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Abstract 

It has been demonstrated that in soils deficient in plant available phosphorus (P), legumes supplied 
with phosphate rocks (PR), increase P availability and uptake by the succeeding crop. The aim of this 
study was therefore to assess the extent to which Desmodium spp fertilized with Busumbu phosphate 
rock (BPR) can increase soil available P, nutrient uptake and biomass yield of maize (Zea Mays) planted 
after Desmodium spp in a greenhouse experiment conducted in two phases. In the same pots, sole 
maize and two Desmodium spp: (D. intortum-(Mill.) Urb. cv Greenleaf and D. uncinatum-(Jacq). DC., 
cv Silverleaf) with and without BPR were grown separately in the first phase of the experiment 
followed by sole maize with no P application in the second phase of the experiment. Pots were arranged 
in a completely randomized design replicated four times. Reference treatments with soluble P 
(KH2PO4) were included.  In the first phase of the experiment, application of BPR to D. uncinatum 
significantly (p=0.05) increased dry matter yield (DMY) by 1.55 g container-1 above DMY of D. 
uncinatum with no P application. The DMY of D. intortum with or without BPR application were 
similar. In the second  phase of the experiment, the average maize DMY following Desmodium (3.71 g 
container-1) was more than twice as large compared to maize following a first maize crop (1.12 g 
container-1). Desmodium intortum previously fertilized with BPR gave the highest and significant 
(p<0.05) above ground maize DMY (6.05 g container-1) and P concentration (16.15 mg P kg-1). 
Application of BPR did not increase soil available P in both sole maize and Desmodium systems during 
the first and the second phase. This study demonstrated that Desmodium spp receiving BPR enhances 
yield of the following maize crop compared to sole maize system. 
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Introduction 

Although phosphorus (P) deficiency is widespread in east Africa, it is most severe in the intensively 
cultivated highlands of western Kenya (Jama and van Straaten, 2006). Inorganic P fertilizers are often 
not within economic reach of smallholder farmers, and therefore, alternative strategies are needed to 
improve P nutrition of crops (Pypers et al., 2007). Use of rock phosphate as a source of P fertilizer is 
worthwhile in tropical acidic soils because many rock phosphate deposits exist in the region with 
conducive environmental conditions that favor their use (Abd-Elmonem and Amberger, 2000). 
However, due to their low solubility and slow P release, they are rarely used as a direct P input (Pypers 
et al., 2007; Stamford et al., 2005). Use of BPR from eastern Uganda, particularly in western Kenya is 
limited and alternatively Minjingu phosphate rock (MPR) has vastly been promoted in this region 
(Kifuko et al., 2007; Ndungu et.al., 2006). Although BPR neutral ammonium solubility (NAS) of 2.3% is 
of lesser reactivity than MPR, its close proximity to western Kenya (< than 20 km away) compared with 
MPR (>820 km away) makes it attractive in this region (van Straaten, 2002) and. there is need to exploit 
ways that can enhance its solubility. 
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It has been reported that microbial acidification of phosphate rocks, in leguminous cropping systems 
could be used to enhance P solubility from PRs (Ndung’u-Magiroi et al., 2011; Salimpour et al., 2010).  
The main mechanisms resulting in enhanced PR utilization are acidification of the rhizosphere through 
exudation of organic acids (Pypers et al., 2007; Vanlauwe et al., 2000). It is speculated that in this way, 
legumes are able to convert PR into a more available P source without altering soil pH to levels that 
may negatively affect plant growth (Pypers et al., 2007). A cereal crop following the legume can then 
benefit directly from the enhanced P availability in the soil and acquire P released from the 
decomposing legume residues (Pypers et al., 2007; Horst et al., 2001).  

Desmodium spp have become increasingly popular in western Kenya mainly due to its Striga and 
stemborer suppressing capacity, in the context of the “push- pull” system (Kifuko- Koech et al., 2012, 
Khan et al., 2008). Despite the widely reported role of Desmodium in this region, , it remains unclear to 
what extent a Desmodium crop supplied with PR would directly improve P availability and plant 
growth when grown in rotation with maize. The need to understand this concern prompted the 
research presented in this paper. The objective of this study was therefore to assess maize growth 
response and phosphorus availability following Busumbu phosphate rock application in a Desmodium- 
Maize Rotation System. 

