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Table 4. Nutrient taken up by rice grain and rice straw of Ciliwung variety planted in newly opened
wetland rice in Panc&gung site, Bulungan District.

N uptake P uptake K uptake
Treatments - . - - - - — -
Rice Grain Rice Straw Rice Grain Rice Straw Ricair Rice Straw
.................................................. i i D ———
TO 28.11 33.70 2.01 2.30 5.77 90.00
T1 35.34 24.82 2.67 2.76 7.72 117.81
T2 35.84 43.67 2.79 4.02 6.49 149.60
T3 4453 40.37 4.42 3.25 9.94 142.62
T4 54,91 46.80 9.01 4.68 9.44 161.72
T5 46.36 37.73 6.46 6.29 8.36 148.29

In line with the nutrients concentrations, the N, ranged from 34 to 107 kg N fiaeason, depending
P, and K uptakes were also feifent among the  on rice varietyKemmler (1971) observed that with
treatments (able 4).This was due to a significant 3 yield of 5 Mg ha season, between 90 and 100
increase of rice plant weights during rice growth kg N, 20 and 30 kg,®0 and 80 kg K are removed
and their concentration$hese results confirm to  from the field by high yielding varieties.
the findings reported by Sukristiyonubowo (2007) sykristiyonubowo (2007) concluded that total
that N, P and K uptakes increased in relation to thenytrient removal through rice grains and rice straw
rice growth and the highest N, P and K uptakesgf |R 64 variety varied from 88 to 164 kg N, 8 to 16
were taken place at harvest stage. Compared tqqg p and 104 to 198 kg K Haseason in the wet
TO (farmers practices), T1 (farmer practices + straWseason year 2003-2004 and from 94 to 165 kg N,
compost + dolomite) toTS (NPK with 10 t0 18 kg Pand 107 to 179 kg K Heseasonin
recommendation rate in which N and K were split the dry season year 2004.
two times + straw compost + dolomite) treatments  The nutrients removed through harvest product
showed higher N, P and K uptakes, indicating g|so meant that about 137 to 226 kg urea, 22 to 68
sufficient nutrients were needed during rice growth kg TSPand 190 to 339 kg KCI Haseason were
and development. The results also confirmed thatiaken out from the field via rice grain and rice straw
the highest N, P and K uptakes were observed inTherefore, to avoid nutrient mining and to maintain
T4 (NPK with recommendation rate + Compost + jts inherentsoil fertility about 137 to 226 kg urea,
Dolomite, in which N and K were split three time 22 to 68 kgTSP and 190 to 339 kg KCI ha
50% at planting time, 25% at 21 DAnd the rest  seasort should be added. Like ifi4, the urea
given at 35 DA). The highest nutrient uptakes were and KCI $iould be split three time 50% at planting
about 59.91 kg N, 9.01 kg Bnd 9.44 kg K h&  time, 25% at 21 DARInd the last at 35 DARs
season and 46.80 kg N, 4.68 kg Bnd 161.72kg  recently the spirit of Indonesian agriculture
K ha' season for rice grains and rice straw practices is applying more ganic farming, the
respectively application of 250 kg urea, 100 kg SP-36 and 100

As in fact only rice residues were left in the kg KCI hat season plus 2.000 kg compost made
field, the nutrient amounts taken up by rice straw rice from straw and 2.000 kg dolomite -ha
and rice grains reflected the nutrients removal fromseason can also be concerned.
the field through harvest produghe total removal

ranged between 61.81 and 101.71 kg N, 4.31 and CONCLUSIONS
13.69 kg P95.77 and 171.16 kg K haseason
depending on the treatments and indeedTihe Depending on the inputs, total nutrients removal

treatment showed the highest nutrient removal bythrough rice grains and rice straw varied from 61.81
harvest product. Similar ranges have been reporteénd 101.71 kg N, 4.31 and 13.69 kg©B.77 and

in other studies. Uexkull (1970) found that about 171.16 kg K ha season. These were equal 37

77 kg N, 14 kg Pand 151 kg K haseasorhwere  to 225 kg urea, 50 to 160 kg SP-36 and 190 to 339
removed through rice straw and rice grains duringkg ha' season. Therefore, to replace the nutrients
a wet season by a high yielding variefhese  taking away by harvest product and to manage its
amounts were higher than those removed by arsoil fertility those amount of mineral fertilisers should
improved local variety Sanchez and de Calderon be added, besides to keep the quantity and quality
(1971) also noticed that the N uptake at harvestof rice yields.
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Table 2.Rice biomass production of Ciliwung variety afadént treatments and their
enhancement compared to farmer practices cultivated in newly opened wetland rice
at Panca@\gung site, Bulungan District.

