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Abstract

Iron can be in form of crystalline, amorphous and organic in the soil. The objective of
this research was to study the effect of compost application on soil organic Fe
composition, Fe uptake and the plant content as well as rice yield at Inceptisol, in Meko.
The treatment used was the application of 5t ha compost that was mixture of rice
straw and cocoa pods with various composition. The treatments were KO: without
compost, K1: 100% straw compost, K2: 75% straw compost + 25% cocoa peel (CP),
K3: 50% straw compost + 50% CP, K4: 25% straw compost +75% CP, and K5: 100%
CP compost. Observations regarding Fe-p (Iron-organic) were recorded using selective
solvents 0.1 M Na-pyrophosphate, likewise, Fe uptake; and rice yield were also
estimated. The results showed that the application of compost had a significant effect
on Fe-p at 40 and 70 days after planting (DAP), the Fe content in rice at 14, 40, 75 days
and harvest time, as well as on Fe uptake at 40, 75 DAP and harvest time; However, it
had no significant impact on grain weight per clump. The peak of Fe-p formation
occurred at 40 DAP because of high Fe reduction. Rice Fe levels > 500 mg kg™ during
observation followed by Fe uptake which continued to increase with increasing plant
age. The yield of rice increased by 7.90-27.30% compared to control and 2.60-21.04%
compared to the average yield according to the description of Inpari-1 variety.
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Introduction

Iron is one of the major components (fourth biggest)
of lithosphere. Iron content on lithosphere was around
5.1% (Lindsay, 1979) or varied from 200 ppm to
100,000 ppm (Tisdale & Nelson, 1975) or 0.7% to55%
(Havlin et al., 2005: Havlin et al., 2014), and
according to Goldschmidt (1958), most soil had Fe
around 50,000 ppm. Iron can exist in the soil in
crystalline form, amorphous form, or in complex form
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with soil organic materials. Turhadi et al. (2018) stated
that iron toxicity is one of a limiting factor for rice
production.

Paddy fields in Poso district generally had low fertility
and high iron content. Mowidu et al. (2015) reported
that the total Fe content of paddy fields around Lake
Poso was 1.16% - 2.26% with very high levels. Soils
with high Fe content in logged conditions would
dissolve iron as Fe?*. The solubility could reach 6,000-
8,000 ppm (Patrick & Reddy, 1978), whereas the
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concentration of Fe?* (1.000-2.000 ppm) could affect
rice production (Asch et al., 2005).

Special management is needed for soils with high Fe
content to control the solubility of Fe and to prevent it
to reach the poisonous level. Iron stress in plants could
be reduced by regulating the rhizosphere, so as not to
be too reductive (Ma'as, 2011) through intermittent
water system (logged and dried, one week each) with
the planting time was 14 days after being water logged
(Khairullah, 2012), and providing organic fertilizer
with ratio of C/ N <25 so that the redox potential did
not decrease to <100 mV (Ma'as, 2011).

Syafruddin (2012) found that with the application of
5.0 t ha! of in situ rice straw compost to Inceptisol in
Morowali could significantly reduce available Fe and
plant uptake of Fe. The results of Khairullah's research
(2012) on acid sulphate tidal swamp land showed that
the application of ameliorant (5 t ha? straw + 2.5 t
halchinese water chestnut or Eleocharis dulcis)
significantly decreased the concentration of soil Fe, Fe
content in roots, stems, leaves and grain. Fahmi (2008)
with an experiment using 5 t ha straw compost on
acid sulphate soil obtained a significant increase in
Fe?* concentration in the soil. Yusuf's research (2010)
using rice straw and Chinese water chestnut at various
levels of decomposition in acid sulphate soils showed
that application of organic matter with various
decomposition levels significantly increased Fe?*
concentrations at 2-4 weeks after planting (WAP), and
decreased Fe in leaves, and slightly increased Fe
uptake at the root. The objective of this research was
to study the effect of compost application to organic
Fe composition in the soil, Fe uptake and level in the
plant as well as rice yield at Inceptisol in Meko.

Material and Methods

The experiment was conducted in glasshouse using
Inceptisol Meko soil that had been air-dried and sifted
using 2 mm sieve. The treatments used were
application of 5 t ha’ compost mixture with various
composition between rice straw and cacao peel. The
treatments were KO: without compost, K1: 100%
straw compost, K2: 75% straw compost + 25% cocoa
peel (CP), K3: 50% straw compost + 50% CP, K4:
25% straw compost +75% CP, and K5: 100% CP
compost. The experimental units were arranged using
in Completely Randomized Design pattern with three
replications. Soil was mixed homogenously with 5 t
hacompost in accordance with treatments at 2 weeks
before planting. Basic fertilizers were given that
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consisted of 90 kg N ha, 60 kg P.Os ha*, dan 60 kg
K20 ha. The plant material used was Inpari-1 rice
seedling having 15 days of age after planting, 3
seedlings per clump.

The observation was conducted on organic Fe (Fe-p)
of air-dried soil samples, rice Fe content and uptake at
14, 40, 70, and 75 days after planting (DAP) and at
harvest time, and rice yield. Soil organic Fe was
extracted using selective solubility method with 0.1 M
Na-pyrophosphate as extractor and measured using
AAS. Soil and plant tissue analysis were conducted in
Soil Research Laboratory, Bogor.

