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ABSTRACT: The present investigation was carried out to study
the effect of intensive alfalfa cultivation on the possible depletion of
P, K, Fe, and Cu from soils. Further work was carried out to identify
changes in the relative abundance of P fractions. A pot experiment
was designed in the greenhouse to simulate the nature overstretching
scenario of intensive cultivation. Five surface soil samples of
different textures were used to support intensively cultivated alfalfa
for a total of six cuts. Measurements were taken to determine dry
matter production, nutrient uptake, levels of elemental availability in
soils, and the P fractions. The data indicate that the dry matter yield
of alfalfa declined as a function of progressing cuts but not
necessarily in a linear trend. Some soils were able to sustain a
flourishing dry matter accumulation before reverting to the falling
trend. With the possible exception of Cu, the total uptake of
nutrients was closely related to the soil clay content. On the average
of all soils, the initial available P and K decreased by 52 % after the
final harvest, whereas Fe decreased by only 40 %. Huge amounts of -
P and K were mined from the soils, reaching 70 and 500 kg per
feddan from the two nutrients, respectively. All P fractions were
markedly affected by the intensity of cultivation. Reductant soluble P
shows a loss of only 50 %, indicating that it was rejuvenated. The Fe-
P fraction was reduced to nil, indicating that it was comprised of
yvoung small crystallites that are prune to decomposition. It is
recommended that calibrated soil management programs should be
adopted to make up for nutrients mined by intensive cultivation. The
alternative is soil degradation.
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INTRODUCTION

The agricultural land base of
Egypt is about 7.8 million feddans
(each is 0.42 hectares) giving a too
little share for individual citizens
to obtain required food and
services from national sources. In
order to produce enough food for
the rapidly growing population, a
proportional increase in
agricultural production must be
pursued. One way for attaining this
aim is to increase the cropping
index of land whereby two or more
crops are grown on the same land
in a given year, ie. intensive
cropping as advocated by FAO
(2003). This approach was widely
adopted in Egypt in the past few
decades and thus the cultivated
area has progressively increased. It
is currently estimated that the total
cultivated land area reaches about
14 million feddans, giving a
cropping intensity of 180%
{Abdel-Monem et al.,, 1998).

It should be realized,
however, that crop intensification
is not without side effects, where
excessive nutrient
depletion/nutrient mining may lead
to subsequent land degradation.
Russell (1973) emphasized that
plants take up different amounts
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and different proportions of
nutrients from a soil according to
their species. On the average,
crops on an acre (about one
feddan) retrieve about 30 and 80
kg of P and K, respectively. FAOQ
(2003) reported that these
quantities are most likely to keep
on the rise due to dramatic
increases in productivity attributed
to the introduction of high-yielding
varieties and adoption of improved
cultural practices. Therefore, it is
evident that if no manure or
fertilizers were added to make up
for absorbed nutrients, the soil
would rapidly become
impoverished to sustain growth
requirement of succeeding crops.
The case illustrates  what
environmentalists  call  nature
overstretching, where systems are
being utilized at levels far beyond
their bearing capacity (Barrow,
1995).

Bharadwaj et -al. (1994) and
Lal (1998) found that the
continuous  cropping  without
fertilization decreased the soil
content of many nutrients as well
as the organic matter contents,
total N, and CEC. Generally, soil
quality consistently declined with
cultivation that was reflected on
crop vields. Nofal (1989)
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concurred that extensive cropping
of the Egyptian agriculture induced
depletion  of  micronutrients,
because high amounts of used N
and P fertilizers resulted in higher
crop yields and higher uptake of
the micronutrients. The trend of
nutrient uptake was lowest in plots
receiving no fertilizer or manure.

Chang and Jackson (1957)
classified the inorganic phosphate
in soils into calcium phosphates
(Ca — P), iron phosphates (Fe — P),
aluminum phosphates {Al — P), and
reductant soluble phosphates (RS -
P). These fractions are present in
most sotls, but differ in their
relative abundance according to
soil characteristics and from a soil
type to the other. Many workers
such as Youssef (1976) and
Mahmoud (2001) reported that
strongly acidic soils are usually
highly weathered, and thus Al-P,
Fe- P and RS -P fractions are
dominant. Neutral and slightly acid
soils usually contain all four P
fractions in comparable amounts.
Alkaline and calcareous soils are
often dominated by Ca- P. Little
information exists, however, on the
effects of intensive cultivation on
the distribution and amounts of P
within the four inorganic P forms.

