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Statusof B, Cu, Fe, Mo and Zn of Soilsof Ethiopia for Maize
Production: Greenhouse Assessment

Teklu Baissal, Amnat Suwanarit?, Yongyuth Osotsapar3 and Ed Sarobol4

ABSTRACT

A greenhouse experiment using omission technique was conducted to evaluate the status of Fe,
Cu, Zn, B and Mo in some Nitisols of Western Ethiopiaand Rift Valley Andisolsfor maize production
in order to confirm the results of the laboratory study. For each nutrient under study, a randomized
completeblock designwithfivetreatmentsand four replicationswasemployed. Thetreatmentswere: (1)
control, no nutrient application; (2) application with low rates of all nutrients; (3) application with
medium rates of all nutrients; (4) application with high rates of al nutrients; and (5) application with
medium ratesof all nutrientsexcept themicronutrientsunder study. Considering theresultsof the present
experiment and those in the previous laboratory assessment the following conclusions were drawn. Fe
status of all of the Andisol was in the sufficient range whereas about 1.9% of the Nitisols was in the
deficient range for maize production. The results of the present study did not support the critical level of
4.8mg Fekg1 by AB-DTPA method reported by other authors. Theresultson of thisexperiment showed
that the critical levelswere lower than 4.56 mg Fe kg1 in the case of Andisols and higher than 5.20 mg
Fekglinthecaseof Nitisols. Cu statusof al of the Andisolswasin the deficient range whereasthat of
5.6% of the Nitisolswasin the deficient range for maize production. Zn status of all of the Nitisols was
in the deficient range whereas that of al of the Andisols wasin the sufficient range. B status of 31.9%
of the Nitisolswasin the deficient range whereas that of all of the Andisols was in the sufficient range.
Mo statusof al of the Andisolswasin the sufficient range whereas that of 4.4% of the Nitisol wasin the
deficient range. The present results supported the critical levels for Cu, Zn, B and Mo found in the
literature.
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INTRODUCTION

In Ethiopia maize is one of the most
important crops among all cereals consumed by
the people. According to Belay (1997) maize was
the second major cereal crop in area coverage as
well as in production in Ethiopia. Of the total

potentially arable land, one million hectares are
under maize cultivation and are mostly occupied
by Nitisols and Andisols. Mesfin (1998) stated
that Nitisols are highly weathered soils in the
warm and humid areas of the west and southwest
Ethiopia. The Rift Valley Andisols are also
intensively used for cultivation of maize whichis
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the main staple food crop grown by the farmers
(Mesfin, 1998).

Desta (1983) stated that for along time it
wasthought that under theexisting farming system
andfertilizing practices, thelevel of micronutrients
in Ethiopian cultivated soil swasadequate and that
the problem of micronutrient deficiencieswas not
a serious one. Consequently, the study on the
statusof micronutrientsinthecountry hasreceived
very little attention.

Ingeneral theroleof micronutrientsincrop
productionhasnot yet been studied systematically,
except the study on micro and macro nutrient
distribution in Ethiopian Vertisol landscape
(Fisseha, 1992). Thepastinvestigations(Sillanpaa,
1982; Desta, 1983; Godfrey et al., 1987; Fekadu,
1987; Saleh et al., 1990) were either incidental or
exploratory in nature, which made it difficult to
obtain a real assessment of magnitude of
micronutrient problems. The above-mentioned
investigations were also not based on fertilizer
recommendation approach. Moreover no attempts
havebeen madeto study thestatusof micronutrients
on specific soil type and crop, which prevents
extrapolation of the results to wider areas. Even
though there is an excessive delay, it isimportant
to investigate the limitation and advantage of
micronutrients fertilizers on Nitisols of Western
Ethiopiaand Rift Valley Andisols.

Accordingto Teklu et al. (2003 a, b) status
of micronutrientsin Nitisols of Western Ethiopia
and Andisols of Rift Valley were evaluated by
using three soil-testing methods and it was
concluded as the following.

