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ABSTRACT

Research had been carried out at the Research antieStilg Laboratory and Greenhouse of Soil Research
Institute, Bogor using newly opened paddy soil from Pesisir Selatan distvess Sumatra (one year oldptal
treatments tested were 12 which were combination of farmer rate, NPK recommendation (¥2x; %.x; 1¥2x), straw
compost (¥2x; ¥ax; 1¥2x), and dolomite. The trial was conducted using a completely randomized design with three
replications. This research had been prepared in two units, one unit for observing plant response to nutrient
management and another unit for incubation trial with the same treatment placed in the greenhouse. Rice cultivar
used was IR-42 in accordance to the preferred varieties of local farmers. The sampling method for measuring the
solubility of Fé* and Mrt*, as well as the availability of POwas by centrifuge 50 g mud samples from the
incubation pots then separated clear extract using filter pelperobservation results on dynamics of pH;' Fe
Mn?*and PQ® mainly occured in 1 to 14 days after subgig (incubation)After 14 days soil reaction had reached
thermodynamic sequence of oxidation-reduction processes, {fierfe@e available and pH of the soil reached the

peak. The optimum dose of NPK fertilizer obtained 0.875 NPK or equal to 175 kg of urea, 87.5 kg of SP-36 and 87.5 kg
KCI ha. The highest number of hills achieved from straw compost treatment 1%z organic matter (OM) or 3 tons with
an increase of 20%pplication of ameliorant dolomite increased the number of tillers about 2-3%, but insignificantly
different with no dolomite treatment.

Keywords Ferrum, mangan, paddy soil, phosphatee, soil pH

INTRODUCTION increasing productivity of newly opened paddy soil
should be taking into consideratidrne production

Rice places a strategic position in Indonesia astarget is an additional two million tons per year or
staple food as well as a source of income and@P0ut 5% year to maintain national food self-

employment. More than 90% of the total rice is Sufficiency (Anonymous 2007). ,
produced through irrigated rice system and the rest ~ Newly opened paddy soil has a morphological,
is produced from non-irrigated rice systems (BPSs chemical, physical and mineral composition
2006).Along with the increase of (1) food demand deépends on the characteristic of initial soil
due to increasing population, (2) the need forpropert!es. I_Drewous research r(_eporFs that_ the
housing and industrial, and transportation submeglngwnlcausesomechange in soil chemical
infrastructure, (3) competition between the water Properties. Ponnamperuma (1978) concluded that

requires for agriculture, industry and households, the submerging will reduce Eh, increases and
and (4) water pollution, therefore the availability decreases pH, and increases availability of
of extensive irrigated rice land for rice cultivation PhosphorusThis P element derived from the

becomes increasingly narrower and the scarce ofiPeration of an ineralPO, (KSP= 10> to form
irrigation water which in turn decreases rice Al(g)OH)3'wh|ch is more dficult to dissolve (KSP
production (Baghatt al. 1996; Bouman arituong 10%) (Dixonetal. 1977) and it can be derived from

2001; BPS 2002). In order to fulfill food security the solubility of mineral strengit (FeRQH,0).
Submerging of acid soil of newly opened paddy

soil causes the reduction of iron3F& Fé* and
Mn#* to Mr?*. Soils having high Fe oxide content
in the reduction environment will dissolve and harm
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to plants when the Fe content exceeds 2,000 MATERIALS AND METHODS
mgkg* (CSAR 1993) or when the concentration of
iron in the plant is more than 300 mgkghich is Sudy Site

the critical limit of iron toxicity to rice plant (Joseph
et al. 1996: Lokossou 2006), and Sulaeneal. Research had been conducted at the Research

(1997) found 260 mg Kijs critical limit in the soil. and SoilTesting Laboratory and Greenhouse of Soll

Other research obtained iron toxicity was appeared?€S€arch Institute using the soil sample from newly
when the iron levels in the soil are 20-40 mg L °Pened paddy soil (one year old) from the Pesisir
(van Breemen and Moorman 1978). Selatan districsMest Sumatra which classified as

Soil rich in active Mn and organic matter will Nceptisols (alluvial).
produce high M#t dissolved in 1 to 2 weeks after Research Design
submerging but it will decrease and stable at 10 mg
kg* (Randhawat al. 1978) meanwhile the critical Experimental design used was a Completely
limit of soil Mn is 15-60 mg kg (Black 1968). Randomized Design (CRD) with 3 replications, and

