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fTt ntS WORK aims at studying and evaluating the relation between
I tot"l and DTPA-extractable Fe, Mn, Zn, Ci and Mo and some

soil variables, i.e. soil texture, CaCO'4 content, O.M and CEC of

sevEnteen soil profiles representing the main soil types ol Kaluobia

Governorate. Obtained results could be summarized as follows:
rTotal iron content ranged tiom 135 to 66000 mg kg-l whereas

DTPA extractable Fe ranged between 4.4 and l8'5 mg kg-l in the

studied soils.
rTotal manganese content ranged lrom 87 to 985 mg kg-' while

DTPA cxtractablc Mn ranged lrom 0.4 to 9.5 mg kg-' .
'Total zinc content ranged l iom 25 to I75 mg kg-'  and the DTPA

extractable Zn varied between 0.3 to 4.2 mg kg-I depending on soil

texture.
'Total copper content in the studied soils ranged between l7'7 and

97.5 mg kg-', whereas DTPA extractable Cu varied tiom I .l to 9.9

mg kg-' with an increase in the surface layers,
t Total Mo conlent in the studied soil profiles varied widely iiom 2.9

to 2l,4mg tg-I, nfeA extractable Mo ranged 0.07 to 1.26 nrg kg-I.

The vertical distribution of DTPA extractable Mo indicatcs a relative

increase of Mo in the top surlace layers,
'Highly signiticant positivc correlation was found between total soil

content of most of the studied elements and each of CaCO3' silt 7n'

clay %t and CEC, whereas highly significant negative correlation

was fbund with sand 7o.
t ln most soit profiles, soil content of available Fe or Mn is considered

to be aclcquate whereas that of availahlc Cu is high and that of Zn is

adcquate ancl marginal,

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle



5 r 0 H,H. ABBAS er a/.

r The trend T indicates that some of the soil profiles are highly

symmetric with respect to Fe, Mn, Zn and Cu than with Mo, whereas

the specitic range (R), shows the homogeneity of some soil protiles

with respect to some elements and heterogeneity with respect to

others.

Keywords: Total and DTPA-extractable, Micronutrisnts, Soil

properties.

Micronutrients status in soil is dependent almost entirely on the bedrock from
which soil parent material was derived. Both geochemical and weathering
processes are responsible for fbrmation of soil materials as a final product upon
time. Micronutrients are present in all types of soils in the whole. However, their
contents and status vary considerably from one soil to another and even in the

subsequent layers of the same soil profile. These variations are controlled by
several soil environmental factors. Therefbre, it is of interest to delineate these
factors and to determine their relative contribution to micronutrient forms in soils.

The aim of the present work is to describe the micronutrients status in tlre

agricultural soils of Kaluobia Governorate, which represent different soil types.
Moreover, the factors contrelling micronutricnt status ars alsu considered such as
soil texture, CaCO3 and organic nratter contents, salinity, soil reaction and cation
exchange characteristics,

Material and Methods

Seventeen soil profilics were chosen at different locations of Kaluobia

Covemorate to represent the main soil types present in the area (Map l). Table I

$hows some physical and chemical properties, of the studied soils, determined
according ts the methods outlined in Jackson (1973) and Loveday (1974).

Total Fe, Mn, Zn, Cu and Mo in the soils were extracted by digestion in
HF-HCIO4 acids mixture in a platinum crucible, (Jackson, 1973) whereas

available Fe, Mn, Zn, Cu and Mo were extractcd by DTPA, according to Lindsay
and Norvell (1978) Both total and extractable Fe, Mn, Zn, Cu and Mo wcle

determined by Atomic-Absorption Spectrophotometer, Perkin Elmer, model 380,

Results were statistically analyzed using an ANOVA F tcst.
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Map l. Lucation of the studied soil profiles.
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5t4 H.H, ABBAS et a/.