In Nitisols of Western Ethiopia Fe status
was in the sufficient range as compared with
critical levelsfoundfromtheliterature. Extractable
Cuinall thesampleswasinthesufficient rangeby
DTPA-TEA and AB-DTPA methods, but 5.6% of
thesamplesweredeficient by Mehlich-111 method.
Extractable Zn was mostly in the deficient range.
The amounts of extractable B in 31.9%, and
extractable Mo in 4.4% of the sampleswereinthe

deficient range.

In AndisolsextractableFein 20 and 10% of
the sampleswerein the deficient range by DTPA-
TEA and AB-DTPA, respectively. Theamount of
extractable Cuin all of the samples using DTPA-
TEA and in 45 and 55% of the sample using AB-
DTPA andMehlich-111 methods, respectively, were
inthedeficient range. Mo extracted by ammonium
acetate EDTA acid extraction was in deficient
range by 20% of the samples while B was in
sufficient range compared to critical level in the
literature.

Asthecritical level which separatedeficient
from the non deficient soilsmay vary with kind of
cropand soil conditions(Basal and Nayyar, 1990),
thepresentinvestigationwasundertakentoeval uate
the sufficiency of the micronutrients in some
selected Nitisols of Western Ethiopia and Rift
Valley Andisols for maize production in order to
confirm the result of the laboratory study.

MATERIALSAND METHODS

Soil selection and preparaion

From results of assessments of
micronutrients status of Nitisols of Western
Ethiopiaand Andisols of Rift valley (Tekluetal.,
2003 a, b), tables were constructed for
micronutrients (Mn, Fe, Cu, Zn, B and Mo) to
show frequency distribution of soil samples in
different rangesof extractablemicronutrients. The
sampleshaving extractablelevel sof micronutrients
lower or alittle higher than critical levels of each
nutrient found in the literature were selected for
greenhouse experiment asshownin Table 1. Bulk
samples of the selected soils were collected from
the 0-15 cm surface layer. The soil samples were
air-dried on plastic sheets and the clods were
gently crushed, to pass through 2-mm sieve.

Design of the experiment and treatments
The experiment was carried out in the
greenhouse at the National Soil Research Center,
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AddisAbeba, Ethiopia, from December 7, 2002to
March4, 2003. For each soil arandomized complete
block design with five treatments and four
replications was employed. Following the
techniques used by Asher et al. (1970) and
Suwanarit et al. (1978) the treatments and their
description were given in Table 2. According to
thedesigned experiment all of thenutrients(Table
2) except nitrogen were mixed with 5-kg soil
before potting. One half of the nitrogen fertilizer
was mixed with the soil before potting and the
balance was applied on the soil surface at one
month after planting. The soilswere moistened to
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moisture level dightly lower than field capacity,
kept overnight and then gently mixed to create soil
crumb before potting to aplastic potswith saucers
which were free of micronutrients.

Maize planting and watering

Five seeds of maize (Zea mays L.) (BH-
540) were sownin each pot and at four-leave stage
two plantswereleft togrow. De-ionized water was
liberally giventotheplant viasaucers. Spraying of
water on the soil surface was applied only when
necessary to keep the soil surface moist.

Table1l Soil samplesusedfor greenhouseexperiment, nutrientsunder test, nutrient content of the soils

and critical level of the nutrients.

