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ABSTRACT

Ferrous toxicity is a one of the problems most often found in lowland rice systems in tropical and sub-tropical region
especially in new paddy field (NPF) on Ultisols and Oxisols. Flooding during rice growth creates a chemically
reduced state in soils causing reduction of insolubl&)fesoluble (F&) form even at excessive level. Excessive

Fe* uptake is eventually the main cause of iron toxicitye purpose of this study was to find an appropriate
formulation of oganic fertilizerTithonia plus (OFTP) to control the iron toxigitgduce the application of commercial
fertilizers (CF) and increase rice production at various ages afTtieField experiment was conducted in farmer
fields in Sitiung, Koto Baru sub-district, Dharmasraya distritéest Sumatra province. Experimental design used
was a factorial 2 x 6 in a split plot design. The main plot (A), the age of the opening of NPF were: 0 year;and 2 years;
Subplot (B) a formulation of OFTP were: 2 Mg Tithonia' ka75% of CF; 2 Mg Tithonia hat+ 5 Mg rice straw

ha® +50% of CF; 4 Mg Tithonia hia+ 25% of CF and three treatmens without Tithdmicd Mg rice straw ha+

75% of CF; 2 Mg animal cow manure'ha75% of CFand 100% of CR.iming with 500 kg CaCOhat'were applied

for all treatmentsThe results showed the use of OFMEreased the nutrients availability such as Nyriél K on

NPF and control the iron toxicityhe appropriate formulation of OFT&control the iron toxicity and reduced the
application of chemical fertilizer for higher rice production at NPF were two options: (1) 2 Mg of Tithdri& hag

of rice straw hd + 50% of commercial fertilizers; and (2) 2 Mg of Tithonia' ka75% of commercial fertilizers. In this

case the reducing of commercial fertilizers application were 50% and 25%, respectively

Keywords Iron toxicity, new paddy fieldTithonia, oganic fertilizer

INTRODUCTION year of 2002 and imported rice was still about 1
million Mg in year of 2009 (BPS 2010).
The diminution of rice field because of Development of new lowland paddy (NPF)

conversion to non-paddy fields in Indonesia, /€2 is one solution to overcome this
especially in Java, is the main cause of decline inProPlem. Howevercultivation of rice at NPF face
rice production. Data reported Bgus (201) various problems, espea_ally ferrous*(él}'_mxmlty _
showed that between 1981 and 2006, the averag@eside of the poor nutrient content in the soil.
annual conversion was about 90,000 ha and the ratE'00ding the NPF led to increase the reduction of
of conversion far exceeding that of development iNSoluble Fé& to soluble F& form thatpotentially
that caused the reduction in total lowland rice area'®aches peak values 2—-8 weeks after soil flooding
from 8.4 million ha in 1993 to 7.8 million ha in 2006. (Swarup 1988; Patra and Mohany 1994) and remains
It caused diminishing rice production and increasedconstant thereafter (Sadare al. 1995).
importation of rice to meet the national consumption Ponnamperuma (1984@ecker andAsch (2005)
every yearPeak of rice importation was occurred found thatthe concentrations Fecould become
in year of 1998 as much as 5.9 million Mg higher than 600 ppm after 'Fwo weeks of flooding
(Sumodiningrat 2001), decline to 2.5 million Mg in andSahrawat (2010) ar@hérifet al. (2009)found
in particular soil, g contentould reach higher than
2,000 ppm depend dhe duration of submergence.
From a series of researches uslithonia as
organic fertilizer to improve soil fertility showed that
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Tithonia was able to improve soil fertility by reducing addition as decomposers, lime as CgQéaddy
acid content andl saturation of soil, increased soil straw and N, PK, and Mg nutrients in CF form
pH, soil organic mater content, and soil nutrient of equivalent to 50% crop needs. Utilization of OFTP
N, B K, Ca, and Mg levels (Hakim amgustian to maize produced 6.7 Mg haf maize grain yield,
2003; Hakimet al. 2006). In addition, Gusnidar and about 2.2 Mg Haf soybean grain yield, whereas
(2007) noted that decompositionfahonia releases the application of CF was reduced as 50%.
the nutrients of N,,/, and others and also produce Based on the results obtained in dryland of
organic acids such as acetic, propionic, salicylic, Ultisol, OFTP can be expected to improve soil
citric, succinic, and tartaric acid. These organic fertility of NPF, eliminate iron (F8) toxicity, as well
acids potentially dissolve the insoluble form of P and as provide a number of nutrients NKPand Mg to
K in soil that make it more available to plant and support rice growth. Dharmasraya District is a
form chelate potentially with Fe aAd. newly area for the NPF development that are facing