The objectives of this
investigation are both of direct and
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indirect implications. The direct
implication is to assess and
evaluate quantitatively changes in
soil nutritional levels of some
macro and micronutrients in
response to a simulated intensive
cultivation process, and the
associated changes in soil P
fractions. The indirect implication
is elaborate on issues relevant to
soil conservation through the
establishment of  appropriate
nutrient balance. Such balance
could enhance nutrient use
efficiency and environmental
integrity by adding no more than
the required dose.

MATERIALS AND
METHODS

Five surface soil samples
(0-30 cm depth) of different
textures were collected from three
neighboring villages in the El-
Zagazig  County,  El-Sharkia
Governorate. The villages are
Gezeret El-Saada, Ghazala, and El-
Ghar; all are located within a
radius of 5 km from the city of El-
Zagazig. Plastic pots having
dimensions of 21 cm diameter and
20 cm height were used to hold
exactly 5 kg of the almost
undisturbed  soil samples in
triplicates. The experiment was
initiated in mid-November 2002.
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Alfalfa seeds were sown at a rate
of 0.25 g seeds /pot to give about
100 plants per pot; about twofold
the normal seeding rate used by
farmers in the field. The seeds
were covered with a thin layer of
soil simulating normal cultivating
procedures.

The pots were arranged in a
completely randomized block
design in the experimental
greenhouse of the Soil, Water, and
Environment Research Institute,
El-Giza. Tap water was used for
irrigation as needed to maintain
soil moisture content at about 90%

of field capacity. Sporadic
assessment of water salinity
showed an average electrical

conductivity of 0.5 dSm™”. No
fertilizer ~was  added  Six
successive plant cuts each at about
5 c¢m above the soil surface were
taken. The first cut was 70 days
after seeding and subsequent cuts
were taken every month. The date
of the last cut was the first of
August 2003.

The plant material was dried
at 70 C° in a forced air oven for 48
hours to obtain the dry matter
weight and then was ground to
pass through 40 mesh sieve prior
to storing in plastic bags for
subsequent analysis. A mixture of
sulfuric and perchloric acids was
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used for digesting plant material as
recommended by Chapman and
Pratt (1961). Contents of P, Fe,
and Cu were determined using
inductively  coupled  plasma
spectrometry (ICPS 400 Perkins
Elmer) whereas K was determined
by a flame photometer.

The available soil P content
was extracted using the sodium
bicarbonate method of Olsen and
Watanbe (1965), available K, Fe
and Cu were extracted using AB-
DTPA and determined by the
ICPS. The fractionation of soil
phosphorus  was performed
according to the modified method
of Chang and Jackson (1957) in
soil: solution ratio of 1: 50. RS-P
was extracted by IN NH.CI, Al-P
was extracted using 0.5 N NH,F at
pH 8.5, Fe-P was extracted using 1
N NaOH + NaCl, and Ca-P was
extracted by 0.5 N H;S0,. All
phosphate  determinations  were
carried out using the ICPS 400
Perkin Elmer,

RESULTS AND
DISCUSSION

Basic soil properties:

The clay content of the
investigated  soils increased
progressively across the order
listed in Table 1 from 12.4 % in
the Gezeret El-Saada 2 soil
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Table 1;: Some physical and chemical properties of the investigated soils

. investigated soils
soil parameters
G.Saada 2 | Ghazala2 | Ghazala3 | Ghazaia 4 | E-Ghar2
c. sand, % 75.5 531|244 |76 5.9
f. sand, % 10.8 195 1332 |527 187
silt, %% 1.3 53 2.7 2.1 22
clay, % 12.4 22.1 39.6 47.7 53.2
textural class sandy . | s.clay | clay clay clay
bulk density, gm/cm’ 1.7 1.4 1.3 1.3 1.3
CaCO3; % 0.4 0.9 2.5 28 29
oM., % 0.7 15 2.5 1.9 1.9
F.C,% 12.5 222 314 |[425 |462
pH * ' 7.20 735 |7.56 |747 769
EC*, dSm™' 0.98 085 {041 (054 |0.56
soluble ions concentration (meq I'')*
Ca®? 5.15 312 /1.03 206 }2.06
Mg 2.35 138 1203 144 1194
Na' 1.86 418 10.79 2.12 1.59
K* 066 030 1[040 (010 {036
HCO; 1.56 1.04 | 1.04 1.04 208
cr! 5.76 384 |[576 |3.84 1.92
SO%, 270 |410 (255 |0.84 [195
| C.E.C., cmol kg'100 10.2 199 (356 (418 |49
E.S.P. 422 528 {730 [879 |11.1

