determinations were increased significantly
as resulted for fertilization treatments under
study, where the high contents of these
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determinations were resulted from the
treatment number 6, except the content of total
carbohydrates. Also, these determinations
were more response for biogas manure
additives than those of mineral fertilizers
applications. This trend was attributed to the
improve effect of added biogas manure on
soil properties and increased nutrients
availability associated with high uptake of
these nutrients. So, all values of RC (%) for
these four determinations were positive. The
high values of RC for the contents of total
sugar, carotein and vitamin C were recorded
with the treatment of 100 % biogas manure,
except that of the content of total
carbohydrates which was found with the
treatment of 50 % mineral fertilizers + 50 %
biogas manure. Also, the calculated values
of RC reveal that, the content of total sugar
followed by the content of vitamin C
appeared high response to biogas manure
additives and the lowest response was

found with the content of total
carbohydrates. The data in this respect
show that, biogas manure additives

improved the tuber roots quality. These
findings are in agreement with those
obtained by Woolfe (1992) and Ali et al.
(2009).

E- Mineral composition of tuber

roots.

The presented data in Table (10) show
the tuber roots content (%) of N, P, K and
protein and their relative changes (RC, %)
affected by the fertilization treatments under
evaluation: These data show that, the high
contents (%) of both N and protein and their
RC (%) were associated the treatment
number 2 (100 % mineral fertilizers) which
attributed to the high available amounts of N
and its uptake by plant with this treatment.
On the other hand, the high contents of P
and K and their RC (%) were resulted from
the treatment number 6 (100 % biogas
manure), where this treatment resulted in an
increase of P and K availability. Similar
results were obtained by Sarker et al. (1996)
and Ali et al. (2009).
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Table (8). Yield parameters of straw and tuber roots of sweet potato affected by the
studied treatments and its relative change (RC %) of control data as mean

values of two grown seasons.
12 Total yield of Biological Total yield of
S SE‘(\;\; f{:ﬁ? tuber roots/plant fresh tuber roots/ Tlé?er iré)l(éts
£ yieldip (kg.) yield/plant (kg) | feddan (ton) Yy
o RC RC RC RC 0 RC
= (kg) (%) (kg) (%) (ka) (%) (ton) (%) (%) (%)
1 0.60 1.15 1.75 10.25 22.30
2 157 |161.67 | 1.28 | 11.30 | 2.85 | 62.86 | 19.59 | 91.12 |25.30| 13.45
3 1.68 {180.00 | 1.37 | 19.13 | 3.05 | 74.29 | 20.55 |100.49 [26.25| 17.71
4 3.30 | 450.00 | 2.28 | 98.26 | 5.58 | 218.86 | 26.05 | 154.15 [ 28.75| 28.92
5 2.35 {291.67| 1.60 | 39.13 | 3.95 |125.71 | 22.13 | 115.90 [30.11| 35.02
6 2.30 |283.33| 1.47 | 27.83 | 3.77 | 115.43 | 20.75 | 102.44 | 32.75| 46.86
LSD at 5 0.115 0.081 0.100 0.141 0.115
% level

Table (9). Chemical composition of sweet potato tuber roots as affected by the studied
fertilization treatments and its relative change (RC %) of control data as mean
values of the two grown seasons.

Carotein content

Vitamin C content

2]
1= Total o
g carbohydrate % Total sugar % mg/%,\(/JeOigghiresh mg/\}v()e(i)ggr;1 f*resh
©
3] RC RC RC RC
= (%) (%) (%) (%) (mg) (%) (mg) (%)
1 70.43 242 8.41 26.50
2 77.50 | 10.04 2.85 17.77 | 12.03 | 43.04 31.85 20.19
3 80.23 | 13.91 3.70 52.89 | 13.34 | 58.60 33.67 27.06
4 86.40 | 22.67 3.90 61.16 | 16.70 | 98.60 38.13 43.89
5 84.75 | 20.33 4.70 94.21 | 18.30 | 117.60 39.50 49.06
6 82.18 | 16.68 4.80 98.35 | 20.14 | 139.50 | 40.40 52.45
0,
LSDAS% | 0.9312 1.3160 1.612 0.8357

* Based on fresh weight

Table (10). Nitrogen, P, K and protein content of sweet potato tuber roots as affected by
the studied fertilization treatments and its relative change (RC) as a percent

(%) of control data as mean values of the two grown seasons.

