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Abstract

Declining soil fertility is the main cause of low and uncertain yields of sorghum and cassava traditional crops in
arid and semi-arid areas of Kenya. Against this backdrop, this study investigated the effect of organic based
technologies; application of organic fertilizers and integration of legumes in cassava and sorghum based
cropping systems on soil chemical properties (Organic C, N, P and K). Field experiments were conducted in
Katangi and Ikombe divisions of Yatta sub-County, Kenya during the short rain seasons (SRS) of 2010 and 2011
and long rain seasons (LRS) of 2011 and 2012. A randomised complete block design with a split plot
arrangement was used. The main plots were three cropping systems: (i) intercropping (dolichos/cassava,
dolichos/sorghum, pigeon pea/sorghum and pigeon pea/cassava); (ii) rotation (dolichos-cassava,
dolichos-sorghum, pigeon pea-cassava and pigeon pea-sorghum); (iii) monocrop (cassava and sorghum). The
split plots were organic fertilizers; Farm Yard manure (FYM), compost and control -no organic fertilizer added.
Sorghum/dolichos+FYM had highest soil OC in LRS of 2011 at both sites and SRS of 2011 and 2010 at Katangi
and Tkombe respectively. Cassava/dolichos+FYM had the highest soil OC in the SRS of 2011 and LRS of 2012
and 2011 at both sites. Sorghum/dolichostFYM had highest soil N in LRS and SRS of 2011 in Katangi.
Cassava-dolichos rotation accumulated highest soil N in SRS of 2010 and LRS of 2011 at both sites.
Sorghum/dolichos intercrop accumulated higher soil P during the LRS of 2012 at both sites; and SRS of 2010
and LRS of 2011 in Katangi and Ikombe respectively. Cassava/dolichos intercrop produced higher soil P during
the SRS of 2010 at both sites; and LRS of 2011 and SRS of 2011 in Katangi and Tkombe respectively. Higher
soil K was observed under sorghum/dolichos intercrop in SRS of 2010 at both sites and LRS of 2011, SRS of
2011 and LRS of 2012 in Ikombe. Cassava/dolichos intercrop also had higher soil K during SRS of 2010, LRS
of 2011 at both sites; LRS of 2012 at Katangi and SRS of 2011 at Ikombe. Application of FYM to
sorghum/dolichos and cassava/pigeon pea intercrops is therefore a viable and sustainable trajectory to enhanced
organic C and NPK levels in smallholder farming systems.
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1. Introduction

The production potential of sorghum (Sorghum bicolor L.) and and cassava (Manihot esculenta Crantz) staple
crops in semi-arid Yatta sub-county of Kenya is limited primarily by soil constraints, notably nitrogen and
phosphorus deficiencies (Janssens, 2001; Shittu & Fasina, 2004; Pholsen & Sornsungnoen, 2004), the two
critical nutrients for crop growth (Marschner, 1996). The deficiencies are attributable to unsustainable
agricultural production practices by the small scale resource poor farmers. Nutrients lost from soil during crop
production are not adequately replenished due to prohibitive cost of inorganic fertilizers (Kherallah et al., 2002;
Smestad et al., 2002; Mwanga, 2004). Inappropriate management of these lands, further poses a risk for
irreversible degradation (Smaling et al., 1997; Stoorvogel & Smaling, 1998; Morris et al., 2007). This scenario
thus calls for innovative approaches to restore soil fertility and manage the land sustainably.

Organic based technologies such as Integration of legumes either as intercrops or in rotation with other crops
with the use of organic fertilizers can restore soil fertility and stabilize crop yields in marginal environments
thereby providing a sustainable alternative to the use of inorganic fertilizers (Place et al., 2003; Ouédraogo et al.,
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2001; Schlecht et al., 2006). Dual purpose, drought resistant legumes like dolichos (Lablab purpureus) and
pigeon pea (Cajanus cajan (L.) Millspaugh) when incorporated into cropping systems with application of
organic fertilizers can result in improvement of soil physical, chemical and biological properties and
subsequently increase crop yields (Rao & Mathuva, 2000; Giller, 2001; Cheruiyot et al., 2001). Organic
fertilizers contain all essential nutrients plus carbon, the source of energy for soil biota that regulates nutrient
cycling, and increase soil organic matter content (Sanchez et al., 1997). Long-term organic applications are
extremely useful to build up better physical properties to favour water movement and storage in soils with low
organic matter in semi-arid regions (Celik et al., 2004). Addition of organic materials on a regular basis is needed
to prevent soil degradation and obtain sustainability in crop production under semi-arid climate conditions (Celik
et al., 2010). The crops sorghum and cassava and legumes dolichos and pigeon pea, are drought tolerant and
more resilient and adaptable to the prevailing biophysical conditions and changing climatic conditions in the arid
and semi-arid Lands (ASALSs) and require minimal inputs in their production (Shava, 2000, 2005; Asafo-Adjei,
2004). The legumes provide an important source of protein, have good commercial value and also offer an
important opportunity for farmers to diversify their farming systems and improve soil fertility through biological
nitrogen fixation (Jeranyama et al., 2000; Mapfumo & Giller, 2001).