 Materials and methods 

Soil collection and characterization 

Greenhouse experiments were conducted in Soil Science Department of University of Eldoret, Eldoret, 
Kenya. Bulk soil was obtained from a site in Matayos, Busia County (0° 26.1’ N, 34° 52.2’ E, 1182 m 
above sea level) at a plough depth of 0-20 cm.  A soil sample was taken from the bulk soil for the initial 
soil characterization analysis according to procedures outlined by Okalebo et al., (2002). The remaining 
bulk soil was air dried and passed through a 5 mm sieve to remove clods and debris. The sieved soil 
was weighed (4.5 kg) into each pot. To eliminate deficiency of other macro and micronutrients, all pots 
received a blanket application of nutrients in solution containing CaCl2.2H2O, MgCl2.6H2O, 
MgSO4.7H2O, ZnSO4.7H2O, CuSO4.5H20, MnSO4.4H2O and H3BO3 salts. The optimal nutrients 
doses were calculated based on an average of maximum and minimum tissue concentration of the 
respective nutrients in maize crop and biomass production of 30 g in 4.5kg soil-1.  

 Experimental design 

The experiment was conducted in two phases. In the first phase, the experimental treatments were 
fifteen in total (Table 1). The first six treatments (T1-T6) included; first crop (sole maize, D. uncinatum, 
D. intortum) and BPR application (with and without). This was followed by sole maize with no P 
applied in the second phase of the experiment. The remaining nine treatments (T7-T15) in the first 
phase were reference Desmodium-maize systems with two factors: first crop (sole maize, D uncinatum, 
D. intortum) and P application (without P, with BPR and SP) followed by SP applied as KH2PO4 to sole 
maize in the second phase of the experiment. 

Basal P application was based on the optimal P obtained in the P response experiment which was 
observed to be 120 mg P kg-1 soil applied as KH2PO4. In the first six treatments (T1-T6) additional P 
was applied as BPR (500 mg P kg-1 soil) while in the reference treatments with soluble P, additional P 
was applied at 250 mg P kg-1 as KH2PO4 during the first phase of the experiment. In the second phase 
of the experiment, soluble P was applied to reference treatments only at a rate of 250 mgP kg-1 soil as 
KH2PO4. The pots of the various treatments and their four replication were arranged in a completely 
randomized design with daily rotations to reduce local bench effects.  After germination Desmodium 
and maize (H513) seedlings were thinned to 12 and 1 maize seedling per pot. Before and immediately 
after germination, pots were watered at 70% water holding capacity followed by 80% and finally 90% at 
maturity using N free water. The pots were manually maintained weed free and pest free by 
application of appropriate insecticides.  
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Table 1: Treatment structure for comparing a Desmodium-maize rotation system and a sole maize 
cropping system as affected by BPR application 

  crop 1 Supplied with crop 2 Supplied with 

T1 Maize(0P)/maize(0P) maize - maize - 

T2 Maize (BPR)/maize (0P) maize BPR maize - 

T3 D. uncinatum (0P)/maize (0P) D. uncinatum - maize - 

T4 D. uncinatum (BPR)/maize (0P) D. uncinatum BPR maize - 

T5 D. intortum  (0P)/maize (0P) D. intortum - maize - 

T6 D. intortum (BPR)/maize (0P) D. intortum BPR maize - 

T7 Maize(0P)/maize(SP) maize - maize SP 

T8 Maize (BPR)/maize (SP) maize BPR maize SP 

T9 Maize (SP)/maize (SP) maize SP maize SP 

T10 D. uncinatum (0P)/maize (SP) D. uncinatum - maize SP 

T11 D. uncinatum (BPR)/maize (SP) D. uncinatum BPR maize SP 

T12 D. uncinatum (SP)/maize (SP) D. uncinatum SP maize SP 

T13 D. intortum (0P)/maize (SP) D. intortum - maize SP 

T14 D. intortum (BPR)/maize (SP) D. intortum BPR maize SP 

T15 D. intortum (SP)/maize (SP) D. intortum SP maize SP 

SP- Soluble Phosphorus, BPR- Busumbu phosphate rock 

 