* 5011 water extract of 1;2.5
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(henceforth named G. Saada for

brevity) to 53.3 % in El-Ghar 2
soil. The organic matter content is
closely related to the clay content,
increasing from 0.67 % in G.
Saada 2 to 2.47 % in El-Ghar 2.
Furthermore, the CEC values ate
closely related to the clay content,
ranging from 10.2 to 49.19 cmol
kg™ soil. All soils are non-saline,
with EC values ranging from 0.41
to 098 dSm’. Calcium is the
dominant cation in the soil extract
and on the exchangeable complex;
with a range of ESP extending
from 4.22 in the G. Saada 2 to 11.1
% in the soil of El-Ghar 2. The pH
of all soils ranges around 7.4+ 0.2.
The complete data concerning
these soils are given by Mahmoud
(2004).

Dry matter yield:

Table 2 presents the dry
matter values of the successive six
cuts of alfalfa grown on the
investigated soil samples. A quick
inspection of the table indicates
that the dry matter production by
alfalfa .in every case of the
experiment is specific to the soil
used as a growing medium. In
general, there is a highly
significant  difference  between
soils if arranged according to their
clay content. Statistical analysis
verifies this relationship, as it
shows that the comelation
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coefficient between the dry matter
yield and the clay content is 0.97.
Tt should be added, however, that
the soil clay content is associated
strongly with its organic matter
content, and therefore, the clay
content could be considered as key
to soil fertility if other physical and
chemical constraints are absent.
This is well-established soil
science paradigm as reported by
Russell (1973), and substantiated
experimentally by Khaliefa (1995)
and Lal (1998).

The dry matter yield of .
successive cuts of alfalfa of Table
2 presents somewhat complicated
relations. In this context, there are
three trends. The first is shown by
the soils of G. Saada 2 and El-Ghar
2, whose clay contents are lowest
and highest, respectively. In both
cases, the accumulation of dry
matter was sustained at a
somewhat stable level from the
first until the fourth cut, then
significantly declined to less than
50 % of the stabie level in the sixth
cut. The soil of Ghazala 2 whose
clay content 1s 22.1 % shows the
second trend, where there is a -
marked reduction in the yield
beginning with the second cut to
an almost constant level until the
fourth cut, which then deteriorates
to one half of the level reaching



Table 2. Yield of dry matter, P, K, Fe and Cu of successive alfalfa cuts

no. of cuts st " th L.S.D.
soil locality 1 A I R B B P 0.01 [_‘°m'
Dry matter vield {g/pot)
G. Saada 2 5.77 6.00 5.22 5.33 4,02 292 | 1.12 1.71 293
Ghazala 2 8.04 5.19 5.41 6.12 320 2.87 1 0.85 1.30 30.8
Ghazala 3 7.44 8.72 5.84 6.70 3.57 3.71 1.48 2.25 36.0
Ghazala 4 7.71 9.02 9.85 8.98 4.90 528 |2.04 n.s 45.7
El-Ghar 2 11.4 10.4 10.2 9.32 6.15 5.66 | 1.82 2.78 53.1
LSD 0.05 0.56 0.85 1.82 1.13 0.47 0.70
0.01 0.87 1.34 n.s. 1.76 0.73 1.10
P uptake (m, soil)
(. Saada 2 2.6 3.00 2.3 3.00 2.1 1.9 n. s. n. s. 14.8
Ghazala 2 4.1 3.4 4.00 3.5 2.3 2.0 1.1 . S 19.3
Ghazala 3 3.7 47 4.2 42 2.5 2.5 M. s. n.s 22.0
Ghazala 4 33 5.8 7.5 53 43 37 1.7 n. s 299
El-Ghar 2 5.8 1.6 8.9 43 4.7 316 1.9 n. 349
LSD 0.05 n.s. 1.0 1.1 N.S. 0.6 0.8
0.01 n.s. 1.5 1.7 n.s. 0.8 n.s.
K uptake (mgllcF soil)
G, Saada 2 24.6 18.4 25.9 47.0 19.2 242 jna.s. n. S. 159.3
Ghazala 2 a7 174 234 36.7 11.0 13.3 | 8.7 13.3 143 .4
Ghazala 3 43.9 30.3 204 46.6 73 | 163 |93 142 164.8
Ghazala 4 34.4 34.6 35.1 49.4 13.6 203 | 145 n, s. 187.4
El-Ghar 2 72.3 431 49.0 48.6 16.1 215 {133 20.3 250.6
LSD 0.05 5.2 4.9 n.s. ns. 2.4 n.s.
0.01 8.1 7.6 n.s. .S. 4.43 n.s

