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SOIL SAMPLING FOR ESTIMATION OF MICRONUTRIENT AVAILABILITY
AND PHYSIC().ClIEMICAL PROPERTIES OF A REPRESENTA TIVE SOIL

TYPE OF MARAJÓ ISLAND, PARÁ

Ramendra Singh 1, Waldemar de Almeida Ferreira2

e José Ferreira Teixeira Neto3

ABSTRACf: A study waa earried out to determine the number of COMaamplas required to ma-

b a compoaite aample for a given area to astimate micronutrient availability and phyaico-

ehemieal propertias of a Mpreaentative soil type, viz. Ground Water Laterite (having aandy SUl-

face and clayey subaoil, poor drainage and periodie flooding and leveI alope) of Marajó Island.

Fifty two COMaamplas (0-20 em) weM tabn at random from·l ha aMa under native paature

at the rate of 13 &amplas per block of 0.25 ha. The C.v. for the available Zn, Cu, Mn and Fe
extracted by O.OO5M DTPA (pH 7.3) varied from 40.5 to 51.8% with the aequence ai the nu-

trienta for it being: Cu>MD~Fe>Zn. A confidence limit ai the mean value ai dilieI9nt
soil eharacteriatica waa uaed to determine the number ai COI9&amplas required to mab a com-

poaite &ampla ln the case ai micronutrienta it waa found that 7, 9, 11 and 13 COI9 aamplas

weM needed to PI9PaI9 a compoaite aample to astimate the availability of Zn, Fe, Mn and Cu
nlllpectively. Eatimation ai soil pH (H20) required only one Mpreaentative soil COI9&ampla To

eetimate macronutrient fertility, while total N and available P (Mehlieh 1) required 3 COI9&am-

ples, organie carbon required 5 to mab a compoaite aampla ln the case ai available K enrae-

ted by Mehlieh I, c.v. waa found to be 123.8%, the highast for any soil eharacteriatie and thua
required 69 COI9~ples for making a compoaite ~pla For determination ai effective C.E.C.,

exchangeable Ca2 ,Mg2+ ,Na +. H+ and Al3 could be analyaed from a compoaite &am-

ple made nlllpectively from 13, 12, 4, 3 and 2 COMaamplas. Soil textUI9 could be defined from

the analyaia ai soil separatas ai a composite aample prepered from a minimum ai· 6 COI9&am-

pIes as in the case ai ailt, C.V. (37.6%) waa mueh higher than that for aand or clay. ln general,

it waa concluded that for the soil studied under the given field conditiona, a good eatimation

ai available micronutrienta, macronutrient& and other ther physico-chemieal propertias requi-

red a compoaite &ample prepared from at least 15 COMaamplas per hectare. The only excep-

tion to thia waa found to be available K.

lndu terma: Soil fertility evaluation, micro-and macro-nutrient&, availability, soil properties,

eoil variability and unit ai &amplig.

AMOS'I'RAGEM DE SOLOS PARA FSl'IMAR A DISPONIBILIDADE DE
MICRONUTRIENTES E AS CARACI'ERÍSTlCAS FÍSICO-QUÍMICAS

DE UM SOLO REPRESENTATIVO DA ILHA 00 MARAJÓ, PARÁ

RESUMO: Foi conduzido um estudo para determinar o número n~o de amostras simples

para obter-se uma amostra composta por unidade de áJea, visando estimar a disponibilidade

1P1l.D. ScIl r.tIIlty 0J*'IaIl0I. ~ DCNENIIIIAPA.CIW. Calsa btal48. CEP 66000. Bolál. FIl.
loum.. 1Dd.• w.sc. EWIIIIAA\.CPJU'. Calsa btal 48. CEP 66000. Bolál. PA.
3r..o. Ivp. w.sc.. EWIIIIAA\.CPJU'.
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de micronutrientes e as propriedades físico-químicas de um solo representativo identificado c0-
mo Literita Hidrom6rfica, arenosa/argilosa, fase campo higrofilo, relevo plano. ocorrente na ilha

do Maraj6. Cinqüenta e duas amostras simples (0-20 em) foram coletadas ao acaso, de uma

