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Abstract. Although air-drying is a universally accepted practice for preserving soils before analyses, it can 

irreversibly affect certain soil processes and, hence, results of soil analyses. Reports about such effects on 

extractable/available phosphorus (Pav) are conflicting and are scanty for low-Pav tropical soils. Moreover, 

little is known about its relative effects for well and poorly drained soils or about any underlying role of 

soil colloidal stability. In this study, soil samples from well-drained uplands and adjoining poorly drained 

lowlands in four locations in southeastern Nigeria were analysed field-moist and air-dried for pH and Pav. 

The soils are mostly medium-textured. A trend existed of drying-induced decreases in soil pH for both 

uplands (4.8-5.8) and lowlands (4.6-5.6); whereas this effect was consistently non-significant in the 

former (unless tested for irrespective of location, 5.35 vs 5.53), it was location-specific in the latter. Air-

drying tended to increase and decrease Pav in upland soils (0.62-12.75 mg kg
–1

) and lowland soils (0.93-

20.52 mg kg
–1

), respectively, with a reverse effect in one lowland with values exceeding 15 mg kg
–1

. 

However, these effects were non-significant except in one upland soil with evidence of appreciable 

organic matter. Correlations between soil pH and Pav were positive and non-significant, but strongest for 

field-moist lowland soils. Soil colloidal stability indices of water-dispersible clay and clay flocculation 

index proved useful in understanding the results for soil pH and Pav, respectively, with the effect of the 

former being more distinct than that of the latter. Air-drying is still recommended only for upland soils 

while we explore fully the interrelationships among drying-induced differences and colloidal stability for 

soils of contrasting drainage status.  

Keywords: available phosphorus, clay flocculation index, field-moist soil samples, microaggregate 

stability, poorly drained soils 

Introduction 

Air-drying soil samples before analyses is a common practice in most laboratories. 

This is because air-drying allows soil samples to be stored for analyses even after a long 

time, since dried soil samples are perceived to undergo minimal changes caused by 

microbial and chemical reactions compared to field-moist samples (Erich and Hoskins, 

2011). It equally increases the ease of handling of soil samples during analyses. 

However, air-drying soils before analysis often increases the concentration of solutes in 

soil solution which may later be precipitated or lead to an increased sorption on soil 

surfaces (Erich and Hoskins, 2011), and this may influence the results of soil analyses 

for easily sorbed soil chemical constituents. When solutes precipitate in air-dried soils, 

their complete solubility after rewetting such soils is unlikely. It has been shown 

repeatedly that drying increases surface acidity, and that this phenomenon can affect the 

solubility and availability of many nutrients including phosphorus (Bartlett and James, 

1980; Haynes and Swift, 1985; Erich and Hoskins, 2011). 
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Probably because of the agronomic and environmental importance of phosphorus, its 

extractability from soil as affected by air-drying has been studied extensively, although 

with conflicting reports. Studies reporting increases in available phosphorus with air-

drying (Gilliam and Richter, 1988; Srivastava, 1997; Yongsong et al., 1998; Schaerer et 

al., 2005; Erich and Hoskins, 2011; Achat et al., 2012; Xiao et al., 2012) seem to 

outnumber those that found no such effect (Ekpete, 1976; Peltovuori and Soinne, 2005; 

Soinne et al., 2010; Xu et al., 2011), which in turn seem to outnumber those reporting 

decreases in extractable phosphorus with air-drying (Haynes and Swift, 1985). With the 

exception of the pilot studies by Ekpete (1976), Srivastava (1997) and Yongsong et al. 

(1998) which were carried out on tropical soils and that by Gilliam and Richter (1988) 

in a sub-tropical environment, the rest of the studies just cited were carried out on soils 

from temperate locations.  

Considering the comparatively low concentration of available phosphorus in tropical 

soils particularly those of West Africa (Enwezor and Moore, 1966; Owusu-Bennoah et 

al., 1995), the issue of differing values of available phosphorus between air-dried and 

field-moist soils should be of greater concern to researchers in the tropics. On the other 

hand, the relationships between soil pH and phosphorus availability have been 

extensively studied on tropical soils (Mokwunye, 1975; Eze and Loganathan, 1990; 

Sato and Comerford, 2005; among others), and some of such studies show that the low 

availability of phosphorus in tropical soils is often exacerbated by the acidic nature of 

the soils (e.g., Sato and Comerford, 2005). Yet, as with phosphorus availability, there is 

paucity of data about the influence of air-drying soil samples before analysis on soil 

reaction in tropical soils.  

