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4- Results and Discussion

Discussion of results obtained in this investigation is dealing .
principally, with the characterization of soils . organic residues and the
seperated humic and fulvic acids. The effects of organic residues and /or
mineral fertilizers on soil nutrients availability. plant growth and utilization

of such nutrients .

4.1 Characterization of the materials under study

4.1.1 Characterization of the tested soils

Data in Table (1) may gve indicative signs for characterizing the
two tested soils as claimed in the following :

Soil No.l which was collected from Meet Kenana contains about
88.08 sand, and so it is denoted as (sandy soil) . This soils is nonsaline 1.e
normal as it is of EC value less than 4 (3.6 dsm™) . However, the electric
conductivity of this soil is higher than that of the clavey textured one
(2.6 dsm™) . Soil No. 2 which obtained from Moshtohor contains higher
amount of the clay fraction (57.58%) and is ranked as clay textured soil, it
is denoted by the clay soil through this text . Both soils are relatively of
low CaCO; contents . Analysis revealed clearly that the clayey soil is
characterized with higher contents of organic matter, total N, moisture at
the field capacity and DTPA - extractable nutrients (Fe.Mn ,Zn and Cu) ,
also 1ts exchange capacity is very much surpassing that of the sandy soil .

4.1.2 Characterization of the tested manures

The tested manures are originated from biogas residues, town
refuse, chicken litter and poudratte, thus. they are denoted bv BM, TR,
CLM and PM. respectively .
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Table (2) indicates that the total content of the macro and
micronutrients in the tested residues could be arranged descendingly in the
orders :

N © BM (2.40%) >CLM (2.00%) > PM (1.05%) > TR(0.97%) .

P : PM(1.04%)>BM (0.82%) >CLM (0.75%) >TR (0.58%).

Fe : PM(0.91%)>TR (0.83%) >CLM (0.81%) > BM (0.75%) .
Mn: TR (0.076%) >BM (0.064%) >CLM (0.038%) >PM (0.037%) .
Zn : CLM (0.15%) >PM (0.099%) >BM (0.034%) >TR(0.031%).
Cu : BM(0.11%)>PM (0.078%) >CLM (0.046%) >TR (0.007%) .

Such results indicate that the biogas manure is of the highest content
of total N whereas poudratte is of the highest P content . The town refuse
manure 1s of the highest contents of total Mn and is ranked in the 2nd
class with respect to its content of Fe . The highest levels of total Zn and

Cu are shown by chicken litter and biogas manures , respectively.

4.2. Characterization of humic acids derived from different

organic residues

In general, the humic acids may be defined as amorphous, brown to
black, hydrophilic, acidic, polydisperse substances of molecular weights
ranging from several hundreds to tens of thousands (Schnitzei and Khan,
1978) . Humic, fulvic and hymatomylanic acids as well as humin are
differing in their molecular weights and contents of functional groups .
4.2.1. Elementary analvsis of humic and fulvic acids

Elementary analysis of humic and fulvic acids (Tables 4 & 3)
provides information on their content of C. N, H, O and S as indicated
later . Fulvic acid has the higher oxygen and lower nitrogen contents as

compared with humic acid (Flaig et. al., 1975) .
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4.2.1.1. Total organic carbon

Carbon is the major element in organic structures. it is metabolized
initially in the form of carbon dioxid and it 1s converted to organic carbon
mainly through the photosynthetic activities of the higher plants and to a
lesser extent by microorganisms . About 90% of the dryv matter of plants is
composed of carbohydrate levels of varying complexities (Stevenson,
1964) .
4.2.1.1.1 Humic acids

Data show that the total organic carbon of humic acids ranges
between 49.5 and 57.5% . The greatest value of total organic carbon
content of humic acid was observed in the humic acid isolated from
poudratte manure, whereas the lowest one was observed in humic acid
derived from chicken litter manure . Such results stand in accordance with
the values reported by Schnitzer (1977), Preston and Rauthan (1982),
Preston and Blackwell (1985) and Taha (1985) . Their results reveal that
the carbon content of humic acids ranges from 44.6 to 60% . However, it
seems likely acceptable that such variations are mainly dependent on the
initial composition of decomposing organic sources and also on the level
of decomposition and accumulation of the individual components of these
manures .

4.2.1.1.2 Fulvic acids

Results show that the total carbon of fulivic acids ranges between
40.9 and 48.6% which stands in accordance with the results reported by
Abd EL-Latif (1973) and Abou- seeda (1988) who found that the carbon
content of some types of fulvic acids ranges from 41.02 to 46.9% .

The greatest value of total carbon content of fulvic acid was

observed in that isolated from biogas manure . whereas the lowest one
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Table (4 ) Elementary Composition of humic acids derived from different organic residues

Organic residues Cc N C/N H o S C/H C/O O/H N/H
% % ratio % % % ratio ratio ratio ratio

Chicken manure 49.6 51 972 4.40 39.9 1.0 11.30 1.24 9.00 1.16
Town refuse 53.0 2.2 24 4.70 38.0 2.10 11.32 1.40 8.00 0.47
Biogas manure o7:1 7.9 7.90 3.85 30.7 0.45 14.83 1.86 7.97 2.00
Poudratte 57.5 3.4 16.90 4.0C 33.1 2.00 14.40 1.73 8.30 0.85
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was observed in that derived from chicken litter manure . The other types
of fulvic acid showed intermediate values .

4.2.1.2 Total nitrogen and C/N ratio

4.2.1.2.1 Humic acids

The total N contents of humic acids tested range between 2.2 to
7.9% which agree with the findings of Preston and Blackwell (1985),
Taha (1985) and Badran (1994) who reported that N levels were in the
range of 1.9 t0 6.99% .

The highest value of total N content of humic acid was observed in
that derived from biogas manure, whereas the lowest one was observed in
humic acid originated from town refuse . The arrangement of humic acids
according to their C/N ratios agree with those of the original organic
carbon and nitrogen contents in the organic residues .

Also, the C/N ratio of humic acids originated from town refuse
exceeded greatly those obtained from biogas, chicken litter and poudratte
manures . Such results could be related to the higher carbon and relatively
lower nitrogen content of humic acids derived from town refuse compared
with the other types of the tested humic acids . The C/N ratios of the
studied humic acids differ according to the nature of the organic residues
Abd EL-Latif, (1973) and Taha (1985) El-Ghozoli (1994) .
4.2.1.2.2 Fulvic acids

The total N content of fulvic acids isolated from the different
studied manures ranges between 1.1 to 2.1 % . The highest value of total
N content of fulvic acid was obtained from chicken manure, whereas the
lowest one was observed in fulvic acid isolated from the town refuse .

These findings agree well with the findings of Abd EL-Latif (1973) and
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Table ( 5 ) Elementary composition of Fulvic acids derived from different treatments

C N C/N H o S C/H c/O O/H N/H

organic residues % % ratio % % % ratio ratio | ratio | ratio
Chicken manure 40.9 3.10. 13.2 3.30. 50.5 2.20. 12.4 0.80. 15.3 0.94
Town refuse 41.0. 2.10. 19.5 2.30. 50.8 3.8 17.8 0.81 22.1 0.91
Biogas manure 48.6 2.80. 17.4 4.30. 42.0. 2.30. 11.3 1.16 9.77 0.65
Poudratte 45.9 3.00. 15.3 4.90. 43.4 2.80. 9.37 1.06 8.86 0.61
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AboEl-Fadl (1993) who found that the N content of some fulvic acid
types ranges from 1.1 to 4.0% .

Also, the C/N ratio of fulvic acid isolated from the town refuse
(19.5) exceeded greatly than those derived from chicken litter (13.2),
poudratte (15.3) and biogas manure (17.4) . These results also stand In
accordance with the original composition of the tested residues, since the
town refuse showed the highest C/N ratio as compared with the other
residues .

4.2.1.3 Hvdrogen content and C/H ratio

4.2-1.3.1 Humic acids

The differences observed between the values of hydrogen content in
isolated humic acids are relatively small as these values range from 3.85 to
470% . These results are in accordance with those obtained by Taha
(1985) and Badran (1994) who found that the hydrogen content of some
humic acid types ranges from 2.78 t0 6.71% .

The variations among the C/H ratio of humic acids derived from the
tested sources under the different treatments are relatively small and
ranging from 11.3 to 14.8..

The C/H ratio of humic acid derived from biogas manure comprised
about 1.31 times that of chicken litter manure . Thus the obtained results
may indicate that the variations in the degree of aromatization of humic
acids derived from chicken litter manure and twon refuse are relatively
small . However, the aromatization of humic acid derived from biogas
manure exceeded that of humic acids prepared from town refuse, chicken

litter and poudratte manures .
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4.2.1.3.2 Fulvic acids

The hvdrogen content of tested fulvic acid samples ranges between
73 to 49%. which is coincided with results obtained by Sposito et
al.(1982) and Header (1987) who found that the hvdrogen content of
fulvic acids ranged from 4.60 to 4.85% .

The C/H ratio of fulvic acids originated from the town refuse (17.8)
exceeded clearly those in fulvic acids derived from poudratte (9.37).
biogas (11.3) and chicken litter manures (12.4).

The obtained results may be ascribed to that the aromatization of
fulvic acids derived from town refuse surpassed those of acids derived
from the other residues .
4.2.1.4 Total oxvgen, C/O ratio and O/H ratio
4.2.1.4.1 Humic acids

The total oxygen content of humic acids investigated, generally
fluctuated between 30.7 and 39.9%, where the greatest value occurred in
chicken litter manure humic acid . While the lowest value of O content
was observed in humic acid originated from biogas manure . Such results
indicate that humic acid originated from chicken litter manure has more
oxidized function groups as compared with those originated from the other
types of residues . These findings are in accordance with those of
Schnitzer (1977) and Preston and Rauthan (1982) who found that the
oxygen content of some types of humic acid ranges from 30 to 40 % .

The C/O ratios of humic acids originated from biogas manure
exceeded those derived from town refuse. chicken litter and poudratte
manures . Such a trend could be attributed to the relatively higher carbon
content and lower oxygen contents of humic acid derived from biogas

manure as compared with the other types of tested humic acids (Tabel 4) .
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Also, the variations through the O/H ratios of humic acids derived
from the different residues are relatively small, ranging from 7.97 t0 9.0 .
The O/H ratio of humic acid derived from chicken manure exceeded those
of humic acids derived from town refuse, biogas and poudratte manures ,
indicating a relatively more oxidation for CL - HA as compared with the
other tested HA types .
4.2.1.4.2 Fulvic acids

The total oxygen content of fulvic acids tested ranges between 42.0
to 50.8 % . The greatest value being recorded in the acid derived from
town refuse, while the lowest one was observed in biogas fulvic acid .
These results are in accordance with those obtained by Header (1987),
Abou-Seeda (1988) and Abo El-Fadl (1 993) who found that the oxygen
contents of some fulvic acid types fluctuate between 43.01 and 61.83 % .
This indicates that fulvic acid isolated from the town refuse could be of
more oxidized function groups as compared with the acids originated from
the other residues .

The C/O ratios of fulvic acid derived from the biogas manure (1.86)
exceeded those of acids obtained from the town refuse (1 .40),chicken litter
(1.24) and poudratte manures (1.73) . Such results could be related to the
higher carbon content combined with lower oxygen contents of fulvic acid
derived from biogas manure as compared with the other types of tested
fulvic acids .

Also, the O/H ratio of fulvic acid prepared from the town refuse

surpassed those of biogas, chicken litter and poudratte manures .
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4.2.1.5 N/H ratio
4.2.1.5.1 Humic acids
‘ Data reveal also that the N/H ratios of humic acids tested range
between 0.47 to 2.0 . The highest value was observed in humic acid
derived from biogas manure, whereas the lowest one was observed in
humic acid isolated from the town refuse . The N/H ratio of humic acid
derived from biogas manure is amounting to about 4.25 times that of the
town refuse . Such results could be related to the relatively higher N
content combined with lower H content of humic acid derived from biogas
manure as compared with the other types of tested humic acids .

Generally, the obtained data are in accordance with those of Abou-
Seeda (1988) and Badran (1994) who found that the N/H ratios of some
humic acid types range from 0.31 to 1.20 .
4.2.1.5.2 Fulvic acids

The variations among N/H ratios of fulvic acids derived from the
different residues are relatively small, ranging from 0.61 to 0.94 . The N/H
ratios of fulvic acids isolated from chicken litter manure exceeded those of
biogas, town refuse and poudratte manures . Generally, the obtained data
are in accordance with the findings of Abd El-Latif (1973) , Header
(1987) and Abo- El-Fadl (1993) who found that the N/H ratio of some
fulvic acid types ranges from 0.18 to 0.94 .

4.2.2. Infrared analysis of humic acid samples

Infrared spectroscopy is considered now as one of the more suitable
methods for characterizing the chemical structure of the different humic
acid substances . It can provide informations concerning the presence of

specific functional groups or other structural entities within the molecule .
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This is due to vibration of atomic groups in the substances caused by
infrared passing through them . In this investigation the optical density of
some functional groups of the prepared humic and fulvic acids samples are
calculated and presented in Tables (6 &7) and illustrated in Figs.(1 & 2).
4.2.2.1 Absorption at 3400 cm™

The infrared absorption of humic acid samples at 3400 cm-! is due
to frequency of H-bending of OH (Boyd et al. , 1980 ; Taha, 1985 and
Abou seeda, 1988) .

a) Humic acids

Data presented in Table (7) and Fig. (1) show that the values of

humic acids absorption at 3400 cm-' ranging between 0.17 and 0.64 . The
greatest intensity of infrared also at 3400 cm-' was observed in the case
of the humic acid derived from chicken litter manure, whereas the lowest
one was obtained from humic acid obtained from poudratte manure. Such
results agree well with those reported by Gomah et al (1978) and
Badran (1994) who reported that the intensities of the band at 3400 cm-
varly with the source of the humic acid .

This finding is supported by the presence of higher O/H ratio in
humic acid derived from chicken litter compared with other humic acid
types .

b) Fulvic acids

Rusults show that the values of fulvic acids absorption at 3400 cm-!
soil ranges between 0.34 and 1.0 . The absorption of fulvic acids groups
could be arranged in the following order :
town refuse F.A > biogas manure F.A > chicken manure F.A > poudratte

manure F.A . These results indicate to some extent that as the C/H ratio
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Table(6) Optical density of some Functional group of humic acids as obtained by infrared analysis

Organic manure Optical density

3400 cm’' |2920-2860 cm'(1725-1700 cm™™| 1570-1515¢m™ | 1400-1390cm’’| 1300 cm™ | 1230 cm™ | 1128 cm’’

H-bending C-H C=0 Cc=C O-H C=N OH C-H
of OH Stretching Stretching bending Stretch | phenolic | stretching

or O-H
Chicken manure 0.64 0.22 1.03 0.56 0.8 0.72 0.95 0.89
Town refuse 0.41 0.49 1.02 0.91 0.76 0.81 0.85
Biogas manure 0.44 0.66 0.35 0.24 0.22 0.30 0.31 0.28
poudratte 0.17 0.31 0.90. 0.84 0.34 0.68 0.89 0.80

*No bands were observe




Table ( /) Optical density of some functional groups of Fulvic acids as obtained by infrared analysis

Organic manure | Optical density
3400 cm ' |2920-2860 cm’" | 1725-1700 cm’" | 1570-1515¢m™" | 1400-1390cm™| 1300 cm | 1230 cm'| 1128 cm!
H-bending C-H C=0 c=C O-H C=N OH C-H
of OH Stretching Stretching bending Stretch | phenolic | stretching
or O-H
Chicken manure 041 0.29 0.66 0.30. 1.22 0.29 062 08
Town refuse 1.00 0.33 0.53 0.40. 0.33 0.33 0.67 095
Biogas manure 0.89 0.60. 0.76 0.56 0.38 0.42 0.59 1.05
poudratte 0.34 0.31 0.70. 0.31 0.54 0.32 0.4 0.83




A
of fulvic acid samples increased the absorption of infrared by fulvic acid at
3400 cm-' also increase .

4.2.2.2 Absorption at 2920 - 2860 ¢cm!

The band at 2920 - 2860 cm-' is related to allocation of aliphatic C-

H stretch (Taha, 1985 and Badran, 1994) .

a) Humic acids

Data reflect higher aliphatic C-H content in humic acid prepared
from biogas manure as compared with those obtained from the other
residues . It 1s interesting to mention that the C/H ratios of humic acids
prepared from organic materials are in the following order :
biogas manure > poudratte manure > town refuse > chicken litter manure .

Results of infrared analysis indicate that the absorption of the
former humic acids at 2920 - 2860 cm-' showed the same trend of C/H
ratios except that poudratte which substituted town refuse humic acids and
vice verse 1.e poudratte H. A was ranked after town refuse H.A which
indicate that as the C/H ratios of humic acid samples increase the
absorption of humic acid by infrared at 2920 - 2860 cm-' also increase .
These results are in accordance with the findings of Taha (1985) and
Badran (1994) .

b) Fulvic acids

Data also reflect higher aliphatic C-H content in fulvic acid prepared
from biogas manure as compared with those obtained from other manurres.
[t 1s worthy to mention that the C/H ratios of fulvic acids prepared from
the tested organic residues are in the following descending order :
town refuse > chicken hitter manure > biogas manure > poudratte manure .
Rusults of infrared analvsis show that the absorption of the former fulvic

acids at 2920 - 2860 cm-' are in the following order :
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biogas manure F.A > town refuse FA > poudratte manure F.A >
chicken manure F. A . It is hard to draw any conclusion concerning the
agreement of fulvic acid absorption at 2920 - 2860 cm-' and C/H ratio.
This may explain no relation between the contents of fulvic acid for C, H
and their absorption at 2920 - 2860 cm-'
4.2.2.3 Absorption at 1725 - 1700 cm-'

The band at 1725 - 1700 cm-' is mainly due to C = O stretching of
COOH and ketonic C = O (Sposito et al. , 1976 and Stevenson , 1982) .

a) Humic acids

Data show that the values of humic acids absorption at 1725 - 1700
cm-' range between 0.35 and 1.03, where chicken litter manure H.A
showed the highest values . However,the vanations between the values of
humic acids absorption obtained from ckicken litter manure and town
refuse are relatively small.

In general, it may be concluded that, as the humic acid content of
oxygen increased. the absorption of humic acid at 1725 - 1700 cm-" also,
increased . This may explain the relation between the humic acids content
of O , C and their absorption at 1725 - 1700 ¢cm-' . These results are in
accordance with the findings of Abd El-Latif (1973) who observed that

the decrease in C/O ratio of humic acid samples caused a decrease in the

optical density of humic acids at 1725 - 1700 cm-' .

b) Fulvic acids

Data also show that the values of fulvic acids absorption range
between 0.53 and 0.76 . These results are in accordance with the finding
of Abd El - Latif (1973) who found that the values of the tested fulvic

acids absorption range between 0.49 and 0.73 . It is worthy to mention that
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the C/O ratio of fulvic acids derived from the tested organic residues are in
the following order :
biogas manure F.A > poudratte manure F.A > town refuse F. A >
chicken litter manure F.A .

Results of infrared absorption at 1725 - 1700 cm-' show the same
previous arrangement. which may suggest that as the C/O ratio of fulvic

acids increased, absorption of infrared at 1725 - 1700 cm-' also increase.

The optical density at 1570 - 1515 cm™ is due to carboxylic ion,
C=C stretching vibration of benzene , pyridine, etc, benzene ring
substitution. secondary amine (N-H) and C = N stretching (Stevenson,

1982 and Badran, 1994) .

a) Humic acids

The values of humic acids absorption at 1570 - 1515 cm™ range
between 0.24 and 0.91 . These results agree with those of Taha (1985) and
Badran (1994) who found that the corresponding values range between
0.36and 0.82 .

Data also show that humic acid derived from town refuse contains
higher values of C= N stretch as compared with other types of humic
acids.  This could be mainly due to the vanations in C/N ratios of such
substances.  In general. as the C/N ratio of humic acid increase. its

absorption at 1370 - 1513 cm'.also increase .



b) Fulvic acids

Infrared analysis show that the absorption of fulvic acids at
1570 - 1515 cm’' ranges between 0.30 and 0.56 and being in the following
order :

F A of biogas manure > F.A of town refuse > F.A of poudratte manure >
F.A of chicken litter manure .

The fulvic acid derived from biogas manure contains higher values
of C = N stretch as compared with the other types of fulvic acids . This
could be mainly due to variations in their C/N ratios . However, the
variations in the absorption of F.A obtained from poudratte and chicken

litter manures are relatively small .

4.2.2.5. Absorption at 1400 - 1390 cm™

The band at 1400 - 1390 cm™ indicates O - H bending vibration of
alcohol or carboxvlic (Sposito et al. ,1976 and Stevenson, 1982) . Results
are shown in Tables (6 & 7) and Figs (1&2) .

a) Humic acids

Data reveal that the values of humic acids absorption at 1400 - 1390
cm’' range between 0.22 and 0.80 which are in accordance with those
obtained by El-Ghozoli (1994) and Badran (1994) who obtained
corresponding values in the range of 0.23 t0 0.73 .

The greatest intensity of infrared absorption at 1400 - 1390 cm’!
was observed in the case of humic acid derived from chicken manure
whereas the lowest one was obtained from humic acid prepared from
biogas manure . The different humic acids could be arranged according to

their absorption at 1400 - 1390 cm™ in the following order : H.A of
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chicken manure > H.A of town refuse > H.A of poudratte manure > H.A
of biogas manure . This mainly due to their different O/H ratios . In
general, as the humic acid of O/H ratio increase, the absorption of humic
acid at 1400 - 1390 cm™ also increase .

b) Fulvic acids

Data show that the values of fulvic acids absorption at 1400 - 1390
cm-' range between 0.33 and 1.22 . These results are in accordance with
the findings of Abd El-Latif (1973) who found that the absorption at 1400
- 1390 cm-' of the fulvic acids ranges between 0.59 and 0.96 .

The greatest intensity of infrared absorption at 1400 - 1390 cm-!
was observed in the case of fulvic acid derived from chicken manure,
whereas the lowest one was obtained from fulvic acid isolated from town
refuse . The absorption of various fulvic acids could be arranged in the
following order : F.A of chicken manure > F.A of poudratte manure > F.A
of biogas manure > F.A of town refuse . The previous results agree to
some extent with the O/H ratios of the previous fulvic acid content . The
previous results could be related to the involving of O in other groups such
as C = O which is absorbed at 1720 cm-', C = O or COO absorbed at
1650-1600 cm-' and C=O stretching vibration and OH bending

deformation at 1220 cm-' .

4.2.2.6 Absorption at 1300 cm-'

The band at 1300 cm-' is attributed to C = N stretch (Stevenson,
1982 and Badran, 1994) .

a) Humic acids

Data reveal that the absorption values of humic acids range between

0.30 and 0.81 . The absorption of humic acid of town refuse exceeded
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those of other types of humic acids . These results are in accordance with
the findings of Badran (1994) who found that the absorption values of the
tested humic acids fluctuating between 0.32 and 0.48 and also, show that
the values of humic acids at 1300 cm-' agree with their C/N ratios .

To some extent, as the ratio of C/N of humic acids increased, the
absorption at 1300 cm-! also, increased . Also, the previous results
indicate that the lower N content humic acid is the higher intensity of

infrared at the previously mentioned frequency .

b) Fulvic acids

Data show that the absorption values of fulvic acids range between
0.29 and 0.42 . The greatest intensity of infrared absorption was observed
in the case of fulvic acid derived from biogas manure , whereas the lowest
one was shown by that prepared from chicken manure . These results
agree with the findings of Amer (1986) . The values of various fulvic acids
absorption could be arranged in the following order :
F A of biogas manure > F.A of town refuse > F.A of poudratte manure >
F.A of chicken manure . However, the variations between the values of
fulvic acids absorption obtained from other type of organic manures were
relatively small . To some extent, the values of fulvic acid samples at 1300

cm-' agree with their content of C/N ratios .

4.2.2.7 Absorption at 1230 cm-'

The absorption of humic acid samples at 1230 cm-' corresponding

to phenolic OH groups (Stevenson, 1982) .



a) Humic acids

Data show that the absorption values of the derived humic acids
ranged between 0.31 and 0.95 . The values are in agree with the findings
of Abd El- Latif (1973) and Taha (1985) . However . the variations
between the values of humic acids absorption, for those obtained from
town refuse and poudratte manures were relativelly small . while that of
chicken manure was higher than the other humic acids . The previous
results indicate higher phenolic - OH content of humic acid derived from
chicken manure compared with those obtained from the other tested.

These results agree to some extent with the O/H ratios of the different

humic acids .

b) Fulvic acids

Data show that the absorption values of fulvic acids ranged between
040 and 0.67 . These values are in agree with the finding of Abd El- Latif
(1973) . On the other hand . the absorption of fulvic acid town refuse was
higher than other fulvic acids . The previous results indicate higher
phenolic OH content of fulvic acid prepared from town refuse compared
with the other types of tested fulvic acids . These results agree to some
extent  with the O'H ratios of different fulvic acids. where the O/H ratio of
fulvic acid prepared from soil enriched with town refuse exceeded those of

other fulvic acids .

The optical density of humic acid samples at 1128 cm-! is

attributed to C - H stretch or O - H (Stevenson, 1982, Taha, 1985)
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a) Humic acids

Data show that the values of humic acids absorption at 1128 cm!
range between 0.28 and 0.89 . The absorption of humic acid obtained from
the chicken litter exceeded those derived from the other sources tested.
These results as previously mentioned, agree with the O/H and C/H ratios
of humic acids . The greatest humic acid absorption is the highest O/H
ratio .

