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WENTY soil samiples (0-3C cm) were collected from different

Governorates of Egypt (20 locations in 7 Governorates) to study
the preferability of some methods used to extract soil available Fe, Mn
and Zn under Egyptian conditions. The methods of Olson were chosen
in this study. In addition, a biological test was carried out in order to
study the correlation between the extracted amounts of available Fe,
Mn and Zn and their contents in barley plants.

The obtained data could be summa-ized in the following points:

1. The extraction power of the investigated methods for available
-Fe could be arranged in the order of: Lakenen & Ervio > Knudsen >
Soltanpour and Schwab > Olsen & Carlson >Lindsay & Norvell.On
the other hand, the amounts of Mn- extracted could be declined in the
order of: Lakenen & Ervio > Olsen & Carlson > Soltanpour and
Schwab > Lindsay & Norvell> Knudsen While the powerful of the
extraction methods of available-Zn could be take the order of: -
Lakenen & Ervio, > Knudsen > Lindsay & Norvell > Soltanpour and
Schwab > Olsen & Carlson.

2. With respect to the correlations between Fe, Mn and Zn
contents in barley plants and thosc amounts in soils, extracted by the
methods under study, significant rclations with positive trends
between themes were noticed. The superiority of these correlations
related with the type of element under investigation.

3. The obtained data cleared that the role of indigenous soil
parameters, e.g., CaCO; EC, pH, O.M and soil texture contents, on
the powerful of the studied extractants depending on the type of
extracting agent and the element under investigation.

4. The correlation coefficients between the studied methods cach
other were calculated for each studied micronutrient, The most
positive coefficients were significant while the negative ones were
insignificant

Keywords: Soils samples, Nutrients extracting methods, Barley.
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The aim of any extracting method was how to obtain a value of the available
nutrient most appropriate to plant absorption availability under the different soil
properties. Olsen & Carleson (1950) and Knudsen ef al (1982) used 1 N
ammonium acetate at pH 4.8 and 7.0, respectively, while Lakenen & Ervio
(1971) used ethylene di amine tetra acetic acid (EDTA) in ammonijum acetate at
pH 4.65 for extracting soil. From other wise di- ethylene tri amine pent acetic
acid (DTPA) was suggested with ammonium bi- carbonate at pH 7.6 by
Soltanpour & Schwab (1977) or alone at pH 7.3 by Lindsay & Norvall (1978) as
extracting agents.

Define the indigenous soil parameters, affect vigorously on the available
amounts of Fe, Mn and Zn in the soils, help in chosen the suitable methods that
used in extracting these available amounts. As well as defining, the correlations
between these methods and growing plants considered the very important steps in
manipulation the deficits of these micronutrients in the soils of Egypt.

Hegazy ef al. (1991) found highly significant correlation coefficients between the
amounts of Fe-extracted by AAAC-EDTA, NH,O0AC, EDTA+ CaCl., DTPA and
AB+ DTPA and all significantly correlated with iron content in Sorghum plants
(r-values = 0.957", 0.933"", 0.890"", 0.850" and 0.848"°, respectively). Also,
Shahandeh et al. (1995), found that DTPA and AB+DTPA extractable Fe-values
were significantly correlated together and both procedures extracted relatively
comparable amounts of soil Fe.

Abd Ei-Rasoul {1995) found a negative correlation between available-Fe and
CaCO; content of soil. A significant relationship was observed between soil
available-Fe in negative trend with soil pH and in positive relation with soil EC
and O.M % of soil through the researches of Sadana et al. (1990). In addition,
Manal (2000) found that the statistical analysis show positively high significant
correlations between DTPA extractable — Fe and organic matter content (O.M) =
0.524**_ Abdel — Kader (2000) showed that available — Fe was positively highly
significantly correlated with siit % and clay %.

Sillanpaa (1982) reported significant correlation coefficients between Mn
extracted by AAAC- EDTA and Mn content by wheat plants r= 0.390*. Hegazy et al
(1991) found that the amounts of Mn extracted by different extractants from the
calcareous soils declined in the order of: AAAC-EDTA > NH,OAC > DTPA >
AB+DTPA. They also found significant relationships between Mn-extracted by
the extracting solutions and Mn content by sorghum plants (r= 0.77 *, 0.968**,
0.77** and 0.829** respectively).

