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Abstract 

The current study investigated the interactive effects of Lime (L), minjingu  phosphate rock  (RP) and 
manure (FYM) on soil exchangeable Al and pH of an acid soil (pH< 5.0). The field experiment, 
conducted in 2009 and 2010 at the Kenya Agricultural Research Institute (KARI), Molo, Kenya, was laid 
out in a randomized complete block design with 23 factorial arrangement. The factors each at two levels 
were L (0 and 3 t ha-1), RP (0 and 60 kg P ha-1) and manure (0 and 5 t ha-1) giving a total of eight 
treatments; control, L, RP, FYM, L*RP, L*FYM, RP*FYM and L*RP*FYM. The L*RP interaction had 
significantly higher soil pH at end of the experiment followed by L*MRP*FYM interaction. All 
treatments, except control, had lower levels of exchangeable Al at termination of the experiment. Since 
the application of RP and L may have strong carry over effect on soil pH, the L*RP*FYM may be 
preferable due to the acidifying effect of FYM.  
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Introduction 

Aluminium is the most abundant metal in soils and becomes readily soluble when the pH drops below 
5.5 (Marschner, 1996). The most common problem in acid soils  the toxicity of aluminium (Al3+) to 
plants, (Foth and Ellis, 1997; Black, 1992). Studies by Johnson and Wood (1987), Matsumoto (1991), 
Wood (1995) and Giller (2000) have indicated that Al ions act by binding to DNA, interfering with cell 
division.  

About one third of the tropical soils (1.5 billion hectares) have sufficiently strong acidity for aluminium 
to be toxic to most crop species (Sanchez et al., 2003). In Kenya, acidic soils cover about 13% (7.5 million 
hectares) of the total arable land (Kanyanjua et al., 2000).The soils in most parts of the central Rift Valley 
province of Kenya are inherently acidic with pH below 5.0 (Mochoge, 1993). The application of the 
amendments  lime, rock phosphates and farm yard manure singly or in combination have been  
recommended for the improvement of soil physical and chemical properties. Field experiments have 
demonstrated that lime application changes the soil pH over time and helps to remove negative effects 
of soil acidity (Malhi et al., 1983; Krenzer and Westerman, 1993; Coventry et al., 1997; Hao et al., 2002; 
Liu et al., 2004). Liming decreases the concentration of exchangeable aluminium in soil (Aitken et al., 
1998) and is a widely adopted approach to increase soil pH (Scott et al., 1999). Organic inputs upon 
decomposition produce organic acids that bind exchangeable and hydroxyl aluminium the key fixers of 
P in acid soils (Arden-Clarke and Hodges 1988; Vanlauwe et al, 2002). Rock phosphate is unprocessed P 
fertilizer of relatively low solubility. The effect of phosphate rock to raising soil pH is indirect. Minjingu 
rock phosphate (RP) has a high content of carbonates and has an indirect liming effect (Weil, 2000; Le 
Mare, 1991). 

There is limited  information on the interactive effects of application of amendments on soil 
exchangeable Al and pH in the area. Previous studies have only focused on effect of the amendments 
on soil pH only (Lelei et al., 2008). The current study investigated the interactive effects of L, RP and 
FYM on soil pH and exchangeable Al. The results  will be helpful in the development of  management 
plans for acidic soils.  
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Materials and methods 

Site description 

The study was carried out at the Kenya Agricultural Research Institute (0o1’S, 35o41’E, 2500m asl) Molo. 
The site falls under the UH2 agro - ecological zone. The mean annual rainfall received in the area is 1200 
mm. The distribution is a bimodal; the long rain season (LRS) occurs from March to August and the 
short rains from September/October with peaks in April and November respectively. The mean air 
temperature is 13.750C. The soils are acidic, with pH of less than 5.2, well drained, deep, dark reddish 
brown with a mollic A horizon and are classified as Mollic Andosols.  

Application of Treatments and Experimental Design:. The experiment was laid out in a randomized 
complete block design with a 23 factorial arrangement. The factors each at two levels were L (0 and 3 t 
ha-1), RP (0 and 60 kg P ha-1) and FYM (0 and 5 t ha-1) giving a total of eight treatments; control, L, RP, 
FYM, L*RP, L*FYM, RP*FYM and L*RP*FYM.   

Land was prepared manually using hand hoes and crop residues present were removed manually 
before application of treatments. The field had maize stubble from a previous maize crop. L and RP 
were broadcasted and incorporated to a soil depth of 0.15 m two weeks prior to planting. FYM was 
applied into the planting hole and mixed well with the soil a week prior to planting. Maize H614 and 
H513 were sown during the LRS of 2009 and 2010  in respective treatments at spacing of 60 x 75 cm; two 
seeds per hole. Hand weeding was performed twice.  