Soil and plant tissue sampling and laboratory analysis 

Desmodium biomass and maize shoots were harvested at 10 and 7 WAP and soil sampled for analysis 
of the soil available P (Olsen method). Biomass was put in labeled paper bag and fresh weight recorded. 
The samples were oven at 65 oC and ground for analysis of total P (Okalebo et al., 2002). At the end of 
the second experiment, maize plants were harvested at 7 WAP and soil and plant tissue taken.  

 Statistical analysis  

A one-way analysis of variance (ANOVA) was conducted to evaluate differences between all the 
treatments and a two-way ANOVA for interactions between Desmodium spp and BPR rates using 
mixed procedure (SAS Institute Inc., 2003). Treatment differences were evaluated by computing least 
square means and the standard errors of difference (SED), referred to as SED1 and SED2 for the one-
way and two-way ANOVA, respectively. 

Results 

Site characterization 

The initial characterization of the study site showed that the soil in Busia was slightly  acidic (pH 5.0) 
had low available Olsen P (1.94 mg P kg-1), organic carbon (1.44%) and total nitrogen (0.16%). The 
textural class was sandy clay loam and was classified as Orthic Ferralsol (WRB, 2006).   

Above ground maize DMY and P concentration in maize and Desmodium as affected by BPR in 
Desmodium-maize rotation experiment (First phase) 

The DMY and P concentration of maize and Desmodium BPR in the first phase of the experiment are 
shown in Fig 1. Application of BPR to D. uncinatum significantly (p=0.05) increased DMY by 1.55 g 
container-1 above DMY of D. uncinatum with no P. The DMY of D. intortum with or without BPR were 
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similar. The DMY of D. intortum was significantly higher than D. uncinatum with or without BPR. 
Application of BPR to D. intortum and D. uncinatum achieved 59 and 38% respectively of the 
maximum yield observed when the two Desmodium spp were fertilized with soluble P. Application of 
BPR to sole maize significantly (p=0.04) increased maize DMY by 2.5 g above DMY of sole maize with 
no P. 

Phosphorus concentration in D. intortum was significantly (p<0.05) higher by 3.46 g P container-1 than 
in D. uncinatum with or without BPR. There was significant interaction (p<0.05) effect between 
Desmodium spp and BPR on P concentration but only D. uncinatum grown with BPR significantly 
(p<0.05) increased P concentration above D. uncinatum with no P in the first phase of the experiment. 
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Figure 1: Biomass yields (i) and P concentration (ii) of maize and two Desmodium spp as affected 
by BPR applications in the first phase of the experiment. 1 

Soil available P following application of BPR to maize and Desmodium in Desmodium maize rotation 
experiment (first phase) 

During the first phase of the experiment, application of BPR had no significant effect on soil available P 
in sole maize system (Table 2). Significantly (p<0.05) higher amount of available P was obtained when 
the two Desmodium spp did not receive BPR compared to when BPR was added. D. intortum with no 
BPR applied significantly increased available P by 26.59 mg P container-1 above D. intortum with BPR 
applied. Increase in available P in the soil did not result to corresponding increase in plant P 
concentration.  

Table 2. Available P (mgP kg-1 soil) from maize and two Desmodium spp as affected by BPR 
applications (first phase) 

Crop P source Available P (mgP kg-1) 

Maize control (no BPR) 20.30 

 BPR 20.61 

Mean  20.45 

SED1 (a)  1.386 

D. intortum  control (no BPR) 45.20 

 BPR 18.62 

D. uncinatum  control (no BPR) 38.98 

 BPR 30.46 

Mean  33.32 

SED1 (b)  6.716 

SED 2 (b)  6.716 

Maize SP 65.74 

D. intortum SP 75.38 

D. uncinatum SP 70.98 

Mean  70.7 

SED1 (c)   5.982 

Note: SED1 and SED2 -standard errors of difference for comparison of treatments (one-way ANOVA) and for the 
interaction effect between Desmodium species and BPR (two-way ANOVA), respectively (a) represent SED for 
comparisons of sole maize system (b) represent SED for comparisons of Desmodium system (c) represent SED for 
comparisons of all the 9 treatments 

 

Maize DMY as affected by previous cropping system (maize or Desmodium) and BPR application in 
Desmodium-maize rotation experiment (second phase). 