These results are in accordance with those obtained by Abd El-
Latif (1973) and Badran (1994) who found that the absorption at 1128
cm-' of the tested humic acids ranges between 0.43 and 0.82 .

b) Fulvic acids

Data show that the values of fulvic acids absorption at 1128 cm™
range between 0.80 and 1.05 . These results are in accordance with
Abd El - Latif (1973) . The absorption of fulvic acid isolated from biogas
manure exceeded those other types of fulvic acids . These results, as it was
previously mentioned agree with the C/H ratio of fulvic acids content . The
greatest fulvic acid absorption is the highest C/H ratio .

In general, the previous results indicate that the total functional
groups of fulvic acids exceeded those of humic acid samples obtained from
the same origin . These results agree with the finding of Abd El - Latif
(1973) ; Taha (1985) and Abou-seeda (1988) .

On the other hand, the total functional groups of both humic acids
and / or fulvic acids agree to same extent with their elementary analyses .
The previous speculation could be related to the coordination of the
functional groups at the different absorption regions .
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4.2.3. Total acidity and acidic groups of humic substances

The sum of the dissociable hydrogen of the COOH and the

phenolic-OH groups in humic or fulvic acid samples of both aromatic and
aliphatic onigin 1s defined by Schnitzer and Gupta (1965) as total acidity .
4-2-3-1- Total acidity of humic acids :

Data presented in Table (8) show that the total acidity of the tested
humic acid samples ranges between 908 to 1103 me/100g acid . The total
acidity values of humic acid samples derived from chicken manure
exceeded those of town refuse, biogas and poudratte manures . The
variations in the total acidity were mainly due to the variations in the
phenolic - OH groups in the humic acids . These results are in accordance
with the findings of Abd El-Latif (1973) who found that the total acidity of
humic acids derived from different organic residues ranged from 934 to

1090 me/100 g acid .

4.2.3.2.Carboxvl groups in humic acids :

Data in Table ( 8 ) show that the COOH groups of humic acid

samples range from 243 to 320 me/100 g acid . These result agree well
with the findings of Abd El-Latif (1973) who found that the COOH groups
of humic acids isolated from organic residues ranged from 203 to 312
me/100 g acid .

The results also show that the amounts of COOH groups of humic
acid samples derived from chicken manure were higher than those derived
from biogas, town refuse and poudratte manures .

The lower values of COOH groups of humic acids derived from

poudratte manure may indicate more oxidation, compared with other



Table (8) Carboxyl and phenolic - OH groups ; CEC and total acidity in the humic acids derived from different organic

residues (me 100 g ™' acid)

Organic residue Total acidity Functional groups C.E.C | %of total acidity

COOH | Phenolic-OH [ COOH/phenolic-OI ratio |

_OJ-

Biogas manure 1005 315 690 0.45 5183 52
Town refuse 047 285 662 043 502.0 53
Chicken manure 1103 320 783 0.41 5345 48

Poudratte manure 908 243 665 0.36 486.1 54
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residues . Consequently. it contains lower amounts of COOH groups than
those of humic acids derived from other organic residues .

4.2.3.3. Phenolic-OH groups of humic acids :

The phenolic-OH groups of humic acid samples ranged from 662 to
783 me /100 g acid . The greatest value was observed in humic acid
originated from the chicken litter manure . The lowest one was obtained
from humic acid originated from town refuse . These results are in
accordanc with the findings of Inbar et al. (1990) who found that the
phenolic-OH groups of humic acids ranged from 676 to 800 me/100 g
acid.

Comparing the amounts of COOH and phenolic-OH groups in the
humic acid samples, it appears that the phenolic-OH groups predominate .
These results agree with the findings of Schnitzer and Khan (1 978) .

Data in Table (8) also show that the COOH/phenolic OH ratios
range between 0.36 and 0.45 . The difference between the different values
of COOH/phenolic-OH ratios was relatively small . This may be due to the
lower diffrences between the values of COOH groups of different origins .
These results are in accordance with the findings of Abd El-Latif (1973)
who found that the COOH/phenolic-OH ratio ranged between 0.26 and
046 .

4.2.4. Cation exchange capacityv of humic acids :

Data presented in Table (8)and Figs (3&4) represent values of the
cation exchange capacity of humic acid samples evaluated at pH 7.6 . Data
show that the cation exchange capacity of humic acids range between
486.1 and 334.5 me/100 acid . These results are in accordance with the

findings ot Abd El-Latif (1973) and Maes et al. (1992) .
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The cation exchange capacity of humic acid derived from chicken
manure exceeded those of humic acids prepared from biogas, town refuse
and poudratte manures .However, the differences between the different
values of CEC were relatively small . As the COOH groups of different
humic acid increase, the values of CEC of humic acids increased .

Data also show the values of the cation exchange capacity of humic
acid as percentage of the total acidity . These values range between 48 and
54% . This result indicates that only about half or less of the total acidity
of humic acid samples are responsible for exchange reactions of the humic

acid samples determined at pH 7.3 and 7.6 .
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4.3 Laboratory experiment :

This experiment was conducted under laboratory conditions to
investigate the effects due to treating soils with raw or composted organic
residues , enriched or not with minral fertilizers, on the availability of
different soil nutrients 1.e P,Fe. Mn,Zn and Cu .Data obtained are recorded
in Tables ( 9-18) and graphically illustrated in Figs.(5-14) .

The different effects are discussed for each studied nutrient under
the following subheadings :

1) The effects due to the incubation period.

2) The effects due to the different organic residues .

3) The effects due to mineral fertilization .

4) The effects due to separate application of raw residues combined with
mineral fertilizer sources .

5) The effects of composting the raw residues with mineral sources
before application to the soil .

6) The effects due to the interaction between the different treatments .

4.3.1 Effect on soil available P :

The effects due to the added organic residues from different
sources , on the available P in both sandy and clayey soils, during the
different incubation periods are presented in Tables (9&10) and illustrated
in Figs. (5&6) .

4.3.1.1 The effects due to the incubation period :

a) The sandy soil :

Results in Table(9) show, in general, significant effects on soil
available P due to prolonging the incubation period. Such effects were
too slight during the first 15 days, thereafter they gradually increased with

prolonging the incubation period to reach a maximum value after 120 days
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of incubation. These effects could be attributed to the microbial activity and
the magnitude of microbial products particularly the organic acids or the

compounds of acidic effects that may induce P availability in such soils |

Such results are confirmed by those of Dalton et al. (1 952),Kardos
(1964) and Larsen (1967) who reported that the organic and carbonic
acids resulting from the decomposition of the organic matter would tend to
decrease phosphorus sorption in noncalcareous soils .

Olsen et al. (1970) found that the soil content of available P under
aerobic  conditions increased by about 0.1 to 0.3 ppm/ton of applied
manure . This effect was attributed to the acidifving process which could
be stimulated under the aerobic conditions .

Also. Gill and Meelu (1983) demonstrated that increasing the P
availability in a loamy sand soil treated with FYM may be due to the
mineralization of organic P and solubility action of certain organic acid
produced during manure decomposition as well as displacement of

phosphate by organic anions formed from the breakdown of these acids

b) The clavev soil :

[n spite of the generallv increased effect due to extending the
incubation period of the clavev soil treated with manures (under the
different treatments) on soil P availability. this effect showed a periodcally
changing pattern rather than a steadv consistent trend . The general features
of this pattern are . a slight increase through the first 15 davs of incubation
followed by a sudden increase after 30 days. then a decreasing trend at 60
days of incubation. followed again with a sharp increase till the end of the
incubation period where maximum levels of soil availabile P were attained.

[t 15 interesting to observe that the above mentioned pattern of availabile P
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Table (9) Effect of organic residues and mineral fertilizers on available P(mg kg™') of Meet Kenana sandy soil during different incubation periods.

Incub.periode{days)(P) (] _ 15 _ 30 _ 60 _ 120 |mean _ 0 _ 15 _ 30 _ 60 _ 120 _32.: _ 0 ~ 15 _ 30 — 60 _ 120 |mean _ o] _ 15 — 30 _ 60 _ 120 |mean
Treatments(T)
Control uo\_uua_ um;_ 346 _ Eﬂuuo_uou_umb_uu.\__ 346 Tzo_uuo_ u_:_uu.b_ 324 _wam_uam_uuc _ uoq_uma_ 324 _ uam_u._w_uua
Mineral levels equivalent to organic sources
A B C D

L1 44 4 445 814 106 8 1334 | 821 | 329 | 351 | 598 1344 | 1364 | 79.7 35 321 886 1221|1508 | 850 246 248 870 1013 | 13586 747

L2 526 | 538 | 96 40 127 5 1684 | 998 | 451 | 468 | 1004 | 1384 | 1427 | 947 37.8 a6 90.8 1520.| 1589 | 956 47.9 501 1200 1238 | 1456 | 975
L3 1108 11221 1148 146 8 1507 | 1271 551 | 552 |1170 | 1571 1566 | 1088 | 660 | 662 1164 | 1739 | 1790 | 1203 603 618 1488 | 157211612 1179
mean 693 | 702 | 976 | 1270 | 1508 | 103 | 444 [ 457 [ 924 | 1433 | 1462 | 944 | 451 | 456 | 986 | 1498.3| 1629 1003 | 443 | 456 | 1186 | 1274 | 1475 967

Organic manure sources (5)
Biogas manure Town refuse manure Chicken litter manure Poudratte manure
Manure only 77.2 _3..._.. _ :un_ 1316 _ 166 3 _ 113 | 352 _ 379 _ 596 — 67.3 _ 86.4 _ 573 64.2 _ 67.5 _ 108 _ ._MA.A— 1506 | 1025 321 _ 34 _ 46 8 _ 625 _ 121 m_ 59 4
Manure + L1 518 [521 1314 1583 | 206 (1201 475 | 476 | 80 | 1322 | 1668 | 968 | 823 [ 841 | 1004 | 1216|1386 1034 | 611 | 612 | 828 | 1284 17862] 1019
Manure + L2 624 629 | 1359 1764 220 1315 855 87 1234 1254 | 1872 121.7 | 1079 | 1087| 1169 | 1436 | 1794 1313 761 800 | 1260 | 1394 178 1219
Manure + L3 902| 904 | 1554 241 2454 | 164.7 | 889 | 905 | 1425 162 184 | 1356 134.1 [134.8) 1591 | 1794 | 2406 | 1696 | 1009 | 1025 1686 | 1732 | 2373 1565
mean 68 1 68 5 140 9 18922 2241 ] 1388 74 75 1186| 1399 | 1826 | 118 108.1 | 109.2| 1255 | 1482 | 1829 | 134.7 79.4 81.2 1258 | 1437 | 1172] 1262
Mincubated with L1 47 2 47 6 98 1192 1436 | 911 | 408 | 417 | 471 583 594 495 766 789 835 986 | 141.4| 978 518 531 520 1078|1120 753
M.incubated with L2 55 568 | 1248 1336 187 1114|530 | 532 | 620 66.5 728 61.4 89.3 89.4 95.7 1232 142 107.9 63.7 65.9 956 103.4 | 1044 | 8686
M.incubated with L1 824 | 869 1372 1596 1886 | 1339 | 458 | 479 | 706 1401 | 1751 | 959 837 857 | 1133 | 1294 | 1424 | 1109 84.1 84.8 89 4 1144 | 1324 | 1030
mean 615 | 638 120 1375 1731 | 111.1| 466 | 476 | 599 883 102.4 69 832 | 847 | 1008 | 1214 ] 1419 | 1055 665 | 678 823 1085|1163 | 883
Grand mean 674 | 685 | 1188 150 2 1811 | 1172} 53 543 | 872 1182 138 90.2 773 786 | 108.1 1381 | 1814 1124 603 | 618 | 1027 [ 1201 | 1265 993
M= manure
LSD 005 : S=64 T=104 p=7.14 SXT=21.2 SXP=14.3 Txp = 23.69 SXTXP =553

A Blogas mineral equivalent

B: Town refuse mineral equivalent

C: Chicken litter mineral equivalent

D: Poudratte mineral equivalent
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Table (10) Effect of organic residues and fertilizers on

available P(mg kg™') of Moshtohor clayey soil during different incubation periods.

Incub perlods(days)(P) 0 _ 15 _ 30 — 80 _ 120 |mean| O — 15 _ 30 _ 60 _ 120 _ mean _ 0 _ 15 _ 30 _ 60 _ 120 _ mean _ 0 ~ 15 _ 30 _ 60 _ 120 | mean
Treatments(T)
Control ..._um_ mum—mu. _ 509 1— 546 _mwu_mum_mu.uﬁmm__ wom#m;m—muu_ 5286 _mmm_ 531 _ mcm_mhm_ 528 _ mmm—mmu_ 531 _ wom_ w;m_ 528
Mineral levels equivalent to organic sources
A B c D

L1 706 726 | 1450 118 2025 | 1181 )] 56.1 | 570 117 70.4 1565 | 91.4 628 | 631 1436 80.7 | 1654 | 1031 | 860 668 | 1094 458 170 970

L2 86 B67 | 1510 | 1204 250 | 1388|632 | 658 | 1362 96 164211051 703 | 70.8 | 1631 | 1158 | 192 | 1224 | 735 | 748 | 1226 | 952 | 2011 1134

L3 1mz21}] 1207 187 1232 2,1 | 14| 844 86 1454 1136 | 1823 | 1243 | 821 933 | 1855 | 171.3| 203 149 82,7 96 9 1766 127 240 1466

Mean 896 | 933 | 1543 | 1205 | 2912 | 15n9| 679 | 696 | 1329| 933 171 | 1068 | 751 | 757 | 1593 | 127.3 | 1868 | 1248 | 774 | 795 | 1362 | 993 | 2037 119

Organic manure sources (S)
Blogas manure Town refuse manure Chicken litter manure Poudratte manure
Manure only 721 _ 732 _ 169.6 _ 126 8 _ 227 ._ 1333 553 _ 56.5 _ 99.3 _ 726 — 97.8 _ 76.3 | 853 — 80 M 119.6 _ 898 _ 212 _ 119.4 | 58.7 — 69.8 — 179 _ 985 183 _ 1178
Manure + L1 1331 144 | 1828 | 1220 | 2188 | 159 |1138|1150|1316| 758 | 702 | 121.2| 1452 | 1492]| 173 | 1068 | 221 159 | 704 | 705 | 170 118 | 2075 1273
Manure + L2 1702 1768|2020 | 1330 | 234.1 | 1832 121 [ 1366 1414 832 | 180.7| 1326 | 1523 | 157 | 1658 | 1188 | 239 | 1666 | 921 | 921 | 1827 | 128 255 150
Manure + L3 1756 | 1842 | 2195 147 4 257 196 71328 1416|1612 1124 206 | 150.8 | 1605 | 167.8 230 122 256 1873 | 1065 | 1086 | 1995 142 256 162 5
mean 1596| 1683 | 2014 | 1341 | 2359 | 1799 1225( 1311|1447 905 | 1856 | 1349 | 1527 | 158 | 1896 | 1159 | 2387 | 1710 | 897 | 904 | 1841 | 1293 | 23a5| 14686
M.incubated with L1 1305 1396 | 1724 | 11786 204 | 152.8| 80.2 | 905 | 906 Al 1174 91.9 | 1306 (1314 1368 | 9+9.4 | 1813 | 1359 | 647 | 652 | 1623 | 907 | 1726 1111
M.incubated with L2 1434 1505 | 1796 127 191.9 | 158.5| 130.1| 134.4| 140 757 | 1505|1263 | 130.1 | 1356 1424 | 1052 194 | 1415 | 752 76 1316 | 976 | 253 | 1267
M.incubated with LI 1362 | 1429 | 2075 | 1298 | 2258 | 1685| 131 [ 1315| 145 | 059 | 1885| 1884 | 1432 |1445| 203 | 1102|2365 18675 | 962 98 | 1836 | 1068 | 248 146
Mean 136 7| 1443 | 1865 | 1248 | 2073 | 1599 | 117.1| 1188|1251 809 | 1521 | 118.9| 1346 [ 137.2]| 1541 | 1049 | 2039 | 147 787 | 79.7 | 1592 | 984 | 2239 128
Grand mean 123 | 1291 | 1796 | 1265 | 2208 | 1575| 878 | 1015 1307| 867 | 1624 1158 | 117.3 |120.3| 1629 | 1134 | 2100 | 1448 | 7868 | 819 | 1618 | 1079 | 2184 | 130
M= manure
LSD 0.05 : S=6.03 T=10.0. P=6.75 SxT =2 20.02 SxP=1 135 TxP = 224 SXTXP =5.2
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change 1n the clay soil was consistent with different manure sources under
the vestigation . Such results are in accordance with those of Ali (1980)
who found that the addition of organic residues progressively increased the
level of water soluble P in soils to reach its maximum after 30 days of
contact between soil and the organic residues

El-Ghozoli (1994) found that the soil content of available P was
increased with increasing the contact period from 7 to 30 davs . decreased
after 60 days and increased again with time to reach maximum values after

180 days of contact between soil and the organic residues .

4-3-1-2 The effects due to the different organic residues :

Results obtained show significant differences among the values of
available P contained in the tested soils as a result of the added organic
sources . The available P fraction in the clayey and sandv soils increased
as a result of manuring according the following order - biogas manure >
chicken litter manure > poudratte manure > town refuse .

It 1s clear that the biogas manure was the most efficient residue in
inducing soil P availability , while town refuse was the least in both the
investigated soils, the chicken litter and poudratte manures showed
intermediate effect . The highest amounts of available P were extracted
from biogas treatment. where values of 113 and 133.3 mg P kg™ soil were
obtained for sandy and clayey soils . respectively .

Considering the obtained results in view of the initial analyvsis of the
raw residues investigated. mav give reasonable explanations for these
results as follows :

Although poudratte manure showed the highest P content. it failed

to vield the highest effect on soil available P neither in the sandy nor in the
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clavey soil . Such trend may be attributed to the relatively high Fe content
of poudratte as compared with the other manure sources (Table 2 ).
Accordingly. P in  poudratte manure could be mainlv found as iron
phosphate . Moreover. the P released from poudratte due its
decomposition may react again with the released Fe . Because iron
phosphates are more stable and thus less soluble than calcium phosphates.
the effect of such material on soil P availability as compared with the other
manures 1s very much questionable . Such results are confirmed by Poonia
et al. (1986) who concluded that the effect of organic manure on the
availability of macro and micronutrients is dependent on the nutrient
concentration. type of applied manure and the soil tvpe .

4.3.1.3 The effects due to mineral fertilization :

Inorganic fertilization which included ordinary superphosphate,
significantly increased soil content of chemicaly extractable (available) P .
This effect was consistently induced as the level of mineral fertilization
increased in both the investigated soils .

Extractable P in the clayey soil was relatively higher than the
corresponding one of the sandy soil . The values of extractable P in the
sandy soil averaged overall treatments and incubation periods about 98.6
mg P kg™ and increased to reach 122.9 mg P kg™ soil in clayev one. These
results could be ascribed to initially relative higher content of the clayey
soil of available P Results indicate that the application of different mineral
sources . related to those contained in biogas manure (A) . town refuse
manure (B) . chicken litter manure (C) and poudratte manure (D) increased
the amounts of extractable P from both soils under investigation . The

following order was obsenved for both soils A> C > D > B . Mean values
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of P extracted from the sandy soil were 103 . 100.3 . 96.7 and 94.4 mg P
kg'' soil. while the corresponding values from the clavev soile were 140 9
. 1248 . 119 and 106.9 mg P kg'soil. respectively . These results may
indicate that the application of mineral nutrients at levels related to those
contamned 1n biogas manure (A) gave the highest values of available P as
compared with those equivalent to the other sources . This could be
explamed due to the highr mineral contentes of biogas manure as
compared with other sources of organic manures . The data also . indicate
that the amount of extractable P was increased when mineral fertilizers
were applied to both investigated soils at the highest level (L;)compared
with the control or the lower levels (L, and L.). Mean values of the
extracted P averaged overall incubation periods of the sandy soil increased
from 33 mg P kg™ soil for control treatment to reach highest values 127.1 .
108.8 . 120.3 and 117.9 mg P kg™ soil at the highest level of application
(Ls) for A B . C and D treatments, respectively . These values in the
clayey soil increased from 52.8 mg P kg soil for control to reach 162.4
1243 149 and 146.6 mg P kg" soil for the above mentioned treatments.
respectively . El-Fahham (1997) found that the inducing effect due to
applied P on soil P availability was increased with increasing the level of
its application |

4.3.1.4 The effects due to separate application of raw residues and

mineral fertilizer sources :

Results show that soil available P was significantly increased upon
treating the tested soils with the studied sources of organic residues
enriched with the different levels of mineral fertilization . The application
of raw residues mixed with different levels of Inorganic

fertilizers.increased sharply the available P fraction contained in the tested
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soils. as compared with adding each of these sources or fertilizers singly .
This effect was consistentlv induced as the level of mineral fertilization
increased .

It 15 clear that the biogas manure enriched with the mineral
fertihzers was the most efficient treatment in inducing soil P availability
where mean values averaged overall incubation periods were 138.8 and
179.9 mg P kg™ soil for sandy and clavev soils . respectively . On the other
hand the enriched town refuse was the least affective in both the
investigated soils, the corresponding values were 118 and 134.9 mg P kg
soil. respectively . It is worthy mentioning that the general trend obtained
due to adding mineral fertilizers together with organic manures on soil P
availability is coincided with the effect due to the organic manure sources .
[n other words the most effective organic source (biogas manure) in case
of organic manuring treatments was also in the same order in case of
manures enriched with mineral sources in separated manner .

Such results indicate that enriching the organic manures with
mineral fertilizer sources increased the soil P availability as compared with
the solely application of each of them . These results could be attributed to
mineralization process of organic matter supplied to soil through manuring
which should be expected to release several nutrients . Such results agree
with those obtained by Montasser (1987) and Sakr et al. (1992).

Abd EI-LEzrif and Abd El-Fattah (1983) found that the addition of
superphosphate mixed with organic residues was more effective on soil
available P .

In conclusion. it may be stated that such results mav give further

support and throw more lights on the vital role of organic residues on
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increasing both soil and mineral fertilizer P availability. whatever was the
nature of such compounds and the soil itself .

4.3.1.5 The effects of composting the raw residues with mineral

sources before application to the soil

The results obtained show clearly that composting the organic
residues with the mineral fertilizers before application significantly
increased extractable soil available P as compared with either control or
applying manure without mineral fertilizers . The obtained effect was
always less than that due to the separate application of these materials
without incubation . This result indicate the superiority of enriched organic
residues with mineral sources without incubation . The highest values of
available P extracted from sandy soil were obtained with incubating the
mineral sources with biogas manure (111.1 mg P kg™ soil) followed by
chicken litter manure (105.5 mg P kg''soil), poudratte manure (99.3 mg P
kg soil) and finally with town refuse manure (90.2 mg P kg'soil). Similar
trend was observed when the clayey soil was treated with the above
mentioned material, where the corresponding values were 159.9 . 147 .
128 and 118.9 mg P kg™ soil for composted biogas manure . chicken litter
manure , poudratte manure and town refuse manure . respectively . Data
reveal also . that values of extractable P increased with increasing level of
mineral sources from L; to Ls.

The adverse effect on soil P availability with incubated materials as
compared with the corresponding one obtained from separate application
of organic manure and mineral sources could be explained on a basis that
some compounds of the humified matter at the terminal stages of the
decomposition of organic manures may form stable organo-mineral-

colloidal complexes and thus decrease the availability of several nutrients |
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Fig. (6) Effect of organic manures in presence and absence of mineral fertilization
on available P in the clayey soil .
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4.3.1.6 The effect due to interaction between the different

freatments :

Results show significant positive interactions through all the tested
combinations in both soils on soil P availability . The most effective
composting treatments could be arranged according to their effect on soil
P availability in these descending orders

In the sandv soil :

Manure + L; at (120 days) > Manure + L, at (120days) > Manure + L, at
(120davs) > L; at (120 davs) whereas values of available soil P
corresponding to these treatments were 2296 .191.1 . 1719 and 1626
mg P kg'! soil .respectively

In the clavey soil :

Manure+L; at (120 days) > L; at (120 days) > Manure +L, at (120 days)>
Manure incubated with L; at (120 days) where the corresponding values of
available P were 2437 . 231.1 , 2272 and 2242 mg P kg'soil,
respectively . Such results may lead to a general conclusion that the most
efficient treatment with respect to inducing P availability in both the tested
sandy and clayey siols was that of biogas manure combined with mineral
fertilizer at the third level applied without incubation . On the other side.
this effect was maximized after 120 days of incubation .

Results, also give further support to manuring as an essential source
in combination with the other mineral fertilizer treatments. particularly in
the sandy soil .

4.3.2 Effect on soil available Fe :

The effects due to the different sources of organic residues and

mineral sources on the available Fe i.e. DTPA extractable Fe in both sandv
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and claveyv soils at the different incubation periods are presented in Tables
(11&12) and 1llustrated by Figs (7&8) .

4.3.2.1 The effect due to the incubation period :

Results obtained show significant differences in the values of
available Fe in the tested soils due to the different incubation periods. as
indicated below

a) The sandy soil

The obtained results show slight effects during the first 15 days of
incubation . Average values overall treatments were 36.4 . 479, 36.5 and
40.7 mg Fe kg soil for BM, TR. CLM and PM. respectively . With
prolonging the incubation period . these values increased to reach
maximum values after 120 days of incubation .The corresponding values
were 45.5 | 59.3,47.8 and 50.5 mg Fe kg™ soil for the same treatments
respectivelv . Such effects could be attributed to organic and inorganic

acids resulted from the decomposition of the organic matter .

b) The clavey soil

Concerning the effect of the incubation period on clayay soil treated
with different organic manures . the data indicated that values of available
Fe were increased as the incubation period increased and the maximum
values were extracted after 120 davs of incubation . Mean values of Fe
extracted averaged over all treatments at 0 time of incubation were 51.2 .
587 . 537 and 534 mg Fe kg soil for BM . TR .CLM and BM .
respectivelv . The corresponding values at the end of incubation periods
(120 davs) were 63.5.75.6.69.1 and 72.7 mg Fe kg'soil . respectively .