Soil and plant sampling and analysis: Soil  samples were collected at three maize growth stages; 
seedling, tasseling and maturity. Soil was sampled using an auger from the top soil (0-20 cm depth) 
from at least four locations in each plot between the plants within a row at random and bulked to get 
one composite sample. The samples were analyzed for exchangeable Al and pH according to methods 
described by Okalebo et al. (2002). The soil data obtained for each measured parameter were subjected 
to analysis of variance (ANOVA) using SPSS statististical software (SPSS, 1999). 

Results  

Initial characterisation of the experimental site showed a very acidic soil (pH 4.98). The  application of 
amendments increased soil pH and reduced the exchangeable Al. 

Effects of amendments on Soil pH and exchangeable Al3+ in the 2009 long rain season  

soil pH was significantly higher in L*RP (5.6; 5.5) interaction and L (5.5; 5.4) treatment at seedling maize 
growth stage in H614 and H513, varieties respectively  The control had significantly lower pH values of 
below 5 both in maize varieties at this growth stage. The exchangeable Al levels were significantly 
higher in the control treatment in both maize varieties. The levels were significantly lower in all 
interaction treatments in H614  In the H513 the levels were equally lower in the interactive treatments 
but was least in the L*RP*FYM treatment. 

The soil pH at maize tasseling was significantly higher in  L*RP (5.8)  interaction than L(5.6), RP(5.5) 
and L*RP*FYM) (5.5) in  H614 maize variety. The same trend was observed in  H513, where L*RP had 
significantly higher values (5.6) than L (5.5), RP(5.4) and L*RP*FYM (5.4). The control treatment had 
significantly lower pH values than all treatments in both maize varieties. At tasseling growth stage 
significantly lower levels of exchangeable Al were found in L*RP, RP*FYM and L*RP*FYM in variety 
H614. The levels  H513 were lower in all the interaction treatments.  

At maize maturity, for hybrid 614, there were significantly higher  pH values of 5.9, 5.8 and 5.9 were  in 
the L, RP and L*RP treatments. The lowest values were found in control (4.9) and FYM (5.1) treatments.  
For hybrid 513, the highest values were found in L*RP (5.8). Lowest values were recorded in the control 
4.7) and FYM treatment (5.2). At maturity, the levels of exchangeable Al were significantly lower in  
interaction treatments in both maize varieties.  
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Effects of amendments on soil pH and exchangeable Al3+ in the 2010 long rain season 

The soil pH values recorded at maize seedling in 2010 showed that the control had pH value of 4.9 in 
H614 and 4.6 in H513 varieties. The values were significantly lower than other treatments.  Significantly 
higher pH values were recorded in L*RP (6.2) and L (6.0) for H614 at this growth stage . There were 
however no significant differences between the pH values of L, RP (5.9) and L*RP*FYM (5.8) treatments 
for H614. Significantly higher  pH were observed in L*RP (6.1) than L*RP*FYM (5.8), RP(5.8) and L(5.7) 
in H513 maize variety. Higher levels of exchangeable Al were found in the control treatment at seedling 
stage in both maize varieties. Significantly lower amounts were found in the L*RP, L*FYM, RP*FYM 
and L*RP*FYM interactions in H614 and H513 at seedling 

At tasseling growth stage, the L*RP, L and RP  treatment had significantly higher pH values (6.2;6.1;6.1) 
in H614. For H513, L*RP and L*RP*FYM had  significantly higher values (6.2; 6.0). At the tasseling 
growth stage, higher amounts were observed in the control treatment in both maize varieties. The 
lowest contents were in the  L*FYM, L*RP, RP*FYM and L*RP*FYM treatments in H614. In the hybrid 
513.  

The L*RP treatment had significantly higher values (6.5) for H614 by the end of the 2010 growing 
season and termination of the experiment. This was followed by L(6.3),  L*RP*FYM (6.2), and RP (6.2)  
For H513 the L*RP treatment has significantly higher values (6.4). This was followed by L*RP*FYM 
(6.1), RP (6.1) and L (6.0)The greatest increase in pH from the initial values was observed in  L*RP 
treatment.  Lowest pH values were observed in the control and FYM treatments.  

The control had significantly higher levels of exchangeable Al3+ than all other treatments at maturity of 
both maize varieties. 