                                                           

1 SED1 and SED2 -standard errors of difference for comparison of treatments (one-way ANOVA) and for the interaction effect 

between Desmodium species and BPR (two-way ANOVA), respectively (a) represent SED for comparisons of sole maize system 
(b) represent SED for comparisons of Desmodium system (c) represent SED for comparisons of all the 9 treatments 
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Figure 2 shows maize dry matter yield as affected by previous cropping system and BPR application. 
The average maize DMY following Desmodium (3.71 g container-1) was more than twice as large 
compared to maize following a first maize crop (1.12 g container-1). This significant positive effect of 
previous Desmodium growth on the second phase maize DMY occurred with or without BPR 
application. Significant (p<0.05) interaction effect was observed but only D. intortum previously 
fertilized with BPR improved maize vigor and significantly (p<0.05) increased maize DMY in the 
second phase of the experiment by 3.12 g pot -1 above D. intortum previously not receiving BPR. D. 
intortum previously with BPR achieved 49 and 46% of the maximum yield observed in the reference 
treatment previously without and with BPR additions but followed by application of soluble P in the 
second phase of the experiment respectively. In the second phase of the experiment however, maize 
DMY from D. uncinatum previously with or without BPR addition and followed by no P application 
were similar. 

Phosphorus concentration in maize following Desmodium was more than three times as large 
compared to maize following first maize with or without BPR application (Fig 2). The previous 
cropping system and BPR application in isolation had no significant effect on P concentration but a 
significant increase in P concentration occurred in the combined treatment. Desmodium intortum 
previously fertilized with BPR and followed by no P application significantly increased maize P 
concentration in the second phase of the experiment above unfertilized D. intortum. 
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Figure 2: Maize DMY (i) and maize P concentration (ii) as affected by the previous cropping 
system (maize, D. intortum and D. uncinatum) and BPR application. 2 

 Soil available P as affected by previous cropping system (Desmodium or maize) and BPR   application 
(Second phase) 

The effect of previous cropping system and BPR application on soil available P is shown in Table 3. 
Generally, after the harvest of the second crop, the soil available P was lower compared to the harvest 
of the first crop irrespective of the previous Desmodium spp and BPR application. Available P in soils 
with maize following Desmodium system and sole maize following sole maize system were similar. 
This contradicted the larger dry matter yield and P concentration in maize following Desmodium crop 
and therefore this increase was not explained by soil available P. In fact negative correlation coefficient 
between available P and P concentration (r= -0.55), available P and yield (r= -0.57) were observed in the 
second phase of the experiment in maize following Desmodium with or without BPR application.   

Table 3: Available P as affected by the previous cropping system (maize, D. intortum and D. 
uncinatum) and BPR application 

Crop P source  1st crop P source  2nd crop Available P (mgP kg-1) 

Maize control (no BPR) no P 16.21 

 BPR no P 18.84 

D. intortum  control (no BPR) no P 22.32 

 BPR no P 19.20 

D. uncinatum  control (no BPR) no P 27.03 

 BPR no P 20.15 

Mean     20.62 

SED1 (a)     5.373 

Maize control (no BPR) Soluble P 52.90 

 BPR Soluble P 58.16 

                                                           

2 Additional treatments (see Table 1) include reference treatments with previous crop (maize, D. intortum and D. uncinatum) 

with no P, BPR, or soluble P applied followed by second crop (maize) with soluble P applied. (a) represent SED for comparisons 
of the first six treatments while (b) represent SED for comparisons of all the 15 treatments.  