Notably, research has implicated appreciable concentration of organic matter in soils 

as being responsible for the differences in soil available phosphorus induced by air-

drying (Schaerer et al., 2003; Xiao et al., 2012). The majority of tropical soils show low 

values of organic matter concentration, often not exceeding 10 g kg
–1 

of soil. In tropical 

watersheds, however, organic matter and plant nutrients are usually lower in upland 

soils compared to adjoining lowland soils due to geological fertilization (Obalum et al., 

2012a), as well as to poor drainage status of the latter. The quest for clear-cut 

information on the effect of drying on phosphorus availability in tropical soils should 

therefore not be limited to well-drained upland soils but also extended to adjoining 

poorly drained lowland soils. This approach is rare in the literature (Gilliam and 

Richter, 1988), but can have additional benefits. In lowland sawah rice systems of West 

Africa where phosphorus availability is suggested to promote rice yields (Obalum et al., 

2014), for instance, such information also for lowland soils can help to develop 

strategies for managing phosphorus in sawah soils.  

Furthermore, the present study considered a possible interdependence among soil 

pH, available phosphorus and structural stability at the colloidal level. Soil pH 

influences phosphorus availability (Sato and Comerford, 2005) as well as colloidal 

stability of the soil (Igwe and Udegbunam, 2008). Among the soil processes known to 

be important in colloidal stability is alternate wetting and drying (de Oliveira et al., 

2005). Since the practice of drying initially wet soil samples and rewetting them before 

analyses simulates a wetting-drying cycle, at two extremes though, the response of soil 

pH and/or phosphorus to air-drying may be a reflection of change in soil colloidal 

stability induced by such drying. This hypothesis is yet to receive the attention of any 

research, going by our review of the literature. Because of their topographical and 

hydrological differences that promote geological fertilization, uplands and lowlands 
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often differ not only in organic matter and drainage status but also in texture. Many 

other related soil properties, including colloidal stability, differ between them too. 

Again, this makes the concurrent study of uplands and lowlands in this study 

imperative. 

In this study, four upland soils and adjoining lowland soils with clearly contrasting 

drainage status and occurring in four locations of southeastern Nigeria were sampled 

and analysed for pH and available phosphorus with and without air-drying. Some easily 

measurable indices of soil colloidal stability were equally derived. The objectives of the 

study were to assess: (i) the effect of air-drying on soil test results for pH and available 

phosphorus in well and poorly drained soils, (ii) the nature of the relationships between 

pH and phosphorus availability in air-dried and field-moist soils, and (ii) the role of soil 

colloidal stability in any effect of air-drying on these two soil properties. 

Materials and Methods 

Study sites and soil sampling  

The study was conducted using soils from four locations in southeastern Nigeria, 

including Agbobu, Akaeze, Nando and Omasi (Figure 1). Some climatic and ecological 

features of these locations are briefly described in Table 1. 

 

 

Figure 1. Map of Nigeria showing southeastern Nigeria and the study locations 

 

 

Soils were sampled from an upland-lowland setting in all the four locations during the 

rainy season of tropical Africa, when the difference in drainage status of upland soils and 

adjoining lowland soils is usually most evident. At each location, three samples were 

collected from random spots along a short transect of about 20 m in each of the two 

topographic positions, giving 12 samples of upland soils and 12 samples of lowland soils. 

In all four locations, transects in the uplands were somewhat parallel to those in the 

lowlands, and were approximately 50 m apart. Soil samples were collected from 0-20 cm 

depth using an auger, packaged in black polythene bags and conveyed to the laboratory.  
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Table 1. Brief description of study sites 

Location 

Climate (mean annual) 

Vegetation zone Rainfall
†
  

(mm) 

Temperature  

(
o
C) 

Agbobu 
2250  

(~ 4 months) 
27-28 Humid rainforest 

Akaeze 
1350  

(~ 5 months) 
29 Derived savannah 

Nando 
2300  

(~ 4 months) 
28 Humid rainforest 

Omasi 
2000  

(~ 4 months) 
29 

Forest-Savannah 

Transition 
†
Dry season length is enclosed in parenthesis. 

 

 

The soil samples were each partitioned into two equal parts by mass. One part was 

weighed and its field-moist mass, Mfm, recorded before being air-dried for 48 h under 

laboratory conditions after which its air-dried mass, Mad, was also recorded. The other 

part was not air-dried but preserved in its field-moist condition. Both air-dried and field-

moist soil samples were passed through a 2-mm sieve before laboratory analyses. 

