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ABSTRACT

Acid soil is commonly grown with cassava, which in general,
tolerate low soil fertility and aluminum (Al) toxicityHowever
without any improvement efforts such soil will become worse.
Intercropping cassava witBrachiaria decumbens (BD) which
adapts to acid soil and tolerates low fertility soils as well as
application of arbuscular mycorrhiza (AM) and organic matters
are among the important efforts to rehabilitate this soil. The
experiment was conducted to examine the impact of BR,

and potassium (K) enriched rice straw compost on exchangeable

Al, available K, and stability of soil aggregates. Experiment was
arranged in a completely randomized design with three factors
and three replications. The first factor was BD as cassava inter-
cropping, the second factor w&dVl, and the third factor was

2 t ha! rice straw compost enriched with 0 kg, 50 kg, 100 kg,
and 200 kg KCI ha Brick pots (1 m length x 1 m width x 0.45

m depth) filled with Kanhapludult soil was used for growing
cassava in which row of BD was planted at 60 cm from cassava
stem. K-enriched rice straw compost aAlll (10 g per stem)
wereappliedaroundcassava stem atéhd 12 daysafter planting,
respectively BD was cut every 30 days and the cutting was
returned to the soil. Soil exchangeaBlewas analyzed at 0, 3,

6 and 9 months after planting (MAP), whiid and K contents

as well asaggregatestability weremeasuredait 6 MAP Theresults
showed that planting BD decreased 33% exchangesblshich
means that the root exudates of this grass was effective in
detoxifying Al®*. Treatment of BD and/or in combination with
AM was effective in preserving K added to the soil, increasing
total polysaccharides, and improving soil aggregate stability
This indicated that planting BD and applyiltgM and K-
enriched rice straw compost improved acid soil fertjlignd
therefore can be recommended in cassava cultivation.

[Keywords: Acid soil, Brachiaria decumbens, arbuscular
mycorrhiza, composts, aluminum, potassium]

INTRODUCTION

Cations interact each other in plant root zone.
Exchangeabld@l, Ca and Mg in root environment of
low CEC soil (acid soils) reduce effectiveness of plant
K sorption because these cationkibit K* to place

ion exchange complexes. Consequenklyadded to
the soil through fertilizer exists much more in soil
solution and is easier to lo#eroughleaching (Tisdale

et al. 1990). This increases the needs of K fertilizer
for optimum crop growth in acid soil (Howeler 2002).

Cassava due to its tolerance to acid and poor soils,
is mostly cultivated under low inputs. This practice
can cause soil degradation because the harvested
cassava roots take the essential nutrients, especially
K out from the farm in high amount (Suyamto and
Howeler 2001; Nakvirogt al. 2005).To maintain the
guality of acid soil, cultivation of cassava farming
should be improved.

Acid soil quality could bemaintainedandimproved
by application of aganic matterRoot exudates could
be utilized as a source of situ organic matter
(Violante and Gianfreda 200®rachiaria decumbens
(BD) or signal grass, a tropical forage grass, adapts
to acid soil and tolerates low fertility soils. Its root
exudates, malic acid and citric acid (low molecular
organic acids) are able to detoxi&y®* (Wenzlet al.
2003; Gaumet al. 2004;Wenzlet al. 2006; Hafifet al.
2011).

BD as a monocotyledon plant absorbs more K
(mono-valence) than the higher valence cations from
the soil (Havlinet al. 1999). The grass is known as K
harvesting plant and can potentially preserve K from
leaching Arbuscular mycorrhiza (AM) is éctive in
improving plant root system and increasing plant
nutrient uptake, especially in low fertility soils. Its
hyphae and glomalin (glycoprotein) secreted by
hyphae are considered as primary soil aggregators
(Howeler 2002; Rillig 2004; Boriet al. 2008).

Applying enough K is needed because the acid soil
has low K contentAdding K to soil through K
enriched rice straw compost is expected to increase K
uptake by plant and reduce K loss by leaching.
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The study aimed to examine the impact of BD root
exudatesAM fungi and rice straw compost enriched
with K on exchangeablgl, K availability and aggre-
gate stability of acid soil planted to cassava.