El-Damaty et al. (1971) found highly positive correlation between all forms
of Mn in soil and both of O.M content and silt percentage in soils, but highly
significant negative correlation with soil pH value. Such results may induce the
suggestion that soil pH could be cone of the most important indigenous soil
parameters influencing soil Mn extractability. Raja et al. (1989) reported a
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positive significant correlation between DTPA-- extractable Mn and O.M., while
negative correlation with sand percentage and Lime.

Mohamed (1990} reported those extractable-Zn ranges between 0.4-2.4 ppm
and 0.2-1.2 ppm in the alluvia' and calcareous soils, respectively. Salem (2001)
found a significant correlation between soil available-Zn extracted by Soltanpour &
Schwab (1977} methed and Zn - concentration in barley plant with r-value =
0.214*. Hegazy et al. (1991), found a highly significant correlation coefficients
between Zn -extracted by Lakenen & Ervio (1971); Lindsay & Norvell (1978)
and Soltanpour & Schwab (1977) and Zn- content of sorghum plants with r-
values of 0.892** 0.975** and 0.77** | respectively.

Soil reaction is one of the most important factors affecting Zn availabiiity in
soils. In the soils of Egypt, Abdel-Razik (1999) found negative and highly
significant correlation between Zn and soil pH (r= -0.412**). Available-Zn
extracted by DTPA showed significant positive correlation with organic matter
(O.M) Brown et al. (1971). Sadana er al. (1990) concluded that soil available-Zn
significantly was related and positively with EC. Abdel- Kader (2000) showed
that available-Zn was positively highly significant cor3relation with silt % and
negatively highly significantly correlated with sand %.

Material and Methods

Twenty surface soil samples (0-30 cm layer) were collected from seven
Governorates in Egypt. These soil samples were air dried, crushed, sieved
through a 2mm stainless steel sieve, thoroughly mixed and stored in plastic jars
for pot experiment and laboratory analysis. Table 1 presented some properties of
the collected soil samples. The routine analyses of different soil samples
indicated in these tables were carried out according to the convention methods
outjined by Black (1965).

Available micronutrients in soils were extracted using different reagents as
follows:

Available micronutrients in soil were extracted using different reagent as
follows:

1. NH,OAC, buffered at pH 4.8 (Olsen & Carlson 1950): 20-m! solution was
added to 5 grams soil, shaken for 30 min. then filtered (in abridgement Olsen
method).

2. Acid ammonium acetate+tEDTA (AAAC+EDTA) 0.5N with respect to
both ammonium acetate and acetic acid; pH adjusted to 4.65 and 0.02M
NaEDTA Lakenen & Ervio (1971): 50 ml solution was added to Sgrams soil,
shaken for 1 hour then filtered.

3. Ammonium bicarbonate - DTPA (AB+DTPA) 0.005M DTPA +1M NH,
HCO;, pH 7.6 Soltanpour & Schwab (1977): 40 ml solution was added 1o 20
grams soil, shaken for 15 minutes the extracts are then filtered through Whatman
No. 42 filter paper.

4. DTPA solution 0.005M DTPA, 0.1M TEA and 0.0lM CaCl. pH
7.3(DTPA+TEA+CaCl,) Lindsay and Norvell, (1978): 20 ml solution was #dded
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to 10 oiams soil. shaken for 2 hr then the contents were filtered tluough
Whatman Ne.42 filter paper.

5. Ammonium acetate iN NH;OAC pH 7.0 (Knudsen ef af., 1982): GO !
solution was added to 3 grams soil, shaken for 30 min then filtered (in
abridgment Knudsen method) (Table 1).

TABLE 1. Scme chemical and physical characteristics of the soil samplecs.

2 1 EC .
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No = s . ] o =

- = paste [ = O

LO: . o
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- % 1 % L% | o
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4 | Noubaria | 197 % 26 | 140 | 467 J162b232]scL}259] 1.0
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6 | TaeFleaz |E1-Dakentia] 74 § 1101 29 | 100 {3300542] ¢ 12719
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§ | El-Sagam {50 79 ] 25 | s34 | 355 |10 d101] Ls § 6407
e 15| 43 | 214 | 136 [220{a31] c |36 22
0] o 811 Co 1 50 ) 75 Juslres| c 40|27
U pontis | 12 771 06 | 173 |320]s01] € o425
121 00 ;,‘_b], Et-Kaluobiag 80 | o | 480 | 208 | 62 251 SCL| 20 | 1.5
13 Vel falas 821 ;¢ | 402 | 150 |28 40]sc)28]L7
14 | s 15t o7 ) 23 ] 23 Jarrlsaa)sic] s8 )23
I5 f oo = 7.4 ' 16 1 141 leoof153)siL ] 25 |34
Bahtiin 3

