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Phosphate sorption by Indonesian 
paddy soils 

The process of decrease in solubility ot· 
availability of phosphates added to soil has 
been referred to as phosphate retention, 
fixation or sorption which implies the par­
ticipation of both adsorption and absorption 
mechanisms. So far, it is believed that the 
process involves the reaction of phosphates 
with iron, aluminum, calcium and clay in soil. 
To compare the phosphate sorbing capacity of 
soils, the phosphate sorption coefficient has 
been routinely determined in soil laboratories 
in Japan, as the coefficient obviously enables 
to discriminate an andosol from other soils by 
its extremely high valueoi. 

The phosphate sorption coefficient is repre­
sented by the amount of phosphate sorbed by 
a 50 g soil sample bathing for 24 hrs in 
100 ml solution of 2.5% ammonium phosphate, 
(NH,l):zHP0.1, adjusted to pH 7.0 by phos­
phoric acid, with intermittent hand shaking. 
The amount is expressed as mg of P20r. per 
100 g of an oven-dry soil w1. In this paper, the 
phosphate sorption coefficients of some Indo­
nesian and Japanese paddy soils were corre­
lated with several soil properties to estimate 
the possible mechanisms of phosphate sorption 
by different types of soils. 

Indonesian soil samples Nos. 1, 2 and 3 con­
sisted of red-yellow podzolic soils; No. 4 was 
a yellow podzolic/gray hydromorphic soil; 
Nos. 5, 6, 7 m1d 8 were dark gray grumusols; 
No. 9 was an alkaline grayish brown regosol 
of volcanic origin; No. 10 was a gray hydro­
morphic/grayish brown planosol; No. 11 was 
a strongly acid gray regosol/lithosol of vol­
canic origin; No. 12 was a reddish brown 
latosol. Japanese soil samples Nos. 13, 14 and 
15 consisted of andosols from Iwate; No. 16 
was a gray lowland soil from Ibaraki ; Nos. 17 
and 18 were surface and subsoil of a dark red 
soil from Okinawa. A study on the phos­
phorus availability of those soils was pre-

sented in the previous repo1·tS>. 
Clay content was determined by the sodium 

hexametaphosphate-pipette method. Free iron 
was extracted by the dithionite-EDT A method 
as described by Asami and Kumada 101. Soluble 
Al was extracted by acetate buffer (pH 4.0) 
and its content was measured by the a luminon 
method:i, . Cation exchange capacity (CEC) 
was determined by the neutral NH.10Ac 
method and exchangeable cations were meas­
ured on acetate leachate by the atomic absorp­
tion method:l). Organic and inorganic carbon 
contents were determined by the acid dichro­
mate oxidation method as described by Kosa­
ka, Honda and Iseki3>. 

The relation between the P sorption co­
efficient and clay content in soil is shown in 
Fig. 1. The CEC/clay ratios of the Nos. 9 
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Fig. I. Relation between the P sorption 
coefficient and clay content in soil ( 0 
indicates the corrected clay content) 

and 11 regosols a mounting 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. An average 
CEC/clay ratio of non-volcanic soils, 0.48, 
was applied to both soils to calculate the cor­
rected clay contents which were 20.0 and 
38.8% for Nos. 9 and 11, respective ly, as 
plotted in Fig. 1. 
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Fig. 2. Relation between the P sorption 
coenicient and free iron content in 
soil 

As shown in Fig. 1, the soi ls could be 
divided into 4 groups. Positive correlation 
was observed for the group I soils. The same 
trend could be recognized for the group II 
soils, although the group consisted of only 
two soi ls and the curve tended to move to 
the higher part of the coefficient. All of the 
group III soils were grumusols with high 
clay contents and large coefficients, but rela­
tion between both parameters was not pro­
portional. As for the group IV andosols, clay 
did not play any significant role in the process 
of P sorption. 

In Fig. 2, a positive correlation between 
the free iron content and the coefficient could 
be demonstrated for all the groups, although 
the gradient and position of regression lines 
varied depending on the groups. 