MATERIALS AND METHODS
Site and Description
The experiment was conducted on Kanhapludult at
Tegineneng Experimentata&ion of Lampung\ssess-

ment Institute foAgricultural Technology (AIA) in
April 2009 to May 2010. Mean air temperature in the

research area was 27°C and mean annual rainfall was

1,700 mm, distributed from November to June with
July to October almost completely dijhe character
istics of the Kanhapludult (silty clay loam) were 350 g
kgt clay, 480 g kd' silt, 170 g kg sand, pH 4.8 at a
soil/water ratio of 1:1, 14 g kigorganic C, 1.1 g k§
total N, 13 mg kg Bray I-extracted F60 mg kgt 25%
HCl-extracted K, 2.84 cmol kgl N NH,-acetate
extracted Ca, 1.51 cmol kg N NH,-acetate extracted
Mg, 0.11 cmol kg1 N NH,-acetate extracted K, 6.65
cmol kg'1 N NH,-acetate extracted CEC, 750 g'kg
base saturation, and 0.13 cmol*HgCl-extractedAl.
Stolons of BD were originated from the grass
nursery of Indonesian Research Institute Aoimal
Production, BoggrWest JavaAM used in the study
was originated from the Laboratory of Forestry and
Environmental BiotechnologyCenter for Biotech-
nology Research, IPB, Bogofhe AM inoculants
containedGlomus manihotis, Glomus etunicatum,
Giganspora sp. and Acaulospora sp. Each 10 g of
AM inocula contain about 100 spores. The inocula
were applied 10 days after fertilization around the
cassava stems as much as 5-10 g per plant.

Rice straw was composted at the research location.

Each 2 t of fresh rice straw were enriched with KClI
fertilizer at the rates of 0, 50, 100 and 200 Kkg.
accelerate the straw decompositions, three microbial
decomposers originated from the Indonesian Bio-
technology Research Institute for Estate Crops,
Bogor, i.e. Trichoderma harzianum, T. pseudoko-
ningii and Aspergilus sp. were added to the K
enriched K rice strawChemical analysis of non-K
enriched compost is shown Tiable 1.

Experimental Design
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Tablel. Chemical propertiesof non-enriched K-rice straw
compost used in the study.

Compost properties Value
pH (H,0) 8.70
Organic-C (%) 18.44
Nitrogen (%) 1.76
CIN 10.48
P,0; (%) 0.19
K,O (%) 1.00
Humic acid (%) 1.03
Fulvic acid (%) 0.21

*

replications. The first factor was BD, i.e. without (B0O)
and cassava intercropping with BD (B1); the second
factor wasAM, i.e. without (MO) and withAM inocu-
lation (M1); and the third factor was K enriched rice
straw compost, i.e. application of 2 t compost ba
200 g per cassava stem enriched with 0 kg (K0), 50 kg
(K50), 100 kg (K100), and 200 kg (K200) KCl-ha
respectively

The treatment was carried out in artificial pots (1 m
length x 1 m width x 0.45 m depth) to which the
Kanhapludult of 0-20 cm top-soil and 20-40 cm sub-
soil passing 0.5 mm sieve was filled. The inside of the
pot was coated with black plastic.

Cassava stem (20 cm long) of UJ-5 variety was
vertically planted at 30 cm distance from one edge of
the pot and 50 cm from other left and right edges of
the pot, then five stolons of 5-7 buds of BD were
planted at the distance of 20 cm from the cassava
stem (Fig. 1). Cassava of UJ-5 variety was chosen
because it has high cyanic acid content and recom-
mended for industrial raw material by the Indonesian
Legume and Tuber Crops Research Institute, the

h . di | | Fig. 1. Performance of experimental pots conducted in
The experiment was arranged in completely ran- Kanhapludult of Tegineneng Experimental Station, Lampung,

domized design (CRD) with three factors and three april 2009-May 2010.
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IndonesianAgency forAgricultural Research and Comparison of means was done using least signifi-

Development (IAARD). cant difference test at 1% and 5% significant levels.
K-enriched rice straw compost and bdsrtilizers The mean significant difference at 10% level was also

consisted of 200 kg urea and 150 kg SP-36ware justified.