16 JEbmanazh! Cl.Giza $2 1.0 32 122 §3481499§3 C 29 § 2.1
17 |Clmosach=2f = 770 15 | 42 | 124 §354}481) Cc |16 ] 17
18 |} Fayoum: ! 8o | 33 | 43 | 60 f312]sssl c {us)iz
19 { Fayoun2 | El-Fayom | 81 | 63 | 49 | 150 [249])553) ¢ | 32|24
20 § rayoum 3 80| 99 | 37 | 168 [288]s08] ¢ {6114
*C.8: Coarse savd **F.5: Fine sand C: clay SCL: sandy clay loam

LS: loasy sand  8C: sandy clay  Si.C: silty clav Si.L: silty loam CL: clay loam

A greenhouse pot experiment, with three replicates, was conducted in Bahtim
experimental research station (Agric.Res.Center), to study the relations between
Fe, Mn and Zu-contents in plant and their amounts extracted from differeit
studied soils by the difterent chemical methods under investigation. Barley plants
(Hordewn vidgare 1.} cv. Giza 128 were grown as a test plant.

Each pot, with 15 ciun chameter and 17 c¢m depth, was filled with one-kilogram
of air- dried soil. After complete emergence, the seedlings were thinned to ten
L gt Tha suse

planis i1 cach pot The cxperiment was arranged in a complete randomized
design with three 15plicates.
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At the end of the experiment, 60 days from sowing plants of each pot were
harvested by cutting them 1 cin above the soil surface. The plants were washed
with deionized water; oven dried at 70°C, weighted, ground and kept in paper
bags for chemical analysm (.2zm plant samples were digested in mixture of
HCIO, and H,S0, according to the procedure of Chapman & Pratt (1961). Then
Fe, Mn and Zn in the digested plant solutions and in the different soil extractants
were determent by usmg, atomic absorption spectrophotometer.

The obtained data were exposed to proper statistical analysis of simple
correlation coefficients and rcgression equations and stepwise regression
equations by using the Minitab program (Barbara & Brain, 1994). In addition,
contribution factors were mathematically calculated.

Resuits and Discussion

The extracting power of the used methods
Extractable-Fe
The powerful of the extraction methods for extracted - Fe could be arranged
in the order of: Lakenen & Ervio, (100.70 mg/kg soil) > Knudsen et al., (42.75
{(7.43

mg/kg soil) >Soltanpour and Schwab (12.37 mg/kg soil) > Olsen & Carlson (7.
mg/kg soil) >Lindsay & Norvell, 1978 (5.95 mg/kg soil) (Table 2) .

TABLE 2. Available Fe (mg/kg soil) extracted by different methods and their
contents (mg/kg DM ) in shoot of barley plants.

Soil Olsen Lankenen | Soltanpour | Lindsay | Kundsen Shoot
No Content
Soil Extractable Fe (mg/ kg soil)
1 9.00 30.00 12.53 2.9 27.63 2160
2 6.96 46.66 14.16 6.00 77.33 1987
3 9.83 60.00 6.10 5.30 71.66 1327
4 2.16 80.00 21.26 10.00 37.33 1587
5 8.00 80.00 7.16 3.30 27.33 1869
6 9.93 140.00 33.50 12.66 40.66 1250
7 3.36 42.33 210 1.33 523 110
8 5.53 67.77 8.26 3.70 74.33 1295
9 8.00 135.33 10.90 6.63 26.56 1420
10 6.43 133.60 14.80 6.00 27.66 1697
11 10.20 70.33 11.30 4.60 50.00 1345
12 5.73 95.33 14.16 6.60 37.03 1168
13 6.83 61.66 8.60 6.00 38.50 913
14 8.00 182.33 13.26 7.30 80.00 2368
15 8.69 143.60 7.20 5.00 33.60 1220
16 7.00 134.00 9.00 4.10 33.40 1069
17 6.30 127.30 11.70 6.36 29.57 1280
18 15.16 157.30 15.16 4.00 3496 2060
19 6.63 98.60 11.50 7.30 3536 2450
20 5.03 128.00 14.83 1000 | 36.96 2283
Mean 7.43 100.70 1 12.37 3.95 42.75 136\)
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The correlation coefficients among the previous extraction methods showed
high significant correlation between the values of available Fe-extracied by
Soltanpour & Schwal: method and both of the vaiues extracted by the methods of
Lindsay & Norvell (v = 0.787%%) and Lakenen & Ervic (¢ =0.357%*). In addition,
high significant correlation was noticed between Lindsay & Norvell. and
Lakenen & Ervio, iuzthods {r = 0.378%%) The resuits showed also that the
correlation hefween the two  extraction methods of Lakenen and Olsen was
highly sigrificant with r =0.339%*,