 

Soil laboratory analyses  

Particle size distribution was determined on air-dried samples by mechanical analysis 

using the Hydrometer method described by Gee and Bauder (1986), and this was done 

twice per sample; one with and the other without 0.1N NaOH as dispersing agent, to 

enable the derivation of some soil colloidal stability indices. Soil pH was determined in 

suspensions of soil in both deionized water and KCl in a soil-liquid ratio of 1.0:2.5 

(Mclean, 1982). Available phosphorus was extracted with Bray II, as this reagent is 

very effective for extracting phosphorus from acid soils of southeastern Nigeria 

(Enwezor, 1977). The determination was done using the method described by Olsen and 

Sommers (1982). For soil pH and available phosphorus, the amounts of air-dried soil 

samples used in the analyses were as recommended by the standard methods cited (10 g 

and 5 g, respectively), while the amounts of field-moist samples used were the 

equivalent masses, obtained thus: 

 

  (Eq. 1) 

 

where EMfm is the equivalent mass of field-moist soil sample used for analysis; RMad is 

the recommended mass of air-dried sample for use in analysis; and Mfm and Mad are the 

recorded masses of the sample in its field-moist and air-dried conditions, respectively 

before analyses. 

 

Soil colloidal stability indices 

The following easily measurable colloidal stability indices of the soils were derived 

after mechanical analysis for particle size distribution (Igwe and Obalum, 2013): 
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(i) Water-dispersible silt (WDSi) = Silt content of the soil (%) obtained after 

mechanical analysis without dispersing agent. The lower the value of WDSi, 

the greater the colloidal stability of the soil. 

(ii) Water-dispersible clay (WDC) = Clay content of the soil (%) obtained after 

mechanical analysis without dispersing agent. The lower the value of WDC, 

the greater the colloidal stability of the soil. 

(iii) Clay flocculation index (CFI) = (Total clay − WDC)/Total clay. The higher 

the value of CFI, the greater the colloidal stability of the soil. 

 

Statistical analysis  

Preliminary comparison of the uplands and the lowlands using t-test revealed that 

they differed in soil pH (5.44 and 4.94, respectively; tcal = 2.82
*
) but not in available 

phosphorus (5.91 and 8.32 mg kg
–1

, respectively; tcal = 0.80
ns

). These differences 

observed, though in one out of the two soil parameters considered, informed the 

decision to analyse the data separately for the two topographic positions. One-way 

analysis of variance (ANOVA) was used to test for differences in pH and available 

phosphorus between air-dried and field-moist soils from each of the four locations. 

Treatment means were deemed different at p ≤ 0.05. Such statistically significant 

differences between means were detected using Tukey’s family error rate. Furthermore, 

we regarded locations as replications and subjected treatment means for soil pH and 

available phosphorus from all locations to t-test in order to compare the grand means for 

air-dried and field-moist soils. Again this was done separately for upland and lowland 

soils. Correlation and regression analyses were used to examine the relationships 

between soil pH and phosphorus extractability from the air-dried and field-moist soils. 

Regression analysis was also used to examine the nature of the relationships between 

treatment effect and selected indices of colloidal stability of the soils, on one hand and 

between mean values for air-dried and field-moist soils, on the other. All analyses were 

carried out using the two software, Minitab 17 and Microsoft excel sheet. 

Results and Discussion 

Both upland and lowland soils from the study locations are generally of medium 

texture except for Nando where the soil is fine-textured, especially at the upland region 

(Table 2). Instead of coarser soil texture due to natural flow of sediments, the uplands 

show similar soil texture as the lowlands in two of the locations (Akaeze and Omasi), 

and even finer texture than the lowlands in the other two, Agbobu and Nando, both of 

where the sampled sites are on a gently rolling terrain. Owusu-Bennoah et al. (2000) 

reported similar scenario on a gentle topography in Ghana and attributed it to mixing of 

the lowland part of the topography with alluvial sediments. In our opinion, the present 

results suggest that clay eluviation/illuviation is pronounced in the concerned soils, such 

that upland-lowland surface erosion exposes the illuvial, finer-textured layer in the 

uplands while leaving the adjoining lowlands coarser. 

The upland soils showed generally lower values of water-dispersible clay (WDC) 

and higher values of clay flocculation index (CFI) compared to their lowland 

counterparts, implying greater colloidal stability of the uplands than the lowlands. The 

well-drained condition of the uplands as against the seasonally flooded condition of the 

lowlands would explain this observation (Obalum et al., 2014). The data in Table 2 also 

show that soils from Nando had higher contents of water-dispersible silt (WDSi) than 
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total silt and were more stable than soils from the other locations. That the silt content 

without dispersion is higher than that after ‘complete’ dispersion for these clayey soils 

is not an aberration. This observation rather suggests that, in the soil-water suspension 

without a dispersing agent, some flocculated clay particles could not be dispersed and 

so posed as silt particles, and this resulted in the high CFI and hence high colloidal 

stability of the soils. The next to Nando in terms of fineness of soil texture is Akaeze 

but it showed the lowest CFI and hence the lowest stability, an indication that clay 

flocculation and colloidal stability are not attributes of fine soil texture, but of other soil 

factors (Mbagwu and Schwertmann, 2006; Igwe and Obalum, 2013).    

