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ABSTRACT

The poultry manure and vertisols matter have potency for reclaiming a soil. The research objectives was to study
the effect of poultry manure (PM) and vertisols matter (VM) on availability and leaching of macro nutrient in
coastal sandy soil treated by rainfall simulation. A laboratory experiment was conducted with lesymeters to mea-
sure nutrient leaching. The factorial 4 x 4 treatment applied was arranged by randomized completely block design
with three replications. The first factor was level of PM consisted of 0, 20, 40, and 60 Mg ha*. The second one was
the level of VM consisted of 0, 5, 10, and 15%. Variables observed were soil physical and chemical properties such
as bulk density (BD), particle density (PD), porosity, pF 2.54, pF 4.2, available water capacity (AWC), permeabi-
lity, cation exchange capacity (CEC), available macro nutrients (N, P, K, Ca, Mg, and S) by Morgan Wolf
extraction, and the rate of macro nutrient leaching measuared by Spectrophotometry and Atomic Absorption
Spectrophotometry. Result of the research showed that application of PM and VM in the sandy soil decreased
soil PD and BD, increased soil porosity and AWC, decreased soil permeability, and slightly increased soil CEC.
Application of PM and VM increased soil available nutrient in the sandy soil. Up to 60 Mg ha* dose PM in-
creased soil available nutrient, while 10 to 15% dose, VM did not increased it. The rank of nutrient leaching
from high to low by rain simulation was N-NO,> SO,*>K*> Ca*". Leaching of K and N-NH4* could be reduced
by soil amendment. Combination of PM 60 Mg ha* and VM 10% was the best soil amendment for increasing

nutrient availability and decreasing nutrient leaching in the sandy soil.
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INTRODUCTION

Indonesia chile pepper production is not stable
along the year but it is fluctuative, a chile pepper
was rarely found in the rainy season and abundantly
found in the dry one. When the production decrease,
its price is relatively high so that this gives impact
to society life. The chile pepper cultivation,
therefore, is needed during the rainy season to keep
the production stability along the year with benefit
to the farmer and available to the consumer.

The use of coastal sandy soil to cultivate the
chile pepper in the rainy season has comparatively
superior compared to rice field. In the rainy season,
the sandy soil preparation for chile pepper
cultivation is easier due to low flooding risk than
the rice field. Therefore, farmers prefer to use the
rice field to cultivate chile pepper in the rainy
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season, so that the rice production will decrease.
The main problem for developing horticultural
plants in the sandy soil, however, is that the soil
physical, chemical, and biological characteristics
do not support the growth of the crop.

A fine material content such as dust, clay and
organic matter in the sandy soil is less than 1%
which causing a highly fast permeability (> 150 cm
hr1), while the water storage ability is very low as
onlyl.6 - 3% from the available water total (Tim
FP-UGM 2002), and nutrient buffer characteristic
and water holding capasity are low with CEC 4.0 -
5.0 cmol (+) kg (Tim FP-UGM 2001). Cation
exchange capacity (CEC) value of the sandy soil is
low causing ability of soil nutrient buffer is very
low while water leaching ability is very fast and
potentially nutrient intensively leaching during the
rainy season is happened.

Excessive rain and irrigation resulted in water
flows down through soil profile and leach as soluble
nutrient mainly nitrate, sulphate, and boron (FAO
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1984). The leaching number and degree of soluble
nutrient in the wet tropical soil has very widely
range as reflection of various factors controlling
the leaching. The potency of soil leaching increases
with high annual rain (2,750 mm) and soil effective
CEC is low (Dierolf et al. 1997). According to
Plucknett and Sprague (1989), leaching of nutrient
depends on high rainfall as well. Rainfall intensity
and application of farmyard manure were the main
determinants of K losses by leaching (Alfaro et al.
2004).

Based on field observation of Ultisol in
Indonesia, a number of K, Ca, and Mg applied
through fertilization was accumulated into soil in
depth of 30-90 cm as 1, 5, and 24%, respectively;
while average of K, Ca and Mg found in soil or
crop biomass and possibly leached in soil under 90
cm were 33, 26, and 8%, respectively (Dierolf et
al. 1997). In Rajasthan loamy sandy soil, loss of
soluble water and nutrient was mainly high enough
potassium (Majumdar et al. 2000). The number of
Ca, Mg, and K leached was in the range of 27 and
34%, 29 and 37%, and 8 and 10%, respectively,
from initial Ca, Mg, and K content in soil without
lime and accumulated in the depth of 1,35 m (Fillery
1999). Applying N rates in excess of standard
recommendations increased N leaching by 64, 59,
and 32%, respectively for a pepper, tomato, and
zucchini crops (Zotarelli et al. 2007).