Treatment Biomass Production ( Mg Hj Increasing rice grain yield

Rice Residue Rice Straw Rice Grain Mg'ha %

TO 276+0.4c 3.83+0.4b 251+0.6d -

T1 3.05+0.4 bc 3.94+0.7b 2.97+0.03 cd 0.46 8 1

T2 3.61+0.2ab 5.02+0.5a 3.09+0.3bc 0.58 23

T3 3.90+0.2a 4.64 +0.6 ab 3.68 £ 0.4 abc 1.17 47

T4 401+0.1a 5.20+0.4a 429+04a 1.78 71

T5 418+0.3a 5.24+0.2a 3.80+0.3ab 1.29 51

CV (%) 16.55 15.47 20.41

Note: The mean values in the same column followed by the same letter are not statistieatindily DMR test.
TO: Farmer Practices (as control); T1: Farmer Practices + Compost + Dolomite; T2: NPK with recommen-
dation rate; T3: NPK with recommendation rate (N and K were split 3x); T4: NPK with recommendation
rate + Compost + Dolomite (N and K were split 3x); T5: NPK with recommendation rate + Compost +
Dolomite.

T4 (NPK with recommendation rate + Compost + Nuytrient Concentrationsand Nutrient Removal
Dolomite, in which N and K were split #s time  jn Rice Harvest Products

50% at planting time, 25% at 21 DAand the rest

was given at 35 DR) showed the highest rice The results indicated that the concentrations
residues, rice strawand rice productions, and ©f N, B and K in rice grain and rice straw in all
significantly diferent with others treatmenthe treatments increased compared to farmers practices
yields reached were about 4.01 + 0.1; 5.20 + 0.4 and Table 3).The highest concentrations of N,&nd
429+0.4 Mg ha& for rice residues’ rice Strawnd K in rice grain and rice straw were observed at T4
rice grain, respectivelyCompared tar0 (farmers ~ (NPK with recommendation rate + Compost +
practices), the improvement was about 1.78 Mg ha DOIOmite, in which N and K were Spllt three time
or 71%, 1.37 or 26% 1.25 or 45% for rice grain, rice 90% at planting time, 25% at 21DAnd the rest
straw and rice residues, respectivélge farmers ~ given at 35 DA), indicating more nutrient quantity
mentioned until one year after conversion to wetlandWas taken up by rice grain and rice stravaddition,

rice areas, the rice yield was considered high,these also mean more nutrients were removed by
reaching 2.0 - 2.5 Mg Haafterward reduced to 1.0 fice grain and rice strawf he concentrations of N,

- 1.5 Mg hd. Therefore, these findings mean that P. and K in rice grain were 1.28% N, 0.21%aRd
application of NPK with recommended rate plus 2 0.27% K and in rice straw were 0.90% N, 0.12%
Mg dolomite ha and 2 Mg compost Hare essential P and 3.1% K.

to enhance and sustain rice yield of newly opened ~ The data also suggested that the concentrations
wetland riceThese make improving of soil fertility ~0f N.and P in rice grain were higher than in the rice
resulting in more nutrients available for rice growth Straw This presumably because of higher protein
(Sukristiyonubowet al.2011). contents in rice grain than in rice straw

Table 3. Nutrient concentrations of rice grain and rice straw of Ciliwung variety planted in newly
opened wetland rice in Panigung site, Bulungan District.