área de 1 ha sob pastagem nativa, distribuídas em treze amostras por blooo de 0,25 ha. ° cv.
para Zn, Cu, Mn e Fe extraídos por DTPA 0.OO5M (pH 7,3) variou entre 40,5 e 51,8% o qual

obedeceu a seguinte seqüência: C~Mn>Fy Zn. Foi estabelecido o limite de confiança de

30% do valor médio das diferentes características de solo para se determinar o número ne-

cessário de amostras simples para constituir uma amostra composta. No caso de micronutrien-

tes achou-se que sete, nove, onze e treze amostras simples foram suficientes para a coleta de

uma amostra composta visando estimar a disponibilidade de Zn, Fe, Mn e Cu, respectivamen-

te. A estimativa do pH(H20ldo solo requereu apenas uma amostra simples. Para o nitrogênio

total e o P disponível (Mehlich 1) foram necessárias três amostras simples, enquanto

que para o carbono orgânico, cinco amostras. No caso do K disponível extraído por Mehlich

1, o coeficiente de variação foi de 123,8%, o maior de todos para as características do solo,

havendo necessidade de 69 amostras simples para uma amostra composta. A CI'C efetiva po-
de ser determinada em amostras compostas constituídas de treze, d~quatro, três e duas amos-

tras simples, respectivamente para Ca2+, Mg2+, Na +. H+ e Al3 . É poesível determinar

a textura do solo em uma amostra composta constituída com o mínimo de seis amostras sim-

ples, como no caso de limo que apresentou CY. (37,6%) muito maior que os obtidos para a

areia e a argila. Em geral, concluiu-se que nas condições de campo do solo estudado para

se obter uma boa estimativa da disponibilidade de micronutrientes, macronutrientes e de ou-

tras propriedades físico-químicas, há necessidade, por hectare, de uma amostra composta cons-

tituída de pelo menos quinzé amostras simples. A única exceção encontrada foi para o potásio
assimilável.

Termos para indexação: Avaliação de fertilidade de solo, disponibilidade de micro e macro

nutrientes, propriedades do solo, variabilidade de solo e unidade de amostragem.

INTRODUCTlON

Proper soil sampling is requisite of
pragmatic evaluation on soil fertility in or-
der to facilitate more efficient use af soil am-
mendments and fertilizem. Soil as a hete-
rogenous bocl.ynaturally presents a spatial
variability in its physical and chemical
composition and properties. Besides, ínte-
racting Iactors lilcetopography, climate, ve-
getation, cultural and management prac-
tices among othem are also determinants af
the dynamics of any soil system. The soil
sampling has to be thus ama and soil-plant
system specific, and there is continual need
to define some af its important parametem
such as depth af sampling, unit af sampling
and number af core samples required. to

prepare a composite sample representati-
va af the unit ama.

The need to establish a more adequa-
te system and techiniques af collecting sam-
ples for soil fertility evaluation has been
constantly emphasized by a number af Bra-
zilian workem (Catani et al. 1954, Barrete

et al. 1974, Alvaxez & Carraro, 1976, and

Teixeira et al, 1984). However, these and
other studies hava been Umited to evalua-
tion af the status af macronutrients and soil
properties and not much seems to hava
been done for the evaluation of micronu-
trient fertility of the soils. This study was
thus undertaken to determine an appropria-
te sampling procedum for estimation af mi-

cronutrient and macronutrient fertility sta-
tus apart from íactors that affect their avai-
lability in a soil type preclominantly repre-
sentativa in Maraj6 Island, state af Pará.

MATERIALS AND METHODS

SOUSamples

Soil samples for the study 'Werecollec-
ted in August 1984, before the onset af dry
period, from Santo Anc:hé Ranch, Anabiju

Rivar, Muaná County of Maraj6 lsland, sta-
te af Pará. The soil of the ama has been
classified as Ground Water Laterite, cha-
raeterized by sandy surface and clayey sub-
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soil, poor drainage and periodic flooding
and leveI slope.