Soil  Soil order Nutrient  Method of Extracted Critical level
no. under test  extraction nutrient
mg kgt
Analytical value mg kgl Test organism and Reference
and method
of assessment
6 Andisols Fe AB-DTPA 456  4.80, AB-DTPA Sorghum, Halvin & Soltanpour
(1981)
108 Nitisols Fe Mehlich 11 520 4.80, AB-DTPA Sorghum, Halvin & Soltanpour
(1981)
32 Andisols Cu AB-DTPA 050 0.50-0.60, AB-DTPA  Maize, Makarim & Cox (1983)
68 Nitisols Cu Mehlich I11 0.32 0.37, Mehlich 11 Maize, Makarim & Cox (1983)
102 Nitisols Cu Mehlich 11 0.48  0.37, Mehlich I Maize, Makarim & Cox (1983)
49 Nitisols Zn DTPA-TEA 0.34 0.80-0.90, DTPA-TEA  Sorghum, Lindsay & Norvell
(1978)
100 Nitisols Zn DTPA-TEA 0.32  0.80-0.90, DTPA-TEA  Sorghum, Lindsay & Norvell
(1978)
95 Nitisols B Hot water 0.46  0.50-1.00, Hot water Rice, Ponnaperumaet al.
(1981)
150 Nitisols B Hot water 0.38  0.50-1.00, Hot water Rice, Ponnaperumaet al.
(1981)
10  Andisols Mo NH4ACEDTA 0.10 0.10-0.30, ammonium  Aspergillus niger, Griggs
oxaate (1953)
36  Andisols Mo NH4ACEDTA 130 0.10-0.30, ammonium  Aspergillus niger, Griggs
oxaate (1953)
64  Nitisols Mo NH4ACEDTA 050  0.10-0.30, ammonium  Aspergillus niger, Griggs

oxalate

(1953)
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Table2 Description of treatments employed in the greenhouse experiment.

Treatment symbol Description
C No nutrient addition
Ly Application with all nutrient at low rates, namely, 300 kg N, 300 kg PZ,
100 kg K3, 200 kg Ca, 35 kg Mg2, 25 kg S&, 15 kg ClZ, 3 kg Feg,
3kg Cu, 3kg ZnlY, 5 kg Mni, 500 g B1Z and 150 g Mol per ha
Mnu As Ly, but therates of Fe, Cu, Zn, B and Mo were twice of those of Ly,
Hnu AsLp, butwith 10 kg Fe, 10 kg Cu, 10kg Zn, 15kgMn, 1.5 kg B and 450 g Mo
per ha
-X As My, but without application of micronutrient under test where x was the

nutrient under study

1: asurea. 2/: astriple super phosphate. 3/: as potassium chloride. 4/: as calcium chloride. 5/: as magnesium oxide. 6/: as copper,
zinc and manganese sulfates fertilizers. 7/: as calcium chloride and potassium chloride. 8/: as FEEDTA. 9/: as copper sulfate. 10/
: aszinc sulfate. 11/: as manganese sulfate. 12/: as boric acid. 13/: as ammonium molybdate

Collection of data, harvestingand plant sample
preparation

Plant height was measured from the soil
surfacetothetop of theuppermost | eaf sheathat 30
and 45 days after planting and at 50% silking.
Harvesting was done at 50% silking stage by
cutting the plant just above the soil surface. The
harvested maize shootswerewashed several times
in running water, followed by deionized water,
driedfirstintheair and then oven-dried at 65°Cto
constant weight for dry wei ght measurement. The
shoots were then finely ground using stainless
steel grinder for analysis of micronutrients.

Plant analysis

The analysis of micronutrients in plant
samples was done using the dry ashing method
(Sahlemedhinand Taye, 2000). Themicronutrients
Fe, CuandZninthesampledigestsweredetermined
using atomi c absorption spectrophotometer. Boron
wasdetermined accordingtoWalingaet al. (1995)
and molybdenum by method of Cottenie et al.
(1983) using spectrophotometer at appropriate
wavelengths.

RESULTS

Height of maize plant at 30 daysafter planting

Height of maize at 30 days after planting
obtained from different treatmentsand changesin
height due to omission of nutrient were presented
in Table 3.

Insoil no. 6, omissionof Fefertilizer showed
a non-significant trend of increase (11.6%) in
height of maize. Insoil no. 108, omission of Fehad
asignificant depressive effect on height of maize
plant by 29.4%. Omission of Cu resulted in
significant decreasein height by 20.8% in soil no.
32.Insoil nos. 68and 102, omission of Cufertilizer
showed a non-significant trend of decrease in
height of maize plant. In soil no. 49, omission of
Znhad asignificant depressive effect on height of
mai ze plant by 32.1%. In soil no. 100 the omission
of Zn showed a non-significant trend of decrease
in height of maize. In soil no. 150 omission of B
had a significant depressive effect on height of
maize plant by 17.9%. But in soil no. 95 the
application of B showed anon-significant trend of
increase (8.7%) in plant height. Omission of Mo
resulted in significant decrease of height of maize
plant by 19.0 and 9.8% in soil nos. 36 and 64,
respectively. Butin soil no. 10 theomission of Mo
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Table3 Height of maize (cm) at 30 days obtained from different treatmentsand increase in height due

to omission of nutrient elements.