 

(i) 

(ii) 
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 Soluble P Soluble P 87.06 

D.intortum control (no BPR) Soluble P 39.15 

 BPR Soluble P 41.86 

 Soluble P Soluble P 72.57 

D. uncinatum  control (no BPR) Soluble P 45.39 

 BPR Soluble P 43.07 

 Soluble P Soluble P 74.87 

Mean     53.56 

SED1(b)     8.78 

Note: SED1- Standard error of difference for comparison of treatments (one way ANOVA) .(a) represent SED for 
comparisons of the first six treatments while (b) represent SED for comparison of all the 15 treatments. Additional 
treatments (see Table 6.1) include reference treatments with previous crop (maize, D. intortum and D. uncinatum) 
with no P, BPR, or soluble P applied followed by second crop (maize) with soluble P applied 
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Discussion  

During the first phase, application of BPR did not increase available P in both sole maize and 
Desmodium cropping systems. However, higher amount of available P was obtained when the two 
Desmodium spp did not receive BPR compared to when BPR was added and this was more 
pronounced in soils where D. intortum had earlier been grown. This was possibly an indication that 
although the two species were able to access sparingly soluble soil P sources, D. intortum was more 
efficient. This observation could be attributed to differences in morphological characteristics of the two 
Desmodium spp, whereby D. intortum has an extensive and deep rooting system compared to D. 
uncinatum (Imrie et al., 1983). Legume crops with extensive deep rooting system increase phosphorus 
(P) pools in the cropping system because of their ability to access sparingly soluble P sources 
(Hinsinger, 2001).  

In the second phase of Desmodium-maize rotation experiment, improved maize vigor maize yield and 
P concentration in treatments where previously Desmodium had been grown irrespective of BPR 
application compared to sole maize demonstrates that growing legume in a rotation enhances the 
growth and plant P uptake in the subsequent crop. The increase in maize DMY was however not 
explained by increase in soil available P and indeed there was a negative and significant correlation 
coefficient between maize DMY with available P in soils with maize following Desmodium crop. It is 
possible that most of the P that was made available was used by the growing maize crop which resulted 
to reduced levels of soil available P. Pypers et al., (2007) reported similar results while working with 
velvet bean, and concluded that, in addition to P there was possibly another limiting factor which was 
offset by the growth of legume.  

Comparisons of the two Desmodium spp showed that in pots where previously D. intortum had 
received BPR, yield and P concentration were superior compared to pots where previously BPR had 
been added to D. uncinatum, suggesting that D. intortum was a more potent solubilizer of BPR. D. 
intortum is a higher yielder and has higher biological nitrogen fixing potential compared to D. 
uncinatum. Kifuko- Koech et al., (2013) demonstrated enhanced N mineralization in maize 
intercropping system with D. intortum compared to D. uncinatum with high amounts of NH4+ in the 
former in western Kenya. NH4+ ions are associated with increased P availability within the rhizosphere 
as they tend to lower the rhizosphere pH of the roots; hence P is brought to solution (Abd-Alla, 1994). 
Abd-Alla (1994) assessed the ability of Rhizobium and Bradyrhizobium strains to solubilize phosphate 
from hydroxyapatite in a medium containing NH4Cl or KNO3 and concluded that the presence of NH4 
+ in the medium resulted in higher solubilization of phosphate compared to the presence of NO3-. 
Several authors have however shown that legumes are able to increase the dissolution and utilization of 
PR P and reduce P sorption because of their acidifying effect on the rhizosphere (Pypers et al., 2007, 
Melenaghen et al., 2004; Horst et al., 2001; Vanlauwe et al., 2000).  

Conclusion 

In the second phase of the Desmodium-maize rotation experiment, improved maize yield and maize P 
concentration in soils where Desmodium had previously been grown relative to continuous maize 
cropping demonstrates that growing Desmodium in a rotation enhances the growth and plant P uptake 
in the subsequent crop. The increase in maize DMY was however not explained by increase in soil 
available P an indication that there was another factor that also contributed to this increase. 
Comparison of the two Desmodium spp showed that D. intortum was efficient in accessing sparingly 
soluble P in the soil and is a more potent solubilizer of BPR compared to D. uncinatum.  
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