Results and Discussion

Data in Table 2 show the total and available Fe, Mn, Zn, Cu and Mo contents

in thc studied soil profilcs,

L lron
*Totol 

iron

The data show that total Fe content of the studicd soil horizons ranges

between 135 and 66000 mg kg-I. The lowest values characterize the deepest

layers of profiles 3 and 5, respectively due to their high content of sands which

arc very poor in iron . On the other hand, the highest content of total Fe was

found in the surface layer ofprofile l2 (Kaft-Shibin).

The wide range of Fe content is apparently associated with soil texture and is

probably dependent on type of parent materials from which the soil was formed.

It is worthy to note that soils of El-Monira, Qaha, Qalyub, Kafr-Shibin and

Abu-Zabal contained amounts of total Fe exceeding 500ffi mg kg-r. These soils

are characterizedby their low content of CaCO3 and fairly high content of clay.

The lowest values to total iron (< 20000 mg kg-t) are found in coarse textured

soils represented by profiles 5, 6, 7, 13 and 17, while the medium tcxtured soils

reprcsented by profi les l, 3, 4, 9, l l . 16 and l7 have moderate amounts of total

Fe (Mohamed, 1982),

Statistical analysis shows that total Fe is positively and high significantly

correlated with CaCO3To 1r = 0.499**) , silt Vo 1r=0.599**) and clay Vo (0.6t **,

but negatively and significantly correlated with sand 7o, this is in accordance

with results of El-Falaky (1981) and Hassona , et al. (1996)

*DTPA-exftoctable iron

Data presented in Table 2 show that the values of ctremically available

(DTPA-extractable) Fe ranges between 4.4 and 18.5 mg kg-'. The highest value

of DTPA-extractable Fe is found in the surface layer of profile I 6 that reprosents

the soil of El-Gabal El-Asfar, while the lowest one belongs to the coarse,textured

soils of Kafr El- Ragalat, profilc (3).

Considering the critical level of DTPA-extractable Fe, which has been

proposed by Soltanpour and Schwab (1977\, thc index values of DTPA-extractable

Egypt. J. Soi/ Sci. 43, No. 4 (2003)
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Fe are as follows:

Low,0-2 mg kg-1,  marginal ,2. l -4.0 mg kB- l  adequate,  >4 mg kg- l

The values of the studied soil profiles indicate that the studied soils belong to

thc adequate level.

The vertical distribution of DTPA-extractable Fe reveals a tcndency for

accumulation of available Fe in the surface layers, this behavior may be due to

continuous addition of fertilizers and manures, which is in a good agreement

with El-Saadani et al. (1987).

The statistical analysis shows that DTPA- extractable Fe is significantly,

positively correlated with CaCO3To (r = 0.331*), OMTo(r = 0.422*) and CEC

(r=0.322*) and positivcly highly significantly correlated with silt "/o (r=0.340**)

and clay 7n (r=0.319**). In contrast, available Fe is negatively, highly

significantly corelated with sand %, (r =-0.373* +). Similar results wet'e ohtaincd

by Kishk er a/ ( I980) and Haf-ez er al. (1992).

*Depth 
wise distrihutiort of total iron

Data in Table 3 show that the weighted mcan (W) fbr total Fe in the studicd

profi les varies widcly between 12936 and 60716.

The lowcst values r:f (W) lbr total Fe are associatsd with the light texturc(l

soil, which are the soils of Kafr El-Ragal at, Shiblanga, Sandanhor, Abo-Zabaal

and El-Khanka. The highest values of (W) range between 4l9l6and 60716 and

characterize the soils derived from fine textured Nilc sediments. The soils of

profi le 1,4,7,16, 17 have ntoderate values of (W) ranging between 23625 to

35968 Fe.

The wide variations of weighted mean in the studied soil profiles may be

attributed to geogenic factors lather than pedogenic ones, Le., may bc ascribed to

the intern changes in thc nature of parent materjal rathcr than to soil.