Soil  Soil Missing Treatments? Change due to
no. classification nutrients C Lnu Mnu Hnu -X omissionofthe C.V.%
nutrient, (%) ¥
6 Andisol Fe 2020 3052 3022 29.72 33.72 +11.6ns 115
108 Nitisol Fe 13.4¢ 318 37.12 315 26.2p -29.4* 12.9
32  Andisol Cu 17.9¢ 285 31.32 3152 24.8° -20.8* 10.0
68 Nitisol Cu 13.3¢ 322 3460 3652 30.1P -13.0ns 10.0
102 Nitisol Cu 680 3192 3532 30.82 31.82 -9.9ns 10.5
49  Nitisol Zn 749 3690  39.0P° 43.82 26.5¢ -32.1* 8.6
100 Nitisol Zn 700 369>  344bc 39092 32.7¢ -4.9ns 5.8
95 Nitisol B 95b 3802 30.3 40.22 35.92 -8.7ns 115
150 Nitisol B 80¢ 2500 3522 24.8b 28.9° -17.9* 14.7
10 Andisol Mo 2210 3372 3152 29.42 29.12 -7.6ns 10.2
36 Andisol Mo 2226 3972 3842 37.62 31.1° -19.0* 438
64 Nitisol Mo 55¢ 3173 3462 31.2b 31.2b -9.8* 7.2
1

- 100 [(height of —x) — (height of M,)] / (height of Mp,,) ; ns, non-significant at the 5% level; « significant at the 5% level

N

showed anon-significant trend of decrease(7.6%)
in plant height.

Height of maize plant at 45 daysafter planting

Height of maize at 45 days after planting
obtained from different treatmentsand changesin
height due to omission of nutrient were presented
in Table 4.

Insoil no. 6 omissionof Fehad asignificant
response on height of maize by 13.2%. But in soil
no. 108theeffect of omissionof Fehadasignificant
depressive effect on height of maize plant by
12.3%. Omission of Cu resulted in significant
decreasesin the height of maize plant by 15.9 and
10.4% in soil nos. 32 and 68, respectively. In soil
no. 102 the result showed a non-significant trend
of decrease (2.0%) in height of maize. In soil no.
49, omission of Zn had a significant depressive

: Means followed by acommon letter are not significantly different at the 5% level by DMRT.

effect on height of maize plant by 19.7%. Sail no.
100 showed a non-significant trend of increase
(3.8%) than the Zn omission treatment. Omission
of B fertilizer showed non-significant trends of
decrease (2.5 and 7.4%, respectively) in height of
maize plantin soil nos. 95 and 150 at 45 daysafter
planting. Omission of Mo resulted in significant
decrease of height of maize plant by 6.0% in soil
no. 64. Omission of Mo fertilizer showed non-
significant trends of decreases (6.6 and 5%,
respectively) in height of maize plant in soil nos.
10 and 36.

Height of maize plant at 50% silking

Height of maize at 50% silking obtained
from different treatments and changes in height
due to omission of nutrient were presented in
Table5.
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Table4 Height of maize(cm) at 45 days obtained from different treatments and increase in height due
to omission of nutrient elementsY.

