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Extractable iron in two soils of contrasting pH fertilized
with ferrous sulfate, FeEDTA and FeEDDHA
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Abstract. The behaviour of FeSO,, FeEEDTA and FeEDDHA added to a Vertisol (pH 8.3) and
an Alfisol (pH 5.8) was studied by periodically monitoring DTPA extractable Fe in soil
samples incubated at — 33 kPa soil moisture at 30°C for 8 weeks. It was found that FeEDD-
HA was most effective in both Alfisol and Vertisol in maintaining high amounts of extractable
Fe during & weeks. Both FeSO, and FEEDTA were completely ineffective in the Vertisol
though they were moderately effective in the Alfisol. These results suggest that FeEEDDHA is
the most effective source of iron for soil application in the high pH Vertisols.

Introduction

Many agricultural crops, especially in the semi-arid tropics, suffer from iron
deficiency [3]. Spraying foliage with inorganic iron salts or soil treatment
with synthetic iron chelates such as FEEDTA (ethylenediaminetetra acetic
acid) and FeEDDHA (ethylenediaminedi-o-hydroxyphenyl acetic acid) are
the two most accepted methods of correcting iron deficiency [3, 11]. Spray-
ing foliage of crops with inorganic salts such as ferrous sulfate (FeSO,) has
been shown to be useful but often results are inconsistent and several sprays
are usually required for the satisfactory alleviation of iron deficiency.

At ICRISAT Center, we have observed iron chlorosis on crops such as
groundnut (Arachis hypogaea L.) growing on calcareous soils [7]. We did not
find spraying with FeSO, to be an entirely satisfactory method in itself and
a combination of soil treatment with iron chelates and foliar spray with
FeSO, was found to be the most effective method of correcting iron chlorosis
in groundnuts [4, 7). However, for chickpea (Cicer arietinum L.), Saxena and
Sheldrake [9] found that two or three sprays of 0.5% FeSO, on the foliage
corrected iron deficiency symptoms. We have also observed that for ground-
nuts growing on calcareous soils (pH > 7.5) in field and greenhouse pots,
soil application of FEEDDHA was effective in correcting iron deficiency but
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Abiitrack. Pests weie sutveyed in farmers flsids in Burkina Faso
Niget it northern Nigeria from T080"10- 1983, and field trials at
rossarch stetions in Burking Feso (1900 and 1681) and at the
CRISAT Sahelian Center in Niger (1964 and 1985) Acigons
ignelusaiis is widely distributed in West Africa but its predominance
as the major stem borer of miliet varies with location There are two
of the peat annually, with peaks in moth population in
and September Dispausing isrval population declines during
the dry season from November to May A progressive decline in
borer infestation was recorded between 1983 and 1885 in Niger
Damage to early-sown miliet was ususily low while inte sowing
restited in severe stem tunneiling and unproductive tilers Howsver
under low-levels of borer infessation an unprotected crop gave higher
grain yield than one which was protected with insecticide

introduction

Peart millet, (Pennisetum americanum (L) K Schum) is the
staple crop in the ciet of several milion people in the
Sshelian meglon of West Alrica West Africa grows an
estimated 12 2m ha of millet and over 83% of fhys area 18
cuttivaded in Burking Faso, Mah, Niger, Nigeria and Senegal,
whare landraces are mostly grown with littie production
Wpits and average yields vary from 200--800 kg/ha

Several constraints, both biotic and abiotic, limit the
reslization of the yieid potential of both landraces and
mmproved vareties While some of these constraints are
onmimon 10 other miliet growing regions of Africa and india,
he two rmjor inisect pests of pear! millet in West Africa, the
Tl sheeh Rofer, Acigona {gnefussks Hmps and the
earhead calerpilter, Raghuva albipunctelia De Joanhis, are
#ilher oot khown 10 aiist wisswhere, or it they 30, are of no
soonomic (mportance {ICRISAT, 1984) As a result, only
ivited atdies have biesn conducted on these species
vamm,w 1978; Alnyl, 1880,
, 196D, w,w CRISAT 1081, 1982, 1984)
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surveys in Burkina Faso, Niger and parts of northern Nigetis
and from field studies on population dynamics and the
evaluation of crop damage at research stations in Burkink
Faso and at the ICRISAT Sahetian Center (1SC), at Badore,
Niger

Materials and methods
1 Pest surveys

The distribution of Acigona was determined by sampling
pearl millet crops in farmers fields In 1980 and 1881,
extensive field surveys were conducted on 64 tarms in
Burkina Faso, 78 in Niger, and 34 in Northern Nigera. In
1982 and 1983 additional survays were conducted on 203
farms in Niger Fields were selected at random at intervaie of
10-40 km depending on their distribution, roRd apgessiiity
and zone 1o be sampled during each survey

The incidence of Acigona was asaeased by spiltfing milet
stems and axamining them for borer damage. When s survey

The annus! fuctuation of borer popation wis moniored
n 1980 and 1961 at two resesmrct slellon’ in Burking £483,
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Table 4. Assassment of crop loss caused.by infestation of Aoigona ignetusalis in two millel cuitivars, Sadors, Niger 1985

Cultivartreatment
Nigeria composite Sadoré iocal
Protected Protected
eters measured check Unprotected cheack Unprotected Mean + S.E.
vae/stem 1.55 30 00 02 2+£073
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d.as) : } ‘
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harvest) o
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Kee(%) . G ETT 138 o R
5.: Days after sowing. ‘ )
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Table 3. DTPA extractable iron (mg kg ' soil) in soils treated with three iron sources.

Soil Iron source Weeks of incubation
0 2 5 8

Alfisol FeSO, 18 15 13 9
FeEDTA 19 16 15 15
FeEDDHA 25 25 20 20
SE + 0.2 0.4 0.2 0.1

Vertisol FeSO, 7 3 2 2
FeEDTA 8 2 2 2
FeEEDDHA 19 19 17 14
SE + 0.2 0.3 0.1 0.4

in the Vertisol. For example, only 14% of the added iron as FeEDDHA was
extracted by DTPA after 8 weeks of incubation. The corresponding extract-
able iron values for FeSO, and FeEEDTA treatments after 8 weeks were only
2%. The ineffectiveness of the iron sources might have been due to reactions
with carbonates, adsorption by clay minerals, and decomposition of the iron
chelates by soil micro-organisms [3].

The amounts of extractable iron in the Alfisol treated with FeSO,, FeED-
TA and FeEDDHA after 8 weeks of incubation were 9, 15 and 20%,
respectively, of the amounts of iron added initially.

The results are consistent with the knowledge that FeEDTA is not stable
in nutrient solutions above pH 6 and that it is quite effective in correcting
iron deficiency in plants growing on acid soils [3]. On the other hand
FeEDDHA has been found to be the most effective iron chelate for correct-
ing lime-induced iron deficiency in soils with varying pHs because it exists
as a soluble anion at all soil pHs [3].

These results are also in agreement with those recently reported by Ryan
et al. [8], who found that FEEDDHA was the most effective form and that
FeSO, was found to be completely ineffective in the two Lebanese cal-
careous soils. These authors, however, did not evaluate the efficacy of
FeEDTA.

In summary, our results suggest that while FeEEDDHA was effective in
maintaining a higher pool of DTPA extractable iron in both Alfisol and
Vertisol, FeSO, and FEEDTA were moderately effective in the Alfisol only.
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