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ABSTRACT 
Understanding the P sorption and release 

characteristics of different soils can help in 
determining fertiliser P requirements for the growth 
of rice (Oryza sativa L.). Glasshouse and laboratory 
experiments were undertaken to observe the long-
term release characteristics of P from added fertiliser 
for the early growth of rice, and also to determine P 
sorption-desorption behaviour of three contrasting 
lowland soils from Cambodia: Prateah Lang 
(Plinthustalf), Koktrap (Plinthaquult) and Toul 
Samroung (Endoaqualf). In the pot experiment, rice 
was treated with four P rates (0, 5, 10 and 20 mg/kg 
soil) and grown over five successive cropping cycles, 
each of six to eight weeks. Phosphorus sorption-
desorption isotherms were constructed by 
equilibrating with 0, 10, 20 and 40 mg P/l in 0.01 M 
CaCl2 solution at 25 oC. 

On the sandy Prateah Lang (PL) and clayey Toul 
Samroung (TS) soils, addition of 10 mg P/kg soil was 
adequate in the first crop for maximum tiller number, 
plant height, total dry matter, P concentration, and 
total P uptake. By contrast, about 20 mg P/kg was 
needed for the maximum growth and total P uptake 
on the clayey acid Koktrap (KT) soil. After two 
crops, plant growth progressively declined at all P 
levels, but the decrease in yields and total P uptake 
on the clayey TS and KT soils was slower than for 
plants grown on the sandy PL soil. 

Resin-P extractable was the smallest P fraction 
compared to other major soil-P (NaOH-Pi, NaOH-Po 
and Residual-P) pools in all soil groups, but recovery 
from the Resin-P pool was higher in the sandy PL 
soil than in the clayey TS and KT soils. The declining 

amounts recovered from all the extractable soil P 
fractions, especially major soil P (NaOH-Pi and Po 
and Residual-P) pools with succeeding rice crops 
grown on all the soils could be attributed to continued 
reactions of the added P fertiliser by soils in addition 
to plant P uptake during each plant-growing cycle. 

The clayey KT and TS soils sorbed five-fold 
more P than the sandy PL soil in oxidized conditions. 
Phosphorus desorption was initially greatest from the 
sandy PL soil: but with increasing numbers of soil 
extractions, the release of sorbed P declined faster 
than in the clayey KT and TS soils. The cumulative 
desorbed P was greater from the clayey KT and TS 
soil than from the sandy PL soil. The greater P sorbed 
by the clayey soils should ensure a longer duration of 
the residual P effect. 
 
Keywords: lowland rice soils, phosphorus, release 
characteristics, residual effect, soil-phosphorus 
fractions, sorption-desorption 
 

INTRODUCTION 
The cause of limiting phosphorus (P) supply for 

rice crops may be low total P contents and/or a high P 
sorption capacity of the soil. In Cambodia, the extent 
to which soil groups identified by White et al. 
(1997a,b) for rice agronomic management differ in 
their P sorption-desorption behaviour and P release 
characteristics has yet to be tested. Some studies have 
been conducted on the short-term crop responses to P 
fertiliser application (CIAP, 1995, 1996; White and 
Seng, 1997), and a recent study examined residual 
value of applied P fertiliser over 5 successive rice 
crops on the Prateah Lang soil (Pheav et al., 2003). 
Other studies have also examined the dynamics of P 
availability under alternating reduced and oxidized 
conditions (Seng et al., 1999). It is crucial to 
determine the long-term P supplying characteristics 
of a range of important rainfed lowland rice soils in 
Cambodia.  

Understanding of the P sorption-desorption 
processes of different soils can help in determining 
comparative P requirements for plants (Kuo et al., 
1988). The agronomic efficiency of P fertiliser is 
strongly dependent on the P sorption-desorption 
capacity of the soils (Singh and Gilkes, 1991). Hence, 
data on soil chemical properties, including P 
sorption-desorption reactions in different soils is 
critical for managing P fertiliser supply and 
recommendations. Indeed, for further developing soil 
P management strategies and recommendations, soils 
may be grouped together on the basis of their ability 
to release and retain P from fertiliser added, as well 
as native soil P.  