Table 3 shows that, for both uplands and lowlands of the four locations, soil pH 

tended to be lower in air-dried samples compared to the field-moist samples, and that 

the only cases of significant differences were in the lowland soils – Akaeze for pH in 

both water and KCl, Omasi for pH in water and Nando for pH in KCl. The decrease in 

pH of some of the soils due to air-drying and the associated increase in surface acidity 

has similarly been reported elsewhere (Erich and Hoskins, 2011). The chemistry of 

drying mineral surfaces and its acidifying effect on soil surface can be found in 

Dowding et al. (2005). For the upland soils, pH of air-dried samples only showed 

tendency for lower values which were not significantly different from those of field-

moist samples, suggesting that the acidifying effect of drying on soil surface may not be 

pronounced in well-drained upland soils. Conversely, the significant treatment effect on 

soil pH in water for the lowland soils only at Akaeze and Omasi may be linked to the 

high tendency for clay dispersion in these two locations (particularly the former) 

compared to Agbobu and Nando, as evident in the values for WDC and CFI.  

When the entire soils of the study were considered together irrespective of location, 

the differences in soil pH between the air-dried and the field-moist samples were 

significant for the upland soils but not for the lowland soils. The results suggest such 

that differences in parent material and hence soil texture are needed for the acidifying 

effect of drying to manifest in well-drained soils, but that such underlying influence of 

texture on the acidifying effect of drying can be masked in poorly drained soils. Overall, 

these results imply that the effect of air-drying on pH of well-drained soils may be 

unimportant at local scales but may be important at the regional scale, and vice versa for 

poorly drained soils. 

Notably, values for the pH gradient (pH-H2O minus pH-KCl) were generally higher 

for the field-moist samples than for the air-dried samples of the uplands soils; the 

reverse was true for the lowland soils except for Omasi. The upland soils thus 

conformed to the normal pattern of pH range in soils whereby such values increase with 

increasing pH in water (Thomas, 1996). This was not the case for the lowland soils in 

which air-drying had greater acidifying effect, implying that their air-dried samples had 

higher concentration of H
+
 than the field-moist samples. Because H2O displaces less H

+
 

from soil colloids than KCl, the soil solution in KCl probably had more displaced H
+ 

which lowered further the value for pH-KCl in the air-dried samples of the lowland 

soils, hence the observation.  

For both air-dried and field-moist samples, upland soils consistently showed higher 

pH values compared to their lowland counterparts; the only exception was the field-

moist samples of soils from Akaeze. This higher acidity level of the lowland soils is 

surprising, considering the relatively reduced soil condition of the lowlands, which was 

expected to lower soil acidity. Obalum et al. (2012b) reported similar acidity problem in 

some lowland sawah soils from northcentral Nigeria, in spite of the reduced condition 



Obalum ‒ Chibuike: Air-drying effect on soil reaction and phosphorus extractability  

- 531 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 15(1): 525-540. 
http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1501_525540 

 2017, ALÖKI Kft., Budapest, Hungary 

of those soils. However, runoff and sediments from uplands normally accumulates in 

lowlands in typical upland-lowland setting (Obalum et al., 2012a), and often contain 

dissolved organic matter. Although the reduced condition of lowlands helps to preserve 

their soil organic matter, partial oxidation following intermittent periods of aerobiosis is 

also possible; and such a situation can increase soil acidity. Furthermore, since sandy 

soils are more prone to acidification (Marx et al., 1999), the generally finer texture of 

the upland soils compared to their lowland counterparts (which is particularly true for 

Agbobu and Nando soils; see Table 2) may have also contributed to the observed lower 

acidity of the upland soils than the lowland soils. 