Soil Soil Missing Treatments Change due to
no. classification nutrients C Lny Mnu Hnu -x  omissionof the C.V.%
nutrient, (%)
6 Andisol Fe 44.5¢ 70.12 63.0P 62.4b 71.32 +13.2* 6.2
108 Nitisol Fe 28.4¢ 67.52 68.52 60.1P 60.1P -12.3* 3.9
32 Andisol Cu 34.5d 52.1bc 573 6192 48.2¢ -15.9% 8.6
68 Nitisol Cu 17.9¢ 61.32 61.52 63.02 55.1° -10.4* 6.8
102 Nitisol Cu 20.1b 58.92 58.92 62.72 57.72 -2.0m 8.1
49 Nitisol Zn 16.9d 55.2b 63.42 64.32 50.9¢ -19.7* 5.1
100 Nitisol Zn 16.20 63.02 61.42 63.12 59.12 -3.8™ 6.0
95 Nitisol B 22.5¢ 4.6 651 7012 63.5° -2.5ns 6.0
150 Nitisol B 16.6° 61.62 61.92 58.72 57.32 -7.4ns 7.8
10 Andisol Mo 48.4¢ 75.02 72,68  68.4P 67.8P -6.6"s 48
36 Andisol Mo 41.7¢ 63.42 62.0% 6013  589° -5.0ns 42
64 Nitisol Mo 10.6¢ 64.6%2  67.92 63.4b 63.8P -6.0* 43

V': See Table 3 for captions

Table5 Height of maize (cm) at 50% silking obtained from different treatmentsand increasein height
due to omission of nutrient elementsY.

Soil Soil Missing Treatments Change due to
no. classification nutrients C Lny Mnu Hnu -X omission of the C.V.%
nutrient, (%)
6 Andisol Fe 99.8d 11822 11198 106.3¢ 119.82 +7.1ns 29
108 Nitisol Fe 432d  107.2b 11432 105.6° 99.9¢ -12.6* 34
32 Andisol Cu 829¢ 100.9¢  1135% 11682  109.3P -3.7ns 37
68 Nitisol Cu 4949 1105P 11812 12152  102.6° -13.1* 23
102 Nitisol Cu 428 106228  107.2&  111.42 99.9b -6.8* 4.0
49 Nitisol Zn 2854  94.5¢ 104.9°  112.82 91.8¢ -12.5% 2.7
100 Nitisol Zn 4561  112.4b 109.7° 12242 98.4¢ -10.3* 35
95 Nitisol B 52.2¢  108.7° 109.8° 11652  107.9° -1.7ms 3.2
150 Nitisol B 428 10822  110.32  107.52 96.9P -12.2% 2.9
10 Andisol Mo 100.6¢ 12432 12112 12082 114.2P -5.7* 2.0
36 Andisol Mo 90.5¢ 1185%  117.62 107.9>  109.3° -7.1* 41
64 Nitisol Mo 4450 11472 11813 11342  114.62 -3.0ms 33

1/ : See Table 3 for captions
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Insoil no. 6omissionof Fefertilizer showed
non-significanttrend of increaseinheight of maize
by 7.1%. But in soil no. 108 the effect of omission
of Fe had a significant depressive effect on plant
height of maizeby 12.6%. Omissionof Curesulted
with a significant decrease in the plant height by
13.1and 6.8%insoil nos. 68and 102, respectively.
Insoil no. 32 therewasnon-significant responseto
application of Cu fertilizer. Omission of Zn had a
significant depressive effect on plant height by
12.5and 10.3%insoil nos.49and 100, respectively.
Omission of B had a significant depressive effect
onplant height by 12.2%in soil no. 150. Insoil no.
95 the omission of B showed a non-significant
trend of decrease (1.7%). Omission of Moresulted
in significant decrease of plant height by 5.7 and
7.1%insoil nos. 36 and 64, respectively. Insoil no.
64 omission of Mo showed anon-significant trend
of decrease (3.0%) in maize height.

Dry matter yield of maize

Dry matter yields of maize obtained from
different treatments and changes in dry matter
yield due to omission of nutrients were presented
in Table 6.