Considering the trend (T), data indicate that the soils represented by profiles

6, 8, I I ,and 14 displays the highest symmetric valucs of total Fe among the

studied profiles. The results also show that Fe content in most of the studied

profiles i.s usually higher in the surface layers than in the dc+pel ones as

indicated by the negative value fbr the trend.

Egypt. J. Sai/ Sci. 43, No. 4 (2003)
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Specific range (R) fbr total Fe is gcnerally larger than 0.08 and less than 1,72,
which may suggest that these profiles are derived from a uniform parent material

or can indicate pedogenic processes. In other words, the specific range of total Fe

indicates that the soil matcrials of profi les 6,8, I0, l l , IZ,and I4 are

homogeneous in depth, whereas the other profiles are probably formed from
heterogeneous soil materials.

II. Manganese
*Total 

manganese

The data presented in Table 2 shrrw thal total mangane$e conrenr of horizons
range from 87 to 985 mg kg-l.The highest roral Mn value is that recolded {br
the surface layer of profile 14 (Abu-Zabal II), while rhe lowesr is that of the
50-75cm layer of profi le l3 (Abu-Zabal I).

Generally, the wide range of total Mn in the studied soils can be attributed to
the difference in the type and nature of soil materials. The sandy soils (protiles 3,
4, 13, 15, l6 and l7) are characterized by the lowesr conrents of Mn, white the
heavy  tex tu red  ones  (1 ,2 ,5 ,6 ,7 ,8 ,9 ,  10 ,  l l ,  12  and  14  have  a  f a i r l y  h igh
content of Mn. These results could be ascribed to the parent materials of thcse
soils.

Statistical analysis shows that Mn is positively and highly significanr.ly
correlated with CaCOjZa ( r =0.620*') ,OMTI( r = 0.41I**1,CEC1 r=0.661**J,
silt% (r=0.687**) and clay Vo 1r =0.802**) . Similar results were rcporred by
Ghanem et al. (19'll) for OM and clay Vo and Abdel-Razik (1994) tbr clay,
clay+silt and organic matter. On rhe other hand, total Mn is negatively and
highly significanrly coffelated with sand (r=0.857**) content and negatively
correlated with pH 1r =-0.262*).

* 
DT P A - e xt ractab Ie nwng ane s e

Data presented in Table 2 show rhar the values of chemically available
(DTPA-extractable) Mn range between 0.4 and 9.5 mg kg-1. The highest valuc of
DTPA-extractable Mn is found in the surface layer of profile 3 (Kafr
El-Ragalat), while the lowest one belongs to the deepcst layer of profilc 8 (Qaha)

Regarding the influence of depth on the available Mn, higher values arc f'ound
in the surface layers than the subsurface ones in thc most of the studied soil
profiles, this is ascribed to surface applications of both fertilizers and manures.

Egypt. J..foil.Scrl 43, No. 4 (20031
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520 H.H. ABBAS et a/.

According to Soltanpour and Schwab (1977) the critical value$ of

DTPA-extractable Mn are as follows; low,0-1.8 mg kg-', adequate > 1.8 mg

tg-I. ttre results of the studied soil profiles indicate that the studied soil samples

belong to either the low or the adequate level groups (9.9 and 90.1o/o,

respectively).

The statistical analysis shows that DTPA-extractable Mn is highly

significantly but negatively correlated with soil pH (r=-0.379**). No significant

correlation could be detected with all the other tested factors.

*Depth wise distnbution of total manganese

Dam in Table 3 show that the weighted mean (W) of total Mn in the studied

profiles ranges between 126.2 and 877.4.lt show also, the similarity of values of

weighted mean (W) for total Mn within some of the studied profiles, fbr

instance, the weighted means of Sandanhor and Qaha soils (profiles 6 and 8)

Qalyub and Abu-Zabal soils (proliles l0 and 14) and shiblanga and sindiyun

soils (profiles 5 and 9). On the other hand , the re$t of studied soil prot'iles show

a wide range of the considered weighted mean within the studied area.