%]
= N. P K Protein
£
© o RC o RC o RC o RC
2 O e | e | e | B9
1 0.85 0.65 2.10 4.89
2 2.80 229.41 | 0.72 10.77 2.75 30.95 16.10 | 229.24
3 2.15 152.94 | 0.77 18.46 2.85 35.71 12.36 | 152.76
4 2.15 152.94 | 0.79 21.54 2.99 42.38 | 12.36 | 152.76
5 2.08 14471 | 0.84 29.23 3.18 51.43 11.96 | 144.58
6 2.04 140.00 | 0.87 33.85 3.40 61.90 11.73 | 139.88
0
LSIIDeste;s % 0.1522 0.0182 0.0814 0.8416
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CONCLUSION

Based on the obtained results and its
discussion may be concluded that, biogas
manure has good beneficial effects on soil
physical and chemical properties and its
content of available nutrients compared with
mineral fertilizers. Sweet potato growth,
yield and quality appeared high response to
fertilization treatments, where the response
to biogas manure additives was higher than
that associated the mineral fertilization.
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Table (4): Effect of the studied treatments on some physical and chemical properties of soil and its relative change (RC* %) of
control data (mean values in the two grown seasons).

Bulk density Total porosity PH, 1: 2.5 (soll EC (soil extract) O.M. CEC CaCO;
water) susp.
Treatments
mg/m3 RC (%) % RC (%) pH RC (%) | dS/m | RC (%) | % | RC (%) | Cmol | RC (%) % RC (%)
1 1.31 50.57 7.50 0.58 1.90 41.80 2.50
2 1.31 0.00 50.27 0.00 7.48 -0.27 0.59 1.72 1.85| -2.63 41.80 0.00 2.50 0.00
3 1.29 -1.53 | 51.32 1.48 7.47 -0.40 0.61 5.17 1.90 0.00 42.10 0.72 2.46 -1.60
4 1.26 -3.82 | 52.45 3.72 7.45 -0.67 0.64 10.34 | 1.95 2.63 42.62 1.96 2.40 -4.00
5 1.25 -458 | 52.83 4.47 7.40 -1.33 0.66 13.79 | 1.98 4.21 42.95 2.75 2.35 -6.00
6 1.24 -5.34 | 53.21 5.22 7.38 -1.60 0.70 20.69 | 2.05 7.89 43.25 3.47 2.30 -8.00
LS.Dat5 0.02 0.06 0.018 0.019 0.02 0.0117 0.021
% level
the values of treated soil — the value of untreated soil
RC* (%) = x 100

The value of the untreated soil
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Table (5): Effect of the studied treatments on the soil content (mg/kg) of available macro and micronutrients and its relative

change (RC %) of control data (mean values in the two grown seasons).

Available macronutrients Available micronutrients
Treatments N P K Fe Mn Zn Cu
mg/kg |RC (%)| mg/kg |RC (%) | mg/kg | RC (%) | mg/kg |RC (%) | mg/kg |RC (%) | mg/kg |RC (%) | mg/kg |RC (%)
1 55.50 5.80 675.00 3.40 4.75 1.82 0.80
2 58.30 | 5.05 | 5.60 | -3.45 |665.00| -1.48 | 3.20 | -5.88 | 450 | -5.26 | 1.65 | -9.34 | 0.72 |-10.00
3 59.10 | 6.49 | 575 | -0.86 |670.00| -0.74 | 3.28 | -353 | 470 | -1.05 | 1.78 | -2.20 | 0.75 | -6.25
4 60.42 | 8.86 5.90 1.72 |682.00| 1.04 3.45 1.47 4.85 211 1.87 2.75 0.84 5.00
5 61.10 | 10.18 | 5.98 | 3.10 [695.00| 2.96 3.70 | 882 | 5.03 5.89 1.95 7.14 | 0.90 | 12.50
6 62.50 | 12.61 | 6.03 | 3.97 [700.00| 3.70 3.82 | 12.35 | 5.10 737 | 203 | 1154 | 094 | 17.50
Ilg\?éllj at5% 0.1627 0.3986 4.9490 0.0575 0.0603 0.0182 0.0199
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