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: ABSTRACT

The alm of this study wes to find 2 chemienl solution
that will extract an amouwnmt of 2i! or most nwirlents
proportional to what a plamt exiract from soils of Egypt
sad Libys. To determine this, a laboratory end green
homse caperiments were condmcted. Twenty five soll
samples were coliected from the North Western cosst of
Egypt. Also, twenty soll samples were collected from
different aress of North Easters of Libya, to represent the
eticarcons sofls of Egypt aad Libya. Three chemical
solution mamely AB-DTPA (NHHCO,), Meblick-3, AB-3
(new solution prepared from NHHCO, + DTPA +
NHMNO, + HOAC) compered with the common aoll test
methods (NH/OAC for X, Ca, Mg, NaHCO;-P, DTPA-
micronutrients and Bot water for B) were used to
simultancously extract plant avallable K, Ca, Mg, P, Fe,
Mun, Za, Cu and B. The stutistical analysis for the
relationships between the extractable amounts cbtzined by
these mothods were determined by calculating the
correlation coefficients {r). The results Indicated a great

for determining the avallabliity of K, Ca, Mg,
P, Fe, Mn, Za, Cu 2nd B in oae run,

To evaluate further the ability of the tested extractants
to eatlmate the previous mutrients, the sol! tests calibration
using the cors planis were carried out. The statistice!
relationships between the exiracted elements by the tested
extractants and the uptake of these elemenis by the cora
plants concluded thet Mohlich-3 solution has supericrity on
the other two methods as & repid and cheep routine test for
these clements in the talcsreous soil. However, fleld
correlation snd calibration studies sre needed to coafirm
these repuits.

~ - INTRODUCTION

Soil analysis for the determination of its physical and
chemical characteristics has increased recently in order
to arrive to the best use of these soils. Evaluation of scil
festility test is the most important aim of these analyses.
The methods, being used for nutrients determination in
soil are intended for extracting one single element or
several elements simultancously. In Egypt, as in other
countrics, the use of muiti-elements extractants is
important not only for reducing the costs needed for
chemical laboratory supplies, but also for saving time
and increasing the performance of the laboratory
workers.

Soltanpour and Schwab (1977) evaiuvated a soil test
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(AB-DTPA) for simultaneous extraction as multi-
nutrients. Also, Lindsay and Norvell (1978) evaluated
and developed DTPA soil test for four micronutrients
(Fe, Mn, Zn and Cu) in soils. Mehlich (1978) found that
potassium, magnesium and calcium, in the new
extractant were highly correlated with those extracted
by neutral IN NH,OAc. Also, the phosphorus was
highly comrelated with that extracted with Olsen or
Bray-1 and for micronutrient extracted with DTPA.
Evans and McGuire (1990) compared several extraction
soil test methods. They showed good correlations for all
comparisons among exiractants. Mehlich-1 and
Mehlich-3 extractants were significantly correlated with
the NH, OAc extractant for exchangeable cations

El-Sheemy (1991) tested the efficiency of AB-DTPA
method. He indicated that the levels of the nutrients
extracted by the AB-DTPA soil test were highly
correlated to those extracted by the standard methods
for these nuirients. Schmisck er a/ (1998) evaluated
Mehlich-3 method as multi-nutrient extraction. They
found that the Mehlich-3 extractant correlated well with
P, K and Zn values obtained by the Olsen, NH;OAc and
DTPA extraction procedures, respectively. Also,
Mehlich-3 extractant was some what correlated for Cu,
but poorly comrelated for Fe and Mn with DTPA-
exiractation. Zibral and Nemec (2000) compared
different extraction methods for determination of
available nutrients. They found a highly significant
comrelation between Mehlich-2 or Mehlich-3 methods
for all nutrients (r=0.97-0.99") and the standard
methods for macro and micronutrients.

The objective of this study was, therefore, to
evaluate the use of three multi-autrients extractants for
macro and micronutrients under the conditions of
Egyptian and Libyan soils. The study Includes testing
the correlation between the different multi-nutrients
extractants and the specific solutions for these nutrients.
Also, to evaluate these extractants by calibration using
com as test plant. '

MATERIALS AND METHODS
Soil:

Forty ~ five soil samples (0 — 30 Cm) were collected
from different areas at the North Western Coast of
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Trbie 2. The extraction methods used in the study.