Insoil no. 6, omissionof Fehadasignificant
responseondry matter yieldsof maizeby 10.42%.
But in soil no. 108 the effect of omission of Fe
showedanon-significant trend of decrease(8.89%).
Omissionof Curesultedwithnon-significanttrends
of decrease in the dry matter yields of maize by
1.9, 9.9 and 1.8% in soil nos. 32, 68 and 102,
respectively. Omission of Zn had non-significant
trends of decrease (4.85 and 5.78%, respectively)
in dry matter yields of maize in soil nos. 49 and
100. Omission of B had a significant depressive
effect on dry matter yield of maize by 10.02% in
soil no. 150. In soil no. 95, omission of B showed
anon-significant trend of decrease (5.66%) indry

Table6 Dry matter yield of maize (g potl) obtained from different treatments and increasein dry
matter due to omission of nutrient elementsY.

Soil Soil Missing Treatments Change due to
no. classification nutrients C Lnu Mnu Hnu -X omission of the C.V.%
nutrient, (%)
6 Andisol Fe 50.14 84.3¢ 90.6P 82.7¢ 100.12 +10.42* 3.8
108 Nitisol Fe 13.0b 69.02 70.12 63.92  63.842 -8.89ns 7.0
32 Andisol Cu 236  73.9% 67.8%0 78.42 66.6P -1.79ns 11.2
68 Nitisol Cu 9.2b 67.22 68.52 64.62 61.72 -9.93ns 9.5
102 Nitisol Cu 8.1P 57.92 57.72 63.52 56.72 -1.80ns 8.7
49 Nitisol Zn 43¢ 62.32 59,380 63.12 56.5P -4.85"s 5.9
100 Nitisol Zn 9.9p 62.72 68.42 67.72 64.42 -5.78ns 7.9
95 Nitisol B 129¢  77.9° 79.430 82.72 74.9b -5.66"ns 43
150 Nitisol B 8.0¢ 710 71.52 66.220 64.4b -10.02* 7.7
10 Andisol Mo 6370 106.82 10252  100.72  104.92 +2.39ns 8.4
36 Andisol Mo 37.9°  80.32 8252 77.32 77.02 -6.68ns 6.2
64 Nitisol Mo 6.80 65.42 68.82 68.92 64.62 -6.18"s 7.0

V': See Table 3 for captions
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matter yiel dsof maize. Omissionof Moresultedin
non-significant trends of decrease of dry matter
yields of maize by 6.68 and 6.18% in soil nos. 36
and 64, respectively. Insoil no. 10, omissionof Mo
fertilizer showedanon-significant trend of increase
(2.39%) in dry matter yield.

Nutrient uptake of maize

Uptake of nutrients under study by maize
obtained from different treatmentsand changesin
uptakedueto omission of nutrientswerepresented
inTable7.

Insoil no. 6, omissionof Fefertilizer showed
asignificant positive response on uptake of Fe by
maize by 27%. But in soil no. 108 omission of Fe
had asignificant depressive effect on uptake of Fe
by maize by 21.8%. Omission of Cu resulted in
significant decrease in the uptake of Cu by maize
by 47.3,12.2and 20.9%in soil nos. 32,68and 102,
respectively. Omission of Zn had a significant
depressive effect on uptake of Zn by maize by
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10.9, 25.8% in soil nos. 49 and 100, respectively.
Omission of B had asignificant depressive effect
onuptake of B by maizeby 37.7 and 43.4% in soil
nos. 95and 150, respectively. Theomission of Mo
had asignificant depressiveeffect onuptakeof Mo
by maize by 72.9% in soil no. 64. In soil nos. 10
and 36, omission of Mo resulted with a non-
significant trend of decreaseof uptakeby maizeby
14.2, and 4.3%, respectively.

DISCUSSION

Application of Fe to soil no. 6, a Vitric
Andisol, resulted in significant depressive effects
on plant height, dry matter yield and Fe uptake by
maize. Among the soil samples collected from
Vitric Andisols, soil no. 6 had the lowest amount
of extractable Fe (4.56 mg Fe kg'l) which was
below thecritical level of 4.8 mg Fekg ! (Lindsay
and Norvell, 1978; Halvin and Soltanpour, 1981).
The greenhouse experiment therefore suggested

Table7 Uptake of nutrient (mg pot1) under study by maize obtained from different treatments and
increase in uptake due to omission of nutrient elements?.