The increase in DTPA extractable Fe may be due to the microbial activity
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Table (11) Effect of organic residues and mineral fertilizers on available Fe (mg kg') of Meet Kenana sandy soil during different incubation periods.

Inoub, perioda(days)(P) Q _ 15 _ 30 — 60 _ 120 |mean 0 _ 15 _ 30 _ 60 _ 120 |mean 0 _ 15 — 30 — 80 — 120 T.amz _ ] _ 15 _ 30 _ 60 _ 120 |mean _

Treatments(T)

Control :u—:m_dmm_ 191 _ Ew_ﬂma ._Nu_._.s.m_,_mm— 191 _dw‘m__ma_ 173 _,\m_ 188 ._0.__4m.m_ #m.n_ :.u_:.m_ dmm_ 191 _ tm.u— 18.4

Mineral levels equivalent to organic sources
A B c D

L1 200 201 | 245 | 261 271 | 239|217 218|208 300 | 302|267 | 182 [187| 250. | 255 | 259 | 227 | 201 | 205 272 | 300 | 311 | 258

L2 262 267 295 | 321 | 330 | 205315328331 335 | 342|330 | 253 (263 396 | 401 [ 406 | 344 | 309 | 311 | 324 | 345 | 361 | 330

L3 20| 423 434 452 | 461 | 438 | 552|573 578| 581 [ 6B0S | 578 401 |403| 416 | 421 | 428 | 414 | 430 | 435) 462 | 493 | 497 463

i Mean 204|207 | 325| 345 | 354 (324|361 373|402| 405 | 416|302 | 279 | 284| 354 | 350 | 364 | 328 | 313 | 31.7| 353 | 379 | 380 | 348

Organic manure sources (S)
Blogas manure Town refuse manure Chicken litter manure poudratte manure

Manure only 2009 — 210 _ 219 _ 234 | 267 _ 228 Nm..\_ 268 _ B,h_ 332 _ m,...w_ 31.7| 198 _NDO_ 231 _ 256 _ 310 _ 239 | 210 _ 213 _ 238 _ 259 | 326 _ 249

Manure + L1 B30 | 466 487 | 501 |430 | 478| 482|587 | 600 | 645 | 568 | 327 |352| 472 |S00. | 516 433 | 448 | 463 | 484 | 491 | 509 | 479

Manure + L2 82| 485|490 | 513 | 619 | 518|563|576|666] 701 | 757 | 653 | 495 |496| 548 | 639 | 647 | 565 | 514 | 522 | 634 | 663 | 687 | 602

Manure + L3 639 645 681 705 | 758 | 686 | 773|776 (892 902 | 998 | 868 | 696 |698| 731 | 764 | 786 | 735 | 643 | 656 | 669 | 702 [ 793 | 693

Mean 490 493|546 | 568 | 626 | 545|605 611|715 734 [800.| 683 | 506 |515]| S84 | 634 | 650 | 578 | 635 | 547 | 596 | 615 | 663 | 591

M.incubated with L1 238|274 405 | 413 | 414 | 349 (378|381 | 476| 482 | 501 | 444 | 202 [ 253 368 | 38.7 | 407 | 323 | 322 | 327 | 428 | 434 | 446 | 391

M.incubated with L2 322|324 411 436 | 430 [ 386|540 550|617 621 | 631 | S92| 316 (318 409 | 412 | 436 | 378 | 430 | 439 | 509 | 510 | 521 | 482

M.incubated with L3 457|460 | 471 | 490 491 | 4741 625|634 757| 758 | 768 | 708 | 483 | 484 566 | 569 | 587 | 537 | 501 | S02| 576 | 582 | 626 557

Mean 339| 33| 429 447 | 448 | 403 [ 514|522 |61.7| 620. | 633 | S8.1| 334 [ 352 448 | 454 | 477 412 | 418 | 423 | S04 | 509 | 531 | 477

Grand mean 38| 364 412 | 431 455 | 404|471 |uf9| 551 561 | 583|532 | 356 | 365 439 (460 | 478 | 419 | 401 | 407 | 460 | 477 | 505 | 450

M=manure
LSD 0.05 : S=1.32 T=2.19 P =1.47 SxT =4,38 TxP = 4.90. SxTxP =1.14
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Table ( 12 ) Effect of organic residues and mineral fertilizers on available Fe (mg kg™') of Moshtohor clayey soil durin

g different incubation periods.

:._nw:_o_..u_wc_ 8___8_525— 1] _._w_ uo_@o—ﬂno

Incub periods(days)(P) o — 15 _ 30 — 60 _ 120 mean 0 _ 15 % 30 _ 60 _ 120 __sn..:_ _
Treatments(T)
Control 27 w_ 27 u_ 281 _ 28 m_ 28 c_ 27 w_ 27 m_ 27 w_ 28 4_ 28 m_ 28 m_ MNG_ 27 m_ 27 u_ 281 — M@& Mm.m_ 279 27 N_ 27 w_ 281 _ 28 w_ 28 G,_ 279
Mineral levels equivalent to organic sources
B c D
L1 3| 27| 316| 318 | 320 | 309|351|352|564| 592 | 631|510 | 318 |320.| 502 [ 526 | 539 | 441 [ 350 [ 352 455 | 462 [ 480 | 428
L2 405| 406 | 407 | 428 | 461 | 421|502 504|515 693 | 712 | 585 | 440 | 452| 625 [ 652|670 | 568 | 467 | 468 | 535 | 585 | 615 | 534
L3 500|521 | 525)| 552 | 572 | 538 | 638|640 (827) 840 | B62| 761 | 603 | 606| 773 | 791 | 801 | 715 | 605 | 608 | 638 | 688 | 760 | 662
Mean 406| 408 | 16| 433 | 451 | 423|497 499 | 635| 708 | 735 | 615 | 454 | 459| 633 | 656 | 670.| 475 | 474 | 476 | 543 | 58.2 | 619 | 541
Organic manure sources (S)
Blogas manure Town refuse manure Chicken litter manure Poudratte manure
Manure only | 435[440 | 45 1| a7 Taso | 457] 401 | 06| 702] 738| 755|e00 | 37| 372] 82| so3| 19| 49| 2| 4| T a| 78| 23] 81
Manure + L1 407 | 408 | 623 | 638 | 6554 | 582|602 607|628 | 647 | 674 | 632 | 482 | 487| 603 [ 653 661 | 577 | 532 | 536 | 604 ( 631 | 689 | 598
Manure + L2 567|569 | 671 | 681 711|640 | 758| 759 | 762| 787 | BOS| 769 | 647 |649| 769 [ BO2 | B821 )| 738 | 651 | 65| 750 | 755 | /95| 721
Manure + L3 5| 764 831 89 2 917 |832|861|862|869| 917 | 522 | 884 | 785 |790| 811 832 | B899 | 823 | 848 | 853 | 935 | 967 |101.2] 909
Mean s0sl|e1ol 708 737 | 761 | 685|740 | 743 | 753| 784 [ 800 | 761 | 638 |642] 728 | 762 | 794 | 713 | 677 | 681 | 763 | 784 | 832 | 743
M.inoubated with L1 430 | 432 | 439 | 08 | 513 | 464|497 501|523 | 554 [ 601 | 555 440 | 442| 531 | 563 | 606 | 517 | 405 | 406 | 606 | 644 | 657 mLA-
M.incubafed with L2 s75| 576 | 653 | 674 | 683 [ 632|554| 556 |620.| 623 | 69.7 | 609 | 521 |S23| 633 [ 663 | 672 ) 622 | 501 508 | 692 [ 713 | 723 | 627
M inoubated with L1 708 M2 M3 88 795 | 743|703 713 |836| 857 | 904 | /89| 698 | 701 | 726 | 754 | 761 | 728 | 603 | 605 | /57 | /1| 812 10
Mean 571| 573| e02| 657 | 664 | 61.3| 585|590 |660.| 678 | 734 651 | 553 | 555| 630. | 660. [ 680 | 622 [ 503 [ 506 685 | 709 | 731 | 627
Grand mean s12|515| 86| 618 | 635 | 573|587|590. | 685| 725 | 756 668 | S3.7 | 541| 642 | 671 | 691 | 587 [ 534 [ 537 | 668 | 694 | 727 | 631
M= manure
LSD 0.06 : S=7.80. T=12.90. P =872
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that encourages the formation of newly product of humic substances which
plav a major role in soil fertility . Such results were confirmed by HegaZy
et al. (1989) who ascribed the increases in extractable Fe from sandy soil
to mineralization process of organic matter supplied to soil through

manuring which should be expected to release these micronutrients 1.e Fe .

Mn.Znand Cu .

4.3.2.2 The effects due to the different organic residues :

Results obtained show significant increases in the values of
available Fe from both the tested soils as a result of added orgamc
residues. The data indicate that application of the different organic
manures increased the amount of available Fe extracted from sandyv soil
according to the descending order : TR >PM > CLM > BM . whereas
values of extractable Fe averaged over all incubation periodes were 31.7 ,
249 , 239 and 22.8 mg Fe kg' soil, respectively . In the clayey soil .
similar trend was obvious : TR > PM > CLM > BM . The corresponding
values were 60 , 58.1 . 46.9 and 45.7 mg Fe kg soil for the above
mentioned treatments . respectively . Town refuse manure being the most
efficient residue in inducing soil Fe availability in both the sandy and the
clayey soils .

The increase 1n available Fe due to treating the studied soils with the
different manures may be attributed to the microbial activity that
encourages the formation of product of humic substances which play a
major role in soil fertility . also could be attributed to mineralization
process of organic matter supplied to soil through manuring which should

be expected to release macronutrients . These results are in accordance
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with the findings of El-Sayed (1971), Abd El-Latif and Abd El-Fattah
(1985) who attributed this increase to the higher content of micronutrients
and the lower pH values of the organic manures during the decomposition
which play an important role on the extracted micronutrients .Also .
Hegazy et al. (1989) found that available Fe was significantly increased as
a result of application of organic residues to the sandy soils .

Considering the obtained results in view of the initial analysis of the
raw residues investigated, may give a reasonable explanation for the
obtained results on a basis that poudratte manure which contains the
highest Fe content showed the lowest effect on soil available Fe compared
with the town refuse . This may be due to precipitation of Fe by its higher

content of P in the form of iron phosphate .

4.3.2.3 The effects due to mineral fertilization

Mineral fertilization which included ferrous sulphate significantly
increased the soil content of available Fe . The greatest values of available
Fe in both the sandy and the clayey soils were obtained due to the addition
of mineral sources equivalent to those contained in TR followed by those
contained in PM | CM and BM . Mean values of DTPA extractable Fe.
averaged over all incubation periods , from sandy soil were 39.2 , 34.8 .
32.8 and 32.4 mg Fe kg soil for the above mentioned treatments .
respectively . The corresponding values of the clayey soil were 61.5 . 54.1 4

47.5 and 42.3 mg Fe kg’ soil , respectively . Similar results were
obtained by Nofal (1984) who found that addition of 5 ppm iron sulphate
to the sandy and clayey soils led to increase in extractable iron through

the different intervals of incubation . This inducing effect was significantly

increased as the level of mineral fertilizer increased in both soils . The
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clavey soil contained initialy relative higher values of soil available Fe .
therefore its extractable available Fe reached values relatively higher than
the corresponding ones in the sandy soil .

1.3.2.4 The effects due to separate application of raw residues and

mineral fertilizer sources

Results show that the soil available Fe was significantly increased
upon treating the tested soil with the studied sources of organic residues
and the different levels of mineral fertilizers . This inducing effect was
consistently increased as the level of mineral fertilizers increased .

It is clear that the TR added with the mineral fertilizers was the
most efficient treatment for inducing soil Fe availablility in the sandy soil
followed by PM , CLM and BM where the mean values were 69.3 , 59.1.
57.8 and 54.5 mg Fe kg'soil , respectively.Similar trend was obtained in
the clayey soil where the corresponding mean values were 76.1, 74.3 ,
71.3 and 68.5 mg Fe kg soil , respectively . Sush results were confirmed
with those obtained by Abd El-Latif and Abd El-Fattah (1985) who
attributed the increase in micronutrients availability to the higher content
of Fe, as well as, the lower pH values of organic manures during their

decomposition .

4.3.2.5 The effects of composting the raw residues with mineral

sources before application to the soil

Results obtained show that the organic residues mixed and
incubated with the mineral fertilizers outside the soil. significantly
increased available Fe in both the investigated soils . Mean values of
extractable Fe from sandy soil averaged over all incubation periods were

40.3.58.1.41.2and 47.7 mg Fe kg’ soil for composting BM . TR , CLM
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and PM . respectively . The corresponding values of Fe extracted from the
clayev soil were 61.3.65.1.622and62.7mgFe kg soil for the above
mentioned treatments . respectively . This effect was less than that
observed due to the residues enriched with mineral fertilizers . Such trend
could be attributed to the ability of humic substances to react and form
stable compounds with iron . Furthermore, some compounds of the
humified matter may form stable organo-mineral complexes and thus
decrease the availability of metals such as iron (Greenland, 1970) .

Parfitt et al (1995) concluded that soil organic matter contains
humic substances, which are extremely complicated linear polymers
carrying negative charges due to the dissociation of many different
carboxyl groups .When Fe, Mn, Zn and Cu are present, the formation of
stable organo - mineral complexes could be induced , signifecantly .
Taking into consideration effects of different manure treatments , it is of a
relative importance to indicate that TR gave the highest values of available
Fe followed by PM , CLM and BM whether it was applied solely or

composted with different mineral sources .

4.3.2.6The effects due to interaction between the different treatments.

Results show  significant positive interactions through all the
tested combinations in the sandy soil , and an insignificant increase, on Fe
availability in the clayey soil .

The treatments could be arranged owing to their effect on Fe
availability in the sandy soil in the following descending order : M + L; at
(120 davs)>M + L,at (120 davs) > M. incubated with L, at (120 days) >
M + L, at (120 days). Values of available soil Fe corresponding to these

treatments were . 83.4 . 67.7 . 618 and 54.3 mg Fe kg'' soil . respectively.
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As a general conclusion . results obtained indicate that the most efficient
treatment with respect to inducing Fe availability in sandy soil was TR
manure combined with mineral fertilizers at the third level of application
and applied to the soil without composting . In the clayey soil, the
following descending order was observed : M + Lsat (120 days) > M.
incubated with L at (120 days) > M + L, at (120 days) > L; at (120 days).
The corresponding values were 93.8 . 81.8 . 78.3 and 74.9 mg Fe kg soil.

respectively .

4.3.3 Effect on soil available Mn

The effects due to added residues from different sources on
available Mn (DTPA-extractable Mn) in both the sandy and clayey soils ,
during the different incubation periods are presented in Tables( 13&14)
and illustrated in Figs.(9&10) .
4.3.3.1 The effect due to the incubation period :

Results obtained show significant differences in values of the
available Mn 1n the tested soils due to the different incubation periods .

a) The sandy soil

Results show that the effects were too slight during the first 15 days
thereafter increased sharply up to 30 days, then decreased gradually till the
end of the incubation period (120 days from incubation) . The most
effective period was 30 days of incubation where the maximum
available Mn was extracted . Mean values of available Mn extracted from
the sandy soil over all treatments were 54.7 . 66.9 , 58 and 53.3 mg Mn
kg' soil for BM . TR . CLM and PM . respectivelv . Such variations

depend mainly on which of the two processes prevails . Mn mineralization
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or immobilization .due to the differential effects of the involved treatments
as well as the microbial activity associated with such treatments .

b) The clavev soil

Results show an increasing effect due to extending the incubation
period of residues applied to the tested clavev soil . The general trend
observed with respect to Mn availability through the course of the
incubation experiment. included a slight increase through the first 15 davs .
followed by a sudden increase after the next 30 davs . follwed by a
decreasing till end of the incubation process (120 davs) . The most
effective period was 30 days of incubation . mean values of available Mn
over all treatments were 112.8 , 126.4 . 93.4 and 92.4 mg Mn kg™ soil for
BM | TR . CLM and PM . respectively . The increase in extractable Mn in
both the soils under investigation up to 30 days could be ascribed to
mineralization process of organic manures supplied to soil and the lower
pH values of those materials during the decomposition period which play
an 1mportant role on increasing the extracted micronutrients . On the other
hand, the decrease in available Mn after 30 days of incubation may be
elucidated by the formation of stable-organo-mineral clay complexes at
the terminal stage of the decomposition of organic manures and thus
decrease the availability of Mn .Similar results were obtained by
Greenland(1970) and Abd El-Kariem (1989) .

In general , data of DTPA - extractable Mn indicated that the
highest values were obtained in the clavev soil . while the lowest values
were reported for the sandv one . This decrease in the amount of
extractable Mn from the sandy soil mayv be due to its relatively lower Mn

content. Similar results were obtained by El-Sherif et al .(1970) who found
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Table (13) Effect of organic residues and mineral fertilizers o

n available Mn (mg kg™') of Meet Kenana sandy soil during different incubation periods.

Incub.periode(days|{P)

o[ [ %] w [

Enu:—o—_u—wo—g_4mo_=.on:_ 0 —._u_ wo_mo_._no

mean _ 0 _ ._u_ 30 _ 60 — 120 _.__._2.:

Treatments(T)
Control _om_ _cm_ _._m_ 1.3 _ 103 — ._cw__om_ dom_:m_ 1.3 — _o.u_ ,_cm— 105 dom— 1.9 _ .:.w_ ._o,u_ 109 — _om— dOm_ 119 _ ___w_ _ou_ 109
Mineral levels equivalent to organic sources
A c D
L1 245 | 293 298 292 175 261 | 347 | 348 | 411 378 219 | 341 211 327 427 325 | 1786 293 272 333 345 332 138 284
L2 404 | 476 525 47 4 378 451 | 502 | 50.2 | 63.1 508 415 | 512 426 | 431 68.2 492 | 465 47.9 3086 44.7 66.2 443 | 336 439
L3 542 | 543 | 550 542 538 543 | 621 | 623 | 710 69 2 586 | 647 516 | 5889 744 587 | 554 59.8 468 | 582 733 581 415 556
I Mean 397 | 437 458 436 364 428 | 490.| 49.1 | 584 528 40.7 | s0.0. 384 | 449 58.4 468 | 398 457 349 | 458 576 452 | 296 426
Organic manure sources (S)
Biogas manure Town refuse manure Chicken litter manure Poudratte manure
Manure only 180 _ 260 4786 — 26.0 _ 557 — 286 | 1989 _ 55.1 — 55.3 _ 242 _ 19.8 _ 348 347 —w&b. _ 381 — 353 | 175 | 318 1798 | 341 _ 384 _ 324 _ 180 282
Manure + L1 438 | 439 523 48 6 178 413 | 385 | 521 | 644 521 276 | 459 445 | 552 56.1 488 | 204 | 450 319 328 411 356 188 321
Manure + L2 502 | 560 725 516 268 515|434 | 620 | 762 | 620 296 | 542 485 | 613 7.9 608 | 22.0. 539 476 | 478 | 700 576 | 227 492
Manure + L3 551 5786 86 1 56 2 479 606 | 731 762 | 1159 761 55.0 79.3 558 | 752 915 739 451 683 589 596 821 631 337 595
Mean 498 | 525 | 703 | 521 208 | 511 |517| 634 | 855| 634 | 374 | 601 | 495 | 639 | 724 | 612 | 292 | 556 | 461 | 468 | 644 | 521 [ 251 | 469
M.incubated with L1 348 | 378 84 351 149 322|300 | 312 | 518 309 222 | 332 233 | 418 41.8 273 18.1 306 241 245 296 311 16.2 251
M.incubated with L2 377 378 442 401 251 37.0. | 398 | 503 | 60.7 501 239 | 450. | 358 | 488 49.8 438 | 209 396 365 | 371 451 371 215 355
M.incubated with L3 32| 527 68 7 66 9 3789 531 | 45.7 | 571 | 694 571 300 | 518 432 | 60.0 60.1 457 | 283 47.4 447 451 533 48 4 296 442
Mean 373 | 428 504 47.4 259 408 | 385 | 462 | 60.7 | 46.0. 254 | 434 341 50.1 506 380 | 228 38.3 351 356 427 389 | 224 341
Grand mean 298| 443 | 547 | 465 | 305 | 430 | 438 531 | 669 | 510 | 330 | 495 | 401 | 513 | 580 | 476 | 203 | 454 | 366 | 418 | 533 | 441 | 249 | 399
M=manure
LSD 0.05 : S=0.19 T=0.32 P =0.22 SxT =0.21 SxP =0.43 TxP =0.72 SxTXP =017
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Table (14) Effect of organic residues and mineral fertilizer

s on available Mn (mg kg™') of Moshtohor clayey soil during different incubation periods.

-:o:c‘io-_ou-n:i:v_

© |

._u_uo_ ao_._no__.:nu:—c

_._u—wo_ mo_._NO_-snm:_ o—._u— wo__oo_awo—_.:nna—n.—._u*wc_g__wo

mean

Treatments(T)

Control Em— ._um_ 190 _ 88 — 185 _ Sm_ _um_ ._mm_ 19 _ 188 _ 185 — 186 _ 186 _ _um— 19 _ 188 — 185 _ 186 _ 188 _ _um_ 19 _ 188 — 185 — 186
Mineral levels equivalent to organic sources
A c D

L1 47 498 | 632 613 599 562 | 521 | 535 | 801 62.4 519 60 207 | 299 67.8 373 | 387 398 265 27 B83.1 299 | 279 349
L2 60 602 821 66 641 665 | 665 | 673 | 817 656 645 | 711 332 | 341 819 709 | 384 51.7 21 321 678 38.7 359 413
L3 871 | 894 | 1188 811 Al goe | 871 | 872 |1092]| 756 701 856 409 | 43.3 | 1030 933 | 528 66.7 58.7 59.8 80 574 572 646

Mean 647 | 665 | 880 695 65 708 | ea6 | 893 | 937 67.9 622 | 722 348 | 358 842 672 | 426 527 391 396 703 42 403 46 9

Organic manure sources (S)
Biogas manure Town refuse manure Chicken litter manure Poudratte manure

Manure only 419 — 421 _ 872 — 59 4 — 51 _ 583 | 411 _ 412 _ Jac.m_ 81.1 _ 55.7 — 66 45.7 _ 459 — 732 _ 56.4 _ 50.8 _ 54.4 238 — 239 _ 94.2 626 572 _ 523

Manure + L1 573 | s88 | 1463 785 762 834 | 734 | 736 | 1232 848 69.5 | 848 608 | 613 823 689 | 525 65.1 532 548 | 1021 783 | 612 70
Manure + L2 71 701 | 1535 834 78 4 913 | s08 | 922 | 1364| 957 727 | 976 788 | 798| 1399 773 | 70.7 893 71.3 716 | 1032 | 832 70 798
Manure + L3 1004|1012 ) 1728 921 901 111.3]| 1428|1472 1734| 1010 | 888 | 1305 105 106 149.3 798 736 102.4 979 | 1038| 1544 | 1017 | 875 1051

Mean 78 766 | 1575 | 880 816 953 | 102.3| 1043 | 1443 | 938 77 1043 | 815 | 824 | 1238 753 | 656 856 875 767 | 1199 | 879 729 85
M.incubated with L1 516 | 518 881 8486 60.7 634 | 501 | 702 | 1179| 691 672 | 749 528 | 559 753 566 | 54.8 58.7 491 498 782 658 56.2 596
M.incubated with L2 703 | 706 853 828 654 745 | 60.8 | 61.9 | 1505| 816 775 | 85 65 76 788 682 | 566 70.7 613 | 614 873 67.7 534 663
M.incubated with L3 759 | 996 | 1112 865 706 sss | 851 | 873 | 191.2| 853 834 | 1025]| 704 m 887 79 721 76.4 703 312 937 681 641 734
Mean 659 | 738 98 2 782 856 755 | 853 | 731 | 1465| 787 76.0. 88 627 | 676 79 685 | 628 689 602 | 608 86.4 672 579 66.4
Grand mean 668 | 693 | 1128 %7 68.7 783 75 781 | 126.4| 80.2 701 86 582 | 603 93.4 689 | 564 676 52.4 555 924 654 571 647

M=manure
LSD 0.05 : S=0.47 T=0.78 P =0.52 SxT =1.56 SxP =1.05 TxP = 1.76 SxTxP =0.41
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a positive correlation between extractable Mn and the soil content of fine

fractions .