Elements
Soilte  Shaking
Flethods Extractants solutio time
Ce Mg K P Fe Ma Za Cu B 0ritio  (min) Referance
Ammonium INNHOAc | 1om
Beetate pH 7.08 LI ) 1:10 30 ’
AB-DTPA M NHHCGO, Soltanpour and
W.O(:)SHN;.?TPA N e o o » . ‘ . 12 15 Schwab 1977
Mehlich-3 0.2M
CH,COCH+0.25
M NHNO,+
0OISMNHF+ ¢ + & % & = ¢ ¢ ¢ L0 5 Mehlich, 1984
0.013M HNO,y+
0.001m EDTA
pH 2.5
Olsen 0.5M NaHCO, Olsen ¢t al.,
pHBS . 12 30 1984
9 12 30 1967a
DTPA pH 7.3 Lindsay and
- » » “ 12 120 Norvell 1978
AB-3 IMNHHCO,+ A modification
0.0DSM DTPA+ of S0/
8.5M NHNOs+ ohampour
0.5M HOAc % LI T T b » ® * 1:2 is

Egypt and North Eastern Coast of Libya. The soil
samples were air dried, ground, passed through 2 mm
sieve. The main physical and chemical properties of the
soils were determined according to standard methods
outlined by Black et al., (1965) and .!aﬂkson,(i973) The
results obtained are shown in Table 1.

Phosphorus, potassium, calcium, magnesium, iron,
manganese, zinc, copper and boron were extracted from
the seil samples by different extractants as described
obtained (Table 2). In the obtsined extrects P was
determined according to Murphy and Riley (1962),
potussium by Flame spectrometer, calcium, magnesiom,
iron, zinc, manganese and copper were measured by
Atomic Absorption Spectrophotometry, and boron was
determuined Spectrophotometry according to Jackson
(1973).

Pot cxperiment:

The three multinutrients extractants namely AB-
DTPA, Mehlich-3 and AB-3 were tested to fined out the

best one that exiracts an amount of the different
nutrients proportional to what is measured plant. To
determine this, pot experiment was carried out in the
green house using plastic pots of 12 cm in diameters and
16 cm deep filled with 1 kg soil. One soil sample from
the tested soils (soil No. 25) was selected and mixed
with various rates of the different nutrients using
balanced nutrient solution, The different rates of all the
nutrients for each treatment are presented in (Table 3).
Four seeds of com (Zea mays .L) Giza-2 variety as a test
plant were germinated per pot on 15 April, 2003. After
one week the seedling were thinned to two plants per
pot. The pots were watered daily with distilled water tc
keep soil moisture content at the fieid capacity.

After harvesting time (afier four weeks) soil sample
from cach pot was taken, air dried, grounded passed
through a 2 mm sieve and thoroughly mixed and
analyzed for the different element using the tested
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CaC0 OM. CEC
[ i % % cmob/Kg
i Burg-Eweh SC1. 832 057 343 i} 0% 0.18 166 £ 084 2238 051 10.0¢
2 Bwg-El-arzh SCL. 830 149 690 296 540 027 133 1105 257 1877 048 1150
3 EMbxmmen SL. 82 065 331 191 0T 015 091 5.57 256 2166 049 876
4 EHhammam SL. 788 053 262 203 .81 025 059 152 e 1949 028 1442
5 Elalamine s 795 028 166 078 028 008 132 125 0.23 2744 0.33 14.05
6 El-alamine 5. 757 030 153 062 027 005 133 017 0.78 2960 033 1059
7 Sidi-abdel SL. B4 025 138 059 028 012 083 1.06 047 2599 048 13
i 8 Sidi-abde! SL 301 02§ 152 034 035 010 07 115 045 3249 048 13.14
I 9 Abas-E! alwani SL. 832 025 138 054 045 008 133 1.06 046 EE X 077 11 86
10 AboEl slwani SL. 866 028 166 054 635 006 £16 056 049 39.71 067 1625
Lo Addabbai sl 21 084 142 112 047 032 138 38 1.12 1949 093 1530
I 12 Addabbah LS. 874 024 138 039 028 008 LIS 096 021 1588 0.61 1652
P13 alalvillage LS. 845 048 262 167 0.55 0.13 1.00 152 202 28.16 057 15.82
P3G el village LS. 880 0.46 284 165 040 0.16 1.00 173 198 39.7] 067 15.47
|15 Ei-zytona village LS. 789 029 22 069 012 008 149 0.84 113 3108 048 1373
|16 Elzywonvillage LS. 807 025 124 20 0.12 0.08 1.00 038 Ln 4332 017 1026
I 17 ZswytEiawan LS. 802 026 138 054 .30 0.10 116 0.9 060 3249 on 1582
18 ZawysElawam SL. 877 01 10 on 0.37 0.12 160 0.96 127 238 0.7 14.08
19 Res-Erbdms LS. 831 0.57 276 1es 0.59 028 1.00 L2 272 135 093 1060
20 Res-Elhekms. SL. 883 0.41 207 141 025 o0 133 230 034 2733 .65 13.73
21 Matrouh s. 811 025 152 1.03 13 0.04 115 106 0.52 1072 049 1463
22 Mawoch S. 8.12 0.18 097 0.77 0.10 0.08 119 048 0.44 £.50 033 7.4
23 Matrouh SL 853 039 233 125 027 0.0 056 0.6 0.45 2827 093 2849
24 ZawytElawam SL 849 0.45 238 1.8 0.45 o1 069 192 1.00 3032 107 3443
|25 Mstrouh SL. 8.2 931 1.38 0.54 053 028 135 134 0.44 33.39 107
e T AN : B4 038 336138 09 014 T i LY 2743 OE5
‘ Libyan solls :
| 3 Tamlo SL. 874 2.02 304 193 13.00 0318 288 883 834 40.43 053 1899
27 Tasimlo SL. 8.68 162 386 275 4.50 020 2388 9.02 245 4445 or 10.73
28 Tagmio SL. 8.60 1.43 354 128 4.50 027 281 12.48 145 @n 293 16.52
29 Ehhagia S.CL, 825 1.20 345 177 7.50 0.1 372 6.84 229 om 238 2395
30 EMbasia SCL. 813 0.24 138 07l 0.40 o.n LI 056 0.50 0.70 1.8 7
1l Alnmar L 813 cn 152 068 0.3 0.04 083 067 0.87 217 27 24.70
2 Anean L 822 0.6 110 0.4l 0.43 0.06 073 057 030 11.25 2% 28.08
33  Dema SL. 823 030 207 082 037 0.18 1.56 056 093 2969 256 %7
34  Dwxma SL. £18 0.35 22 092 042 0.18 104 192 077 794 3.5 30.56
35  Dama SL. 268 04l 207 141 053 0.18 145 144 13] 3105 258 2891
36 Martocbe SL. 865 0.7 124 07 032 0.i0 04l 277 on 37.99 0n 20.66
37 Marouba SL. 834 0.25 138 094 0.23 0.08 114 056 0.53 37.54 067 1291
33 EMimioi SL. 220 0.60 304 2.5 047 0.10 1.04 451 0.59 4621 0n 15.49
39 Toubek SL B35S 0.32 1.66 1.12 035 0.1 0.83 14 108 2827 238 3529
0 Toubrk SL. 861 027 138 092 027 0.20 1.0¢ 0.9 079 15.16 2.50 3926
4] El-tinimi SL. 8.59 065 37 208 067 0.17 187 403 078 an 077 15.47
41 Elbeids LS 810 025 179 0.64 017 0.08 1.04 0.5 0.68 4.04 on [L41]
43 Bl LS. 804 030 193 089 016 0.04 104 086 112 4693 201 30.01
4 Swmmas 5 842 0.3 138 048 037 0.3 067 0.86 07 15.16 o 2151
45 Shammas 5 84D 025 138 o077 025 0.13 104 09 053 17.28 0.75 2263
- Avernge 840 0355 e 139 - 1 oid 146 301 1.3% 5 1+ 15 FIY