A research on the use of coastal sandy soil
marginal land for developing food and horticultural
crops has been done, especially in the south coastal
of Yogyakarta. Technology of soil amendments
application for chile pepper cultivation in the rainy
season on coastal sandy soil is not revealed yet.
The main aim of this research was to gain a local
specific technological package of the chile pepper
cultivation in the sandy soil at rainy season. In this
stage, the research aimed (1) to study the effect of
poultry manure and vertisols matter as soil
amendments on the availability and leaching of
nutrients in the sandy soil treated by rain simulation,
and (2) to find the best combination between the
manure and the vertisols matter for applying in the
cultivation on the sandy soil at rainy season.

MATERIALS AND METHODS

Simulation and Experimental Designs

The research was carried out by experimental
method with simulation experiment of nutrient
leaching at the laboratory by using glass tube
lisymeters. The research was conducted at the Soil
Science Laboratory, Sudirman University,
Purwokerto. A completely Randomized Block

Design arranged in a 4 x 4 factorial with three
replications was used in this experiment. The first
factor was the dosages of poultry manures in which
consisted of four levels, i.e., K; (without the
manure), K, (20 Mg ha'), K, (40 Mg ha) and K,
(60 Mg ha). The second factors were the dosage
of vertisols matter in which consisted of four levels,
i.e., L,(0%), L, (5%), L, (10%), and L, (15%).

Soils and Manures

The properties of sandy soils used for this study
were following: total-N 0.07%, available-N 0.02%,
organic carbon 0.53%, total-P 47.6 mg 100g7,
available-P 19.10 ppm, available-K 0.105 cmol kg™,
Ca 34.96 cmol kg*, Mg 0.718 cmol kg, Mg 0.762
cmol kg, CEC 20.50 cmol kg?, and soil pH 6.6.
The properties of amendment treatment of \ertisols
matter were: total-N 0.065%, available-N 0.01%,
organic carbon 0.57%, total-P 159.95 mg 100g?,
available-P 53.03 ppm, available-K 0.068 cmol kg%,
Ca 1.962 cmol kg*, Mg 0.165 cmol kg, Mg 0.733
cmol kg, CEC 4.8 cmol kg, and soil pH 5.98. The
properties of amendment treatment of poultry manure
were: total-N 1.74%, available-N 0.16%, organic
carbon 9.94%, total-P 3.90 mg 100g*, available-K
0.0017 cmol kg?t, Ca 0.025 cmol kg, Mg 0.0078
cmol kg, Mg 0.0003 cmol kg, and soil pH 6.6.

Application of Fertilizers

Sandy soils as much as 300 gram was put in
the lisymeter in which the soil volume as high as
20 cm-times its bulk density (BD). The soil was
fertilized according to the farmer applications, i.e.,
equal to ZA 25 g, NPK 25 g, KCI 15 g, SP-36 15 g,
and Boric 1 g per crop. The use of fertilizer was to
know the nutrient status dynamic for the next
reseach for chili pepper cultivation in sandy soils.
Variation of the manure and the Vertisols matter
combination were given in the sandy soil in
lisymeter after two weeks incubation. Water content
was maintained around field capacity by watering
in the equal number of rain (450 mm with 12 days
of rain per month).

Variables observed were particle density (PD),
bulk density (BD), porosity, pF 2.54, pF 4.2,
available water capacity (AWC), permeability, soil
cation exchange capacity (CEC), N, P, K, Ca, Mg,
and S contents before and after rain treatment with
Morgan Wolf extraction; and nutrient leached (Balai
Penelitian Tanah 2005).

Data Analysis

Means were compared by analysis of variance
(ANOVA) of data for significance difference (P <
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0.05). When ANOVA results indicated a significant
treatment effect, Duncan test at P < 0.05 were used
to separate treatment means for all properties.