The values of trend (T) show that the soils of Abu El-Ghait, Shiblanga,

Sandanhor, Qalyub, Nawa, Abu-Zabal and El-Gabal El-Asfar (profiles, l, 5, 6,

10, ll, 14 and 16 ) are highly symmetrical. Mn values as the T-values range

berween -0.10 and -0.12. In addition, the values of specific range { R) for the

studied profi les show that soil materials of prgfi les 1,5, 8.9. 10, I l, and 15 are

homogenegus whereas those of the other profiles have heterogeneous soil

materials (Table 3).

III. Copper
*Total copper

The data presented in Table 2 show that total copper content in the soil

horizons varies from 17.7 to 9?.5 mg kg-I. The highest value is founcl in the

surface layer of profile I I (Nawa), while the lowest is detected in the deepest

layer of profile 15 (El*I{hanka). The alluvial soils (fine textured) have more Cu

compared to the sandy soils (coarse textured). The vertical distribution of total

Cu content indicates no specific pattern that could be used to distinguish one soil

type from another except for profiles 15 and 16 in which Cu decreased with

depth. In other words, total Cu distribution with depth does not follow any

specific pattern pertaining to soil type'

E6ypt. J. Soil Sci. 43, No. 4 (2003)
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Statistical analysis rcveals positive and highly significant correlation between

rotal Cu soil contenr and each of CaCO3To (r 0.486**), CEC( r 0.394**;, silt 7o

1r = 0.641**) and clay Vo (r = 0.709++). The data on the othcr hantl, reveal a

highly significant but negativc correlation between soil total Cu and sand

contentTa 1r= -0.775**).

* 
DTPA- e xt ractable co ppe r

Data presented in Table 2 show that the value of chemically availablc
(DTPA-extractable) Cu content varics from l. l to 9.9 mg kg-l,These da(a

indicate that the highest value of DTPA-extractable Cu is associated with the

soils of El-Gabal El-Asfar (profile, l6) which arc irrigated with sewagc water,

whilc the lowest DTPA-extractable Cu content characterized the soils of

El-Khanka (profi le, l5).

Depth wise distribution of available Cu indicates that, in most cases,
exlractable Cu increases in the surfacc layers and tends to decrease with depth.

According to Soltanpour and Schwab (1977), the index values used for

DTPA-extractable Cu are as follows: low, 0-0.05mg lcg-I, trlgtr > 0.5 mg kg-l

Cu. The data of the soil profiles indicate that the studied soils are high in thcir

contenl of available copper.

The stati.stical evaluation of available Cu in relation to soil variables indicates
that the extractablc Cu is positively and highly significantly conelated with each

of CaCO3To 1r=362**), OMTo (r=0.629**; and CEC (r=0.736**1 and positively

signil icantly correlated with silt Vo (r = 0.334*) and clay 7c,(r = 0.279*). On the

other hand, available Cu correlated negatively and highly significantly with sand

content 7o ( r=-0.356*).

*Depth 
wise distribution oftotal copper

Table 3 shows that the weighted mean (W) of total Cu in the studied profiles

varies widely between 12.09 and 66.96. The lowest values of (W) are associated

with the low percent of silt and clay fracdons. The highest values of (W)

characterized thc soils derivcd from hne textured Nile sediments. The wide

variations encountered within or between profiles may reflect the variations in

parent materials as affected by both gcogenic or pedogenic processes.

0, Egypt. l, Soi/ Sc:i. 43, No. 4 (2003)
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522 H.H. ABBAS et al

Considering the trend (T) and specific range (R), data reveal that the

computed trend indicate$ more symmetrical Cu distribution in profiles l, 2 and 9

as indicated by the smallest values of (T) . The specific range ( R) indicates that

the soil profi les l,2,3,5, 6, 8, l l , 13 and 15 are formed of homogcneous

materials , while the other profiles are constituted from heterogeneous soil

materials

IV. Zinc
*Total 

zinc

Table 2 shows that Zinc content of horizons ranges from 25 to 175 mg kg-l'

The highest value characterizes the surface layer of profile 7 (Kafr El-Gemal),

while the lowest value characterizes the deepest layer of protile 3 (Kafr

El-Ragalat)

From these data, it seems that the wide range of total Zn is corelated with

some soil constituents particularly soil texture, for instance, the highest total Zn

is found in the heavy textured soils while the lowest valugs are detected in the

sandy textured soils.