$007 (G5)°ON I£ 107 “$3Y U3Y[ 3rw3vz

S0LY



Tahoun, et g7

1706

Table 2, continued

Fe uptake (mg/kg soil}
G. Saada 2 1.0 0.8 1.2 1.9 1.4 2.0 n.s. n.s. 8.31
Ghazala 2 1.5 i.1 2.0 2.6 1.2 0.6 091 n. s. 9.08
Ghazala 3 1.8 1.5 1.1 2.3 0.9 1.3 n.s. n. s. 8.90
Ghazala 4 1.2 2.6 2.8 3.00 1.6 24 n.s n. s. 13.5
El-Ghar 2 1.8 2.4 2.9 24 2.5 2.6 n.s. 1. s. 14.6
LSD 0.05 n.S. n.S. n.s. n.s. 0.5 0.02 :

0.01 ns. ns. n.s. LS. n.s. n.s.

Cu uptake (mg/kg soil)
G. Saada 2 0.01 0.01 0.01 0.01 0.01 0.01 | n.s n.s 0.07
Ghazala 2 0.01 0.01 0.01 0.01 0.01 00! | 004 n. 5. 0.07
Ghazala 3 0.02 0.02 0.01 0.02 0.01 0.01 0.01 n. s. 0.08
Ghazla 4 0.02 0.02 0.21 0.02 0.01 0.01 | 0.01 n.s. 0.09
El-Ghar 2 0.24 0.02 0.03 0.02 0.01 0.01 [ 0.01 n.s. 0.11
LS 0.05 0.005 | 0.003 | 0.007 .S, 1S, n.s.
D 10,01 IS. n.s. n.s. n.s. n.s. n.s.
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the fifth and sixth cuts. Ghazala 4
shows a rather unique trend as cuts
2 through 4 show flourishing dry
matter production (significant at
the 0.05 level) compared to the
first cut, then there is a marked
significant reduction to one half as
much in the fifth and sixth cuts.

It is interesting to mention that
many workers such as Oliveria ef
al. (1971), Pal and Mukhopadhyay
(1992) and Khaliefa (1995)
reported that the dry matter
production in successive cuttings
of plants decreases by age of
plants. The data of this work
substantiate this statement but add
a qualifier in terms of soil
variables to quantify the extent of
reduction.

Nutrient uptake:

The data of P taken up by
alfalfa are given in Table 2 which
shows considerable variation as a
function of soil and cutting
variables. It should be emphasized,
however, that an unknown extent
of this variation is ambiguous and
thus could not be ratiopally
explained as the past P
management history of the utilized
soil samples is not known. The
same observation was previously
emphasized by Tahoun ef al.
(1975) in work investigating soil
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capacity to imumobilize added P
fertilizers.

Having concurred with this
observation, it is feasible to state
some apparent trends. First, P
uptake from the G. Saada 2 soil
was almost constant across the six
plant cuts, probably due to a
modest P requirement for a modest
dry matter production. Second, the
uptake from Ghazala 2 and
Ghazala 3 shows a somewhat
steady level till the fifth and six
cuts. Third, the trend for Gazala 4
and El-Ghar 2 shows a flourishing
uptake in the second and third cuts
followed by a collapse in the
succeeding cuts leading to
significant differences at the 0.05
level.

In the case of K uptake by
alfalfa given in Table 2, there are
several interesting results. First,
uptake in the first and second cuts
is proportional to the clay content
of soils; being significant at the
0.01 level. This is an easily
explicable result as it is well-
established fact that most of the
easily accessible soil K is carried
by its K-bearing minerals,
particularly illite which exists in
the clay fraction (Tahoun and
Hamdi, 1973; Tahoun, 1974; and
Tahoun and Assal, 1986). Uptake
in the second cut is much lower in
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all soils, indicating a considerable

available K depletion. However,
for some unknown reason, it seems
that there was a renewal of K
supply that replenished its
available pool, as the uptake of K
is elevated beginning the third cut
to reach a fairly high hump in the
fourth cut. Whether or not this
unusual K hump is related to an
enhancement by favorable weather
conditions  {April}) or the
establishment of a robust root
system needs further elaboration.

