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Twelve Indonesian, mainly paddy soils, were compared with six Japanese soils and 
their characteristics were analysed by physical and chemical methods. The soils were 
divided into four groups according to their phosphate sorption coefficient and various 
soil parameters such as CEC and contents of clay, free iron, exchangeable Ca and 
organic carbon. To evaluate the phosporus availability of paddy soil by using soil 
testing methods, wet or submerged samples of soils should be extracted, because the 
availability of phosphorus is greatly influenced by submergence. 

Among the soil testing methods applied to the submerged soils, Bray II method 
showed a highly significant correlation with P uptake by rice seedlings grown on soils 
except for neutral and alkaline soils rich in Ca-P. The Olsen-EDT A method consisting 
of extraction with 0.5 M NaHCOr0.02 111 EDTA at pH 8.5 was proposed by the authors 
since it was found to be applicable to a wider range of paddy soils. Pot and field 
experiments with various soils were carried out to determine the effect of phosphate 
application on the growth and yield of rice plants. Although a remarkable response to 
phosphate was observed in the tillering capacity of rice plants grown in a Reddish 
Brown Latosol, no significant yield differences were recognized among the phosphate 
levels applied. The amount of phosphate required to produce a unit weight of rice grain 
was nearly the same as that for temperate rice. 

Severe phosphorus deficiency occurred in the newly opened paddy fields with 
Red-Yellow Podzolic soil. The amount of phosphate application recommended for such 
fields was estimated to be 100 kg/ha, with which the critical Bray II-P value of 15 ppm 
P can be maintained in the soil. 

Phosphates in the solid phase of Grumusol or a soil rich in calcium phosphate become 
available when the pH decreases after submergence. Application of 20 kg P20slha of 
readily soluble phosphate is recommended to compensate for the phosphorus deficiency 
in the early growth stage of rice plants in such soils. In Java, most of the Regosols and 
Alluvial soils derived from pyroclastic materials are rich in phosphate. Phosphate 
application is not necessary in those soils which have a high content of total and 
available phosphate. 

Index words: phosphorus in soil, phosphorus fertilizer, phosphorus deficiency in soil, 
soil test values 
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Paddy 

Wetland rice has 

KYUMA 

replaced them at higher elevations on 
from acid parent materials, such as volcanic quartziferous sedimentary 
rocks cover in the where a dry season predominates Red-Yellow 
Mediterranean soils are distributed on limestone hills while Grumusols occupy 
lowlands where basic volcanic ashes and outwash from limestone hills have been 
deposited; parent materials of Regosols are either sand of sand dunes along the sea 
coast, newly deposited volcanic ash which is most important for agricultural use, or 
colluvial deposits; Alluvial soils are distributed in riverine and marine lowlands. 

Among those soil groups, the Latosols and Alluvial Soils are the most important soil 
groups in irrigated paddy fields. A few paddy fields have also been found on Andosols. 
Although shifting cultivation used to be a common practice in the regions of Red-Yellow 
Podzolic soils, some of the areas have been changed to paddy fields with irrigation 
systems. A few rainfed paddy fields are scattered on the Red-Yell ow Mediterranean 
soils. Paddy fields are commonly found on the lowland soils such as Alluvial soils, 
Grumusols, Regosols originating from volcanic ash, and various hydromorphic soils. 

TANAKA and YOSHIDA (1970) in their book on the nutritional disorders of the rice plant 
in Asia reported that phosphorus deficiency with iron toxicity occurred on the Lateritic 
soils in Jave. Afterwards, TAN AKA et al. (1970) made a similar survey in Java, and 
reported phosphorus deficiency in the areas with Grumusols. They pointed out the 
possible occurrence of phosphorus deficiency in the soils with high pH in Central Java 
and the soils with low pH and high iron content in West Java. 

In 1970, the Soil Research Institute in Bogar compiled and published the Soil Map of 
Java and Madura (scale 1:250,000) showing phosphate status in paddy field areas 
(SUDJADI, 1973). Up to now, however, appropriate and efficient doses of phosphates for 
fertilization have not been established for each soil group, because basic information on 
phosphate application to wetland rice remained fragmentary. 

In the BIMAS project (a project for increasing food production through providing 

* Paper based on the senior author's dissertation thesis presented at Hokkaido University 
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credit for agricultural inputs and guidance in cultivation techniques) the doses of Nand 
P fertilizers were indicated according to the local or new high-yielding 
SUPARTONO (1973) carried out fertilization experiments in modifying the doses 
according to the regions (soils). 

In relation to the above mentioned fertilizer experiment program this study to 
set up criteria for determining the dose of phosphorus to be applied, through the 
evaluation of the phosphorus supplying ability of each soil group, the reactions of soils 
to fertilizer phosphates, and the effect of soil and fertilizer phosphorus on the growth 
and yield of wetland rice. 

Following is the outline of previous works concerning the forms of soil phosphorus 
and their transformation and fertilization with phosphates. 



Forms of phosphorus compounds in soils and their availability 
Soil phosphorus can be divided into organic and inorganic forms and the latter is 

mainly present in the solid phase with part of it being dissolved in the soil solution 
(liquid phase). The concentration of phosphorus in the soil solution is very low, ranging 
from 10-4 - 10-8 M, usually about 10-5 M (0.3 ppm P) (RUSSELL, 1973, p. 573). Therefore, 
the ability of a soil to supply phosphorus for a crop is determined not only by the 
absolute value of the phosphorus concentration in the soil solution (intensity factor), 
but also by the recovery rate of phosphorus in the soil solution which is depleted by 
plant uptake (capacity factor). 

When a water soluble phosphatic fertilizer such as calcium superphosphate is applied 
to a soil, most of the phosphate is rapidly sorbed by the soil and gradually changed to a 
hardly soluble form. 

The fixation of fertilizer phosphate and the transfer of soil phosphate from the solid 
phase to the soil solution are markedly influenced by various soil properties as well as 
the chemical forms of the phosphates. 

There are two methods for studying the existing forms and the changing processes of 
inorganic phosphates in soils. One is the selective extraction method by various 
reagents, such as the Chang-Jackson method (CHANG and JACKSON, 1957), and the other 
is the solubility (activity) products method. 

Selective extraction method 
In the Chang-Jackson method, soil was extracted with neutral 0.5 N NH.F, 0.1 N 

NaOH and 0.5 N H2SO" successively, and the respective fractions were referred to as 
Al-P, Fe-P and Ca-P. The dithionite-citrate soluble fraction of the remaining soil was 
referred to as reductant soluble-P, and the neutral 0.5 N NH4F extractable fraction as 
occluded Al, Fe-P. PETERSON and COREY (1966) somewhat modified the method with 
regard to the order of extractions and the extracting reagents. 

After testing the Chang-Jackson method on Japanese soils, EGAWA and SEKIYA 
(DOJOYOBUN SOKUTEIHO IINKAI, p. 235) proposed a modified method, in which the 
fractions of successive extraction with 2.5% acetic acid, 1 N NH4F (pH 7.0) and 0.1 N 
NaOH are referred to as Ca-P, Al-P and Fe-P, respectively. The principle of these 
fractionation methods of soil inorganic phosphates is based on the selective solubility of 
each reagent. As the selectivity of a reagent has a rather broad range and the 
phosphates in soils assume many complicated forms, the content in each fraction can 
not be defined exactly as Ca-P, Al-P, etc. The selective extraction methods, however, 
were adopted in many studies on soil phosphorus due to the simplicity of the 
procedures. 

CHIANG (1963 a, b, 1965) in Taiwan studied the chemical changes of soil and fertilizer 
phosphorus in paddy fields in applying the Chang-Jackson method and showed that the 
final form of phosphorus in acid soils was mainly Fe-P and in alkaline soils Ca-P; rice 
response to Ca-P was stronger in soils rich in Fe- and Al-P, whereas the response to Al­
and Fe-P was stronger in neutral or alkaline soils rich in Ca-P. He also reported that 
among the soil testing methods for available phosphorus, Bray 11-P values showed a 
close correlation with the rice yields in the field without P application; but in order to 
further increase the accuracy of testing the method should be modified. 
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A number of studies were concerned with the relation between the crop yield or the 
phosphate uptake by crop and the soil test value or the concentration of P in each 
fraction. For example, KHANNA (1967), using Indian soils of pH 6.8-8.2, carried out 
studies along the same lines. Assuming that the saloid bound P (P dissolved in 1 N 



with only Al-P. 
phosphorus 

soils were correlated 
of submerged 

importance of Fe-P increased with 
the Bray ll-P method failed to 

were carried out CHOLITKUL and 
the Olsen P afforded a 

soils due to its with The best reagent 
be able to extract Fe-P specifically. DJOKOSUDARDJO (1974) 

of phosphorus in Indonesian 
'""''w'""'" of volcanic ongm were 

added to a soil was first changed to Al-P and then to 
by oat 15 days with the P values of 

I. ll or North Carolina methods but not those of the Olsen method. 
Summing up the many studies on testing methods for available phosphorus in 

paddy soils, CHANG (1964, 1976) stated that the Olsen and Bray I methods were 
universally applicable to many because Fe-P which pre-dominates in paddy 
soils is with the solution of the Olsen method or with the weakly 
acid solution containing floride of the Bray I method, and (2) although Ca-P in the 
coarser of soils is hardly available, it is soluble in the strong acid 
extracting solution of or Bray ll method, it is likely that the availability 
would be overestimated with those methods, while the former two methods are free 
from such a possibility. 

SHIGA (1973, 1976) applied the Bray ll method to wet paddy soils for extracting Fe-P 
and obtained satisfactory results. All the soil testing methods so far were proposed for 
upland or air-dried soils. As there is a marked difference in phosphorus availability 
between the oxidative and reductive conditions of soils, reductive or submerged wet 
soils should be used for testing paddy soils. 

Solubility products method 
If the concentration of phosphate in the soil solution is controlled by the solubility of 

hydroxy-apatite, the equation 10 (pH - 112 pCa)- 3 (pH+ pH,PO~) = 14.7 (25°C) can be 
composed (RUSSELL, 1973. p. 561). The equation can be expressed as a straight line in 
the graph of (pH - 112 pCa)-(pH + pH2P04) or (pH)-(pH2PO") in taking into account 
environmental conditions such as CO, concentration in the air. The solubility products 
were measured on various synthetic Ca-P, Al-P and Fe-P, or computed thermo­
dynamically for drawing the theoretical solubility diagrams. Then the pH and the 
concentration of phosphates were determined on an actual soil to calculate pH2PO-l and 
the values were plotted on the diagram. The chemical form of phosphate in the soil can 
be detected on the diagram (ERIKSON, 1952; LINDSAY and MORENO, 1960; BACHE, 1963; 



oxides. 
HANADA (1965) the 

Prefecture and concluded that 

previously. 
TANAKA. WATANABE and lSHIZUKA added phosphate to 5 paddy soils. plotted 

the activities of ions the soil solution on the solubility diagram, and reported that the 
Al (OH)2·H2PO"' complex which was formed in acid soils became stabilized as 
variscite-gibbsite system the development reduced conditions with the rise 
of pH and the presence of an adequate amount of calcium it was shifted to the Ca-P 
system. The fact that the pH values of submerged soils usually converge to 6.7 and that 
around this pH value there is an intersection between the curve of the gibbsite system 
and that of the hydroxyapatite system on the (pH)- (pH2P04) diagram may account 
the increase in phosphorus availability under the submerged conditions. 

KONNO and KOBO (1970) measured the activities of various ions in the solution 
percolating through a tube filled with a paddy field soil and demonstrated the presence 
of octacalcium phosphate in the solution from a degraded paddy soil, of vivianite-like 
ferrous phosphate in the solution from an ordinary paddy soil and of variscite-like 
aluminum phosphate in the solution from a volcanic ash soil. 

Phosphorus fixation by soil and availability of soil phosphorus 
The relation between the amount (Y) of P sorbed by 1 g of a soil from a dilute 

phosphate solution and the concentration (C) of P left in the solution is known to follow 
the Langmuir equation of adsorption isotherm C/Y = CIS + 1/KS (RUSSELL, 1973, p. 
568). In the equation, constants K and S respectively represent the bond energy and the 
phosphate maximum adsorption of the monomolecular layer covering the adsorption 
surface. 

WOODRUFF and KAMPRATH (1965) set up the Langmuir isotherms of soils to determine 
the P adsorption maxima (capacity) and expressed the doses of fertilizer applied as 
saturation degrees of the capacity in the fertilizer experiment of millet. In soil with 
higher capacity, lower saturation of fertilizer gave the maximum yield, but soil with 
lower capacity required 100 % fertilizer saturation. In both cases, the phosphate 
concentration in the soil solution was above 10 ' M (0.3 ppm). 

Fox and KAMPRATH (1970) measured the phsphorus concentration in a 0.01 M CaClc 
extract of soils to which increasing rates of calcium phosphate were added, and set up 
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Phosphate uptake plants 
A soil nutrient reaches crop roots in three ways: mass flow, diffusion and root 

interception. Rice plants transpire g of water to produce 1 g of dry matter (estimated 
from the data of SUGIMOTO, One gram contains about 3 mg of P and it is assumed 
that the solution reaches a concentration of 0.2 ppm P. If phosphorus is supplied to 
the mass rice plant should transpire 15 kg of water. Thus, it 
appears that diffusion and root interception are also playing an important role in the 
phosphorus uptake in rice plants. In a water culture experiment, TANAKA (1962) 
observed that when the capacity factor is sufficiently large, an extremely low 
concentration of Pin the culture solution makes it possible for the rice plants to achieve 
normal growth and yield. OKAJIMA and IMAI (1973) measured the nutrient concentration 
in the soil solution of paddy fields and the nutrient uptake by rice plants, and concluded 
that the rate of mass flow contributing to the uptake of N, P and K was less than 70 %. 

OLSEN and WATANABE (1963) showed that the rate of P uptake depends on the 
concentration of soluble P and the concentration gradient, the diffusion coefficient of P 
in soil and the capacity of the soil to replenish P removed by the plant, and each of these 
three factors varies mainly with the clay content of the soil or the soil texture. When P 
concentration in the soil solution is less than 0.2 ppm, the importance of diffusion in the 
soil-root media for the availability of P was emphasized. 

GUNARY and SUTTON (1976) measured the log [P] ([P] is the P concentration in the 0.01 
M CaCl2 extract of a soil) as an intensity factor, E (18h) (the soil P exchangeable with ''P 
after 18 hours of shaking in 0.01 M CaCh), E (14-day), L-value (the soil P exchangeable 
with ''P within 12 weeks under pot experiment conditions) and citric soluble P (1 % 
citric acid extractable P) as capacity factors, P mobility index (the extent to which 12P 
had penetrated 4-6 mm soil crumbs) as diffusion factor, resin P (P absorbed to anion 
exchange resin), percentage saturation (percentage E (18h) of the total P sorption) as 
intensity-capacity composite factors, and P uptake by ryegrass grown in pots. In soils of 
normal phosphate status, the capacity factor tended to show a higher correlation with 
the plant uptake and in enriched soils the intensity factor measured by log [P] and the 
composite factor resin P were important. 