N concentration P concentration K concentration
Treatments - - - - - - — -
Rice Grain Rice Straw Rice Grain Rice Straw Ricair Rice Straw
........................................................... L S
TO 1.12 0.88 0.08 0.06 0.21 2.35
T1 1.19 0.63 0.09 0.07 0.26 2.99
T2 1.16 0.87 0.09 0.08 0.23 2.98
T3 1.21 0.87 0.12 0.07 0.27 3.16
T4 1.28 0.90 0.21 0.12 0.22 3.11

T5 1.22 0.72 0.17 0.09 0.22 2.83
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Table 1.The detail treatment of thefe€t of NPK fertilization, dolomite and rice straw compost
in newly opened wetland rice.

Urea SP-36 KCI Dolomite Compost

Code Treatment (kgha’ (kgha) (kgha) (kgha) (kg had)
TO Farmer practices (as control) 100 100 - - -
T1 Farmer practices + Compost + 100 100 - 2000 2000

Dolomite
T2 NPK with recommendation rate 250 100 100 - -
T3 NPK with recommendation rate 250 100 100 - 2000
(N and K were split 3 times)
T4 NPK with recommendation rate + 250 100 100 2000 2000
Compost + dolomite (N and K were
split 3times)
T5 NPK with recommendation rate + 250 100 100 2000 2000

Compost + dolomite

Note: T3 =NPK with recomendation rate, in whidhand K were split three time 50 % at planting time, 25 % at Z1&A
the rest given at 35 DA T4 = NPK with recommendation rate + Compost + Dolomite, in which N and K were split
three time 50 % at planting time, 25 % at 21IDekd the rest given at 35 DA

after transplanting (DR). For the treatmefit3and  Laboratory of the Soil Research Institute, Bogor
T4, urea and KCI were split three times namely Samples were washed with deionised water to avoid
50% at planting time, 25% at 21 D/And the last any contamination, and dried at®T®@ The dried
25% was given at 35 DIA Dolomite as much as 2 samples were ground and stored in plastic bottles.
Mg hat and rice straw compost of about 2 Mgtha Nitrogen was determined by wet ashing using
were broadcasted a week before planting. Theconcentrated t80, (97%) and selenium, while P

detailed treatment is presentedrable 1. and K were measured after wet ashing using HCIO
_ and HNQ (Soil Research Institute 2009).
Plant Preparation Nutrient removal by harvest product was

calculated according to sum of nutrient taken away
by rice grain and by rice straMutrient removed

by rice grain was estimated based on rice grain yield
multiplied by nutrient concentration in the grains.
Meanwhile, nutrient taken out by rice straw was
calculated according to the total rice straw

Ciliwung rice variety was cultivated as plant
indicator Transplanting was conducted at the end
of June 2009 and harvest at the beginning of
October 2009Twenty-one-day old seedlings were
transplated at about 25 cm x 25 cm plant and row

spacing with about three seedlings per hill. Rice production multiplied by nutrient concentration in

biomass productions including grains, styand . the strawAccording to Sukristiyonubowo (2007)

residues were observed. On a hectare basis . . . . " .
biomass productions were extrapolated from as the rice residue is remained in the field, therefore
1SS P POl . it is not considered as nutrient taken out by rice
sampling areas of 1 m x 1 ifhese sampling units
harvest products.

were randomly selected at every plot. Rice plants
were cut about 10 to 15 cm above the groundSatistical Analysis

surfaceThe samples were manually separated into

rice grains, rice strawand rice residues. Rice All data were statistically examined by analysis
residues included the roots and the part of the sten®f variance (ANOM) and computed using software
(stubble) left after cutting. Fresh weights of rice SPSS program. Means were compared to Duncan
grain, rice straw and rice residue were Multiple RangeTest (DMRT) with a 5% degree of

immediately weighed at each sampling unit. confidence.