Tithonia (Tithonia diversifolia) or Mexican  the problem of iron toxicity and low of soil
sunflower is a shrub plant containing high nutrients fertility. Therefore, this research was conducted at
particularly N and K about 3.5% and 4.1%, the NPF in Sitiung, Dharmasraya districtWwést
respectively and 0.38%, RJamaet al. 2000; Sumatra province, Indonesia.
Sanchez and Jama, 2000). Beside of high containing  The research objectives were to find an
in N and K,Tithonia also contains Ca 0.59%, and appropriate formula of ganic fertilizefTithonia plus
Mg 0.27% (Rutungat al. 1999). Hakim (2002) (OFTP) to alleviate of iron toxicity at the new paddy
reported that within the top of 50 cm ®ithonia  field (NPF), reduced the application of commercial
collected from several locations West Sumatra fertilizers (CF) and simultaneously increased the
contained of nutrients with an average 3.16% N; production of rice.
0.38% P; and 3.45% K.

Take and advantage from rapidityTathonia MATERIALS AND METHODS
growth, it is showrthatTithonia can be cultivated
in dry land of Ultisols as alley fence with 5 m width |_ocation and Experimental Designs
pattern (2,000 m row Hx or as the garden fence . )
with 10 m x 10 npattern (1,900 m row Ky and Fleld_ experiment was conducted N_PF area
it may be prunned every two monthsitiVthis located in S|t|_ung, Koto Baru sub-Q|str|ct,
Tithonia cultivation techniques, it produced 6.6 to Dharmasraya districivest Sumatra province of
6.8 Mg of dry matter (about 40 Mg of freSithonia) IndonesiaThe experlmen_ts were done swhﬂg_ust _
that contained about 150 to 240 kg N and 156 tot® November 2009. Soil were analysed in Soil
245 kg K nutrients per year per 0.20 ha (Hakim andScience Laboratory ofndalas University in
Agustian (2003). Hakinet al. (2007) processed Padang. The experiment was designed based on
the biomass dfithonia obtained into ganic fertilizer ~ the results that obtained in pot experiments in
Tithonia knows as “Qanic Fertilizefithonia Plus” ~ 9reenhouse previously (Hakiet al. 2009). The
(OFTP) for corn and soybean on dry lands of factorial 2x 6 in split plots design were used in this
Ultisol. The OFTP is organic fertilizer made from field experiment with 3 blocks as replication that
prunnedTithonia with Sardec and Trichoderma ~ gave 12 treatments combination. The main plot (A),

Table 1. The formulation of OFTiRaterials and the treatment combination assayed on the
NPF in Sitiung, Dharmasraya distrigéest Sumatra province, Indonesia.

Treatment The formulation of OFTI(B)\) The ages of N(A) (B)
code Tithonia, rice straw, and cow manure (ha CF 0 yea(Al).) 2 yea(A2)32)

B1 2 Mg Tithonia + 0 Mg rice straw 75% Al B1 A2 B1
B2 2 Mg Tithonia + 5 Mg rice straw 50% Al B2 A2 B2
B3 4 Mg Tithonia 25% Al B3 A2 B3
B4 0 Tithonia + 5 Mg rice straw 75% Al B4 A2 B4
B5 0 Tithonia+2 Mg cow manure 75% Al B5 A2 B5
B6 100% CF 100% Al B6 A2 B6

Note: The weight ofTithonia, paddy strayand cow manure used are in constant dry wefghof treatements
were limed as 500kg CaCO3h@®FTP =organic fertilizer Tithonia plus\PF =new paddy field, and CF
= commercial fertilizers.
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the age of the opening of NR#ere: 0 year; 2 years; Planting, N fertilizing, Maintenance, and
Subplot (B), a formulation of OFTRvere: 2 Mg  Harvesting

Tithonia ha + 75% of CF; 2 Mdithonia ha + 5 ] ] )