OLSEN and WATANABE (1970) assumed that the rate of P uptake could be calculated 
with the following equation: Q = aB (Co- Cr) f (Dt/Ba 2) in which Q is the amount of P 
absorbed in timet, a is the root radius, B the soil buffer capacity (Pin soil solution/labile 
P or resin P), D the diffusion coefficient of P, Co the initial P concentration in the soil 
solution, Cr the concentration at the root surface. Phosphorus uptake by maize roots in 
relation to time was measured in three calcareous soils and the validity of the equation 



was evaluated on the basis of the results. Thereafter based on the equation, the 
concentration of P in the soil solution required to maintain a certain rate of P uptake by 
the roots and the amount of P added with fertilizer were calculated. The higher the clay 
content of soil, the more phosphate should be added and with that amount the P 
concentration in the soil solution rose only slightly and all the soils regardless of their 
texture showed nearly the same values of NaHC03 extractable P (about 20 ppm of Olsen 
P) when the respective amount of P was added. 
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soils. 

methods 

into fine soil 

a sieve to obtain 

and electric Ten grams of was placed in a 50 ml 
beaker to 50 ml of pure water was added. After the was stirred, the 

conductance of the solution was measured with a EC meter (TOA, CM-6A with 
Electrode 200 PL), and the pH(HcO) was measured with a meter (Horiba M-7 with 
combined electrode S-764-1). The pH(KCl) was measured on another 5 g of fine soil in 
12.5 ml N 

Granulometric soil with hydrogen peroxide was 
sieved to separate coarse sand The suspension was dispersed with 25 ml of 
0.4 N sodium hexametaphosphate (calgon) and pure water was added to reach a volume 
of 500 ml. + silt and silt fractions were determined on this suspension by the 
pipette method and after remaining fraction was weighed as fine sand. 
Fractions determined without Hc02-treatment and calgon dispersion were referred to as 
water-dispersible silt or clay. (DOJOYOBUN SOKUTEIHO IINKAI, 1976, p. 65-71, abbr. DBS) 

Three-phase distribution: A 100-ml metal cylinder filled with air-dried fine soil and 
mounted on an apparatus was dropped 5 em 5 times and the volume was adjusted 
for determination the volume weight of the soil. the soil in cylinder was 
set in an apparatus (DAIKI, DIK-100) for the measurement of soil actual volume. From 

determination of the volume weight, actual volume and moisture content, 
three-phase distribution and true were calculated (DBS, 1976, p. 1-11). 
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Table 1. Soil samples* 

No. 1 Tegineneng (TG) South Lampung, Lampung (Sumatra), Red-Yellow Podzolic Soil, 
alang-alang field, uncultivated 

No. 2 Tamanbogo (TB+} Central Lampung, Lampung (Sumatra), Red-Yellow Podzolic soil, 
paddy-field, P fertilized in the past 

No. 3 Tamanbogo (TB-) Central Lampung, Lampung (Sumatra), Red-Yellow Podzolic soil, 
newly opened paddy field, not fertilized 

No. 4 Singamerta (SM) Serang, West Java, Yellow Podzolic/Gray Hydromorphic soil, 
flooded before transplanting 

No. 5 Demak (DM) Demak, Central Java, Dark Gray Grumusol, tillering stage of rice 

No. 6 Dempet (DP) Demak, Central Java, Dark Gray Grumusol, maturing stage 
of rice 

No. 7 Ngale (NG 1) Ngawi, East Java, Dark Gray Grumusol, paddy field before 
cultivation 

No. 8 Ngale (NG u) Ngawi, East Java, Dark Gray Grumusol, cassava field 
unfertilized 

No. 9 Yogyakarta (YG) Grayish Brown Regosol (volcanic ash soil), paddy field before 
cultivation 

No. 10 Jakenan (JK) 
Pati, Central Java, Gray Hydromorphic/Grayish Brown Planosol, 
before heading stage of rice 

No. 11 Pacet (PC) Cianjur, West Java, Gray Regosol!Lithosol, flooded, uncropped 
field, covered with aquatic weed 

No. 12 Muara (MU) Bogor, West Java, Reddish Brown Latosol, experiment station, 
paddy field before transplanting 

No. 13 Kuriyagawa (KR) 
Morioka, Iwate, Andosol, Tohoku Nat!. Agr. Exp. Station, upland 
field for NPK experiment, -P plot, after harvesting 

No. 14 Takizawa (TA-) Iwate, Wet Andosol, Iwate Pref. Agr. Exp. Station, paddy field for 
NPK experiment, -P plot, after harvesting 

No. 15 Takizawa (TA+) Same as above, NPK plot 

No. 16 Kokaigawa (KK) Yatabe, lbaraki, Gray Lowland soil, paddy field soil for pot 
experiment at T ARC 

No. 17 Maezato (ME II) 
Ishigaki, Okinawa, Dark Red soil**, upland field at Okinawa 
Branch of TARC. surface soil 

No. 18 Maezato (ME III) Same as above, second horizon 

* Table 1 includes the description of the soil samples in the following order: number/sampling location 
(abbreviation/kabupaten, state/soil mapping unit/note. 

** This soil has been identified as Yellow soil recently. 
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l 0 Jakcnan l2 

1 Soil in and Sumatra, Indonesia 

K contents were 
absorption spectrography 

of 500 mg that had been to pass through a 0.25 
mm swve was to carbon content by the 
Kosaka-Honda-Iseki's method (DYB, p. and the were referred to as 

for Grumusols. Samples of the four Grumusols were 
treated with sulfate solution to remove the carbon dioxide before 
determining the organic carbon content. Total carbon - organic carbon = inorganic 
carbon. 

Nitrogen: A 2.00 of was in sulfuric with a mixture of 
potassium sulfate and cupric sulfate (9: 1), and NH1 in the solution was distilled into 4% 
boric acid and titrated with N/50 sulfuric acid. 

Soluble aluminum: A sample of 100 g of fine soil was extracted with 40 ml of N sodium 
acetate buffer solution pH 4.0 at 30°C for 3 hours. Al in the extract was determined by 
the aluminon method (DYB, p. 94-104). 

Free iron oxides: 
dithionite-EDTA method 

in a sample of 0.5 g of fine soil was determined by the 
KUMADA, 1959). 

Olsen-EDT A solution extractable Olsen-EDT A method will be described in 
the next chapter. Iron extracted with the Olsen-EDTA solution from an anaerobically 



both cases. 

\Vas measured 

uptake rice 
A urea and to 10 mg of Nand 

to 100 g of soil (oven dry basis) placed in a 200-ml beaker. 
at 35°C under submerged conditions, the soil in 
washed sea-sand and sown with 40 soaked 

cabinet with electric 
grew In the course 

were added to to 
parts of rice plants were collected and phosphorus 

To estimate P uptake the the amount P in rice 
was subtracted the total P uptake. 



A sample of 2.5 g of air-dried fine was extracted with 50 ml 0.5 M NaHCO, 
solution adjusted to pH 8.5 by NaOH in shaking for 30 minutes. For extracting 
submerged incubated a 1.23 times concentrated solution was prepared. 

Equilibrated aqueous solution method 
A sample of 6 g of air-dried fine soil was placed a 25-ml test tube with a stopper and 

the tube filled with water was allowed to stand in an inverted position for incubation at 
for 30 days. It was shaken every few days to eliminate the oxidized parts. In the 

morning of the determination, the tube was straightened after shaking and when the 
suspension was cleared 10 ml of the supernatant solution was pipetted into a beaker 
containing a few ml of diluted sulfuric acid. After filtering, the acid solution was used 
for phosphate determination. (This anaerobic incubation method using test tube with 
stopper was presented by UWASAWA and UCHIDA of Tohoku National Agricultural 
Experiment Station at the Annual Meeting of the Soc. Sci. Soil and Manure, Japan, 
1977). 

Bray II, Olsen and Resin method for submerged soil 
A sample of 4 g of air-dried fine soil was placed in a test tube (1.5 X 16.5 em) 

containing 15 ml of urea and K2S04 solution equivalent to 15 mg of Nand K per 100 g of 
soiL The test tube was tightly covered with parafilm and incubated at 35°C. Bray Il 
extraction was carried out after 21 days and Olsen extraction after 26 days of 
incubation. As stated previously, a somewhat concentrated extracting solution was 
used for submerged soils. 

One gram of air-dried fine soil passed through a 0.25 mm sieve was placed in a test 
tube containing 13 ml of water. The test tube covered with parafilm was incubated at 
35°C and phosphate in the soil was extracted with resin after 43 days. 

Colorimetry of phosphate 
Phosphate in the extractant and equilibrated solution was determined by the ascorbic 

acid reducing molybdenum-blue method QOHN, 1970). Before color development an 
aliquot of Olsen's extractant was neutralized by adding dilute sulfuric acid until the 
disappearance of C02 gas bubbles. 



Results 

Particle size distribution 

particles. The Reddish Brown 
containing 67 1Yo fraction-thus being as heavy day (HC) 

had a very low dispersion which was due to the aggregation clay-silt 

Table 2. and chemical 

EC pH pH 
Soil (1:5) (H,O) (KCl) Coarse Fine Soil* 
No. Mmho/cm 1 ·-":;:, 1:2.5 sand sand Silt Clay texture 

-------
1 TG 18 28.4 34.7 16.8 20.1 SCL 
2 TB+ 13 5.5 4.1 18.6 33.3 10.5 37.6 LiC 
3 TB- ll 5.7 4.2 15.2 30.6 11.0 43.2 LiC 
4 SM 47 5.3 4.0 2.9 16.2 34.2 46.9 HC 

5 DM 175 8.4 ?.0 2.6 5.8 10.4 81.2 HC 
6 DP 80 8.3 ?.0 1.0 1.4 13.7 83.9 HC 
? NG 1 84 8.0 6.6 1.6 6.5 8.9 83.0 HC 
8 NGu 55 6.9 5.3 1.2 4.9 9.5 84.3 HC 

9 YG 37 7.1 5.6 43.0 39.3 9.6 8.0 SL 
10 JK 21 5.4 3.9 1.0 55.9 33.7 9.4 FSL 
11 PC 668 3.7 3.4 39.8** 33.0 11.5 15.8 SCL 
12 MU 19 4.5 :3.4 10.2 19.? 66.6 HC 

---------· ---------
13 KR 65 5.4 4.8 26.0 35.0 35.9 3.1 L 
14 TA- 27 6.:3 5.7 32.1 38.0 27.7 2.2 SL 
15 TA+ 24 5.9 5.2 31.3 34.6 32.2 1.9 SL 
16 KK 79 5.5 4.6 10.6 35.9 21.7 31.8 LiC 
17 MEJI 19 4.9 3.9 43.4 19.7 14.7 22.1 SCL 
18 MElli 35 4.5 3.9 47.0 17.1 12.5 2:l.4. SCL 

---· 
Since No. 11 soil contained 30.2% gravel fraction before 2 mm-sieving, it should be referred to as "sandy clay 
loam with profuse small gravels (pumice). 

* Soil texture was expresed accordingly to the International Scheme 



TB+ 
:i TB-
4 

5 
6DP 
7NG 
8 NG u 

10.9 
12.9 
165 

13.9 
18.8 
16.8 

7 
25.2 

L2 

1.1 

0.8 
11 

24 
20 

59 

:l 

9 
lO 

10 

n;; 3 
4 

34 lhi 

101 50 
99 ')H" 

,)f 

14 51 
89 35 

128 3 51 
134 50 2.68 71 

6 61 " 10 "· 
32 57 2.92 

---·-~~-~----------~~-------~-----.-- ""~-------.----~-------~·----------------~·-

KR 19.4 0.7 66 11 64 131 
14 TA- 0.6 48 26 10 2. 
15 TA+ 0.8 45 70 26 8 2.72 134 
16KK 15.0 2.3 28 7 107 5 56 2. 
17 MEII 16.6 45 126 46 2.75 68 
18MEHI 4.2 0.5 12 2 128 C) 

,) 51 2?9 74 

* Dispersibility: (water dispersible silt and clay/calgon dispersible silt and after H,(), treatment)¥. 100 
(%), (water dispersible dispersible H:O: treatment) x 100 \",·h) 
Bulk density: dry weight of 100 ml 

*** Volume of 100 g of dry soil in \'later 

Table 4. Physical and chemical ........ ,,., .. ..,, . ., of the soil 
------ ---------

1 TG 
2 TB-
3 TB+ 
4 SM 

Total 
c 

1.32 
1.42 
1.58 
1.79 

Inorganic Total 
c 

0. 1 
0.10 
O.i3 
0.15 

* 

14 
12 

Soluble 
Al 

mg/lOOg 

11 
49 
52 
85 

Free 
Fe 

3.2 
2.2 

Olsen- Iron 

ppm 

770 4. l 
2320 11.6 
3060 9.6 
4020 18.3 

--------------~--~---------·----------.----------

DM 1.37 0.61 0.14 5 53 2.0 1.200 6.0 
6 DP L59 0.16 0.16 9 48 1.6 420 2.6 
7 NG 1 1.74 0.02 0.10 17 0.9 870 9.7 
8 NG u 155 o.m 0.10 Ei :30 0.8 300 38 

--.---------------~-·---~-----~,-----.. ---------·-·----~---.,-~---"----------~--------

9 YG 0.78 0.08 ]() L4 620 4.4 
10 JK 0.49 0.04 12 15 0.4 730 18.3 
11 PC 1.95 0.16 13 518 2.0 6660 33.3 
12 MU 1.59 0.16 10 47 6.3 1560 2.5 

-----.. -------------------------------------- ~~----~----·----

13 KR 6.97 0.47 15 558 3.8 1050 2.8 
14 TA- 5.39 0.3:-l 16 545 3.4 190 3.5 
15 TA+ 5.19 0.40 13 471 3.2 2800 8.8 
16 KK L62 0.13 13 51 :t~i 1180 3.6 
17 MEH 0.77 om ll 40 1.7 970 ~~.7 

18 MEID 0.20 0.03 7 44 1.8 120 0 .. 

* The C/N ratios for Nos. 5-8 Grumusols were calculated in terms of Organic (Total C - Inorganic C) 
** Iron mobility: (Olsen-EDTA extractable Fe in submerged incubated soil/Free Fe in air-dried soil) x 100 (%) 
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('( 79.9 

9 9.6 
0 JK :1.8 

11 PC ]8.6 
:V1F 17 

KR 

15 TA+ 
16 KK lfi.O 

MEIT 6.9 
18 MElli 

with iron 
11) 

abundant in the 
about 90% of fine 

the subsoiL 

Ca Mg Na 

'LX 0.02 
1.8 0.06 
1.8 0.01 

69.6 7 0.86 0.74 I. 

0.88 
17.2 0.51 0.31 
16.5 0.20 

5.5 1:5 
2.0 0.3 0.05 009 
8.0 2.:1 0.52 0.59 
.l 2.0 0.36 

0.05 
115 0.12 0.13 
6.9 OJ 0.08 
St ") 0.20 0.2'7 
0.3 0.3 0.06 0.26 

0.4 008 0. 

degree(%) 

76 0.40 

3() (120 
0.64 

78.9 0.6:3 
86.6 142 0 "'':1 .lu 

83.0 106 0.94 
?8.1 98 0.95 

87 1.20 
2.4 0.40 

JLi 62 .1'7 
9.6 56 0.26 

6.8 8.90 
13.0 11.32 
7.9 30 13.74 

10.8 68 0.50 
0.9 13 0.26 
L4 22 0.22 

ratio of soil 
aluminum oxides which were 
leached PlanosoL containing 

fraction, showed the highest dispersion ratio the silt-day 
studied. is due to extremely low contents of clay, Ca 

""''"v"'v'"' from Iwate 13 - 15) 
of Ishigaki ME ll) 
of base, iron and to 

Three-phase distribution, and bulk and particle density 
Bulk in 10 Planosol>No. 9 Regosol>No. 1 Podzolic soil and the 

was in agreement with that solid ratios. The lowest 
the low solid ratio, the low bulk density and the highest particle 

No. 12 Latosol suggested that the soil was rich in iron. Both No. 11 Regosol 
which had a high aggregation ratio and No. 13- 15 Andosols which had a high organic 
matter content had small bulk densities. Liquid ratio indicated the moisture content of 

soil. Nos. 5-8 Grumusols which contained much clay had high liquid 
ratios and No. 10 Planosol containing little clay had a low liquid ratio. Thus, the 
moisture content can be assumed to be nearly proportional to the clay content. However, 

of moisture content/day content which were high in Nos. 9 and 11 Regosols 
derived from volcanic ashes that soil particles larger than clay have active 

surfaces in addition to outer surfaces. Similarly, moisture/clay ratios of Nos. 
13-15 Andosols Iwate were ten higher than those of the above soils. This also 

that soils volcanic ash origin are porous and highly humic, hence have a 
water holding capacity. 

.!5 



and 
Nos. 5-8 with a dark gray color did not 

suggesting that the presence a dark 
Nos. 5 and 6, and Nos. 7 and 8 were collected in riHt~>r.Pr>t 
of the was slightly lighter than that of 

relation organic carbon contents soils. 
and some other were quite different between both groups of soils. 

These findings be related to fact that 5 and 6 were younger soils and Nos. 7 
and 8 ones. for the of No. 18 sample, a soil from A"""R'>''""'" 

10 Planosol the carbon nitrogen contents. In general, humus 
content corresponded with the day while very total carbon content of 
Andosols with low clay content suggested that the form of humus in 
from in other soils. 