Increasing rice productivity of newly opened the treatment consisted of farmer rate; four levels
paddy soil can be obtained by application of of N, P and K fertilizer; three levels of straw
ameliorant such as ganic matter and lime. compost; N, PK fertilizer time application, and
Widowati and Rochayati (2008) have done researchdolomite As a base line, the treatment is illustrated
in South Kalimantan and concluded that ameliorantsat Table 1.
containing Ca, Mg and micro elements, and alsothe ~ Before the greenhouse experiment begin,
addition of N, PK and oganic matter were capable selected initial soil characteristics were analyzed
to improve the productivity of the newly opened namely texture (pipette method), pH,(HL:2.5),
paddy soil. Based on the above background, theorganic matterN (Kjeldahl method) and C-ganic
research was aimed to study the dynamics of pH(Walkley and Black method), Bray P-1 and K-exc
Fe and Mn, and P of newly opened paddy soil having(NH4OAc. pH 7.0), P and K potential (HCI 25%
high organic matter content on the rice growth, andextract), as well as micro-nutrient content ofAdle,
to examine the optimum rate of iiganic fertilizer Mn, and Zn (DTR extract).
dolomite and straw for rice growth. After collecting soil sample from 0 to 20 cm

soil depth, bulk soils were then homogenized and

Table 1.Treatments of the nutrient management research on newly opened paddy soil.

Urea SP-36 KCI Dolomite Straw Compost
No.Treatments - -
.................. kghd.............. . eeeeveeee Mg h& L
1. Farmers rate (FR) 0 0 0 0 0
2. FR+OM + dolomite 0 0 0 1 2
3. NPK recommendations (N-rec) 200 100 100 0 0
4. NPK-rec + OM 200 100 100 0 2
5. % NPK-rec + OM 150 75 75 0 2
6. % NPK-rec + OM 100 50 50 0 2
7. 1%NPK-rec + OM 250 125 125 0 2
8. NPK-rec (NK 3 times) 66.7 100 33.3 0 0
66.7 33.3 0 0
66.7 33.3 0 0
9. NPK-rec + OM + dolomite 66.7 100 33.3 1 2
(NK applied 3 times) 66.7 33.3 0 0
66.7 33.3 0 0
10. NPK-rec + OM + dolomite 200 100 100 1 2
11. NPK-rec + 1¥20M 200 100 100 0 3
12. NPK-rec + ¥%PO 200 100 100 0 1

"Air dry bases.
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weighed 5 kg per pot, submerged one day thensampling in pots without plants considered to be
mudded. The research had been prepared in tweepresentative of the pots with plants. Each soil
units, one unit for observed plant response to nutriensampling, the soil in the pot was mixed uniformly
management and another unit for incubation trial then takent 50 g of mud into centrifuge tube and
with the same treatment placed in the greenhousecentrifuged for 10 minutes at 2,500 rpm (Gotoh and
The mudded soil for trial using plant was incubated Patrick 1974; Leeper 1974). Clear extract or
for 7 days and planted. Rice seed “IR-42” was supernathan was separated from the soil using filter
immerged for 14 days and then transplanted fourpaperthen measured for Fe and Mn level by using
plants per potAt the age of 2VAT (week after ~ Atomic Adsorption Spectrofotometéfarian type
transplanting), 2 plants were thinned. Growth AA55 (AAS), available P (equivalent with using
parameters observed were plant height and numbeextract water) was measured using spectrophoto-
of tillers. meter at wavelength 636 nm.

Along with preparation of unit research for rice o ]
growth, also had been prepared unit incubationSatistical Analysis

studies placed in adjaceithe soil in pots without Obtained data was analyzed for mean
plants (incubati_on studies) was observed intensivelysigniﬁcam diference of the treatment usiAgova

for the behavior of pH, PO Fe and Mn by  (gpss \i5). In order to measure the variation of
sampling at 1, 3, 7, 14, 21, 28, 35, and 42TDA he data, standard deviation was calculated and
(days after transplanting). In the initial test result 5resented as error bar in the graph. Response curve
there was no significant dérence between soil pH 5 e5ch parameter asfefted by treatment was

in pot with plantand pH in incubation studies having piotted in aim to illustrate the parameter dynamics
coefiicient correlation 0.9602, so that the soil j, g0l having high aganic matter