Inorganic carbon contents of the grumusols 
Nos. 5, 6, 7 and 8 were 0.61, 0.16, 0.02 and 
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Fig. 3. Relation between the P sorption 
coefficient and exchangeable a nd 
carbonate calcium in soil 

0.03%, respectively. The inorganic carbon was 
assumed to be derived from CaCOa and was 
added to the exchangeable calcium. As shown 
in Fig. 3, the P sorption coefficient of group 
III grumusols increased proportionally to the 
amounts of exchangeable and carbonate cal­
cium, accounting for their very high coeffi­
cients. 

As seen from the definition of P sorption 
coefficient, the larger the amount of phosphate 
sorbed by a soil, the smaller the phosphate 
concentration in the solution equilibrated with 
the soil, suggesting that P sorption capacity 
for the soil of high coefficient, such as andosol, 
might be relatively underestimated. Honya 
and Yoshino2> revealed that the P sorption 
reaction ranging from 10 to 10,000 ppm P in 
the equ ilibrated solution follows Freundlich's 
adsorption isotherm, x=KC 1111, in which x is 
the amount of P (mg) sorbed by 1 g of soil, 
C is P (ppm) in equi librated solution and, K 
and n are constants whose values vary depend­
ing on soil and other conditions. Determina­
tion of the K and n for each soil enables to 
calculate the P sorption capacity at a certain 
P concentration in the equilibrated solution. 
For andosols, such coefficient at high P con­
centration may be more representative as 
compared with the ordinary P sorption co­
efficient. Then, in addition to the ordinary p 
sorption coefficient determined with 2.5% am­
monium phosphate solution, the P sorbing 
capacity was also evaluated by using 0.25 and 
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Fig. 5. Relation between the P sorption 
coefficient at 4000 ppm P and the 
organic carbon content 

0.025% solution to draw the regression line, 
log x = log K + (1/n)log C. With this equation 
the P sorption coefficient of C at 4000 ppm P 
was calculated for each soil, as the P con­
centration in the equilibrated solution for soil 
of moderate coefficient (about 1000) is ap­
proximately 4000 ppm P. 

In Fig. 4, the Al contents soluble in acetate 
buffer at pH 4 were plotted against the calcu­
lated coefficients. Three andosols, Nos. 13, 14 
and 15, s howed positive correlation between 
them, although the correlation coefficient was 
not high enough to be significant. A similar 
t rend was observed between the P sorption 
coefficient at 4000 ppm P and organic carbon 
content in andosols, as shown in Fig. 5. Close 
relation between both parameters was re­
ported by Kato on andosols in Japan"> and 
by Bezama and Aomine on andosols in ChiJell. 
Yoshida and Miyauchi showed that Fe and Al 
coordinately bound with humus, allophanic Al 
and free Fe and Al oxide gel are the origin 
of P sorption capacity in an andosolrn. Ex­
tremely high P sorption coefficients of andosols 
can be attributed to their very high soluble 
Al contents. This can not be applied to No. 11 
regosol as its coefficient is not as high as its 
soluble Al content. Possible explanation is 
that the low pH of No. 11 soil due to the 
presence of sulfuric acid hinders the sorption 
of phosphate by soil. 

Soils other than the andosols and acid re­
gosol gave no indication to assume that the 
P sorption is related to the presence of solu­
ble Al. Study on the phosphate sorption of 
South Brazilian acid tropical soils showed 
that the sorption of added P was always better 
correlated with the Al parameters such as 
exchangeable, oxalate and citrate-dithionite­
bicarbonate soluble Al than with the Fe par­
ameters0>. Another study on the inorganic P 
fractionation in Indonesia revealed that the 
phosphate sorbed by soil was found mostly in 
Al-P fraction followed by Fe-P fraction7>. As 
all the soils examined showed that their P 
sorption was somehow related to free Fe con­
tent, it is natural to consider that the P sorp­
tion of these soils bore some relation with 
aluminum components in the soils, although 
the soluble Al content failed to illustrate ap­
parently the relation with P sorption for the 
soils of group I, II and Ill, as shown in Fig. 4. 
When log C is taken as O in the equation 
log x = log K + (1/n) log C, then, C = l ppm P 
in solution, x = K, and K(mg P/g) is the 
amount of P sorbed by a soil equi librated 
with 1 ppm P solution. From the value of K, 
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Fig. 6. Relation between the P sorption 
coefficient at 1 ppm P and 4000 ppm P 
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the P sorption coefficients at 1 ppm P were 
calculated and plotted against the P sorption 
coefficients at 4000 ppm P, as shown in Fig. 
6. The ordinary P sorption coefficients for 
grumusols (group III) 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 differ­
ences. These facts indicate that the nature of 
phosphate sorbing components in both soils 