4.3.3.2 The effects due to the different organic residues .

Results show significant differences among the values of available
Mn contained in the tested soils as a result of the added organic residues .
Apphication of different sources of organic manures increased the amount
of Mn extracted from both soils under inevstigation . The amount of
available Mn in the sandy soil increased according to the descending
order: TR > CLM > BM > PM . Mean values averaged over all incubation
periods were 34.8 ., 31.9 | 28.6 and 28.2 mg Mn kg 'soil . respectively .
The effect 1n the clayey soil, followed the descending order : TR > BM >
CLM > PM . The corresponding values of extractable Mn were 66, 58 3.
544 and 52.3 mg Mn kg'soil , respectively . It is clear that the TR was
the most efficient residue in inducing soil Mn availability in both the sandy
and clayey soils . Superiority of TR reflects its higher Mn contents
compared with the other materials . Almost similar results were obtained
by Abd El-Kariem (1989) and Abd El-Hamied (1996) who found that
soil incubation with organic residues increased the soil content of DTPA
- extractable Mn . The increase in soil available Mn was more obvious in
the clayev soil than in the sandy one .On the other side , Bromfield and
Sherman (1950) noticed an increase in the level of manganese released
from organic matter due to the reduction of Mn with organic compounds
such as humic and fulvic acids produced during the decomposition of soil

organic matter .
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4.3.3.3 The effects due to mineral fertilization

Mineral fetilization which included manganese sulphate significantly
increased the soil content of available Mn compared wih the control at all
periods of incubation . This inducing effect was significantly increased as
the level of mineral fertilization increased in both soils . Average values of
Mn extracted from the sandy soil increased from 26.1 , 34.1, 29.3 and 28 4
mg Mn kg’ soil at L, to 41.8,50,45.7 and 42.6 mg Mn kg™ at L; for
mineral sources equivalent to those contained in BM , TR . CLM and PM ,
respectively . These values in the clayey soil increased from 56.2 . 60 .
39.8 and 349 mgMnkg'soilatL;to70.8, 722,527 and 46.9 mg Mn
kg™ soil at L; for the above mentioned treatments , respectively .

Because the clayey soil contained initialy relative higher values of
soil available Mn . its DTPA - extractable Mn reached values relatively
higher than the corresponding ones of the sandy soil . Mean values of
available Mn average over all treatment were 44.5 and 74.3 mg Mn kg
soil for the sandy and clayey soils , respectively . Mean values of
extractable Mn at low level in the sandy soil were 41.3 , 45.9 , 45 and 32.1
mg Mn kg' soil, these values increased at the highest level of application
to reach 60.6 . 79.3,68.3 and 59.5 mg Mn kg" soil for BM, TR , CLM
and PM | respectively . In the clayey soil, these values when the manure
was mixed with the mineral fertilizers at the level L, were 83.4, 849 |
65.1 and 70 mg Mn kg™ soil and increased to reach 111.3, 130.5, 102.4
and 105.1 mg Mn kg' soil when the different manures were mixed with
the highest level of the mineral sources (L;) for BM . TR . CLM and PM.,

respectively .
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1.3.3.4 The effects due to mixing application of raw residues and

mineral fertilizer sources .

Results show that soil available Mn was significantly increased
upon treating the tested soils with the studied sources of organic residues
mixed with the different levels of mineral fertilizers . Average values over
all treatments were 44 5 and 74.3 mg Mn kg™ soil for the sandy and clayey
soils . respectively . This inducing effect was steadily increased as the
level of mineral fertilizers increased .

It is clear that TR mixed with the mineral fertilizers and applied to
the soils were the most effective residues in inducing soil available Mn in
the sandv and clavey soils . The highest values of available Mn in the
sandy soil (60.1mg Mn kg'soil) and the clayey soil (104.3 mg Mn kg
soil) were obtained when TR was mixed with mineral fertilizer . These

results mayv confirm those obtained by Abd El-Kariem (1989) .

4.3.3.5 The effect due to composting the raw residues with mineral

sources before application to the soils :

Results obtained indicate that application of the organic residues
composted with the mineral fertilizers outside the soil increased
significantly the DTPA-extractable Mn in both the investigated soils and
the increase was more obvious with the highest level of applied mineral
sources (L:) . However, this effect was less than that observed upon
adding the organic residues and mineral fertilizers separately to the soil
without incubation . Average values over all treatment were 39 4 and 99.6
mg Mn kg™’ soil for the sandy and clavey soils . respectively . These values
corresponded to 44.5 and 74.3 mg Mn kg™’ soil when the organic residues

were applied with the mineral fertihzer without composting . Such effect
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could be attributed to the ability of humic substances released or
svnthesized through the decomposition of the raw residues to react with
mineral soil components and formation of more stable organic mineral
complexes which reduce the soil Mn availability . These results are in
accordance with the findings of Greenland(1970), Khalil et al. (1986)
and Parfitt et al. (1995) .

It 1s of a relative importance to indicate that TR was also the most
efficient treatment in inducing Mn availability when it was composted with
the mineral fertilizers and applied to both the soils . Average values were

43.4 and 88.0 mg Mn kg™’ soil for the sandy and clayey soils, respectively.

4.3.3.6 The effect due to the interaction between the different

treatments :

Results showed significant positive interactions among all the tested
combinations on soil Mn availability in both the soils . The most effective
treatments could be arranged according to their effect on soil Mn
availability in these descending order .

In the sandy soil :

Manure + L;at (30 days) > Manure + L, at (30 days) > L;at (30 days) >
days) > M. incubated with L; at (30 days). Values of available soil Mn
corresponding to these treatments were 939 739 73.6and 62.9 mg
Mn kg-'soil . respectively .

In the claveyv soil :

The descending orderd was Manure + L; at (30 davs) > Manure + L. at
(30 days) > M. incubated with Ls at (30 davs) > Manure + L, at (30 davs).
Values of available soil Mn corresponding to these treatments were .

162.5 1332 .166.5 and 113.5 mg Mn kg-'soil . respectively .
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Such results may lead to a general conclusion that the most efficient
treatment with respect to inducing Mn availability in both the tested sandy
and clavev soils at 30 days of incubation was that of TR manuring
combined with mineral fertilizers at the third level and was appilied to the
soil without incubation . Values of available Mn were 115.9 and 173.4 mg
Mn kg-' soil for the sandy and clayey soils . respectively .

4.3.4 Effect on soil available Zn

Effects due to the addition of different organic residues on the
available Zn in both the sandy and clayey soils during the different
incubation periods are presented in Tables (15 & 16)and illustrated 1n
Figs (11& 12).
4.3.4.1 The effect due to the incubation period

Results obtained show significant differences in values of available
Zn in both the sandy and clayey soils due to the different incubation
periods . Available Zn extracted from the soils treated with the different
organic manures was increased as the incubation periods increased . The
maximum values were obtained from the samples extracted after 120 days
of incubation .

In the sandy soil , mean values of DTPA extractable Zn increased
from 4.27 . 5.03,7.29 and 6.1 mg Zn kg™’ soil at zero time of incubation
to reach 7.0 . 7.18 ., 9.61 and 7.37 mg Znkg" soil at the 120 days of
incubation for BM , TR , CLM and PM , respectively .

In the clayey soil , the corresponding values at zero time were 5.86,

895 . 12.2 and 10.0 mg Zn kg’ soil . These values significantly
increased to reach 10.0,14.6 . 19.0and 12.6 mg Zn kg" soil at end of the
incubation period (120 days) . Such trend may be due to microbial activity

that encourages the formation of new products of humic substances
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during decomposition which play a major role in soil fertility . Similar
results were obtained by Abd El-Kariem (1989) and Hegazy et al.(1989).

1.3.4.2 The effects due to the different organic residues

Results obtained show significant differences in the values of
available Zn extracted from both the clayey soil and sandy one as a result
of added organic residues in all cases . This positive effect in the sandy
and clayey soils showed in the following order :CLM > PM > TR > BM .
It is clear that the chicken litter manure was the most efficient residue in
inducing soil Zn availability in such soils . The least effect was due to
boigas manure . Mean values of DTPA extractable Zn from the sandy soil
were 7.2 . 457 . 4.39 and 3.67 mg Zn kg soil for CLM , PM , TR and
BM , respectively . The corresponding values in the clayey soil were 13.9,
896 . 82 and 5.99 mg Znkg" soil for the above mentioned treatments ,
respectively . Similar results were obtained by Abd El-Kariem (1989)
and Abd El-Hamied (1996) who stated that soil content of DTPA -
extractable Zn was increased as a result of adding town refuse . chicken
manure and biogas manure . Considering the obtained data in view of the
initial analvsis of the raw residues, it is clear that the chicken litter manure
was of the highest Zn content ., consequently it was expected to be of the
highest effect on soil available Zn . Almost similar results were obtained
bv Abd El-Latif and Abd El-Fatlah (1985) who showed that the addition
of organic materals such as gawafa seeds and the crust of both orange and
peanut to a sandv loam soil and a sandy clay loam soil . markedly

increased the available Zn
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4.3.4.3 The effect due to mineral fertilization

Mineral fetilization which included zinc sulphate sigmificantly
increased soil content of available Zn . This inducing effect was
significantly increased as the level of mineral fertilizers increased .

Because the clavey soil contained initialy relative higher values of
soil available Zn . its available Zn reached values relatively higher than the
corresponding ones of the sandy soil .

In the sandv soil , mean values of DTPA extractable Zn were 3.28 ,
329 . 463 and 3.15 mg Znkg' soil at the lowest level (L) of the applied
mineral fertizilers . At the highest level (L;) , the values significantly
increased to reach 5.4 . 6.58 . 9.84 and 7.79 mg Zn kg' soil for the applied
mineral fertilizers equivalent to elements contained in BM , TR , CLM and
PM | respectively .

In the clavey soil . data indicate that DTPA extractable Zn was
increased when the mineral fertilizers were applied as compared with the
control (without application) . Mean values at the lowest level (L) were
338 .5.17.7.52 and 7.56 mg Zn kg' soil and reached the maximum at the
highest level (Ls) where valuesof 6.18.13.5 164and 15.8 mgZn kg'
soil were obtained for the applied fertilizers equivalent to elements
contained in BM ., TR , CLM and PM . respectively . Similar results were
obtained by Abd El- Kariem (1989) who stated that the DTPA extractable
Zn was increased when Zn was applied to calcareous and sandy soils as

compared with the control at all periods of incubation .
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Table (15) Effect of organic res

idues and mineral fertilizers on available Zn :._..n_.a.; of Meet Kenana sandy soil during differnt incubation periods.

Incub parlods(days)(P} 0 _ 15 — 30 _ 60 _ 120 _Eom_._ _ 0 _ 15 _ 30 _ 60 ~ 120 __._..nu: 0 _ 15 _ 30 _ 60 ,— 120 |mean — 0 _ 15 _ 30 _ 60 _ 120 |mean
" Treatments(T)
Control 188|198 | 205 | 250 | 288 | 225|188 198 | 205| 250. 288|225 | 188 |198| 205 | 250.| 288 225 | 188 | 198 | 206 | 250 | 288 | 25
B Mineral levels equivalent to organic sources
A B Cc D
L1 225|265 319 39 442 | 328| 24| 29 |303| 332 | 48 | 329 | 437 | 457| 462 | 472 | 487 | 463 | 2 172281 366 | 371 | 464 | 315
L2 271278 44 58 584 | 43 | 352|372 384| 408 | 586 42 | 525 |534| 748 | 761 | 828 | 672 | 436 | 4 54| 463 | 53 | 558 | 488
L3 363|376 | 506 | 544 | 912 | 54 | 631|642| 66 | 672 | 688 658| 96 |973| 978 | 984 | 107 | 984 | 710 | 723 | 756 | 85 | 858 | 779
Mean 286 | 306 | 421 504 | 646 | 436 | 413 | 438 | 438 | 47 584 | 469| 64 |654| 720 | 739 | 792| 78 | 454 (468 | 528 [ 583 | 826 | 527
Organic manure sources (S)
Biogas manure Town refuse manure Chicken litter manure Poudratte manure
Manure only 220 _ 226 — 232 _ 575 _ 58 _ 367 N.Mm_ Awh_ A.am_ 54 _ 56 _ 439 | 410 _ A.am_ 816 h 9.7 _ 99 _ 2 39 _ aow— 475 | 49 | 53 _ 457
Manure + L1 511|518 | 525 | 6.46 65 57|40 | 412| 65| 674 | 678 | 562 | 658 |676( 713 | 768 | 824| 727 | 45 | 461 | 501 7521858 )| 604
Manure + L2 638| 665 | 672 | 7.46 75 | 694|544| 56 |814| 828 | 86 | 721 | 875 | 884| 892 | 963 | 109 | 94 803 |805| 814 | 109 | 143 | 988
Manure + L3 751 | 762| 793 | 107 | 107 | 890 | 98 | 993 (100, 10.2 103|100 | 113 |115| 120 | 128|140 | 123 | 103 | 105]| 107 | 124 | 149 | 116
Mean 633| 648 | 663 | 820 8> | 718|641|655|821| 84 | 856 | 761 | 887 [903]| 968 | 101 | 10 71965 | 761 | 775 792 | 103 | 126 923
M.incubated with L1 283| 20 | 418 | 463 | 481 [ 386|342 352|425 51 508 | 445 | 47 |482| 652 76 | 802| 633 | 40 | 414| 45 | 725|830 | 597
M.inc ubated with L2 411 | 416 | 695 | 7.38 74 |600.|492|501 (612 70 71 | eo3| 779 | 798| 815 | 89 | 954 | 887 | 753 | 772| 781 | 101 | 137 | 937
M.incubafed with L3 5g1| 502|828 | 836 | 838 | 735 | 81 | 816|992 100 | 1011 926| 105|107 108 | 113 | 128| 112 | 915|923| 943 | 116 | 138 | 106
Mean 42| 432 | 661 671 679 | 573|548| 556|676 74 760| 658 | 766 | 783| 840 | 926|101 | B67 | 687 | 703 | 718 [ 971 [1190) 854
Grand mean 427 445| 543 6.59|70 s54| 503 537| 625 669 7.18|6.10 7.29] 747 845| 90 961 834|610 624 659 B824| 976 | 737
M=manure
LSD 0.05 : S=0.36 T=0.67 P =0.42 SxT =0.59 SxP =0.22 TxP = 0.94 SxTxP =0.056
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Table (16) Effect of organic

residues and mineral fertilizers on available Zn (mg xn._; of Moshtohor clayey soil during different incubation periods.

Incub periods(days)(P) 0 _ 15 _ 30 — 60 _ 120 T.nw: _ 0 _ 15 _ 30 _ 60 120 |mean — 0 _ 15 30 — 60 _ 120 T:..m: 0 — 15 _ 30 _ 60 _ 120 [mean
o ﬂ‘:‘r.:“.:lc_.ia:\
Control 2 m:_ 288| 316 u.N.\._ 3.42| 338 _ 281| 288 w.._m_ 3.27| 3.42| 3.38 M.m._— 288| 316| 327 342| 338 m.md_ 288| 3 _m_ 3 m.,__ 2 .aw_ 338
Mineral levels equivalent to organic sources
A B = D
L1 2a8| 30 | 399 | 403 | 552 | 338|3.76| 432 S8 585 | 612 | 517 | 651 |657| 674 | 678|110 | 752 | 534|578 | 80 | 807 | 106| 756
L2 36 | 374| 442 | 453 | 454 | 416|708 752|110 117 | 138| 103| 948 | 103| 111 | 112|160 | 116 | 734 | 82| 107 | 109 | 159 | 105
L3 43| as6| 458 | 612 | 636 | 618 |9.23| 94 | 157 158 | 176|135 117 |11 7| 163 | 165 | 257 | 164 | 103 | 132 | 161 | 163 | 231 | 158
Mean 347| 406 | 432 | 489 | 547 | 457|669 708 | 108 111 | 125|965 | 923 |952| 114 [ 115|176 118 | 766 [907| 116 | 118 | 165| 113
Organic manure sources (S)
Blogas manure Town refuse manure Chicken litter manure Poudratte manure
Manure only s14] s E 8| se8| 836 [ 590 |70 | 79 _ 8.63| seo| 877 82 107 108| 111 | 182] 18 a| 139] s0i| 8 12| 83| 846l 119] 8os
Manure + L1 773|825 | 83 95 107 | 89 |103| 104|116| 118 | 134 115]| 112 [113] 140 | 141 | 147 | 131 | 842 85| 116 | 129132 | 109
Manure + L2 oa3| 108|116 | 119 | 161 | 121 |122] 125 144 145 | 161 | 139| 144 | 146| 171 | 210 | 219| 178 | 121 | 122] 128 | 130 | 218 | 144
Manure + L3 123|126 | 139 | 140 205 | 147|152|160.|193| 202 | 294 | 218 | 193 | 243| 265 | 266 | 286 | 251 | 198 222 266 | 267 | 21| 249
Mean gos| 106| 113]| 118 | 158 | 119|126]13.0.| 151 185 | 196|158 | 150 | 167| 192 | 206 | 21.7| 187 | 133 | 142 | 159 | 160 [ 209 | 161
M.incubated with L1 383|392 | 688 | 722 76 |sso|s516|522| 75| 776 | 815(6.75.| 960 |979| 110 | 111|123 | 108 | 735 | 742 B s | 91 112| 876
M.incubated with L2 400 | 408 | 746 | 7.62 82 |627|801|882]|962( 97 1011 925|120 |122] 160 | 163 | 181 | 149 | 106 [ 110 | 111 [ 111|159 | 119
M.incubated with L3 52| 538|955 | 978 | 123 | 846 | 115|153 174| 181 | 228|170 | 175 [183] 185 | 210 | 235| 197 | 119|121 | 143 | 144 | 178 | 140
Mean 437| 446 | 706 | 820 | 936 | 687 | 822|978 | 115 118 | 1371110 | 130 | 134| 152 | 181 [1BO | 151 | 995 | 102 | 114 | 115|150 | 116
Grand mean sge| 62| 763 | 803 | 100 | 760 (895875 123| 133 | 146|118 | 122 [130| 149 [ 163 [ 190 | 151 | 100 | 109 | 125 | 126 | 169 | 126
M=manure
LSD 0.05 : S=0.5 T=0.08 P =0.06 SxT =0.17 SxP =0.12 TXP =0.19 SXTxP =0.04
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4.3.4.4. The effects due to the separate application of organic and

mineral fertilizer sources :

Results show that the soil available Zn was significantly increased
upon treating both the sandy and clayey soils with the studied sources of
organic residues applied separately along with the different levels of
mineral fertilizers . This inducing effect was significantly increased as the
level of mineral fertilizers increased by application of the organic
manures. At the lowwst level of the applied mineral fertilizers (L) values
of DTPA extractable Zn increased as compared with the control treatment
to reach 5.7 . 5.62 . 7.27 and 6.04 mg Zn kg' soil in the sandy soil for BM,
TR . CLM and PM, respectively . When the highest level of the mineral
fertilizers (L;) was applied with the organic manures , the values of the
available Zn increased to reach 8.9 ,10.0,12.3 and 11.6 mg Zn kg' soil
for the above mentioned treatment , respectively .

In the clavey soil , values of the DTPA extractable Zn upon
application of the different manures with the lowest level of the mineral
fertilizers (L,) were 8.9, 11.5,13.1 and 10.9 mg Zn kg' soil for BM, TR,

CLM and PM . respectively . These values reached to the maximum
when the different manures were applied with the highest levels of the
mineral fertilizers (L;) where values of 14.7 ,21.8 ,25.1 and 24.9 mg Zn
kg' soil were extracted for the samples treated with BM . TR . CLM and
PM | respectively . It is clear that the chicken litter manure associated with
the mineral fertilizers at the highest level was the most effective treatment
in inducing soil available Zn 1n both soils under investigation . These
results may confirm that obtained by Baunghman (1956) and Abd El-
Kariem (1989) who found that DTPA extractable Zn was increased due to

addition of organic manures plus ZnSO4.7 H,O to the tested soils .
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4.3.4.5 The effects due to composting the raw residues with mineral

sources before application to the soils .

Results show that the organic residues incubated with the mineral
fertilizers before application to soil increased the DTPA -extractable
fraction of Zn in both investigated soils . Such an effect was more
pronounced with increasing level of the mineral fertilizers application
however, this effect was less pronounced as compared with applying
organic residues and the mineral fertilizers in separate manner .

In the sandy soil , values of DTPA extractable Zn at the lowest level
of mineral fertilizers (L;) were 3.86,4.45,6.33 and 5.97 mg Zn kg' soil
for samples of treated with BM , TR, CLM and PM | respectively . These
values increased by increasing level of the applied mineral fertilizers
where the values 7.35.,9.26,11.2 and 10.6 mg Zn kgl soil were obtained
when the highest level (L) of the mineral fertilizers was composted with
the above mentioned of organic manures , respectively .

In the clavey soil , values of extracted Zn when manures were
composted with the lowest level (L) of the mineral fertilizers were 5.89 ,
6.75 . 10.8 and 8.76 mg Zn kg' soil . These values significantly increased
when manures were incubated with the highest level (L) of the mineral
fertilizers where 8.46 . 17.0 . 19.7 and 14.0 mg Zn kg' were extracted
from the claveyv samples treated with BM | TR | CLM and PM |
respectively . Such an effect could be attributed to the ability of humic
substances to react and form stable organic mineral complexes . and thus
the availability of soil zinc could be reduced . Almost similar results were
obtained bv Greenland (1970) who stated that some compounds of the

humified matter at the terminal decomposition stage of the organic
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manures may form stable organo - mineral - clay colloidal complexes . and
thus decrease the availability of such metals as iron and zinc .

4.3.3.6 The effect due to the interaction among the different

treatments

The obtained results showed significant positive interactions
through all the tested combinations on soil Zn availability in the sandy and
clayey soils . The composted treatments could be arranged according to
their effect on the available Zn in the sandy soil content of in the
following descending order : Manure + L; at (120 days) > M. incubated
with L; at (120 days) > Manure + L, at (120 days) > L; at (120 days)
where values of the available soil Zn corresponding to these treatments
were 12.5.10.9. 10.3 , and 8.82 mg Zn Kg'' soil respectively .

In the clavey soil , the following trend was recorded : Manure + L3
at (120 days) > M. incubated with L; at (120 days) > Manure + L, at (120
days) > L; at (120 days) , the corresponding values were 26.9 . 19.1 . 19.0
and 182 mg Zn Kg' soil , respectively . Such results may lead to a
general conclusion that the most efficient treatment with respect to
inducing Zn availabitily in the sandy and clayey soils was the chicken litter
manure combined with mineral fertilizers at the third level and applied to
the soil without incubation . This effect was maximized after 120 days
from its application.

4.3.5 Effect on soil available Cu

The effects due to different organic residues either alone or mixed
with different mineral fertihizers on the available Cu in both the sandy and
clavev soils. durning the different incubation periods are presented in

Tables (17 & 18) and illustrated in Figs (13 & 14) .
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1.3.5.1 The effect due to the incubation period

Results obtained show significant differences in values of the
available Cu in the tested soils due to the different incubation periods .

a) The sandy soil

Results reveal that the effects were too slight during the first 15
days, mean values average over all treatments were 5.81,30,43and
528 mg Cu kg' soil for BM, TR, CLM and PM, respectively . These
values increased gradually to reach maximum at end of incubation (120
days) . The corresponding values were 7.13,3.72, 6.1 and 6.53 mg Cu
kg™ soil for the above mentioned treatments , respectively .

b) The clavey soil

Results indicate, generally that the most effective period in inducing
available soil Cu was 30 days for the different organic manures . Slight
increase was observed during the initial 15 days ,mean values average over
all treatments were 9.63 , 8.06,6.86 and 6.71 mg Cu kg’l soil for BM ,
TR . CLM and PM, respectively .Thereafter the values increased
progressively up to 30 days where the values reached the maximum for
BM (12.2), TR (10.6), CLM (8.86) and PM (10.3) mg Cu kg™ soil at the
30 th day from incubation, followed by a decreasing trend after 60 days
but were still higher than those values obtained after 15 days , followed
again by increase till end of the incubation (120 days) .