Similar results were found that DTPA and AB- DTPA extractable -Fe values
were significantly correlated together and both procedures extracted relatively
comparable amounts of soii Fe. In addition, Salem (2001) found that extractable -
Fe values with Lakenen & Ervio, method were highly significantly corrclated
with the same values extracted with Lindsay & Norvell, and Soitanpour &
Schwab, whereas the (r) values were 0.728** and 0.857** respectively. In
addition, he found high significant level with r = 0.712** between the fwo
methods of Lindsay &Norvell and Soltanpour & Schwab.

Extractable-Mn: So, the extraction powerful of the methods used to extract in
could declined in the order of: Lankenen & Ervio (125.8 mg/kg soil)> Olsen &
Carlsonn (31.65 mg/kg soil} > Soltanpour and Schwab (15.40 mg/kg soil) >
Lindsay & WNorvell (10.74 mg/kg soil) > Kundsen er al. (4.38 mg/kg soil)
(Table 3).

TABLE 3. Available Mn (mg/kg soil) extracted by different methods and their
contents (mg/kg DM ) in shoot of barley plants.

No Olsen | Lankenen | Soltanpour | Lindsay Kundsen CS(,)I:I(:::':); t
1 19.13 50.00 13.63 9.06 2.00 89.30
2 26.80 61.33 22.76 12.60 2.00 80.00
3 19.06 71.00 21.00 15.06 4.00 99.30
4 21.20 77.33 18.13 10.40 21.20 64.66
5 16.10 16.66 9.30 8.53 2.00 45.33
6 35.00 211.00 21.66 13.45 10.00 95.66
7 21.00 141.33 10.31 10.53 4.66 359.33
8 65.00 163.00 10.57 5.03 6.66 149.00
9 22.00 79.16 19.00 12.33 8.00 70.66
10 26.60 155.00 12.20 12.06 4.66 66.66
11 32.33 189.00 11.83 6.50 4.00 76.66
12 28.66 53.00 17.73 7.86 4.00 39.33
13 33.23 160.66 9.13 5.20 2.00 100.00
14 45.06 21.80 20.90 16.40 5.33 80.00
15 42.80 138.00 27.00 21.52 5.00 126.60
16 21.00 85.0 11.50 9.16 6.66 6.33
17 25.00 123.00 17.16 9.70 4.77 98.66
18 23.60 12.50 5.23 42.46 23.46 48.66
19 36.26 23.00 17.50 12.85 36.26 63.33
20 73.00 206.66 11.54 14.10 73.00 98.00
Mean 31.65 125.80 15.40 10.74 4.38 80.74
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As for the correlation between these different methods for extracting
available-Mn, data showed high significant trend between the values of available
Mn- extracted by Soltanpour & Schwab method and both of the same values
extracted by Lmdsay & Norvell and Knudsen ef ol methods, (r = 0.794** and
0.280* respectively). In addition, the resulis showed high significant correlations
between availabic Mn -extracted with Lakenen & Ervio methods and both of ihe
same values extracted by Olsen & Carlson and Knudsen ef al. methods (r = 0.461*#
and 0.387** respectively). Similar results were reported by Salem (2001), who
found very high significant correlation between Soltanpour & Schwab and
Lindsay & Norvell with r = 0.759*** with respect to Mn -extractability.

Extractable-Zn

Regarding the powerful of the extraction methods for extracting Zinc. It could
be put in the order of: - Lakenen & Ervio (mean of extracted-Zn 9.70 mg/kg
soily> Knudsen et al, {mean of extracted-Zn 4.11 mg/kg soil) > Lindsay &
Norvell (mean of extracted-Zn 3.25 mg/kg soil) > Soltanpour and Schwab (mean
of extracted-Zn 3.08 mg/kg soil) > Olsen & Carlson (mean of extracted-Zn 2.10
mg/kg soil) (Table 4).