Despite their obvious utility to small-scale farmers, the ability of organic resources to supply nutrients to crops
has not been fully integrated under arid-and semi-arid conditions of Yatta sub-County (L. M. Mugwira & H. K.
Murwira, 1997). Consequently, there is a need to understand and improve the efficiency of organic nutrient
sources under site specific conditions. There is also insufficient information on the responses of soil to combined
effects of different legumes integrated in cassava and sorghum cropping systems with application of organic
fertilizers. The current study purposed to evaluate the effects of sorghum and cassava grown in rotation and/or
intercropped with dolichos and pigeon pea with FYM and compost application on soil nutrient (C, N, P and K)
status in semi-arid Yatta, Kenya.

2. Materials and Methods
2.1 Study Site

On-farm trials were conducted in Katangi and Ikombe divisions of Yatta sub-County in Eastern province, Kenya.
The sub-county (700-800 m asl) lies in Zone V of the agro-climatic classification of Kenya (Jaetzold et al., 2006).
It lies between latitude 0°03’ and 1°12’ South and longitude of 37°47' and 38°57' East. Yatta sub-County has a
semi-arid climate with mean annual temperature ranging from 17 °C at night to 24 °C during the day and
experiences bimodal rainfall. The study was conducted for two years (from October 2010 to August 2012) which
constituted four seasons of experimentation. The two seasons in a year, which relate to the bi-annual rain seasons
in Kenya, are the short (SRS) occurring from October to December and long rain season (LRS) from
march/April to May (McSweeney et al., 2008; Figure 1).
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Figure 1. Total rainfall (mm) received during the experimental period

Note. SRS: Short Rain Season; LRS: Long Rain Season; DP: Dry period (season without or with intermittent
rains).
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The soils are predominantly Ferralsols (Kibunja et al., 2010) with nitrogen and phosphorous being the main
limiting nutrients (Jaetzold et al., 2006) to crop production. The soil properties prior to experimental set-up in
Katangi were of clay texture, moderate bulk density (Hazelton & Murphy, 2007) and had according to Landon
(1991) soil nutrient classification method; moderate organic C, low nitrogen, high potassium and low
phosphorus levels (Table 1). Similarly, for Ikombe, the initial soil properties were: sandy clay loam texture, low
bulk density (Hazelton & Murphy, 2007), low organic carbon, low nitrogen, high phosphorous and high
potassium (Table 1).

Table 1. Initial physical and chemical soil properties at the experimental sites

Soil physical properties Katangi Ikombe Soil Chemical properties  Katangi  Ikombe
Bulk density (g cm™) 1.36 1.11 pH (H,0) 6.31 6.49
Sand (%) 40 58
Silt (%) 17 19 EC (dsm™) 0.2 0.2
Clay (%) 43 23 Organic C (%) 1.17 0.74
Textural class Clay Sandy clay loam N (%) 0.18 0.09
Na (cmol/kg) 0.38 0.38
K (cmol/kg) 0.98 0.75
CEC (cmol/kg) 20.1 8.1
P (ppm) 5.25 26.25

2.2 Treatments and Experimental Design

The experimental setup was a randomized complete block design with a split plot arrangement replicated thrice.
The main plots (10 m x 10 m) were cropping systems; monocropping (sorghum or cassava), intercropping and
rotation [where sorghum and cassava (TC) were either rotated or intercropped with either dolichos or pigeon pea.
The split-plots (3 m x 10 m) were organic fertilizer types; compost (COMP) and farmyard manure (FYM), and a
control (CTRL - without organic fertilizer). This resulted in fifteen treatment combinations (Table 2) for each test
crop.

Table 2. Treatments and treatment combinations

Mono-cropping Intercropping Crop rotation

TC+FYM TC/Dolichos + FYM Dolichos - TC + FYM

TC + COMP TC/Dolichos + COMP Dolichos — TC + COMP

TC + CTRL TC/Dolichos + CTRL Dolichos — TC + CTRL
TC/Pigeon Pea + FYM Pigeon Pea — TC + FYM
TC/Pigeon pea + COMP Pigeon Pea — TC + COMP
TC/Pigeon pea + CTRL Pigeon pea— TC + CTRL

2.3 Field Practices

Primary land preparation was done using an oxen plough followed by secondary cultivation which involved use
of hand implements. Organic inputs, FYM and compost, chemical properties in Table 3, were applied at rate of 5
t ha' in respective treatments by placing into planting holes, mechanically created using hand hoes, and
thoroughly mixed with soil before planting. The legumes were planted in the SRS of 2010 and 2011 in the crop
rotation system. Test crops (sorghum and cassava) were planted during the long rain season of 2011 and 2012.
For the intercrop and monocrops, across all seasons, either the TC or a legume/TC intercrops were planted.
When intercropping and/or rotating cassava in the second season, the legumes were planted between the already
established cassava plants since it takes longer (around 11 months) to reach physiological maturity.
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Table 3. Chemical properties of compost and FYM used in field experiment

Chemical Properties
Organic fertilizers

N (%) P (%) K (%) 0C (%) pH (H,0)  C:N Ratio
FYM 2.71 1.01 3.9 35 8.6 12.92
Compost 2.55 0.74 1.81 35.6 9.26 13.96

Planting operation was performed manually by direct placement of the seeds/cuttings into planting holes.
Cassava (variety Muceliceli), sorghum (variety Gandam), pigeon pea (variety KAT 60/8), and dolichos (black
variety) sole crops were planted at spacing of 1 m x1 m, 0.75 m x 0.25 m, 0.75 m % 0.30 m ,and 0.75 m x 0.50
m , respectively. For the intercropping system, pigeon pea or dolichos were sown in rows between sorghum and
cassava, at the same inter-planting distance as in the sole crops.