RESULTSAND DISCUSSION

Characteristic of Soil Physic and Cation
Exchange Capacity

Result of laboratory analysis showed that the
PD, BD, AWC and permeability of sandy soil used
were 2.89 g cm3, 1.62 g cm3, 8.7% (low) and 20.8
cm hrt (fast), respectively. Application of the
poultry manure (PM) and the Vertisols matter (VM)
in the sandy soil decreased PD and BD, increased
soil porosity, increased AWC, and decreased soil
permeability (Table 1). However, there was no
interaction between PM and VM on each variable.
PD and BD had a negative correlation on porosity
(r=-0.62 and r = -0.96, respetively) and AWC (r =
-0.76 and r = -0.86, respectively), but they had
positive interaction on permeability. It means that
decreasing PD and BD values due to soil
amendments application increased porosity and
AWC, but they decreased the sandy soil
permeability.

Organic matter is one of strong factors in
changing soil BD (Ruehlmann and Korschens,
2009). Application of cow manure could increase
soil organic matter so it had a negative correlation
(r = -0.87) or decrease soil PD (Blanco-Canqui et

decreased soil BD and increased AWC (Morlat and
Chaussod 2008). Addition of clay sediment as high
as 5% into sandy soil could be able to decrease water
infiltration velocity, and decreasing of water
infiltration will be faster when clay content in the
sediment is higher (Al-Omran et al. 2004). At the
wide scale, soil permeability variation related to
clay and soil organic matter (Zekele and Si 2005).
Because a very low content of sandy soil fine matter
such as dust and clay as well as organic matter
addition of many soil amendments were needed.
Table 1 shows that PM and VM could affect soil
physical characteristic if they were added in the
sandy soil at high level, i.e., 40 and 60 Mg ha* for
PM and 10% and 15% for VM.

The sandy soil used had CEC value of 4.8 cmol
(+) kg*. According to Landon (1984), the sandy
soil had a very low rate of CEC value. Figure 1
shows that PM and VM increased the CEC of sandy
soil, but the average of CEC only increased from
very low to low rate. The cation exchange capacity
of soils depends on the amount and compositions
of clay minerals and soil organic matter (Stewart
and Hossner 2001; Kaiser et al. 2008).

Soil organic matter has high of specific surface
(800 — 900 m?gt) and CEC (150 — 300 cmol kgt)
where it is predicted that more than 80% of soil
CEC value determined by the organic matter
(Stevenson 1982 in Sparks 1995). However,
addition of PM in the sandy soil until 60 Mg ha*
dosage was not able to increase soil CEC rate. This

al. 2006). Increasing sandy soil organic matter
Table 1. Physical characteristic of the sandy soil treated with in the poultry manure and the Vertisols
matter.
Treatments PD BD Porosity pF254 pF4.2  AWC  Permeability
@cm®  (gem®  (@wvol) (% vol) (% vol) (% vol) (cmhr?)
Poultry manure (Mg ha'%)
0 277 a 1l.6la 42.08b 16.50c 7.89c 86lc 16.18 a
20 276 a 1.58b 42.85b  16.90c 8.05bc 8.85hc 15.68 ab
40 2.75ab 1.53c¢ 4449a 1740b 8.25ab 9.15b 14.52 bc
60 273 b 1.50c 4497a 18.40a 849a 991a 14.02¢c
CV (%) 1.06 2.09 2.75 3.05 4.10 6.70 12.62
Vertisols matter (%)
0 278 a 1.59a 43.01b 16.68¢c 791b 8.77¢c 18.07a
5 2.76 ab 1.57a 43.12b  16.82c 8.18ab 8.63c 16.52 bc
10 2.75bc 1.53b 4421a 1755b 825a 9.30b 14.30c
15 272¢c 1.52b 4404a 18.16a 834a 982a 11.51d
CV (%) 1.06 2.09 2.75 3.05 410 6.70 12.62
Interaction () () () () () (-) (+)

Note: (-) no interaction, value followed by same word in the same column and treatment group did not significantly
different by Duncan test at 5%.
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Figure 1. Effect of poultry manure and vertisols
matter on soil CEC. # = without manure,
& = 20 Mg ha manure, & = 40 Mg ha!
manure, and = = 60 Mg ha* manure.

was due to addition of manure was not perfectly
degraded to be humus so it did not play a big role
in increasing the sandy soil CEC. Figure 1 shows
that VM with dosage up to 15% in every dosage of
PM increased the sandy soil CEC quadratic
positively. It means that VM with low dosage
slightly increased soil CEC. Furthermore, the

the addition of high dosage of VM (more than 15%)
could highly increased soil CEC. Vertisols is soil
in which clay fraction is dominated by
monmorilonite, which has CEC of 80 — 100 cmol
kg! at pH 7.0 (Landon 1984). Thus the addition of
vertisol matter with high dosage into the sandy soil
could increase soil CEC.

