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ABSTRACT

Cashew (Anacardium occidentale L.) is among the most important cash crops in tropical countries. In East-Timor,
nowadays, cashew has been implemented as an alternative cash crop to coffee. The aim of this work was to analyse the
soils cultivated with cashew and verify whether there has been any change in their characteristics as a result of this
plantation. In four selected sites, soil samples were collected under the cashew canopy (UC) and outside the canopy
influence (OP) to assess soil dynamics and evaluate physical and nutrient variability. Significant differences were found
on the amount of organic C and extractable K at the surface horizon, with much higher amounts of those elements in
the area of influence of the trees. The same pattern was found for extractable P, total N, Cation Exchange Capacity (CEC)
and exchangeable Ca?, Mg? and K, however without statistical significances. Those differences are only evident at the
surface horizon (0-10 cm) and the understorey vegetation seems not to be influenced by trees.
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RESUMO

O cajueiro (Anacardium occidentale L.) esta entre as mais importantes culturas comerciais dos paises tropicais.
Actualmente, em Timor-Leste, a cultura do caju tem sido muito implementada como alternativa ao café. O objectivo
deste trabalho foi analisar os solos cultivados com caju e verificar se houve alguma alteragao nas suas caracteristicas em
resultado desta plantagdo. Em quatro locais seleccionados foram recolhidas amostras de solo sob a copa dos cajueiros
(UC) e fora da influéncia da copa (OP) para avaliar a dinamica do solo e avaliar a variabilidade das suas caracteristicas.
Foram encontradas diferengas significativas na quantidade de C organico e K extraivel no horizonte superficial, com
quantidades muito mais elevadas desses elementos na area de influéncia das arvores. O mesmo padrao foi encontrado
para o P extraivel, o N total, a capacidade de troca cationica (CTC) e o Ca*, o Mg? e o K* permutaveis, contudo sem
que as diferencas encontradas tivessem significado estatistico. Estas diferencas sao apenas evidentes no horizonte
superficial (0-10 cm) e a vegetagao sob coberto parece nao ser influenciada pelas arvores.

Palavras-chave: cajueiro, nutrientes no solo, carbono organico do solo, influéncia das copas
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INTRODUCTION

Cashew (Anacardium occidentale L.) is among the
most important cash crops in tropical countries,
where is a major revenue at both governmental
and smallholder farmers levels. Native from Bra-
zil, cashew has expanded into tropical countries
from Africa and Asia, due to its high value agri-
culture product, the cashew nut (Salam and Peter,
2010). In East-Timor, nowadays, cashew has been
implemented as an alternative cash crop to coffee,
by the rural community (Timor-Leste Ministry of
Agriculture and Fisheries, 2012). Cashew was in-
troduced in East Timor by the Portuguese in 18t
century and was planted in several district as or-
namental plant for daily consumption (reported).
Cashew has been growing in arid and semiarid
regions with temperatures from 17°C to 23°C and
good adaptation to the varied dry climate.

The aim of this work was to analyse the soils cul-
tivated with cashew and verify whether there has
been any change in their characteristics as a result
of this plantation.

MATERIAL AND METHODS

Extensive field surveys on cashew orchards were
conducted in seven districts in East-Timor and in
Kefamenanu — Indonesia (2018-2020) to perform
a global characterization under this agroforestry
system. Cashew orchards were selected at four
sites to study their soils: Sanirin and Maumali in
Maliana Municipality, and Cribas and Natarbora
in Manatuto Municipality (Figure 1).
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Figure 1 - Cashew soil sites map location of Sanirin (1,2)
Maumali (3,4), Cribas (5,6) and Natarbora (7,8), in
East-Timor.
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According to East-Timor Soil Map (Garcia & Car-
doso, 1978), the Sanirin site is located in one area
characterized by soils of medium texture from the
Soil Association A (sub-unit Am), composed main-
ly by Fluvisols (Fluvissolos éutricos) and Kasta-
nozems (Castanozems fluvidplicos e fluvicdlcicos), and
also with Dystric Fluvisols and Cambisols as sub-
dominant units, usually developed from modern
alluvial deposits; at Maumali site, we have the As-
sociation of Soils Atc, composed of Fluvisols (Flu-
vissolos calcdrios) and Kastanozems (Castanozems
fluvicdlcicos) developed from ancient alluvial de-
posits; at Cribas site the Association of soils was
the At, with Eutric and Dystric Fluvisols, Kasta-
nozems (fluvidplicos and fluvicdlcicos), and Cambi-
sols (Cambissolos fluvihiimicos) developed also from
ancient alluvial deposits. Finally, the soils at Na-
tarbora site were from the complex TCMC, com-
posed by the Soil Associations Atc (60%) and CMC
(40%) being the last one mainly integrated by of
Cambisols (Cambissolos vérticos calcdrios), Regosols
(calcdrios) and Rendzinas.