Soluble aluminum, iron and 
No. 10 Planosol showed the lowest contents of soluble aluminum in an acetate buffer 

solution at pH 4. No. 11 Regosol with a strongly acid volcanic ash origin and Nos. 13 --
15 Andosols had markedly higher contents of soluble aluminum. Free iron content was 
highest in No. 12 Latosol and lowest in No. 10 PlanosoL This could be predicted the 
color of those soils. However, Nos. 1-3 Red-Yellow Podzolic soils with a red color had a 
lower free iron content than No. 16 Gray Lowland soil, indicating that free iron is not 
the sole factor to determine soil color. Free iron content was high in young Grumusols 
Nos. 5 and 6 samples and low in old Grumusols of Nos. 7 and 8 samples. 

Iron mobility is the ratio of iron dissolved by microbiological reduction under 
submerged conditions to the free iron dissolved by hydrosulfite (dithionite) reduction. 
The highest mobility was observed in No. 11 Regosol followed by No. 10 Planosol and 
No. 4 Hydromorphic soil. 

Cation exchange capacity (CEC) and exchangeable bases 
High CEC of Nos. 5-8 Grumusols can be ascribed to their very high contents of clay 

with a high CEC per gram of clay, whereas the low CEC of No. 12 Latosol with 67% clay 
indicates that its clay mineral composition may be different from that of Grumusols. 
Values of CEC/g of clay were high in No. 9 and No. 11 Regosols of volcanic ash origin, 
suggesting that soil particles larger than clay have inner surfaces active as CEC, as 
discussed in the section dealing with the moisture retention capacity. In particular, the 
high CEC/clay ratios of Nos. 13-15 Andosols can be explained by the contribution of 
humus and porosity of soil particles to CEC. 

For most of the soils, contents of exchangeable bases were in the order of 
Ca>Mg>K>Na, while for Nos. 5 and 7 Na>K. Nos. 5-8 Grumusols had an extremely 
high content of exchangeable Ca and a base saturation degree of more than 100 %. In 
these four soils, CEC and exchangeable Mg were in the order of Nos. 5 and 6>Nos. 7 and 



8, whereas exchangeable Ca, K and base saturation degree were in the order of Nos. 5 
and 6>Nos. 7 and 8. 

Table 6. Clay mineral composition of the soil samples determined by AR.AAKE 
and ABE 

No. Soil Amor. Kt Kn Mt Al-Vr Vr 14 A Int Mica Qz 

1 TG 
2 TB+ 
4SM 
6DP 
7NG1 
9YG 

lOJK 
l1 PC 
12MU 
14 TA-
16KK 
17 MEII 

R. Y. Podzolic 
R. Y. Podzolic 
G. Hydromorph. 
D. G. Grumusol 
D. G. Grumusol 
Reg. (volcanic) 
Planosol 
Reg. (volcanic) 
R. B. Latosol 
Andosol 
Gray Lowland 
Dark Red 

± 

++++ 

++++ 
+++ 

++++ 
± 
-~± 

++++ 
++++ 

+ ++++ 
+ ++++ 

++++ 

+~++ +++ 
-~± 

+~++ 

++~+++ 

++ 
+"-'++ 

+ + 

± 

± 
++ 

-~± 

-~+ 

± 
± 

± 

± 
+ 

++++>70 %, +++ 60-50 %, ++ 40-30 %, + about 10 %, ± about 5 % 
Amor.: Amorphous materials to X-ray including Allophane Kt: Kaolinite Kn: 7 A Kaolinite minerals 
(Kaolinite or Meta-halloysite) Mt: Smectite (Montmorillonite minerals) AI-Vr: AI inter layer 
Vermiculite Vr: Vermiculite 14 A: 14 A minerals (Mt, Vr, or Chlorite etc.) Int: Intergradational minerals 
(14 A-14 A or 14 A-10 A) Mica: Mica clay minerals Qz: Quartz 
Analytical methods: WADA, K. 1966. Qualitative and quantitative determination of clay minerals. J. Sci. Soil 
Manure, Japan, 37 (1) 9-17 (in Japanese) 

Table 7. 

1 TG 
2 TB+ 
4 SM 
6 DP 
7 NG1 
9 YG 

10 JK 
ll PC 
12 MU 
14 TA-
16 KK 
17 MEII 

NIL-oxalate: 

Examination of "amorphous materials to X-ray" by ARAAKE and ABE 
(percentage of weight loss after treatment to initial weight) 

CDB Soil No. 
NIL- COB-

oxalate N/2 NaOH 

% % % % 
Red-Yellow Podzolic 5.3 
Red-Yellow Podzolic 2.2 
Gray Hydromorphic 2.9 1.87 
Dark Gray Grumusol 0.5 
Dark Gray Grumusol tr. 
Regosol (volcanic) 10.1 37.4 9.3 
Planosol tr. 
Regosol (volcanic) 10.5 43.0 11.7 1.69 
Reddish Br. Latosol 4.3 40.9 17.5 
Andosol 79.3 78.3 n.d. 
Gray Lowland soil 6.5 
Dark Red soil 3.9 

Schwartman method. Shaking a soil with pH 3.0 NIL-oxalate solution for 4 hrs in a dark 
place. Weight loss is considered to correspond to the amount of allophane. 

CDB-N/2 NaOH: HASHIMOTO & JACKSON method: After CDB (0.3 M Na-citrate-Na2S20.-l M NaHCOJ) 
treatment (MEHRA &JACKSON), a soil is boiled in aN/2 NaOH solution for 2.5minutes, and 
the last treatment is repeated once more. The weight loss corresponds to the amount of 
allophane, free iron oxides, alumina and silica. 

Tamm's reagent: Na-oxalate-Oxalic acid, pH 3.20. This reagent is assumed to dissolve very fine ferric oxide 
particles. 

17 
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Table 8. Soil properties related to phosphate fertility* 

mg P,Ol/100 g Inorganic P fraction* 
Soil Total P-sorp. ppmP 
No. -P coef. Ca-P Al-P Fe-P 

1 TG 62 440 44 26 24 
2 TB+ 82 620 38 73 58 
3 TB- 78 660 36 36 43 
4 SM 114 1500 56 49 105 

5 DM 153 2530 66 112 101 
6 DP 178 2240 105 113 66 
7 NG 1 128 2020 43 49 36 
8 NGu 114 1950 37 19 9 

9 YG 246 440 411 259 51 
10 JK 39 150 52 34 10 
11 PC 139 1280 27 63 114 
12 MU 337 1300 18 68 186 

13 KR 262 2710 32 104 11 
14 TA- 248 2540 20 133 18 
15 TA+ 584 2480 42 823 148 
16 KK 212 810 25 87 147 
17 MEII 161 370 24 74 180 
18 ME III 180 420 18 58 239 

* Inorganic soluble phosphorus fractionation by Egawa and Sekiya method 
** Phosphorus uptake by rice seedlings using 100 g of soil 

Total phosphorus and inorganic fraction of phosphorus (Table 8) 

Sol. PI 
Total P 

% 

35 
47 
34 
42 

42 
37 
23 
13 

67 
57 
34 
19 

13 
16 
40 
28 
40 
40 

P uptake 
by rice** 

mg P/lOOg 

0.46 
2.25 
0.53 
6.26 

2.40 
1.10 
3.21 
1.39 

3.16 
2.50 
5.85 
2.06 

0.25 
0.26 
3.35 
4.28 
3.16 
0.48 

Total phosphorus contents ranging from 39 to 584 mg P20s/100 g, were the lowest in 
No. 10 Planosol which is a highly leached soil, and the highest in No. 15 Andosol from a 
paddy field which was fertilized annually with N, P and Kin Iwate Agr. Exp. Station. 
The content was low in Nos. 1, 2 and 3 Red-Yellow Podzolic soils and high in No. 9 
Regosol and No. 12 Latosol. 

Ca-P was high in No.6 Grumusol and No.9 Regosol. It is noteworthy that Grumusols 
contained large amounts of exchangeable Ca, although Ca-P was not necessarily 
dominant in the inorganic soluble phosphorus. DJOKOSUDARDJO (1974) observed that 
some Alluvial soils in Java had a Ca-P content more than 10 times higher than that of 
the Grumusols of the same area. No.9 Regosol is a volcanic ash soil originating from Mt. 
Merapi, an active volcano. BAAK (1949) reported that the ash contained apatite particles 
and the ratio of hydrochloric or citric acid soluble phosphate to total phosphate in the 
ash was higher than that of ashes from Mt. Semeru and Mt. Kelud. When No. 7 
Grumusol from a paddy field was compared with No. 8 Grumusol from an upland field, 
the former had a higher ratio of solubility of inorganic phosphorus to total phosphorus 
and a lower ratio of Ca-P to total soluble phosphorus. The same relations were observed 
between No. 14 Andosol from a paddy field and No. 13 Andosol from an upland field. 

Phosphate sorption coefficient (Table 8) 
Phosphate sorption coefficients were very high in Andosols (Nos. 13-14) and high in 

Grumusols followed by No. 4 Hydromorphic soil, No. 12 Latosol and No. 11 Regosol. The 
lowest value was observed in No. 10 Planosol. Sandy loam, No. 9 Regosol derived from 
basic volcanic ash and Nos. 1-3 Red-Yellow Podzolic soils had low coefficients. 

In addition to the 2.5 % ammonium phosphate solution, which is commonly used as a 
bathing solution for determining the coefficient, a solution containing 0.25 and 0.025 % 

19 
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phosphate was used to determine the amount sorbed 
and the concentration the remaining phosphorus in the 

The results are in Figure 3. Low concentration 
resulted in a low amount sorption, 

with the soils. 
Table 9. Soil test values obtained by various methods P of 

Equi!. Anion exchange 
Soil solution resin-P 
No. -P* A B 

l TG 0.11 3.0 2.1 
2 TB+ 0.07 1 7 .. 2.3 
3 TB- 0.05 1.3 0.5 
4 SM 0.36 2.6 3.8 

5 DM 0.07 5.3 10.3 
6 DP 0.05 5.5 11.2 
7 NG 1 0.11 9.6 19.4 
8 NGu 0.06 2.6 3.0 

9 YG 0.64 8.8 8.6 
10 JK 1.22 3.1 2.3 
11 PC 0.42 0.8 0.1 
12 MU 0.06 3.1 8.0 

---· 
13 KR 0.07 0.9 0.05 
14 TA- 0.05 1.1 0.1 
15 TA+ 0.11 3.7 6.7 
16 KK 0.10 4.7 7.8 
17 MEll 0.28 2.2 4.4 
18 ME ill 0.03 1.3 0.7 

* ppm P of equilibrated solution 
A: air-dried soil B: submerged incubated soil 

Available phosphorus (Tables 8 and 9) 
Phosphorus uptake by rice seedlings 

---·--
ll-P O!sen-P 

A B A B 

3.6 6.4 4.4 3.8 
9.9 27.9 9.1 7.4 
2.6 8.4 3.1 2.1 

11.2 94.1 10.2 11.4 

9.7 31.8 7.5 7.9 
58.5 67.2 7.1 5.2 
27.1 34.5 14.0 13.3 
12.0 11.0 ::3.8 6.0 

78.8 156.6 9.4 9.6 
21.4 41.3 8.1 6.4 
19.6 60.2 14.0 7.9 
9.1 11.9 16.7 14.1 

9.3 8.4 2.7 2.8 
10.4 7.2 3.1 2.8 
21.5 20.7 55.8 27.6 
28.6 35.7 20.1 16.9 
40.4 43.4 17.5 12.3 
24.2 21.5 12.0 7.4 

soil) 

Olsen-
EDTA-P 

B 

8.4 
31.9 
10.2 
78.4 

23.5 
25.6 
39.2 
13.3 

30.9 
27.8 
76.5 
38.9 

12.3 
10.5 

127.6 
40.5 
47.2 
31.3 

When No. 4 Hydromorphic soil and No. 11 a strongly acid Regosol were submerged, 
the dissolved and liberated iron induced the formation of an iron-rust film on the 
surface of water and rice seeds, and the growth of germinated seeds was delayed. After 
the coleoptiles or young leaves emerged from the water surface, the plants grew rapidly 
and showed a high uptake of phosphorus. On Nos. 5-8 Grumusols and No. 9 Regosol, 
which had a high pH under air-dried conditions, rice growth was normal just after 
germination, but later it became unsatisfactory and resulted in a low phosphorus 
uptake. It could be concluded that regardless of rice growth at and after germination, 
phosphorus uptake by rice seedlings reflected the amount of phosphorus available in 
soil. 

Phosphorus concentration in equilibrated aqueous solution 
Under submerged conditions, phosphorus concentration in the aqueous solution of 

reduced soil was the highest in No. 10 Planosol which had the lowest total phosphorus 
content. Since the solubility was less than 1 (Yo in this soil, there was no correlation 
between the amount of total phosphorus and water soluble phosphorus. Water soluble 
phosphorus was less than 0.1 ppm Pin the solution for most of the soils and when some 
iron-rust appeared in the supernatant solution in the incubation tube, as an indication 
of air-leakage, no phosphorus was detected in the solution. 



Phosphorus extracted 
air-dried soils were same as ll-P values, while 

soils rich in Ca-P, Bray ll-P values were very much higher. In contrast, No. 15 
Andosol had by far the highest Olsen-P value. Submerged decreased the 

for many soils and them a few 
was applied only submerged P 

as as Olsen-P values soils. 

Discussion 

1. Physical and chemical characteristics of each soil group 
physical and chemical soil samples have been analysed to 

each soil group. 

No. 2 No. 3 TB-): 
These contained a amount coarse and fine sand fractions and their 

silt-clay fractions showed a high water dispersibility. They were acid, low in total 
nitrogen in relation to total carbon, had a slightly high C/N ratio, and were rather high 
in free iron oxides and bulk density, but they had a low CEC and small amount of 
exchangeable bases. Both the total phosphorus contents and the phosphate sorption 
coefficients were rather low and the iron mobility slightly high. To sum up, these soils 
were formed from silicic, low base materials under the tropical rain forest climate, or in 
other words, under the weathering process of laterization. However, because of lack in 
iron and bases, their clay fractions were insufficiently aggregated and had a relatively 
high dispersibility. 

Yellow Podzolic/Gray Hydromorphic soil (No. 4 SM): 
According to the analytical results of the Gray Hydromorphic/ Grayish Brown 

Planosol collected at the Singamerta Substation by KAWAGUCHI and KYUMA 
(unpublished) the soil had a CEC of 11 meq/100 g, exchangeable bases of 7 meq/100 g, 
soil texture of LC -CL, total phosphorus of 74 mg P20s/100 g, Bray II-P of 22 (air-dried 
soil), 66 ppm P (submerged incubated soil), and phosphate sorption coefficient of 409, 
while No. 4 soil collected in a paddy field 500 m west of the Substation differed from the 
above soil in clay content and related properties and had a CEC of 30 meq/100 g, 
exchangeable bases of 22 meq/100 g, texture of HC, total phosphorus of 114 mg PDs/100 
g, Bray II-P of 11 (air-dried soil), 94 ppm P (submerged incubated soil), and phosphate 
sorption coefficient of 1500. It should be noted here that No. 4 soil belongs to the same 
mapping unit of Singamerta soil used in the pot experiment mentioned later, but that 
the characters of the soil for the pot experiment were similar to those of the Singamerta 





contents and low 
concentration of No. 18 



soil could 
soil under 

sorbed 
with the 

with high coefficient, such as 

mechanism of 
indicates 

the 

other words, the phosphate sorbed by the soil is equilibrated with a very 
ammonium phosphate solution. If some more ammonium phosphate were added to the 
solution, amount phosphate soil would be 
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LOG C (ppm P in solution) 

3. Relation between phosphate 
sorbed by soil (X) and 
phosphate remaining in 
solution (C) 
(log X= log k + 1/n log C, k and 
n are constants 

HONYA and YOSHINO (1965) revealed that the phosphate sorption reaction ranging 
from 10 to 10,000 ppm Pin the equilibrated solution follows the Freundlich's adsorption 
isotherm, X= KC lin, in which xis the amount of phosphate (mg P) sorbed by 1 g of soil, C 
is the concentration of phosphate in the equilibrated solution (ppm P), and K and n are 
constants whose values vary depending on soil and other conditions. Determination of 
the K and n for each soil enables to calculate the concentration in the equilibrated 
solution. For andosols, such coefficients at high phosphate concentration may be more 
effective as compared with the ordinary coefficient. Then, in addition to the ordinary 
phosphate sorption coefficient determined with a 2.5 % ammonium phosphate solution, 
the phosphate sorbing capacity was also evaluated by using 0.25 and 0.025% solutions 
to draw the regression line, log X = log K + (1/n) log C (Fig. 3). With this equation the 
phosphate sorption coefficient of C at 4000 ppm P was calculated for each soil, as the 
phosphate concentration in the equilibrated solution for a soil of moderate coefficient 
(about 1000) is approximately 4000 ppm P. 
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Phosphate sorption coefficients and clay contents: 
The relation between the phosphate sorption coefficient and clay content in soil is 

shown in Fig. 4. The CEC (meq/lOOg)/day (%) ratios of Nos. 9 and 11 Regosols of 
volcanic ash origin amounting to 1.20 and 1.18, respectively were much higher than 
those of other soils of non-volcanic origin, implying that the porous volcanic ash has an 
active inner surface in addition to the activity of the outer surface of the particles. The 
average CEC/clay ratio of non-volcanic soils, 0.48, was applied to both soils to calculate 
the corrected clay contents which amounted to 20.0 and 38.8 %for Nos. 9 and 11, re· 
spectively, as indicated in Fig. 4 by the arrow and dotted line. 