Procedure for determining organic Fe: weighed 1000
g of fine soil sample (less than 0.5 mm in diameter),
100 ml of 0.1 M Na-pyrophosphate extractor was
added and stirred for 16 hours. Mixture than
centrifuged to get supernatant. The supernatant then
diluted five times with ion-free water. Fe in diluted
solution was measured using SSA using standard
series as comparison (Eviati and Sulaeman, 2009).

Results and Discussion

Organic Fe

Compost application significantly affected soil
organic Fe at 40 and 70 DAP. The dynamics of Fe-p
changes as result of compost application was shown in
Figure 1.
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Figure-1: Soil Fe-organic dynamics as effect of
compost application in Inceptisol Meko
(KO: without compost, K1: 100% straw compost, K2:
75% straw compost + 25% cocoa peel (CP), K3: 50%
straw compost + 50% CP, K4: 25% straw compost
+75% CP, and K5: 100% CP compost)

The peak of Fe-p formation was at 40 DAP (Figure 1).
This peak was related to high C-organic content and
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high reduction rate in which Fe3* was reduced into Fe?*
being more soluble. The released Fe?* formed a
complex with organic anions in the soil. According to
Ponnamperuma et al. (1967), the amount of extracted
Fe increased with increasing amounts of decomposed
organic matter, magnified by low initial soil pH and
continuous addition of organic matter (Becker and
Ash, 2005). The initial soil pH in this study was 5.3.
Low soil pH increased the solubility of Fe.
Furthermore Dada and Aminu (2013) stated that the
application of compost to toxic Fe soil was a good
agronomic practice that could be used to reduce the
damaging effects of dissolved Fe?* in paddy field
environment. Fe oxide has high reactivity to organic
matter so that Fe oxide is partially or completely
covered by organic material in nature (Kaiser and
Zech, 2000 cit. Eusterhues, 2014). Olumo et al. (1973)
found that all dissolved Fe in several water-logged
soils was in complex with organic matter.

Fe content and uptake
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Figure-2: Dynamics of rice Fe content and uptake
as effect of compost application in Inceptisol Meko
(KO: without compost, K1: 100% straw compost, K2:
75% straw compost + 25% cocoa peel (CP), K3: 50%
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straw compost + 50% CP, K4: 25% straw compost
+75% CP, and K5: 100% CP compost)

Compost application significantly affected rice Fe
content at 14, 40 and 75 DAP and at harvest time, as
well as Fe uptake at 40, 75 DAP, and harvest time. The
dynamics of rice Fe content and uptake was shown in
Figure 2.

Figure 2 showed that rice Fe content was high
throughout observation period and tended to decrease
as plant aged, while Fe uptake continuously increased
as plant aged. Fe content in plant tissue was > 500 mg
kg™. While according to Jones (2003), Fe content of >
300 mg kg? in rice tissue at seedling stage was the
critical excess point and toxic to plant. Doberman and
Fairhurst (2000) stated that Fe content that could be
still tolerated by rice was > 300 — 500 mg kg™. Fe
uptake still increased up to harvest time. Fe uptake
increased as plant dry weight increased. Jahan et al.
(2013) stated that plant accumulates higher Fe at
reproductive stage compared to vegetative stage.

Rice yield

Compost application did not significantly affect grain
weight per clump. However, compost application
increased 7.84 — 27.36% grain weight per clump
compared to control. Converted to hectare unit,
compost application gave increase of 0.55 — 1.9 t ha*
to rice yield (7.90 — 27.30%). Grain weight and rice
yield per hectare was shown in following Table 1.
Kumar et al. (2014) found that application of 125%
from recommended dosage of fertilizer +5 t ha
lvermicompost significantly increased number of
panicles m, panicle length, panicle weight, weight of
1000 grains and rice yield. Murthy et al. (2010) found
that the highest rice yield was with application of
recommended dosage of fertilizer +7.5 t ha
Ichromolaena compost. In this research, fertilizer
which was given as basic fertilizer was less than
recommended dosage. It was suspected that this was
the reason why compost application did not
significantly affect yield. According to Suprihatno et
al. (2009), average yield of Inpari-2 variety was 7.23 t
ha. If the results obtained from this research were
compared to average Yield according variety
description, compost application improved vyield
around 2.60 — 21.04%.
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Table-1: Grain weight per clump and rice yield per hectare

Grain weight per Improvement from . 4 Improvement from
Treatment clump (9) control (%) Yield (tha”) control (%)

KO 43.50 - 6.96 -

K1 52.55 20.80 8.41 20.83
K2 50.10 15.17 8.02 15.23
K3 47.56 9.33 7.61 9.34
K4 46.91 7.84 7.51 7.90
K5 55.40 27.36 8.86 27.30

Conclusion Eusterhues K, Hadrich A, Neldhardt J, Kusel K, Keller

Compost application significantly affected Fe-p at 40
and 70 Day After Planting (DAP), Fe content at 14,
40, and 75 DAP and harvest time, as well as Fe uptake
at 40, 75 DAP and harvest time. Compost application
did not significantly affect grain weight per clump.
The peak of Fe-p formation was 40 DAP where Fe
reduction was the highest. Rice Fe content was > 500
mg kg? throughout the observation, followed by
increasing Fe uptake as plant aged. The rice yield
increased by 7.90-27.30% compared to control and
2.60-21.04% compared to the average yield according
to the description of varieties of Inpari-1.
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