Soil Nutrient Content

The PM and VM could increase N-NO,, P, K,
Ca, Mg, and SO,~ contents of soil which were
available for crops growth in the soil but they did
not affect soil N-NH,* content (Table 2). The higher
PM and VM level added, the bigger soil nutrient
content. Furthermore there was an interaction
between PM and VM on soil K, Ca, Mg, and SO,*
content.

Increasing soil nutrient content was either
from PM or VM application. Beside as negative
charge sources, PM could also increase soil nutrient
contents that become available for crops growth.
Organic acids resulted from PM decomposition
could increase soil soluble phosphate and
micronutrient so that they could be available for
crop growth (FAO 1984). Compost in soil increases
P availability, soluble salt, and decreases toxic
elements (Bar-Tal et al. 2004). Organic matter (OM)
is responsible for increasing soil P phytoavailability
when P fertilizer and OM are applied together
(Guppy et al. 2005). After application of the
chicken manure in the soil, hydrolyzation,

Table 2. Soil nutrient content at the poultry manure and the vertisols matter treatments after 14 days

incubation.
. -1
Treatments i : Macronutrient content (mg kg™) _
N-NH, N-NOs P K Ca Mg SO,
Poultry manure (Mg ha')
0 1275 a 36.51 ¢ 1557 d 11320d 124.86d 1750d 24537 d
20 13.59 a 4003 b 19.74c  189.42c¢ 173.22c  33.98c  280.20c
40 1363 a 43.65 a 2383b 25589b 196.74b  4583b 29466 b
60 1463 a 45,68 a 32.91a 297.66a 229.66a 56.67a 312.75a
CV (%) 13.60 6.94 8.69 2.99 3.54 3.52 2.94
Vertisols matter (%)
0 1295 a 3942 c 21.53¢c 17226d 141.47d 33.32d 250.33 d
5 1393a 40.35bc 2236bc 195.61c 167.53c  37.15c¢  277.05c
10 1413a 42.19ab 2355ab 23350b 199.75b  40.74b 29263 b
15 1359a 4390a 24.61a 254.80a 215.74a 42.78a 31297 a
CV (%) 13.60 6.94 8.69 2.99 354 3.52 2.94
Interaction () () () (+) (+) (+) (+)

Note: (-/+) no/with interaction, value followed by same word in the same column and treatment group did not significantly

different according to Duncan test for 5%.
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mineralization, and nitrification were taking place
fast, accumulation of N-NO, maximum was
reached after incubation for 14 days (Diaz et al.
2008). Table 2 shows that available N was more in
the form of N-NO, than N-NH,*. According to
Uebler (1984), changing N-NH,* into N-NO," is
increased by soil amendments as a result of
increasing soil aeration. Data analyses showed that
there was significant correlation (r = 0.96) between
soil porosity and N-NO, resulted from addtition of
PM and VM in the soil.

Beside as nutrient source in soil, PM and VM
were also as soil organic and anorganic colloid, so
that they could also increase both soil available
nutrient as well as its nutrient adsorption capability.
Nutrient in soil is adsorped by soil colloids in the
form of cation (NH,*, K*, Ca?*, Mg?) and anion
(NO,, SO, PO,%). Table 2 shows that increasing
of soil nutrient content by PM treatment was higher
than VM treatment. This showed that the role of
PM was higher than VM in the soil in case of
nutrient availability. Beside as nutrient source, PM
has also a role as fertilizer salt solvent and as buffer
of available nutrient in the soil. Soluble potassium
accumulation in soil was equal to number of
manures added (Pratt and Laag 1977). The manure
increased soil available K and P (Meek et al. 1982).
K in manure was mainly found as soluble anorganic
K sothat it could supply available K for crop growth
(Havlin et al. 2005).