In the upland soils, values for soil available phosphorus were generally higher in air-

dried samples compared to field-moist samples, but the differences were significant only 

for Akaeze (Table 4). Several authors have reported increased phosphorus extractability 

from soil with drying (Yongsong et al., 1998; Erich and Hoskins, 2011; Achat et al., 

2012; Xiao et al., 2012). The major factors contributing to this phenomenon include 

mineralization of soil organic matter and lysis of microbial cells (Srivastava, 1997; 

Yongsong et al., 1998; Xu et al., 2011; Xiao et al., 2012). This is particularly true for 

soils high in organic matter (Xu et al., 2011; Achat et al., 2012). Soil organic matter was 

not determined in the present study, but the soils are known to be typically low in 

organic matter (Obalum et al., 2013), hence the generally insignificant drying-induced 

differences in extractable phosphorus. Peltovuori and Soinne (2005) argue that the 

destruction of organomineral complexes by air-drying simultaneously releases 

phosphorus and exposes new surfaces on which phosphorus could sorb. 

The significant differences for Akaeze soil could be explained by its high clay 

content (see Table 2) which suggests a greater potential for formation of clay-organic 

complexes that can protect organic matter against rapid mineralization and loss. The soil 

also had the highest content of WDC, which tends to increase with an increase in 

organic matter in upland soils (Igwe and Udegbunam, 2008). The higher extractable 

phosphorus in the air-dried than the field-moist samples observed only for Akaeze soil 

was therefore attributed to the possible relatively high concentration of organic matter 

which was less stable to the oxidizing condition of air-drying (Gilliam and Richter, 

1988). In such high-organic matter soils, the disruption of stable aggregates after drying 

and sieving also facilitates the release of inorganic phosphorus tied up in Fe-Al-

phosphate complexes (Peltovuori and Soinne, 2005; Erich and Hoskins, 2011; Achat et 

al., 2012). Kaiser et al. (2015) document the influence of drying on aggregates, quantity 

and quality of dissolved organic matter, and soil microbiota. 

Conversely, available phosphorus of the lowland soils tended to be higher in field-

moist samples compared to air-dried samples, except for Omasi. Ekpete (1976) made 

similar observation in some waterlogged Nigerian soils, and so concluded that air-

drying be still done when analysing such soils for phosphorus availability. It appears, 

therefore, that significant or non-significant decrease rather any increase in available 

phosphorus with air-drying should be expected in poorly drained tropical soils. The 

reason for the deviation of Omasi lowland soil from this trend is not clear, although it 

may be related to the ‘high’ value (> 15 mg kg
–1

) of available phosphorus in the soil 

compared to the other locations. This reasoning is supported by the range of available 

phosphorus for Omasi lowland soil being similar to the range in other tropical soils 

(16.4-28.3 mg kg
–1

, also Olsen-P) where air-drying was also reported to increase 

phosphorus extractability (Yongsong et al., 1998). 
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Table 2. Textural properties and colloidal stability indices of the experimental soils 

Location 

Topographic 

position 

Sand  Silt Clay Textural 

class 

WDSi 

(%) 

WDC 

(%) 

CFI 

 (%) 

Agbobu Upland 51.8 31.4 16.8 Loam 29.4 4.8 0.71 

 Lowland 73.8 17.4 8.8 Sandy loam 11.4 4.8 0.45 

         

Akaeze Upland 39.8 29.4 30.8 Clay loam 27.4 16.8 0.45 

 Lowland 43.8 23.4 32.8 Clay loam 17.4 24.8 0.24 

         

Nando Upland 41.8 17.4 40.8 Clay 29.4 6.8 0.83 

 Lowland 45.8 11.4 42.8 Sandy clay 29.4 10.8 0.75 

         

Omasi Upland 59.8 25.4 14.8 Sandy loam 21.4 6.8 0.54 

 Lowland 59.8 21.4 18.8 Sandy loam 21.4 8.8 0.53 

WDSi‐water-dispersible silt; WDC‐water-dispersible clay; CFI‐clay flocculation index 
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Table 3. Air-drying effect on pH of some upland and lowland soils in southeastern Nigeria 

Location Treatment 

Upland  Lowland 

pH-H2O (I)                 pH-KCl (II) 
∆pH  

(I − II) 
 pH-H2O (I) pH-KCl (II) 

∆pH  

(I − II) 

Agbobu Air-dried 5.3
a
 ± 0.12 4.7

a
 ± 0.15 0.6  4.9

a
 ± 0.10 3.8

a
 ± 0.03 1.1 

 Field-moist 5.6
a
 ± 0.12 4.8

a
 ± 0.17 0.8  4.9

a
 ± 0.12 3.9

a
 ± 0.05 1.0 

         

Akaeze Air-dried 4.8
a
 ± 0.09 3.8

a
 ± 0.09 1.0  4.6

b
 ± 0.06 3.6

b
 ± 0.06 1.0 

 Field-moist 4.9
a
 ± 0.12 3.8

a
 ± 0.09 1.1  5.6

a
 ± 0.03 4.7

a
 ± 0.05 0.9 

         