TABLE 4. Available Zn (mg/kg soil) extracted by different methods and their
contents (mg/kg DM ) in shoot of barley piants.

No Olsen | Lankenen | Soltanpour | Lindsay | Kundsen CSol:::::ltlt
1 0.96 2.93 3.76 2.33 1.96 240
2 0.41 14.33 343 3.86 5.56 507 .
3 2.80 10.66 2.00 426 3.66 733
4 2.73 5.33 3.66 5.33 3.76 613
5 2.50 8.33 3.00 2.63 3.76 640
6 2.20 5.00 3.90 4.76 5.96 540
7 1.26 2.83 2.33 2.20 1.36 177
8 3.73 10.30 3.46 4.30 7.50 987
9 1.63 5.40 1.36 1.20 2.33 260
10 3.66 12.03 2.26 5.00 1.53 173
11 1.16 11.80 2.46 2.10 4.46 206
12 1.13 2.70 2.73 1.43 3.30 264
13 .80 7.33 3.76 1.40 2.00 807
14 2.03 18.00 3.73 2.36 2.00 341
15 3.26 6.00 1.43 3.23 3.93 607
16 3.46 14.33 4.33 4.16 5.40 1053
17 0.90 11.00 243 2.50 4.16 801
18 1.96 9.16 2.46 3.33 5.33 340
19 3.02 15.53 4.53 5.00 A I I | 613

20 1.26 7.66 4.76 3.66 7.16 627

Mean 2.10 9.70 9.70 3.08 3.25 526
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The correlations between the previous methods revealed significant
correlation between the values of available Zn - extracted by Soltanpour &
Schwab method and the values of Zn extracted by Knudsen et al., Lindsay &
Norvell and Lakenen & Ervio methods with r values = 0.475%*_ 0.356** and
0.310** respectively Also, the data revealed high significant correlation between
Lindsay & Norvell method and the methods of Olsen & Carlson, Lakenen &
Ervio and Knudsen with r values = 0.578**, 0.507** and 0.504** respectively.
The results showed also that the correlation between the two extraction methods
of Lakenen and Olsen was highly significant with r =0.319**,

Hegazy et al. {1991) reported that Lakenen & Ervio method was the best
extraction method for available-Zn. They added that the high efficiency of this
method could be due to the low initial pH of this solution (pH= 4.65).

These results coincided with the researches of Sippola (1994) and with
Schnug et al. (1999).

Effects of indigenous soil parameters:

The values of the different indigenous soil parameters were exposed to
stepwise regression analysis against soil extractable micronutrients for naming
the most effective soil parameters on the powerful of the different used
extractions. The stepwise regression equations were presented in Table 5. In
addition, the contribution factors of these most effective parameters were
mathematically calculated.

Extractable-Fe
Stepwise regression in Table 5 showed that, in the method of Soltanpour &
Schwab, clay fraction was the strongest factor on extractable-Fe and contributed
with 7%. On the other hand, OM content in soil contributed with 9.0 %, when Fe
was extracted by Lindsay & Norvell method. With respect to Lakenen & Ervio
 method, sand fraction was the most effective factor followed by CaCO; % in soil.
They contributed on Fe-extracted with 40.0 and 8.0 % respectively. In the
method of Olsen & Carlson, sand % of soil was the effective factor on extracted-
Fe and contributed with 8.0%,. Concerning the Knudsen er al., method the most
effective soil parameters on extractable ~Fe were CaCO;, clay and OM contents
in of soil. Their contribution factors on the extracted iron were 33.0 %, 8.0% and

6.0 %, respectively.

Extractable-Mn

Data in Table 5 revealed that, O.M % is the greatest effective factor followed
by clay %, sand % and EC of scil when Mn was extracted by Soltanpour &
Schwab method. They contributed with 30.3 %, 24.9 %, 9.1% and 3.9 %
respectively. With respect of Lindsay & Norvell, method silt % is the most
effective factor followed by EC, O.M% and clay % of soil. Their contribution
factors were 36.0%, 18.7 %, 4.7 %, and 7.0 % respectively. When Mn was
extracted by Lakenen & Ervio method CaCo3 % in soil contributed with 17.2 %.
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Concerning the Olsen & Carlson method, the most effective soil parameter on its
efficiency were CaCO3 and EC of soil. Their contribmtion factors were 9.0 %
and 15.0 % respectively. As for, Kinudsen ¢r al, method the most effective soil
parameter on extractable- Mn were pH and CaCos; %, of soil. Their contribution
factors were 22.8 and 6.1%o. respectively,