Mg ha rice straw + 50% of CF; 4 Mgithonia Two seedlings of IR variety with two weeks
ha! + 25% of CE and three treatments without 29€ were planted into each subplot in plant spacing
Tithoniai.e. 5 Mg hat rice straw + 75% of CF; 2 25 cm x 25 cm. Just before planting, one third of
Mg hat animal manure + 75% CEnd 100% CF  N-fertilizer was applied in accordance with the
Liming with 500 kg CaCOha'were applied for all treatmentTwo third of N-fertilizer was applied after

treatments. The main plot was 24X16 m, while 6 weeks planting. Crops were protected from pests
the sub-plot was 4 m 6 m and diseases. Soil moist condition was kept in field

capacity and at the beginning of heading and milking
OFTP Processing stage, the plots were submerged as high as 2
_ _ _ _ cm. Submergence was kept until the full grains

Referring to the rice crop nutrient needs |ssuedﬁ||ing_ Crops harvest was done when the color of

used per hectare were 100 kg N (225 kg Urea), 20

kg P (100 kg TSP), 125 kg K (250 kg KCI) and 16 Soil Nutrients Analysis
kg Mg (100 kg Kiserite). Based on the results of
previous sudies the average nutrient levels of
Tithonia was 2.5% N; 0.25% P.5% K and 0.25%
Mg. Therefore, to reach 100 kg N, it need@tionia
as much as 4 Mg of dry weight and we treated
Tithonia in two leveld.e. 2 and 4 Mg h& Dry
weight of rice straw used are fixed at 5 Mgtha
The mix amount offithonia and rice straw
were made to provide N nutrients for rice crops
equivalent to 25, 50, 75, and 100 kg N, while the P

Soil samples were collected from the depth of
0-20 cmin eachlot harvested area using a standard
auger at the early planting and at the harvesting time.
The samples were put into polythene bags and taken
to the laboratory for analysis. The samples were air
dried and sieved to pass 1 mm sieve. Soil chemical
properties measured for soil early planting samples
were pH, Eh, organic C, total N, N‘Hand NQ
content, and Fe content, Cation exchangeable

. : . _capacity (CEC), exchangeable bases and available
and K were adjusted as default. According to Hakim P Exchangeable bases Ca, Mg, K, Na were

et al. (2007), TSR KClI, and Kiserit fertilizers were extracted by M ammonium acetate (pH 7); Ca

addeql _at the begmmng OFTP processing, while theand Mg were determined on Perkin Elmer atomic
N fertilizer was applied a half at planting and the

. absorption spectrophotometer and K on a flame
rest at the age of 6 weeks after planting. The PA P P

prunnedTithonia used was the top of 70-100 cm photometerAvailable Pwas analyzed by Bray I

d the si f3.5 . ¢ biained b total N by reguler Macro Kjeldahl Method, and
and the size of 3-5 cm rice straw was obtaiNed by, o nic ¢ pywalkley and Black method\l and H
chopping in chopper machine. Inoculants of

ichod q q dded cations were extracted in M KCI solution
Trichoderma and stardec were added as .according to Kamprath (1970). Effective cation

biodecomposer to speed up the process of Organ"éxchange capacity (ECEC) was found by adding

materials decomposition. Co_mposte_d material was;p, o exchangeable bases and the exchangeable
reversed after one week incubations and Wasacidity (HandAl ")

periodically reversed in 3 days interval. The process
was ended after 4 weeks of composting. Plant Observation

Land Preparation and OFTP Application Observations of the dry weight of plants
) ] ] _included grain and strawhe diferences due to
The main plot consists of two differences in aatment were analysed by analysis of variance (F
age of NPF (0 and 2 years usage). Plow tillage wasggy in accordance to factoriak with 3 blocks
performed by hand tractors. Main plot and subplot in split plot experimental design, and comparison of

were designed in such a way by digging a trenchy,e a0 were performed using honest significantly
between the plot to avoid the water submergencey;ttarent (HSD).

as required by the SRI method. Organic fertilizer

Tithonia plus was broadcasted on the soil surface, RESULTS AND DISCUSSION

evenly plowing and incubated for three weeks in

accordance to best incubation period of the previoussyi| chemical Pr operties

obtained in pot experimemtfter three weeks OFTP

incubation period with soil, paddy soil was submerged Results of soil chemical properties that were
and left for one week. influenced by the OFTP included pH, Eh?f-are
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Table 2. Soil pH, Eh, and Feon different ages of NEFneasured after 3 weeks incu-
bated with OFTP

Treatment pH Eh (mV) F&' (ppm)

code Al A2 Al A2 Al A2

B1 6.17 6.68 39.00 29.90 340 192

B2 6.10 6.26 58.20 51.40 395 154

B3 6.26 6.75 41.90 25.10 354 42

B4 6.65 6.48 32.20 32.50 404 120

B5 6.53 6.34 34.90 35.50 395 95

B6 6.05 5.81 60.50 73.80 398 121
Average 6.29 6.39 42.78 41.37 381 91

Table 3. The results of soil N, Bnd K analyses of the &ifent NPF ages, measured after
3 weeks incubated with OFTP