The replenishment was,
however, short-lived as the uptake
collapsed to a minimum in the fifth
and sixth cuts. Interestingly, the
uptake in the last cut bears no
relation to the soil variable
beginning with the G. Saada 2 soil
with its 12.4 % clay or the El-Ghar
2 soil with its 53.2 % clay. The
average K uptake for all soils is
19.1 mg/kg soil extending over a
range of + 5.1 mg/kg. Therefore, it
seems that the amount of K-
bearing minerals in the clay
fraction is not at issue in this case.
It is most likely that the rate at
which structural K is being
transformed into a readily
available form is the relevant issue.
Such subject is widely considered
by soil chemists in the domain of
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chemical kinetics as given by
Sparks (1989).

The successive uptake of Fe
and Cu by alfalfa grown on the
investigated soil samples is given
i Table 2. The data indicate that
both nutrients were taken up in
small quantities, especially Cu in
few micrograms to emphasize the
obsolete connotation trace element
for the nutrient (Russell, 1973). In
most cases, no well-defined effect
is evident for either the soil
variables or for the cutting
sequence to warrant significant
differences. This result contradicts
the finding of Mohamed (1990)
who reported a reduction in Cu-
uptake during intensive cropping
by alfalfa in different soils. The
result of the present work is
interpreted in terms of three
possible reasons. First, the slight
requirement of alfaifa from both
nutrients was conveniently
provided by all soils across the six
cuttings. Another possibility is that
the tap water used for irrigation
might have contained adequate Fe
and Cu to alleviate a hypothetical
soil deficiency in the two nutrients.
Third, the major growth constraint
in this experiment pertained to the
availability of macro rather than
micronutrients.
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Table 3 presents the total
uptake of nutrients by alfalfa
grown on the investigated soils
along with their available contents
prior and after cultivation. It is
interesting to note that the initial
K, Fe, and Cu contents of all soils
are closely related to their clay
content. Phosphorus stands odd as
its initial available content bears
no relation to the clay content. It
was previously outlined that the P

management history of the
investigated soils 1s not known. In
the  circumstances,  different

quantities of P fertilizers might
have been applied to soils. Given
that the efficiency of P fertilizers
does not exceed 25 % in the first
year of application, appreciable
amounts of the nutrient are left in
soils to the benefit of succeeding
crops in years to come (Russell,
1973; Lindsay et al., 1989; and
Zhang et al., 2004).

It is most interesting to note
that the total P uptake by alfalfa is
proportional to the clay content of
the soilss. As a matter of
illustration, the uptake from the
clayey soil of El-Ghar 2 is greater
than that of the loamy sand of G.
Saada 2 by a factor of 2.4 (34.9 vs
14.8 mg/kg soil). Knowledgeable
readers would not be confused by
the apparently contradicting results
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outlined in the preceding
paragraph. They are well-aware of
the fact that estimates of
availability concentration in soils
express  intensive  properties,
whereas estimates of nutrient
uptake deal with extensive
properties. Reviews of the subject
could be found in many textbooks
such as that of Sparks (1995).

Table 3 shows that with the
possible exception of Cu, the total
uptake of nutrients is closely
related to the soil clay content. On
the average of all soils, the initial
available P and K decreased by 52
% after the final harvest, whereas
Fe decreased by only 40 %. It is

interesting to note that the
difference between the two
available K levels could be .

equated with the total K uptake by
alfalfa, whereas such equation
does not hold for P.

This conflicting response
could be reasonably explained by
elaborating the soil pools of the
two nutrients. With respect to K,
the readily available fraction
Comprises soluble and
exchangeable forms, which are in a
dynamic equilibrium with the
native structural X (Tahoun and
Hamdi, 1973; Tahoun, 1974; and
Tahoun and Assal, 1986). The high
mobility of K in soils would
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Table 3. Total uptake of P, K, Fe and Cu from available and
immobile forms in different soil

charscters available element
) ) initial final difference uptake by alfaifa
soil 1ocalny.
. P, mg/kg soil
G. Saada 2 314 14.8 16.6 14.8
Ghazala 2 14.6 7.6 7.0 19.3
Ghazala 3 18.6 10.9 1.7 22.0
Ghazala 4 22.0 6.1 15.9 29.9
El-Ghar 2 11.6 7.8 3.8 349
K, mg/kg soil
G. Saada 2 2293 79.0 150.3 159.3
Ghazala 2 278.5 140.4 138.1 143.4
Ghazala 3 4937 351.0 142.7 164.8
Ghazala 4 234.8 57.5 177.3 187.4
El-Ghar 2 329.2 127.1 202.0 250.6
Fe, mg/kg soil
''G. Saada 2 91 6.5 2.6 3.3
Ghazala 2 15.4 7.3 3.2 9.1
Ghazala 3 10.4 9.1 1.4 8.9
Ghazala 4 30.3 19.3 11.¢ 13.5
Ei-Ghar 2 279 13.6 143 14.6
Cu, mg/kg soil
G. Saada 2 1.9 1.8 0.1 0.1
Ghazala 2 3.6 35 0.1 0.1
Ghazala 3 8.4 84 0.1 0.1
Ghazala 4 7.5 7.5 0.1 0.1
El-Ghar 2 8.2 8.2 0.1 0.1
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swiftly compensate depleted
available K to provide for the plant
requirement. As given by Oriffin et
al. (2003), the P pool comprises
three components: (1) soluble P,
(2) labile P in the solid phase that
is easily exchangeable from
mineral surfaces and (3) nonlabile
P that that is slowly exchangeable
or nonexchangeable from the
mineral surface. It seems that
restoration of distorted equilibrium
in the P pool initiated by plant