From the relationship between phosphate sorption coefficient and clay content, soils 
studied could be divided into four groups. Positive correlation was observed for the 
group I soils. If the clay content of No. 9 soil were corrected as mentioned above, the soil 
could be classified into group I. The same trend could be recognized for the group TI soils, 
although the group consisted of only two soils and the curve tended to move to the 
higher part of the coefficient. All group ill soils were Grumusols with high clay contents 
and large coefficients, but the relation between both parameters was not proportional. 
As for the group IV Andosols, clay did not play any significant role in the process of 
phosphate sorption. 
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sorption of 
than the Andosols and acid Regosols gave no evidence to assume that 

is related to the presence of soluble aluminum. Study on the 
sorption of South Brazilian acid tropical soils by SYER et al. (1971) showed 

that the sorption of added phosphate was always better correlated with the aluminum 
"'"''r"""'""'t"'"" such as exchangeable, oxalate citrate-dithionite-bicarbonate soluble 

than with the iron parameters. Another study on the inorganic phosphorus 
in Indonesia by LEIWAKABESSY et aL (1973) revealed that the phosphate 

sorbed by soil was found mostly in the Al-P fraction followed by the Fe-P fraction. As 
the soils examined showed that their phosphate sorption was somehow related to 

free iron content, it is natural to consider that the phosphate sorption these soils 
bore some with aluminum components in the soils, although the soluble 
aluminum content failed to illustrate apparently the relation with phosphate sorption in 

case of the soils of groups I, IT and ill, as shown in Fig. 7. 

Phosphate sorption coefficient (1 ppm P) and (4000 ppm P): 
When log C is taken as 0 in the equation log X= log K + (lln)log C, then, C = 1 ppm Pin 

solution, X= K, and K (mg P/g) is the amount of phosphate sorbed by a soil equilibrated 
with 1 ppm P solution. Based on the value of K, the phosphate sorption coefficients (1 

P) were calculated and plotted against the phosphate sorption coefficients (4000 
ppm P), as shown in Fig. 9. When an Andosol with a high coefficient was bathed in a 
0.025% solution of ammonium phosphate, the phosphate concentration of the solution 
decreased to 2-3 ppm P. 

The ordinary phosphate sorption coefficients of Grumusols (group ill) were 
comparable to those of Andosols, while those at (4000 ppm P) were somewhat distinct 
from those of Andosols and those at (1 ppm P) showed marked differences. These facts 
indicate that the nature of phosphate sorbing components in both soils is different. 

The ratio of phosphate sorption coefficient (4000 ppm P)/ phosphate sorption 
coefficient (1 ppm P) was calculated in each soil. On an average, it was 61 for all the 
soils. The average ratio for Grumusols (group ill) was 129, for Andosols (group IV) 78, 
and for the groups I and ll 31. The large reduction rate in the amount of phosphate 



Relation 

4000 6000 
mg/lOOg 

P- SORP. COEF. AT 4000 ppm P 

and 
1 ppm P. 

sorbed by a Grumusol which paralleled the in phosphate concentration in the 
equilibrated solution suggests that the decrease in availability of phosphate added to a 
Grumusol may be small though the soil shows a very high phosphate sorption 
coefficient. 

To sum up the above discussion, the soils examined could be divided into the 
following groups according to phosphate sorbing mechanism. 

Phosphate sorption coefficient of group I soils, which included Red-Yellow Podzolic 
a Reddish Brown Latosol, a Gray Lowland soil, a Dark Red soil, correlated with 

clay and free iron contents, suggesting that the aluminum and iron oxides coated on the 
clay particles were responsible for the phosphate sorption. 

Group II soils consisting of a Gray Hydromorphic soil and a strongly acid Regosol of 
volcanic origin showed a pattern similar to that of group I, although their coefficients 
were higher in proportion to clay or free iron contents. This may be due to the fact that 
the ability of phosphate sorption of aluminum and iron oxides in the group ll soils is 
higher than that in group I, owing to the lower crystallinity of oxides (Juo and ELLIS, 
1968). No. 11 Regosol did not show a high phosphate sorption coefficient in spite of its 
high soluble aluminum content comparable to that of Andosols. This fact suggests that 
the presence of aluminum soluble in pH 4 acetate buffer solution had no dose relation 
with phosphate sorption. 

Soils of group III were Dark Gray Grumusols. Their high phosphate sorption 
coefficients were primarily attributed to their high exchangeable and carbonate calcium 
contents, and partly associated with aluminum and iron oxides coated on the clay. 

Extremely high phosphate sorption coefficients of Andosols (group IV) showed a 
correlation the carbon, soluble aluminum and free iron contents, indicating that 
aluminum and iron combined with humus are the main sources of the phosphate 
sorbing capacity of these soils. 
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PAAUW (1971) nrc1oo!sed 

soil with 
percentage in plants grown in the 
phosphorus availability of soils with a range properties. 

AMER et aL (1955) stated that the extraction method with anion exchange resin could 
recover not only phosphate in the soil solution but also phosphate sorbed by the solid 
phase, making it possible to estimate simultaneously both intensity and capacity factors 
of phosphorus availability of the Application this method was reported from 
Britain (COOKE and HISLOP, 1968) and Egypt (METWALLY et al., 1975) as a method 
superior chemical extraction. OLSEN and W AT AN ABE (1970) also used resin-P as an 
indicator of sorbed-P. In general, these examples showed that the resin method gave 
good results for neutral or basic soils. 

SHIGA et al. (1973) and SHIGA (1976) recognized that the Bray II method (BRAY and 
KURTZ, 1945) was applicable to paddy soils in Hokkaido to estimate their phosphorus 
availability. They illustrated a clear relation between Bray II-P value and the number of 
tillers at the tillering stage of rice plants or rice yield. KOMOTO (1971, 1977) discussed 
the relation between Bray II-P values and growth and yield of rice plants in granitic 
paddy soils in warm West Japan. 

Bray II method was considered to be suitable for fertilizer recommendation in 
Thailand (VAJRAGUPTA et al., 1963) and Peninsular Malaysia (KANAPATHY et al., 1973), 
both countries having no or a few neutral or alkaline paddy soils. Bray II extracting 
solution, with a pH of about 1, tends to extract the low available form of calcium 
phosphate, such as rock phosphate as pointed out by CHANG (1976). Therefore by using 
the Bray II method it is possible to overestimate phosphorus availability of neutral or 
alkaline soils rich in calcium phosphate. 

Because of its high ability of dissolving iron phosphate, the Olsen method (OLSEN et 
al., 1954) was recommended by CHANG (1976) for paddy soils in which the main source of 
available phosphorus for rice plants is iron phosphate. 

Comparison and evaluation of various soil testing methods with the results of the 
experiments mentioned above are presented as follows: 
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Fig. 11. Correlation between the P uptake by rice 
seedlings and the resin-P value of air-dried 
(A. SoH) or submerged incubated soil (S. Soil) 

Submerged equilibrated aqueous solution method (Fig. 10) 
Logarithm of phosphorus concentration in the supernatant aqueous solution 

equilibrated with soil (solution-P value) showed a high correlation with the phosphorus 
uptake by rice seedlings. Detailed examination of the diagram, however, revealed that 

31 



combine it with a 1uccn""" 

et al. 
If Fox's method were to be 

maintained during the whole period from submergence to Avtr"'"t'''"' 
(1979) solved problem with sealing of gas into the 
the method has not been applied successfully to paddy soils 
properties. it can be concluded that method is not 
although it might be in the 

P AAUW (1971) insisted that by shaking and water to 
hour the migration rate of phosphorus from the phase to the liquid 
accounts for the capacity of phosphorus can revealed. Pw values 
recorded in Paauw's report were higher than solution-P values Indonesian 
soils (Pw is expressed in mg/liter, whereas our results are expressed in mg/kg). 
the reasons for such differences may the in ratio which was 1:5 
in our material and 1:60 in Paauv/s. It is also possible to that the soils tested by 
Paauw were repeatedly and that the range of their phosphate sorption 
capacity did not vary considerably. the capacity factor of a paddy soil is closely 
related with redox potential, the application of the water extraction method to 
tropical soils makes it difficult to determine the capacity factor relation to water ex­
tracting values as well as low concentrations of phosphorus in the soil solution. 

Anion exchange resin method (Fig. 11): 
Resin P values of air-dried samples which were less than 10 ppm P on a soil basis 

for all the soils were larger than the solution-P values, but lower than those of other 
extracting methods (Fig. 11 left). It can be seen from the figure that the available 
phosphorus content of Nos. 4 and 11 soils was underestimated whereas that of Nos. 6, 7 
and 9 soils was overestimated. The former soils were rich in iron phosphate and had a 
high iron mobility, while the latter soils were rich in calcium phosphate or exchangeable 
calcium and had a pH of more than 7. Considerably low resin-P value of No. 11 soil may 
be ascribed to delayed phosphate sorption on resin by the sulfuric acid contained in the 
soiL 

Resin-P values of submerged incubated samples were higher in some soils and lower 
in others and on an average, a little higher than those of air-dried samples. Lower 
values indicate that phosphate once liberatd under anaerobic conditions may be 
captured again by iron oxides under aerobic conditions during extraction. Therefore, it 



could be concluded that the resin method is hardly applicable to paddy soils to evaluate 
phosphorus availability. 
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Fig. 12. Correlation between the P uptake by rice seedlings and 
the Bray ll-P value of air-dried or submerged incubated 
soil 

Bray ll method: 
The relationship between the Bray ll-P value of air-dried soil or submerged incubated 

soil and phosphorus uptake by rice seedlings is shown in Figure 12. Bray ll-P values of 
Nos. 6 and 9 soils were much higher than the phosphorus uptake of rice grown on these 
soils, which were extremely rich in calcium phosphate (Table 8). Such overestimation of 
calcium phosphate is, as described in the beginning of this section, due to the fact that 
the calcium phosphate of these soils exists in the form of comparatively coarse particles 
of apatite, which is hardly soluble in water. 

Overestimation was also observed to a lesser extent in the air-dried samples of soils 
Nos. 17 and 18, both of which are rich in iron phosphate. This may be due to the fact 
that the surfaces of coarse sand particles which are abundant in these soils are covered 
by iron-rust or ferric hydroxide which contains iron phosphate. As a result, the amount 
of surface phosphorus available to rice plants is relatively small, although the amount of 
phosphorus chemically extractable is high. 

This indicates that the incubation under submerged conditions released a high rate of 
iron phosphate into the extractable form and led to increased phosphorus availability 
when measured by the Bray ll extraction method. Except for Nos. 6 and 9 soils, Bray 
ll-P values of submerged incubated soils showed a significant correlation with the 
phosphorus uptake by rice seedlings. Therefore, it can be concluded that the application 
of Bray ll method enabled to evaluate the phosphorus availability of paddy soils, except 
for those with high pH and high calcium phosphate content. 
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method 13): 
Results of Olsen's extraction of air-dried soils or submerged incubated soils are 

illustrated in Fig. 13 in correlation with phosphorus uptake by rice seedlings. In the case 
of air-dried soil, P values obtained with Olsen's extraction method were found to be 
more reliable than those obtained with the Bray II method: there was no overestimation 
for the soils rich in calcium phosphate or iron phosphate. However, three soils still gave 
rise to unexpected values, i.e. Nos. 4 and 11 which were on the left side of the regression 
line and No. 15 which was on the right side far from the line. No. 4 is a Gray 
Hydromorphic soil No. 11 is a strongly acid Gray Regosol of volcanic ash origin. As 
stated previously, both soils with very high iron mobility released large amounts of 
phosphate under submerged conditions. Extraction of air-dried soil by Olsen solution, 
thus, failed to estimate phosphorus availability of those soils as shown in the Bray II 
extraction method. According to Juo and ELLIS (1968), as cited previously, the relative 
availability of colloidal iron phosphate or aluminum phosphate is very much higher 
than that of the crystalline form as tested in upland conditions. High iron mobility of 
Nos. 4 and 11 soils suggested the presence of a higher rate of colloidal form of iron 
phosphate which may account for the very high phosphorus uptake by rice seedlings 
grown on those soils. 

No. 15 is a soil collected in the annually fertilized plot in the NPK experiment paddy 
field of Andosol origin. A large amount of aluminum phosphate and iron phosphate is 
accumulated in the soil. Overestimation of phosphorus content in No. 15 soil may be due 
to the dissolution of a part of accumulated aluminum phosphate of which only a small 
amount is available to rice seedlings. 

Incubation under submerged conditions generally reduced Olsen-P values as 
compared to the values of air-dried soils, with a few exceptions. These results suggest 
that phosphate once extracted from the soil is refixed by ferric hydroxide which is 
produced again by oxidation of ferrous iron in a medium with high pH during 
extraction. Therefore, to avoid such phenomenon, EDTA (ASAMI and KUMADA, 1959) 
was added to the Olsen's extracting solution. The results are presented in Fig. 14. Every 
Olsen-EDTA-P value of submerged incubated soil was very much higher than the 
corresponding Olsen-P value of air-dried or submerged incubated soil. All the 
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extracting values were within the high correlation range shown in 14 except No. 
15 soil which is a heavily fertilized Andosol sampled at Iwate,Japan, as mentioned in the 
preceding paragraph. Andosols in Indonesia are distributed along the 
slopes of volcanoes at higher elevations and are cultivated mostly with various 
vegetables and flowers from the temperate regions (DJOKOSUDARDJO, 1974), 
rather than with wetland it can safely be said that the Olsen-EDTA method is 
applicable to almost all kinds of Indonesian paddy determining 
phosphorus availability. 

Comparison of Olsen-EDT A method with Bray IT method: 
High correlation was observed between the Bray ll-P values and the Olsen-EDTA-P 

values of submerged incubated soils, as shown in Fig. 15. Except for Nos. 6, 9 soils 
which gave too high values in Bray II extraction and for No. 15 soil which gave too high 
values in Olsen-EDT A extraction, a regression equation was obtained from the 
extracting values as follows: 

Y = 8.261 + 0.825 X, where X is the Bray II-P value andY is the Olsen-EDTA-P value. 
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It will be mentioned later in more detail that the lower limit of the Bray II-P value to 
achieve normal rice growth and yield in a Red-Yellow Podzolic soil must be 15 ppm P. 
This value can be changed to the Olsen-EDTA-P value through the above equation as 
20 ppm P. As shown in Fig. 15 (broken line), Bray II-P value of No. 12 Latosol was 
situated within the area of less than 15 ppm although the soil never showed phosphorus 
deficiency even in the plot without phosphorus application, whereas the 
Olsen-EDTA-P value was situated in the area further over 20 ppm. In contrast, Bray 
II-P values for Nos. 1, 3, 8, 13, and 14 soils which were considered to be deficient in 
phosphorus were less than 15 ppm and the Olsen-EDTA-P values of these soils were 
also less than 20 ppm. Therefore, it can be said than the Olsen-EDTA method is 
superior to the Bray II method for recommendation of fertilizer application to soils with 
widely varying chracteristics. 
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group 

L Reddish Brown Latosols 
Pot experiment Muara soil: 

A plastic Wagner pot, 1/5000 are size, was filled with 3.5 kg of air-dried 
Brown Latosol (No. 12, Table 1) collected from the Muara Substation of 

the Central Research Institute for Agriculture, Bogor. Six treatments, namely 
no-fertilizer application, 0, 0.5, 1, 2 and 3 g P20s per pot with triple super· 
phosphate (46 % soluble P20s) were carried out with three replications. Except 
for the pot without fertilizer application all the pots received urea and 
potassium sulfate at the rate of 1 g of Nand 0.5 g of K20 per pot. Half of the urea 
was applied as basic dressing and one quarter each as topdressing at the 

the flower primordia stages. Three 28-day old seedlings of IR-8 
were transplanted in each pot on 24 Sept. 1973. 

experiment at Muara: 
A fertilizer experiment with seven levels of phosphate, 0, 30, 60, 100, 150, 200 

and 250 kg P20s per ha, was carried out at Muara, using triple superphosphate. 
Each plot was 4 x 6 m in size. The treatments were arranged in a randomized 
block design with three replications. Nitrogen (urea) was applied 4 times as 
basic dressing followed by three applications (topdressing) at the tillering stage, 
flower primordia stage and booting stage at the rate of 40 kg N per ha each. 
Sixty kilograms K20 per ha was applied as basic dressing in the form of 
potassium sulfate. Three 24-day old seedlings of IR-5 were transplanted in 
each hill with a spacing of 25 x 25 em on 12 January 1974 (rainy season). After 
harvest of the rainy season crop, the experiment was repeated during the dry 
season using plots with the same treatments. Transplanting was on 11 July 
1974. 