Immediately after harvesting, at physiological crop maturity, above ground biomass of all crops, except cassava,
were chopped into small pieces and incorporated into soil in the same plots where they had been harvested from.
Cassava biomass was removed in line with the prevailing practice where stems are used as planting material,
firewood or sold as cuttings.

2.4 Sampling of Soils and Organic Inputs

Composite top soil (0-15 cm) samples for characterization of initial physical and chemical properties (Figure 1)
were collected in a zig-zag manner from the entire experimental plot before cropping and application of
treatments. Bulk density was determined on undisturbed soil from different points in the field using steel core
rings of 100 cm® volume (Blake & Hartge, 1986). Samples (0-15 cm) for analysis of organic C, available P,
exchangeable K and total N, were collected from five randomly selected points of each plot and composited. In
the sorghum based cropping systems, soil sampling was done at harvest (three months after planting) while for
cassava this was done three months after planting as well as at harvest (eleven months after planting). The
samples were packed in polythene bags and sealed for transportation to the laboratory. Soil samples for bulk
density determination were oven dried for 24 hours at 105 °C whereas those for other analyses were air dried in
the laboratory. Approximately 1 kg samples of manure and compost were collected at approximately 45 cm from
the heap surface and stored in plastic bags. Air dried samples were ground to pass through a 2 mm sieve for
analysis of total N, P and K, pH and organic C (Table 3).

2.5 Analysis of Soil and Organic Fertilizers

Soil texture was determined by the Bouyoucos hydrometer method (Bouyoucos, 1962). Bulk density was
determined on undisturbed soil samples (Blake & Hartge, 1986). pH was measured in a 1:2.5 (w/v) soil/water
suspension using a digital pH meter (Mc Lean,1982). Organic carbon (organic C) was determined by dichromate
oxidation (Nelson & Sommers, 1982). Cation exchange capacity (CEC) was measured according to Rhoades
(1982). Exchangeable K was extracted with 1.0 M-ammonium acetate at pH 7 and measured by atomic
adsorption spectrophotometer (©Analytic jena). Electrical conductivity was measured using a digital
conductivity meter. Organic C content of compost and manure was determined by the dry combustion procedure
(Nelson & Sommers, 1982). Total P and K of organic fertilizers were determined by ashing of compost and
manure samples on filters at 550 °C followed by extraction with hydrochloric acid (HCI). The HCI extract was
then measured using an automatic absorption spectrophotometer according to the method of Murphy and Riley
(1962). Total nitrogen of compost, manure and soil samples was determined by the Kjeldahl method (Bremner &
Mulvaney, 1982).

2.6 Data Analysis

Data was subjected to general analysis of variance using Genstat statistical software (Payne et al., 2009). Fisher’s
protected least significant difference (LSD) test was used to identify significant differences among treatment
means (P <0.05).

3. Results and Discussion
3.1 Influence of Cropping Systems and Organic Fertilizers on Soil Organic Carbon

There were no significant interaction effects between organic fertilizers and cropping systems on soil organic C.
In both Katangi and Ikombe, organic carbon in soil was higher with application of FYM compared to compost
and control, in both sorghum and cassava based cropping systems (Figures 2 and 3).
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Figure 2. Soil Organic carbon as affected by cropping systems and organic fertilizers at Katangi and Ikombe in
sorghum based cropping systems for four seasons
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Figure 3. Soil Organic carbon as affected by cropping systems and organic fertilizers at Katangi and Ikombe in
the cassava based cropping systems for four seasons

Higher organic C in soil where FYM was applied may be attributed to its slower decomposition rate and hence
organic carbon build up. Addition of FYM has been shown to increase soil OC (Adekoyade & Ogunkonya, 2011;
Ali et al. (2009). Kapkiyai et al. (1999) reported that return of crop residue to soil may not be as effective in
restocking soil organic C compared to addition of manure.

Sorghum/pigeon pea intercrop and pigeon pea-sorghum rotation did not significantly increase soil organic C
compared to monocropping at both sites. Similar results were obtained in the cassava based cropping systems
except during the SRS of 2011. Build up of organic C in soil can take a long time and this may partly explain
lack of significant differences from monocropping system Changes in soil organic carbon are slow and typically
takes five years (Baldock, 2009). Kouyaté et al. (2012) and Myaka et al. (2006) had also observed that
integration of legumes within cropping systems did not improve soil organic C. Increased levels of
decomposition, due to tillage may have also been another contributing factor. Tiessen et al. (2001) reported that
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soils in the tropics have little stable carbon and cultivation could enhance destabilisation and further losses of
soil organic C even when residues are incorporated into soil regularly. Bwenya and Terokun (2001) reported that
return of crop residues is effective in restocking soil organic C.