In each site, soil samples were collected under the
cashew canopy (UC) and outside the canopy in-
fluence (OP) to assess soil dynamics and evaluate
physical and nutrient variability.

The pH was measured by the electrometric meth-
od; organic C was determined by the wet digestion
method (De Leenheer & Van Hove, 1958); the total
N by the Kjeldahl method (Bremner & Mulvaney,
1982); cation exchange capacity (CEC) and ex-
changeable base cations (Ca%, Mg?, K* and Na*) by
atomic absorption spectrophotometry (AAS) after
extraction with ammonium acetate at pH 7.0; and
Egner-Riehm extractable P and K were measured
by colorimetry (Watanabe & Olsen, 1965) and by
AAS.

RESULTS AND DISCUSSION

Comparing the results of soil analysis of samples
collected under the canopy (UC) and at open space
(OP) from the four sites, we found a significant dif-
ference on the amount of organic C and extract-
able K at the surface horizon, with much higher
amounts of those elements in the area of influence
of the trees. In fact, the average of organic C was
2.61% in the plots UC and 1.06% in the OP, while



Table 1 - Mean values + standard error (n=4) of pH, organic C, total N and extractable P and K of the soils under canopy (UC)
and at open space (OP) of Anacardium occidentale plantations at 0-10, 20-30, 40-50, and 60-70 cm deep

pH Org. C Total N E;tr. E>I<<tr.
HO KCl (%) (g kg") (ng kg™)
0-10 cm
ucC 6.10 +0.29 5.21 +0.45 2.61+0.75* 2.13 225.69 +214.76 623.32 +400.79 *
+
0.89
or 6.31+0.37 4.65+0.19 1.06 £0.20 * 0.85 20.52 89.05
+ + +22.93
0.14 9.30 *
20-30 cm
ucC 6.17 +0.34 4.36 +0.34 0.69 +0.07 0.63 15.36 131.27 +
+ + 23.65
0.04 8.58
OoP 6.35 £ 4.63+0.26 0.65 +0.08 0.66 11.80 80.46
0.43 + + +
0.08 6.77 20.60
40-50 cm
ucC 6.19+0.33 4.53+0.26 0.53 +0.05 0.57 14.05 111.86 +
+ + 28.82
0.09 7.74
orP 6.36 +0.43 4.56 £0.23 0.45 +0.09 0.59 12.77 72.63
+ + +
0.10 7.24 9.83
60-70 cm
ucC 6.15+0.39 447 +0.28 0.48 +0.06 0.47 17.36 70.41
+ + +
0.10 9.93 22.15
or 6.38 +0.39 4.70 £0.30 0.52+0.10 0.47 17.39 61.66
+ + +20.95
0.10 10.30

* in the same column indicate significant differences (P < 0.05) estimated by the Mann-Whitney-Wilcoxon Test.

the average of extractable K was 623.32 mg kg' UC
and 89.05 mg kg in the OP (Table 1). This pattern is
probably related with the effect of litterfall deposi-
tion, and of throughfall and stemflow waters com-
ing from the trees, as have been already reported
for other species in Portugal (Cortez & Madeira,
1998; Cortez et al., 2004; Nunes, 2004).

The same patterns were found for extractable P,
total N, CEC and exchangeable Ca?, Mg?" and K,
however without statistical significance. The av-
erage values under canopy and in the open space
were, respectively, 225.69 and 20.52 mg kg for ex-
tractable P, 2.13 and 0.85 g kg for total N (Table 1),
22.38 and 10.22 cmol, kg' for CEC, 16.09 and 12.50
cmol_ kg for exchangeable Ca?, 3.46 and 3.09 cmol,
kg for exchangeable Mg?, and 1.40 and 0.50 for
exchangeable K (Table 2).