applied at 2 days after planting, while th& (10 g

per cassava stem) was applied at 10 days after

fertilizing. BD was cut every 30 days and the cuttings RESULTS AND DISCUSSION
were returned to the soil around the cassava stem at
pots of the treatment. Soil Exchangeable Al

Exchangeabldl of the soil in BD root zone at 6 MAP

Soil and BD Tissue Sampling was 0.14 cmol kgor 41% lower than that of the
control (0.24 cmol k@) (Fig. 2). It appears that soil
Soil samples were taken for exchangealanalysis exchangeabl@&l was not only affected by BD root

at 0, 3, 6 and 9 months after planting (MAP) using exudates and BD leaf cuttings, but also by cassava
soil auger at 0-20 cm depth at different corners of the root exudatesiAt 6 MAP, Al concentration was 0.35
pots, i.e (1) 10-15 cm from the BD hedgerow; (2) 25- cmol kg* which was 42% higher than that of the initial
30 cm from BD chump and the cassava stem (the concentrationThe exchangeablkl of topsoil afect-
middle between cassava stem and BD); (3) 20-25 cm ed by cassava root exudates only (0.22 cma) keas
from cassava stem at pots without BD treatment (B0); 10% lesser than that of the control.
and (4) control (soil samples taken in one corner of Concentrations of exchangealfieof the soil at 6
the pot of BOMOKO treatment that was not influenced MAP tended to increase in all treatments, assumed as
by the growth of cassava roots). BD leaves were a result of the relatively high rainfall. While from the
sampled from all BD treated pots at 6 MAP for analy- time of planting until 3 MAPwatering plants was
ses ofAl and K contents. Soil samples for available K assisted by artesian well wat&elatively high rain-
analysis were taken at 30 cm from cassava stem at 6fall might intensify mineral weathering by hydrolysis
MAP from all pots. which increases soil exchangeable

Undisturbed soil clods from all pots were sampled
carefully at 0-5 cm depth by a field knife at distance
of 30 cm from cassava stem and used for aggregategychangeable Al
stability analysis. The samples were put in closed  (cmol kg™)
plastic glasses, placed in a cartoon box and brought 0.50 7

to the laboratory 0.45 4 4 Control
: W B. decumbens root zone soil

A Cassava root zone soil

0.40 A
. . . O B. decumbens and cassava
Soil and Plant Tissue Analysis root zone soil
0.35
Exchangeabl@dl was analyzed with unbtgred KClI 0.30
1N method, available K with Bray extract method,
0.25 A

total K andAl in BD leaf tissues with dry ash method,
and stabilityof soil aggregated.e.macroaggregat# 0.20 -
(2-5 mm) small macroaggregate (1-2 mm), mesoaggre-

gate (0.25-1 mm), and microaggregate (0.053-0.25 mm)

with wet sieving method (Kemper and Rosenau 1986). 0.10-
Total polysaccharides (TPS) and dilute acid-extracted
polysaccharides (DAP) or polysaccharides other than
cellulose in each aggregate were determined with 0.00 : . . .

Lowe method (Martinst al. 2009). 0 3 6 °
Sampling time (MAP)

0.15

0.05

Fig. 2. Exchangeable Al of soil in Brachiaria decumbens
root zone, cassava root zone, and soil affected by B.
decumbens and cassava root zone and the control at 0, 3,
Analysis of variance was performed using SAS 6 and 9 months after planting (MAP), Kanhapludult of

General Linear Model Procedure (SAS Institute 1997). Tegineneng, Lampung, April 2009-May 2010.