Nando Air-dried 5.6
a
 ± 0.03 4.7

a
 ± 0.03 0.9  4.7

a
 ± 0.03 3.9

b
 ± 0.06 0.8 

 Field-moist 5.8
a
 ± 0.16 4.9

a
 ± 0.07 0.9  4.9

a
 ± 0.09 4.2

a
 ± 0.09 0.7 

         

Omasi Air-dried 5.7
a
 ± 0.09 4.9

a
 ± 0.17 0.8  4.8

b
 ± 0.06 3.8

a
 ± 0.03 1.0 

 Field-moist 5.8
a
 ± 0.15 4.9

a
 ± 0.17 0.9  5.1

a
 ± 0.06 3.9

a
 ± 0.03 1.2 

         

All locations
†
 Air-dried 5.35

b
 ± 0.20 4.52

a
 ± 0.25 0.83  4.75

a
 ± 0.06  3.78

a
 ± 0.06 0.97 

 Field-moist 5.53
a
 ± 0.21 

(tcal = 3.66; p = 0.04) 

4.60
a
 ± 0.27 

(tcal = 1.57; p = 0.22) 

0.93  5.13
a
 ± 0.17 

(tcal = 1.72; p = 0.18) 

4.18
a
 ± 0.19 

(tcal = 1.68; p = 0.19) 

0.95 

Values are means ± standard error of the mean. For each location, means for air-dried and field-moist samples that do not share a letter are significantly  

(p ≤ 0.05) different. 
†
Comparison based on the mean values from the four locations by t-test. 
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Overall, the results of the t-test analysis indicated no significant differences in the 

values for available phosphorus between air-dried and field-moist samples for both the 

upland soils and the lowland soils (Table 4). These results imply that air-drying lowers 

the extractability of phosphorus from the soils (irrespective of drainage status), but such 

decreases are often not appreciable and are not a problem at the regional scale. Our data 

support Kaiser et al. (2015) who concluded in their review that air-drying effect is 

location-specific. Notably, phosphorus status was generally lower in upland soils 

compared to lowland soils across the locations. This would be explained by the fact 

that, in wet soils, redox reaction releases phosphorus while the dissolution of iron (III) 

oxyhydroxides further releases immobilized phosphorus (Obalum et al., 2012b; 

Rabeharisoa et al., 2012).  

 
Table 4. Air-drying effect on available phosphorus (mg kg

–1
) of some upland and lowland 

soils in southeastern Nigeria 

Location Treatment Upland  Lowland 

Agbobu Air-dried 4.04
a
 ± 1.24  4.35

a
 ± 1.12 

 Field-moist 4.04
a
 ± 1.73  4.35

a
 ± 1.55 

     
Akaeze Air-dried 7.46

a
 ± 0.54  7.77

a
 ± 0.62 

 Field-moist 4.97
b
 ± 0.31  10.88

a
 ± 1.73 

     
Nando Air-dried 0.93

a
 ± 0.54  0.93

a
 ± 0.54 

 Field-moist 0.62
a
 ± 0.62  1.24

a
 ± 0.31 

     
Omasi Air-dried 12.75

a
 ± 0.82  20.52

a
 ± 3.53 

 Field-moist 12.43
a
 ± 1.35  16.48

a
 ± 5.00 

     
All locations

†
 Air-dried 6.30

a
 ± 2.53  8.39

a
 ± 4.28 

 Field-moist 5.51
a
 ± 2.49 

(tcal = −1.35; p = 0.27)  

8.24
a
 ± 3.40 

(tcal = −1.05; p = 0.92) 

Values are means ± standard error of the mean. For each location, means for air-dried  

and field-moist samples that do not share a letter are significantly (p ≤ 0.05) different.  
†
Comparison based on the mean values from the four locations by t-test. 

 

 

The correlation analyses between soil pH and extractable phosphorus done separately 

for the air-dried and the field-moist soils (n = 12 in each case) indicated non-significant 

positive coefficients, r; 0.057 and 0.139, respectively for the upland soils and 0.079 and 

0.206, respectively for the lowland soils. These poor relationships between pH and 

phosphorus availability in these soils are attributed to the low range of soil pH, a 

situation which gives no room for an appreciable reduction in phosphorus sorption by 

Fe-Al-phosphate complexes. Loganathan et al. (1987) reported similar observation in 

some soils from southern Nigeria. It also seems that soil pH has pronounced influence 

on phosphorus availability in weathered tropical soils only under conditions of high 

phosphorus levels attained by addition of phosphorus solution to soil (Eze and 

Loganathan, 1990), or when soils are treated with liming materials to enhance normal 

distribution of their pH values (Sato and Comerford, 2005).  