Table 2. Initial soil characteristics of newly opened paddy soil of the Pesisir Selatan digsict,

Sumatra
Parameter Methods Value Criteria
Texture Pipette Clay
Sand (%) 4
Silt (%) 34
Clay (%) 63
pH H,O pH meter 4.68 Acid
pH KCI pH meter 3.57
C (%) Kurmies 8.12 Very high
N (%) Kjehdahl 0.44 Medium
CIN 18 High
Potencial-P and K HCI 25 %
RO 5 (mg kg") 497 High
KO (mg kg 550 High
Available-ROs (mg kg") Bray 1 6.4 Low
Cation exchange capacity NH4OAc pH 7.0
K (Cmol (+) 100 &) 0.05 Very Low
Ca (Cmol (+) 100 Q) 5.14 Low
Mg (Cmol (+) 100 &) 0.99 Low
Na (Cmol (+) 100 g) 0.09 Very Low
CEC (Cmol (+) 100 §) NH4OAc pH 7.0 29.49 High
Base saturation (%) 21 Low
Micro elements DTPA extract
Fe (mg kg) 241.8 Limit 260 mg kg
Mn (mg kg') 34.7 Limit 15-60 mg kg*
Cu (mg kg) 0.94
Zn (mg kd) 0:42

"Assessment criteria are based on the results oA8allysis (Balittanah 2005).
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RESULTS AND DISCUSSION in general soil pH in submerged condition will
increase close to neutral. The dynamics of soil pH
Soil Characteristics on the farmer rate did the lowest than other

treatmentsThe low pH dynamics because the
Characteristics of soil used in the study were treatment of farmer rate was not added any fertilizer
as follows: clay texture, acid pH, very high C-organic and ameliorant or it was called as control soil.
content (8.12%), high P and K HCI 25% content According to Ritvo, et. all (2002), when an acid soil
(Table 2)This soil had medium soil chemical fertility  js high in reduced Fe form, soil pH will reach a
In order to support plant growth the limiting factor neutral pH after few weeks submerging, this is in
should be eliminated or reduced. The nwainstraint  accordance with the observations obtained pH 7
was the low-available K (0.05 cmolRgnd available  after two weeks incubation. Iron toxicity could occur
iron with value 241 mg kgFe (critical limitin soil  at pH normal value in condition if redox potential
solution is 260 mg kg Sulaemaret al. 1997) and  was about 10-125 mVand oxygen content was
34.7 mg kg Mn (critical limit in soil solutionis 15-  pellow 3-4 mg * in soil having high carbon content
60 mg kg', Black 1968). (Audebert 2006).

Dynamics of Soil pH Dynamics of Ferrum

Soil reaction observations showed a drastic Ferrum measurements at first day incubation
increase in the average of 1.5 units from the firstwere on average of 0.18 mg F& and continued
week up to the third week incubations and stable ato increase up to1l1 mg Fe L at 9" weeks
value 6.5 to 7 up to the end of incubation (Figure incubation (Figure 2). In other words, the iron levels
1). Reduction process consumes proton, thereforevere are still below the critical level (20-40 mg)L

which could be harm to the pladtccording to
Tadano antYoshida (1978), acid paddy soil rich in

7.5 organic matter and high-active iron ¢Pewill
produce high Fe concentration at the first few
7.0 days of flooding, then decrease and stabilize at levels
of 50-100 mg kg (EDTA method).The curve
6.5 1 pattern of all treatments west almost similar as the
time-incubation andhere was a tendency to
6.0 decrease in 42 days after incubation. Iron
I concentration in the soil solution which can cause
S 55 iron toxicity in the soil according to some research
n results depends on soil pH (Noor and Jumberi 1998).
Concentration in the soil at 100 mgkge with a
5.01 pH of 3.7 and the concentration of 300 mg:Kkee
with a pH of 5.0 can be poison to the planesddno
4.5 andYoshida 1978)The study of Sulaimast al.
(1997) showed the critical limit concentration of Fe
4.0 (extraction of N NH,OAc pH 4.8) in the soil can

1 3 7 14 21 28 35 42 cause iron toxicity to rice planted in the tidal area
which is 260 mg kg Fe, whereas the critical limit
of Fe toxicity in plant tissue of rice “IR-64" is 200