According to Chapman (1965) the levels of total Zn content below 50 mg kg-l

could be considered low and those above l00mg kg-l could be considered high'

The rcsults indicated that the soils belonging to medium and high Zn levels

groups represented 43.370 and 43.4Vo, respectively, whereas 13.1% only belongs

to the low level one.

Distribution of total Zn through the studied soils may be influenced hut some

factors; relationships between total Zn and some of these factors were computed'

The obtained correlation coefficients indicate that total Zn positively and highly

significantly conelated with CaCO3To 1r=0.505**), QMVr (r = 0-452""), CEC

(r=0.565**), silt 7o (r=0.428*o) and clay Vo 1r=0.544+n), while it is showing a

highty significant but negative correlation with sand contentTo (r=-0.536"*). These

findings afe in agreement with those of Metwally et al. (1977) and Kamh (1981).

*DTPA-extauable 
zinc

Data presented in Table 2 show that the values of chemically available

(DTPA-extractable) Zn in the soils under con$ideration vary between 0.3 to 4.2

Egypt. J. Soi/Sci. 43,No.4 (2003)
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mg kg-l.The highest value is presenred in the surface layer of protile l0

(Qalyub), while the lowest one is that of thc deepest layer of profilc 15

(El-Khanka).

Regarding the influence of depth on soil content of available Zn, it could be

noticed that the highest values are found in the surface soil layers while the

lowest ones are generally detected in the deepest layers, this is true in all the

studied profiles except in the 75-125 cm and 50-100 cm layers of profiles I and

2, respectively.

The tcndency of Zn to accumulate in lhe surface layers may be duc to the

presence of the organic matter in these layers in relatively higher amounts

besides of the added fertilizers and manures.

According to Soltanpour and Schwab (1977) the index values used fbr

DTPA-extractable Cu are as follows: low 0-0.9 *g kg-1, abstained marginal

l-1.5 mg kg-I, adequate > 1.5 -g kg-l.The obtained results indicate that the

studied soils are belonging to adequate and marginal group$ rcpresent 66.'l%, and

16.67a of tested samples respectively, whcreas 16.'lVo of the studied soils

belonging to the low level.

The statistical evaluation of available Zn in relation to soil variables indicates

that the DTPA-extractable Zn is correlated positivcly and highly significantl,v

with the percentages of CaCOj 1r=0.614++), OM (r=0.398**), *i l , (r=0.521*"),

clay (rcO.574no; and CEC(r=0.497**; and negatively highly signil ' icarrtly

correlated with sanrj content Vo (r =-0.627"*).

*Depth wise distribution oJ'rotal zinc

Data in Table 3 reveal that the majority of the studied profiles have an

irregular vertical distribution of soil total Zn with depth, which is plobably

associated with the changes in soil texturc.

The value of weighted mean (W) of total Zn in the studied profiles varies

between 36.7 and l5l.l. The lowest values of (W) characterize the sandy and

light textured soils, whilc the rest of the studied soil profiles are characlcrized by

high weighted mean values of total Zn.
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524 H.H. ABBAS er aI,

considering the trend (T), the values presented in Table 3 show that rhe
computed t rend of  the soi ls  of  prof i les 1,2,5.6,8,9.10,  lZ,  14 and 16 are of
more symmetrical Zn distribution than other profiles . The specific range (R) of
Zn shows that the soil marcrials of profi les 2, j.6, lZ, l3 and 16 are
homogeneous, whereas the other soil materials of the other profiles are
heterogeneous regarding Zn content. AIso, the relative values of trend (T) show
that in most of the studied profilesn total Zn is usually higher in tho surface layers
than in the deeper ones.

