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A Comparative Study of the Efficacy of the Different Extractants for

Zinc and Manganese in Relation to Plant Availability
P. RAJENDRAN! and R, S. AIYER?2

One hundred and fifty one different soil samples belonging to 8 groups of rice soils
viz. Coastal sandy alluvium, lateritic alluvium, Kayal, Kari, Karapadom, Kole, Pokkali and
Poonthalpadam were Studied for their extractable zinc and manganese contents using
ditferent extraciants such as 0.1 N Hcl (1 hr shaking and 1:10 soil extractant ratio) 0.08
N. Hc1+0.026 N HgaSO, (1 hr shaking and 1:10 soil extractant ratio) 0.02 N. EDTA (1 br
shaking and 1:10 soil extractant ratio)- 1 N Ammo. acstate buffered at pH 4.8 (1 hr shaking
and 1:10 soil extractant ratio) and 0.005 M. DTPA (1:2 soil: extractant ratio and 2 hrs
shaking) Hundred seeds of rice (Var. Jaya) was grown for a period of 17 days by e modified
Neubauer technique in all the soils to determine the actual plant available zinc and
manganese in these soils. Corelstions were made between extractable zinc and manganese
and actua! plant available zinc and manganese to decide ths most suitable extractant for
each group of soil as well as for the soils of Kerala in general. The results indicate that
DTPA is the most versatile extractant for all types of soils of the State. The results further show
that a determination of the total status of the elements is quite inadequate in the ptediction of

plant availability.

Literature on the micronutrient
status as well as factors governing their
availability are abundant for neutral or
slightly alkaline soils (Biswas 1951,
Randhawa et. a/. 1961 and Mehra et.al.
1977) However information regarding
the occurrence and distribution of zinc
and manganese on acid rice soils are
scanty and meagre (Aiyer et a/ 1975,
Rajagopal et. a/ 1977). Further very lit-
tle studies have been conducted to
evaluate and improve methods for the
estimation of plant available manganese
and zinc in such soils. Thus the stan-
dardization of a suitable extractant fof
available.manganese and zinc in the acid
rice soils of the State have been attemp-
ted in the present work.

MATERIAL AND METHODS.

One hundred and fifty one samples
of surface soil (0-6’) typical of the 8
paddy soil types ot Kerala namely Poon-
thalpadom, (Vertisol) Kole (Entisol) Pok-
kali (Alfisot) Kari (Entisol) Karapadom
(Entiso!) Kayal (Entisol) Coastal sandy
allvium (Entisol) and lateritic alluvium
(Oxisol) were collected for the present
study.

Five soil test methods were used to
evaluate the available manganese and
zinc status in these soil types. Distilled
water obtained from a three stage all
glass pyrex still was used for the prepa-
ration of reagents. Chemicals of A. R.
quality only were used for the prepara-
tion of reagents. Blanks were simul-
taneously run for all determinations of
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manganese and zinc to avoid and correct
for contaminations. The manganese and
zinc concentrations in all the extracts
were determined by feeding the solu-
tion into an Atomic Absorption
Spectrophotometer.

Total zinc and manganese were
estimated as per procedure outlined by
Wahhab and Bhatti (1958), The final
extract in normal hydrochloric acid was
fed into the Atomic Absorption Spect-
rophotometer.

The actual plant available zinc and
manganese were determined by a modi-
fied Neubauer technique for all the 151
samples. The only modification made in
the Standard Neubauer technique was
to sow hundred good quality seeds
(100% germination) of rice (Var. Jaya)
instead of rye, The duration of the
experiment was also 17 days as pres-

cribed. The sprouted seeds were
irrigated  periodically  with  triple
distilled  water. Two replicaions
were kept for each soil. Hundred
seeds grown in 50 g of
the acid washed sand represented

the control. Seventeen days after sowing
the plants were harvested by cutting
them close to the base. The harvested
meterial was washed in 0.1 N HCL’
dried, weighed and powdered for
chemical analysis. The Samples were
analysed for manganese and zinc by
by triple acid digestion with a mixture
of HNOs, HsSO4« and HCLO, prepared
in the ratio 10:1:4 as detailed by
Jackson (1958). The clear plant digest
was made upto 100 ml with Normal
HCi and the manganese and zinc
determined by feeding the solution
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into - Atomic Absorption spectropho-
tometer.