Fxtractable-Zn

As shown in Table 5, the stepwise regression indicaied significant correlations
among somie soil parameter and Zii- extracted by three extractant only. Date showed
that pH was the best effective soil parameter on extractable-Zn by Soltanpour &
Schwab method and contribuied with 16.0%. While in Lindsay & Norvell, the best
effective soil parameter on extractable-Zn was CaCOs (contributed with §.0%). With
respect to Lakenen & Ervic method, OM % was the most effective soil factor on
extractable-Zn and contributed with11.0 %.

The previous findings agree to some extent, with the researches of many
scientists on the effects of different soil charactersstics on the efficiency of some
micronutrients chemical extractants (El-Hussieny, 1995; Tadross, 1997; Abdel-
El-Kader, 2000 and Sadik ef al., 2002).

TABLE 5. Stepwise regression equations between the indigenous soil parameters and
s0il extracted micronutrients (mg/ Kg DM).

Extractable Methods of

: ; : 1
micronutrients extraction Stepwise regression equations R
Olsen Y =8.53~0,03 Sand
. Y =138.9-1.04 Sand 0.40
Lakenen Y =142.8 - 0.84 Sand — 1.17 CaCo, 048
Soltanpour | y = §37+0.102 clay 0.07
Iron (Fe) Lindsay Y=324+146 OM 0.09
- 033
Y= 34.45 + 1.10 CaCo,
Knudsen Y =51.22 + 0.93 CaCo; — 0.37 Clay g-j;
Y=39.82+0.84 CaCos- 0.53 Clay + 10.2 OM :

Olsen Y =35.56-041 CaCo; 0.09
Y =29.77-0.65 CaCos + 1. 28 EC 0.240
Lakenen Y =1294-2.34 CaCos 0.172
Y =536+ 546 OM 0.303
Manganese Solt Y =8.59+ 7.74 OM - 0.181 clay 0552
(Mn) oftanpour Y = 19.0+ 6.55 OM-0.291 Clay - 0.109 Sand 0.643
Y =17.99+ 5,62 OM - 0.269 Clay — 0.106 0.682
sand + 0.275 EC :
Y =7.06+0.157Silt 0.360
Y =514 +0.134 St + 0.393EC 0’547
Lindsay Y =253+0.118 Silt + 0.340EC + 1.81 OM 0594
Y =3.61+0.122 Silt + 0.294 EC + 2.630M 0.664
—0.059 Clay :
Knudsen Y =32.10-3.52 pH 0.228
Y =27.06-2.82 pH —0.052 CaCo;
Olsen n.s

Lakenen Y =4.42+2.90M .11

Soltanpour =-7.81+1.39 pH 0.16

Zinc (Zn) Lindsay Y=293+0.03 CaCO, 0.08
Knudsen n.s.

Y = Soil extractable-micronutrient

Egypt. J. Soil. Sci. 47, No. 4 (2007)



394 T.A. ABOU EL-DEFAN et af.
Biological evaluation of the different extraction methods:

A biological test was carried out, thought a greenhouse experiment, in order to
study the corrclations between the extracted amounts of available Fe, Mn & Zn and
their contents in barley plants (Tables 2-4). These correlations were represented in
Table 6. i

TABLE 6. The correlations ceefficients (r) and regression equations between soil
mitcronutrients extracted with different methods and their concentration
in barley plants.

Extractabie ﬂm;\letlzods of o Corre_!ation
Micronutriesnts extraction Regression equations coefficients(r)