uptake is slow and sluggish
(Tahoun and El-Sayed, 1976; and
Zhang el al., 2004).

It should be emphasized,
however, that huge amounts of P
and K were extracted from the
soils, reaching 70 and 500 kg per
feddan from the two nutrients,
respectively.  Considering  that
these amounts were taken by only
one crop in a single season,
appropriate measures should be
considered to adopt site-specific
programs to replenish the soil
fertility level. Otherwise, soil
degradation is an eminent hazard.

Phosphorus fractionations:

Table 4 presents the
inorganic P fractions of the
investigated soils prior and after
the final harvest of cultivated
alfalfa in the classical chemical
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domain proposed by Chang and
Jackson (1957). It is evident from
the table that Ca-P is the dominant
fraction in all soils, as would be
expected for soils of slightly
alkaline reaction whose chemical
environment is saturated with Ca
and Mg ions in the soil solution
and the exchange complex (see
Table 1 and more details can be
found in Eissa (2004). This result
supports earlier findings on similar
soils as reported by Youssef
{1976) and Mahmoud (2001).

Ghazala 3 soil is unusually
rich in its Ca-P fraction reaching
1248 mg per kg, which far exceeds
other soils by a multiplicity factor
of 2 or 3. This elevated content
may be aftributed to past
applications of large amounts of P
fertilizers and/or the fairly high
organic matter content of the soil
at 2.47 %. Normally, soil organic
matter are constantly subjected to
microbial attack, where inorganic
P is released in the process and
subsequently may be precipitated
as one of many possible P-Ca
phases ( Taboun ef al., 1975; and
Taboun and El-Sayed, 1976).

The different levels of the -
Ca-P fraction in Table 4 seem to
be inversely proportional to the
clay content of the soils. In a
chemical context, this is an
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Table 4: Soil P fractions prior and after intensive alfalfa cultivation

soil initial, mg/kg soil final, mg/kg soil
sample Ca—-P | Al-P . Fe—-P RS -P Ca-P Al-P Fe-P RS~ P
G.Saada 2 | 246.3 57.6 16.8 47.1 184.2 42.7 53 27.1
Ghazala2 | 409.2 65.2 82.5 472 935.3 55.0 3.5 27.0
Ghazala3 | 1248.3 32.6 48.4 10.1 679.8 227 0.0 09.3
Ghazalad4 | 513.7 202 209 33 289.3 22 0.0 0.0
El Ghar 2 470.2 11.9 250 2.5 305.2 6.7 0.0 0.0
Average 577.5 37.5 38.7 238 478.8 26.8 1.8 12.7
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expected result given the inept
activity of sand and strong activity
of many clay-sized particles in
sotls. This point was well-
illustrated for P reaction in soils by
Tahoun et al. (1975). They showed
that soluble P fertilizers persisted
for much longer time in sandy soils
compared to clayey and calcareous
soils.

The amounts of both Al-P
and Fe-P fractions as reported in
Table 4 are small and their
variations are not tenable to
rational explanation. The RS-P
fraction is somewhat unique. It
represents the reductant soluble P
which exists as adsorbed and/or
mineral coating (occluded) oxides
and hydroxides of Fe and Al. This
inorganic P fraction is sometimes
called soloid representing P bound
as an H,;PO4-Ca-micelle linkage. It
is considered as highly available to
plants (Hesse, 1971).

Differences among soils in
the RS-P fraction bring two
important points for
considerations. First, the values are
greater in the light-textured soils
validating the previous finding of
Tahoun et ai. (1975) regarding the
persistence of soluble P phases in
sandy soils. Second, RS-P values
do not conform to the values of
available P as given in Table 3 in
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contrast to the finding of Hesse
(1971). This contrasting point is a
good pretext to emphasize that RS-
P and available P should not be
compared to each other, as the
analytical procedures to determine
each are fundamentally different.