4.3.5.2. The effect due to the different organic residues

Data obtained show significant differenes in values the of available
Cu extracted from the tested soils as a result of the added organic residues.
The amount of available Cu in the sandy soil increased in the following
order - BM > PM > CLM > TR . Average values were 3.56,2.47,2.19

and 1.41 mg Cu kg soil , respectively . This effect in the clayey soil,
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Table (17) Effect of organic residues and mine

ral fertilizers on available Cu (mg re.; of Meet Kenana sandy solil during different incubation periods.

incub perlode({days)(P)

o_am—u0~mo_gno_30m:

Treatments(T)

T ] o [ fmen] o [ 5] o [ @ [l | o [ ] [ @] e

Control 106|106 119 | 102 | 116 [1.10.|1.06| 1.06 119 102 | 116|110 | 106 |106| 119 [ 1.02 [ 116 | 1.10. _ 106 |106| 119 | 102 _ 116 | 1.10
Mineral levels equivalent to organic sources
A B c D
- L1 337|348 | 373 | 408 | 418 | 376 |1.20.| 1.28 | 206| 240. 246|188 | 240 | 254| 314 | 360 | 307 | 313 | 260 [ 261 | 296 | 331 [ 346 | 268
L2 511|520 | 807 | 614 | 714 | 593 |198| 204|280 205 | 208 | 257 | 3.28 | 384| 446 | 480 | 535| 434 | 440 | 444 | 468 [ 548 | 610 501
L3 873|800 | 920 | 958 | 962 | 922 413| 414 | 448 so2 | 516 | 458 | 695 |710.| 972 [1090| 112]| 917 | 861 | 876 903 [ 917 | 942 900
Mean 573|586 | 636 | 650 | 698 | 630 |243| 248 | 3.14 345 | 353 | 301 | 421 | 440| 577 | 643 | 684 | 554 | 520 | 527 | 555 | 598 [ 632 | 566
Organic manure sources (5)
Blogas manure Town refuse manure Chicken litter manure Poudratte manure
Manure only | 281|290 | 351 | 408 | 452 [356 118 102[121] 154 | 18] 141 | 103 [204] 214 [ 27| 247] 219 | 207 [212] 20 | 205 | 321 | 247
Manure + L1 407|460 | 526 | 60 613 | 521 | 240| 265 286| 292 | 302|270 | 301 | 304 496 | 528 | 606 | 447 | 214 | 287 | 342 | 390 | 454 337
Manure + L2 645| 658 | 742 | 820 | 857 | 742|345 352|371 42 | 437| 386 | 403 | 426| 497 | 513 | 566 | 481 | 582 | 596 | 648 | 689 | 7 71| 657
Manure + L3 895|928 | 95 055 | 100 | 945|501 ]| 505|520.| 564 |580.| 534 751 | 762| 987 | 111 | 118]| 958 | 915|933 | 972 | 100 | 102 | 968
Mean c6a0| 682 | 756 | 790. | 8O7 | 736 |365| 3.72| 392 427 | 430 | 390 | 485 |497| 660 | 717 | 784| 628 | S70 | 6065 | 654 | 693 | 748 654
M.incubated with L1 352|361 | 386 | 44 512 | 407 |250.| 251 | 258| 263 | 273 | 259 | 233 | 264| 3.18 372|384 314 | 230 | 265 313 | 358 | 385| 310
M.incubated with L2 608|628 | 732 748 | 770 | 697 | 283| 296 313| 328 | 354 | 315 392 | 40 | 424 | 431 | 432 416 | 502 | 525 536 | 605|691 | 572
M.incubated with L3 715| 732| 832 | 834 | 886 | 80. | 462| 474 490 | 510. | 5.22| 491 | 481 | 592| 630. | 634 | 636 | 594 | 870 | 881 | 899 983|991 ] 926
Mean 58| 573|653 | 674 | 722 | 634|331 (340|353 267 | 383 | 355| 368 | 418| 457 | 479 | 4B4| 441 | 534 | 557 | 582 | 648 689 | 602
| Grand mean se2| 581 | 648 | 677 | 713 [ 335|283 30 330.| 357 | 372|330 | 40 |430| 529 | 575|610 | 509 | 508 528|560 | 608|653 571
M=manure
LSD0.05: S=0.5 T=0.08 P =.05 SxT =0.16 SxP =0.10 TxP=017 SxTxP =0.04




Table (18) Effect of organic res

idues and mineral fertilizers on available Cu (mg .6.__ of Moshtohor clayey soil during different incubation periods.

incub.perlods{days)(P) 0 15 30 — 60 — 120 |mean 0 15 _ 30 _ 60 _ 120 |mean 0 15 _ 30 — 60 _ 120 |mean — 0 _ 15 _ 30 _ 60 1_ 120 T;u:
Treatments(T)
Control 2.80 | 281 3.48 3.42 426 335 | 280 | 281 | 3.46 3.42 426 | 335 | 280 | 281 3.46 _ 342 | 426 335 M 2.80 2.81 _ 346 _ 342 — 4.26 — 335
Mineral levels equivalent to organic sources
A B c D
L1 651 | 668 765 6.72 890 729 | 478 | 485 | 896 566 8.30 6.53 435 | 4.44 538 452 | A76 469 3.44 3.45 873 424 729 543
L2 7.31 | 880 981 8.81 108 915 | 659 | 6.70. | 128 8.34 9.20. | 8.72 6.15 | 6.70. 8.06 688 | 718 657 6815 | 626 100 748 808 759
L3 10.7 14.8 151 109 16.9 13.7 | 121 | 128 | 1486 12.2 125 | 130. | 6682 | 9.70 12.6 674 | 789 931 08 109 138 11 17 17
B Mean 817 101 10.9 881 122 100 | 7.82 | 815 | 121 8.73 10.0. | 9.40. | 5.70. | .94 8.68 604 | 824 6 85 6 80 6 86 108 760 801 8.24
Organic manure sources (3)
Biogas manure Town refuse manure Chicken litter manure Poudratte manure
Manure only 301 _ 304 — 9.30 _ 9.10 9.20. 673 | 411 _ 4.14 _ 93 _ 6.85 _ 9.20. — 6.72 287 _ 293 _ 5.80. _ 499 — 554 — 4.42 270 w.__.u; 780 _ 4 40 _ 464 487
Manure + L1 82| 708 | oss | 772 | 8ss | 781|610 | 614 | 782 | 636 | 652 | 659 | 563 594| 704 | 602 | 666 | 626 | 660 | 665 | 994 | 798 | 984 | 820
Manure + L2 101 103 155 10.7 130 119 | 830 | 832 | 128 10.7 111 10.4 711 | 7.30. 9.16 7.16 | 8.86 794 7.05 724 112 866 858 875
Manure + L3 1.4 155 17.9 15.0 16.3 152 | 131 | 133 | 154 14.0. 148 141 11.7 11y 17.3 125 156 138 1.7 1.8 172 1286 133 133
Mean 9 40 110 14.4 1.1 128 11.7 | 9.20. | 8.30 1.7 10.4 10.8 103 815 8.38 1.2 8.56 10.4 933 8 45 859 128 974 109 101
M.incubated with L1 610 | 620 6.98 6.20. 6.36 637 | 512 | 533 | 548 514 540 | 529 512 | 534 | 6.20 538 | 568 555 513 | 525 720 560 678 599
M.incubated with L2 905 | 9.41 1.3 813 963 | 8.70. | 860.| 7.70. | 7.76 | 6.70. 7.18 7.18 515 | 554 6.92 542 | 578 576 555 564 796 700 785 | 680
M.incubated with L3 102 145 | 150 108 11.0. 123 | 108 | 111 | 116 1.9 115 112 | 870 888 10.1 820 981 834 710 7.20 8 66 720 760 755
Mean 845 | 100 11 871 899 950 | 750 | 804 | 828 780 803 | 7.80 632 | 658 7.74 686 | 710 6 88 582 603 784 6 60 741 878
B Grand mean a10 | 963 | 122 | 950 111 | 101 | 778| 808 | 106 | 870 | 956 | 895 | 633 [e86| 886 | 687 | 767 | 731 | 662 | 671 | 103 | 762 | 866 80
M=manure
LSD 0.05 : 5=0.06 T=0.10. P =0.07 SXT =0.21 SxP =0.14 TxP = 0.23 SxTxP =0.05
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showed the following order : BM > TR > PM > CLM . The corresponding
values of DTPA extractable Cu were 6.73 .6.72 .4.67 and 4.42 mg Cu kg'
soil , respectively . It is clear that the biogas manure was the most
effective residue in inducing soil Cu availability in both the sandy and
clayey soils as compared with the other sources of the organic manures .

Data indicate, in general, that DTPA - extractable Cu of the clayey
soil was soundly higher than that of the sandy one . This may be due to the
relatively lower Cu content of the sandy soil as compared with the clayey
one . Similar results were obtained by Abd El-Latif and Abd El-Fattah
(1985) who found that increasing Cu availability was related to the higher
content of Cu and the lower pH values of the organic manures during
decomposition process which plays an important role in extractablity of
Cu. Hegazy et al (1989) stated that available Cu was significantly
increased as a result of organic manures application .

4.3.5.3 The effect due to mineral fertilization :

Inorganic fertilizers which included copper sulphate significantly
increased soil content of available Cu . Average values over all periods of
incubation and treatments were 5.13 and 8.64 mg Cu kg soil for the
sandy and clayev soils, respectively . This inducing effect was
consistently increased as the level of minral fertilization increased in both
the soils . Mean values of available Cu in the sandy soil at the lowest level
(L)) were 3.76 . 1.88 | 3.13 and 298 mg Cu kg soil for the mineral
fertilizers equivalent to elements contained in BM , TR . CLM and PM ,
respectively . The corresponding values at highest level (L;) were 6.3,
3.01.5.54 and 5.66 mg Cu kg soil, respectively .

Because the clavey soil contained initialy relative higher values of

the available Cu . its available Cu reached relatively higher values than



-113-

the corresponding ones of the sandy soil . In the clayey soil mean values
averaged over all periods of incubation at the lowest level of mineral
fertilizers L; were 7.29, 6.53 , 4.49 and 5.43 mg Cu kg soil, while at L5 ,
these values increased to reach 10.0,9.4,6.85 and 8.24 mg Cu kg'lsoil
for BM . TR, CLM and PM , respectively . Similar results were obtained
by Zhu and Alva (1993) who found that available Cu was significantly
increased when Cu was applied to a sandy soil as compared with the
control at all periods of incubation .

4.3.5.4 The effect due to separate application _of raw_ residues and

mineral fertilizer sources .

Results show that soil available Cu was significantly increased upon
treating the tested soils with the studied sources of organic residues mixed
with the different levels of mineral fertilizers . This inducing effect was
significantly increased as level of the mineral fertilizers increased . It 1s
clear that application of biogas manure with the mineral fertilizers to the
soils was the most efficient residues in inducing soil Cu availability in both
soils . In the sandy soil, average values of DTPA extractable Cu when
organic manures were applied with the lowest level of mineral fertilizers
(L)) were5.21,2.7,4.47 and 3.37 mg Cukg'soil for L; + BM, L, + TR,

L, +CLMand L, +PM, respectively . The corresponding values at the
highest levels of mineral fertilizers L were 9.45, 5.34, 9.58 and 9.68 mg
Cu kg! soil for the above mentioned treatments respectively .

In the clayey soil , application of the mineral fertilizers with organic
residues significantly increased values of DTPA extractable Cu . Thus
effect was more obvious with increasing level of the mineral fertilizers .
Mean values of available Cu at the lowest level of mineral fertilizers were

781 .6.59 . 6.26 and 8.2 mg Cu kg’lsoil for BM, TR, CLM and PM ,
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respectively . These values increased toreach 15.2,14.1,13.8and 13.3
mg Cu kg'soil for the above mentioned treatments , respectively . The
results showed that mixing mineral fertilizers with BM | in particular . has
an improving effect on the available Cu as compared with the other
sources of organic manures. Superiority of BM + mineral fertilizers reflcts
its higher Cu contents compounds with the other materials . Similar results
were obtained by Hegazy et al. (1989) . and Abd El- Salam et al. (1996) .

4.3.5.5 The effect due to composting the raw residues with mineral

sources before application to the soils.

Results obtained show that the organic residues mixed and
incubated with the mineral fertilizers outside the soil increased
significantly the DTPA-extractable Cu in both the investigated soils .
However this effect was less than the corresponding one observed due to
adding the organic residues together with the mineral fertilizers to the soils
without incubation . Mean values of Cu extracted from the sandy soil
when the organic residues were composted with the lowest level of the
mineral fertilizers (L;) were 4.07 ,2.59,3.14 and 3.1 Cu kg 'soil for BM ,
TR . CLM and PM _respectively . At the highest levels of the mineral
fertilizers, these values increased to reach 8.0,4.91,594 and 9.26 Cu
kg' soil for the above mentioned organic manures , respectively .

In the clayey soil , the corresponding values when manures were
composted with the lowest level of the mineral fertilizers were 6.37 , 5.29,

5.5 and 5.99 Cu kg soil , respectively . These values increased to reach
123 . 11.5 .9.34 and 7.55 Cu kg soil when the composted manure + L;
were applied i.e BM + Ly, TR + L; , CLM + L; and PM + L5,

respectively.
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The values of available Cu were highest upon application of the
composted BM + mineral fertilizers . The values of DTPA extractable Cu
were lowest when organic residues composted with mineral fertilizers
compared with the highest ones extracted from application of the same
organic residues with the same levels of mineral fertilizers may be
elucidated due to formation of stable organo-mineral clay colloidal
complexes at the terminal stage of the decompostition of such organic
material . Similar results were obtained by Greenland (1970) . Also, the
ability of humic substances released through the decompostion of the raw
residues to react with mineral complexes which reduce the soil Cu
availability (Parfitt et al, 1995) .

4.3.5.6 The effect due to the interaction between the different

treatments .

The obtained results show significant positive interactions through
all the tested combinations and both soils on soil Cu availability . The
composted treatments could be arranged according to their effect on soil
Cu availability in the following descending orders :

In the sandy soil :

Manure + Lsat (120 days) > L; at ( 120 days) > M. incubated with
L; at (120 days) > Manure + L, at ( 120 days). The values of available soil
Cu corresponding to these treatments were 9.28 , 8.85, 7.58 and 6.44 mg
Cu kg''soil , respectively .

In the claveyv soil :

Manure + L; at (120 days)> Lsat (120 days) > Manure + L, at
(120 days) > M. incubated with L; at ( 120 days), corresponding values

were 15.0.12.2.10.7 and 9.97 mg Cu kg’1 soil , respectively .
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Such results may lead to a general conclusion that the most effective
treatment with respect to inducing Cu availability in both the tested sandy
and clayey soils was that of the biogas manure combined with mineral

fertilizers at the third level applied to the soil without incubation .
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4.4 Green house experiment

4.4.1 Effect of organic manures and mineral fertilizers on dry matter

vield of wheat plants :

4.4.1.1 Effect of tvpe of the applied organic manure

Data presented in Table (19) reveal that application of any of the
used organic manures increased significantly the dry matter yield of the
wheat plants grown on both the sandy and the clayey soils where values of
this yield raised from 4.01 g pot™! in case of the control treatment of the
sandy soilupto5.32,5.22,5.19and 5.08 g pot” upon application of the
biogas manure , town refuse , chicken litter manure and poudratte ,
respectively. The corresponding dry matter yield of wheat grown on the
clayey soil raised from 4.30 g pot! in the control treatments up to 7.64,
6.10 . 6.45 and 5.57 g pot” , respectively . These results stand in well
agreement with those of Sak r et al. (1992), Fahmy (1995), Abd El-
Salam et al (1996) and Abd El-Hamied (1996). The results indicate to the
superiority of the biogas manure in both the sandy and clayey soils where
the values of the dry matter yield of the wheat plants grown thereon
attained 5.32 and 7.64 g pot™ respectively . On the other hand , poudratte
seemed to be of the least effect on dry matter yield of the wheat plants
grown on both the investigated soils since its application to these soils
resulted in dry matter yield of about 5.08 and 5.57 g pot”" in the sandy and
the clayey soil , respectively .

1.4.1.2. Effect of the mineral fertilizers applied solelv or combined

with the organic manures :

It is obvious from data presented in Table (19) that application of

the inorganic fertilizers in absence of the organic manures increased
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significantly the dry matter vield of the plants grown on both the
investigated soils. The increase seemed more obvious by doubling level of
the applied fertilizers and achieved maximum by raising level of
application to be equivalent to four times that of organic manures . The
dry matter yield of the wheat plants grown on the sandy soil increased
from 401 to 458 . 403 and 4.03 g pot’ when the mixtures of the
inorganic fertilizers were applied in quantities having elemental
compositions and concentrations equivalent to the biogas manure , town
refuse and chicken litter manure , respectively . On the other hand, a
reduction in drv matter yield occurred when a mixture of inorganic
fertilizers equivalent to both the elemental camposition and concentration
of the poudratte was applied . Doubling the elemental conceutrations of
the inorganic fertilizers (L), raised the dry matter yield to 6.29 , 535,
570 and4.85 g pot‘l in case of biogas manure, town refuse , chicken litter
manure and poudratte manure , respectively . The corresponding dry
matter yield attained upon increasing level of the applied inorganic
fertilizers to four times their concentrations present in the above
mentioned organic manures (L;) increased the dry matter yield of the
wheat plants grown on the sandy soil up to 7.70,6.75,6.60 and 5.13 g

pot']

. respectivelv . The corresponding drv matter yvield of the wheat
plants grown on the clavey soil attained 4.95 . 4.81 . 490 and 452 ¢ pot™.
respectively in case of applying the first level (L;)of the inorganic
fertilizers . 7.41 . 6.50 . 6.32 and 4.99 _respectively upon application of the
second level (L) of the inorganic fertilizers and 8. 47 . 7.23 . 8.29 and 5.95
g pot! . respectively when the inorganic fertilizers were applied at their
highest level (L:) . These results agree well with the finding of Suyamto

(1990) who found that the drv matter of maize plants increased by 160%

with increasing inorganic fertilizers compared with the control .



Table (19) Effect of organic manures and mineral nutrient sources on dry matter yield (g pof”’)of wheat plants.

Manure source (M)
Biogas manure Town refuse Chicken litter manure Pouudratte manure
Treatments (T) Soil (S)
sandy clayey mean sandy clayey mean sandy clayey mean sandy clayey mean
Control 40 43 415 401 430. 415 401 430 415 401 4730 415
L1 458 495 476 403 481 442 403 490 4.48 3.79 452 415
L2 6.29 7.41 8.85 535 6.50. 582 5.70. 8.32 6.01 485 409 492
L3 7.70. 8.47 8.10. 8.75 7.3 6.99 6.60. 8.29 7.44 543 5665 554
Manure 532 7.64 6.48 S22 6.10. 5.68 519 6.45 582 508 557 533
~ Manure + L1 707 7.70. 7.38 5.61 753 857 6.19 7.20. 6.70 6.46 658 652
Manure + L2 104 108 107 756 9.48 852 9.26 097 9.61 7.72 8.01 787
Manure + L3 139 14.7 143 9.42 13.0. 11.2 9.61 131 11.4 8.45 8.25 885
M.incubated with L1 6.02 6.65 8.33 50. 6.80. 585 517 6.84 60. 5.80 586 583
M.incubated with L2 812 8.86 8.49 6.65 8.20. 7.43 8.32 8.50. 8.41 706 774 7.40
M.incubated with L3 835 914 8.74 6.79 9.30. 8.04 8.50. 885 8.67 7.89 8.11 800
Mean 7.78 8.64 8.21 6.24 7.80. 7.07 685 8.08 7.46 6.22 665 6.44
L1.L2 and L3 = Minersl levels equivalent to organic sources
LSD 0.05 7=0.45 M=0.27 §=0.19 TXM=0.33 TXS=0.47 MXS=0.79
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Enriching the organic manures with the inorganic fertilizers seemed
to cause more pronounced effect on the dry matter yield of the plants
grown on both the studied soils. Moreover , the higher the level of the
inorganic fertilizers that enrich the organic residue, the more the dry matter
yield attained . Data in Table (19) illustrate the above mentioned effect ,
where, in case of the plants grown on the sandy soil , the dry matter yield
attained when the boigas manure ,town refuse, chicken manure and
poudratte manure applied together with the inorganic fertilizers at their
first level of application (L) were 7.07 , 5.61,6.19 and 6.46 g pot™,
respectively . Combination of the organic manures with the inorganic
fertilizers at their second level (L,) resulted in dry matter yield of about
104 . 756 , 9.26and 7.72 g pot™ , respectively . The application of the
organic residues combined with the inorganic fertilizers at their highest
level of application resulted in dry matter yield of the wheat plants grown
on the sandy soil of about 13.9,9.24 ,9.61 and 8.45 g pot™ | respectively.
When the same aforementioned treatments were conducted on the clayey
soil , the dry matter yields of the wheat plants attained in case of applying
the studied organic manures with the first level of the inorganic fertilizers
(L)) were 7.70 ,7.53,7.20 and 6.58 gpot™, respectively. These values
raised to 10.9,9.48 ,9.97 and 8.01 g pot™ ,respectively then up to 14.7
13.0 . 13.1and 9.25 g pot", respectively when the organic manures were
applid together with the second then the third level of the norganic
fertilizers 1.e (L; then L3) .

As for the soil effect, itis clear that the dry matter vield of wheat
plants grown on the clayey soil treated by organic residues mixed with

mineral fertilizers was higher than the corresponding one of the sandy soil.
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[t mayv be concluded that the inducing effect of organic manuring on
the productivity of light textured soils is due to the humus formed in the
soil . which improve the physical and chemical properties of soil and partly
to extra supply of nutrients . These nutrients are likely to be released from
the organic matter after its decomposition by the microorganisms and then
become available to plants . The inducing effect on dry matter yield of
wheat plants was increased in both tested soils with increasing the level of
applied mineral fetilizers .

Data in Table (19) reveal the role played by the inorganic fertilizers
applied at the aforementioned levels combined with any of the studied
manures already incubated outside the soil . Compared with the control
treatment, the application of the already incubated organic manures
combined with the inorganic fertilizers resulted in significant increase in
dry matter yield of the wheat plants grown on both the sandy and the
clavey soils. Increasing the level of the applied inorganic fertilizers seemed
to exert more effect on the dry matter yield whose values in Table (19)
reveal that it achieved 6.02 ,5.0,5.17 and 5.80 g pot™ , respectively in
the sandy soil when the mixture of the inorganic fertilizers were applied at
its first level (L)) . These values raised to 8.12 ., 6.65 , 8.32 and 7.05 when
level of the applied inorganic fertilizers was increased to the second level
(L») whereas when the inorganic fertilizers was further raised up to the
highest level (Ls). values of the dry matter yield of the plants grown on the
sandy soil achieved their maximum 1.e. 8.35.6.79 . 8 50 and 7.89 g pot™ .
respectively .

In case of the clavey soil . the application of the incubated organic
manures combined with the first level of the inorganic fertilizers (L))

resulted in dryv matter vields of about 6.65 ., 6.90 . 6.84 and 5.86 g pot™
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respectivelv . The corresponding values upon application of the associated
inorganic fertilizers at the second level (L.)were 8.86.8.20.8.50 and
7.74 g pot’ . respectively . The values of the drv matter vield raised up to
914 930 . 885 and 8.11 g pot' . when the associated inorganic
fertilizers were applied at the third level (Ls).

It is clear that the biogas manure applied either in presence or
absence of mineral fertilizers was the most efficient residue in increasing
the dry matter yield of wheat plants in both tested soils , while the
poudratte manure was the least efficient residue . Town refuse and
chicken manure showed intermediate effect with respect to dry matter
yield in both investigated soils .

4.4.2 Effect of organic _manures and mineral fertilizers on

macronutrients concentration and uptake by wheat plants

4.4.2.1 Effect on nitrogen :

Data presented in Tables (20 & 21) reveal the N concentration as
well as its uptake as influenced by the fertilization treatments under study.

4.4.2.1.1 Effect of tvpe of the organic manure :

Results presented in Table (20) indicate that the control treatment
resulted in N concentration in the wheat plants grown on the sandy soil of
about 1.4% Treating this soil with the organic manures affected
significantly N concentration in the plants grown thereon . The effect
seemed more obvious upon using the biogas manure and the chicken litter
manure where they both induced N concentration in the plants to about
75%  The N concentration in the plants treated with the town refuse was
the least compared with those attained due to the other organic manures It
was about 2% only. however this concentration exceeds that of the control

treatment by about 43% Poudratte manure induced N in the wheat plants
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of about 2.3% . This means that effect of poudratte on concentration of N
in the wheat plants is intermediate compared with those of the other
organic manures . In brief , the investigated organic manures can be
arranged according to their effect on N concentration in the wheat plants in
the following descending order : biogas manure = chicken litter manure >
poudratte manure > town refuse . Regarding the effect of manure type on
N uptake by the wheat plants , data reveal that significant increases
occurred due to manuring . The uptake was highest by the plants treated
with the biogas manure where it reached 133.5 mg pot™ . On the other
hand N uptake by the plants treated with the town refuse was lowest and
of about 104.4 g pot™ , however this value is still far higher than that of the
control which was about 57.3 mgpot™ . Chicken litter manure occupied
the second order after the biogas manure in its effect on N uptake whose
value was 131.8 mg pot’ whereas the poudratte resulted in lower N
uptake of about 119.8 mg pot™ . Thus, the organic manure can be arranged
according to their effect on N uptake in the following descending order:
BM > CM >PM > TR . These results are supported by those obtained by
Montasser (1987) and Abd El-Kariem (1989) .

Considering the effect of type of the applied organic manure on
concentration and uptake of N by the plants grown on the clayey soils ,
data in Table (21) indicate significant increases in N concentration in the
plants grown on this soil, compared with N concentration in the control
treatment which was 1.63% ., the biogas manure treated plants were
highest in N concentration , the chicken manure treated plants came
thereafter then the poudratte treated plants and finally the town refuse
treated  ones . The values of N concentration in these plants were 2.94

289 266 and2.17 mg pot | respectively . In other words, the organic
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manures can be arranged according to their effect on N concentration in
the plants grown on the clayey soil in the following descending order : BM
>~ CM > PM > TR . This order of the organic manures according to their
effect on N concentration in the plants grown on the clayey soil coincides
with that already attained in the sandy soil . Evaluation of the organic
manures according to their effect on N uptake by wheat plants grown on
the clayey soil reveal that they can be arranged descendingly as follows :
BM > CM > TR > PM . The values of N uptake were 224.6 , 186.4 ,
1514 and 148.1 mg pot" respectively . These values are far higher than
that characterizing the control plant which did not exceed 80 mg pot™! It
is worthy to mention that the order of the organic manures according to
their effect on N uptake by the plants grown on the clayey soil differed
somewhat from that attained due to their effect on N concentration where
TR came in the third order in the first one but in the last order in the
second one . Also, this pattern of arranging the organic manures according
to their effect of N uptake by the plants grown in the clavey soilis
different from that achieved in the sandy soil .

4.4.2.1.2 Effect of mineral fertilizers :

Results presented in Tables (20&21) illustrate that the mineral
fertilizers increased N concentration in the wheat plants grown on both the
sandy and clavev soils . It is obvious that the increase becomes more
pronounced by increasing level of the applied fertilizers . At the first level
of the mineral fertilizers L, that varieties depending on elemental
composition and rate of the used organic manures . The N concentration in
the plants grown on the clayey soil followed the order : CM > BM > PM >
TR where the values obtained were 2.55 ., 240 . 2.25 and 2.20.

respectively . Increasing level of the applied mineral fertilizers to
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L, was associated with a change in order of efficiency of the organic
manure equivalent of the mineral fertilizers to be BM = CM <TR <PM..
The order changed again upon rising level of the applied mineral fertilizers
to L; to be CM > BM = TR > PM . such changes are likely to occur due to
continuous changes in equilibrium between nutrients on the soil solid
phase and its solution phase which in tun affects quantity of the nutrient
available for plant uptake and consequently its concentration in plant . The
uptake by the wheat plants grown on the sandy soil varied according to
level of the applied mineral fertilizers . The more the level the higher the
uptake .The different levels (L; , L, and L) varied in their effect on N
uptake on their elemental composition and concentration that are
equivalent to the elemenal composition and concentrations of the organic
manures . At L; level, the following order was attained : CM (124.9 mg
pot!)> BM(118.8 mg pot™) > TR (105.8 mg pot') >PM (90.4 mg pot™).
At L, level, the order become BM (207.5 mg pot™) > TR (180.7 mg pot™)
> CM (176.9 mg pot') > PM (105.5 mg pot™) . Increasing level of the
applied mineral fertilizers was associated with another change where the
order became BM (245.6 mg pot™) > CM (243.7 mg pot)> TR (209.7 mg
pot’) > PM (149.9 mg pot') . These variations seem to be related as
mentioned before to corresponding changes in the nitrogen equilibrium
status in soil .