Figure 1.Dynamics of soil pH with incubation time M9 Kg' Fe. o _ _
of newly opened paddy fields having high Although Fé* concentrations in the soil solution
organic matter conte——= Farmer rate, ~Were still below the toxic limit, there was a tendency

—+— = Farmer rate + OM + dolomite, F€" affeced the rice growth which were marked
—s— = NPK-rec —+— = NPK-rec + OM, DY slow growth of transplanted seedlings (10 days)
e =, NPK-‘rec + OM—— = 15 and there were rust spots on older leaydter
NPK-rec,—8— = 1% NPK-reC-—s-. = two WAT the rice plant grew normallyPlants can
NPK-rec (NK 3x), - = NPK-rec + grow normally because the soil redox condition _of
OM + dolomite (NK 3x)##-- = NPK- the flelgls reach the sequence of thermodynamics.
rec + OM + dolomite—&-- = NPK-rec + According to Patrick and Reddy (1978), stages or
1% OM, anc—<—= NPK-rec + % OM. sequences of reduction process has finish at an

Time of observation (days)
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Figure 2. Fe levels in the soil solution of newly Figure 3. Cumulative levels of Mn in newly opened
opened paddy fields having higtganic paddy soil having high ganic matter
matter contenti——= Farmer rate—— content.—#—= Farmer rate ——

= Farmer rate + OM + dolomit—=— = Farmer rate + OM + dolomite——

NPK-rec ,—— = NPK-rec + OM,—s— NPK-rec —— = NPK-rec + OM —s— =
= %4 NPK-rec + OM—+— =% NPK- % NPK-rec + OM—+— =% NPK-rec,
rec,-g-- = 1% NPK-rec-s- = NPK- @ = 1% NPK-rec -+ = NPK-rec
rec (NK 3x),#- = NPK-rec + OM + (NK 3x), —#- = NPK-rec + OM +
dolomite (NK 3x),--#- = NPK-rec + dolomite (NK 3x),--#- = NPK-rec +
OM + dolomite,—&-- = NPK-rec + 1% OM + dolomite,~&-- = NPK-rec + 1%
OM, and-—=+--= NPK-rec + 2 OM. OM, and--=--= NPK-rec + % OM.
average of 12 to 14 days after submerging. It is in
accordance with the finding of this research. ‘To observe the &dct of treatment on the levels
of dissolved Mn, the data was made in the form of
Dynamics of Mangan cumulative (Figure 3). From the graph it can be

_ seen that the treatment of NPK recommendation
'Dynamlcs of th_e obser'ved Mn showed no had the highest soluble Mn levels, and the treatment
partlcular patternAt first day mcuba’gon Mnwas ¢ cormer rate + OM + dolomite had the lowest
in the aveiage of 3.39 mg Mnl_land increased 10 g pje Mn. Low levels of Mn in this treatment might
11'1_ mg L* at 2 weeks mcubgtlon, then the levels be caused by the addition of organic fertilizer
Mr_11|n the solution decreased in the average of 8 mg(compost straw) and dolomite which suppressed Mn
k_g up to 6 weeks. The trend was closed 1o thesolubilityin water soluble form. Regarding with plant
finding of van Breemen and Moorman (1978) on response, Shahlam et al. (2003), reported
the solubility of Mid* in acid soil that is rich in active additional K can partially alleviate the symptoms
manganese and soilgzmic matter the soil solution of Mn toxicity and Mn-induced Fe deficiency in

produced high soluble Mnat 1-2 weeks then .o seediings and significantly improves plant
decreased and stabilized at level of 10 mé kgn growth

toxicity rarely occurs in lowland rice. Despite high

Mn concentrations in solution, Mn toxicity is Dynamics of Phosphorus

uncommon because rice is comparatively tolerant ) ) )

of large Mn concentrations. Rice roots are able to ~ Available phosphorus increased firstly at 2

exclude Mn and rice has a high internal tolerance'Ve€kS incubation and then the trend was varied

for high tissue Mn concentrations (Dobermann anddePeénding on treatment (Figure 4). The highest