2. Gray Hydromorphic/Grayish Brown Planosols and Yellow 
Podzolic/Gray Hydromorphic soils 
(a) Pot experiment with Jakenan soil: 

Each 1/5000 are plastic Wagner pot containing 4 kg of air-dried Planosol (No. 
10) collected at the Jakenan Substation was planted with two hills of 14-day old 
seedlings of IR-5, with three seedlings per hill. There were 6 treatments: no 
fertilizer (-F), PKS(-N), NKS(-P), NPS(-K), NPK(-S) and NPKS (+F). One gram 
per pot of each nutrient: N, P20s, K20 or S was added in the form of NH4CI, 
Ca(H2P04)2·H20, KCl or Na2S04. Seven weeks after transplanting one of three 
replications was sampled for evaluation of growth performance and chemical 
analysis. The two remaining replications were harvested 114 days after 
transplanting. 

(b) Pot experiment with Singamerta soil: 
Soil taken from a farmer's paddy field located about 1 km west of Singamerta 



3. 

4. Red-Yell ow Podzolic soils 
Field experiment in Tamanbogo 

Seven phosphate levels, 0, 60, 100, 200 250 kg per ha of triple 
superphosphate were tested in a paddy at Tamanbogo Substation. All 
treatments consisted of 120 kg urea/ha in three split applications (basic and 
topdressings at 3 weeks after transplanting flower primordia stages), and 
60 kg K20/ha of potassium sulfate as basic dressing. treatments were 
repeated 3 times. Plot size was 4 x 6 m. Three 21-day old seedlings IR-5 were 
transplanted in a hill, with a spacing of 25 X 25 em, on 27 February 1972. 
were harvested on 21 June. 

(b) Field experiment in Tamanbogo (II): 
Since the rice yields in the experiment (I) did not increase in response to 

phosphate application another experiment with the same treatments was 
conducted in a farmer's 5 km from the substation. Before this experiment, 
the field (No. 3 soil) was planted with cassava after weeding alang-alang 
(Imperata cylindrica, lalang grass) which had invaded it. Soil pH before 
treatment was 5.2. Seedlings of IR-5 were transplanted on 10 February 1975. 
Plants in the 60-250 kg P20s/ha plots were harvested on 10 June and in the 30 
kg PzOs/ha plot where rice matured later plants were harvested on 18 June. A 
large part of the plants without P application died before the lOth week after 
transplanting, and the remaining plants were harvested in July. 

(c) Pot experiment with Tegineneng soil (No. 1): 
Each 1/5000 are plastic pot, was filled with 4.0 kg of wet Tegineneng soil, 

which corresponds to 2.52 kg of dry soil. Seven fertilization levels were applied, 
namely 0, 0.:3, 0.6, 1.2, 4.8 and 9.6 g triple superphosphate per pot. These were 
equivalent to 0, 140, 280, 550, 1100, 2200 and 4420 mg P20s per pot, respectively. 
All the treatments were supplied with urea at the rate of 1.0 g N per pot, 1/2 as 
basic and 1/2 as topdressing 40 days after transplanting, and with potassium 



sulfate as basic dressing at the rate of 0.6 g K20 per pot. 
Each treatment was duplicated. Four seedlings of the IR-5 variety were 

transplanted to each pot. Two plants were harvested on the 30th day, one on 
the 60th day after transplanting and the remaining one plant was harvested on 
the 129th day. 

An incubation test was carried out at the same time as the pot experiment. 
Eighty grams of air-dried fine soil, which had received the same fertilizer 
treatment as in the pot experiment, was put into a 250-ml plastic bottle. The 
bottle was filled up with water and closed tightly with a screw cap. The bottles 
were placed in a basin with water and the basin was covered with thick black 
plastic sheets to exclude the sun. All treatments were triplicated. Incubation 
started on the transplanting day of the pot experiment. One series was sampled 
on the 30th day, the second series on the 60th day and the last one on the lOOth 
day after transplanting for determination of phosphate in the supernatant 
solution and Bray II solution extractable phosphorus in soil. 

5. Alluvial soils 
(a) Field experiment in Winong: 

Soils in Winong, Pati, Central Java, are classified as Grayish Dark Brown 
Alluvial soils. Two kinds of phosphatic fertilizers, triple superphosphate (TSP, 
citric soluble P20s 46 %) and fused magnesium phosphate (FMP, citric soluble 
P20s 20 %) were tested on 4 levels, 0, 60, 120 and 180 kg P20s per ha. To each 
treatment urea was commonly applied at a rate of 120 kg N and potassium 
sulfate at a rate of 60 kg K20 per ha. Seedlings of IR-5 were transplanted on 7 
July and harvested on 10 October 1974. 

Results 

1. Reddish Brown Latosols 
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(a) Pot experiment with Muara soil: 

...l 

...l -::c 
0:: 
UJ 
0.. 

As shown in Fig. 16, plants in the 3 g P 20s-pot and those in other pots reached 
the maximum tiller number stage 6 weeks and 7 weeks after transplanting, 
respectively. In the pot without P, however, the tiller number increased further 
after the second topdressing of urea, i.e. at the lOth week. 

Six weeks after transplanting, at the tillering stage, the plant height, tiller 
number, dry matter weight (Fig. 17), phosphorus content in plants (Fig. 19), and 
the uptake of nitrogen, phosphorus and potassium (Fig. 20) increased with the 
increasing rate of phosphate application. When phosphate application 
increased, the heading stage was reached earlier and the percentage of filled 
grains (Fig. 18) increased. However, significant grain yield differences were not 
found among the treatments, except for that without fertilizer (Fig. 17). 

A significant difference in rice growth was observed between the pot without 
P and the pot without fertilizer. Without fertilier, rice growth was inferior to 
that in other pots and the grain yield was only 113 to 1/4 of the yield in other 
pots. In the pot without P, but with nitrogen and potassium, rice growth was 
inferior to that in the phosphate pots at the maximum tillering stage, but finally 
growth recovered with an increase in the tiller number. 
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phosphate in the field experiment (rainy season) at Muara 
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Table Rice and nutrient "'"'""''"' in the field experu:1ne1nts at the Muara 
Substation 

First field experiment 

Treatment Grain Index Nutrient uptake (kg!ha) 
(kg P,O,!ha) kg/ha* N p,o, 

~"-·---------~~-·--·-···~····--·-~·--·---·---·-· ·-~-~-·-------- ··----------·-··-
0 

30 
60 

100 
150 
200 
250 

Mean 

Second field 

0 
30 
60 

100 
150 
200 
250 

Mean 

* Grain 

5553 98 93.8 42.0 1 ')(' 
~-' 

5677 100 87.0 39.8 115 
5695 100 95.6 50.5 129 
5760 101 97.0 46.8 124 
5743 101 98.6 52.4 128 
5633 99 91.6 46.0 117 
5567 98 97.1 47.6 137 

·------~---

5661 94.4 46.4 126 

(Dry season) 
--------------·-----·--------·--

6413 100 89.6 40.7 139 
6176 96 101.5 45.8 160 
6098 95 101.4 36.0 174 
5906 92 88.3 30.0 148 
5785 90 94.6 39.2 149 
5872 92 90.9 53.1 166 
5637 88 86.7 45.1 141 

·--------------
5984 9:3.3 41.4 154 

·----------------·---·-----.. --------·-------
adjusted to 14 % moisture 

Table 11. Bray II-P values of soils in the first field experiment at Muara Substation 

Treatment Days after transplanting 

(kg P,O,/ha) 2 11 24 61 89 

0 8 6 8 7 10 
30 11 5 ll 11 13 
60 13 9 11 14 

100 16 9 11 11 8 
150 15 16 11 13 16 
200 14 19 9 12 16 
250 21 31 9 18 9 

(b) Field experiment at Muara Substation: 
In the first experiment during the rainy season, the effect of phosphate 

application on the tiller number was observed until the maximum tillering stage 
(Fig. 21). Thereafter the difference in tiller number was not as distinct and no 
significant difference was observed among the grain yields (Table 10). Nitrogen 
uptake at harvest (87-99 kg/ha) was about 60 % of the amount of nitrogen 
applied as fertilizer. The uptake amounting to 40-50 kg P20,!ha had no relation 
with the amount of phosphate applied, while the uptake amounting to 110-140 
kg K20/ha was about twice as high as the amount of potassium added (60 
kg/ha). 

Bray TI-P values of soils varied in the range of 5 to 30 ppm P 90 days after 
transplanting. They were higher in the plots to which phosphate had been 



applied especially within 2 weeks after transplanting (Table 11). Correlation 
coefficients between the Bray ll-P values on the 11th day after transplanting 
and P uptake by plants per a hill on the 24th day or 61st day were 0.712* and 
0.805*, respectively. 

In the second experiment during the dry season, the effect of phosphate on the 
increase of the tiller number was clearly recognized, but the highest yield was 
obtained in the plot without P, and the yield decreased slightly with increasing 
rate of phosphate application (Table 10). 

Field observation on the 56th day after transplanting, i.e. at the flower 
primordia stage, revealed that the color of rice leaves in the plots with high 
phosphate levels was more yellowish than that in the lower level plots and this 
discoloration was due to infestation with bacterial leaf streak. Plant phosphorus 
contents at flower primordia stage were higher and nitrogen contents were 
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Fig. 22. Dry matter weight, nitrogen and 
phosphorus content in plant at flower 
primordia stage (field experiment, dry 
season, Muara Substation) 

lower in the plots with higher levels of phosphate (Fig. 22). 
In general, the grain yields in this season were higher than those in the 

preceding rainy season, and the average nutrient uptakes were 93 kg N, 41 kg 
P20s and 154 kg K20/ha. Since the N and P uptakes were nearly the same as 
those of the preceding crop, it can be concluded that the effect of N and P 
applications on grain production in the dry season crop is higher than that in 
the rainy season crop. 
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2. Hydromorphic/Grayish Brown Planosol and Yellow 

0 
PKS 
NKS 
NPS 
NPK 
NPKS 

Treatment 

-F 
-N 
-P 
-K 
-S 
+F 

Hydromorphic soil 

Plant Number of 
em 

72.8 13 
75.5 11 
87.5 36 
78.8 21 
70.0 18 
91.0 43 

matter (g/pot) 
Straw Panicle 

15.5 10.6 
16.2 9.8 
58.5 29.6 
27.9 14.1 
22.4 11.1 
71.2 47.4 

Table 13. Iron content in 
J akenan soil) 

on the 47th 

0 
PKS 
NKS 
NPS 
NPK 
NPKS 

Treatment 

·-------------------

-F 
-N 
-P 
-K 
-S 
+F 

Fe 
ppm 

278 
175 
859 
792 
381 

1056 

experiment with Jakenan soil: 
It is clearly seen from the growth and yield of the rice plants at harvest that 

the soil is severely deficient in nitrogen, potassium and sulfur (Table 12). 
Although phosphorus content was also considered to be critical in the soil, 
growth and yield of - P plants were not as inferior as expected, judging from the 
very low total P content of this soil. At the tillering stage, reddish brown spots 
were found on the tips and margins of leaves of+ F,- K or- P plants. Chemical 
analyses of such plants revealed abnormally high iron content, as shown in 
Table 13. 
Pot experiment with Singamerta soil: 

Changes in the tiller number are illustrated in Fig. 23 and dry matter weight 
and nutrient uptake are indicated in Table 14. These results show that the soil 
is deficient in nitrogen, phosphorus and potassium. Lower dry matter weight of 
+F plants on the 48th day compared with the -K plant may be caused by severe 
salt injury in the +F pot, as seen from Table 15. At harvest, the straw weight of 
-P plants was 62% of the +F plants, and the grain weight of -P plants was only 
16 %. 
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Table 14. Dry matter weight and nutrient uptake (pot experiment, Singamerta soil) 

48th day after transplanting At harvest 

Treatment Dry matter Nutrient uptake (mg/plant) Dry matter (g/plant) 

(g/plant) N p K Straw Grain 

0 -F 1.55 11.1 3.1 20.5 4.9 4.2 
PKS -N 1.38 8.6 3.3 28.5 5.0 3.4 
NKS -P 2.25 80.5 4.1 50.0 23.1 4.2 
NPS -K 3.58 130.8 13.4 12.2 19.2 3.7 
NPK -S -* 38.1 12.6 
NPKS +F 3.52 113.3 10.4 90.0 37.4 26.1 

* Since one plant died, the determination has not been done in the -S pot. 

Table 15. Electric conductivity and pH of surface water (pot experiment, Singamerta 
soil), 34th day after transplanting) 

EC pH 
ILmho/cm 

-F 740 5.6 
-N 2400 5.2 
-P 6750 2.9 
-K 6100 3.6 
-S 7500 3.2 
+F 9000 4.5 
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Fig. 24. Change in tiller number during successive growth stages of rice 
in the pot experiment with Grumusol from Demak 

Table 16. Dry matter weight and nutrient uptake (pot experiment, Demak soil) 
- -------

48th after transplanting At harvest 

Treatment Dry matter Nutrient uptake (mg/plant) Dry matter (g/pot) 

g/plant N p K Straw Grains 

0 -F 2.10 15.3 3.1 48.3 6.9 4.3 
PKS -N 2.00 17.8 5.1 48.0 8.7 7.5 
NKS -P 1.32 38.5 1.5 32.9 33.1 18.9 
NPS -K 14.20 338.4 39.3 285.4 68.6 47.4 
NPK -S 2.17 41.0 6.6 31.7 9.4 4.0 
NPKS +F 16.80 346.4 43.0 532.6 66.::l 37.6 

(a) Pot experiment with Demak soil 
Dry matter weight and nutrient uptake on the 48th day after transplanting, 

presented in Table 16, show that the soil is markedly deficient in nitrogen, 
phosphorus and sulfur. The dry matter weight of -P plants was only 8 (){)that of 
the +F pot. As shown in Fig. 24, the tiller number of -P plants started to increase 
6 weeks after transplanting. These facts suggest that phosphorus availability 
increases at the later stage of rice growth. 



'Treatrnent 

kgP,Q,. 
ha 

0 
30 
60 
90 

120 
150 

numberlhilJ 

till. Flower 
stage 

12.2 17.0 
17.2 

12.7 17.0 
13.2 18.2 
13.8 16.3 
13.0 16.3 

P content P uptake 

tilL prim. 