When we look further, for the second horizon of
those soils, at 20 to 30 cm deep, those differences
on soil characteristics almost disappear. We only
find the same pattern of larger amounts under
canopy than in open space for the extractable K
(respectively 131.27 and 80.46 mg kg™), the extract-
able P (15.36 and 11.80 mg kg'), and also for the
exchangeable K (1.40 and 0.50 cmol. kg'), thus, the
effect of the trees on the characteristics of the soils
seems to be present only in the upper part of the
soil profile (Tablesl and 2).

Furthermore, the accumulation of organic C, ex-
tractable K and P, total N, and exchangeable K* is
much more evident in Sanirin site, where those pa-
rameters reached values of 4.83% for the C, 1817.27
mg kg for extractable K, 869.85 mg kg for extract-
able P, 4.73 g kg for the total N and 3.91 cmol, kg
for the exchangeable K, than in the other sites. In
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Table 2 - Mean values + standard error (n=4) of exchangeable Ca?, Mg2*, Na+ and K, total cations (SB) and cation exchange
capacity (CEC) of the soils under canopy (UC) and at open space (OP) of Anacardium occidentale plantations at 0-10,

20-30, 40-50, and 60-70 cm deep

Ca Mg Na K SB CEC
cmol, kg
0-10 cm
ucC 16.09 = 3.46 +0.80 1.47 £0.03 1.40 22.41+10.23 22.38
8.57 + +
0.84 6.01
or 12.50 = 3.09 +1.09 1.81+£0.14 0.50 17.89 +8.18 10.22
7.00 + +
0.14 5.84
20-30 cm
ucC 8.66 +4.55 2.71+0.95 1.52 +£0.09 0.38 13.26 +5.37 11.70
+ +
0.09 2.61
or 9.73 +5.37 2.77 +1.04 1.43+£0.04 0.15 14.07 13.89
+ + +
0.09 6.42 2.88
40-50 cm
ucC 7.68+3.24 2.99 +0.93 1.51+0.03 0.16 12.34 +4.16 10.63
+ +
0.07 1.90
or 8.51+4.34 3.33+1.67 1.60 £ 0.06 0.22 13.66 +5.99 11.08
+ +
0.07 2.74
60-70 cm
ucC 6.70 +2.65 3.29+1.45 1.76 £0.13 0.38 12.13+4.33 10.46
+ +
0.11 2.51
oP 7.07 £2.94 2.96 +1.07 1.62+0.13 0.33 11.97 +4.22 9.18
+ +
0.11 2.62

*in the same column indicate significant differences (P < 0.05) estimated by the Mann-Whitney-Wilcoxon Test.

fact, it was reported before that the dynamics of
nutrients and pH of the soil depend on the amount
of elements coming from rainfall, stemflow and
throughtfall, leading to variations in soil with dis-
tance from the tree trunk, as a result from the dif-
ferent amount of nutrients incorporated in the soil
as well as the different annual deposition flows
(Cortez & Madeira, 1998; Cortez et al., 2004; Nunes,
2004).

On the contrary, those differences between soils
under canopy and in open space are much less
evident in Maumali site, where we have more
clayey soils, with amounts of organic C of 1.69%
under canopy and 1.50% in open space, and ex-
changeable K* of 0.63 cmol_ kg! UC and 0.60 cmol,
kg in OP. But also in Cribas site, in a sandy loam
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soil, the total N was 1.13 g kg' under canopy and
0.96 mg kg' in open space, and the amount of ex-
tractable P was a little higher in open space than
under canopy.

The understory vegetation does not seem to be in-
fluenced by the trees, as the same species can be
found both under canopy and at open space, like,
for example, some herbaceous varieties as Eleusine
indica, Sida acuta, and Elephantopus scaber.

In addition, it was not possible to relate cashew
productivity to soil characteristics in the different
locations, as the quantities of cashew produced
were heavily influenced by the existence of many
pests and diseases, due to the lack of phytosani-
tary management.



CONCLUSIONS

Overall, our results show few differences inside
and outside cashew canopy thus highlighting that
cashew does not limit soil nutrients. More future
studies to analyse the effect of canopy coverage on
differences in soil properties under and outside
canopies are needed to assess the effect of the cash-
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