Treatment _ N-total (%) NH, (ppm) NQ (ppm) P (ppm) K (me 100}
code Al A2 Al A2 Al A2 Al A2 Al A2
Bl 0.20 0.44 1595 7.67 16.73 2825 23.33 26.27 10.6 0.58
B2 0.19 0.22 3893 17.69 1565 3457 18.04 27.27520. 0.80
B3 0.15 0.18 13.48 6.07 9.29 26.77 2255 2559  0.640.73
B4 0.12 0.16 25.84 653 1152 1227 23.90 28.18 7 0.6 0.60
B5 0.16 041 3085 9.00 16.36 14.87 28.29 21.87 20.7 0.78
B6 0.17 014 1021 653 1041 2342 27.05 22.09 60.6 0.76

Average 0.17 0.26 22.54 8.92 13.32 23.35 23.86 25.20.64 0.70

are presented inables 2, while the nitrogen in the but the change in 2 years NPF had occurred since
form of total-N, NH*, and NQ, available-P and the last four seasons, not only due to the addition
exchg-K are inrable 3. OFTR

Data inTable 2 show that all treatments had a Table 2 shows that the Eh values ranged
soil pH> 6. When compared to B6 (without giving between 32 - 61mV in 0 year NPFs, and 25-74mV
OFTP or without using organic mater), it can be on 2 years NPF he highest Eh values was found
stated that using OFTP to O years NPF tended tan B6 (without OFTP). Thus it can be stated that
increase the soil pH varied from 0.05 to 0.60 units, OFTP is likely to lower the Eh. This is in line with
while in the 2 years NPF the pH increased 0.45 tothe opinion of Patrick and Reddy (1978) who
0.94 units. The increasing in soil pH at this treatmentsuggested that the addition of organic mater can
could be aused by adding 500 kg limeham the  |ower the Eh. It can be caused by the moisture
OFTP formula. Other reason could be proposed thatontent during incubation OFTP when heavy rain,
organic materials in the OFTP were capable tothe water a little stagnant, resulting in reductive
chelateAl and so it was not dissolve and could not reactions. These reactions cause the Eh decreases
donate ion H. The average soil pH of 2 years NPFyith the provision of organic ingredients.
was 6.39, while in the 0 year NPF was 6.280(€ Table 2 also shows that the levels ofFe
2). Soil pH in 2 years NPF about 0.10 units higher gyerage on Ultisol just cultivated (0 year NPF)
than O year NPHAt can be caused by the flooding ¢ontains about 381 ppm Eawhile in 2 years NPF
t_hat has lasted f(_)r 2 years or for 4 seasons planting, ;¢ approximately 91 ppm. It shows that at the age
time ago. FIoodmg' causes transformed: Heto of 2 years NPFthat has been given the stagnant
Fe ™ and thus raises the pH because of OHy5ter and flowed continuously for 4 seasons ago.

release. Some of the soluble Fe was also leachegqre has heen Fdeaching so that do lower levels
with irrigation water As raised by Ponnamperuma of F&* In contrast to the NPF that had just

(1384) thzt ifthe Eaddi;ﬁel.d flo?ied, It V\Z/illlhgag © cultivated and not flooded Pdeachinghas not
soil pH 7 due to the reduction ofFéo Fe* whic happened yet. When observed the effect of giving

progluces (_)HAIth_ough_ in this experiment during OFTP to the solubility of P& visible effects are
the incubation period with OFTP soil was not flooded, not consistent (@ble 2).
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In this case, the results of the analysis only on treatment OFTP B1 and B2, whereas in 2
compared to B6, which was land without OFTP years NPF increasy total-N wasoccurred in all
but it got 500 kg CaCO3 HaAt the age of 0 year treatments with a slightly different scale.
NPF, application of OFTRvas likely to lower the When observed changes in soil N after
solubility of F&*, except at B4 (5 Mg of rice straw incubated with OFTRor 3 weeks (&ble 3), then it
ha'). Here can be calculated, that the rather largecan be stated that the average of Nid O year
declining of Fé" occured in B1 (2 M@ithonia h&) NPF (23 ppm) was much higher than 2 years NPF
and B2 (2 Mgrithonia hat+ 5 Mg rice straw h3), (9 ppm). In contrast, the average content of, NO
respectively by 58 ppm and 44 ppm. On 2 yearson 0 years NPF (13 ppm) was much lower than 2
NPF, compared it with B6 treatment, decreasing years NPF (23 ppm). Thus, it can mean that were
the solubility of F&" occured only in B3 treatment  changeing in N compounds that in 0 year NPF,NH
(4 Mg Tithonia ha') and B5 (2 Mg cow manure ha was dominant, while in 2 years NPF it has continued
!), respectively at 79 and 26 ppm?Fevhereas into NO, form. It can be caused by differences in
the B1 treatment (2 Md@ithonia ha") and B2 (2  microorganisms decomposer N. Allegedly to O year
Mg ha'+ 5 Tithonia Mg straw hd) increased NPF the number of microbial N decomposer was
slightly. still limited because of dry land has just turned into