O SV NOLLOVYLXT SINIRILAN-LLINW 304 SQOHLIW JNOS 40 NOILVITYAT -1V 13 "O'W WIFSSYN
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‘Tabiz 3. The appiied amounts of nutrients te soil for each treatment.

Nutrient Nutrient rate, mg/kg soll.
Nimgep 0 5500 11000 16300 220,00 275.00 330.00 440.00 550.00
Phosphorus 0 1320 2640 3960 5280 6600 79.20 10560 13200
Potassium 0 3320 6640 9960 13280 168.00 199.20 265.60 332.00
Iron ¢ 075 150 225 300 375 450 600 750
Zinc 0 075 150 225 3.00 375 | 4.50 600 7.50
Mangenese 0 070 140 210 280 350 420 560 7.00
Magnesium ¢ 025 050 075 1.00 125 1.50 200 250
Calcium 0 010 020 030 040 050 0.60 080 1.00
Copper 0 010 6020 030 040 050 060 0.80 100
Sulphur 0 001 002 003 004 005 0.06 008 0.0
Boroa 0 005 010 015 020 025 030 040 030
Molobdaium 0 005 010 015 020 025 030. 040 030

extractants (AB-DTPA, Mehlich-3 and AB-3) as
mentioned sbove. Also, the plants were cut 1 cm above
the soil surface, washed by tep water followed by
distilled water end dried at 65 C for 48 hours and the
dry weights were recorded,

The plant materials were digested using H,SO, and
H;0; mixture gccording to Lowther (1980). In the
digest solution the different nutrients were determined
according to Jackson, (1973) and the uptake of these
nutrients were calculated.

The obtained results were analyzed statisticaly using
the method of Draper and Smith (1967).

RESULTS AND DISCUSSION

The extractable Nutrienis by Different Ettmcrams:
LCalclum °

Table 4 showed the amounts of Ca extracted by the 4
methods, (ammonium acetate (NH;OAc), Soltanpour
(AB-DTPA), Mehlich-3 and AB-3) from the Egyptian
and Libyan soils. The resuits revealed that the order of

extractability of these extractants for Ca in soils was as
follows: NHOAc¢ > Mehiich-3 > AB-3 > AB-DTPA,,
Ammonium acetate removed a high amounts of Ca from
both soil groups, due to the fact that NH,OAc is more
efficient than other methods in dissolving Ca bound in
organic compounds and 2 : 1 clay minerals (Cox et al,
1993).