0.20 0.22 0.97 
0.22 0.23 LOS 7.80 
0.25 0.23 1.21 8.34 
0.25 0.23 1.22 9.38 
0.28 0.23 1.15 8.56 
0.27 0.24 1.06 8.68 

, ___ , __ , ______ 
·-----------------~----~-~-

Table 18. Yield and yield components in the field at Substation 

Treatment Panicles/ Grains/ Filled 1000- Yield 
kg P,O,/ha m' panicle grains(%) grain wt.(g) kg/ha 

--~---------~-

0 253 140 71.0 25.8 5819 
30 256 137 72.5 26.2 5997 
60 261 133 73.2 26.7 6028 
90 243 133 75.7 26.9 6461 

120 267 130 69.7 26.7 6430 
150 264 139 73.5 25.6 6304 

---------~-<"-----~~-~-----'-

Table 19. Nutrient uptake of harvested at Ngale Substation (kg/ha) 

Treatment 

kg P,O,lha 

0 
30 
60 
90 

120 
150 

N P,O, 
----------------------

Total Straw· Grain Sum 
-----------------

80 13 33 46 
'77 '7 31 38 ,, I 

78 7 39 45 
76 8 32 40 
81 7 35 43 
83 32 39 

(b) Field experiment in Ngale Substation: 

K,O 

Total 

94 
72 

10'7 
118 
119 
96 

Tiller number, phosphorus content and uptake at maximum tillering stage 
and flower primordia stage are listed in Table 17 and yield and yield components 
in Table 18. The effect of phosphorus application was slightly reflected in plant 
growth at the maximum tillering stage and was not recognized towards the 
flower primordia stage. Although maximum yield was obtained in the 90 kg 
P20slha plot, yield differences among the plots were not statistically significant. 
Yield components also did not respond to phosphate application. Nutrient 
uptake is indicated in Table 19. Mean grain yield was higher and mean 
phosphorus uptake was lower than the results obtained in the phosphate 
application field experiment at Muara as described in 1 (b), which was 
conducted during the same season. 
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Table 20. Tiner number, nitrogen and P"'-'"'!J"'" content of rice in the field 

Treatment 

kg/ha 

0 14.3 
30 21.6 
60 20.0 

100 25.0 
150 24.7 
200 22.2 
250 18.5 

at 

Tiller number per hill* 

after transplanting 
5 

20.1 

28.3 
26.1 

22.0 

24.7 
21.8 
26.0 
23.2 
22.7 
20.6 

%P 

Active Active Flower 
till. till. 

76 0.17 
2.96 0.20 0.22 
2.89 0.25 0.22 
3.26 0.28 0.24 
3.23 0.25 0.26 
3.14 0.27 0.25 
3.32 0.28 0.27 

-------- ----------------------~-----·--·~-------~--

* Maximum tiller number is underlined 

Table 21. Yield and yield components in the field experiment at Tamanbogo (I) 

Treatment Yield Panicles Grains/ Grains Fiiled 1000-
P,O,/ha kg/ha 1m2 panicle 1m2 grains(%) wt. (')(,) 

------·--
X 1000 

0 3708 243 164 39.8 71.3 24.8 
30 3694 237 149 35.3 71.5 25.0 
60 3492 224 150 33.5 69.6 24.6 

100 3623 227 154 35.0 65.3 24.4 
150 3812 237 134 31.9 73.6 25.3 
200 3643 219 161 35.2 71.1 25.2 
250 3528 229 149 34.0 63.6 24.8 

Table 22. Nutrient uptake of harvested plants in the field experiment 
at Tamanbogo (I) (kg/ha) 

Treatment N r,o, K,O 
------------------

kg P,O,/ha Total Straw Grain Sum Total 

0 90 8 21 29 82 
30 82 10 19 29 71 
60 81 10 23 33 ;)7 

100 85 15 22 37 52 
150 79 17 25 42 57 
200 75 13 26 39 76 
250 80 20 20 40 58 

4. Red-Yellow Podzolic soils 
(a) Field experiment at Tamanbogo (I): 

Changes in tiller number, nitrogen and phosphorus content are presented in 
Table 20, yield and yield components in Table 23, and nutrient uptake in Table 
22. The effect of phosphate application was manifested by an increase in the 
tiller number and slightly higher nitrogen or phosphorus contents of plants at 
the tillering stage. However it could not be recognized as far as the yield was 
concerned. Compared with the results obtained in the other two substations, 
namely Muara [1-(b)] and Ngale [3-(b)), during the same season and with the 
same treatments, the grain yields in Tamanbogo were generally low, suggesting 
the existence of some adverse soil conditions which could not be corrected by the 



Table 23. Yie]d and in the field 

Treatment Yield Panicles Grains/ Grains Filled 1000-
P20s (14% H,O) 1m 2 panicle 1m2 grain wt. 

kg/ha kg/ha no. no. X 1000 !flo g 

0 19 25 6 0.2 65.7 23.2 
30 964 176 24 4.2 74.4 26.3 
60 2622 206 56 11.5 75.1 26.8 

100 3616 211 77 16.2 74.5 26.9 
150 3871 211 79 16.7 75.6 27.0 
200 3715 235 '11 16.7 74.9 26.6 
250 :3660 213 74 15.8 75.3 26.8 

Table 24. Phosphorus uptake by rice plants in the field experiment at Tamanbogo 

Treatment Percentage phosphorus Uptake at harvest Utilization 

p,o, 
Acti,·e Flower 

Harvest kg P,O,/ha ratio of 
-----~---~--- ------~-

kg/ha tilL prim. Straw Grain Straw Grain Sum fert. P (%) 
-----

0 0.04 O.G7 0.08 0.06 OJ9 0.04 0.2 
30 0.09 0.09 0.05 0.10 2.68 3.03 5.7 18.2 
60 0.10 O.ll 0.05 0.12 4.37 7.45 11.8 19.3 

100 0.13 0.12 0.07 0.16 9.61 17.35 26.9 26.7 
150 0.14 0.15 0.07 0.21 10.00 24.05 34.0 22.8 
200 0.14 0.15 0.10 0.21 13.87 24.09 37.9 18.9 
250 0.16 0.18 0.13 0.22 17.81 23.95 41.7 16.6 
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Fig. 25. Tiller number as affected by increasing rate of 
phosphate application at farmer's paddy field (Red­
Yellow Podzolic soil, Tamanbogo) 

Field experiment at Tamanbogo (II): 
Yield and yield components are presented in Table 23, phosphorus contents of 

plants at successive growth stages, and phosphorus uptake and utilization ratio 
of phosphate fertilizer are shown in Table 24. Changes in tiller number are 
indicated in Fig. 25. As mentioned previously, most of the plants without P 
application died before the lOth week after transplanting, and in the 30 kg 
P20,/ha plot, considerable delay in tillering resulted in very low panicle 
number. In the first field experiment at Muara Substation, [l(b)], the effect of 
phosphate application in increasing tiller number was clearly observed, but the 
maximum number of tillers and the time to reach the stage were not affected by 
the amount of phosphate applied. In Tamanbogo, no delay in reaching the 
maximum tiller number stage was observed in the plots with more than 100 kg 
P20s/ha. 

The effect of increasing rate of phosphate application on rice yield was 
remarkable, although the highest yield in Tamanbogo was far less than the 
average yield in Muara or Ngale. The highest grain yield was obtained at a dose 
of 150 kg P:Os per ha, while the highest yield increment and utilization ratio of 
fertilizer phosphorus were achieved at a rate of 60 kg and 100 kg P20s per ha, 
respectively. 



Table 25. Yield and yield components (pot experiment, Tegineneng soil) 

Treatment 
g TSP/pot 

0 
0.3 
0.6 
1.2 
2.4 
4.8 
9.6 

Dry wt./pot 
Panicles Grains Filled grains 1000-
no./pot no./panicle no./ pot grain wt. (g) Straw (g) 

0 
4.5 131 526 25.5 14.2 
6.0 159 816 27.0 19.3 
7.0 154 844 27.0 21.6 
8.0 141 844 25.8 20.6 
7.0 145 832 26.0 19.7 
7.5 149 965 25.1 19.4 
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Fig. 26. Change in tiller number as affected by increasing 
rate of phosphate application in the pot 
experiment with Red· Yellow Podzolic soil from 
Tegineneng 
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25.4 
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26. 

number. 
tt<>•r'-"'""'" were also in tiller numbers of 

plants to treatments of 0 - 2.4 g TSP /pot, while in the treatments 
with more than 2.4 g TSP /pot, there was in both the 
number increase and the maximum tiller number. 

Yield and yield components are listed in Table 25. Panicle number increased 
with the increase in TSP up to 2.4 g per pot while grain 
up to 1.2 g. 

Table 26. Soil pH and Bray II-P values of Tegineneng soils incubated under sub-
merged conditions 

------- ---------
Treatment 30th day 60th day lOOth day 

TSP p pH Bray IT-P Recov. pH Bray Il-P Recov. pH Bray li-P Reco•.:. 
g/pot mg/lOOg mg/lOOg ratio (!Yo) mg/lOOg ratio ((R1) mg/lOOg ratio(%) 

-~~-.~--------~--- --~--------~·----

0 0 6.9 1.2 7.0 LO 6 ,. 
.0 0.5 

0.3 2.4 7.0 1.1 0 7.1 LO 0 6.0 or .o 4.2 
0.6 4.8 6.9 1.0 0 7.0 l.l 2.1 6.4 0.9 8.3 
1.2 9.6 6.9 Ll 0 7.1 1.6 6.3 6.2 1.4 9.4 
2.4 19.1 6.9 2.5 6.8 7.1 3.3 12.0 6.1 1.8 6.8 
4.8 38.2 6.9 68 14.7 7.1 7.8 17.8 6.0 5.1 12.0 
9.6 76.5 6.9 25.4 31.6 70 24.9 31.2 6.0 21.7 27.7 

Recovery ratio= (Bray li-P of fertilized soil- Bray li-P of non-fertilizer soil)/ Amount of fertilizer Padded x 100 (%) 

Analytical results of incubated soil samples are presented in Table 26. Before 
soil sampling, phosphorus concentration in the supernatant water in the bottle 
was determined. On the first sampling, ~)0 days after transplanting, 0.7 ppm P 
equivalent to about 0.2 mg P per bottle was detected in the water of the bottle 
containing the highest dose of TSP, namely 61 mg P (9.6 g TSP /bottle). In the 
other bottles, including all those of the second and third sampling, 
water-soluble P could not be detected. This indicates that almost all of the 
added phosphate was sorbed by the soil and was in an insoluble form. 

Since soil in the bottle containing soil without P application showed Bray II-P 
values of 1-1.2 mg P/100 g, the values of more than 1 mg P/100 g which were 
recorded were assumed to be derived from added phosphate. Fertilizer 
phosphorus could be recovered from the 30th day sample soils which received 
more than 2.4 g TSP per pot, and from the 60 and lOOth day sample soils which 
received more than 1.2 g TSP per pot, equivalent to about 10 mg per 100 g of soil. 
In an actual paddy field, this concentration is equivalent to 250 kg P,Q, per ha of 
phosphate applied. 

From the results of analyses of soil, plant growth and yield, it could be 
concluded that tiller number increase occurs up to 2.5 mg P/100 g and yield up 
to only 1.5 mg P/100 g of Bray II-P in soil at the maximum tillering stage. Both 
values were used to make Table 31. 



Table 27. Yield and nutrient uptake of rice plants in the field experi· 
ment at Winong 

Treatment Tiller. stage Nutrient uptake at harvest 

PzOs P uptake Yield kg/ha 
kg/ha mg/plant kg/ha N P20s KzO 

0 16 4627 80 30.6 134 
60 (TSP) 20 4712 83 31.2 147 

120 (TSP) 21 5404 88 37.9 154 
180 (TSP) 21 4847 80 30.1 140 
60 (FMP) 19 4953 78 25.9 140 

120 (FMP) 20 5042 82 36.5 135 
180 (FMP) 23 4839 83 40.0 142 

5. Alluvial soils 
(a) Field experiment at Winong: 

Grain yield and nutrient uptake are shown in Table 27. The effect of TSP on 
rice growth at the early stage could be observed in the phosphorus uptake at the 
active tillering stage, while in the case of other growth parameters, such as 
plant height, tiller number, and contents of Nand Kin the shoots, hardly any 
response was observed. Furthermore, neither the yield nor the yield components 
responded to phosphate application, although application of 120 kg P20s of TSP 
gave rise to the highest yield. 

Discussion 

When the results of the rice experiments are evaluated and the soil characteristics are 
taken into account, the relation betwen rice growth and soil can be analysed to provide 
guidelines on fertilizer applicatio-:1. 

1. Reddish Brown Latosols 
Reddish Brown Latosol (No. 12) in the Muara Substation of the Central Research 

Institute for Agriculture, Bogar, West Java, is derived from neutral tuff originating from 
the eruption of Mt. Salak. As stated in the previous chapter, KAWAGUCHI and KYUMA 
(1977) and TAN and PERKINS (1977) demonstrated that these kinds of Latosols and 
related soils are not Oxisols but Eutropepts. However, such classification did not imply 
that the soil has no latosolic character, because it is a heavy clay containing 67 %of 
Calgon-dispersible clay fraction and only 1.2 % of water-dispersible clay fraction 
(Tables 2 and 3), and has a low bulk density (93) compared with the very high particle 
density, (2.93). These findings suggest the formation of iron oxide-cementing 
aggregates in the soil. The cation exchange capacity of 17 meq/100 g, is not as high as 
the clay content, but it is higher than that of Brazilian Latosols. The same consideration 
applies to the base saturation degree of 56 %. 

Although the effect of phosphate application on rice growth was observed to some 
extent at the tillering stage, grain yield failed to show any response to phosphate 
application and sometimes a negative effect on the yields was even recorded. 

In spite of its high total phosphorus content, 250 mg P20s per 100 g on an average 
(Table 28), as in Indonesian soils, phosphorus concentration in the solution equilibrated 
with the soil was extremely low. The Bray II-P values were also low and hardly 
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factor and 

growth and 
even in countries at high 

same to the yield 
In this case, higher phosphate 

susceptibility of the plant to bacterial leaf 
their photosynthetic ability, 

three agricultural experiment stations in 
1964). According to this report, the soils in those 

were to normal growth and yield 
wetland rice. mean temperatures during the growing season are shown 

in Fig. 27. In transplanted seedlings reach the stage under low 
temperature in summer and the heading stage in the warmer late summer. 
Temperatures become lower again during the maturing period. On the other hand, in 
Bogor the range of temperature is very smalL 
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Fig. 29. Phosphorus uptake of rice plant at selected stations 
in Japan and Indonesia 

When Fig. 27 was correlated with Fig. 28, in which the phosphorus contents in plants 
at the selected stations were plotted against the days after transplanting, it was found 
that a lower temperature at transplanting time was correlated with a higher percentage 
of P20s in the rice seedlings. This suggests that rice seedlings rich in phosphorus can 
overcome retarded phosphorus uptake caused by low temperature and are able to 
increase the tiller number rapidly. In Fig. 29, the phosphorus uptake by the rice plants 
grown at the selected stations is illustrated on a semilogarithmic scale. In Figures 28 
and 29, the data points for Bogor are the average values of percent P20, or P20s mg per 
m2 of all the treatments in the first experiment during the rainy season at Muara, 1 (b). 
The rice seedlings in Muara had the lowest phosphorus content and uptake, but the 
highest rate of uptake was maintained during 60 days after transplanting, indicating 
that the rice plants grown in Muara could absorb a sufficient amount of phosphorus 
from the soil for normal growth under the Bogar temperature regime, although this soil 
had a rather low phosphorus availability. In the later growing stages, little differences 
in phosphorus content and uptake were observed among the stations. 
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soils at Substation 

Soil mg/100 g 

337 
pot exp. 

0 P,O,/ha 261 from the paddy field with 
30 286 term fertilizer after 7 crops 
60 328 Treatment 0-0-0 

100 296 0-60-0 201 
150 275 120-0-0 167 
200 309 
250 289 Mean 262 mg P,OJlOO g = 1140 ppm P 

----------------------~--

Table 29. Yield, phosphorus content and uuuu''"' cultivated in four 
experiment stations in 

-----
Experiment 
station 

Hokkaido 

Toyama 

Miyazaki 

Bogor (Muara) 

'Yr, P,O, 
Stra\v __ " ____ 
0.28 

0.15 

0.19 

0.23 

* YANAG!SAWA and TAKAHASHI (1964) 

Grain 

0.58 

0.58 

0.64 

0.66 

Uptake P,O, 

63.8 

35.1 

:39.2 

46.4 

Yield (brown 
rice) kg/ha 

7210 

4050 

4370 

4129 

Yield/ 
P,O, 

113 

115 

89 

Brown rice yields, phosphorus contents and uptakes of harvested plants in the 
selected four stations are indicated 29. Total phosphorus uptake in Bogor was 
slightly higher and the brown was slightly lower than average 
recorded in 16 Japanese experiment stations including the above three stations, which 
amounted to 43.2 kg P 20o/ha and 4,890 kg/ha, respectively (Y ANAGIZAWA and 
TAKAHASHI, 1964). Consequently, yield per unit phosphorus uptake was relatively low 
in Bogor rice and in a way, rice in Bogor does not appear to require high soil phosphorus 
availability in the early stages of growth. However, this fact does not necessarily imply 
that the phosphorus requirement of tropical rice is low, because the phosphorus uptake 
by Bogor rice was higher than that by Japanese or other temperate rices. 