Fairhurst 2000). available phosphorus was from the treatment of
NPK + OM + dolomite. The availability of
phosphorus was related to soil pH in which when
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Figure 4. Cumulative levels of POin the soil fertilizer to the numberof tillers (NPK
solution of newly opened paddy soil dosages 1 x equivalent to 200 kg Urea, 100
having high organic matter content. kg SP36, and 100 kg KCI fip
—a—= Farmer rate—— = Farmer rate
+ OM + dolomite,—— = NPK-rec , 607
—— = NPK-rec + OM,—— = % 501
NPK-rec + OM,—+— =% NPK-rec,
~-f-- = 1% NPK-rec-—«-- = NPK-rec 2 40
(NK 3x), %= = NPK-rec + OM + 2 30
dolomite (NK 3x),-#-- = NPK-rec + &
OM + dolomite~&-- = NPK-rec + 1% ~ 20/
OM, and--=---= NPK-rec + %2 OM. 10

soil pH increases and reach the peak then 0
phosphorus is more available. Reduction of ferric
form into ferrous promotes the released of soluble

phosphorus into soil solutiorurthermore, an  Figure 6. The number of tillers in response to straw
increasing of soil pH also causes the release of compost rate in the research of nutrient

phosphorus from ferry-phosphate (Fe-P) A& management on newly opened paddy soil.
(Patrick and Reddy 1978). This was an evidence

that the availability of phosphorus was controlled
by pH and F& and it was started from 2 weeks
incubation.

Farmer NPK-rec NPK-rec NPK-rec NPK-rec+
rate +% OM OM 1% OM

those matters was followed by the increasing of
phosphorus availabilityit can be stated that plant
growth was related to the dynamics of pH, Fe, Mn
Plant Growth and P Generally high levels of Fe in the soil were
_ _ capable to suppress Mn uptake by plants, therefore

The transplanted seedlings at the first weeky 5ol having high Fe content would show minimal
showed slow adap_tati_on a_nd afterw_ards started tQyn toxicity (Todano antfoshida 1978). Naturally
grow at day 10. This situation was different from e plants also had ability to refuse Mn absorptions.
the general rice growth on the intensified paddy Tillers number per hills number as a response
fields, where at the fourth day of transplanting the of NPK level showed that applications of %2 NPK
seedlings started to growl{r). The soil produced 5nd 3, NPK were inadequate for optimum growth
sulfur (H,S) and had a strong smell and also there(Figure 5) After reaching 0.875 dosage of NPK or
was the presence pf an oily layer from the reducedequa| to 175 kg of urea, 87.5 kg SP-36 and 87.5 kg
Fe at the planting time up to 10-14 DAfter the  of KCI, the number of rice hills was not different
smells and oily layer began to decrease, the riceyjth the higher rate. So that the dosage of fertilizer
plant showed good perform. The disappearance ofngre than 0.875 NPK was inefficient, and over
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50 of Fe and increaskproduct quality which
45 accordance with research result\Wfdowati et
40 al. (2003) on newly opened paddy soil in South
35 Kalimantan.

3 30

E 25 CONCLUSIONS

c 20

% 15 Specific nutrient management is required on
10 the newly opened paddy field having higlgamic
5 matter content. Consideration has to be focused on
0 pH stability as indicator of thermodynamic

Farmer  NPK-rec NPK-rec+  NPK-rec + equilibrium, where it was reached at 14 days of
rate + OM  OM + dolomite OM + incubation. The phosphorus availability increased
(NK 3x) dolomite after iron and mangan reached redox sequences.
In order to prevent reduction process moves too
Figure 7.The number of tillers in response to |ow, application of low eney omganic material such
dolomite application in the research of s rice straw compost is one alternative.
nutrient management of newly opened Optimum anaganic fertilizer was obtained
paddy soil. 0.875NPK or equal to 175 kg of urea, 87.5 kg of
SP-36 and 87.5 kg KCI RaThe anoganic fertilizer
fertilization was susceptible to contaminate can be combined with two tons of straw compost
agricultural environment. having 20% increment, and with ameliorant

To measure the influence ofgamic matter on ~ dolomite having 2-3% increment.
plant growth, rice straw compost rate was made in

three levels of ¥ dosages (1 Mga 1 dosages ACKNOWLEDGEMENTS
(2 Mg ha'), and 1 ¥ dosages (3 Mg hHaThe _
number tiller of hills tended to increase but it was ~ The research was funded by SINProject
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