In the Egyptian soils, a significant correlation was
found between the Ca amounts which passed into
solution by NH,OAc and that of AB-DTPA , Mehlich-3
and AB-3 methods.

The mathematical relationship between (X) the
extracted Ca by NH,OAc and (Y) the amount of Ca
extracted by AB-DTPA, Mehlich-3 and AB-3 methods -
were established by the least squares method and found
as follows: '

Yasorea =420+ 033 Mnusoac (r=063*%)
Yrientices = 144 + 059 Xyusoac (r=091*%)
Yagy =2.75+041 Xnnsoao (r=0.81*%
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Table ¢, Range and mean value of the extrhcted elements from the Egyptian and Libyan soil samples using the

different extractants,
Ca* Mg K P Fe Mn Za Cu B
E"M-“ 4 cmol/kg soll mg/kg soll
Range and mean
Egyptisn soils
NHQAc 136547  520-182 655310 - - - - - -
(34.19) (11.28) (18.04) o
- - - 4.06-30, - - - - -
NaHCO, (15.82) '
DTPA - - - - 236512 214426 125270 133307 -
0s8) - (GAD (1.95) (2.14)
Hot water - - - - - - - - 024-2.12
(1.09)
AB-DTPA 79828 266844 8.0044.] 266-122 288104 2.88-690 160325 164-3.50  0.53-1.16
(154 (4.96) (G059 6.79) .1 (5.13) (2.39) 2.48) 0.85)
Mehlich-1  864-38.0 2.88-127 157489  2.66-189 2.11-660 276852 150390 203430  0.88.1.18
(21.5) (7.20) (36.96) 9.18) @.16) (6.24) 2.7%) 297 (137
AB-3 74-204 247980 536252 355998 83412 170311  0.80-2.00 118298  0.49-2.0
{16.6) {5.53) (12.12} 623 (3.02) (2.43) {133 {1.91) (0.94)
Libyau solls
NH,Oac  18.1-544  5.67-202  10.340.6 - - - - - -
(32.97) (11.04) (27.76)
- - - 6.18-26.5 - - - - -
NaHCO, {12.12)
- - - - 202610 240490 157290  1.78-3.30 -
DTPA 4.33) (3.60) 2.29) (2.60)
Hot water - - - - - - - - 0.66-2.22
_ (130)
AB-DTPA 733252 221-786 234-553 248106 6.36-13.1 4.10-790 1.88-3.50 2056380  0.53-2.01
(14.9} 4.749) (38.9) (517 (9.46) (6.0M @7 (2.95) (1.02)
Mchiich-3 122362 6.04-126 202602 3.48-162 310712 480903 202-3.70 1.884.56  0.86-1.92
(21.88) (7.08) 42.93) {6.34) (5.12) (7.05) .87 (3.48) (1.50)
AB-} 891-282 275959 732330 320877 166533 [.80-1.76 1.04-1.93 087270 0.50-1.76
(1657 {5.33) (19.53) (5.16) (3.05) 2.67 (1.56) ___ 2.10) (0.95)
For the Libyan soils, the corresponding mathematical Ymeticns = 1.19 + 0.53 Xppeoac (r=0.76"*)
relationships, were as foliows: Yan: =096 +0.40 Xnsuons (r=0.78%*)
= =3 ‘. - . - - .
Yaporea =6.01+0.26  Xymone (r=0.59*%)  Eor the Libyan soils, the comesponding relationships,
Yoctiicws = 5.79 + 0.8 Xnissoac (r=0.75*%)  yere as follows:
Yapa =0.18+049 Xnuoac (r=0.92*") Yaporea = 170+ 027  Xniuc {r = 0.69*%)
2 .Magnesium _ . . Yoentions = 1.38 +0.51  Xpseonc (r = 0.85*%)
Extractable Mg was estimated also in both soil Yaps =020+046 Xwuoa (r=0.98**)
groups as shown in Table 4. The order of magnitude of 3 posgesinm

the values was : NH,OAc > Mehlich-3 > AB-3 > AB-
DTPA in Egyptian and Libyan soils. In the Egyptian
soils, a significant correlation was found between the
amounts of Mg which passed into solution by NH,OAc
and those of AB-DTPA, Mehlich-3, and AB-3 methods,
The mathematical relationship between (3{) the extracted
Mg by NH,OAc method and (Y) the amount of Mg
extracted by AB-DTPA, Mehlich-3 and AB-3 meth

wore established as follows: :

Yaporea =248+ 0.45 Xnmoac r= 0.45“)

Potassium extracted by the four methods, including
NH,OAc, is shown in Table 4. The order of magnitude
of the extracted K in the different extractants was as
follows: Mehtich-3 >AB-DTPA > NH,OAc > AB-3 in
the Egyptian or Libyan soils.