In soil with organic matter as the main content
component variable, Ca was adsorped through ligan
exchange mechanisms (Bolan et al. 1993), so that

the high available Ca was equal to addition of
organic matter. Adsorption of Ca will increase
adsorption of SO,~ if they are added together where
Ca and SO, are adsorped through ion pair
adsorption mechanism (Chicota et al. 2007). One
of factors affecting adsorption of SO,~ in soil is
organic matter; thus increasing the organic matter
content in soil will increase the adsorption potency
of SO, (Havlin et al. 2005).

Tabel 2 shows that the higher application of
PM and VM, the higher soil nutrient content. There
was an interaction effect on soil K, Ca, Mg, and
SO, content, at application of the highest PM dose
(60 Mg ha?), but addition of high VM dose (from
10% to 15%) did not affect them significantly. In
the sandy soil, the role of PM in increasing soil
available nutrient and CEC was higher than VM.
Sparks (1995) reported that at sandy soil (Psamment
with CEC 5.26), the contribution of organic matter
on the soil CEC was 74.9%, while it was only 25 %
at clay soil.

Soil Nutrient Content After Leaching

Table 3 shows that PM and VM increased soil
nutrient content in leached soil. The higher
application of PM dosages, the higher soil N-NH,*,
P, K, Ca and Mg content, while the higher
application of VM, the higher soil N-NH,*, K, Ca
and SO, content. There was an interaction effect
between PM and VM on soil NH4*, K, and Ca
content at the highest PM dose (60 Mg ha'), while
application of VM (10% to 15%) did not affect them
significantly.

Table 3. Soil nutrient content after leaching at the poultry manure and vertisols matter treatments.

Macronutrient content (mg kg™)

Treatments
N-NH,"  N-NOs P K Ca Mg SO,
Poultry manure (Mg ha™)
0 14.92d 9.84c 1731d 109.40d 76.89d 1204d 12197c
20 16.37 c 10.91b 2230c 150.33c¢ 10158c 23.48c 13531b
40 17.66b  11.58ab  29.07b 203.32b 115.41b 2990b 14066 a
60 20.55 a 1171 a 3694a 21719a 12715a 37.03a 149.75 a
CV (%) 8.83 8.26 7.62 6.08 3.52 7.34 4.66
Vertisols matter (%)
0 9.89d 1130 a 2418 c 107.98d 8952d 2260b  12105d
5 1292 ¢ 10.74a 25.82bc 13876 ¢  99.74c 2499b 13210c
10 21.28b 1105 a 27.17ab 201.26b 114.22b 26.79a 14354 b
15 2543 a 1094 a 2844a 23225a 11754a 28.06a 15099 a
CV (%) 8.83 8.26 7.62 6.08 3.52 7.34 4.66
Interaction (+) () () (+) (+) () ()

Note: (-/+) no/with interaction, value followed by same word in the same column and treatment group did not significantly
different according to Duncan test for 5%.
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Available nutrient in soil is in the form of soil
solution (intensity) and adsorped by soil colloid
(quantity). In the form of soil solution, the available
nutrient will easily be moved either by leaching or
crops uptake, while adsorped nutrient will be
released to the soil solution so that the balance of
intensity and quantity will be happened. Sandy soil
that has low nutrient buffer capacity is in the form
of solution so that the nutrient is easier to loss by
leaching. Soil buffer capacity increases with
increasing CEC, clay, organic matter, and other solid
elements in soil (Havlin et al. 2005).

Nutrient Content in Leachate Water

Total available nutrient after 14 days
incubation did not reflect total available nutrient
resulted from PM and VM treatments because
during leaching process, solubility of anorganic
fertilizer and PM hydrolysis were still going on.
Total available nutrient resulted from PM and VM
treatments was the number of adsorbed and leached
nutrient. Therefore, to know the role of PM and
VM application on nutrition leaching, it could be
seen from percentages of leaching nutrient. It was
formulated as leached nutrient divided by sum of
adsorbed and leached nutrient. The adsorbed
nutrient was predicted with the soil nutrient
concentration extracted by Morgan Wolf, while the
leached nutrient was predicted with the
concentration of nutrient in leached water. Table 4
shows that the application of PM increased
percentage of leaching nutrient except N-NH,*. The