Sorghum/dolichos intercrop had significantly (P < 0.05) higher soil organic C compared to sorghum/pigeon pea
across organic fertilizers during the LRS of 2011 at both sites. Cassava/dolichos also had significantly (P < 0.05)
higher organic C compared to cassava/pigeon pea intercrop during the LRS of 2011, SRS of 2011 and LRS of
2012 at both sites. Higher organic C under intercropping plots involving dolichos could be attributed to its higher
biomass production offering less competition to the companion crop compared to pigeon pea. This may have, as
well, allowed the companion crop to develop more biomass. Cheruiyot et al. (2001) also observed greater
increases in biomass production in maize following dolichos compared to other legumes. The competitiveness of
pigeon pea has been documented by Ito et al. (1993), noting that pigeon pea when intercropped with sorghum
would outcompete sorghum for growth resources hence reducing sorghum yields, while Gichangi et al. (2006)
also reported that pigeon pea tended to depress the leaf production of cassava.

Comparison of intercropping and rotation system showed that sorghum/dolichos intercrop had higher organic C
compared to dolichos-sorghum rotation at both sites during SRS of 2010, LRS of 2012 at Katangi and LRS of
2011 at Ikombe. Cassava/dolichos intercrop also had higher soil organic C during LRS of 2012 than
dolichos-cassava rotation at both sites. Additionally, organic C in Katangi in the cassava/dolichos intercrop was
higher than in rotation system during SRS of 2010 and SRS of 2011 while in Ikombe the same pattern was
observed during LRS of 2011. This may have been due to the high amount of biomass produced under
intercropping leading to more residues available for decomposition. Ngome et al. (2012), though working with
pinto peanut (4rachis pintoi) legume, showed that its use as permanent cover crop in maize plots could increase
soil organic C because of its above and below ground biomass, residues of the companion maize as well as weed
residues.

3.2 Influence of Cropping Systems and Organic Fertilizers on Total N Content

Total N was higher in sorghum than cassava plots and higher with integration of dolichos than pigeon peas.
Further, significantly higher levels of total N were obtained with application of FYM than compost in all
cropping systems and seasons (Tables 4, 5, and 7). Higher soil organic matter due to addition of FYM and
compost has been previously proven to closely correlate with amount of N in soil (Kapkiyai et al., 1999). FYM
treated plots had significantly (P < 0.05) higher N content compared to compost across cropping systems and
seasons. This may be attributed to compost undergoing faster decomposition, and hence N release to the soil for
crop uptake, and its effects may not be long lasting. It has also been observed that some ammonia-N may be lost
through volatization in the process of composting hence reducing the content of N that could be supplied from
compost compared to FYM (Rosen & Bierman, 2014). Adekayode and Ogunkoya (2011) observed higher N
content in plots treated with organic fertilizer attributing this observation to direct input of N and ability of
manure to make N available for a long time due to slower release of N from the high residual pool.

Though not significant (P < 0.05), total N was highest during the SRS of 2011 (Tables 4 and 5) at both sites. This
was contrary to expectation that low rainfall during this period could lead to lower biomass production and
nitrogen fixation rate hence low soil N. This was possibly because of the higher temperatures during this period
which accelerated decomposition and subsequent N release. Because of limited rainfall, loss of mineralized N
through leaching and erosion was reduced. It has previously been observed by Gachimbi et al. (2005) that most
of the losses of N from soil could mainly be as a result of factors which are difficult to control such as erosion,
leaching and volatization.

62



www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 8; 2015

Table 4. Total N (%) as affected by cropping systems and organic fertilizers in sorghum based cropping systems
at Katangi

Total N

SRS 0f 2010 LRS of 2011
Crop

FYM COMP CTRL Mean FYM COMP CTRL
Sorghum 0.18 0.18 0.16  0.18* 025 023 0.158
Sorghum/dolichos 0.21 0.19 0.17  0.19° 024 0.21% Q.17°%
Sorghum/pigeon pea 0.21 0.19 0.15  0.17° 022* 020 0.16%
Dolichos-Sorghum 0.21 0.19 0.18  0.17° 023 020 0.17°%
Pigeon pea-Sorghum 0.18 0.17 0.17  0.19® 021* 0.19% 0.17°%
Mean 0.20° 0.18° 0.17°
LSD %% Cropping systems (CS)  0.01

Organic fertilizers (OF) 0.012

(CS*OF) 0.024

SRS of 2011 LRS of 2012
Crop

FYM COMP CTRL FYM COMP CTRL Mean
Sorghum 0.22% 0.17° 0.14° 020  0.20 0.18  0.19°
Sorghum/dolichos 0.27° 0.21% 0.17° 0.15 0.13 0.14 0.22%
Sorghum/pigeon pea 0.37° 0.19% 0.17° 021  0.19 0.18  0.16°
Dolichos-Sorghum 0.25% 0.20% 0.17° 025 023 0.18  0.19°
Pigeon pea-Sorghum 0.23% 0.19% 0.16° 0.18 0.16 0.15  0.14¢
Mean 020 0.18°  0.17°
LSD %% Cropping systems (CS) 0.016

Organic fertilizers (OF) 0.013

(CSxOF) 0.033

Note. Within rows and columns, means followed by the same letters are not significantly different at P < 0.05. In
SRS of 2010 and LRS of 2011-main effects of CS and OF were significant but their interactions (CS*OF) were
not significant; in LRS of 2011 and SRS of 2011, the CS*OF interactions were significant.
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Table 5. Total N (%) as affected by cropping systems and organic fertilizers in sorghum cropping systems at
Ikombe