The mathematical relationship between (X) the
extracted K by NH,OAc method and (Y) the amount of
K extracted by AB-DTPA, Mehlich-3 and AB-3
methods were established for the Egyptian soils as
follows:
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Yipora=13.03+1.00 Xuwone  (r=0.91%%)
Y vention3 = 21.01 + 088 Xypaoac (r = 0.82%%)
Y An3 =100 +0061 Xnkoac (r= 0.33*‘)

For the Libyan soils, also, the mathematical

relationships, were as follows:

Yaporea=13.83+090 Xumioae  (r=0.94%%)
Yisehiicas = 1631 +0.91  Xyuoac (r=09i*"
¥Yaps =-296+0.80 Hynsoac (r=092*%

4 .Phosphorus

The available phosphorus was extracted by seven
methods including sodium bicarbonates as a standard
method, The results of available P are presented in
Table 4. The order of magnitude of P extracted from the
Egyptian or Libyan soils was as follows: Olson >
Mehiich-3 > AB-DTPA > AB-3. For the Egyptian soils,
the mathematical relationship between (X) the extracted
P by Olsen method and (Y) the amount of P extracted by
AB-DTPA, Mehlich-3 and AB-3 methods were found as
follows:

Yapprea = 124 +0.35  Xnamicos {r=0.98*")
Yyiehtichs = 2.62 + 041 Xyeos (r=10.85**)
Yapa =3.15+0.19 Xuencos {r=0389*%)

For the Libyan soiis, the mathematical relationships,
were as follows:

Yagorea =093 + 034 Xyapeos (r=0.95*%)

Yuatins =011 +0.55  Xyuncos {r=0.96*")

Yaps =249+0.22 Kyumicos (r=0.76**)
5.0ron

The available Fe was exiracted by seven methods
inciuding DTPA as a standard method (Table 4). The
exiracting power of the empioyed reagents could be
arranged in the order: AB-DTPA > Mehlich-3 > DTPA
>AB-3} in the Egyptian or Libyan soils. The high
efficiency of AB-DTPA solution to extract higher
amounts of Fe from the studied soils could be due to the
chelating effect of DTPA. chelating reaction was
described by Hafez ef al.,(1992). For the Egyptian soils,
the mathematical relationship between (X) the extracted
Fe by DTPA method and (Y') the amount of Fe extracted
by the other methods were established by the least
squares method and found as foliows:

Yaisorea=0.85 +1.84 Kpmwa (r=10.70*%
Yuanen: = 0.26 +1.05 Xbprea z= 0.67‘*)
YAB.J =407 +0.82 Xprpa {r= 0.88“)

For the Libyan soils, also, the mathematical
reiationships, were as follows:

YAB-DTPA = 1.95 +1.73 XDTPA
Y maehtichs = 0.86 + 098 Kprea

(r = 0.96**)
(r=0.85%%)

Y ap-3 =40.46 + 0.81
6 .Manganese

The results of Table 4 shows that the used
extractants varies markedly in their ability to extract Mn
from the Egyptian and Libyan soils. The average
amounts of Mn extracted by the different extractants
methods from the Egyptian or the Libyan soils declined
in the following order Mehlich-3 > AB-DTPA > DTPA
> AB-3. It is clear that Mehlich-3 extractant was the
highest efficient method as compared io the other
methods. For the Egyptian soils, the mathematical
relationship between (X) the extracted Mn by DTPA
method and (Y) the amount of Mn extracted by the other
extractants were established as follows:

Xmm (I' = 0.79“)

YAB-DTPA =032 +1.51 _XDTPA (l' = 083")
YMebﬁch-S =022 +0.89 Xbrea r= 0.87“)
Yaps =056 +0.59 Xpiea (r=0.84**)

For the Libyan soils, the corresponding mathematical
relationship were as follows:

Yaporea= 121+ 134  Xprea (r=091*%

Y mettichs =0.24 + 190 Xprpa {r=0.96**)

Yaps =0.54+059 Xprpea {r=0.76**)
7.Zinc

Table (4) show the amounts of zinc extracted by
DTPA, AB-DTPA, Mehlich-3 and AB-3 methods from
the Egyptian and Libyan soils. The efficiency of the
different extractants could be arranged in the order:
Mehlich-3 > AB-DTPA > DTPA > AB-3. In the
Egyptian soils, the mathematical relationship between
(X) the extracted Zn by DTPA method and (Y) the
amount of Zn extracted by the other methods were
esiablished as follows:

YAB-DTPA =027 +1.06 Xm-p,\ (I' = 0.85“)
YMehljch-?. =0.67 +1.06 xDTPA (l’ = 072")
Yapa =010 +0.63 Kpma (r=0.81"%)

For the Libyan soils, the correspending mathematical
relationship were as follows:

Yasotea =008+ 171  Xprea (r=0.99*%)
Ymentichs =013+ 119 Xprpa (r=0.98*%)
Yaps =035+052 Xprea (r=0.84%%)
8 .Copper ‘

For the Egyptian or Libyan soils, the values of
extractable Cu by the different extractants could be
arranged in the following order: Mechlich-3 >AB-DTPA
> DTPA > AB-3, (Table 4). For the Egyptian soils, the
mathematical relationship between (X) the extracted Cu
by DTPA method and (Y) the amount of Cu extracted
by the other methads were established as follows:

Yaporea=020 +1.06 Xprwa  (r=097*%)
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Yarihs =026 +125 Xompa  (r=$.92%%)
Yas =005 +086 Xprea  (r=0.79%%)
For the Libyan soils, the corresponding mathematical

relationships, were as follows:
Yioorea =008+ 1.10  Xprea (r=091**)
Yitehticns =0.19+ 141 Xprea {r=0381**)

Yaps =0.183+087 Xprpa (r=0.85**)

9. Boron

Table (4) show the amounts of boron extracted by
hot water (HW), AB-DTPA, Mehlich-3 and AB-3
extractants from the Egyptian and Libyan soils, The hot
water extractant is the standard method extract the
available boron. For the Egyptian or Libyan soils, the
results revealed that the order of extractability of the
different extractants for B in soils was as follows:
Mehlich-3 > HW > AB-3 > AB-DTPA. In the Egyptian
soils, the mathematical relationship between (X) the
extracted B by H.W. method and (Y) the amount of B
extracted by the other methods were established as
follows:

Yapompa=060 +022 Xuw (r=0.64%%)
Yieptichs =090 +042 Xuw (r=0.59*%)
Yapa =020 +067 Xuyw (r=0.72*%)

For the Libyan soils, this mathematical relationships,
were as follows:

Yaporpa =062 +030 Xyw (r=0.57**)
Yucuich: =0.88+0.48 Xuyw {r=0.62**)
Yapa =060+026 Xuw (r=0.59*%)

From these data, it could be concluded in general
that AB-DTPA, Mehlich-3 and AB-3 extractants has a
great advantage as it can be used for determing the
availability of Ca, Mg, K, P, Fe, Mn, Zn, Cu and B in
soil in one run.

To evaluate the ability of the tested extractants (AB-
DTPA, Mehlich-3 and AB-3) to estimate plant available
Ca, Mg, K, P, Fe, Mn, Zn, Cu and B, the soil tests were
calibrated using com plants, and summarized as follows:

LCalclum

The Ca uptake of corn plants increased significantly
with increasing Ca application rate in soil and ranged
from 0.044 to 0.250 g/pot with an average of 0.116
g/pot. The relationship between Ca uptake of com plants
and extractable Ca with the different extractants (Fig. 1)
was linear and highly correlated. The cotvelation
coefficients between Ca exiracted by AB-DTPA,
Mehlich-3 and AB-3 and Ca uptake were 0.84**, 0. 89‘"“
and 0.82** respectively.

I e At o el Ll e
¥=0.000% X1-0.1108 R2=0.74 .AB-DTPA
¥=0.0008 X2 -0.3066 R2=0.80 A Mehlich-3
Y+0.0072 X3-0.148 R%0.70 aAB3

0.3

0.26 - .Y 4

o 0.2
i 018 l
J 0.1
8 0.06

1 Fig.1 ®4

0+— . : , -
] 20 40 80 80
Tho amount of extracted Ca by differont
methods, mpg/kg soll.

Fig 1. The relationship between Ca uptake, (g/pot) and
extracted Ca by different methods, mg/kg soil, where
X1= AB-DTPA, X2= Mehlich-3, X3= AB-3.

2 .Magnesium

The Mg uptake in the com plants significantly,
increased with Mg application up to 2.5 mg/kg soil and
ranged from 0.058 to 0.375 g/pot. Highly significant
correlation coefficients were found between Mg
extracted by the extractants: NH,Oac, Mehlich-3 and
AB-3 and Mg uptake by com plants { 0.83**, 0.91%*
and 0.75** respectively).The relationship between Mg
uptake (Y) and extractable Mg with NH,Oac, AB-
DTPA, Mehlich-3 and AB-3 extractants (X) were linear

and highly correlated (Fig.2).
' ®ABDTPA | |
Ya 3047 X1-0.1163 R2=081
Yu 0.0150 X2 -0.1322 K=, 4 Mehlich-3
Y=002X3-01108 R2=0.57 A_A_E‘_&_ .
04
0.35 | a
0.3 -
=025 |
i 0.2 | A
g 0.18 -
o 0.1 -
0.05 Fig*
o r "lg R S e e A |
0 10 20 k4 40 80
The amount of oxtracted Mg by different
. __.__ methods, mg/kg soil.