Data Analysis



30 Bariot Hafif et al.

Exchangeabldl of soil of all pots at 9 MARvas acids then chelatedl which decreased exchangeable
mostly lower than that measured at 6 MA&Rcept the Al of the soil. Increasing exchangeaBeof the soil
exchangeabl&l of soil affected by cassava root in cassava root zone was assumed to be the effect of
exudatesThe exchangeablal of soil in this zone cyanic acid released by cassava roots. The cyanic
(0.25 cmol kg) was 73% higher than that of the acid accelerated mineral weathering (Feegl. 2010)
control (0.14 cmol kg). The exchangeablgl of soil and presumably increased exchangealble
treated by both BD and cassava root exudates and
also by BD leaf cuttings returned to soil decreased
from 0.35 cmol kg at 6 MAP to 0.19 cmol k§at 9 Available K
MAP. Meanwhile, exchangeabdd of soil affected by
BD root exudates (0.10 cmol Kgwas 33% lower than ~ The concentrations of available K in the soil re-
that of the control (0.14 cmol Ky ceiving K-enriched rice straw compost, in treatments

The decrease in exchangeahlef soil in BD root of BIMO (58-150 mg kg) and B1M1 (55-123 mg kY
zone at 6 and 9 MAP seems to be caused by chelationwere higher than that in the BOMO treatment (46-58
of Al by malic, citric and oxalic acids of the BD root mg kg'). This means that application of K enriched
exudatesAs reported by Hafigt al. (2011), roots of rice straw compost was not effective without BD and
BD release low molecular weight organic acids such AM treatment (Fig. 3).
as malic, citric and oxalic acids to chelaaé®". The BD root exudates effectively increased soil
Chelating Al from soil solution induced partial organic C (Galet al. 2000). The grass was also able
desorption ofAl from the colloid surface (ion ex- to absorb more monovalent cations such as K than
change complex) and decreased the exchang@éble the cations with higher valence (Havkhal. 1999).

In addition, BD absorbedl and accumulated it in  Therefore, it could be used to preserve soil K from
leaf tissues. Result of tissue analysis showed that BD leaching At 6 months of the experiment, returning BD
leaves contained 67-287 nid kg*. Returning BD leaves to the soil around cassava stem as much as
leaf cuttings to the soil around cassava stem in- 7.8 kg hilf* or equivalent to 3.5 kg dry weight,
creased exchangeabi¢ of that soil at 6 MAPAt 9 containing 62 g KO kg* on the dry weight basis,
MAP, however exchangeablal of that soil decreased  effectively maintained and increased available K in
drastically At this time most of BD leaf cuttings have the soil (Fig. 3). This means that total K returned to
already decomposed and presumably produced or-the soil within 6 months was approximately 22 g per
ganic acids (humic and fulvic acids). These organic cassava stem.

Available K
-1
(mg kg™) 150

BOMO BOM1 B1MO B1M1

150

120 T

90

60

30

Treatment

Fig. 3. Available K of acid soil treated with K-enriched rice straw compost (K), Brachiaria decumbens (BD), and
arbuscular mycorrhiza (AM) at 6 months after treatment, Kanhapludult of Lampung, 2010. BO = without BD, B1 = with BD,
MO = without AM, M1 = with AM.
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Correlation of Al Accumulation in BD Leaf
Tissue and Available K in Topsoil

Al content in BDleaf tissuesvasnegativelycorrelated
with available K in the soil (Fig. 4). The reason for
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gates declines. The root exudates create zones of
failure in the macroaggregate. When the aggregates
contact with water rapidlythe macroaggregate will be
slaking and then release microaggregate (Angers and
Caron 1998; Galet al. 2000). It was the reasons that

this phenomenon is that the monocotyledon speciesthe mesoaggregate and the microaggregate were more

tend to absorb more monovalent cations such‘as K
thandivalent or higher valence cations due to low
root cation exchange capacity (10-30 cmol*kg
(Havlinetal. 1999).

Soil Aggregate Stability

Although there was a great variety of methods to
assess soil aggregate stabilitiie ratio or the dif-

ference in the fragment sizes before and after applica-

tion of mechanical engy is generally usednalysis
of variance indicated that the stability of soil aggre-
gates with various sizes was not significantly affected
by BD,AM, and rice straw compost applicatiovet
the interaction of BD andM affected significantly

stable under the effect of BD root exudates.