ciated with aluminum and iron oxides coating 
on the clay. Extremely high P sorption coeffi­
cients of andosols ( gi'oup IV ) showed a corre­
lation to the carbon, soluble Al and free Fe 
contents, indicating that the aluminum and 
iron combined with humus are the main 
sources of P sorbing capacity of these soils. 

are different. , ·~~ 

On the average, ratio of P sorption coeffi- Jl'f' 2) 
cient at 4000 ppm P to that at 1 ppm P was g\f~ 

1) Bezama, B. N. & Aomine, S.: Phosphate 
retention on soils in the Central Valley of 
Chile. Soil. Sci. Plant N1tt1·., 23, 427- 435 
(1977). 

61. The average ratio for the grumusols 
(group III) was 129, for andosols (group 
IV) 78, and for the groups I and II 31. Large 
reduction rate in the amount of phosphate 
sorbed by a grumusol parallel to the reduc­
tion in phosphate concentration in the equili-
brated solution suggests that the decrease in 
availability of phosphate added to a grnmusol 
may be small though the soil shows very high 
P sorption coefficient. 

The following conclusions were drawn from 
the relation between P sorption coefficients 
and several soil properties. P sorption co­
efficients of group I soils, which included red-
yellow podzolic soils, a regosol of volcanic 
origin, a gray hydromorphic/yellowish b1·own 
planosol, a reddish brown latosol, a gray low-
land soil and dark red soils, correlated with 
clay and free iron contents, suggesting that 
the aluminum and iron oxides coating on clay 
particles were responsible for the phosphate 
sorption. Group II soils consisting of a yellow 
podzolic/gray hydromorphic soil and a strong-
ly acid regosol of volcanic origin showed a 
pattern similar to that of group I, although 
thei t· coefficient was higher in proportion to 
clay or free iron contents. This may be due 
to the fact that the ability of P sorption of 
aluminum and iron oxides in the group 11 
soils is higher than that in group I, owing to 
the lower crystallinity of oxides·1,s> . Soils of 
group III were dark gray grumusols. Their 
high P sorption coefficients were primarily 
attt·ibuted to their high exchangeable and 
carbonate calcium contents, and partly asso-
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Differentiation in sorghum 
va1·ieties caused by tropical 
and temperate environments 

It is well known from a large number of 
studies so far reported that many characters 
of varieties or hybrid populations vary de­
pending on natural environments under which 
they grow2>. These changes occur primarily 
due to differences in the response of their ' 
genotypes to different environments. In 1958, 
Akemine and Kikuchi1 > tried to cultivate F 2 
to Fn hybrid populations, derived from crosses 
between early and late varieties of japonica 
rice, at 13 locations without carrying out 
any selection, and they reported conspicuous 
changes occurred in the genetic constitution 
of these populations in response to environ­
mental conditions. 

In the present paper, changes in the genetic 
constitution with respect to heading time and 
culm length will be demonstrated with sor­
ghum varieties grown under diverse environ­
ments: tropical and temperate regions. The 
work has been carried out by the authors at 
the University of the Philippines at Los Banos 
from 1976 to 1978. 

Of the world collection of sorghum varieties 
by the All-India Coordinated Sorghum Im­
provement Programme (AICSIP), 20 vari­
eties which were first introduced to Thailand 
and subsequently to the Philippines (here­
after refened to CS group), and 18 varieties 
which were introduced to Japan and later to 
the Philippines (IS group) were used as the 
experimental material. These varieties were 
grown in experimental fields of the University 
during the 1976 wet season (July 19 to Octo­
ber 28), the 1977 dry season (January 19 to 
April 20), and the 1977 wet season ( April 
20 to August 8) for a ratoon crop. 