Fig 2. The relationship between Mg uptake, (g/pot) and
extracted Mg by different methods, mg/kg soil, where
Xi= AB-DTPA, X2~ Mehlich-3, X3= AB-3,
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4 Petesshum

The potassium appitcation affecied the K uptake by
miants and the K extrectsd by the AB-DTFA, Mehlich-3
and AB-3 extractents, The K uptake increased from 0.05
to (.182 g/por, as K rate incveased from zero to 332
wgfkg soil. The relationship betwzen XK uptake and
exuactable 10 with different extiactants were evaluated.
The r values obtained for tise linear refationship between
soil K extracted with AB-DTPA, kehlich-2 and AB-3
and K uptake were (0.92%*, 0.95% and 0.97**,
regpectively). The relationship between K uptake and
extractable K was expressed by a straight line equations
for the different extractants, (Fig.3).

v; 50423 X1 -0.9484 rzz;o.sn & AB-DTPA

¥0.0071X2 -0.1886 R2=0.93 )

Y0008 %3 00477 R3-008 & Riehlich-3
AAB-3

o 18 2% 38 Al 6o |
They pmount of extraciad o oy difarent !
L mmathods, Mgk soil. |

Figg 3. The relaticaship between # wptake, (gfpot) snd
exiracted K by diffevent snstheds, mp/ke soil, where
Ki= AB-DTPA, XI= Nehiich-3, 3= AR3,

4. Phosphorus

Fhosphorus upiake by corn nlants significaatly
incveased from .0.023 to (.95 g/pot az P rate increased
fromy zero 10 132.0 me/kg soil. Phosphorus uptake of
cora plants was significantly correlated with the amount
of P extracted by AB-DTPA, Mehiich-3 ard AB-3 (=
G.86%*, 0.86%% and 0.86%% respectively). The
islationship between P ouptake and exitractable soil P
weie given in Fig. 4 for the different sxtractants,

X fron

fron uptake by oo plants significamly iucreased from
0,862 to 2.269 p/pot with an average of 1.39 with
inereasing iron rate from 0 to 7.50 mg/kg soil. The
syvirectable-Fe by AB-DTPA, Mehiich-3 and AB.3
exiractants were increased as resull of increasing Fe
rates. AB-DTPA cuiractable Fe incroased from 6.14 to
15.67 mg/ky soil with an average of 11.18 mgfkg seil.
T the other hand, Mehlich-3 extractable Fe ranged
fram 3.86 to 8.24 mg/kg soil with an average of 5.67

my/kg soil and AB-3 extractable-Fe ranged from 1.66 to
5.73 mgfkg soil with an average of 3.88 mg/kg soil.

v=D0023X1 00150 R2=0.74 S AB-DTPA

Yu0.0035 42 0.0141 R2e0.7

¥u0,0050 X3 -0.0028 R2:0.7 A Mohlich-3
AAB3

\ 8.4 b

1 R R E S [ I A A |

¢ 4 8 12 16 20 24 28 3

The amount of extracted P by different
methods, mg/kg seil.

Vig 4. The relationship between P uptake, (g/pot) and
extracted P by different methods, mg/kg soil, where
XK1= AB-DTPA, X2= Mehlich-3, X3= AB-3.

Highly significant correlation coefficients were
found between the amount of iron extracted byAB-
DTPA, Mehiich-3 and AB-3 extractants and Fe uptake
{r = 0.92*%, 0.98** and 0.93%*, respectively). The
elationship between Fe uptake and the different
sethods were found in (Fig. 5)

‘ ¥=0.1187 X1 +0.0637 R2=0.86
Y= 0.3222 X2 -0.4377 R2=0.97
2. Y=0.3305X3 +0.0734 R2=0.88

L] ] ‘ W ) 15 n
The amount of extracted Fe by differont
methods, mg/kg soli

Fig 8. The relationship between Fe uptake, (g/pot) and extracied
Fe by different methods, mg/kg soll, where X1=AB-DTPA,
X2=Mehlich-3, X3=AB-3.

s.Manganese

Manganese uptake by cormn plants increased
significantly, with Mn application up to 7.0 mg/kg soil.
It ranged from 0.170 to 0.513 g/pot with an average of
0.30 g/pot. Highly significant correlation coefficients
were found between Mn extracted by AB-DTPA,
Mehiich-3 and AB-3 and Mn uptake (r=0.95**%, 0.94**
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and 0.88%, respectively). A linear relationship between
Mn uptake by corn plants (Y) and Mn extracted by the
various extractants (X) were presented in (Fig. 6).

Y=0.1027 X1 - 0.8910 R2=0.91| ¢ AB-DTPA
. ¥=0.1048 X2 -0.8558 R2=0.89| 4 Mehlich-3
v;?s.opsaxa-o.wst R2=0.78 A AB-3
0.8 4 A . Ora
/
o 04
£ 03 A
g' 0.2 4
a os 5
% 04
o "ﬂ’. l6 T L] T T T 2l
0 2 4 8 8 10 12 14
‘The amount of extracted Mn by different
methoda, mg/kg soil,

Fig 6. The relationship between Ma uptake, (g/pot) and
extracted Mn by different methods, mg/kg soil, where
X1=AB-DTPA, X2=Mehlich-3, X3=AB-3.