application of VM decreased percentage of leaching
N-NH,*, P, and K but increased percentage of
leaching N-NO_", Ca, Mg, and SO,". Nutrient in
form anion and cation in soil solution are adsorped
by colloid surface in the outer-sphere and inner-
sphere complexes. Adsorped form at outer-sphere
complexes could be inversed while at inner-sphere
complexes could not (Sparks 1995) so the adsorped
nutrient at outer-sphere complexe was easier to be
available in soil solution. In clay mineral type 2 : 1,
K is adsorped at inner-sphere complexe, while Ca
is at outer-sphere complexe (Sposito 1984 in Sparks
1995). Sulphate is adsorped at out-sphere complexe,
while P is at inner-sphere complexes and NO," in
outer-sphere complexes (Sparks 1995). Therefore,
in the sandy soil with low nutrient buffering
capacity, Ca, SO,, and N-NO, are easily leached
so that it need soil amendments matter. Leaching
percentages of P and K increased with the
application of PM shows that the PM plays an
important role in dissolving fertilizer more than
increasing buffer capacity of P and K. Phosphorus
leaching from manure application on soils does not
pose environmental concerns as long as soil P levels
remain below the saturation level (Van-Es et al.
2004).

Anorganic soil amendments decreased
leaching of NH,* due to increasing of soil CEC. On
the other hand, leaching of NO," is constantly high
either with or without soil amendment treatments
(Bigelow et al. 2001). The anorganic soil
amendment (gypsum) increases adsorption of P and
decreases soluble P that depend on added soil

Table 4. Percentage of leached nutrient in sandy soil at poultry manure and vertisols matter treatments.

Leached macronutrient (%)

Treatments

N-NH,"  N-NOs P K Ca Mg SO,~
Poultry manure (Mg ha™)
0 14.00a 73.86b 2.18c 2424 ¢ 4424bh  32.14c 53.77 c
20 13.51a 74.80b 649 b 28.21b 4455b  34.73b 54.25bc
40 14.30a 74.65b 10.39a 29.65ab 4516b 36.09ab 55.14ab
60 14.91a 7612 a 10.55a 3144 a 46.94a  36.97a 55.35 a
CV (%) 17.80 2.03 2054 11.66 2.90 4.68 240
Vertisols matter (%)
Lo 23.30a 73.65b 11.88a 4213 a 41.52¢  32.65¢c 53.05b
L, 17.33b 75.03 a 832b 32.81b 4438b 3443bc 546la
L, 9.02c 7515 a 5.09c 2220 c 47.03a 3607ab 5529a
Ls 7.07c 7561 a 4.33c 16.40d 47.96a  36.79a 55.55 a
CV (%) 17.80 2.03 2054 11.66 2.90 4.68 2.40
Interaction Q) () (+) (+) Q) ) Q)

Note: (/+) no/with interaction, value followed by same word in the same column and treatment group did not significantly
different according to Duncan test for 5%.
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amendment level (Coale et al. 1994). The highest
retention of K is in soil containing monmorilonite
and the smallest is in soil derived from volcanic
dust (Bower 1975).

Based on Table 4, it could be known that
nutrient relatively became problem in the sandy
soil at rainy season was N-NO,, SO,7, K, and Ca.
Those leaching nutrients were relatively high at
control which were 72.56, 52.1, 42.63, and
41.65%, respectively. Leaching of K could be
minimized by soil amendments treatment, while
leaching of N could be decrease by the amendment
if it was in the N-NH,* form. Based on this
observation, PM dose up to 60 Mg ha! still
increased nutrient adsorption in the sandy soil,
while high dose of PM (10% to 15%) did not
relatively give different effect on the adsorption
Therefore, the use of soil amendments with 60 Mg
ha* of PM and 10% of VM increased both
availability of nutrient and decreased leaching of
nutrient in the soil.

CONCLUSIONS

Application of poultry manure and vertisols
matter in the sandy soil decreased soil particle
density and bulk density, increased soil porosity and
available water capacity, decreased soil
permeability, and slightly increased soil CEC.

Application of poultry manure and vertisols
matter increased soil available nutrient in the sandy
soil. Up to 60 Mg ha? dose, poultry manure
increased soil available nutrient, while 10 to 15%
dose, vertisols matter did not increase it.

The rank of leached nutrient from high to low
by rain simulation was N-NO,” > SO, > K > Ca.
Leaching of K and N-NH,* could be reduced by
soil amendment treatment.

Combination of poultry manure 60 Mg ha* and
vertisols matter 10% was the best soil amendment
treatment for increasing nutrient availability and
decreasing nutrient leaching in the sandy soil.
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