As shown in Table 28, total phosphorus contents of paddy soils in Muara Substation 
ranged from 170 to 340 mg P20s/lOO g with an average of 260 mg P20s1100 g. FUJIWARA 
(1970) statistically analysed total and active phosphorus contents of paddy soils in 
several Southeast Asian countries and reported that the presence of a total phosphorus 
content as low as 50 mg P20,1100 g suggested that there was no active phosphorus in 
soil. If a value of 200 mg of PD, is assumed to represent the amount of available 
phosphorus in soil this would correspond to 3,000 kg P20s per ha of soil at a depth of 15 
em, or the equivalent of 60 crops, assuming rice removes 50 kg P20s/ha every cropping 
season. However, phosphorus deficiency can be observed in Red-Yellow Podzolic soil 
(No. 3) with 80 mg PcOs/100 g of total phosphorus, suggesting that the critical value of 
total phosphorus content in tropical reddish colored soils where there is no available 
phosphorus is likely to be higher than the 50 mg PcOs/100 g mentioned above. 

Results of the pot experiment 1 (a) showed that with an appropriate amount of 



nitrogen and the to normal rice without 
application. In the field 1 (b) in the season, the highest 

was obtained in the without P application and the increased rate phosphate 
m a that application is not necessary 

in this soil. 
Phosphate at a rate 20-30 kg P20s/ha would be recommended 

paddy fields with such Reddish Brown Latosols for the following reasons: 1) yield 
decrease by increased phosphate application is partly due to bacterial leaf streak, and a 
variety resistant to this disease is available now (MUELLER, 1970), 2) removal of straw 
and grains from the field is equivalent to a quantity of 50 kg P20s/ha for a cropping 
season and removal of grain to only 30 kg P20s/ha, 3) phosphatic fertility of a soil is 
related to the maintenance and enhancement of nitrogen fertility through the activities 

various soil microorganisms, 4) amounts of phosphate recommended should not be a 
heavy burden for the farmer's household. 

2. Gray Hydromorphic/Grayish Brown Planosols and Y eUow 
Podzolic/Gray Hydromorphic soils 

Characteristics of the soils tested are summarized as follows:-
Jakenan soil: The soil map of Central Java (1: 250,000) published by the Soil Research 
Institute, Bogor, showed that Jakenan Substation is located in an area where a Gray 
Hydromorphic and Grayish Brown Planosol association is known to exist. As described 
in Chapter II, this soil is a highly leached fine sandy loam consisting mainly of 
quartziferous fine sand and silt fractions, and has a cation exchange capacity of 4 
meq/100 g, a base saturation degree of 63 %, and a free iron content of 0.4 %. Its very 
high phosphorus concentration (1.2 ppm P) in the equilibrated solution, may be ascribed 
to its very low phosphate sorption coefficient, (150) in spite of its very low total 
phosphorus content (40 mg P20,/IOOg). Consequently, the phosphorus uptake by rice 
seedlings from this soil was higher than that of the Reddish Brown Latosol from Muara. 
The soil, containing small amounts of free iron, is easily reduced under the anaerobic 
conditions, and therefore has high iron mobility. 
Singamerta soil: No.4 soil (Table 1) was collected in a farmer's paddy field 500 m west of 
Singamerta Substation. The soil for the pot experiment, which was collected in another 
farmer's paddy field 1 km south of the station belonged to a mapping unit of Yellow 
Podzolic and Gray Hydromorphic soil association, in the soil map of West Java. Its 
fertility was likely to be lower than that of No.4 soil, although both of them have similar 
hydromorphic properties. Total phosphorus content of No.4 soil was 114 mg, that of the 
soil of the Substation 74 mg(according to KAWAGUCHI and KYUMA), while that of the soil 
for experiment 2 (b) was as low as 40 mg PcOs/100 g. Therefore, the phosphatic fertility 
of this soil can be assumed to be nearly the same as that of the Jakenan soil. The soils 
from Jakenan and Singamerta stations had a high iron mobility. 

As shown in Table 15, Singamerta soil has a very small buffering capacity when salt 
concentration rises. For example, the electrical conductivity of the surface water in the 
pot without fertilizer was 740 J.imho/cm and the pH 5.6, and in the pot with complete 
fertilizer application 9000 J.imho/cm and the pH was 4.5. 

DUDAL (1973) discussed the genesis of Planosols and stated that with continued 
ferrolysis a seasonally wet soil can eventually become a gray, unstable, silty or sandy 
soil with low clay content and very low cation exchange capacity. Ferrolysis (BRINKMAN, 
1970) is a soil forming process whereby during the anaerobic phase exchangeable 
cations are displaced by ferrous iron, while in the succeeding aerobic phase ferric 



or very low total 
phosphorus content. the possibility 
that iron or manganese of wetland rice may occur. In experiment 2 the 
leaves of the rice plants supplied and sulfur, which are markedly deficient 
in the soil, showed tiny brown spots and a brown discoloration of their tips and margins 
after the maximum tillering stage. As shown in the chemical analysis in Table 13, the 

had a high content of iron. 
Reddish in the preceding section, which 

mg g of and ppm Pin the equilibrated 
an adequate phosphorus supplying ability for normal rice growth if 

was In contrast, the Planosol Jakenan had a high 
phosphorus in the equilibrated solution, i.e. more than 1 ppm P, and yet 
rice growth on the soil responded to phosphate application suggesting the capacity 
factor of phosphorus availability was insufficient to replenish the phosphorus 
concentration depleted by rice uptake. 

If the soluble phosphate content of Jakenan soil, i.e. the sum of Ca-P, Al-P and Fe-P, 
is assumed to reflect the potentially available phosphorus, the value amounts to 20 mg 
P,0,/100 g, which is equivalent to half of the total phosphorus content. This value 
corresponds to an application of about 200 kg P20o per ha of cultivated soil, and could 
supply enough phosphate for five rice cropping seasons, (40 kg P20s/ha/crop), which is 
very low compared with 60 seasons for the Muara soil. Since Planosols and Hydro­
morphic soils with low total phosphorus content are usually highly deficient in 
nitrogen, potassium and sulfur, phosphate application can only be effective after the 
application of the lacking elements. According to the results of a potassium fertilizer 
experiment in a farmer's field near Singamerta Substation, in which the 60 kg PcOs/ha 
plot gave a grain yield of 4,580 kg/ha and a plant uptake of 42 kg P20s/ha, consisting of 
33 kg in grain and 9 kg in straw, at least about 30 kg P20,/ha of phosphate should be 
applied to such soils. As phosphorus deficiency is usually more serious in the later 
stages of growth of rice plants in the soils of this type, it is not necessary to use water 
soluble phosphate, such as ordinary or triple superphosphate. Ground rock phosphate 
may be more useful. VANDER GIESEN (1949) who summarized the results of phosphatic 
fertilizer experiments in paddy fields in Java before World War II, stated that Ceribon 
phosphate, which is a tricalcium phosphate derived from bat excrements, was as 
effective as nearly one half of double superphosphate in the paddy fields of bleached 
loam. Such findings can apply to the Hydromorphic soils in Singamerta which are 
derived from dacitic tuff in the northern part of Banten and where the residual effect of 
the rock phosphate was higher than its initial effect on the first crop. 

3. Dark Gray Grumusols 
The sampling site of Demak soil is an area of Dark Gray Grumusols in the soil map of 

Central java. As compared with the Grumusol from Ngale, Ngawi, East Java, Demak 
soil has a slightly smaller cation exchange capacity, nearly the same clay content, hence 
a slightly smaller ratio of CEC/clay, higher content of exchangeable calcium and 



the does a 
it can concluded that the soil does not a very high 

phosphatic and the effect of phosphate application on the plants grown on 
soil is significant. As shown in Table the removal of 

is about 30 P,O,/ha, and it can be that soil phosphorus becomes 
available in later of growth as mentioned in the case of the 
the Demak area. Therefore in the Ngale area 
be m to rn trrvrc.n 

4. Red-Yell ow Podzolic soils 
Red-Yell ow Podzolic soils are widely distributed on moderately undulating hills 

and terraces in Lampung Province southern Sumatra. similar climatic 
conditions, Reddish Brown Latosols have developed in The 
these Podzolic soils in this area can be to silicic 
materials are poor m 1969). 

Tamanbogo Substation of CRIA is in the eastern of these undulating 
which are covered Red-Yellow Podzolic soils derived from dacitic In an 

experiment on phosphate conducted the season severe 
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Table 

Hokkaido 

17. 

2Ll 

to 

76 

G7 

'll' P plant 
critical 

vield 

0.28 

0.20 

O.lG 0.13 

m 

in P 

and available 
and Indonesia 

Bray II-P mg/100 soil 
critical for 

2.5 

and of refers 

Another field located~) 
km the season 197 4-75. In 
response to phosphate was observed in the growth yield of rice plants. 

was a considerable the total phosphorus content of the soil 
the first and second 226 and 42 mg P20s/lOO g respectively (Table 30). 

As stated that no active phosphate could 
g phosphorus content in paddy soils 

the relationship between the total phosphorus 
Podzolic and responses to phosphate, suggests 
presence of active phosphate may be over 50 and within 
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the range of 100 and 200 mg P20s/lOO g. 
Based on the results of experiment 4 (b) in Tamanbogo, the relationship between the 

phosphorus content in plants and the maximum tiller number or panicle number is 
illustrated in Fig. 30. Tiller number tended to increase to a value of 0.15% P and that of 
the panicle number up to 0.13% P. Table 31 compares these values with those obtained 
in Japan (SHIGA, 1976; SHIGA et al., 1976; HONYA et al., 1965; KOMOTO, 1971). Since the 
tillering stage of rice in Japan takes place in June and July, monthly mean temperatures 
of both months were listed, while in the tropics, such as West Java and Lampung, the 
annual mean temperature of 25.1 oc was assumed to be representative because only 
small fluctuations from this mean occurred. From the Table it appears that high 
phosphorus content in plants is not essential for tillering under tropical conditions, and 
that a high concentration of available phosphorus in soil is not necessary to secure such 
phosphorus content in plants as it is in Japan. These considerations agree with the 
results obtained from the experiments in Muara, showing that high concentration of 
available phosphorus in soil is not necessary during the tillering stage. 

Red-Yellow Podzolic soils have fertile surface horizons and less fertile subsoil 
(DRISSEN et al., 1974). When the surface layer is removed by erosion, the subsoil with 
low fertility is exposed. The various levels of soil phosphatic fertility observed in this 
region are presumably due to fertilization in the past, and suggest the existence of 
inherent soil fertility. 

As in the case of the Jakenan and Singamerta soils, Tamanbogo soil had a small 
buffering capacity for salinity increase, as observed in the pot experiment. For example, 
the electric conductivity of the surface water in the pot without fertilizer application 
was 200 J.Lmho/cm and the pH was 5.9, whereas in the pot with complete fertilization 
with NPKS the corresponding values were 4300 J.Lmho/cm and 3.8. In consequence, rice 
growth in the pots without fertiliztion was better than that in the fertilized pots during 
a few weeks after transplanting. 
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IV General discussion 

Mechanisms of phosphate sorption 

SANCHEZ (1976) considered phosphorus fixation "as the process that alters the 
availability of phosphate compounds as they are measured by plant growth," and 
commented that the terms "sorption" and "adsorption" are also used to express the 
same concept. TISDALE and NELSON (1975) stated that the reduction in the solubility of 
added phosphates has come to be known as phosphate retention or fixation. Although 
these two terms are frequently used interchangeably, in the strict sense retention refers 
to that portion of the phosphorus which is loosely held by the soil and which can 
generally be extracted with dilute acids; this phosphorus is considered to be largely 
available to plants. Fixed phosphorus refers to that portion which is not extractable in 
dilute acids and is generally not considered to be readily available to plants. Webster's 
Third New International Dictionary explains that the term "sorption" is the result of 
back-formation by absorption and adsorption, implying a process of sorption by 
physical or chemical forces or both. In his textbook RUSSELL (1973) adopted the term 
"sorption" exclusively. Following the Russell's textbook, the authors preferentially use 
the term "sorption" in the present paper. 

It is widely accepted that phosphate sorption by soil occurs at the level of calcium, 
aluminum or ferric ions bound with negative charges located on the surfaces of clay or 
humus, the aluminum ions held at the broken edge of clay minerals, and the aluminum 
and iron oxides or hydroxides films covering the soil particles. 

Thus, the relation between the phosphate sorption coefficients measured by the 
modified methods as well as the ordinary method, and the physical and chemical 
properties of soils were studied. On the basis of the results obtained, the soils examined 
were divided into 4 groups depending on their phosphate sorbing mechanisms, as 
follows: 

Group I: As the phosphate sorption coefficients correlated positively with the clay 
and free iron contents, clay and iron and aluminum oxide films are considered to be the 
phosphate sorbing bodies in the soils. - Red-Yellow Podzolic soils, Regosols of basic 
volcanic ash origin, Planosols, Latosol, Gray Hydromorphic soils and Dark Red soils 

Group H: Similar phosphate sorbing bodies as in Group I can be assumed to exist, 
however, the sorbing activity of oxide films is higher than that of Group I. The 
hydromorphic forming conditions of these soils resulted in a lower crystallinity of 
oxides and higher phosphate sorption.- Yellow Podzolic soils (Hydromorphic soils) and 
Regosols of sulfur containing volcanic ash origin 

Group Ill: The fact that the phosphate sorption coefficients are related with the 
contents in exchangeable calcium, calcium carbonate and the free iron contents, sug­
gests that both forms of calcium are the main phosphate sorbing bodies and oxide 
films are also related to them to a lesser extent. - Grumusols 

Group IV: Relation between the phosphate sorption coefficient, the soluble 
aluminum content and the organic carbon content indicates that the main phosphate 
sorbing bodies could be aluminum-humus complexes and the oxide films may also be 
related to some extent. - Andosols 

Some soil properties relating to phosphate sorption, total phosphorus contents and 
phosphate fertilizer recommendation are presented in Table 32. 
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Table 32. Soil properties and phosphate fertilizer recommendations 

P sorption 
Clay Total Free Soluble Iron 

pH content c Fe AI mobility coeffi- mecha-
% % % mg/lOOg ')'il cient nism 

Red-Yellow Podzolic 5.8 34 1.4 2.4 37 8.4 570 I soil 

Yellow Podzolic/Gray 5.3 47 1.8 2.2 85 18.3 1500 II Hydromorphic soil 

Dark Gray Grumusol 7.9 83 1.6 1.3 46 5.5 2200 m 

Regosol (basic volcanic 7.1 8 0.8 1.4 22 4.4 440 I ash soil) 

Regosol (volcanic ash 
soil containing sui- :3.7 16 2.0 2.0 518 :33.3 1280 II 
furic acid 

Gray Hydromorphic 
/Grayish Brown 5.4 9 0.5 0.4 15 18.3 150 I 
Planosol 

Reddish Brown Latosol 5.7 67 1.6 6.3 47 2.5 1300 I 

Andosol 5.8 3 5.9 3.5 525 5.0 2580 IV 

Total P 
content 
mg P20s 

/lOOg 

74 

114 

14:3 

246 

139 

39 

337 

365 

Fertilizer 
recommen--

dation 
kg P,Os/ha 

100/20-40 

:30 

20-30 

0 

20-30 

20<10 

CJ) 

·"" 



a 
Thus a saturation degree arbitrarily proposed on the basis of 
experiments on rice cultivation. As mentioned earlier, however, since the mechanism of 
phosphate sorption varies from soil to soil, the applicability of the phosphate sorption 
coefficient also differs the soils. The range of phosphate concentration the 
determination of the phosphate sorption coefficient is markedly different from that in 
the soil solution even after fertilization. Therefore, such a concept does not seem to be 
applicable to Indonesian soils in this study, although there is a possibility to determine 
the appropriate saturation degree on basis of the data from the field experiments 
conducted in soils with similar phosphate sorbing mechanisms, and hence similar 
phosphate sorption coefficients. 

for available phosphorus 

Phosphorus seedlings grown in a beaker using type of soil was 
assumed to standard indicating phosphorus availability of the for the 
evaluation of various methods. 