Each plot was composed of 4 rows : 2 for a 
parent (P2) and 2 for a hybrid (F,) between 
P2 and a male sterile line. Each row was 4 m 
long and 75 cm wide. No replication was 
made. A check variety, cosor-1, was inserted 
every 36 rows so as to estimate the uniformity 

of the field conditions. 
The characters studied were heading time 

( days to heading), culm length and internode 
length. Variations of each character observed 
in the parents, the crosses, and the variety 
groups in response to different growing sea­
sons are shown in Fig. 1. Remarkable varia­
tions are recognized in the response of the 
P2 and F1 of each variety and that between 
variety groups. Variations of heading time 
and culm length in response to different grow­
ing seasons were more apparent in the CS 
group than in the IS one. The response to 
different growing seasons was compared be­
tween P2 and F, with all combinations, and 
it was found that the response of F, reflected 
the genetic characteristic of P2 used as pollen 
parents. 

The difference in the response of heading 
time and culm length as observed between the 
CS and IS populations suggests the possi­
bility that such a diffet·ence might have re­
sulted from different environments of the 
countries of transit of these two groups, 
namely Thailand and Japan. For sorghum 
cultivation, important environmental differ­
ences between tropical and temperate regions 
are related to day-length and temperature. 
Therefore, some analysis of the above result 
will be made from this point of view. 

H eading time In Japan, sorghum is grown 
during the warm season from May (planting 
time) to September (harvesting) . With 
early varieties, their vegetative growth period 
is not sufficiently long, while with late vari­
eties their ripening occurs at low temperature 
after the end of the warm season. Therefo1·e, 
intermediate varieties between early and late 
ones are selected for the purpose of breeding. 
Therefore, when the varieties which became 
adapted to the condition of Japan are brought 
back to the tropics, they must show a reduced 
genetic variability for heading time as com­
pared to the original varieties. It is interest­
ing to note that such varieties showed a stable 
pattern of variations of heading time among 
different planting seasons in the Philippines. 

On the other hand, it can be assumed that 
the purpose of introducing varieties from 
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India to Thailand was to search for resist­
ances to lodging and diseases, rnther than 
earliness or lateness under the tropical con­
dition of short day and high temperature all 
the year round. Selection for heading time 
such as that in Japan might not have oc­
curred. To prove such a hypothesis, it would 
be necessary to examine the heading response 
in Japan of varieties showing different head­
ing times in the Philippines. 

Culm, length Although plant growth in­
creases generally in proportion to growth 
durations, no such relation was clearly shown 
in the present experiment. To elucidate the 
reason for this phenomenon, culm length and 
internode length were measured at each sea­
son of the experiment. As shown in Fig. 2, 
it was fou nd that the culm elongation could 
be classified into 3 types. In the first type, 
the culm elongation takes place through the 
internode differentiation (increase in number 
of internodes), and in the third type, it oc-
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C 

curs through the increase in length of each 
internode, while in the second type both me­
chanisms are involved. Existence of such 
different patterns of culm elongation is con­
sidered to have disturbed the relationship to 
be shown between heading time and culm 
length among different planting seasons. 

Moreover, it was recognized that the CS 
group followed the first pattern, while the IS 
group showed the third one. Based on this 
finding, it is suggested that the IS group had 
been exposed to the selection for heading 
time under the conctition of Japan where 
photoperiod is longer than in the tropics, re­
sulting in the differentiation of the internode 
elongation pattern. 

As a result of varietal differentiation caused 
by natural selection under different environ­
ments, both groups, CS and IS, showed not 
only different t'esponses to the cultivation in 
different seasons, but also different levels of 
F 1 heterosis, when used as JJollen parents for 
male sterile lines. Namely, the IS varieties 
manifested a higher level of heterosis than 
the CS varieties. To elucidate the cause of 
such difference, it is necessary to enlarge the 
genetic base of the material to be used or 
to carry out investigations on the inter-action 
between variety and environment from the 
standpoint of ecological genetics . 
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