Though non-significant, the above correlation coefficients suggest a tendency for weaker 

positive pH-phosphorus relationships in air-dried than field-moist samples, on one hand and 

in well drained upland soils than in poorly drained lowland soils of the tropics, on the other. 

The results provide a clue for defining priorities in any pH-based management of low 
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phosphorus availability in upland and lowland soils of tropical watersheds, particularly 

lowland sawah systems of rice production in West Africa where phosphorus availability has 

been suggested to increase rice yields (Obalum et al., 2014).  

Since the relationship between soil pH and available phosphorus was weak, the 

regression was not shown; instead, emphasis was shifted to the relationships between 

pH in air-dried and field-moist soils and between available phosphorus in air-dried and 

field-moist soils which were much stronger. The best regression between pH values in 

air-dried soils and those in field-moist soils was of the polynomial form of the second 

order; the corresponding regression for available phosphorus was of the power form 

(Figure 2). It can be deduced from these relationships that air-drying of soil samples 

before analyses has a less distinct effect on soil pH than on extractability of phosphorus 

from the soil.  

 

 

Figure 2. Relationships between mean values of soil pH-H2O in air-dried samples and in field-

moist samples of the (a) upland soils and (b) lowland soils 
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The effect of air-drying on soil pH showed a very strong dependence on WDC 

contents of the soils, irrespective of drainage status, as evident in the regression of 

squared differences (between means for air-dried and field-moist samples) in pH on 

WDC contents of the soils (Figure 3). Thus, drying-induced differences in soil pH can 

be predicted very well from WDC content of the soil alone. The regression was of the 

polynomial form, implying that such differences are related to soil content of WDC in 

curvilinear manner. In other words, the drying-induced difference in soil pH increases 

polynomially with an increase in WDC content of the soil.   

 

 

Figure 3. Quadratic linear regression of the squared differences in mean soil pH-H2O of air-

dried and field-moist samples on water-dispersible clay (WDC) contents of the soils 

 

 

One way to appreciate further the role of soil content of WDC in the effect of air-

drying on soil pH is to examine the linear (rather than polynomial) relationship between 

pH values in air-dried soils and those in field-moist soils with and without WDC as a 

regressor: 

 

 pHair-dried = 1.084 (ns) + 0.745pHfield-moist (*) (Eq. 2) 

 (R
2
 = 0.53; s.e. = 0.32)  

 

 pHair-dried = 1.633 (ns) + 0.711pHfield-moist (*) – 0.035WDC (*) (Eq. 3) 

 (R
2
 = 0.86; = s.e. = 0.19) 

 

The role of soil content of WDC was such that it not only contributed significantly 

(*) to the regression when included as a regressor, but also resulted in an increased R
2 

value and a decreased standard error (s.e.) of the estimate. This implies that field-moist 

soil pH alone could explain about 53% of the variations in pH of the air-dried soils, but 

together with WDC could explain up to 86% of such variations. Considering the rather 

small number of observations (n = 8) in these regressions, however, this relationship is 

not meant for use in predicting the effect of air-drying on soil pH, but to highlight the 
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underlying influence of soil colloidal stability in drying-induced differences in soil pH. 

Notably, the WDC had a much stronger correlation with pH values of air-dried soils 

than with those of field-moist soils (data not shown), an indication that the observed 

role of WDC in explaining the drying-induced differences in pH was due mainly to its 

effect on pH of the air-dried soil.  

In the case of available phosphorus (P), the linear regression of values in the air-dried 

soils on their counterparts in the field-moist soils in itself showed a good fit: 

 

 Pair-dried = –0.232 (ns) + 1.102Pfield-moist (*) (Eq. 4) 

 (R
2
 = 0.91; s.e. = 2.17)  

 

Similar to this relationship, Gilliam and Richter (1988), who also worked with well- 

and poorly drained soils in South Carolina, reported that the intercept, slope and R
2
 

values for the regression of phosphorus extractable from air-dried and ground samples 

on that from field-moist samples of the well-drained soil were 0.35, 1.25 and 0.90, 

respectively. They, however, did not obtain any meaningful regression for the poorly 

drained soil of their study.   