Soil N

SRS 0f 2010 LRS of 2011
Crop

FYM COMP CTRL FYM COMP CTRL Mean
Sorghum 0.13¢f 0.10M 0.11¢" 0.16 0.12 0.09  0.12"
Sorghum/dolichos 0.15% 0.14% 0.12% 021 0.17 012 017
Sorghum/pigeon pea 0.14% 0.10" 0.10M 0.18 0.13 0.10  0.14°
Dolichos-Sorghum 0.11g" 0.10M 0.09! 0.12  0.12 0.09  0.11°
Pigeon pea-Sorghum 0.20° 0.17° 0.11%" 0.19 0.12 0.10  0.14°
mean 0.17*  0.13°  0.10°
LSD %% Cropping systems (CS) 0.014

Organic fertilizers (OF) 0.021

(CS*OF) 0.019

CV% 23.9 22.5

SRS of 2011 LRS of 2012
Crop

FYM COMP CTRL FYM COMP CTRL Mean
Sorghum 0.11 0.08 0.05 0.10 0.07 0.04  0.07°
Sorghum/dolichos 0.16 0.13 0.10 0.12 0.1 0.10  0.11°
Sorghum/pigeon pea 0.13 0.13 0.12 0.15 0.13 0.13 0.14°
Dolichos-Sorghum 0.13 0.10 0.08 0.15 0.14 0.11  0.14°
Pigeon pea-Sorghum 0.12 0.17 0.14 0.07  0.06 0.06 0.06°

mean 0.13 0.12° 0.10° 0.12°  0.10°  0.09°

LSD *% Cropping systems (CS) 0.031

Organic fertilizers (OF) 0.025 0.014

(CSxOF)

Note. Within rows and columns, means followed by the same letters are not significantly different at P < 0.05.
SRS of 2010, LRS of 2011 and LRS 2012 the CS*OF interactions were significant. In the SRS of 2011, only
main effects of OF were significant.

Sorghum/dolichos intercrop consistently had significantly (P < 0.05) higher total N compared to monocropping
across sites and seasons (Tables 4 and 5). Higher total N in dolichos plots compared to monocrop could be as a
result of nitrogen fixation by legume component. Higher N under sorghum/dolichos compared to
sorghum/pigeon pea could be due to higher fixation of N by dolichos compared to pigeon pea as well as superior
litter quality. Ayoub (1986) also reported higher rates of nitrogen release through biological fixing and
decomposition under dolichos compared to pigeon pea. Higher soil N under intercropping with dolichos
compared to rotation could be attributed to better nitrogen fixation that may occur under intercropping compared
to when legumes are monocroped as well as higher amount of residue available for decomposition. It has also
been reported that intercropping may result in increased amount of nitrogen fixed by legumes as the companion
non-fixing crop utilizes excess nitrates in the root zone which would otherwise retard N fixation if they
accumulate (Li et al., 2003).

Sorghum/pigeon pea intercrop did not produce significantly higher N compared to sorghum monocrop in SRS of
2010, LRS of 2011, SRS of 2011and LRS of 2012 at Katangi as well as SRS of 2012 and LRS of 2011 at [kombe
(Tables 4 and 5). This could be as a result of competition for N between sorghum and pigeon pea component.
IITA (1990) reported faster nutrient uptake and hence competition under intercropping systems. Another
explanation could be that, apart from poor litter quality of pigeon pea, its deep roots may have fixed N beyond
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the sampled 15 cm depth hence underestimating its effects. Myaka et al. (2006) found that intercropping with
pigeon pea may not show any significant impact on soil N. He attributed this to among other factors, the deep
rooting nature of pigeon pea leading to N occurring below the 0.15 m depth and impact of N from pigeon pea
occurring in the resistant pool and therefore the effects investigated may more likely be attributed to the previous
seasons. This conclusion is reinforced by the fact that even under rotation, pigeon pea fields still had lower soil
N than sorghum monocrop in most of the seasons.

In the cassava based cropping systems N was low in Katangi (0.07-0.19) and Tkombe (0.02-0.1) across seasons
(Tables 6 and 7). Low levels of N in the cassava based cropping systems may have been caused by export of N
through removal of tubers and above ground biomass.

Table 6. Total N (%) as affected by cropping systems and organic fertilizers in cassava based cropping systems
at Katangi

Soil N

SRS 0f 2010 LRS of 2011
Crop

FYM COMP CTRL Mean FYM COMP CTRL Mean
Cassava 0.13 0.07 0.07 0.09° 0.12  0.07 0.16 0.12°
Cassava/dolichos 0.10 013 010 o0.11° 011 008 013 011
Cassava/pigeon pea 0.11 0.12 0.09 0.11° 0.14  0.09 0.13 0.12°
Dolichos-Cassava 0.16 0.13 0.13 0.14° 0.15  0.11 0.17 0.14%
Pigeon pea-Cassava 0.14 0.11 0.09 0.11° 0.11 0.07 0.09 0.09°
Mean 0.13* 0.11*  0.09° 0.14* 0.13*  0.08°
LSD %% Cropping systems (CS) 0.015 0.016

Organic fertilizers (OF) 0.017 0.014

(CS*OF)

SRS of 2011 LRS of 2012
Crop

FYM COMP CTRL FYM COMP CTRL
Cassava 0.12 0.18 0.15 0.14 0.12 0.10
Cassava/dolichos 0.14 0.16 0.14 0.12  0.11 0.09
Cassava/pigeon pea 0.16 0.13 0.11 0.11  0.12 0.09
Dolichos-Cassava 0.16 0.19 0.16 0.13  0.10 0.07
Pigeon pea-Cassava 0.11 0.12 0.09 0.15 0.13 0.09
Mean 0.13* 0.12*  0.09°
LSD %% Cropping systems (CS)