The nitrogen concentration in the plants grown on the sandy soil
upon application of the first level of the mineral fertilizers took the order
BM (2.25%) > CM (2.1%) > PM (2.0%) > TR (1.8%) , however, upon
increasing level of the applied inorganic fertilizers into L, . the order
became BM (2.6%) = CM (2.6%) > TR (2.1%) = PM (2.1%) . The

increase of level of the appiled mineral fertilizers up to L3 was accociated
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with the following order : CM (3.1%) > BM(2.9%) > TR (2.5%) PM
(2.4%) . The N uptake by the plants grown on the sandy soil increased by
increasing level of the applied mineral fertilizers, however, the increase
within each level of application varied due to the elemental composition
and concentration of the mineral fertilizers that represents the studied
organic manure . In this concern, at the first level of the mineral fertilizers
L, , the uptake of N followed the order : BM (103.1 mg pot')>CM (87.8
mg pot”") > PM (76.2 mg pot™) > TR (72.5 mg pot™) .

At the second level of the mineral fertilizers L,, the uptake of N
could be arranged descendingly in the order : BM (163.5 mg pot™) > CM
(148.2 mg pot")> TR (112.4 mg pot™) > PM (103.3 mg pot™) , when the
soil was treated by the organic manures equivalent of the mineral
fertilizers at its highest level of application (L3) , the uptake of N become
order :BM (223.3 mg pot") > CM (204.6 mg pot™) > TR (168.8 mg pot™)
> PM (126.1 mg pot™) .

In case of the plants grown on the clayey soil , N uptake increased
from 118.8 to 207.5 then 245.6 mg pot’ when level of the mineral
fertilizers equivalent to the BM were applied in the levels L;, L, and L .
The corresponding N uptake achieved when the mineral fertilizers
equivalent to CM were used were 124.9 , 176.9 and 243.7 mg pot™ |
respectively . In case of TR equivalent of the mineral fertilizers rising their
level from L, to L, then L; resulted in N uptake having the values 105.8 to
180.7 then 209.7 mg pot” . respectively . The corresponding values
achieved in case of applying the poudratte equivalents of the mineral
fertilizers were 90.4 . 105.5 and 149.9 mg pot™" , respectively .

The results reveal that the biogas manure equivalents of the mineral

fertilizers gave higher values of N uptake by wheat plants grown on both
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sandy and clayey soils compared with those attained due to the other
manures . Also . it can be observed that increasing level of the applied
mineral fertilizers resulted in . generally . increase in N uptake .

4.4.2.1.3 Effect of the organic manures applied combination with the

mineral fertilizers :

Data in Tables (20&21) show the effects of the different organic
manures enriched with mineral fertilizers at different levels on
concentration and uptake of N by the wheat plants grown on both the
sandy and clayey soils . The most effective treatment on N concentration
in the plants grown on the sandy soil is the biogas manure associated with
its equivalent of the mineral fertilizers at the highest level (Ls) where the N
concentration attained is 3.7% . On the other hand , the least effect
attained on the N concentration in this soil was due to the poudratte
manure associated with its equivalent of the mineral fertilizers at its lowest
level of application L, ,where the N concentration did not exceed 2.2% .

In the clayey soil , the N concentration was highest in plants treated
with biogas manure associated with its equivalent of the mineral fertilizers
at its highest level (L;) where its value was 3.61% . The town refuse
associated with its equivalent of the mineral fertilizers at its lowest level
(L,) gave the lowest N concentration which 1s 2.31% .

Effect of the organic manures combined with different equivalents
of the mineral fertilizers on N uptake was highest due to treating both soils
with biogas manure combined with its equivalent of mineral fertilizers at
its highest level of application Ls where the values obtained were 514.3
and 530.7 mg pot' in the sandy and clayvey soils . respectively . On the
other hand.the lowest N uptake attained in the sandy soil . 134.6 mg

pot'.was due to treating the soil with town refuse associated with its
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equivalent of mineral fertilizers at the lowest level L, . The corresponding
value 169.1 mg pot’ attained in the clayey soil was due to fertilizing the
soil with the poudratte manure combined with its equivalent of the mineral
fertilizers at the lowest level L, .

It is worthy to indicate that the plants grown on the soils treated
with organic manures enriched with mineral fertilizers showed higher N
concentration and uptake than the plants treated with either organic
manures only or mineral fertilizers alone . Meanwhile , the biogas manure
combined with the mineral fertilizers at the level L; showed the highest
effect on both N concentration and uptake in both the studied soils . Abd
El-Kariem (1989) went almost to similar results .

4.4.2.1.4 Effect of the organic manures enriched with the mineral

fertilizers and incubated outside the soil:

Data presented in Tables (20 & 21) reveal that incubating the
organic manures enriched with the mineral fertilizers outside the soil and
their application resulted in an increase in N concentration from 1.4 and
1.63% in the control plants grown on the sandy and clayey soils ,
respectively to 2.3 and 2.52% in the plants grown on the sandy and clayey
soils treated with already incubated BM and its equivalent of the mineral
fertilizers (L,) . The corresponding N concentrations upon incubation with
BM + L, raised to 2.7 and 2.85%, respectively . Increasing level of the
mineral fertilizers applied together with the incubated BM increased N
concentrations to 3.0 and 2.97% .respectively . The already incubated
town refuse when TR enriched with the mineral fertilizers at L, level
resulted in N concentrations in the plants grown on the sandy and clayvey
soils to be 1.9 and 2.24% . respectively . These values become 2.2 and

2 83% when level of the associated mineral fertilizers was raised up to L,
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whereas increasing this level up to L; caused concentration of N in the
plants grown on the sandy and clayey soils to be 2.7 and 2.92 % ,
respectively .

Treating the sandy and clayey soils with incubated CM combined
with its equivalent of the mineral fertilizers L, increased N concentrations
in the plants grown on both the soils to 2.6 and 2.74% , respectively . The
corresponding values achieved due to treating soils with incubated CM +
L, are 2.8 and 2.83% , respectively while the values achieved due to rising
level of the associated mineral fertilizers to L; are 3.2 and 3.1% ,
respectively .

Treating the sandy and clayey soils with PM already incubated
outside the soil with mineral fertilizers at a level of L, caused
concentrations of N in the plants grown on these soils to be 2.1 and 2.31%
. respectively . The corresponding values upon increasing level of the
associated mineral fertilizers to L, were 2.3 and 2.4%, respectively raised
up to 2.7 and 2.55% |, respectively when level of the associated mineral
fertilizers was raised to Ls . It can be noticed that increasing level of the
associated mineral fertilizers caused the N concentration of plants grown
on the sandy and clayey soils to increase i.e. the highest N concentrations
were achieved at the highest level of the applied mineral fertilizers (L3) in
case of treating the soil with chicken litter manure .

Uptake of N increased due to treating the sandy soil with already
incubated BM + mineral fertilizers at a level of L;to 140.8 mg pot-! |
raisede by increasing level of the associated mineral fertilizers to 224.1 mg
pot-'and achieved 252.1 mg pot! by further increase in level of associated
mineral fertilizers into L; . The values of N uptake when the TR was

incubated outside the soil and combined with the mineral fertilizers at the



Table (20) N, P and K uptake and concentration by Wheat plants grown on Sandy Soil as affected by organic residues

and mineral fertilizers .

Treatments Concentration Uptake Treatments Concentration Uptake
kC (mg pot-1) ) (mg pot-1)
N P K N P K N P K N P K
i Control 1.40. 0.13 1.80. 57.3 5.40. 74.1

L1 225 028 1.30. 103.10. | 12.80. 59 5 L1 210 020 1.90 8780 | 830 76 90
L2 2.60. 0.34 1.60. 163.50. 214 105.6 L2 2.60. 0.33 2.00 148 20 | 1880 | 11400
L3 2.90. 0.44 1.70. 223.3 33.5 133.2 L3 3.10. 0.48 210. 20460 | 31.70 | 138 60

Biogas manure 2.50 0.31 2.50. 133.00. | 16.30. | 137.2 Chicken litter manure 2.50. 0.27 2.80 1318 | 144 148 9
BM+L1 2.60. 0.35 2.70. 188.0. | 247 | 1908 CLM+L1 2.60. 0.45 240 |1640 | 280 | 1485
BM+L2 2.90 0.46 2.70. 307.2 480. | 289.4 CLM+L2 2.90. 0.52 2.60 2740 | 483 244 4
B.M +L3 370 0.80 2.80. 514.30. | 111.2 | 389.20. CLM+L3 3.30 0.56 270 3229 | 540 | 25950

B.M incubated with L1 2.30. 0.30 2.30 140.8 18.1 1426 C L M incubated with L1 2.60. 0.27 2.60 1344 | 140 1359
B.M incubated withL2 2.70. 0.40. 2.40. 224.1 34.1 1948 | CL M incubated with L2 2.80. 0.40. 2.10. 238.7 | 340 1713
B.M incubated with L3 300 052 2.50. 2521 57.6 Mom.wo. C L M incubated with L3 3.20 0.50. 220 |272.00 | 42.50 | 189.50
mean 2.83 0.40. 2.27 224.90. | 37.80. |185.10. mean 272 0.39 232 1979 | 2950 | 162 .80

L1 1.80. 0.18 2.30. 72.50. 7.25 | 92.70. L1 2.00. 0.13 1.80. 76.20. | 4.70 70.1

L2 2.10. 0.20. 2.40. 112.40. | 10.70. | 128.40. L2 2.10. 0.17 1.80 103.3 | 8.10 873

L3 2.50 028 2.60 168.80. | 18.90. | 175.50 L3 240 0.25 1.90 126.1 | 130 97 50

Town refuse 2.00 0.15 2.30 104.4 9.00. |120.10. Poudratte manure 2.30 0.16 2.10 1198 | 840 108 2
T.R+L1 2 40. 0.20. 2.30. 134.6 10.9 |128.80. P.M +L1 2.20 0.19 200 147 9 123 132 4
TR+L2 2.50. 0.29 2.40. 194.2 21.9 185.2 P.M +L2 2.50. 0.20. 210 196 16.0 162 10
T.R+L3 290 0.33 2.40 275.1 31.2 230.7 P.M+L3 2.80 0.30 2.20. 2408 254 186 00
T.R incubated with L1 1.90 019 210. 95.00. 9.50. | 105.00. P.M incubated with L1 210 017 1.90 12180 ( 990 11020
T.R incubated with L2 2.20 021 2.40 146 30 14.00. | 159.60. P.M Incubated with L2 230 0.18 1.95 162 10 | 1270 | 137 50
”m. incubated with L3 270 0 30 240 22540 | 2500 | 20040 P.M incubated with L3 270 026 200 21300 | 20 50 158 5
mean 234 023 236 15290 | 15.80. | 152.60 mean 2.28 0.20 1.93 15470 | 1310 | 12510

—

L 1.1.2 and L 3= mineral levels equivalent to organic sources




Table (21) N, P and K concentration and uptake by Wheat plants grown on clayey soil as affected by organic

residues and mineral fertilizers .

Treatments Concentration Uptake Treatments Concentration Uptake
% (mg pot-1) % (mg pot-1)
N P K N P K N P K N P K
Control 1.63 0.14 2.70. 79.30. 949 | 1315
L1 2.40. 0.23 2.82 118.8 11.4 | 1396 L1 2.55 0.21 240 | 1249 | 105 | 1176
L2 2.8 0.26 213 207.5 189 | 157.8 L2 2.80. 0.30. 257 | 1769 | 191 | 1631
L3 29 0.40. 258 245.6 339 | 2185 L3 2.94 037 26 | 2437 | 307 | 2155
Biogas manure 294 0.53 2.45 224.6 405 | 1788 Chicken litter manure 289 0.49 287 | 1864 | 322 | 1851
B.M+ L1 3.10. 0.37 2.97 2387 28.7 | 2287 CLM+L1 2.40. 0.32 272 | 1735 | 235 | 1958
BM+L2 3.30. 0.44 322 359.7 48 351.0. CLM=+L2 297 0.37 281 | 2961 | 369 | 2801
B.M +L3 361 0.49 362 530.7 72 532.1 CLM+L3 315 0.40 295 | 4127 | 524 | 3865
B.M incubated with L1 252 0.36 277 167.6 239 | 184.2 | CL M incubated with L1 2.74 029 | 250 | 1874 | 198 | 1710
B.M incubated withL2 2.85 0.41 281 252.5 36.3 249 C L M incubated with L2 283 032 286 | 2405 | 272 | 2431
B.M incubated with L3 297 0.43 288 271.4 393 | 2632 | CL MincubatedwithL3 | 3.70. 0.37 29 | 2744 | 327 | 2567
mean 298 0.40. 278 261.7 35.7 250.3 mean 284 0.34 262 | 2317 | 285 | 2214
L1 2.20. 0.21 2.36 105.8 10.1 113.5 L1 225 018 | 230 | 904 7.1 92.4
L2 278 024 2.40. 180.7 15.6 156 L2 2.46 022 | 240 | 1055 | 110 119.8
L3 290 0.30. 270 209.7 217 1952 L3 252 030 2.50 149 9 179 1237
Town refuse 2.17 0.16 1.62 151.4 | 11.30. | 113.1 poudrate manure 2.66 0.24 2.11 1481 13.7 1175
T.R+L1 231 0.25 2.40 173.9 18.8 | 180.7 P.M +L1 2.57 0.26 261 | 1691 | 172 | 1717
TR+L2 2.89 0.31 237 2739 29.4 | 2246 P.M+L2 2.76 0.33 277 | 2211 | 265 | 2218
TR+L3 2.99 0.38 278 388.1 49.3 | 3608 PM+L3 2.80. 037 | 280 259 342 259
u T.R incubated with L1 224 022 2.45 1546 15.2 169 P.M incubated with L1 2.31 0.20. 263 1354 117 154 1
- T.R incubated with L2 283 025 2.48 2321 205 2034 P.M incubated with L2 2.49 023 265 1927 | 206 2051
- T.R incubated with L3 292 0.36 2.75 271.6 335 255.8 P.M incubated with L3 2.55 0.32 268 | 2068 | 259 | 2173
r—Hl mean 262 027 243 214.2 22.5 1859 mean 253 0.26 253 167 8 186 168 3
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levels L; . L>and L; were 950, 146.3 and 225.4 mg pot-' . respectively.
The corresponding values achieved when CM was associated with the
mineral fertilizers at the levels of L,.L,and L; were 13442387 and
272.0 mg pot-' . respectively . In case of the PM  the corresponding
values of N uptake were 121.8 , 162.1 and 213.0 mg pot-' , respectively .

Uptake of N by the plants grown on the clayey soils increased due
to rising level of the mineral fertilizers equivalent to the studied organic
manures from L, to L, thenL;. In case of the BM incubated outside the
soil combined with mineral fertilizers , the values achieved were 167.6 to
2525 then 271.4 mg pot' . The corresponding values in case of the TR
were 154.6 . 232.1 and 271.6 mg pot' , respectively , while those achieved
in case of the CM were 187.4 , 240.5 and 274.4 mg pot', respectively
corresponding to 1354, 192.7 and 206.8 mg pot' , respectively in case of
the PM .

The results reveal that the incubated CM when associated with
mineral fetilizers gave higher values for both N concentration and uptake
compared with those attained due to the other incubated manures when
associated with the mineral fertilizers . Also , it can be observed that
increasing level of the applied mineral fertilizers resulted . generally .in an
increase in both concentration and uptake .

4.4.2.2 Effect on phosphorous :

4.4.2.2.1 Effect of organic manures :

Data presented in Tables (20 & 21) show the effect of organic
manures on both concentration and uptake of P by the plants grown on
both the sandy and clavev soils . Concentration of P increased from 0.13%
in the plants grown on the untreated sandy soil (control treatment) to

0.31.0.27 .0.16 and 0.15 in the plants treated with the biogas manures
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chicken litter manure , poudratte manure and town refuse , respectively . In
the clayey soil , P concentration in the plants grown thereon increased
from 0.14% to 0.53% ,0.49% , 0.24% and 0.16% due to treating the soil
with biogas manure chicken litter manure , poudratte and town refuse ,
respectively . These results agree with those of Holanda et al. (1984) and
Mahmoud (1996) who found that P-concentration in ryegrass plants
increased as a result of application of poudratte and town refuse manures.
Uptake of P by the plants grown on the sandy soil increased from 5.40 mg
pot! in the control treatment to 16.3,14.4,8.4 and 9.0 mg pot™ in the
plants manured with the biogas manure , chicken litter manure , poudratte
and town refuse , respectively . In the clayey soil, P uptake increaed from
9.49 mg pot™ in the untreated plants to 40.5,32.2,13.7 and 11.3 mg pot'
by the plants treated with the biogas manure , chicken litter manure,
poudratte and town refuse , respectively . Thus taking into consideration
the effect of the studied organic manures on both concentration and uptake
of P , the results indicate genelally to the superiority of the biogas manure

as followed by the chicken litter manure over the other studied organic

manures .

4.4.2.2.2 Effect of the mineral fertilizers :

Data in Tables (20 & 21) reveal that application of the mineral
fertilizers increased P concentration as well as its uptake by the plants
grown on both the sandy and clayey soils . The increase seemed more
obvious by increasing level of the applied fertilizer where the highest
values attained at the higheat level of application of the mineral fertilizers
(Ls) .In the plants grown on the sandy soil, P concentration raised from
0.28 to 0.34 then 0.44% when level of the mineral fertilizers equivalent to

the biogas manure was increased from L, to L, then L;. the corresponding
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P concentrations in case of the mineral fertilizers equivalent to the chicken
litter manure were 0.20 . 0.33 and 0.45% respectively . In case of applying
mineral fertilizers equivalent to the town refuse, the correspanding P
concentrations were 0.18 , 0.20 and 0.28% , respectively whereas the
corresponding values in case of the applying mineral fertilizers equivalent
to poudratte were 0.13 , 0.17 and 0.25% respectively . These values
indicate that the chicken litter manure equivalent mineral fertilizers seemed
to be of the highest effect on P concentration whereas that of the poudratte
manure seemed to be of the lowest effect on P concentration in plants
grown on the sandy soil . In the clayey soil P concentrations in the plants
treated  with the biogas manure , chicken litter manure , town refuse or
poudratte equivalent mineral fertilizers achieved the highest values at the
highest level of application of the mineral fertilizers i.e. L; where these
concentration were 0.40 ,0.37,0.30 and 0.30, respectively . The biogas
manure equivalent of the mineral fertilizer showed the highest effect on P
concentration in the wheat plants grown on the clayey soil whereas the
lowest effect was shown by both the town refuse and poudratte equivalent
mineral fertilizers .

Uptake of P achieved the highest values in the sandy soil 33.5 mg
pot’ when the soil was treated by the biogas manure equivalent of
mineral fertilizers at its highest level of application (L;) whereas the lowest
value 4.7 mg pot was attained upon treating the sandy soil with poudratte
equivalent of the mineral fertilizers .

Regarding effect the organic manures equivalents of the mineral
fertilizers on P concentration in the plants grown on the clayey soil data in
Table (21) reveal that biogas manure equivalent of the mineral fertilizers at

its highest level of application (L;) resulted in the highest P concentration
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(0.40%) whereas the lowest P concentration (0.18%) was produced due to
treating the clavey soil with the lowest level (L) of the poudratte
equivalent of the mineral fertilizers . The P uptake was also higheat 33.9
mg pot™ where P concentration was highest and lowest 7.1 mg pot! where
P concentration was at its lowest value . The results indicate generally that
the inducing effect on P concentration and uptake was increased in both
the investigated soils by increasing level of the applied mineral fertilizers .
These results agree well with those of Ward et al. (1975) .

4.4.2.2.3 Effect of the organic manures applied together with the

mineral fertilizers :

Tables (20 & 21) show the effects of the different organic manures
enriched with mineral fertilizers at different levels on concentration and
uptake of P by the wheat plants grown on both the sandy and the clayey
soils . The best treatment on P concentration in the plants grown on the
sandy soil is the biogas manure associated with its equivalent of the
mineral fertilizers at the highest level (Ls;) where the P concentration
attained is 0.80% . On the other hand , the least effect attained on the P
concentration in this soil was due to the poudratte associated with its
equivalent of the mineral fertilizers at its lowest level of application L,
where the P concentration did not exceed 0.30% .

In the clayey soil , the P concentration was highest in plants treated
with biogas manure associated with its equivalent of the mineral fertilizers
at its highest level (L;) where its value was 0.49% . The town refuse
associated with its equivalent of the mineral fertilizers at its lowest level
(L,) gave the lowest P concentration which 1s 0.25% .

Effect of the organic manurescombined with different equivalents

of the mineral fertilizers on P uptake seemed to be compatible with their
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effect on P concentration i.e. the P uptake was highest due to treating both
the soils with biogas manure combined with its equivalent of mineral
fertilizers at its highest level of application L; where the values obtained
were 111.2 and 72.0 mg pot™ in the sandy and clayey soils , respectively .
On the ather hand , the lowest P uptake attained in the sandy soil 10.9 mg
pot’! was due to treating the soil with the town refuse associated with its
equivalent of mineral fertilizers at lowest level L. The corresponding value
17.2 mg pot™ attained in the clayey soil was due to fertilizing the soil with
the poudratte combined with its equivalent of the mineral fertilizers at the
lowest level L; .

It is worthy to indicate that the plants grown on the soils treated
with organic manures enriched with mineral fertilizers showed higher P
concentration and uptake than the plants treated with either organic
manures only or mineral fertilizers alone . Meanwhile , the biogas manure
combined with the mineral fertilizers at the level L; showed the highest
effect on both P concentration and uptake in both the studied soils .

4.4.2.2.4 Effect of the organic manures already incubated outside the

soils combined with the mineral fertilizers :

The incubation of the organic manures outside the soil and their
application with the mineral fertilizers to the investigated soil although
increased both P concentration and uptake by the wheat plants grown on
both the soils vet the increase seemed more lower when compared with
that occurred due to direct application of the mineral fertilizers together
with organic manures . However, the biogas manure incubated out the soil
combined with its equivalent of the mineral fertilizers at its highest level Ls

resulted in the highest P concentration and uptake in the sandy and clayey
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soils where the concentration values were 0.52 and 0.43% , respectively
whereas the uptake values were 57.6 and 39.3 mg pot’ respectively .

4.4.2.3 Effect on potassium

4.4.2.3.1 Effect of tvpe of organic manure :

Data presented in Tables (20 & 21) reveal that application of the
different tested organic manures , generally , resulted in increase in both
concentration and uptake of K by the wheat plants in both the sandy and
the clayey soils . In the sandy soil, the effect seemed higher upon
utilization of the chicken manure where K concentration in the wheat
plants was 2.8% . On the other hand the poudratte resulted in the lowest K
concentration in the plants grown on the sandy soil since its value was
2.1% . however, this value is still higher than that of the control plants
which was 1.8% only .

K uptake by the plants grown on the sandy soil was affected by
organic manures in a way similar to that by which the K concentration was
affected ie. the chicken manure resulted in the highest K uptake which is
148.9 mg pot™ whereas the poudratte resulted in the lowest uptake which
was 108.2 mg pot” . Concentration of K in the plants grown on the clayey
soil 'was highest upon treating the soil with chicken litter manure where its
was 2.87%, however, relatively lower K concentration , 2.45 %, was
shown by the plants grown on the soil treated with the biogas manure
whereas the town refuse resulted in the lowest K concentration in the
plants grown on the clavey soil which was only 1.62 % . Values of K
uptake by the plants grown on the clayey soil were 185.1.178.8,117.5

and 113.1 mg pot”

up trenting the soil with the chicken litter manure .
biogas manure. poudratte and town refuse , respectively .The positive

effect of the organic manures on concentration and uptake of K by plants
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was reported by many investigators such as Holanda et al. (1984) and
Fawzy (1993) .

4.4.2.3.2 Effect of the mineral fertilizers

Data in Tables (20 & 21) reveal that except for the BM application
of the mineral fertilizers at any level of their application increased
concentration and uptake of K by the plants grown on the sandy soil. The
increase seemed dependent on level of application i.e. the higher the level
the higher concentration and uptake . Comparison among the different
treatments reveals that the town refuse equivalent of the mineral fertilizers
at its highest level of application (L;) resulted in the highest K
concentration in the plants grown on the sandy soil (2.6%) . On the other
hand. the biogas manure equivalent of the mineral fertilizers resulted in the
lowest K concentration in the plants grown on the sandy soil (1.3%) which
is lower than K concentration of the control plant . The K uptake also was
highest in the plants treated with the town refuse equivalent of the mineral
fertilizer at its highest level L; (175.5 mg pot™) whereas the lowest K
uptake was recorded by the plants treated with biogas manure equivalent
of the mineral fertilizers at its lowest level of application (L;), 59.5 mg pot'
which is lower than the K concentration in the control plant . Application
of the mineral fertilizers to the clayey soil adversely affected K
concentration in the plants grown on the clayey soil . This was true for all
the organic manures equivalents of the mineral fertilizers except for that of
the biogas manure equivalent to its lowest level i.e. L; . On the other hand,
K uptake by the plants grown on clayey soil was affected positively due to
treating soil with the mineral fertilizers . The effect seemed highest in the
plants treated with the boigas manure equivalent to the mineral fertilizers

at its highest level of application L; where K uptake was 218.5 mg pot !