The lage macroaggregates (2-5 mm) undevi
treatment (BOM1) were more stable than that under
other treatments. It caused by extraradical-hyphae and
hydrophobic proteinaceous substance (glomalin) of
AM which is able to bind soil particles and micro-
aggregates to construct macroaggregate (Rillig 2004;
Bediniet al. 2009). Meanwhile, stability of the large
macroaggregates under B1K100 and B1K200 was not
significantly different from that of BOKO and BOK50.
Utilizing rice straw compost enriched with 100 and 200
kg KCI ha'reduced the effect of BD root exudates on
fragmenting macroaggregates. K ion in complexes
with humic and fulvic acids derived from compost
(Hayes and Bolt 1990) was able to coat the macro-
aggregate to protect the macroaggregate from root

the stability of large macroaggregate, mesoaggregate,exudate penetration or reduce fragmentation energy
and microaggregate. The microaggregate and meso-of root exudates.

aggregate stability under the interaction of BD and
AM (B1M1) and BD (B1MO) were higher than those
underAM (BOM1) and control (BOMO)The macro-
aggregate stability was less affected by B1M1 than
BOMO, B1MO, and BOML1 (Fig. 5A).

The plant roots can promote soil aggregation by

Polysaccharides as Aggregation Agent

Polysaccharides have a transient effect functioning
as bridges to bind soil particles or sometimes acting

releasing organic compounds (root exudates) that canas glue for maintaining soil particles together (Borie

directly stabilize soil particles or by favoring micro-
bial activity that in turn will affect soil aggregation
(Tisdall and Oades 1982As organic compound
decomposition proceeds, stability of the macroaggre-

Leaf Al content
(ppm)

3007 o 587

y =-2.259x + 392.9
R? = 0.893
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Soil available K (ppm)

Fig. 4. Correlation between Al content in Brachiaria
decumbens leaves and available K in soil, Kanhapludult of
Lampung, 2010.

et al. 2008). Under BD treatment (B1MO) both total
polysaccharids (TPS) within mesoaggregates (5.00 g
kg?) and diluteacid-extractedpolysaccharideDAP),

i.e. polysaccharides other than cellulose within
macroaggregates (4.06 g Rgwere lower than those
underAM treatment (BOM1)The contrast result was
found inmicroaggregateCompared with the aggre
gates undeBD (B1MO0), macroaggregates and meso-
aggregates of the soil undaM treatment (BOM1)
contained higher DARNd highelTPS, respectively
whereas microaggregates containeder TPS. The
BD andAM treatment interaction (B1M1) increased
TPS in mesoaggregates and microaggregates and in
entire of aggregates significantlygble 2).

The high TPS content in microaggregates was
caused by fragmenting of macroaggregates to micro-
aggregates by BD root exudates, especially in BIM1
and B1MO treatments. Gakt al. (2000) found that
the organic C like polysaccharide gehycigel) ex-
creted by plant roots was more than 60% associated
with macroaggregates at the beginning. Fragmenting
of macroaggregates to microaggregates increased
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Interaction effect of (A) Brachiaria decumbens (BD) and arbuscular mycorrhiza (AM), and (B) BD and K enriched

rice straw compost on stability of macroagregate (2-5 mm, 1-2 mm), mesoagregate (0.25- 1 mm) and microagregate (0.053-
0.25 mm) of Kanhapludult of Lampung, 2010. Values followed by the same letter are not significantly different (at P < 0.05)
according to the Student LSD test.

Table2. Total polysaccharides (TPS) and dilute acid-extracted polysaccharides (DAP) in macroaggregates,
mesoaggr egates and microaggr egates, and total polysaccharidesin all of soil aggregates as the effect of Brachiaria
decumbens (BD) and arbuscular mycorrhiza (AM) treatment, Kanhapludult of Lampung, 2010.