Decreasing the solubility of Fedue to the rice fields. In contrast to 2 years NPF that has been
addition OFTP as a source of organic mater can beplanted with four seasons ago, and allows the
caused P the reaction of Fechelation by organic amount of microbial N decomposes were more
acids, mainly fronTithonia. Gusnidar (2007) reported severe due to a number of nutrients were available
that theTithonia, in addition to producing the nutrients and the amount of organic material as energy
N, P, K, also produces ganic acids such as acetic, sources were also available. In addition, the
propionate, salicylic, citric, succinic, and tartaric remaining organic matter from four seasons ago had
acid. Organic acids can chelate?f-eso that its  previously experienced renovation, so that more
solubility is reduced. The existence of a slight NO,available.
increase of F& solubility with the addition of B1 If the amount of NHand NQ in Table 3 are
and B2 OFTP allegedly due to the occurrence ofsummed, then O year NPF there as much as 35.86
redox reactions at a certain time, for example whenppm, while in 2 years NPF was 32.27 ppm. The
it rains that causing stagnant water in the plot. amount was relatively similain terms of average

Furthermore Table 3 shows that the average number of N-total in O year NPF (0.17%) was lower
content of N-total in 2 years NPF (0.26%gs much  than 2 years NPF (0.26%). In this case it can be
higher than the age of 0 year (0.17%igherlevels  stated that some N was immobilized because
of total-N may be caused by the residual of fertilizers decomposition N was not finished.
and paddy straw from the four seasons ago at2years In Table 3 can be seen that the lowest of
NPE In 0 year NPFs, an incraag of total-Nwere available-P at 0 year NPF was found at B2 (18 ppm)

Tabel 4. Rice grain yield and paddy straw of Nariety as dected by OFTRnd age of NPF in
Sitiung, Koto Baru sub-distric, Dharmasraya distrigMaist Sumatra Province, Indonesia.

Dry weigh of grain yield Dry weigh of rice straw

Formula (Mg ha?) Mao|nF$_fg)ect (Mg ha?) MaolnFEarfFf)ect
OFTP Paddy field age Paddy field age
0 year 2 years 0 year 2 years 0 year 2 years
Bl 4.08 a 4.17a 413 a 7.45a 521a 6.33 a
B2 4.02 a 3.74 ab 3.88a 6.99 a 439 a 5.69 a
B3 2.36b 3.14b 2.75b 6.59 a 3.92a 5.26 a
B4 3.57 ab 4.25a 39la 6.97 a 5.24 a 6.11a
B5 2.08b 496 a 3.52 alab 7.07 a 591 a 6.49 a
B6 3.06 ab 4.65a 3.86 a 7.90 a 5.57 a 6.74 a
Main effect Paddy
field age 3.20 A 4.15 A 7.16 A 5.04 B

Numbers followed by the same letters in the same column showed non significant different at 5% HSD test
Number followed by different capital letters in the same row showed significantly different at 5% level HSD.
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and the highest was in B5 (28 ppm), while in 2 yearsyear NPF compared with 2 years NRRvas also
NPF instead of the lowest was in B5 (22 ppm) anddue to the solubility of iron was higher than 2 years
the highest was at B4 (28 ppm)ekage levels of NPF (Table 2). Ren (1985), reported that the critical
available-P on 0 year NPFs (23.86 ppm) was slightlythreshold levels of Féwhich poisoned the soil
lower than 2 years NPF field (25.22 ppm). Higher solution was 50-100 ppm. Breemen and Moormann
levels of Pand K in 2 years NPF could be caused (1978) stated that the F®xicity in rice plants can
by residual fertilizer P and K that were given four occur when soil levels of Fereached 300
seasons ago. ppm. Accordinglyit can be stated that the growth
of rice would not be optimal at the newly opened
(age 0 years) baase it contains Peof about 340-