-141-
whereas the lowest effect was due to the lowest level L; of poudratte
equivalent of the mineral fertilizers where K uptake was only92.4 mg pot™.
The K uptake values may explain the low K concentration values on basis
of the dilution effect that is due to the increase in dry matter yield of the
wheat plants .

4.4.2.3.3 Effect of organic_manures applied combined with mineral

fertilizers :

The combinations between the different organic manures and
mineral fertilizers exerted a pronounced effect on both K concentration
and uptake by the wheat plants grown on both the sandy and clayey soils .
The combination between the biogas manures and its equivalent of the
mineral fertilizers at its highest level (Ls;) resulted in the highest K
concentrations in the plants grown on both the soils which were 2.08 and
3.62% , respectively . The K uptake values corresponding the highest K
concentrations were also highest i.e. The biogas manure combined with
the mineral fertilizers at the level L; resulted in the highest K uptake
whose values were 389.2 and 532.1 mg pot "' in the sandy and clayey
soils, respectively . Heggi et al. (1992) went almost to similar results .

4.4.2.3.4 Effect of combination on between the organic manures

incubated outside the soil and the mineral fertilizers :

Data presented in Tables (20 & 21) reveal that incubating the
organic manures outside the soil and their application together with the
mineral fertilizers resulted in increase in K concentration from 1.8% and
2.70% in the control plants grown on the sandy and clayey soils ,
respectively to 2.3% and 2.77% in the plants grown on the sandy and
clayey soils treated with already incubated BM and its equivalent of the

mineral fertilizers (L,) . The corresponding K concentrations upon
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incubation with BM + L, raised to 2.4% and 2.81%, respectively .
Increasing level of the mineral fertilizers applied together with the
incubated BM increased K concentrations to 2.5 and 2.88% , respectively .

Treating the sandy and clayey soils with incubated CM combined
with its equivalent of the mineral fertilizers L, increased K concentrations
in the plants grown on both the soils to 2.60 and 2.5% , respectively . The
corresponding values achieved due to treating soils with incubated CM +
L, are 2.1 and 2.86% , respectively while the values achieved due to
raising level of the associated mineral fertilizers to L; are 2.20 and 2.90% ,
respectively . The already incubated town refuse when TR enriched with
the mineral fertilizers at L, level resulted in K concentrations in the plants
grown on the sandy and clayey soils to be 2.1 and 2.45%, respectively .
These values become 2.4 and 2.48% when level of the associated mineral
fertilizers was raised up to L, whereas increasing this level up to L3 caused
concentration of K in the plants grown on the sandy and clayey soils to be
2.4 and 2.75 % , respectively .

Treating the sandy and clayey soils with PM already incubated
outside the soil with mineral fertilizers at a level of L; caused
concentrations of K in the plants grown on these soils to be 1.9 and 2.63%,

respectively . The corresponding values upon increasing level of the
associated mineral fertilizers to L, were 1.95 and 2.65% , respectively
raised up to 2.0 and 2.68% , respectively when level of the associated
mineral fertilizers was raised to L . It can be noticed that increasing level
of the associated mineral fertilizers caused the K concentration of plants
grown on the sandy soil to increase i.e. the highest K concentrations were
achieved at the highest level of the applied mineral fertilizers (Ls) in case

of treating the soil with biogas manure (BM) . town refuse (TR) or
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poudratte incubated outside the soil . On the other hand increasing level of
the mineral fertilizers up to L; was associated with decrease in K
concentration in case of treating the sandy soil with chicken litter manure.

In the clayey soil , it was found, generally , that the higher the level
of associated applied mineral fertilizers , the higher the concentration of K
in the plants grown thereon . Worthwhile to indicate that the chicken
manure incubated outside the soil associated with its equivalent of the
mineral fertilizers L; resulted in the highest K concentration in the plants
grown on the sandy soil whereas the biogas manure associated with the its
equivalent of the mineral fertilizers at the level L; resulted in the highest K
concentration in the plants grown on the clayey soils .

Uptake of K increased due to treating the sandy soil with already
incubated BM + mineral fertilizers at a level of L, to 142.6 mg pot-'
raisede by increasing level of the associated mineral fertilizers to 194.8 mg
pot-'and achieved 208.7 mg pot-' by further increase in level of associated
mineral fertilizers into Ls; . The corresponding values achieved when CM
was associated with the mineral fertilizers at the levels of L; , L; and L3
were 135.9 , 171.3 and 189.5 mg pot-', respectively . The values of K
uptake when the TR was incubated outside the soil and combined with the
mineral fertilizers at the levels L, , L, and L; were 105.0 , 159.6 and 200.4
mg pot-', respectively . In case of the PM , the corresponding values of K
uptake were 110.2, 137.5 and 158.5 mg pot-! | respectively .

The results reveal that the incubated BM when associated with
mineral fertilizers gave higher values for both K concentration and uptake
compared with those attained due to the other incubated manures when

associated with the mineral fertilizers . Also . it can be observed that
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increasing level of the applied mineral fertilizers resulted in . generally .
increase in both concentration and uptake .

From the abovementioned results, it can be said that application of
organic manures alone or combined with mineral nutrient sources
increased, generally, N, P and K concentration and uptake by wheat plants
grown on sandy and clayey soils . The increase in nutrient uptake may be
due to one or more of the following reasons namely : (1) The high content
of these nutrients in organic residues compared with untreated soils, (2)
increasing CEC of the treated soils through organic manure additions and
(3)the improvement of soil structure which is reflected on water movement
and decreasing nutrient losses by leaching and deep percolation.

4.4.3 Effect on _micronutrients concentration and uptake by wheat

plants :

concentration and uptake of some micronutrients i.e. Fe , Mn, Zn
and Cu were studied due to treating the studied sandy and clayey soils
with the invesigated organic manures whether applied solely or in
comibination with mineral fertilizers . The influences of the different
fertilization treatments under study on concentration and uptake of the
above mentioned nutrients will be clarified under the following headings :
4.4.3.1 Effect on iron

4..4.3.1.1 Effect of tvpe of the organic manure :

Data shown in Tables (22 & 23) reveal that manuring raised
concentration and uptake of the iron by the plants grown on sandy and
clayey soils . Concentration of Fe increased from 205 ppm in the control
plants to 931.8, 822.0,696.0 and 627.5 ppm upon treating the sandy soil
with the BM , CM . TR and PM, respectively . The Fe concentration in the

plants grown on the clayey soils raised from 232 ppm in the control plants
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to 1003.7 , 615.5 . 677.5 and 725 ppm in the plants grown on the clayey
soil treated with the BM , CM . TR , and PM | respectively .

Values of Fe uptake by the plants grown on the sandy soil increased
from 0.82 mg pot-' by the control plants to 4.96 . 2.26 , 3.63 and 3.18 mg
pot” in the plants treated with BM, CM, TR , and PM , respectively . In
the clayey soil the Fe uptake increased from 1.12 mg pot-' by the untreated
plants to 7.32 , 3.96,4.13 and 4.03 mg pot™ by the plants treated with
BM ,CM, TR, and PM , respectively .

Both values of Fe concentration and uptake indicate to the
superiority of the BM compared with the other organic manures, Several
investigators went to similar results Fahmy, (1995) , Abd El-Hamied
(1996) and Tadross (1997). Such increases in Fe concentration and
consequently its uptake by the plants can be attributed to the high content
of Fe in the used organic manures (Table2) .

4.4.3.1.2 Effect of the mineral fertilizers :

The mineral fertilization which included ferrous sulfate resulted in
obviouns increase in both concentration and uptake of Fe by the wheat
plants grown on both the studied soils . Increasing level of the applied
mineral fertilizers from L; to L, then L; was associated with increases in
Fe concentration in the plants grown on the sandy soil from 740 to 1030
then 1140 ppm, respectively in case of using a mixture of the mineral
fertilizers equivalent to its elemental composition and concentration of Fe
to BM . Using the mineral fertilizers equivalent to the CM increased Fe
concentration from 560 to 637 then 920. ppm upon raising level of these
mineral fertilizers from L, to L, then L;. The corresponding Fe

concentrations upon using the TR equivalent of the mineral fertilizers were
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580.6 , 853.7 and 970 ppm, respectively where the values achieved due to
using the PM were 540.0 , 666.2 and 1243.7 ppm, respectively .

In case of the plants grown on the clayey soil , Fe concentration
increased from 851.2 to 960 then 1050 ppm when level of the mineral
fertilizers equivalent to the BM were applied in the levels L, , L, and Ls.
The corresponding Fe concentrations achieved when the mineral fertilizers
equivalent to CM were used were 510, 800 and 1061 ppm, respectively .
In case of the TR equivalent of the mineral fertilizers , rising their level
from L; to L, then L; resulted in Fe concentrations having the values 560
to 843.7 then 993.1 ppm, respectively . The corresponding values achieved
in case of applying the poudratte equivalents of the mineral fertilizers were
532.5 , 777.5 and 982.5 ppm, respectively . Such reported increases in Fe
concentration were reflected on plants uptake of Fe. In case of the BM
equivalent of the mineral fertilizers , Fe uptake by the plants grown on the
sandy soil increased from 3.39 to 6.48 then 8.78 mg pot-' upon rising level
of the appplied mineral fertilizers from L, to L, then L;. The corresponding
Fe uptake values reported in case of the CM were 2.73 , 4.51 and 7.66 mg
pot-' | the values reported in case of TR were 2.33 , 5.66 and 6.54 mg pot’
, respectively and those reported in case of PM were 2.05 , 2.23 and 6.38
mg pot™ ,respectively .

Uptake of Fe by the plants grown on the clayey soils increased due to
nising level of the mineral fertilizers equivalent to the studied organic
manures from L; to L, then L: . In case of the BM . the values achieved
were 3.87 to 7.11 and then 8.89 mg pot' . The corresponding values in
case of the CM were 2.49,5.06 and 8.79 mg pot' , respectively , while
those achieved in case of the TR were 2.69 ., 5.48 and 7.18 mg pot',

respectively corresponding to 2.14 , 3.33 and 4.86 mg pot’ , respectively
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in case of the PM . Thus it can be concluded that the inducing effect of the
mineral fertilizers although varied according to the organic manure they
represent, yet it was consistently increased by increasing level of the
mineral fertilization in both soils . These findings agrees well with that
reported by Abd El-Haleem (1991) and Farid (1995) who found that the
Fe application increase both concentration and uptake of Fe by plants .

4.4.3.1.3 Effect of the organic manures mixed with the mineral

fertilizers :

The comparison among the values of both Fe concentration and
uptake obtained due to organic manuring combined with application of the
mineral fertilizers and the other fertilization treatments occurred herein,
reveal that the combinations between any of the organic manures and
mineral fertilizers were more effective on both Fe concentration and
uptake. This finding can be clarified by the data presented in Tables
(22&23). The combination between the BM and the first level of the
mineral fertilizers increased Fe concentration from 205 and 232 ppm in
the plants grown on the sandy and clayey soils , respectively to 986.2 and
976.7 ppm |, respectively . Increasing the level of the mineral fertilizers to
L, was associated with increases in Fe concentrationto 1115 and 1016
ppm, respectively while the further increase in level of the fertilizers to L3
resulted in Fe concentration in the plants grown on the sandy and clayey
soils of abont 1234 and 1205 ppm ,respectively . In case of the
combination between CM and the mineral fertilizers , Fe concentration in
the plants grown on the sandy soil raised from 766.2 to 840 then 1303.4
ppm while that of the plants grown on the clayey soil raised from 760 to
830 then 1192.5 ppm .respectively upon increasing level of the mineral

fertilizers from L; to L, then L; . In case of the TR Fe concentrations in
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the plants grown on the sandy soil were 733.7 , 862.5 and 1464.3 ppm ,
respectively whereas the Fe concentrations in those grown on the clayey
soil were 643.8 903 and 1120 ppm , respectively . Concentrations of Fe
in the plants grown on the sandy soil and fertilized with the PM combined
with the mineral fertilizers at L, , L, then L; levels were 666.5 , 713.7 and
1302 ppm ,respectively corresponding to 846.9 , 1020 and 1217.5 ppm in
the plants grown on the clayey soil .

The above mentioned results indicate that increasing level of the
mineral fertilizers that associated the organic manures resulted increase in
concentration of Fe in the plants grown on both the investigated soils,
however, the magnitude of increase seemed to be dependent not only on
level of the applied mineral fertilizers but also on type of the organic
manure and also type of the soil to which the fertilizers are added .

Fe uptake which is a final product of its concentration and the dry
matter yield of the plant showed values varying according to type of the
organic manure ,type of soil and level of the applied mineral fertilizers .
The values of Fe uptake shown by the plants grown on the sandy soil and
received the biogas manure combined with mineral fertilizers at the levels
L; . L, and L; were 6.97 , 11.6 and 17.3 mg pot' ,respectively . The
corresponding Fe uptake values recorded by the plants grown on the
clayey soil were 7.52 , 11.1 and 15.1 mgpot', respectively . In case of
CM combined with mineral fertilizers , values of Fe uptake by the plants
grown on the sandy soil were 4.74,7.77 and 12.5 mg pot' respectively
corresponding to 5.47, 8.27 and 15.6 mg pot' by the plants grown on the
clayey soil . Rising level of the mineral fertilizers combined with the TR
from L; to L,then L; caused Fe uptake by the plants grown on the sandy

soil to increase from 4.11 to 6.51 then 13.8 mg pot' _respectively. The
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corresponding values achieved by the plants grown on the clavey soil were
4.84 ,8.56 and 14.5 mg pot' | respectively . The same mineral fertilization
treatments combined with the PM caused the Fe uptake by the plants
grown on the sandy soil to be 4.30, 5.51 and 11.0 mg pot’ ,respectively .
The corresponding Fe uptake values by the plants grown on the clayey soil
were 5.57 ,8.17and 11.3 mg potl Jrespectively .

4.4.3.1.4 Effect of the alreadv incubated outside the soils organic

manures combined with the mineral fertilizers :

Data in Tables (22 & 23)reveal that the application of already in
cubated organic manures outside the soils together with the studied level
of the mineral fertilizers although increased both Fe concentration and
uptake by the treated plants compared with the untreated ones, yet the
values obtained are generally lower than those obtained due to the
corresponding treatments without incubation of the organic manures .

Fe concentrations in the plants grown on the sandy and clayey soils
and treated with the mineral fertilizers at the levels L, , L, then L; were :

In case of association with the BM : 748.2 | 1100 and 1230 ppm in
the plants grown on the sandy soil and 855 , 970 and 980 ppm in the plants
grown on the clayey soil .

In case of association with the CM : 567.5 , 639.7 and 923.7 ppm ,
respectively in the plants grown on the sandy soil, corresponding to 750 ,
806.3 and 1147.5 ppm, in the plants grown on the clayey soil .

In case of association withthe TR : 662.5, 862.0 and 985.7 ppm,
respectively in the plants grown on the sandy soil corresponding to 636 ,

847.5 and 1052 ppm in the plants grown on the clayey soil .
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Table (22) Fe and Mn concentration and uptake by Wheat plants grown on sandy soil as affected by organic residues

and mineral fertilizers .

Treatmenls Concentration Uptake Treatments Concentration Uptake
Fe Mn Fe Mn Fe Mn Fe Mn
ppm ppm mg pot-1 | ug pot-1 pPpm ppm mg pot-1 ug pot-1
Control 205 227 0.82 91.0.

L1 740.0 426 3.39 195.1 L1 560 55.1 273 2221

L2 1030 610 6.48 383.6 L2 637 61.2 4.51 348

L3 1140 70 8.78 539 L3 920.0. 70.6 7.66 452

Blogas manure 931.8 337 4.96 179.3 Chicken litter manure 822 56.8 226 295.1
B.M+L1 986 2 60.7 6.97 429.1 CLM+L1 766.2 66.9 4.74 413.9
BM+L2 1115 69.5 11.6 717.6 CLM+L2 840 708 7.77 6556

B.M +L3 1243 92 17.3 1278.8 CLM+L3 1303.4 103.7 12.5 997
B.M incubated with L1 748 2 59 4 4.50 357.4 C L M incubated with L1 567.5 61.9 293 3198
B.M Incubated withL2 1100 694 8.93 563.2 C L M incubated with L2 639.7 65.6 532 545.9
B.M incubated with L3 1230 87 10.2 726.5 C L M Incubated with L3 923.7 74.4 7.85 632.1
mean 1026 70.8 8.31 537.0. mean 798.0. 68.7 5.60. 489.2
L1 580.6 36.9 233 148.7 L1 540.0. 52.5 2.05 198.9
L2 853.7 60.6 566 401.9 L2 666.2 65.1 223 3158
L3 970 106 6.54 567.1 L3 1243.7 79.3 6.38 406.6

Town refuse 696 2 725 3.63 378.5 Poudrate manure 627.5 48.7 318 2476
TR+L1 7337 819 4.11 459.5 P.M +L1 666.5 69.1 43 446.5
TR+L2 862.5 96.2 6.51 727.3 P.M +L2 713.7 78.2 5.51 604.1
TR+L3 14643 1325 13.8 1248 PM+L3 1302 91.2 11.0. 771.1

T.R incubated with L1 6625 50 331 250 P.M incubated with L1 490 60.6 2.84 351.5
T.R Incubated with L2 8620 694 573 461.5 P.M Incubated with L2 700.3 744 493 524 3
T.R incubated with L3 985 7 114 4 6.69 776.5 P.M incubated with L3 1025.1 90 8.08 7101
mean 890 7 82 583 5415 mean 797.5 70.9 515 457.7




Table (23) Fe and Mn concentration and uptake by Wheat plants grown on clayey soil as affected by organic residues and

mineral fertilizers .

Treatments Concentration Uptake Treatments Concentration Uptake
Fe Mn Fe Mn Fe Mn Fe Mn
ppm ppm mg pot-1 ug pot-1 ppm ppm mg pot-1 ug pot-1
Control 232 227 1.12 292.3
Lt 851.2 541 3.87 246.1 L1 510 61.2 2.49 300
L2 960 67.5 7.11 500.1 L2 800 70.3 5.06 444 3
L3 1050 738 8.89 625.3 L3 1061 79.3 879 657 4
Blogas manure 1003.7 654 7.32 477.5 Chicken litter manure 615.5 64.3 396 414.7
B.M+L1 976.7 73.7 7.52 567.8 CLM=+L1 760 77.1 5.47 555.1
BM+L2 1016 756 11.1 824 CLM+L2 830 79.4 827 7916
B.M +L3 1205.0. 81.2 15.1 1193.6 CLM+L3 1192.5 85.0. 156 11135
B.M Incubated with L1 855 65.6 5.68 436.3 C L M. incubated with L1 750 72.5 513 4959
B.M Incubated withL2 970 72.5 8.59 642.4 C L M. incubated with L2 806.3 74.5 6.85 6333
B.M Incubated with L3 980 75.6 10.1 691.10. C L M. Incubated with L3 1147.5 80.1 102 708 9
mean 997 8 70.5 8.53 620.4 mean 847.3 74.4 7.19 6115
L1 560 70.5 269 339.1 L1 532.5 62.2 2.14 250
L2 843.7 726 5.48 472 L2 777.5 71.8 333 308.3
L3 9931 90.1 7.18 651.4 L3 982.5 78.7 4.86 3895
Town refuse 677.5 71.8 4.13 438.0. Poudratte manure 725 60.7 403 338.1
TR+L1 6438 88.8 484 668.7 P.M +L1 846.9 75 557 493 5
TR+L2 903 91.2 8.56 865.0. P.M +L2 1020 87 8.17 696.8
TTR+L3 1120 98.7 14.5 1281.7 PM+L3 1217.5 100 113 925
T.R incubated with L1 636 77.5 4.38 5438 P.M incubated with L1 745 68.1 4.36 399
T.R incubated with L2 847 5 88 8 6.95 728.2 P.M incubated with L2 8238 78.1 637 604 5
T.R Incubated with L3 1052 91.2 978 848.2 P.M Incubated with L3 1165 821 9 45 665 8
mean 8277 84.1 6.44 682.7 mean 883.6 76.4 595 5071
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In case of association with the PM : 490 . 700.3 and 1025.1 ppm in
the plants grown on the sandy soil corresponding to 745 . 823.8 and 1165
ppm. respectively in the plants grown on the clayey soil .

Values of uptake of Fe by the plants grown on the sandy soil that
was treated with the organic manures incubated outside the soil and
combined with the levels L; . L, then L; of the mineral fertilizers were :

In case of the BM : 4.5, 893 and 10.2 mg pot' respectively .
In case of the CM : 2.93 , 5.32 and 7.85 mg pot' respectively .
In case of TR : 3.31, 5.73 and 6.69 mg pot' respectively .

In case of PM : 2.84 . 4.93 and 8.08 mg pot' respectively .

The corresponding values of Fe uptake by the plants grown on the
clayey soil were 5.68 ,8.59 and 10.1 in case of BM ; 5.13 , 685 and 10.2
mg pot' in case of CM ; 4.38 , 6.95 and 9.78 in case of the TR and 4.36 ,
6.37 and 9.45 mg pot' in case of the PM .

It 1s obvious from the aforementioned results that Fe uptake by the
plants grown on the clayey soil was generally higher than the ones grown
on the sandy soil . Low natural fertility of the sandy soil due to its low
content of organic matter and the clay fraction may account for such
observation .

4.4.3.2 Effect on manganese :

4.4.3.2.1 Effect of the organic manure tvpe:

Data presented in Tables (22 & 23) show that both concentration
and uptake of Mn by the wheat plants grown on both the sandy and clayey
soils seemed to be markedly affected by application of the different
studied manures . Mn concentration increased from 22.7 ppm in the
control plants grown on both the sandy and clavey soils to 33.7 and 65 4

ppm . respectively in the plants grown on the sandv and clayey soil and
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received BM as an organic manure . The corresponding values in case of
treating the soils with CM were 56.8 and 64.3 ppm , respectively . Mn
concentration showed higher values upon treating the soils with TR being
725 and 71.8 ppm , respectively . On the other hand PM case Mn
concentration to be 48.7 and 60.7 ppm, respectively .

The above mentioned data reveal that TR was of the most
pronounced effect on Mn concentration in the plants grown on both the
soils whereas BM was of the least effect . The effect of CM was higher
relatively higher than that of PM . Mn uptake by the control plants grown
on the sandy and clayey soils increased from 91.0 and 292.3 ug pot™ |
respectively to 179.3 and 477.5 ugpot ™ respectively upon treating the soils
with BM :295.1 and 414.7 ug pot™ , respectively upon using CM ; 378.5
and 438.0 ug pot™ , respectively when the soils were treated with TR ;
247.6 and 338.1 ug pot™, respectively when the soils were treated with
PM . The data indicate that the tested manures can be arranged in the
following descending order due to their effect on Mn uptake by the plants
grown on the sandy soil : TR > CM >PM >BM . However , a somewhat
different order could be observed due to the organic manures on Mn
uptake by the plants grown on the clayey soil where the effect of PM was
followed by the BM then CM and finally PM .

Abd El-Kariem (1989) and Abd El-Hamied (1996) reported
positive effects for BM , TR and CM on concentration and uptake of Mn
by plants grown on sandy and clayey soils

4.4.3.2.2 Effect of the mineral fertilizers :

Data in Tables (22 & 23) reveal that treating the studied soils with
the mineral fertilizers caused Mn concentration in the plants grown on both

the sandy and clayey soils to increase and the induced effect seemed more
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obvious by 2n increasing level of the applied fertilizers . This finding can
be illustrated by values of Mn concentration which were 42.6 , 61.0 and
70.0 ppm upon treating the sandy soil with the mineral fertilizers
equivalent to the BM at the levels L, , L, and Ls, respectively . The same
treatments caused Mn concentration in the plants grown on the clayey soil
to be 54.1 , 67.5 and 73.8 ppm . Treating the sandy soil with mineral
fertilizers equivalent to the CM at the levels L, L; and L; caused Mn
concentrations to be 55.1 , 612 and 70.6 ppm , respectively . The
corresponding concentrations in the plants grown on the clayey soil were
61.2, 70.3 and 79.3 ppm , respectively . TR equivalent of the mineral
fertilizers at the levels L, , L; and L; caused the Mn concentrations to be :
369 , 60.6 and 106.0 ppm in the plants grown on the sandy soil
corresponding to 70.5 , 72.6 and 90.1 ppm in the plants grown on the
clayey soil .

Increasing level of the mineral fertilizers equivalent to the PM from
L; , L, then Ly caused the Mn concentration in the plants grown on the
sandy soil to be 525 , 65.1 and 79.3 ppm , respectively . The
corresponding values in the plants grown on the clayey soil are 62.2 , 71.8
and 78.7 ppm, respectively.

Regarding the effect of the organic manures equivalent of the
mineral fertilizers (L, , L, and L3 ) on Mn uptake by the wheat plants
grown on the sandy soil could be arranged descendingly in the order :

At L, level , CM (222.1 ug pot™) > PM(198.9 ug pot’) > BM (195.1 ug
pot’)> TR (148.7 ug pot™) .

At L, level , the order become : TR(401.9 ug pot™") > BM (383.6 ug pot™)
> CM (348.0 ug pot™) > PM (315.8 ug pot™) .
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Increasing level of the applied organic manures equivalent of the
mineral fertilizers (L3) the order becomes : TR (567.1 ug pot’) > BM
(539.0 ug pot™) > CM (462.0 ug pot™") > PM (406.6 ug pot™') .