The area had vegetation caver of nati-
ve pastUIe predominantly composed of

grasses and about 5% of forage legumes.
The unit area of sampling was 1 ha

and for the convenience of sampling it was
divided into four blocks of 0.25 ha each.
In all, 52 surface soil samples (0-20 em) we-
re collected by selecting at randon 13 core
sites per block. To avoid contamination soil
samples collected by a wooden tool were
packed in polyethylene bags.

The samples were then air dried,
ground with the help of wooden roller and
board, passed through 1 mm sieve and fi-
nally stored in polyethylene lined cardboard
boxes.

Analyses of soils

The physico-chemical properties of the
soils were analysed e.s per method descri-
bed by Guimarães et alo (1970). Organic

carbon was determined by the method of
Walkley & Black (1934). Available zínc,
copper, manganese and iron were extrac-
ted by 0.OO5M DTPA (pH 7.3) (Lindsay &

Norvell1978). The micronutrients in the 8X-

tract were analysed by atomic absorption
spectrophotomeiry.

Statistical Analyses

The data were analysed statistically by
the standard methods to determine the
mean, standard -deviation and CY. of each

of the available macronutrients and
physico-chemical properties af the soil. Sim-
ple correlation coefficients were also deter-
mined between available micronutrients
and soil physico-chemical properties.

The number of core samples (n) requi-
red to make a composite sample for deter-
mination of available micronutrients and
macronutrients and soil physico-chemical
properties was calculated by the following
formula cited by Snedecor & Cochran
(1967):

n= 40-2

12
Where:

n = number of core samples
ó2 = variance of the population

mean
4 = value of (t)2 at the eonfidence le-

veI of 95 %, assuming normal
distribution.
L2 = limit of confidence interval
about mean

In this study, L value for any soil parame-
ter studied was calculated as 30% of its
mean value. This criteria was adopted from
a similar study conducted by Teixeba et alo
(1984) on soil fertility evaluation of two
Amazonic eco-systems.

RESULTS

The results of available micronutrients
extracted by 0.OO5M DTPA (pH 7.3) are gi-
ven in Table 1. As per the criticallimits of

0.8 ppm zinc, 0.2 ppm copper,l ppm man-
ganese and 8 ppm iron extracted by

0.OO5M DTPA (pH 7.3) (Lindsay & Norvell
1978) and themean values of each of the
available micronutrient in the soil, zinc, cop-
per and manganese were found to be defi-

cient whereas iron was sufficient. In such
a comparison was made on the basis of in-

dividual determinations then 9.6% core
samples for copper and 7.6% core samples
for manganese could be classifie.d as
sufficient.

The Cv. was found to vary from 40.5
to 51.8% with the sequence of the micro-
nutrients for it being Cu:> Mn > Fe /' Zn.

The number of core samples required

to constitute a composite sample determi-
ned for confidence limit of 30% af mean
value af each af the micronutrient studied
with 95% probability was found to be 13,
;11, 9 and 7 for copper, manganese,· iron
and zinc respectively.
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TABLE1. Minimum number of core &amplas (n) requiled to mab compomte I8Dlple ior confiden-
ce limit of of mean value (x) and other ltatiatic:al paramentera ai available z1nc,
copper, Uon and JIUlDganeM in tU eoil.

Micronutrient
- Standard

CY.(%)
Avai1ab1e Minimum Maximum x Deviation

n

Zinc (ppm) 0.08 0.44 0.168 0.068 40.5 7

Copper (ppm) 0.02 0.29 0.118 0.061 51.8 13

Iron (ppm) 47.3 284.2 125.68 56.32 44.8 9

Manganese (ppm) 0.10 1.60 0.610 0.301 49.4 11

Tbe soil properties aJa lcnownto affect
availability 01 miClOnutrients, themfae oor-
relation coefficients among them were de-
terminado Matrix 01 correlation given in 'Ià-
ble2 sbows significant relationship'of copo-

TABLE2. Matrix 01 correlation.

per with OIganic carbon (r = 0.32*), clay
(r = 0.66* *), effectiva C.E.C. (r = 0.49* *)
anel base saturation (r = -0.36* *) anel á
iron with clay (r = 0.13* *) and. effectiva
C.E.C. (r = 0.36* *),