Grain yield of rice as the ultimate goal of 404 ppm (&bel 2) although it has given the OFTP
providing OFTPtreatment is presented fable ~ Conversely at 2 years NPF Felevels between
4. Results of statistically analysis show that there42-121 ppm, thus providing a higher grain yield.
was significant interaction effect between age of Samaranayake al. (2012) reported théty adding
NPF and OFTRo the grain yield of rice. Iffable 250 mg F& L as FeSQto the rice culture solution.
4, it appears that rice grain yield at 2 years NPF~ Based on grain yield iable 4 and in
was higher by 0.95 Mg Havhen compared with 0 accordance with the purpose of research, namely
year NPE but it was not significantly 1 determine the appropriate formula of OFTP at 0
different. Converselythe results of dry straw Year NPF and 2 years NPFs the followindl be
significantly were higher as much as 2.12 Md¢ ha explained the OFTP influence on grain yield in both
at 0 year NPF than 2 years NPIFthe grain yield ~NPF age.
and straw dry summed (total biomass), then on 0 AtOyear NPFs, grainyield that relatively equal
year NPF gained 10.36 Mg -hand as much as and higher than other treatments were obtained in
10.25 Mg ha in 2 years NPFThat was, the amount  the treatment B1 (2 Mgithonia ha + 75% CF)
of the produced biomass was relatively the same@nd B2 (2 MgTithonia ha +5 Mg paddy straw
but higher grain yield was found at 2 years NPF ha' + 50% of CF), namely 4.08 and 4.02 Mg'ha
while paddy straw was higher in 0 year (Table 4). Grain yields in both formulas of OFTP
NPF Comparison of grain weight of paddy straw Were not significantly different between the
at 0 year NPFs was 45%, while in 2 years NPF{reatment B4 (5 Mg straw Hat75% CF) and B6
was about 82%. Based on differences in grain yield(100% CF), butit was significantly different between
and straw in both age those NRFcan be stated the treatment B3 (4 Mgithonia ha + 25% CF)
that 0 year NPFs was less efficient in producing@nd B5 (2 Mg cow manure ha+ 75%
grain, while 2 years NPF field was moré@éntly. ~ CF). Compared to the treatment of 100% tisth

From observations in the field, vegetative B1 and B2 formula OFTP increased grain yield by
growth was more prominent than generative in 01.02 and 0.96 Mg haor equal to 33 and
year NPFs. It can be caused by nutrient availability 30%. Remembering always produced the paddy
are less balanced between N andhPrable 3 it  Straw each time of harvest, and CF can be reduced
appears that the availability of N in the form of NH DY 50%, then it can be stated that the formula that
was much higher in 0 year NPF (average 22.54made OFTHithonia from 2 MgTithonia ha' + 5
ppm), while in 2 years NPF was much lower Mg paddy straw ha+ 50% of CF (B2) was a more
(average 8.92 ppm). Howeyéhe availability of appropria_te choice in orderito obtain grain yield about
N in the form of NQ was lower in 0 year NPFs 4 Mg ha'in the NPF of Ultisol. _
(average 13.32 ppm), while in 2 years NPF was At 2 years NPFTable 4 shows that the highest
higher (average 23.35 ppm). On the other hand, thérain yield was obtained in the BS treatment (2 Mg
rate-available P at 0 years NPF was slightly lower COW manure ha+ 75% of CF) with results of 4.96
(average 23.86 ppm) than 2 years NPF (averageMg ha! .These results were not significantly
25.22 ppm). d?fferent from the treatment 100% (but it was

It seems that the availability of Nidnd P were ~ higher as much as 0.31 Mg-har about 7%. The
not comparable to 0 years NREsulting in lower results were also not significantly different between
grain, while the straw was much highéonversely ~ B1 and B2 which was the OFTPhus, it can be
at 2 years NPF the available-P content was slightlyStated thatin 2 years NtRere were a lot of options
higher (average 25.22 ppm), it seemed moretO overcome iron toxicityso o_btained rice grain yields
balanced with NQ resulting in higher grain, while ~ Were higher (about 4 Mg Hin the form of compost
straw was lowern addition, lower grain yield in0 5 Mg paddy straw hat+ 75 % CFor OFTPfrom 2

Rice Grain yield and Straw
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