Phosphate sorption characteristics of the soil are 
important properties in determining fertiliser 
requirements of crop growth, because adsorbed P 
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equilibrates with P in the soil solution and this P is, in 
turn, the immediate source of P for plant uptake (Fox 
and Searle, 1980). Soil properties and environmental 
conditions affect the P adsorption capacity (Syers et 
al., 1971; Goldberg and Glaubig, 1988; Cristensen, 
1989; Sposito, 1989; Zachara et al. 1989; Schuster, 
1991; Lee et al. 1996).  

Adsorption capacities typically vary amongst 
soil types. Some soils have low sorption capacities 
and hence hold small reserves of P within the soil. 
The P sorption of soils developed on materials high 
in quartz was moderate to low, and these soils have 
modest fertiliser requirements (Mokwunye, 1977). 
However, other soils have high sorption capacities, 
and probably, a high capacity to retain P within the 
soil for an extended period. Fox and Searle (1980) 
reported that all soils, in which 2:1 and 1:1 type clays 
predominate, as a general rule, absorb large amounts 
of P. Sandy soils may have less sorption per unit soil 
weight, whereas, soils rich in clay minerals and 
sesquioxides have the greater sorption (Sanyal et al., 
1993). In a study of P sorption of two soils of 
southeast Cambodia, Seng (2000) found that a black 
clayey acidic soil (Koktrap: White et al., 1997a, b) 
sorbed about five-fold greater P concentration than a 
sandy acid soil (Prateah Lang: White et al., 1997a,b) 
under oxidised conditions.  

In summary, with various soil types in different 
environments, P sorption-desorption processes have 
been found to vary with forms of Fe and Al, soil pH, 
organic carbon, clay and carbonate contents and other 
soil properties (Saunders, 1965; Hinga, 1973; Ballard 
and Fiskell, 1974; Holford and Patrick, 1979; Ping 
and Michaelson, 1986). More details of relevant soil 
properties and soil-water regimes influencing the P 
sorption-desorption mechanisms in lowland and 
upland soils were reviewed by Pheav (2002). 

However, the factors associated with P sorption-
desorption processes in major Cambodian rice soils 
have not been fully identified. This research was 
conducted to determine the long-term P release 
characteristics, and availability of P from fertiliser 
added to the flooded soils planted to rice over five 
successive cropping cycles each separated by a 2-
week oxidised fallow period. The P sorption-
desorption behaviour in three contrasting lowland 
rainfed rice-growing soils of Cambodia was also 
examined under the aerobic conditions. 
  

MATERIALS AND METHODS 

Soil sampling 

Three contrasting soil types were selected for 
both the pot and P sorption-desorption experiments: 
Prateah Lang (PL), Koktrap (KT) and Toul 
Samroung (TS) (White et al., 1997a,b); Plinthustalf, 
Plinthaquult and Endoaqualf (Soil Survey Staff, 
1994). Prateah Lang and Koktrap soils both varied 
from moderately to strongly acidic, whereas, the Toul 
Samroung soil was closer to neutral. Their main 
properties are presented in Table 1.  

The soils used in both the glasshouse and 
laboratory experiments originated from farmers’ rice 
paddy fields in Cambodia. Usually, these soils were 
cultivated with rice during the wet season each year. 
The top 20-cm layer was collected during the dry 
season when soil was in fallow. Care was taken to 
ensure soil samples were collected from fields with 
no recent history of inorganic P fertiliser application. 
Soils were sun-dried and crushed, all stones and 
coarse organic debris removed, and then the soils 
were sieved to pass through a 2-mm screen. 

 
Table 1. Selected properties of the three major rainfed lowland rice-growing soils of Cambodia used for 

both pot and laboratory experiments (0-20 cm depth, sieved to < 2.0 mm). Values are means of 249 samples. 

Major properties Prateah Lang soil Toul Samroung soil Koktrap soil 

pH (1:1 H2O) 5.4 5.6 5.1 

Organic C (g/kg) 4.0 9.0 13.0 

Sand (g/kg) 498 355 279 

Silt (g/kg) 370 410 293 

Clay (g/kg) 132 229 416 

CEC [cmolc (+)/kg] 3.7 15.9 8.1 

Exch. Ca [cmolc (+)/kg] 1.2 7.1 1.1 

Exch. Mg [cmolc (+)/kg] 0.5 3.3 0.6 

Exch. K [cmolc (+)/kg] 0.1 0.2 0.1 

Exch. Na [cmolc (+)/kg] 0.4 0.3 0.3 

Data source: Oberthur et al. (2000) 