B Olsen Y=1135+58.7X 0.285*
Lakepen Y=1214+331X 0.262*

Iron (Fe) Saltanpour Y =1272+238X 0.272*
Lindsay Y =1244+553X 0.270*

Knudsen Y =1150+9.42 X 0.350**

Olsen Y=46.1+1.09X 0.602**

Lakenen Y =590+0201X 0.460**

Mangal?csc, Soitanpour - Y=11.5+0.054 X 0.262*
(Mn) _

' Lindsay - Y=635+159X 0.256*

Knudsen Y=664+320X 0.256*

Olsen Y =296+ 109 X 0.420*

Lakenen Y=373+15.6X 0.289%*

Zine (Zn) Soltanpour Y=216.7+ 100 X 0.384**

Lindsay Y=3038+068X 0.336**

Knudsen Y=224+73 X 0.527**

* Signilficant correlation at 0.035 and

** at0.01

Y - Micrenutrient concentration in plant X=80il extractable-micromutricnt

Daio presented in Table 2 showed that Fe-content (ing/kg M) in barley
<hoot plants ranged from 110 to 24493 (rng/kg DM} with mean value of 1567.86

iauske M) There was a significant correlations, with posiiive trend. between
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Fe- content in barley planis and Fe-extracted by the used extraction methods
(Table 6) .The highest significant correlation was found with Knudsen et al.,
{r=0.350**}), while e lowest correlation was found with the extraction agent of

s
~ ok

Lahenen & Prvio (o= 0.057%) These findings are in good agreement with the
cidies of Aboulroos ef of 1505 and Saleas 2001

Data presented in Tables 3 & 4 indicated that Mr-content (mg/keg Di{in
barlev shoot planis ranged from 3935 to 1493 mg/kg DM (mean value of
80 74). Significan: Correlation was found beiween Mn-content in barely plants
and Mn-cxtracted with ali the studied methieds. These correlations ceuld be
arranged in the order of: Olsen & Carlson (r=0.602"")>, Lakenen&Ervio
(rf().f—!—G*')>Soitanp0uz'& Schwab {r=0.262") >Lindsay & Norvell = Knudsen et
al.. {r =0.256"). Many investigators supported these findings such as Sillanpaa
(1982) who found highly significant postiive correlation (r=0.552**) beiween
DTPA extractable- Mn and Mrn-pprm in plant materiai. In addition, Hegazy et al
{1991) found that the amounts of Mn- extracted by Soltanpour & Schwab
significantly correlated with Mn- content by sorghum plants (r =0.829**),

The data presented in Table 4 showed that Zn content (mg/kg DM)in barley plants
ranged from 206 to 1033.5 (mg'kg DM) with mean value of 526.36 mg/kg DM.

The correlation coefficients and regression equations between Zn contents in
plants and Zn-extracted under this study were positive and highly significant with
all the extraction methods {Table 4). The highest significant correlation was
found with Knudsen et al., r =0.327**, followed with the methods of Olsen &
Carlson (r‘O 420"), Soltanpour & Schwab(r=0.384"") and Lindsay & Norvell
(r =0.336""). While the lowest one was found with the extraction method of
Lakenen & Ervio, r = 0.289*.

Many investigators such as Hegazy ef al. (1991) and Salem (2001) who found
a positive significant correlation between Zn-content in barley plant and soil
available-Zn extracted with Lakenen & Ervio or with Soltanpour & Schwab
methods.

Correlations between the experimental extraction agents :

The correlations coefficients between the previous extraction methods were
shown in Table 7. Generally, these data showed high significant correlations
between the values of Fe, Mn and Zn extracted by the methods of Soltanpour and
Lindsay. In addition, high significant correlations were noticed between the
values of these nutrients extracted by Olsen & Lankenen.

On the other hand, non-significant correlations were found between the
amounts of Fe-extracted by the solution of Kundsen et al. (1982) and those
extracted by the other extracting agents under investigation. The findings of
Salem (2001) supported these results.

Egyvpt. J. Soil. Sci. 47, No. 1 (2007}
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TABLE 7. Correlation coefficients between different extraction methods.

2 W | =3 l:'.-
-g é % Methods 5 E é_ E
R e = = = =
£5 5 O E = 5
5O F S| 8
[ ——— — —
Lankeren 0.339""
Soltanpour 0.132 0.357"
Iron (Fe) ; " -
Lindsay -0.121 0.378 0.787
Kundsen JL-O.029 -0.087 | 0.119 | 0.220
— I S
Lankenen ] 0461
Manganese | Soltanpour 0.012 -0.196 _
My Lindsay | 0178 | -0.084 | 0.794
Kundsen ‘ 0.213 0.387 0.280 0.2¢}_§
Lankenen & Ervio 0.319"
Soltanpour 0.040 | 0.310
Zinc (Zn) Lindsay 0.578™ | 0.507"" | 0356
e Kundsen 0.198 0.224 0.4757 | 0.504™

* Significant correlation at 0.05  and **at 0.01
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