Organic fertilizers (OF) 0.019

(CS*OF)

Note. Within rows and columns, means followed by the same letters are not significantly different at P < 0.05.
SRS of 2010and LRS of 2011, the main effects of CS and OF were significant. In SRS of 2011 the treatment
effects were not significant whereas in the LRS of 2012, only main effects of CS were significant.
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Table 7. Total N (%) as affected by cropping systems and organic fertilizers in cassava based cropping systems at
Ikombe

Soil N

SRS 0f 2010 LRS of 2011
Crop

FYM COMP CTRL Mean FYM COMP CTRL Mean
Cassava 0.04 0.04 0.03 0.03°  0.07 0.05 0.02 0.05°
Cassava/dolichos 0.08 0.04 0.03 0.05* 0.11  0.07 0.04 0.08"
Cassava/pigeon pea 0.08 0.04 0.06 0.06® 0.11  0.07 0.06 0.08%
Dolichos-Cassava 0.10 0.08 0.07 0.08* 0.12 0.10 0.05 0.09°
Pigeon pea-Cassava 0.08 0.05 0.07 0.06° 0.05 0.03 0.03 0.04°
Mean 0.07° 0.05 0.05° 0.09° 0.07°  0.04°
LSD %% Cropping systems (CS) 0.017 0.017

Organic fertilizers (OF) 0.016 0.017

(CS*OF)

SRS of 2011 LRS of 2012
Crop

FYM COMP CTRL FYM COMP CTRL Mean
Cassava 0.08 0.07 0.04 0.04 0.04 0.02 0.04°
Cassava/dolichos 0.11 0.09 0.09 0.08 0.05 0.04 0.06"
Cassava/pigeon pea 0.06 0.04 0.03 0.08  0.04 0.05 0.06"
Dolichos-Cassava 0.09 0.09 0.10 0.03 0.03 0.02 0.03°
Pigeon pea-Cassava 0.08 0.04 0.05 0.03  0.02 0.01 0.02°
Mean 0.09° 0.07° 0.06" 0.05* 0.04°  0.03°
LSD %% Cropping systems (CS) 0.018

Organic fertilizers (OF) 0.012 0.012

(CS*OF)

Note. Within rows and columns, means followed by the same letters are not significantly different at P < 0.05. In
SRS of 2010, LRS of 2012and LRS of 2011, main effects of CS and OF were significant. In SRS of 2011, only
main effects of OF were significant.

Pypers et al. (2011) had also observed high nutrient mining under cassava production. Soil N was higher in
sorghum than cassava plots and higher with integration of dolichos than pigeon peas across sites and seasons.
Similar to sorghum cropping systems, soil N levels reduced relative to initial values with most reduction being in
the control plots probably due to absence of direct input of N from FYM and compost as well as low organic
matter (OM) content. FYM applied plots also had higher N levels compared to compost. Dolichos-cassava
rotation yielded significantly (P < 0.05) higher soil N values during the SRS of 2010 and LRS of 2011 at both
sites compared to intercropping and monocropping. Lower soil N under intercropping could be as a result of
higher levels of competition for nutrients under intercropping systems (IITA, 1990). Rotation with dolichos
yielded higher soil N compared to monocropping mainly due to symbiotic nitrogen fixation by legumes. The
ability of legumes to fix N symbiotically has been previously observed by Baldwin and Creamer (2014). In a
study on effect of organic based nutrient strategies on nutrient availability, a higher N content was observed
following lablab and was partly attributed to its deep root systems that captured nitrate from the subsoil (Lelei et
al., 2009). Similarly, pigeon pea has a vigorous root system, with great capacity to explore large soil volumes
and recycle nutrients from the deeper soil profiles (Adjei-Nsiah, 2012).

3.3 Influence of Cropping Systems and Organic Fertilizers on Soil P Content

Soil P values increased significantly (P < 0.05) in comparison to initial values at beginning of experiment (Figure
1) during the SRS of 2010 and LRS of 2011 across all cropping systems and sites (Tables §, 9, 10 and 11).
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Table 8. Soil P (ppm) as affected by cropping systems and organic fertilizers in sorghum based cropping systems
at Katangi

Soil P

SRS 0f 2010 LRS of 2011
Crop

FYM COMP CTRL Mean FYM  COMP CTRL
Sorghum 2731 25.15 2573 31.80° 34.03° 31.64° 29.44°
Sorghum/dolichos 28.54 26.65 23.11 4170 37.04*  34.23°  31.05°
Sorghum/pigeon pea 33.93 32.04 29.43 26.16° 28.81° 26.72¢ 23.14
Dolichos-Sorghum 43.67 41.82 39.60  26.07° 27.35% 26.87¢ 25.72M
Pigeon pea-Sorghum 27.06 26.59 2482 26.10° 29.50% 25210 2332
Mean 32.10° 30.45° 28.54°
LSD %% Cropping systems (CS)  0.611