All P fractions were
markedly reduced after cultivating
six cuts of alfalfa as made clear in
Table 4. The single exception in
the table is the Ca-P value of
Ghazala 2, which seems to be an
inexplicable experimental error.
Summing individual P fractions
across all soils to obtain an overall
average, it is obvious that Ca-P
and Al-P suffered relatively less by
cultivating alfalfa compares to
other fractions. Therefore, it could .
be concluded that a considerable
portion of the Ca-P fraction is
present in the apatite phase which
is known for its high stability, and
consequently, sparse availability
(Tahoun et al., 1975; and Tahoun
and El-Sayed, 1976).

The case of RS-P shows a
loss of about 50 % after
cultivation. Presumably, this is
most labile P fraction, and one
would expect that it suffers greater
loss upon growing plants. It should
be concluded then that this fraction
was reformed in the soil through
some transformation processes
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undergone by other fractions once
its level was diminished below
certain limit.

The case of Fe-P is rather
interesting, as the data make it
abundantly clear that intensive
cultivation inflicted a devastating
effect on this phase. The
established analytical constants
testify that normal aged Fe-P
phases are extremely stable. The
fact that the Fe-P fraction was
unstable in this work implies that
the fraction is composed of young
small crystallites. Such crystallites
posses a great surface energy, and
thus are doomed to decompose, i.
e., deliver their P to plant roots in
the vicinity.

REFERENCES

Abdel-Monem, M., H. Khalifa,
and M. Solh (1998).
Building and sustaining the
high production capacity of
Egypt’s irrigated lands: A

long-term Research
Program. J. of Sustainable
Agric. 11: 7-18.

“Barrow, C. J. 1995. Developing
the Environment. Longman,
Essex, UK.

Bharadwaj, V.A., S.K. Bansal, -

S.C. Maheshwari, and P.X.
Omanwar (1994). Long-term

Tahoun, et g1

effects of continuous rotational
cropping and fertilization on .
crop yields and soil properties.
111 changes in the fractions of
N, P and K of the soil. J. Ind.
Soc. Soil Sci. 42: 392-397,

Chang, S.C., and M.L. Jackson
(1957). Fractionation of soil
phosphorus. Soil Sci., 83: 133-
144.

Chapman, H. D.,, and R. E. Pratt
(1961). Methods of Analysis
for Soil, Plant and Water. Dept.
of Soils and Plant Nutrition,
University of California, Davis,
U.S. A

FAO. (2003). Food and
Agriculture Organization.
World agriculture:  towards

2015/30. www.fao.org.

Follett, R.H., and W.L. Lindsay
(1971). Changes in DTPA-
extractable zinc, iron,
manganese and copper in soils
following fertilization. Soi! Sci.
Soc. Am. Proc. 35: 600-602.

Griffin, T. S., C. W. Honeycutt,
and Z. He (2003). Changes in
soil phosphorus from manure
application. Soil Sc. Soc. Am.
J. 67: 645-653.

Hesse, P.R. {1971). A Textbook

of Soil Chemical Analysis. -
John Marry, London.

Khaleifa, A. (1995). Nutrient
supplying power in different



Zagazig J.Agric. Res., Vol .31 No.(4B) 2004

layers of calcareous soil affected
by salinity. M.Sc. thesis, Fac.
Agric. (Moshtohor), El-Zagazig

University, Egypt.
Lal, R. (1998). Soil quality
changes under continuous

cropping for seventeen seasons
of an Alfisol in Western
Nigeria. L. D. and Dev. 9: 259-
274.

Lindsay, W. L, P. L. Viek, and S.
H. Chien (1989). Phosphate
minerals. Pp 1089-1130 in
Minerals in Soil Environments,
J. B. Dixon and S. B. Weed
(eds.). Soil Sci. Soc. Am.,
Madison, WI.

Mahmoud, A.A. (2004). Chemical
parameters of nutrient attrition
from soils. Ph. D. thesis, Fac.
Agriculture, University of El-
Zagazig, Egypt.

Mahmoud, M.M. (2001). Studies
on certain npufrients in some
Egyptian soils. M.Sc. thesis,
Fac. Agric, El- Zagazig
University, Egypt.

Mohamed, 1. (1990). Availability
of some micronutrients to some
forage crops under upper Egypt
environmental conditions. Ph.
D. Thesis, Fac. Agric. Assiut
University, Egypt.