Mn uptake by plants grown on the clayey soil upon application of
the first level of the mineral fertilizers took the order : TR (339.1 ug pot™)
> CM (300 ug pot™") > PM (250 ug pot™) > BM(246.1 ug pot™") , however,
upon increasing level of the applied inorganic fertilizers into Ly, the order
becomes: BM (500.1 ug pot) > TR (472 ug pot') > CM (444.3 ug pot™)
> PM (308.3 ug pot’) . The increase of level of the applied mineral
fertilizers up to L was associated with the following order : CM (657.4 ug
pot'l-) > TR (651.4 ug pot™) > BM (625.3 ug pot™) > PM (389.5 ug pot™).
4.4.3.2.3 Effect of organic manures mixed with the mineral fertilizers:

The combinations between the different organic manures and
mineral fertilizers exerted a pronounced effect on both Mn concentration
and uptake by the wheat plants grown on both the sandy and clayey soils .
The combination between the TR and PM and its equivalent of the mineral
fertilizers at its highest level (Ls) resulted in the highest Mn concentrations
in the plants grown on both the soils which were 132.5 and 100 ppm ,
respectively . The Mn uptake was highest due to treating both the sandy
and clayey soils with biogas manure and town refuse combined with its
equivalent of mineral fertilizers at its highest level of application L3 where
the values obtained 1278.8 and 1281.7 ug pot™ in the sandy and clayey
soils , respectively . On the other hand , the lowest Mn uptake was
attained in the sandy soil (413.9 ug pot™) was due to treating the soil with
CM associated with its equivalent of the mineral fertilizers at lowest level
L, . The corresponding value 493.5 ug pot™ attained in the clayey soil was

due to fertilizing the soil with the PM combined with its equivalent of the
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mineral fertilizers at the lowest level L; . These results agree well with the
findings by Abd El-Kariem (1989) who found that the uptake of Mn by
corn plants grown on the sandy soil significantly increased as a result of
applied organic manures combined with manganese sulphate .

4.4.3.2.4 Effect of the organic manures enriched with the mineral

fertilizers and incubated outside the soil :

The incubation of the organic manures combined with the mineral
fertilizers outside the soil and their application to the investigated soils
although increased both Mn concentration and uptake by the wheat plants
grown on both the soils yet the increase seemed more lower when
compared with that occurred due to direct application of the organic
manures together with the mineral fertilizers. However, the incubated
town refuse conbined with its equivalent of the mineral fertilizers at its
highest level L; resulted in the highest Mn concentration and uptake in the
sandy and clayey soils where the concentration values were 114.4 and
91.2 ppm , respectively whereas the uptake values were 776.5 and 848 2
ug pot™ respectively .

4.4.3.3 Effect on zinc

4.4.3.3.1 Effect of organic manures :

Data presented in Tables (24 & 25) show the effect of organic
manures on both concentrations and uptake of Zn by plants grown on both
the sandy and clayey soils . Concentration of Zn increased from 140 ppm
in the plants grown on the untreated sandy soil (control treatment ) to
1925 [ 180.2 . 278.7 and 207.5 ppm in the plants treated with the biogas
manures, town refuse .chicken [litter manure and poudratte manure.
respectively . In the clayey soil . Zn concentration in the plants grown

thereon increased from 110 ppm to 171.3, 152.5, 228.0 and 146.9 ppm
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Table (24) Zn and Cu concentration and uptake by Wheat plants grown on sandy soil as affected by organic residues and

Treatments Concentration Uptake Treatments Concentration Uptake
Zn Cu Zn Cu
ppm ppm ug pot-1 ug pot-1 Zn Cu Zn Cu

Control 140 12.8 561 51.3 ppm ppm ug pot-1 ug pot-1
L1 156.8 286 718 131.0. L1 183.1 28.2 7375 146 4
L2 195 31.8 1226 200 L2 250 291 1425 1659
L3 282 336 2171 258.7 L3 320 335 2112 2211
Biogas manure 192.5 30.8 1024 163.8 Chicken litter manure 278.7 28.1 1446 4 1459
B.M+L1 248.1 34 1754 240.4 CLM. +L1 285.6 28.7 17679 177.9
BM+L2 301.2 37 3147 384.8 CLM+L2 422 34.5 39077 319.5
B.M +L3 316.2 456 4395 6338 CLM+L3 4735 357 4550 3 3435
B.M incubated with L1 198.9 299 1197 180 C L M. incubated with L1 267.3 285 13819 147 4
B.M incubated withL2 228.7 326 1857 264.8 C L M. incubated with L2 272.2 325 2263 270.4
B.M incubated with L3 282.5 337 2358 281.8 C L M. Incubated with L3 321.2 347 27302 295.0.
mean 240.2 338 1985 273.9 mean 307 .4 314 2232 2233
L1 175.2 21.2 706.1 854 L1 177.5 26.2 6727 99 4
L2 208.0. 28 1112.8 149.8 L2 197.5 325 957.9 157.6
L3 245 41.9 2193 2828 L3 249 332 1277 4 170.3
Town refuse 180.2 27.3 940 142.5 Poudrate manure 207.5 28.7 1054.1 146 0.
T.R+L1 306.3 29.5 1718.3 165.5 P.M +L1 256 325 16548 209.9
TR+L2 373.7 356 2825 269.1 P.M+L2 276 39.7 21317 3068
TR+L3 440 47.5 4229 447.4 P.M+L3 373.7 40.1 3158 3388
T.R incubated with L1 297.5 26.7 1487.5 133.5 P.M Incubated with L1 190.2 269 11032 156 0
T.R incubated with L2 308.8 28.1 2053.5 186.9 P.M Iincubated with L2 208.0 387 1466 2728
T.R incubated with L3 314.3 431 2134.1 292.8 P.M Incubated with L3 318 39.0 2509 3077
mean 285.7 32.9 1726.5 215.6 mean 2453 33.7 14495 216 4




mineral fertilizers .

Table (25) Zn and Cu concentration and uptake by Wheat plants grown on clayey soil as affected by organic residues and

Treatments Concentration Uptake Treatments Concentration Uptake
Zn Cu Zn Cu
ppp ppm ug pot-1 ug pot-1 Zn Cu Zn Cu
Control 110 20.2 535.7 98.6 ppm ppm ug pot-1 ug pot-1

L1 141.5 31.2 648.1 142.2 L1 116.3 29.2 569.9 1429
L2 167.5 35 1241.2 259.3 L2 197.2 333 1246.3 2104
L3 206.2 37.5 1746.5 3776 L3 268.7 342 22275 2835

Biogas manure 171.3 325 1250.5 237.2 Chicken litter manure 228 316 14706 176

B.M+L1 176.3 325 1357.5 250.2 CLM+L1 238 325 17136 234
B.M+L2 190 36.2 2071 394.6 CLM+L2 245 388 24427 3868
B.M +L3 250.5 51.2 3682.4 752.6 CLM+L3 2825 40 4 37008 529.2
B.M Incubated with L1 171.2 321 1138.5 213.3 C L M. incubated with L1 1931 30 13208 2052
B.M incubated withL2 195.6 354 1733 313.6 C L M. incubated with L2 207.5 349 17638 296.7
B.M incubated with L3 232.5 41.2 2125 376.6 C L M. incubated with L3 2725 358 2411.6 316.8
mean 190.4 36.5 1699.4 325.7 mean 2249 341 1886 8 2782
L1 131.3 27 631.5 129.9 L1 1200. 27.5 482 4 110.5
L2 157.5 281 1023.8 182.7 L2 146.2 30.5 6272 130.8
L3 183.2 31.1 1324.8 224.8 L3 193.7 36.2 958.8 179.4

Town refuse 152.5 30 1064.5 209.4 Poudrate manure 146.9 312 8182 174
TR+L1 160 28.7 1204.8 216.1 P.M +L1 210 321 1381.8 2112
TR+L2 185.8 31.2 1761.4 296.2 P.M +L2 228 34.0 1826.3 2723
TR+L3 200 337 2855.6 438.1 P.M+L3 273.7 37.0. 25317 3422
T.R incubated with L1 153.7 27.8 1060.5 191.8 P.M incubated with L1 200 287 1172 168 2
T.R incubated with L2 175.1 296 1435.8 2427 P.M incubated with L2 211.2 325 16347 2516
T.R incubated with L3 191.3 31.7 1979.1 294.8 P.M incubated with L3 2435 405 1974 8 3285
mean 169 299 14342 241.7 mean 197 3 330 1340 8 216 9
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due to treating the soil with biogas manure,town refuse .chicken litter
manure and poudratte manure, respectively . These results agree with
those of Abd El-Kariem (1989) and Abd El-Hamied (1996) who found
that Zn-concentration in corn and sorghum plants increased as a result of
application of biogas , chicken litter and town refuse manures.

Uptake of Zn by the plants grown on the sandy soil increased from
561.0 ug pot’ in the control treatment to 1024 , 940 , 1446.4 and 1054.1
ug pot’ in the plants manured with the biogas manure , town refuse,
chicken litter manure and poudratte manure , respectively . In the clayey
soil, Zn uptake increaed from 535.7 ug pot™ in the untreated plants to
1250.5 . 1064.5 , 1470.6 and 818.2 ug pot™ by the plants treated with the
biogas manure , town refuse , chicken litter manure, and poudratte ,
respectively . Thus taking into consideration the effect of the studied
organic manures on both concentration and uptake of Zn , the results
indicate genelally to the superiority of the chicken litter manure over the
other studied organic manures . The increase in Zn uptake can be due to
production of acids and chelating compounds as a result of soil organic
matter decomposition play a vital role in the availability of essential plant
nutrient elements . This conclusion stands in well agreement with that of
Wallingford et al. (1975) .
4.4.3.3.2 Effect of the mineral fertilizers :

Data in Tables (24 & 25) reveal that application of the mineral
fertilizers increased Zn concentration and uptake by the plants grown on
both the sandy and clayey soils . The increase seemed more obvious by
increasing level of the applied fertilizer where the highest values attaincd
at the highest level of application of the mineral fertilizers (Ls) .In the

plants grown on the sandy soil , Zn concentration raised from 156.8 to
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195.0 then 282.0 ppm when level of the biogas manure equivalent of the
mineral fertilizers was increased from L, to L, then L;. the corresponding
7Zn concentrations in case of the town refuse equivalents of the mineral
fertilizers were 175.2 ., 208.0 and 245.0 ppm, respectively . In case of
applving chicken manure equivalent of the mineral fertilizers . the
correspanding Zn concentrations were 183.1 , 250.0 and 320.0 ppm,
respectively whereas the corresponding values in case of the applying
poudratte equivalent of the mineral fertilizers were 1775, 197.5 and
2490 ppm , respectively . These values indicate that the chicken litter
manure equivalent of the mineral fertilizers seemed to be of the highest
effect on Zn concentration whereas that of the poudratte manure seemed to
be of the lowest effect on Zn concentration in plants grown on the sandy
soil . In the clayey soil, Zn concentrations in the plants treated with the
biogas manure , town refuse , chicken litter manure or poudratte manure
equivalents of the mineral fertilizers achieved the highest values at the
highest level of application of the mineral fertilizers i.e. L3 where these
concentrations were 206.2 , 183.2,268.7 and 193.7 ppm , respectively .
The chicken litter manure equivalent of the mineral fertilizers showed the
highest effect on the clayey soil whereas the lowest effect was shown by
town refuse equivalent of the mineral fertilizers .

Uptake of Zn achieved the highest values in the sandy soil (2227.5
ug pot’) when the soil was treated by the chicken litter manure
equivalent of mineral fertilizers at its highest level of application (Ls)
whereas the lowest value (958.8 ug pot™) was attained upon treating the
sandy soil with poudratte manure equivalent of the mineral fertilizers . The
results indicate generally that the inducing effect on Zn concentration and

uptake was increased in both the investigated soils by increasing level of
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the applied mineral fertilizers . These results agree well with those of
Mohamed (1987) who showed that increasing mineral zinc addition to
sandy soil resulted in an increase in Zn uptake by com plants grown

thereon .

4.4.3.3.3 Effect of the organic manures applied together with the

mineral fertilizers :

Data in Tables (24 & 25) show the effects of the different organic

manures enriched with mineral fertilizers at different levels on
concentration and uptake of Zn by the wheat plants grown on both the
sandy and clayey soils . The best treatment on Zn concentration in the
plants grown on the sandy soil is the chicken litter manure associated with
its equivalent of the mineral fertilizers at the highest level (L3) where the
Zn concentration attained is 473.5 ppm . On the other hand, the least
effect attained on the Zn concentration in this soil was due to the biogas
manure associated with its equivalent of the mineral fertilizers at its lowest
level of application L; ,where the Zn concentration did not exceed 316.2
ppm . In the clayey soil , the Zn concentration was highest in plants treated
with chicken litter manure associated with its equivalent of the mineral
fertilizers at its highest level (L;) where its value was 282.5 ppm . The
town refuse associated with its equivalent of the mineral fertilizers at its
lowest level (L) gave the lowest Zn concentration which is 160.0 ppm .
Effect of the organic manures combined with different equivalents
of the mineral fertilizers on Zn uptake was highest due to treating both the
soils with chicken litter manure combined with its equivalent of mineral
fertilizers at its highest level of application L; where the values obtained

were 4550.3 and 3700.8 ug pot™ in the sandy and clayey soils ,
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respectively . On the ather hand , the lowest Zn uptake attained in the
sandy soil, 1654.8 ug pot”',was due to treating the soil with poudratte
manure assocliated with its equivalent of mineral fertilizers at the lowest
level L, . The corresponding value 1204.8 ug pot™ attained in the clayey
soil was due to fertilizing the soil with the town refuse combined with its
equivalent of the mineral fertilizers at the lowest level L; .

It is worthy to indicate that the plants grown on the soils treated
with organic manures enriched with mineral fertilizers showed higher Zn
concentration and uptake than the plants treated with either organic
manures only or mineral fertilizers alone . Meanwhile , the chicken litter
manure combined with the mineral fertilizers at the level L; showed the
highest effect on both Zn concentration and uptake in both the studied
soils . These results agree well with those of Abd El-Kariem (1989) .

4.4.3.3.4 Effect of the organic manures enriched with the mineral

fertilizers and incubated outside the soils :

The incubation of the organic manures combined with the mineral
fertilizers outside the soil and their application to the investigated soils
although increased both Zn concentration and uptake by the wheat plants
grown on both the soils yet the increase seemed more lower when
compared with that occurred due to direct application of the organic
manures together with the mineral fertilizers. However, the chicken litter
manure incubated outside the soil conbined with its equivalent of the
mineral fertilizers at its highest level L; resulted in the highest Zn
concentration and uptake in the sandy and clayey soils where the
concentration values were 321.2 and 272.5 ppm , respectively whereas the

uptake values were 2730.2 and 2411.6 ug pot™ respectively .
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4.4.3.4 Effect on copper

4.4.3.4.1 Effect of organic manures :

Data shown in Tables (24 & 25) reveal that manuring raised
concentration and uptake of the copper by the plants grown on sandy and
clavey soils . Concentration of Cu increased from 12.8 ppm in the control
plants to 30.8 ,27.3,28.1 and 28.7 ppm upon treating the sandy soil with
the BM , TR , CM and PM, respectively . The Cu concentration in the
plants grown on the clayey soil raised from 20.2 ppm in the control plants
to 32.5 , 30.0 ,31.6 and 31.2 ppm in the plants grown on the clayey soil
treated with the BM , TR , CM and PM , respectively .

The effect of the different organic manures treatments on Cu uptake
by wheat plants grown on the sandy soil is being according to the
following order : BM > PM > CM > TR, while in the clayey soil the
following order was obtained : BM > TR >CM >PM . Hayes (1979)
found that the sludge application increased the total plant content of Cu .

Values of Cu uptake by the plants grown on the sandy soil increased
from 51.3 ug pot-' by the control plants to 163.8 , 142.5, 145.9 and 146.0
ug pot-' in the plants treated with BM , TR , CM and PM , respectively.
In the clayey soil, the Cu uptake increased from 98.6 ug pot-! by the
untreated plants to 237.2,209.4, 176.0 and 174.0 ug pot-' by the plants
treated with BM , TR , CM and PM , respectively .

Both values of Cu concentration and its uptake indicate to the
superiority of the BM compared with the other organic manure . Such
increases in Cu concentration and consequently its uptake by the plants

can be attributed to the high content of Cu in the used organic manures .
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4.4.3.4.2 Effect of the mineral fertilizers :

The mineral fertilization which included copper sulfate resulted in
obviouns increase in both concentration and uptake of Cu by the wheat
plants grown on both the studied soils . Increasing level of the applied
mineral fertilizers from L; to L, then L; was associated with increases in
Cu concentration in the plants grown on the sandy soil from 28.6 to 31.8
then 33.6 ppm, respectively in case of using a mixture of the mineral
fertilizers equivalent in its elemental composition and concentration of Cu
to BM . Using the mineral fertilizers equivalent to the TR increased Cu
concentration from 21.2 to 28.0 then 41.9. ppm upon raising level of these
mineral fertilizers from L; to L, then L;. The corresponding Cu
concentrations upon using the CM equivalent of the mineral fertilizers
were 28.2 , 29.1 and 33.5 ppm, respectively whereas the values achieved
due to using the PM were 26.2 , 32.5 and 33.2 ppm, respectively .

In case of the plants grown on the clayey soil , Cu concentration
increased from 31.2 to 35.0 then 37.5 ppm when level of the mineral
fertilizers equivalent to the BM were applied in the levels L, , L, and Ls.
The corresponding Cu concentrations achieved when the mineral fertilizers
equivalent to TR were used were 27.0 , 28.1 and 31.1 ppm, respectively .
In case of the CM equivalent of the mineral fertilizers , rising their level
from L, to L, then L; resulted in Cu concentrations having the values 29.2
to 33.3 then 34.2 ppm, respectively . The corresponding values achieved in
case of applying the poudratte equivalents of the mineral fertilizers were
27.5 , 30.5 and 36.2 ppm, respectively . Such reported increases in Cu
concentration were reflected on plants uptake of Cu. In case of the BM
equivalent of the mineral fertilizers , Cu uptake by the plants grown on the

sandy soil increased from 131.0 to 200.0 then 258.7 ug pot-' upon rising
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level of the appplied mineral fertilizers from L, to L, then Ls. The
corresponding Cu uptake values reported in case of the TR were 85.4 .
149.8 and 282.8 ug pot-' , the values reported in case of CM were 146.4 |
165.9 and 221.1 ug pot' , respectively and those reported in case of PM
were 994 157.6 and 170.3 ug pr:)t1 Jrespectively .

Uptake of Cu by the plants grown on the clayey soils increased due
to rising level of the mineral fertilizers equivalent to the studied organic
manures from L; to L, then L; . In case of the BM , the values achieved
were 1422 to 259.3 and then 317.6 ug pot' . The corresponding values in
case of the TR were 129.9 , 182.7 and 224.8 ug pot' , respectively , while
those achieved in case of the CM were 142.9 , 210.4 and 283.5 ug pot',
respectively corresponding to 110.5,130.8 and 179.4 ug pot' respectively
in case of the PM .

Thus it can be concluded that the inducing effect of the mineral
fertilizers although varied according to type of the organic manure they
represent, yet it was consistently increased by increasing level of the
mineral fertilization in both soils .

4.4.3.4.3 Effect of the organic manures mixed with the mineral

fertilizers :

The comparison among the values of both Cu concentration and
uptake obtained due to organic manuring , mineral fertilization and
combined application of the mineral fertilizers together with the organic
manures reveal that latter is more effective on both Cu concentration and
uptake . This finding can be clarified by the data presented in Tables
(24&25).

The combination between the BM and the first level of the mineral

fertilizers increased Cu concentration from 12.8 and 20.2 ppm in the
pp
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plants grown on the sandy and clayey soils to 34.0 and 32.5 ppm ,
respectively . Increasing the level of the mineral fertilizers to L, was
associated with increases in Cu concentration to 37.0 and 36.2 ppm,
respectively while the further increase in level of the fertilizers to L;
resulted in Cu concentration in the plants grown on the sandy and clayey
soils of about 45.6 and 51.2 ppm .respectively . In case of the combination
between TR and the mineral fertilizers , Cu concentration in the plants
grown on the sandy soil raised from 29.5 to 35.6 then 47.5 ppm while that
of the plants grown on the clayey soil raised from 28.7 to 31.2 then 33.7
ppm ,respectively upon increasing level of the mineral fertilizers from L, to
L, then L; . In case of the CM , Cu concentrations in the plants grown on
the sandy soil were 28.7 ,34.5 and 35.7 ppm , respectively whereas the
Cu concentrations in those grown on the clayey soil were 32.5 , 38.8 and
40.4 ppm , respectively . Concentration of Cu in the plants grown on the
sandy soil fertilized with the PM combined with the mineral fertilizers at
L, . L, then L; levels were 32.5 , 39.7 and 40.1 ppm ,respectively
corresponding to 32.1 , 34.0 and 37.0 ppm in the plants grown on the
clayey soil .

Cu uptake which is a final product of its concentration and the dry
matter yield of the plant showed values varying according to type of the
organic manure , type of soil and level of the applied mineral fertilizers .

The values of Cu uptake shown by the plants grown on the sandy
soil that received the BM combined with mineral fertilizers at the levels L,
, L, and L; were 2404 , 3848 and 633.8 ug potl respectively . The
corresponding Cu uptake values recorded by the plants grown on the
clayey soil were 250.2 , 394.6 and 752.6 ug pot' , respectively . In case of

TR combined with mineral fertilizers , values of Cu uptake by the plants
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grown on the sandy soil were 165.5, 269.1 and 447 4 ug pot' respectively
corresponding to 216.1 ,296.2 and 438.1 ug pot' by the plants grown on
the clayev soil .

Rising level of the mineral fertilizers combined with the CM from L,
to L, then L;caused Cu uptake by the plants grown on the sandy soil to
increase from 177.9 to 319.5 then 343.5 ug pot' .respectively. The
corresponding values achieved by the plants grown on the clayey soil were
2340 . 386.8 and 529.2 ug pot' , respectively . The same mineral
fertilization treatments combined with the PM caused the Cu uptake by
the plants grown on the sandy soil to be 209.9 , 306.8 and 338.8 ug pot'
_respectively . The corresponding Cu uptake values by the plants grown on
the clayey soil were 211.2, 272.3 and 342.2 ug pot' respectively .

The above mentioned results indicate that increasing level of the
mineral fertilizers that associated the organic manures resulted in increase
in concentration of Cu in the plants grown on both the investigated soils,
however, the magnitude of increase seemed to be dependent not only on
level of the applied mineral fertilizers but also on type of the organic
manure and also type of the soil to which the fertilizers are added .

4.4.3.4.4 Effect of the organic manures enriched with the mineral

fertilizers and incubated outside the soils :

Data in Tables (24&25) reveal that the application of the already
incubated organic manures outside the soils together with the studied level
of the mineral fertilizers although increased both Cu concentration and
uptake by the treated plants compared with the untreated ones, yet the
values obtained are generally lower than those obtained due to the

corresponding treatments without incubation of the organic manures .



-168-

Cu concentrations in the plants grown on the sandy and clavey soils
and treated with the mineral fertilizers at the levels L, . L, then L; were

In case of the association with the BM :29.9 . 32.6 and 33.7 ppm 1n
the plants grown on the sandy soil and 32.1,35.4 and 41.2 ppm in the
plants grown on the clayey soil . respectively

In case of association with the TR : 26.7 ,28.1 and 43.1 ppm ,
respectively in the plants grown on the sandy soil, corresponding to 27.8,
29.6 and 31.7 ppm, in the plants grown on the clayey soil .

In case of association with the CM : 28.5 | 32.5 and 34.7 ppm,
respectively in the plants grown on the sandy soil corresponding to 30.0 ,
34.9 and 35.8 ppm in the plants grown on the clayey soil . respectively

In case of association with the PM : 26.9 , 38.7 and 39.0 ppm in the
plants grown on the sandy soil corresponding to 28.7 , 32.5 and 40.5 ppm,
respectively in the plants grown on the clayey soil .

Uptake of Cu increased due to treating the sandy soil with already
incubated BM + mineral fertilizers at a level of L; to 180.0 ug pot' , raised
by increasing level of the associated mineral fertilizers to 264.8 ug pot!
and achieved 281.8 ug pot' by further increase in level of associated
mineral fertilizers into L; . The corresponding values achieved when TR
was associated with the mineral fertilizers at the levels L, , L, and L; were
133.5, 186.9 and 292.8 ug pot' ,respectively .

The values of Cu uptake when the CM was incubated outside the
soil with the mineral fertilizers at the levels L, , L, and L; were 147.4 |
2704 and 295.0 ug pot' .respectively . In case of the PM . the
corresponding values of Cu uptake were 156.0 . 272.0 and 307.7 ug pot'.

respectively .
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In the clayey soil , it was found , generally . that the higher the level
of associated applied mineral fertilizers , the higher the uptake of Cu in the
plants grown thereon . The N uptake was highest in the plants treated with
biogas manure associated with its equivalent of the mineral fertilizers at its
highest level (L3) where its value was 376.6 ug pot'. The poudratte manure
associated with its equivalent of the mineral fertilizers at its lowest level
(L,) gave the lowest N uptake which is 168.2 ug pot'.

Worthwile to indicate that the poudratte manure incubated outside
the soil associated with its equivalent of the mineral fertilizers L; resulted
in the highest Cu uptake in the plants grown on the sandy soil whereas the
biogas manure associated with its equivalent of the mineral fertilizers at

the level L; resulted in the highest Cu uptake in the plants grown on the

clayey soil .