Organic fertilizers (OF) 0.89

(CS*OF) 0.83

SRS of 2011 LRS of 2012
Crop

FYM COMP CTRL FYM  COMP CTRL Mean
Sorghum 34.77% 32.01% 29.84% 3160 2864 2734  29.19°
Sorghum/dolichos 23.18°F 20.19'8 16.628 3728 3486 3215 3476
Sorghum/pigeon pea 26.05% 37.07° 32.37" 3200 29.69 2794 29.88°
Dolichos-Sorghum 25.84% 23.09°" 18.99' 2083 20.09 1924  20.06°
Pigeon pea-Sorghum 21.76% 18.79' 16.088 33.59 3078 2948  31.28°
Mean 31.06° 28.81° 27.23°
LSD %% Cropping systems (CS) 2.09

Organic fertilizers (OF) 0.92

(CS*OF) 4.694

Note. Within rows and columns, means followed by the same letters are not significantly different at P < 0.05.
LRS of 2011, SRS of 2011 and LRS of 2012, CS*OF interactions were significant whereas in SRS of 2010, main
effects of CS and OF were significant.
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Table 9. Soil P (ppm) as affected by cropping systems and organic fertilizers in sorghum based cropping systems
at [kombe

Soil P

SRS 0f 2010 LRS of 2011
Crop

FYM COMP CTRL FYM COMP CTRL Mean
Sorghum 34.70° 35.04° 31.23¢ 2777 2736 2676  33.41°
Sorghum/dolichos 43.65° 41.73° 42.32° 27.83 2753 2531 4244
Sorghum/pigeon pea 27.76° 27.32° 25.19¢" 3491 3409 3122 26.50°
Dolichos-Sorghum 27.75° 2737 26.71° 4369 4181  41.81 2729
Pigeon pea-Sorghum 27.50° 26.31% 24.19" 2771  26.6 2518  26.89%
Mean 32.38%  31.48°  30.06°
LSD %% Cropping systems (CS) 0.526

Organic fertilizers (OF) 0.59

(CS*OF) 1.319

SRS of 2011 LRS of 2012
Crop

FYM COMP CTRL FYM COMP CTRL Mean
Sorghum 35.38° 3431 31.39 2429 2269 21.58 32.13°
Sorghum/dolichos 39.37° 34.63% 31.74°" 3111 2997 2806  30.79°
Sorghum/pigeon pea 40.23° 37.08° 33.26 3577  31.65 28.98  30.97°
Dolichos-Sorghum 27.738 27.34" 26.70" 33.05 30.84 2848 2285°
Pigeon pea-Sorghum 26.39" 22.511 20.52) 33.97 3068 2825 29.71°
Mean 31.64° 29.17°  27.07°
LSD %% Cropping systems (CS) 3.091

Organic fertilizers (OF) 0.816

(CS*OF) 1.467

Note. Within rows and columns, means followed by the same letters are not significantly different at P < 0.05. In
SRS of 2010 and LRS of 2012, CS*OF interactions were significant. In LRS of 2011 and SRS of 2011 main
effects of CS and OF were significant.

This could be due to direct input of organic fertilizers, as well as decomposition of organic residues that were
ploughed into the soil. The fact that P is an immobile element and has high residual effect, would have as well
contributed to its elevated levels in the soil. It has previously been shown that decomposing crop residue can
release organic acids, which may increase the availability of bound P hence increasing it content in the soil
(Zsolnay & Gorlitz, 1994). There was however a significant decline in soil P at Katangi during the SRS of 2011
in the sorghum based cropping systems (Table 7). In the cassava based cropping systems, a significant decline in
soil P also occurred across cropping systems in the LRS of 2012 at both sites (Tables 10 and 11) and in the SRS
of 2011 at Katangi (Table 10).

Decline in soil P could be as a result of lower biomass productivity due to reduced amount of rainfall which
ultimately affected the amount of residues available for decomposition. Significantly (P < 0.05) higher soil P
levels were observed with FYM application compared to compost and control experiment respectively across all
cropping systems and seasons. Higher levels of soil P under FYM and compost could be as a result of direct
input of P into the soil through decomposition of organic fertilizers. It has been previously observed by Eghball
and Power (1999) that application of FYM and compost could improve P status of soil. Further increases in soil
P could have been caused by mineralization of high amounts of crop residues that had been returned to soil
compared to the control. Higher soil P under FYM compared to compost could be attributed to the slower
decomposition rates of the latter and hence slower release of P over time as well as decomposition of higher
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amounts of crop residue that were produced with FYM application.

Table 10. Soil P (ppm) as affected by cropping systems and organic fertilizers in cassava based cropping systems

at Katangi
Soil P

SRS 0f 2010 LRS of 2011
Crop

FYM COMP CTRL  Mean FYM COMP CTRL Mean
Cassava 26.26 23.83 20.72 23.60°  25.89 24.36 20.75  23.67°
Cassava/dolichos 38.80 38.17 33.98 36.98" 38.78 37.2 3234 36.11°
Cassava/pigeon pea 32.71 31.72 30.81 31.75° 32.78 31.77 30.80  31.78%™
Dolichos-Cassava 37.57 34.76 34.42 35.58¢  38.66 35.56 31.00  35.07"
Pigeon pea-Cassava 28.25 26.14 23.15 25.85%  32.69 25.17 30.84  29.56°
Mean 32.72° 30.92° 28.62° 33.76" 30.81 29.14°
LSD %% Cropping systems (CS)  1.004 3.829