1 2 3 4 5 6 7 8 9

1 Zn (ppm) 1 0.35* 0.20 0.32* -0.24 0.05 0.06 -0.02 -0.03

2 Cu (ppm) 1 -0.13 0.61** -0.13 0.32* 0.66** 0.49** -0.36**

3 Mn (ppm) 1 0.06 -0.04 0.10 -0.11 0.27 -0.08

4 Fe (ppm) 1 0.02 0.05 0.73** 0.36** -0.05

5 pH (H20) 1 0.14 0.02 0.06 0.36**

6 Org. C (%) 1 0.18 0.44** -0.11

7 C1ay (%) 1 0.59** -0.21

8 Effective C.E.C.
1 -0.32*

(meq/100g)

9 Base saturation (%) 1

• ~.IO.OS".1.

··~.IO.Ol"'.
U..-àod Bvu- ••• QOI lIi9DlfIcuI ai 0.013lowI.

In Table 3 are presentad the I88Ults01'
the analyses d macronutrients, pH, OIganic
carbon aJid the components 01 effectiva
C.E.C. The soü reaction was found to be
highly acidic (x 01 pH <4.). The CY. 01 soil
pH was found to be 9.3% which was the
loweet âmong all the soil properties anel
thus mquired only one representativa sam-
pla for its estimation. The mac:ronutrient fer-
tility 01 the soil may be considered poor as
it was medium in OIganic carbon, law in te-
tal N, low in available P(Mehlich 1)and low
in exchangeable K+ . The CY. for OIga-
nic carbon, total N and. available P was
found to be varying between 24.1 and.
32.4% and thus required 5.3 and. 3 core
samplas respectivaly for constin"tion 01 a'
oomposite sampla. The exchangeable K+

presentad a CY. 01 123.8% which wu the
highest for any soil parameter. 'Jb 88timate
the GChangeahIe K+ in the 80Ü thu8 would
require a composite sampla c:xm.titudad
bom 69 core samplas.

The rawIts á lhe componenta 01 effec-
tiva C.E.C. shawed that aoil wu law in ba-
se saturation (i=2.92%) and. high in Al3+
saturation <X=89.1%). The ea2+ and.
Mg2+presented CY. á 53.5 and. 51.5%
respectively. On lhe other hand., the CY. aI.

Na+, H+ and. Al3+ varied between 21
anel 31%. Acc::oldingly,lhe nw:nber ai core

samplee required for ea.2+, ~+, Na +,
H+ anel Al3+ analyaee wu b.md to be 13,
12, ., 3 anel 2 respectively for c:xm.tituting
a composite sampla.
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TABLE 3. Minimum number of COle sampl. (n) ntqUiIed to mam composite sample for confiden-
ce limit of +-30% of mean value (x) and other statistical parametera of chemical pro-
perti. of the soíl. .

Soil Properties Minimum Maximum
Standard

C.V. (%)x
Deviation

n

pH (H20) 3.20 5.60 3.942 0.368 9.3 1

Organic Carbon (%) 0.41 2.23 1.293 0.419 32.4 5

Nitrogen (%) 0.04 0.14 0.092 0.023 24.7 3

Availab1e P (ppm) 1.00 2.88 1.730 0.463 26.8 3

K+ (meq/l00g) 0.02 0.44 0.062 0.077 123.8 69

Ca++ (meq/100g) 0.01 0.16 0.052 0.028 53.5 1.3

Mg++ (meq/100g) 0.02 0.19 0.046 0.024 51.5 12

Na+ (meq/100g) 0.02 0.05 0.027 0.008 30.1 4

H+ (meq/100g) 1.28 7.33 4.838 1.206 ,24.9 3
+++

AI (meq/100g) 0.71 2 ..31 1.631 0.343 21.0 2

The resulta of the ana1yais of soil sepa-

rates are pmeented in 'Iable 4. The CY. was
found to be maximum in the case of silt fol-
lawed elay and sand. The number of co-
18 samplas IeqUired for making a composi-

te sample was found to be 1, 6 and 3 for
sand, silt and clay respectively.