Macroaggregate Mesoaggregate Microaggregate Total polysacharide
(>1 mm) (0.25-1 mm) (0.053-0.25 mm) in soil aggregates
Treatment
TPS DAP TPS DAP TPS DAP TPS DAP
(9 kg (9 kg) (9 kg (9 kgH) (9 kg) (9 kg) (9 kgY) (9 kg
BOMO 4.93 4.78a 5.00c 4.76 5.38b 4.68 15.30b 14.21
BOM1 6.37 4.75a 6.13b 4.31 4.73b 4.68 17.23b 13.73
B1MO 4.70 4.06b 5.00c 4.34 5.88ab 5.41 15.56b 13.80
BiM1 5.28 4.77a 8.06a 5.71 8.94a 5.70 22.26a 16.17
LSD 0.05 0.38 0.78 3.21 3.07

BO = without BD, B1 = with BD, MO = withouAM, M1 = with AM

Values followed by the same letter are not significantlyedént (atP <

0.05) according to thet&dent LSD test.
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organic C in microaggregates and decreased it in
macroaggregates. While high TPS content in meso-

aggregates as anfe€t ofAM treatment (BOM1 and
B1M1) was assumed as the contribution of chifin,
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arbuscular mycorrhizal fungal speci€omus mosseae and

Glomus intraradices. Soil Biol. Biochem. 41: 1491-1496.
Borie, F, R. Rubio, and\. Morales. 2008Arbuscular mycorrhizal

fungi and soil aggregation. J. Soil Sci. Plant N@&2): 9-18.
Frey, B., S.R. Riederl. Brunner M. Plétze, S. Koetzsch.

(1=4) acetylglucosaminosan substance excreted by |apanje, H. Brandl, and.G-urrer 2010.Weathering-associated

AM extraradical hyphae reach with carbohydrate

(Bedini et al. 2009) andglycoprotein (glomalin)
produced by hyphae (&g dan Qiu 2006).

In the entire soil aggregates, the highest TPS was
found under B1M1 treatment. It means that BD root

exudates andM are potential to enrich soil poly-

bacteria from the damma glacier forefield: Physiological
capabilities and impact on granite dissolutiéwppl. Environ.
Microbiol. 76(14):4788-4796.

Gale,W.J., C.A. Cambardella, andB. Bailey 2000. Root-derived

carbon and the formation and stabilization of aggregates. Soil
Sci. Soc.Am. J. 64: 201-207.
GaumeA.L., A. Gaume, |. Rao, and E. Frossard. 208daptation

saccharides either as the aggregation agent or as of Brachiaria species to low-P soils. Rural poverty reduction

sources of microorganism substrates. Gawena .
(2004)reported that high BD adaptation to poor soil
such as acid soil was contribution/¥ association
with BD roots.

CONCLUSION

IntercroppingBrachiaria decumbens with cassava in
acid soil efectively detoxifiedAl®*as indicated by
reduced exchangeabé of the soil as much as 33%.
Incorporation ofB. decumbens organic matters into

the soil and application of arbuscular mycorrhiza and
K-enriched rice straw compost improved mesoagre-

through research for development. Deutscher Tropentag,
Berlin, 5-7 October 2004.

Hafif, B., S. SabihamA. Iswandi, A. Sutandi, dan H. Suyamto.
2011. Khelatisasi ion aluminium oleh asam organik eksudat
akar Brachiaria. Biota J. 15(3): 316-324.

Havlin, J.L., J.D. Beaton, S.L. Tisdale, and Nelson. 1999. Soil
Fertility and Fertilizers/An introduction to nutrient manage-
ment. 8 ed. Prentice Hall, New Jersey

Hayes, M.H.B. and @&i. Bolt. 1990. Soil colloid and the soil
solution. pp. 1-33In GH. Bolt, M.F de Boodt, Michael, H.B.
Hayes, M.B. McBride, and E.B.A. de Strooper (Ed.). Interaction
at the Soil Colloid-Soil Solution Interface. Kluwécademic
Publisher London and Newyork.

Howeler, R.H. 2002. Cassava mineral nutrition and fertilization.
pp. 115-147.1n R.J. Hillocks, J.M.Thresh, andA.C. Belloti
(Eds.). Cassava: Biologyroduction and utilization. CAB
International, NewYork.

gate and microaggregate stability and increased total kemper W.D. and R.C. Rosenau. 1986ggregate stability and

polysaccharidei the soilaggregatesThestudyindi-
catesthat plantingB. decumbens as an intercropping
plant with cassava, applyin§M and K-enriched
straw compost are able to improve acid soil fertility
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