Table 1: Means of Soil pH changes (0-15 cm depth) during during crop growth  

 

H614 H513 

2009 LRS 2010 LRS 2009 LRS 2010 LRS 

Seed Tass Mat Seed Tass Mat Seed Tass Mat Seed Tass Mat 

control 4.7d 5.1d 4.9d 4.9e 4.7e 4.4e 4.8 5.0 c 4.7d 4.6d 4.8d 4.6e 

L 5.5ab 5.6b 5.9a 6.0ab 6.1ab 6.3ab 5.4ab 5.5ab 5.6b 5.7bc 5.9b 6.0b 

RP 5.3b 5.5b 5.8ab 5.9b 6.1ab 6.2b 5.2bc 5.4b 5.5a 5.8b 5.9b 6.1b 

FYM 5.0c 5.2c 5.1d 5.2d 5.3d 5.4d 5.0c 5.0c 5.2d 5.4c 5.4c 5.5d 

L*R
P 

5.6a 5.8a 5.9a 6.2a 6.2a 6.5a 5.5a 5.6a 5.8a 6.1a 6.2a 6.4a 

 

L*F
YM 

5.2c 5.3c 5.4c 5.5c 5.5d 5.7c 5.1c 5.2b 5.3c 5.4c 5.4c 5.6c
d 

 

RP*
FY
M 

5.1c 5.3c 5.4c 5.4c
d 

5.7c 5.9c 5.2b
c 

5.2b 5.4c 5.5c 5.7b 5.8c 

 

L*R
P*F
YM 

5.4b 5.5b 5.7b 5.8b 5.9b 6.2b 5.3b 5.4b 5.6b 5.8b 6.0a
b 

6.1b 
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LSD 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.1 0.2 0.2 0.2 

L= L; RP= Minjingu rock phosphate; FYM = farm yard manure; LRS= long rain season; Seed= seedling; Tass= 
tasseling; Mat= maturity; Means in a column followed by the same letter are not significantly different (P<0.05) 
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Table 2: Means of Soil Exchangeable  Al (Meq 100g -1) during plant growth 

 

H614 H513 

2009 LRS 2010 LRS 2009 LRS 2010 LRS 

Seed Tass Mat Seed Tass Mat Seed Tass Mat Seed Tass Mat 

control 19a 15a 16a 17a 16a 14a 17a 14a 15a 13a 14a 16a 

L 14b 08b 04c 04bcd 03bcd 02b 13b 07c 04d 03bc 03b 02b 

RP 12bc 09b 06b 05bc 04bc 02b 11bc 06c 05cd 04b 03b 02b 

FYM 11c 09b 07b 06b 
05b 03b 

09cd 10b 08b 
05b 03b 02b 

L*RP 09cd 05c 03c 03cd 02cd 01b 10cd 04d 03de 02c 02b 01b 

L*FYM 06d 08b 04c 03cd 03bcd 01b 08d 05cd 02e 02c 02b 01b 

RP*FYM 07d 05c 04c 02d 01d 01b 09cd 05cd 04de 03bc 02b 01b 

L*RP*FYM 05d 03c 02c 02d 02cd 01b 04e 03d 02e 02c 01b 01b 

 02 02 02 02 02 02 02 02 02 02 02 02b 

Key: Seed= seedling; Tass= tasseling; Mat= maturity 

Means in a column followed by the same letter are not significantly different (P<0.05) 

 

Discussion 

The low soil pH (<5.0) in control treatment reflects the inherent acidity of the soils in the central Rift 
Valley province in Kenya. The control had correspondingly  higher levels of exchangeable Aluminium. 
A close correlation exists between the proportion of exchangeable Aluminium in soils and pH 
(Marschner, 1996). Marschner (1996) reports that acidic soils have excessive levels of free and 
exchangeable Al which limits plant growth. In acid soils below pH 5.5 an increasing proportion of the 
cation exchange sites are occupied by aluminium.  

The soil at the end of the second cropping season where the amendments were applied showed 
improved conditions. The application of the amendments raised the soil pH gradually and decreasing 
the levels of exchangeable aluminium. The total exchangeable Al which was  very high (19 cmol/kg) 
initially, as indicated by Table 2 was reduced probably making the soil more conducive for crop 
growth.. Meppe et al. (2007) reported that L application increased soil pH and neutralized exchangeable 
Aluminium completely after 2 tons ha-1. Liming materials increased soil pH (p< 0.05) to over 5.5 
compared to the control (Nekesa et al., 2005).  

Response of soil pH to liming could be due to the removal of nutrient imbalance in the soil by reducing 
aluminium and manganese toxicity as well as providing Ca2+ to counteract its deficiency ( Biswas and 
Mukherjee, 1994).  

The interactive effects of the amendments on pH were higher than the single effects of the amendments. 
The higher  pH value L*RP interaction, at the termination of the experiment was due to the liming 
effects of both amendments. RP application has a liming effect (Weil 2003; Lemare, 1993), and therefore 
equally decreased exchangeable Al and increased pH. Minjingu Phosphate Rock (MPR), contains 
sizeable quantities of lime, equivalent to 38.3%CaO. P from MPR can reduce cost of farm inputs because 
it provides P and lime simultaneously (Nekesa et al., 2005). 