DISCUSSION

The fertility evaluaüon of a I8presen-
taüve soil type, viz. Ground Water Laterite,
of MarajÓ island, Pará, showed that it was

highly acidie in reacüon, low in base satu-
ration, high in Al3+ saturation and poor in
macronutrient and micronutrient fertility
The only exception to this was available iron
which was found to be sufficient in the soil.

The available micronutrinet contenta
~ high CY. valuas (40.5 to 51.8%).
Thtt variationa Ül available oopper and iron
in the soil W81'9 found to be ~ted with
OIVanie cvbcm, e1ay, effecti". C.E.e. anel
beM .twatioD aad elay aDd .u.cti.•.•
C.E.e. ~l*lti~y, Tbe varietioDl in ztnc:
anelmangu- may be I*'hapa due to c:thar
factors aurch ai varlationl in oompoaition d

parent material, differential influenee of
vegetation, relief ete.

It WU 1n~ to DOte lhat at tlw
corúld~ I.J.mit CIi 30% CIi tlw mean va-
lue with 95% paobability <13 ocn sam-
pie ~ requu.d to COD.Ititute a compom-
te eample rep1.1lleDtin; Ullit area of 1 ha for

the analYIII cX ôvai1able zinc, oopper, man,.
ganeM anel irQn.

The pH was the only soU parameter
which presented lhe lowest CY. and thus 18-

quiIed only one I8presentative COte sample
for ita detem1ination. This finding wasin
confonnity, with lhe findings of Catani

(1954), Baneto et al. (1974), Alvamz: & Car-
raro (1976) and Teixeira et al, (1984). On
the other hand, the maximum CY. was
found in the case of K+ whieh IeqUired 69
COte sample for ita determination. Highest
values d CY. for K + amÓng the various soU
parametera studied W918 also reported for
a soil having 32% slope Barrete et al.
(1974), for two soils studied Catani et
al, (1954) and for a soil under pastwe for

5 years whether on slope or leveI ground
Teixeira et al. (1984)

For other macronutrients such as Nand
P and organie carbon as an indu of niire>
gen availability, the CY. was foud to vary

bom 24.7 to 32.4% and the confidenee li-
mit used in the study did not requiIe > 5

COte samplas for consütutiitg a composite
sample for ·their analysee. In I'88pect of lhe
oomponenta of effective C.E.C., barrinq
K+, lhe CY. varied between 21. O and

53.5% with lu value b Ca2+and Mq2+
beinq) 50%. Sueh high valu. of CY. for
Ca2+and Mq2 hav. alio been mported

TeiDira et alo (1984) for a lOil under paa-
tuIe for 5 yaaD. TUing thia fact into CODIi-

deration, determinàüona ai all the compo-
nenta of effactive C.E.C. would requiIe a
oompoeite sample constitudecl from a mi-
nimum d 13 CX48 samplas.
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TABLE4. Minimum number of COlesamples (n) required to mam a composite sample fol confi-
dence limit of 30% of mean value (x) and other statistical parameters of the soil
separates.

Soil Separate Minimum Maximum x Standard
(%)Devíat í on C.V. n

Sand (%) 14 79 63.6 11.2 17.6 1
Silt (%) 16 83 28.0 10.5 37.6 6
Clay (%) 3 14 8,4 2.2 26.2 3

Soil textme could be defined from the
analysis of soil separates of a composite
sample p:repared from a minimum of 6 co-

re samples as, in the case of silt, CV.
(37.6%) was much higher than that for sand
or clay. The comparativa high variability of
silt contents may hava been introduced
partly due to its migration by periodic floo-
ding and micro:relief characleristics of the

soil.
In general, it was concluded that for

the soil studied under the givan field con-
dition, estimation of available micronu-
trients and macronutrients and other
physico-chemical properties at a confiden-
ce interval of 30% of mean value with
95% probability requi:red 15 core samples
to prepare a composite sample to be repre-
sentativa of the unit area ofsampling, i.e.
1ha, used in the study. The only exceptíon
to this was found to be exchangeable K+
which requi:res separate study in detail not
only on method of sampling but also on the
methodology used in determination of its
availability in the soil. Further, it ia sugges-
ted that this type of :research should be 8X-

tended to diffe:rent agro-ecological condi-

tions so that more judicious evaluation of
soil fertility was possible.
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