Harvesting and Observation RESULTSAND DISCUSSION

Plants were sampled at harvest and were
collected from every plot, one hill per pldtfter
pulling out, the plant roots were washed with canal Al treatments significantly enhanced the rice
watet For the laboratory analyses, the samples wereniomass production, namely rice residues, ricestraw
treated according to procedures of fwmlytical  and rice grain (@ble 2). In addition, at the treatment

Rice Production
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production, proper management practices using morgKaleeswari and Subramanian 20@%)other study
organic matter plus liming, and inorganic fertilizer reported that applications of téfent sources of
are recommended (Fageria and Baligar 2001;organic matter in the rice-wheat cropping system
Fenning et al 2005; Yan et al. 2007; statistically increased total uptake of N,aRd K
Sukristiyonubowaet al.2012; Sukristiyonubowet and rice yield (Singkt al. 2001).Therefore, it is

al. 2011; Sukristiyonubowo and Du Laing 2010; interesting to study nutrient removal by harvest
Sukristiyonubowo and Tuherkih 2009; product and to properly manage its fertility status to

Sukristiyonubowoet al. 1993; Whitbreadet al. sustain rice farming in newly opened wetland rice.
2003).The efects of fertilisers on crop production
in terms of quantity and quality of yields have been MATERIALSAND METHODS

studied and well documented. Many researchers

reported that application of mineral fertilisers Sudy Sitesand Design

increases rice yield and the responses to fertilisers . . _ _ _
vary depending on varieties, soil-climate, and cultural ~ Field experiment was carried out in Ultisols
practices (Miret al. 2007; Sukristiyonubowo 2007; Soils of Pancagung Village; Bulungan District,
Choet al. 2002 and Chet al 2000; Fageria and €ast Kalimantan Province (Figure 1) in 2009 from
Baligar 2001; Soepartini 1995; Uexkullg®). June to October 2009. _

Many studies reported that the uptake of Six treatments were tested including TO:
nutrients depends on varietyultural practices, farmers practices (as control)l: farmer practices
nutrients supplyand climate (Sukristiyonubowo * Straw compost + dolomitef2: NPK with
and Du Laing 201; Sukristiyonubowo arituherkih recommendation rate, in which N and K were split
2009; Yanget al. 2004; Sukristiyonubowet al. two times,T3: NPK with recommendation rate, in
2003; Singket al. 2001; Kemmler 1971; Sanchez Which N and K was split three timés}: NPK with
and de Calderon 1971; Uexkull 1970). In accordance'€commendation rate in which N and K were split
with variety and climate, Swistiyonubowo (2007)  three times + straw compost + dolomite, &i&d
and Uexkull (1970) observed that the total nutrients NPK with recommendation rate in which N and K
removals through rice grains and rice straw in thewere split two times + straw compost + dolomite.
wet season ranged from 77 to 163 kg N, 14 to 16 kgThey were arranged in Randomized Completely
P, and 150 to 198 kg K Haseasorn and these were  Block Design and replicated three timéhe plot
lower than in the dry seasoficcording to Uexkull ~ sizes were 5 m x 5 m with the distance among plot
(1970), high yielding rice variety needed about 2.5 Was 50 cm and between replication was 100 cm.
times more N and P and 4.5 times more K than the\PK fertilizer used originated from single fertiliser
traditional varieties. Furthermore, Sukristiyonubowo Namely urea, super phosphate-36 (SP-36) and
(2007) and Uexkull (1970) reported that nutrient Potassium chloride (KCI). Based on the direct
concentrations in high yielding varieties from 1.50 measurement with Soflest Kits for wetland rice
to 1.59% N, 0.19 to 0.32% P and 0.30 to 0.37% K (Perangkat Uji @nah Sawa}j the recommendation
were found in rice grains and from 1.05 to 1.28% rate was determined about 250 kg urea, 100 kg SP-
N, 0.09 to 0.14% P and 1.78 to 2.47% K were 36 and 100 kg KCI hi while the farmer practices
observed in rice stravHence, nutrients removed rate was 100 kg urea and 100 kg SP-36.ha
through harvest products of high yielding varieties Treatment§2 andT5, urea and KCI were applied
were higher than local varieties. Depending on two times, 50% at planting time and 50% at 21 days
nutrient inputs and climate, the total nutrients
removed through harvest products of high yielding
varieties ranged between 192 and 248 kg N, 24 anc .
34 kg P 125 and 198 kg K hha yrt T
(Sukristiyonubowo and Du Liang 2010; Uexkull _é - g
1970). Yang et al. (2004) observed that f#¥% ; = < East Kalimantan,
incorporation of organic manure in alternating wet A
and dry water regimes significantly increased N, P %
and K uptakes by the rice plants and facilitated P y
translocation of P to rice panicles and grains. '

Significant improvements in nutrient uptake, rice

grains and rice straw yields were also observed in

trials combining 12.5 Mg hiaof Gliricidia leaves

manure with inorganic phosphate fertilizer Figure 1. Map of location of experiment.