Research by the International Fertilizer Development Center (IFDC) has shown that the application of 
medium to highly reactive PRs with low free-carbonate contents can result in significant liming effects 
on acid soils. Although the increase in pH is generally less than 0.5 units, the decrease in exchangeable 
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Al can be significant where the soil pH is less than 5.5 (Chien and Friesen, 2000) as the exchangeable Al 
level would be almost zero at this soil pH in Oxisols and Ultisols (Pearson, 1975). For example, 
exchangeable Al was reduced from 2.0 to 0.4 meq/100 g when a Colombian Oxisol was treated with 
Sechura PR in a soil incubation study (Figure 29). The soil pH increased correspondingly from 4.6 to 5.0, 
and the exchangeable Ca rose from 0.2 to 1.5 meq/100 g. Consequently, the Al saturation level also 
declined from about 80 to 20 percent.  

In a five-year field trial conducted in an Oxisol fertilized with various PR sources, Chien et al. (1987b) 
reported that the pH increased from 4.1 with the control to 4.7-5.0 with the PR treatments. The 
corresponding increase in exchangeable Ca was from 0.17 cmol/kg with the control to 0.31-0.56 
cmol/kg with the PR treatments. However, no significant effect on exchangeable Al was observed. In 
their study with the red soil of China, Hu et al. (1997) reported that the soil pH increased from 4.8 with 
the control to 4.9-5.3 with the PR treatments. A reduction in exchangeable Al of up to 70 percent with 
respect to the control was also observed with the PR treatments.  

Sikora (2002) conducted a theoretical and experimental study to calculate and quantify the liming 
potential of PRs by laboratory titration and soil incubation. Of the three anions (PO4-3, CO3-2 and F-) 
present in the carbonate apatite structure of PR, CO3-2 and PO4-3 can consume H+ and cause an 
increase in pH. Because of the greater molar quantity of PO4-3 compared with CO3-2, PO4-3 exerts a 
greater effect on the liming potential of PR. The results for the titration of two PRs (highly reactive 
North Carolina and low-reactive Idaho) showed the ranges of calcium carbonate equivalence (CCE) 
were from 39.9 to 53.7 percent, which were less than the theoretical values (59.5 to 62.0 percent). The 
experimental model obtained from the soil incubation study showed qualitative agreement with theory 
as it showed increased liming ability with increased dissolved P from the PRs. However, the model 
showed lower percentage CCEs than theoretical calculations when the P dissolved ranged from 20 to 60 
percent. Further research is needed to compare actual percentage CCE models across a variety of soil 
types in order to assess the potential liming effect associated with PR use. 

The increased pH the second season in treatments with amendments could be explained by the fact that 
lime and MRP materials take much longer time in the soil ecosystem a situation commonly referred to 
as residual effect. They also raise the level of exchangeable base status of soil improves soil structure, 
and promotes root distribution (Biswas and Mukherjee, 1994). 

The lower pH values in  L*FYM interaction  among interaction treatments at the end of the experiment 
was due to the acidifying effect of FYM. The pH in this treatment was slightly higher than FYM 
treatment at the termination of the experiment in both maize hybrids. The pH in FYM treatment was  
lower than L and RP but higher than control in both hybrids at the end of the experiment.  

Conclusion  

Rock phosphate and L application in combination (L*RP treatment) decreases the exchangeable Al and 
raises soil pH significantly. The effects were significant in the first season of application but continued 
to increase gradually in the second year.  The L*RP*FYM has a similar effect but second to the former 
treatment. RP has a liming effect and increases pH  gradually. In the application of both amendments in 
combination, the danger of  overliming and its associated  nutrient deficiencies must be carefully 
considered.  

The dissolution of apatite in PR consumes H+ ions and, thus, it can increase soil pH, depending on PR 
reactivity. If a PR contains a significant amount of free carbonates, it can further increase soil pH. 
However, although an increase in soil pH may reduce the Al saturation level, it can also reduce apatite 
dissolution at the same time. The optimum condition would call for a soil pH that is high enough to 
reduce the Al saturation level but still low enough for apatite dissolution to release P. 

Long term studies are recommended to find out how far the pH increase can go due to the application 
of rock phosphate and consequent effects on nutrient availability.Since the application of RP and L may 
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have strong carry over effect on soil pH, follow up applications should be closely monitored  It may be 
more preferable to apply FYM together with these amendments, due to the acidifying effect of FYM.   
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