The equilibrated aqueous method was not found to be suitable for paddy soils 
because the method makes to maintain conditions during the 



the 
and flower primordia correspond to a period active growth, 
leading to the new organs. 
soil, the higher the tillering rate and the 

the temperate zone, where the growing period of 

availability in 
'"'"''--11'-'"· In the northern 

with high phosphorus content are transplanted in high 
available phosphate to overcome the constraint It has been shown that in years 
when a cool summer and crop damage, the Bray ll-P value 
critical for the evaluation of the effect of application increased up to 200 ppm 
P compared with 100 years (SHIGA and YAMAGUCHI, 1976). Since in 
the tropics are no due to temperature fluctuations except 
the constraints related the alternation dry and seasons and changes in day 
length, phosphate application exerts a insignificant influence on 
promotion of growth. Thus within differences in the maximum tiller number, 
the effect phosphate on the was not observed although the maximum tillering 
stage would be reached Also the amount of phosphate required to 
produce a unit weight of rice found to be nearly the same as that for 
temperate pointing out phosphorus as a plant nutrient. 



Consequently, yield decreases with the decrease in phosphate uptake by plants. 
Owing to genetic characteristics such as photoperiodicity, thermosensitivity or basic 

vegetative growth, rice plants reach a certain growth stage, e.g. tillering, flower 
primordia or heading, after a certain number of days, and the formation of an organ 
requires a definite period of time. In consequence, due to the low rate of phosphorus 
uptake, the organ cannot be developed fully. Thus phosphorus content in the plant and 
photosynthetic rate of leaves decrease, resulting in yield decrease. 

Reddish Brown Latosols in West Java are derived from the mudflow deposits of 
pyroclastic materials. The values of water soluble-P and Bray Il-P are very low but 
increase slightly after fertilization. Their high phosphate sorbing capacity is ascribed to 
their high clay and free iron contents. The Bray Il-P value hardly increased after 
submergence and even decreased in some soils, presumably due to the very low 
reductibility and solubility of iron in soil as suggested by the low iron mobility in 
proportion to the high free iron content. Just after transplanting, rice plants in the plot 
without fertilizer showed phosphorus deficiency, whereas the plants in the plot without 
phosphate application which received nitrogen did not show such symptoms. This 
indicates that better root development caused by nitrogen application in the soil 
protected the plants from phosphorus deficiency even without phosphate application. 
OLSEN et al. (1963) reported that soils with high day content which show a very low 
concentration of phosphorus in the soil solution, can tolerate considerably higher rates 
of phosphorus uptake by plants. 

Reddish Brown Latosols in Java are in proximity to Andosols at higher altitudes on 
the volcanoes. According to KAWAGUCHI and KYUMA (unpublished data) three Andosols 
in Java have a high phosphate sorption coefficient (2500-3000), a total phosphorus 
content of 450-580 mg P20s/100 g and a very low Bray li-P value of 1 mg P20s/100 g 
(KITAGAWA et al. 1973, reported data on the clay mineralogy of those soils). TANAKA et 
al. (1970) stated that in Andosol paddy fields in East Java, rice plants had an appearance 
suggestive of phosphorus deficiency, although the phosphorus content in the plants was 
not particularly low. In the tropics where the range of seasonal fluctuation of 
temperature is small Andosols develop in areas of cooler and wetter climate than 
latosols. Nevertheless, they have a very high capacity factor for supplying phosphorus 
even if the intensity factor is low, and severe phosphorus deficiency as seen in Japan is 
not observed. Therefore, it can be concluded that the amount of phosphate application 
recommended for the Reddish Brown Latosols would be sufficient for the Andosols of 
Indonesian paddy fields. 

Red-Yellow Podzolic soils which are derived from acid or silicic materials are poor 
in calcium, magnesium, iron and phosphorus. The free iron content of the soils is half 
that of Latosols. They have a high iron mobility and when they are incubated under 
submerged conditions, they give a high iron concentration in the Olsen-EDTA 
extracting solution. Severe phosphorus deficiency is likely to occur in the newly opened 
paddy fields converted from upland crop fields or cleared land with Red-Yellow Podzolic 
soil. The symptoms which consist low tillering, brown spots on the lower leaves and 
retarded growth, are in agreement with the appearance of phosphorus-defi­
cient-iron-toxic rice plants as described by TADANO (1975, 1976). These symptoms 
usually disappear after heavy application of phosphates. On the basis of the results of 
the pot experiments using Tegineneng soil and the experiments in farmer's field in 
Tamanbogo, the amount of phosphate recommended for such fields was estimated at 
about 100 kg P20s/ha, with which the critical Bray Il-P value of 15 ppm P can be 
maintained in the soil. 

67 



68 

the Grumusols in the lowlands is as a 
process of the were transported 
from the hills. Also neutral or basic volcanic ashes with bases and 
liberated during the process of can be observed in many places in 
(BURINGH, 1968). phosphate sorption of IS 

their high content in exchangeable calcium and carbonate and to some extent to 
their very high clay content. However, the high phosphate sorption coefficient can not 
be considered to be the cause of phosphorus deficiency observed in the soils, since 
the phosphate sorption capacity markedly with the decrease in 
phosphate concentration in the determination of 
phosphate sorption coefficient. DJOKOSUDARDJO (1974) also reported in a Grumusol 
the amount of phosphate sorbed at the site 1, which has the largest sorbing energy 
among the three phosphate sorbing sites, was very smalL Soluble inorganic phosphates 

a Grumusol consist of a large portion aluminum and iron phosphates in addition to 
calcium phosphate. Solubility of these phosphates in the soil solution must be controlled 

the calcium phosphate systems according to the solubility products theory and in 
general the solubility is very low above pH 7. Therefore, the growth retardation of 5 
weeks observed in rice plants grown in the plot with the Grumusol from Demak which 
did not receive phosphate might be ascribed to the very low solubility of phosphates due 
to the delay in the decrease of the pH. 

CHU et al. (1966) suggested that the low availability of calcium phosphate was due to 
the low specific surface activity of coarser soil particles, in which most of the calcium 
phosphate is distributed. This hypothesis is valid since the neutral or basic soils which 
are particularly rich in calcium phosphate such as the Grumusol Demak and the 
Regosol from Yogyakarta have a relatively low phosphorus availability in proportion to 
their total phosphorus contents. It is conceivable that phosphates in the solid phase of a 
Grumusol or a soil rich in calcium phosphate are becoming available when the pH 
becomes lower such as after fertilizer application, submergence or leaching. 

Volcanic ejecta deposited as ashfall, pyroclastic flow or mudflow are referred to as 
Regosols, and the materials which are transported river water and redeposited are 



from are in 
Phosphate application is not necessary in those soils 

have a high content total and available phosphorus. It should be emphasized 
extractants such as Bray ll solution are liable to overestimate this content in 

rich in calcium phosphate. These considerations do not apply to Regosols or 
soils non-volcanic origin. 
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V Summary 

Characteristics of the soils studied 
Red-Yellow Podzolic soils (Nos. 1, 2 and 3): They have a pH ranging from 5.5 to 6.3, a 

soil texture of SCL-LiC, high sand fraction, high water dispersibility of the silt-clay 
fraction, CEC of 8 meq/100 g, base saturation degree of 32-76%. Kaolinite predominates 
in the clay fraction and quartz in the sand fraction. These soils were formed on acid 
parent materials through both podzolization and laterization under the tropical rain 
forest climate. 

Yellow Podzolic/Gray Hydromorphic soil (No.4): It has a pH of 5.3, soil texture of HC, 
CEC of 30 meq/100 g, base saturation degree of 23 % and large volume in water. It 
contains kaolinite clay minerals with montmorillonite. It was developed on the alluvial 
deposits derived mainly from acid volcanic ash and is being leached out under the 
process of ferrolysis. 

Gray Hydromorphic/Grayish Brown Planosol (No. 10): It has a pH of 5.4, soil texture 
of FSL, CEC of 3.8 meq/100 g, high water dispersibility and the lowest volume in water. 
It consists chiefly of a quartziferous fine sand-silt fraction, and is deficient in N, P, K 
and S. Montmorillonite is detectable in the clay fraction. Iron mobility is high. This soil 
developed on the deposits derivd from the acid sedimentary rocks and it is extensively 
leached. 

Dark Gray Grumusols (No. 5, 6, 7 and 8): They have a pH ranging rom 6.9 to 8.4, a soil 
texture of HC, CEC from 51 to 80 meq/100 g, base saturation ranging from 100 to 150%, 
high aggregation ratios and large volume in water. The clay fraction consists of 
montmorillonite. On the clayey parent materials rich in calcium and magnesium silica 
and bases originating from hills where laterization has progressed have been added and 
transformation to montmorillonite has occurred. 

Regosols (Nos. 9 and 11): Both soils are derived from pyroclastic materials. No. 9 soil is 
basic while No. 11 is strongly acid. They have a soil texture of SCL, CEC of 9.6 and 18.6 
meq/100 g, which are relatively high in proportion to their clay contents. Their base 
saturation degree ranges between 87 and 62 %. Both of them contain large amounts of 
amorphous materials in their clay fraction. 

Reddish Brown Latosol (No. 12): This soil has a pH of 5.7, a soil texture of HC, CEC of 
17 meq/100 g, base saturation degree of 50 %, high free iron content, and low iron 
mobility. This soil is derived from neutral andesitic tuffs. Clay particles are aggregated 
by cementing with iron oxides. 

Andosols (No. 13, 14 and 15): They have a pH ranging from 5.4 to 5.9, a soil texture of 
L-SL, CEC ranging from 25 to 28 meq/100 g, high soluble aluminum and allophane 
contents. They are humic volcanic ash soils derived from the volcanic ashes of Mt. 
Iwate. 

Gray Lowland soil (No. 16): This soil has a pH of 5.5, a soil texture of LiC, CEC of 16 
meq/100 g, base saturation degree of 68 %. It has a complex clay mineral composition 
and contains large amounts of colored primary minerals. This is a riverine alluvial soil. 

Dark Red soils (No. 17 and 18): The soils have a pH ranging from 4.5 to 4.9, a soil 
texture of SCL, CEC ranging from 6 to 7 meq/100 g and a base saturation degree of 
13-22 %. These soils are coarse granular colluvial soils. 

Mechanisms of phosphate sorption by soil 
The soils studied were divided into four groups according to their phosphate sorption 



mechanisms which were estimated from the correlation between the phosphate 
sorption coefficient and various soil parameters. 

Group I (Red-Yellow Podzolic soils, Regosols of volcanic ash origin, Grayish Brown 
Planosols, Reddish Brown Latosols, Gray Lowland soils, Dark Red soils): Phosphate 
sorption occurs on clay and iron, and aluminum oxide films on the surface of clay. 

Group II (Gray Hydromorphic soils, strongly acid Regosols of volcanic ash origin): 
Phosphate sorption occurs on the same surfaces as those of most of the Group I soils, 
but the phosphate sorption activity of iron and aluminum oxides is higher. 

Group III (Grumusols): Phosphate sorption capacity is primarily attributable to the 
presence of exchangeable calcium and calcium carbonate and partly to the same 
mechanisms as those described in Group I soils. 

Group IV (Andosols): Phosphate is mainly sorbed by humus-aluminum compounds. 

Soil testing methods for available phosphorus 
Phosphorus uptake by rice seedlings grown on 100 g of soil in a 200-ml beaker is 

determined as a standard of the phosphorus supplying ability of the soil. 
Equilibrated aqueous solution method: The method is based on water extraction of 

the submerged incubated soil. Since the intensity factor was only emphasized and not 
the capacity factor and since it was very difficult to maintain anaerobic conditions 
during incubation, the method should be improved before it can be applied. 

Anion exchange resin method: Resin-P values of air-dried soils were liable to under­
estimate the P content of soils with high iron mobility and to overestimate that of soils 
which have a pH above 7 and are rich in calcium phosphate. When the method was 
applied to a submerged incubated soil, results were not better than those obtained with 
air-dried soil. 

Bray II method: Extracting values of air-dried soils showed a tendency to over· 
estimate the P content of basic soils rich in calcium phosphate and to underestimate 
that of acid soils with high iron mobility. On the other hand, the extracting values of 
submerged incubated soils were found to be representative of phosphorus availability of 
a wide range of soils except for the soils with high calcium phosphate content. 

Olsen method: Although the extracting values of air-dried soils underestimated the P 
content of acid soils with high iron mobility, the method could be applied to soils rich in 
calcium phosphate. However, there was an overestimation of the P content in Andosols 
which had received large amounts of fertilizers. When the method was applied to the 
submerged incubated soils, the same problem arose. EDTA was then added to Olsen's 
sodium bicarbonate solution and with this extractant almost all the soils examined gave 
proper values of phosphorus availability except for the highly fertilized Andosols. The 
last method is referred to as Olsen-EDTA method. 

Soil testing for determination of available phosphorus in paddy soils by the 
Olsen-EDTA method 

Four g of air-dried fine soil is put into a test tube (1.5 x 16.5 em) containing 15 ml of 
pure water. The test tube is tightly covered with parafilm and incubated at 35°C for 3 
weeks. Olsen-EDT A extracting solution consists of 0.5 MNaHCOJ solution adjusted to 
pH 8.5 by NaOH, to which 0.02 M EDTA (disodium dihydrogen ethylenediaminetetra­
acetic acid) is added. For the extraction of submerged incubated soil a 1.23 times 
concentrated solution is prepared to reach the above concentration at the time of 
extraction. The soil with water is transferred to a 250-ml polyethylene wide-mouth 
bottle and rinsed with 65 ml of the concentrated Olsen-EDT A solution. The bottle is 
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yield of rice plants and 

in promoting plant 
year such growth 

promotion is not necessary achieving yields there is no need to increase the 
concentration of phosphorus in the soil. Nevertheless, phosphorus uptake by 

per unit is same as that 
Brown Latosols: Reddish Brown Latosols derived from neutral or basic 

have a high content total phosphorus. As the water soluble P 
and Bray values were extremely low in the rice seedlings transplanted in 

field appeared to be deficient in phosphorus at the early stages of growth, unlike 
the fields where nitrogen had been applied. Rice response to phosphate application 

was distinctly manifested by increase in tiller number although differences in 
yields were not significant. the basis of the phosphorus uptake, the amount of 
phosphorus removed by rice grains and the total phosphorus content in the soil, 
application of 20-30 kg P20o/ha with proper amount of nitrogen would be recommended 
for paddy fields of this soil type. 

This recommendation can be applied to Andosols adjacent to the Reddish Brown 
Latosols, as these Andosols have a high phosphorus content. 

Hydromorphic soils and Grayish Brown Planosols: Gray Hydromorphic soils 
and Grayish Brown generally a phosphorus content but very high 
iron mobility, so that they show a high water and available phosphorus concentration. If 
a soil has a low total phosphorus content, the capacity factor to maintain a proper 
available phosphorus level in soil is too low and phosphate application would induce 
high yield. Since potassium and sulfur are deficient besides nitrogen and phosphorus, 
application of a proper amount of those elements and of about 30 kg P:Os/ha is 
necessary in such soils. Application of ground rock phosphate should also be effective, 
because the soils are acid and are losing their bases and iron through the process of 
ferrolysis. 

Dark Gray Grumusols: Retarded tillering due to phosphorus deficiency was observed 
for several weeks after transplanting in a paddy field with a Grumusol which is basic 



and has a considerable amount of total phosphorus. In such soils about 20 kg PzO,/ha as 
ordinary or triple superphosphate should be applied to supply water soluble phosphorus 
to the plants during that period. As Grumusols in general have a weak phosphate 
sorbing ability, the effect of phosphate application is readily reflected in the plant 
growth and yield. Therefore, an application of more than 30 kgP20!ha is recommended 
along with the application of nitrogen and sulfur in every cropping season. 

Red-Yellow Podzolic soils: Red-Yellow Podzolic soils show wide variations in their 
contents of total phosphorus and the critical value to reach the level where active 
phosphorus decreases to nearly nil is relatively high. Therefore, sometimes severe 
phosphorus deficiency can be observed in soil containing more than 100 mg PzOs/100 g 
of total phosphorus. It is concluded from the results of pot and field experiments that 
the critical phosphorus content in plants at the tillering stage to achieve normal yield 
amounts to 0.15 % P and the critical Bray II-P value corresponding to the above is 15 
ppm P. Also it is essential to apply more than 100 kg PzOslha of phosphate in a newly 
developed paddy field on Red-Yellow Podzolic soil and in paddy fields where the effect of 
phosphate is not well defined 20 to 40 kg P20s/ha should be applied. 

Alluvial soils and Regosols: Many Alluvial soils and Regosols derived from neutral or 
basic volcanic ashes have high total phosphorus contents and high Bray II-P values. It is 
not necessary to apply phosphate to paddy fields with such soils. 
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