Soil Soil Missing Treatments Change due to
no. classification nutrients C Ly Mnu Hny -X omission of the C.V.%
nutrient, (%)

6  Andisol Fe 1.97¢ 3.96P 3.85P 3.68P 4.892 +27.00% 5.2
108 Nitisol Fe 0784 427 4532 4.02b 3.54¢ -21.83* 6.3
32 Andisol Cu 0.051¢  0.108P 0.1482  0.1602  0.078° -47.25% 13.1
68 Nitisol Cu 0.0379 03222  0.305% 0.201°c  0.268° -12.23* 7.8
102 Nitisol Cu 0.025¢ 0218> 0.238> 0.2742  0.189¢ -20.87* 10.0
49 Nitisol Zn 0.099¢ 08870 0935 10252 0.834¢ -10.87* 44
100 Nitisol Zn 0.127¢  0502¢ 05620 0.6502  0.4179 -25.81* 6.6
95 Nitisol B 0.217¢ 1103 14172 15522 (0.883° -37.71* 4.6
150 Nitisol B 0.117¢  1.026° 1.132P 12262 0.637¢ -43.4* 5.4
10  Andisol Mo 0.036¢  0.0692 0046® 0.0269 0.039bc -14.12"s 10.1
36 Andisol Mo 0.032d  0.1072  0.086° 0.072¢  0.082° -4.26"s 7.2
64 Nitisol Mo 0.001¢ 0.018° 0.024>  0.0282  0.007¢ -72.96* 135

V': See Table 3 for captions
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that the critical level might be at 4.56 mg Fe kgt
or lower in Andisols. Omission of Fein soil no.
108, a Nitisol, resulted in significant depressive
effectsin plant height at all observed stagesandin
Fe uptake by maize and showed a non-significant
trend of decreasein dry matter yield of maize. But
thelaboratory assessment indicated that extractable
Fe in this soil was above the critical level. The
greenhouse experiment showed that the critical
level was above 5.20 mg Fe kg1 in the Nitisols.
Theseresultsdid not therefore support the critical
level of Lindsay and Norvell (1978) and Halvin
and Soltanpour (1981). These might be due to
differencesinpropertiesof thesoilsor plant species
used. Theresult of the laboratory assessment and
greenhouse experiment suggested that the status
of Fe was sufficient in the Andisols while was
deficient in 1.9% of the Nitisols.

Omission of Cu application to soil no. 32,
aMollic Andisol, resulted in significant decreases
inplant height at 30 and 45 days after planting and
in uptake of Cu by maize while showed non-
significant trends of decrease in height at 50%
silking and in dry matter yields. Basing on the
critica level sreported by Makarimand Cox (1983),
the laboratory assessment indicated that in al of
the Mollic Andisols Cu was below the critical
level (0.50-0.60 mg Cu kg'1) and soil no. 32 had
the highest amount of extractable Cu. The
greenhouse experiment also showed mostly
responsestoapplicationof Cufertilizer. Theresults
thusindicated that there was aneed of application
of Cuto al of the Andisols.

Inthe casesof Nitisols, theomission of Cu
resulted in mostly significant decreasesin soil no.
68 and trends of decreasein soil no. 102. Basing
onthecritical level (0.37 mg CukgL) reported by
Makarim and Cox (1983), the laboratory
assessment indicated that in all of the Nitisols
amountsof extractable Cuwereinsufficient range
(0.37 mg Cu kg1) except soil no. 68. The
greenhouse experiment also showed clearer
responses to application of Cu to soil no. 68 than

to soil no. 102 (with 0.48 mg kg L extractable Cu).
Therefore, theresultsof thelaboratory assessment
and the greenhouse experiment supported the
critical level reported by Makarimand Cox (1983).
Accordingly therewasaneed of application of Cu
to Nitisols having extractable Cu less than the
critical level, which accounted for 5.6% of the
samples.