Simple correlation coefficients were
worked out for the relationship between
extractable manganese and zinc with
the actual plant available manganese
and zinc to decide the most suitable
extractant for each group of soil, as
well as for the soils of Kerala. in
general. Extractable manganese and
zinc were also correlated with their
respective totals in the soils.

RESULTS AND DISCUSSION.

Tables 1 and 2 indicate the maximum
and minimum values for available man-
ganese and zinc with different extractants
and for total manganese and zinc to
highlight the variation in the range of
values obtained. Tables 3 and 4 present
data on correlation coefficients worked
out between extractable zinc and
manganese with actual plant available
zinc and manganese, extractable with
total zinc and manganese for each soil
type as well as extractables with total
and plant availables for all the pooled
samples.

A close scrutiny of the data
indicates the capacity of acid extractants
to extract generally more
available manganese and zinc than
organic chelates like EDTA and DTPA.
Ammonium acetate (pH 4.8) extracts
only moderate amounts of manganese
and zinc. The organic chelate DTPA
extracts the lowest amounts of the
elements. However, a critical study of
the data shows that a greater degree of
spread in the extracted available manga-
nese and-zinc values are achieved with
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DTPA than with other extractants. Data
on total manganese and zinc show that
in general, except for a few particular
locations distributed in a few soil types’
all the other soils are abundantly
supplied with the two elements.

Among the 8 soil groups studied
with the five different extractants the
highest correlation coefficients with

plant . available manganese were
obtained with DTPA for 6 soil types
namely the Poonthalpadom, Kole,
Pokkali, Kari, Kayal and Sandy
alluvium. In the Karapadom
and lateritic alluvium the highest

correlation coefficients were obtained
with EDTA and double acid extractions
respectively. Thus among the five
extractants DTPA appears to be mote
versatile and of uniform applicability.
Data on pooled correlations also give
similar results (Table-4).

From the data it is evident that the
available manganese give significant
positive correlation  coefficients
with total manganese in  the
case of Kole, Karapadom and laterite
alluvium while none of the extractants
give significant correlation coefficients
in the case of Kari, Pokkali and Sandy
alluvium. In the case of Kayal and
Poonthalpadom soils except NH,OAc
all other extractants give significant
correlation coefficients for the former
while all the extractants exceqt DTPA
for the latter.

For pooled analysis all the extrac—
tants give significant correlation coeffici-
ents but the lowest value for DTPA
contrary to~ = highest correlation with
neubauer values.

mining
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In the case of zinc among the
various extractants used DTPA is the
only extractant which give significant
correlations in all the soil types
(Table-3). In the pooled analysis all
the extractants are found to give signi-
ficant correlation values, but the highest
value of 0.856 is obtained for DTPA.

These results are thus in agreement
with the reports of Lindsay and Norvell
(1978) who identified DTPA as the
best extractant for the estimation of
available manganese and zinc in soil

Correlations with ‘total zinc in soil
give no significant values for the
Pokkali, Kari, Karapadom, Kayal, - Sandy
alluvium and lateritic alluvium soils
This clearly brings down the importance

of total zinc status of the soil in
deciding the actual plant available
fraction. However pooled correlations

are found to be significant in the case
of all extractants other than NH.OAc.
Though significant these correlation
coefficients are of low magnitude. The
weakness of the correlation between
total

available zinc  ‘and zinc
only emphasises that factors
affecting the release or fixation

of zinc have a greater bearing in deter-
available zinc status.
Further work is needed to delineate
their role particularly in acid and highly
acid soil situations to evolve strategies
for zinc management in such soils with
out resorting to application of zinc.
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Table 4. Pooled correlation coefficients for extractable Mn and Zn with Neubauer values and totals.

Extractants ‘r' (Manganese) ' {zinc)
HCI a 0.5687* 0.464*
b 0.861* 0.273*
‘ HCI + Hy50, a 0.606* 0.397*
b 0.843* 0.259*
» EDTA a 0.623* 0.500*
3 b 0.832* 0,208*
NH,0AC a 0.450* 0.628*
. b 0 445* 0.133
DTPA a 0.752* 0.856*
b 0.408* 0.194"

a — extractable Vs Neubauer values.

b — extractables Vs Totals.

*Significant at 0.05 level.
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