LT i~ |
§ ol Bulungan District
b’
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ABSTRACT

Highly weathered Indonesian soils and potential acid sulphate soils are mainly granted for developing newly
opened wetland rice field to meet rice growing demand in Indonesia. Nutrient removal by rice harvest product of
Ciliwung variety planted in newly opened wetland rice was studied in Bulungan District, in 2009. The aims were to
examine the nutrient taken out by rice harvest product and to properly manage its fertility status to sustain rice
farming. Six treatments were studied including TO: farmers practices, T1: farmer practices + compost + dolomite, T2:
NPK recommended rate, N and K were split two times, T3: NPK recommended rate, N and K were split three times,
T4: NPK recommended rate, N and K were split three times + compost + dolomite and T5: NPK recommended rate,
N and K were split two times + compost + dolomitke results indicated that the highest concentrations of N, P

and K in rice grain and rice straw were observed at NPK with recommendation rate in which N and K were split three
times + straw compost + dolomite (TZheT4 (NPK with recommendation rate in which N and K were split three
times + straw compost + dolomite) also showed the highest nutrient removal by harvest product. Depending on the
treatments, total nutrients removal through rice grains and rice straw varied from 61.81 to 101.71 kg N, 4.31 to
13.69 kg P and from 95.77 to 171.16 kg K! Baasori, meaning that at least about 137 to 225 kg urea, 50 to 160

kg SP-36 and 190 to 339 kg KClhseason should be given to replace nutrient removed by harvest product and

to avoid any nutrients depletion. When all rice straws were returned to the field as compost, about 55 to 133 kg urea,
2510 110 kg SP-36 and 10 to 19 kg KCtisaasor should be added to substitute nutrient removed by rice grain.

Keywords Newly opened wetland ricautriert removal, rice harvest product

INTRODUCTION purposes, and c) water pollution reducing total
harvest areas are also agriculture challenge ahead to

In Indonesia over two third of total population systain rice security (Baghat al. 1996; Bouman
depend on agricultural sector and wetland rice playsand Tuong 2001; Sukristiyonubowo 2007;
an important role in sustaining food security and Sukristiyonuboweet al. 2011).
building rural livelihood like providing job and Highly weathered Indonesian soils as well as
income.Therefore, rice is not only takingfe€t in  potential acid sulphate soils in outside Java and Bali
social and economic aspects, but also political life |slands are mainly granted for developing newly
in Indonesia. Howeverrecently the Indonesian opened wetland rice field to meet rice growing
agricultural faces many problems including demand in Indonesid@he soils are acidic with low
producing more rice with limited soil and water to natural level of major plant nutrients, but having
meet rice growing demand. In addition, in rice toxic levels ofAl, Mn and Fe (Sudjadi 1984;
farming, application of fertilizers rate and crop Sukristiyonubowoet al. 2011). Theoretically the
residue managementfaif among farmers within sub  soils fertility status can fctively be improved with
district, resulting variability in production and soil addition of mineral fertilisers and balance
fertility propertiesThe shrinking of agricultural land  fertilization of N, P and K promote microbial
and harvest areas in Indonesia due to: a) increasingiomass growth as well as improve community
agricultural land conversion to non-agricultural composition (Dobbermanet al 1996; Zhang and
purposes, b) increasing water competition amongwang 2005). Howevefor the smallholder farmers
agricultural sector and industrial as well as domesticincluding the farmers living in transmigration areas,
the costs to purchase the fertilisers are probldra.
chemical fertilizer in enough quantity is beyond

J Trop Soils, V. 17, No. 2, 2012115-120 their financial reach. Consequently sustain crop
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