For soil nos. 49 and 100, Nitisols,
application of Znresultedin significant responses
in plant height and Zn uptake by maize and anon-
significant trend of increase in dry matter yield.
Comparedtothecritical level reported by Lindsay
and Norvell (1978), the laboratory assessment
indicated that in all of Nitisols extractable Znwas
below thecritical level using DTPA-TEA method.
The greenhouse experiment al so showed positive
responses of maize to Zn application. The results
of laboratory assessment and greenhouse
experiment thereforesupportedthereportedcritical
level. Accordingly, it might be concluded that
therewould beaneed of application of Zntoall of
the Nitisols for maize production. From the
|aboratory assessment and referring to the critical
level the amounts of extractable Zn in all of the
Andisols were in the sufficient range.

Application of B resulted in significant
responsesin height of maizeat 30 daysand at 50%
silking stage, in dry matter yield and B uptake by
maizein soil no. 150 (with 0.38 mg extractable B
kg1) and non-significant trends of increasein soil
no. 95 (with 0.46 mg extractable B kg'l). The
|aboratory assessment and greenhouseexperiment
therefore supported the critical level (0.50-1.00
mg extractable B kg1) reported by Ponnaperuma
et al. (1981). Basing on the critical level and the
|aboratory study, 31.9% of the Nitisols (having
lessthan 0.8 mg extractable B kg1) weredeficient
in B. Therefore, it might be concluded that there
wouldbeaneed of application of B to 31.9% of the
Nitisols. Thus, the results were in agreement with
those of Zada and Afzal (1997) and Asad and
Rafigue (2002) reported that significant reduction
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in dry mass yield and plant height was obtained
with B concentration below 0.8 mg extractable B
kgl soil. From the laboratory assessment and
referring to the critical level, the amounts of B in
all of the Andisols were in the sufficient range.

Theomission of Moin soil no. 10, aVitric
Andisol, resulted in significant negative response
in plant height at 50% silking stage and showed
non-significant negative responses in the other
parameters. The laboratory assessment indicated
that all of the Vitric Andosols had Mo above the
lower limit of the critical level including soil nos.
10and 36that had thel owest amountsof extractable
Mo compared to the other soils. In soil no. 36, a
Mollic Andisol, omission of Mo application
resulted in non-significant responseto application
of Mo. The laboratory assessment also indicated
that all of the samplesof Mollic Andisolshad Mo
in the sufficient range. The results of laboratory
assessment and greenhouse experiment therefore
supported the critical level reported by Griggs
(1953). Thus, theamounts of extractableMoinall
of the Andisols were in the sufficient range.

Omission of Mo in soil no. 64, a Nitisol,
resultedin significant decreasesin height of maize
at 30 and 45 days after planting and in Mo uptake
by Maize and non-significant trends of negative
responsesin plant height at 50% silking stage and
dry massyieldof maize. Thelaboratory assessment
and greenhouse experiment therefore supported
the critical level reported by Griggs (1953). The
laboratory assessment indicated that all, except
4.4%, of theNitisolshad Mo status higher thanthe
critical level. Therefore, 4.4% of the Nitisolswere
deficient in Mo.

CONCLUSION

Considering the results of the present
experiment as well as those in the previous
laboratory assessment the following conclusion
might bedrawn. Festatusof al of the Andisol was
in the sufficient range whereas that of about 1.9%

of the Nitisolswasin thedeficient rangefor maize
production. Theresultsof the present study did not
support thecritical level of 4.8 mgFekg ! by AB-
DTPA method reported by other authors. The
results on the other hand showed that the critica
level were lower than 4.56 mg Fe kgl in the case
of Andisolsand higher than’5.20 mg Fekglinthe
case of Nitisols.

Cu status of all of the Andisolswasin the
deficient range whereas 5.6% of the Nitisols was
in the deficient range for maize production.

Zn status of all of the Nitisols was in the
deficient range whereasall of the Andisolswasin
the sufficient range.

B statusof 31.9% of the Nitisolswasinthe
deficient rangewhereasall of the Andisolswasin
the sufficient range.

Mo status of al of the Andisolswasin the
sufficient rangewhereas4.4% of theNitisol wasin
the deficient range.

The present results supported the critical
levelsfor Cu, Zn, B and Mofoundintheliterature.
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