Nofal, O. M. A. (1989). The effect
of soil properties on the
nutritive  status  of some

1715

nutrients and the yields of the
growing plant. M. Sc. thesis,
Fac. Agric. Al-Azhar
University, Egypt.

Oliveira, V., AE. Ludwick, and
M.T. Beatty (1971). Potassium
removed from some southern
Brazilian soils by exhaustive
cropping and chemical
extraction methods. Soil Sci.
Soc. Am. Proc. 35: 763- 767.

Olsen, S.R., and F.S. Watanbe
(1965). Test of an ascorbic acid
method for determining
phosphorus in water and
NaHCO; extracts from soil.
Soil Sci. Soc. Am. Proc. 29:
677-678.

Pal,S.K., and A.K. Mukhopadhyay
(1992). Potassium releasing
power of soil as a tool to assess
its supplying power. J. Ind.
Soc. Soil Sci. 40: 266- 270. |

Russell, E. W. (1973). Soil Conditions
and Plant Growth, 10" edition.

Longman, London.
Sparks, D. L. (1989). Kinetics of
Soil Chemical Processes.

Academic Press, New York.

Sparks, D. L. (1995). Environmental
Soil Chemistry. Academic
Press, New York.

Tahoun, S .A. (1974). Potassium
selectivity in the soils of
Egypt. Acta Agron. Acad. Sci.
Hung. 24: 466 - 469.



1716 Tahoun, ef al.

Tahoun, S. A., and H. Hamdi
(1973). Potassium release and
clay degradation as affected by
sodium chloride. Z. Pflan.
Boden. 136, part 1: 33 - 39.

Tahoun, 8. A., and K. M. El-Sayed
(1976). The
monocalcium phosphate with
calcite. Egypt. J. Soil Sci.
16:75-80.

Tahoun, S. A., and M. Assal
(1986). Sedimentation patterns

reaction of

Tahoun, S. A., H. Hamdi, and N.

Nassar (1975). The
transformation of monocalcium
phosphate residue in soils.
Egypt. J. Soil Sci. Spec. Issue :
161 - 166.

Youssef, N.N. (1976). Phosphorus

transformation in alkaline soils,
M.Sc. thesis Fac. of Agric.
Zagazig University.

Zhang, T.Q., A. F. MacKenzie, B.

C. Liang, and C. F. Drury .

(2004). Soil test phosphorus
and phosphorus fractions with
long-term phosphorus addition
and depletion. Soil Sci. Soc.
Am. J. 68:519-528.

of clays in the Egyptian soils.
XIlI  Congress of the
International Soil Sci Soc.:
1486-1487.

ABLSH o) )0y (el N (g AR pucbind) il 3l
4y, gho gbll LS salt b dpaleaal) i A0
¢ PPamall 35 daal g 3ed ¢ Plhugy Jual el o % galh daal 2o
_ ¥ paaa il s daal

gt g olgall g u.d-'d\)‘l’\ Cigag dgaa®® ¢ 5 daaly - dsd 3l A0
pally aadkigdly s gill il Sl o 2a5SH Aol 50 Ddls Al p Conall 134 Chagiuy
glaad mupl o) gal )l (Bl LS e s ISy ¢ pladlly
sl Bl ¢ dpasl dyeally panal Dad G Glls B yed 90 A del )
03 ozl Joy . A Aot 50 8 dsa ) 3 sl (DladuY Zualiall b geial
ds paddl 5 glaas )_‘,A.‘.m Jaxa J:"tl oy o liall gr“jic—a J gamaall Aalpdt okl CL’M‘
RIS RN P Y- CORpON R [T P A PRNRCRg | TN
W eﬁwb:f gl e JSE AN (Bl siae Cleai e SIS el 058
a1 e WS o o MY oda iy A0 o) i (e ot gl a4l apaalt
gonsSore 5 jghuill gaploa gl Ve (G i e 45D Lol )y Shiy o K

O 33 i Lpa il ) ghusgill S po ) o Liadd Bl JS5y L0 gpulisl (e
Guiad | abagill SIS je D s oo ALSh Aoty S Wl faa (e
O B Al padliy o keall B Aalie Boa cl el e 1S Ly gt AU
Cllaa ey s 1 4a2id Bige gl 440 Zel )0 Gaaliay O iy cal ol
el ea EALIJ.I“ b bl Cjﬁd&lﬂl} Al aliedl e C_)L'\.“} d'ﬂ‘;\]’l

.uhj)'il