There was a corresponding further improvement in the above linear regression due to 

inclusion of the gradient in pH of the field-moist soil samples (pH-H2O minus pH-KCl, 

referred to as ∆pHfield-moist) and the clay flocculation index (CFI) in it; however, neither 

of these two parameters alone contributed significantly to the regression until both of 

them were included as regressors:     

 

 Pair-dried = –8.911 (ns) + 0.933Pfield-moist (*) + 10.492∆pHfield-moist (ns) (Eq. 5) 

  (R
2
 = 0.95; = s.e. = 1.74) 

 

 Pair-dried = –4.408 (ns) + 1.217Pfield-moist (*) + 6.014CFI (ns) (Eq. 6) 

  (R
2
 = 0.93; = s.e. = 2.10) 

 

 Pair-dried = –15. 684 (*) + 1.056Pfield-moist (*) + 12.147∆pHfield-moist (*) + 7.783CFI (*) 

   (R
2
 = 0.98; = s.e. = 1.10)  (Eq. 7) 

 

The increase in R
2 

value and the corresponding decrease in s.e. of the estimate was 

also greater with both ∆pHfield-moist and CFI as regressors than with either of them alone. 

These results first suggest that air-drying effect on phosphorus extractability has to do 

with its influence on soil pH, and that such influence is mainly on the ∆pHfield-moist, a 

parameter which represents the extent by which H
+
 is solubilized less in H2O than in 

KCl from colloids of the field-moist soil. Second, drying-induced differences in 

extractable phosphorus may not directly be influenced by soil colloidal stability, but 

whether the drying-mediated influence of soil pH would be evident or not depends on 

the soil colloidal stability. Again, these relationships are not meant for use in predicting 

the effect of air-drying on soil extractable phosphorus, but to highlight the underlying 

interplay between soil pH and soil colloidal stability. The correlation of CFI with 

available phosphorus was only slightly weaker for air-dried than for field-moist soils 

(data not shown). Considering that CFI was derived from data for air-dried soil samples, 

this similarity of the correlations appears to support the results attained for extractable 

phosphorus of its rather insensitivity to air-drying of soil samples before analysis. 
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From the data of this study, Akaeze soil appears unique in some ways and it is 

apparent that this soil drives many of the patterns shown. As the only location in the 

derived savannah, Akaeze records longer dry season than the rest (see Table 1), a 

situation implying greater ‘drying effect’ and hence higher soil organic matter whose 

role in air-drying effect has already been highlighted. Again, soil organic matter relates 

positively with WDC, an index of clay dispersion (Igwe and Udegbunam, 2008), and 

Akaeze soil showed high WDC contents while showing low CFI compared to others. 

This not only accounts for the prominence of Akaeze in our study but also links this 

location to the observation here that WDC and CFI largely explained the overall results 

for soil pH and extractable phosphorus, respectively in response to air-drying.     

Conclusions 

The study reported here has the unique feature of assessing air-drying effect on soil 

pH and available phosphorus for both well-drained upland soils and adjoining poorly 

drained lowland counterparts in different locations, and relating such effects to colloidal 

stability of the soils. The practice of air-drying soil samples before analysis may or may 

not affect soil pH, depending on location and soil drainage status at the time of 

sampling. Although air-drying may not always have effect, air-dried samples of well-

drained, less acidic soils show increased acidity upon rewetting; whereas those of 

poorly drained, more acidic soils behave in the opposite. The effect of air-drying on 

phosphorus extractability is location-specific too and often not pronounced, but with an 

overall tendency of enhancing this phenomenon in well-drained soils and reducing it in 

poorly drained soils with relatively ‘high’ phosphorus status. It appears, however, that 

this trend is reversed in poorly drained soils having field-moist available phosphorus 

beyond a critical value of 15 mg kg
–1

. Overall, air-drying for pH and available 

phosphorus test is deemed safe and is thus still recommended for only well-drained 

upland soils with properties approximating those included in this study. Caution is 

needed only for soils with potentially high level (> 15 mg kg
–1

) of available phosphorus. 

In such cases, the import of our data also lies in the possible impact of drying under 

field conditions when soil sampling programs overlap the interface between the distinct 

rainy and dry seasons of the tropics, even if the soils are analysed field-moist.  

Soil pH and available phosphorus may not exhibit any meaningful relationships in 

these soils under natural conditions of rather narrow range of soil pH. However, the 

relationships are positive and tend to be stronger for field-moist soils, on one hand and 

for poorly drained soils, on the other. Soil colloidal stability has an underlying influence 

on effects of air-drying, with WDC content and CFI influencing such effects on soil pH 

and available phosphorus, respectively. The underlying influence of WDC can be more 

distinct compared to that of CFI, as the latter relies on a pH factor to manifest. These 

results are expected to provoke more studies aimed at exploring fully the roles of soil 

colloidal stability in drying-induced differences in soil pH and available phosphorus as 

well as the mechanisms involved. 
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