V. Molybdenum
+Total 

molybdenum

The distribution and levels of total Mo content in the studiecl soil horizons are
shown in Table 2. Total soil Mo ranges from 2.9 ro Zl.4 mg kg-I, The highesr
value characterizes the surface laycr of profile 16 representing the soils of
El-Cabal El-Asfar, while the lowest value characterizes the deepest layer of
profile l7 representing the soil of El-Qalag . High Mo conrenr in the soil profiles
of Abu*El Ghait, Kafr El-Ragalat, Shiblanga, Qaha, Abu-Zaabal and El-Gabal
El-Asfar were probably due to the presencc of either colloidal particles in the
clay fraction of the soil or high content ol'organic matter,

The vertical distribution of total Mo content in the soils under consideration
indicates no specific pattern that could be used to distingui$h one soil type from
another, except for soils of Kafr El-Ragalat, Nawa, Abu-Zaabal, El,Gabal
El-Asfar and El-Qalag in which total Mo tended to decrease with depth.

Computed correlation coefficients between total Mo content and soil
variables, indicate that total Mo is positively significantly conelated with OMqd
(r=0.311+), CEC (r=0.305*), sitt Vo(r =0.27g*) and clay Vo (r=0.277*) On the
other hand, sand content is negatively significantly correlatcd with total Mo
(r="0.316+).

+ DTP A- ext ractable mo Iy btle num

Data presnted in Table 2 show that the amounr of DTPA-extractable Mo in
the soils under consideration ranges from 0.07 to 1.26 mg kg-1. The lowest value
is found in the deepest layer of profile 15 representing the soil of El-Khanka,
while the highest value is detected in the subsurfacc layer of profile 7
representing the soils of Kafr El-Gemal.

Egypt. J. Sai/Sci. 43,No.4 (?003)
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TOTAL AND DTPA-EXTRACTABLE MICRONUTRIENTS AS CORRELATED .

The vertical distribution of extractable Mo indicates a relative increase of Mo

in the top surtace layers or the subsurface ones with a tendency to decrease

downwards in the soil profiles. This could be explained by the presence of

favorable soil variables governing extractable Mo in the uppermost surface

layers ofeach soil profile.

The statistical evaluation of available Mo in relation to soil variables
indicates that the DTPA-extractable Mo is correlated negatively and significantly
with EC(r=-0,327*). In contrast, DTPA-extractable Mo is insignificantly
correlated with the othcr investisated t'actors.

*Depth 
wise distribution of total ntolybdenunt

Considering the weighted mean (W) of total Mo, data in Table 3 show that it

varies widely bctwccn 4.5 and 18.2 The lowest values (5.4 and 8.8) characterize
the soils of Kafr El-Ragalat, Kafr El-Gemal , Abu-Zaabal, El-Khanka and
El-Qalag which have coarse texture, while the highcst values (10.4 to 18.2) are

those of the alluvial soils^ The wide variation in the values of (W) within each ol'

these profiles is either attributed to the depositional regime or to the variation
within the parent materials from which the soils were derived.

The values of the trend (T) in Table 3 show that the soils of Abu-El-Ghait,
Sandanhor, Qaha, Qalyub, Kafr Shibin and Abu-Zaabal are highly symmetrical
as the T-values range from-0.03 and 0.01- The rest of soils are less symmetric rrs
T-values range from-0.25 to 0,57, The values ol'the specific range ( R) ol ' totai

Mo in the studied soil profi les range between 0. l4 and 1.93. The low valucs atc

associated with the soils o1' Qaha (profi le, 8) having highly symmetrical
distribution of Mo, while thosc ol' high R-values bclong to the soils of Kafr

El-Ragalat.

The statistical mcasurcs could
in parent sediments, depositional
prevailing during soil formation

bc takcn as indicators of thc possible variation

rcgime as well as the pedogenic proces$es
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