7Zinc

Zinc uptake by com plants significantly increased
from 0.190 to 0.607 g/pot with increasing Zn rate in soil
up to 7.50 mg/kg soil. Also, the extractable-Zn from the
soil by the different methods was affected by soil Zn
application. Highly significant correlation coefficients
were found between Zn extracted by AB-DTPA,
Mehlich-3 and AB-3 and Zn uptake (r=0.93%*, 0.97**
and 0.85**, respectively). A linear relationship between
Zn uptake by corn plants (Y) and Zn extracted by the
various extractants (X) were presented in (Fig. 7).

Y=0.0816X1 -0.1664 R2=0.87
Y=0.0893 X2 -0.3051 R2=0.94
Y=0.0004 X3 -0.0338 R2=0.73
0.7 -
0.8 1
0.5
= 0.4
i 0.3 -
S02{ 4
0.1
o Fa? —
1
01'hea|'|w.umt3 nfml:tractaacls zlncbysdiﬂerem 2
methods, mo/ig soll.

Fig 7. The relationship between Za uptake, (g/pot) and
extracted Za by different methods, mg/kg soil, where
X1=AB-DTPA, X2=Mehlich-3, X3=AB-3.

8.Copper

The copper uptake by com plants significantly
increased from 0.039 to 0.113 g/pot with increasing Cu
rate in soil up to 1.0 mg/kg soil. Highly significant
correlation coefficients were found between Cu
extracted by AB-DTPA, Mehlich-3 and AB-3 and Cu
uptake (r=0.99**, 0.93** and 0.97**, respectively). A
linear relationship between Cu uptake by comn plants (Y)
and Cu extracted by the various extractants (X) were
presented in (Fig. 8).

¥=0.0207 X1 -0.0597 R2=0.99
¥Y=0.0155 X2 -0.0501 R2=0.87
042 - ¥=0.023 X3 -0.0356 R2=0.95
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8
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Fig. 8
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The amount of extrapcted Cu by different
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Fig 8. The relationship between Cu uptake, (g/pof) and
extracted Cu by different methods, mg/kg soil, where
X1=AB-DTPA, X2=Mchlich-3, X3=AB-3,

9.Boron

The B applications has significant effect on B uptake
which ranged from 0.027 to 0.107 g/pot. Highly -
significant correlation coefficients were found between
B extracted by AB-DTPA, Mehlich-3 and AB-3 and B
uptake (r=0.92**, 0.93** and 0.88**, respectively). A
linear relationship between B uptake by com plants (Y)
and B extracted by the various extractants (X) were
presented in (Fig. 9).

From the obtained results, it can be seen that AB-
DTPA, Mehlich-3 and AB-3 (new extractant) soil test
gave significant correlation coefficients with uptake of
all the tested nutrients. Hence, these solution have a
great advantage as it can be used for determining the
availability of Ca, Mg, K, P, Fe, Mn, Zn, Cu and B in
soil in one run, and thus offering a rapid and cheep
routine tests for these nutrients in the calcareous soils of
Egypt and Libya.

With regarding to the correlation coefficients values
obtained between the nutrients uptake of corn plants and
the extracted amounts from soil, it could be concluded
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also, that Mehlich-3 solution has superioritf over the

other two methods, (Table 5).
. —_
Ve.0178 X1 -0.034 R2=0.00 SAB-DTPA
Yo7 00408 R220.00 -
Mﬂ’o: g-ﬂ.ﬂll R2+0.78 ‘mh"d' 3
042 ; AAB-3
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The amount of extracted boron by difforent
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Fig 9. The relationship between B uptake, (g/pot) and
extracted B by different methods, mg/kg soil, where
X1=AB-DTPA, X2=Mehiich-3, X3=AB-3 and X4=Hot
water,

Table 5. The correlation coefficient values between
the nutrients uptake of corn plants and the

extracted nutrients by the different methods.

Extraction methods
Nutrients

AB-DTPA  Meblich-3  AB-3
Calcium 0.90%* 0.97%¢ 0.88¢¢
Magnesium 0.93%¢ 0.92%* 0.70%*
Potassiumn 0.85%* 0.89%* 0.97%¢
Phosphorus 0.83** 0.82* 0.85%¢
Iron 0.87¢ 0.96%* 0.89%*
Mangancse 0.98%* 0.97%* 0.99%*
Zinc 0.95%* 0.98%* 0.88%*
Copper 0.69%¢ 0.90% 0.96%*
Boron 0.88%* 0.90% 0.93%

However, field correlation and calibration studies are
necded to confirm these results. Also, to establish the
critical levels of the different nutrients for the important
crops.
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