Organic fertilizers (OF) 1.375 2.323

SRS of 2011 LRS of 2012
Crop

FYM COMP CTRL FYM COMP CTRL Mean
Cassava 22.58¢ 19.25¢ 15.77° 31.47 29.17 26.07 2891°
Cassava/dolichos 3277 31.12% 30.86° 31.17 29.57 2823  29.66°
Cassava/pigeon pea 33.47° 31.49% 31.17* 32.71 31.72 30.82  31.75°
Dolichos-Cassava 32.79% 31.14" 30.88° 29.93 26.47 2332 26.57°
Pigeon pea-Cassava 32.71% 31.72%¢ 30.81° 32.19 29.34 28.18  29.90®
Mean 31.49° 29.25°  27.32°
LSD %% Cropping systems (CS) 2.01

Organic fertilizers (OF) 0.994

(CS*OF) 1.754

Note. Within rows and columns, means followed by the same letters are not significantly different at P < 0.05. In
SRS 0f 2010, LRS of 2011and LRS of 2012, main effects of CS and OF were significant whereas in the SRS of
2011, CS*OF interactions were significant.
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Table 11. Soil P (ppm) as affected by cropping systems and organic fertilizers in cassava based cropping systems
at Ikombe

Soil P

SRS 0f 2010 LRS of 2011
Crop FYM COMP CTRL Mean FYM COMP CTRL
Cassava 25.99 2406 2199 2402 26068 2455" 2155
Cassava/dolichos 39.43 3675 3181  36.00°  39.61° 36.60°  33.27¢
Cassava/pigeon pea 34.83 3223 3134 32.80°  34.88°  32.06% 3135
Dolichos-Cassava 38.30 3463 3412 35.69*  39.02° 3537° 3075
Pigeon pea-Cassava  27.75 25.62 2437  2591°  34.80° 3237% 3131
Mean 33.26° 30.66°  28.73¢
LSD %% Cropping systems (CS) 0.906

Organic fertilizers (OF) 1.248

(CS*OF) 1.223

SRS of 2011 LRS of 2012
Crop FYM COMP CTRL Mean FYM  COMP  CTRL
Cassava 34.25 3217 2913 31.85°  2834% 26762 2461
Cassava/dolichos 34.89 3229 3137 3285 33.19 3138 2928
Cassava/pigeon pea 3531 33.09 3214 33.52*  34.83" 3223 3135
Dolichos-Cassava 34.24 3232 314 32.65° 32,60 29.64°  2595"
Pigeon pea-Cassava 34.83 3223 3134 32.80®  36.77°  31.08%  28.05%
Mean 34.70° 32.42°  31.08°
LSD %% Cropping systems (CS) 0.801

Organic fertilizers (OF) 0.638

(CS*OF) 2.101

Note. Within rows and columns, means followed by the same letters are not significantly different at P < 0.05. In
LRS of 2011 and LRS of 2012, CS*OF interactions were significant whereas in SRS of 2010 and SRS of
2011only main effects of CS and OF were significant.

Monocropping sorghum led to significantly (P < 0.05) higher soil P compared to sorghum/pigeon pea intercrop,
and rotation with either pigeon pea or dolichos during SRS of 2010 at both sites (Tables 8 and 9). Similar results
were observed during the LRS and SRS of 2011 at both sites. Higher P in sorghum monocrop compared to
sorghum/pigeon pea intercrop, pigeon pea-sorghum rotation and dolichos-sorghum rotation could be due to
export of P to legume grains. Kouyaté et al. (2012) observed higher soil P under monocropped sorghum
compared to rotation with legumes attributing this to export of P to grains. They further noted that P losses from
soil increase with increasing grain yields due to most of the P being transported to the grain. Integration of
legumes could also have resulted in less soil P due to higher uptake of P by legume crops, which is essential in
BNF and root development (Cassman et al., 1981). Furthermore, it has been demonstrated that legumes can
increase uptake of P for the companion crop when intercropped or rotated (Li et al., 2004; Nuruzzaman et al.,
2005). Intercropping sorghum with dolichos however resulted in significantly (P < 0.05) higher soil P compared
to either monocropping during the SRS of 2010 and LRS of 2012 at both sites and during LRS of 2012 at
Katangi only. This was probably due to the ability of legumes to solubilize insoluble P. Higher P under legumes
has also been reported by Bagayoko et al. (2000), Rusinamhodzi (2006) and Li et al. (2008) attributing this to
mobilization of the sparingly soluble P by legume exudates. Addition of P through decomposition of residues
could also be another avenue through which the P levels increased. Higher soil P when dolichos was used
compared to pigeon pea may be due to higher biomass production under dolichos compared to pigeon pea hence
more nutrient release upon decomposition. Higher rates of nutrient release under dolichos compared to pigeon
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pea have previously been observed by Ayoub (1986) who attributed this to better mineralization as a result of the
conducive environment provided by the dolichos for microbial decomposition.

In the cassava based cropping systems, inclusion of legumes significantly (P < 0.05) increased soil P relative to
cassava monocropping across all sites and seasons except during LRS of 2012 at Katangi where only
dolichos-cassava rotation had significantly lower soil P than monocrop. High soil P under legume plots could be
explained in terms of the solubilising effect of legume exudates on insoluble soil P (Li et al., 2008; Bagayoko et
al., 2000). Decomposing legume residues could also have contributed to increased soil P either through release
of organic acids which increase desorption of P (Ogunwole et al., 2009; Zsolnay & Gorlitz, 1994) as opposed to
monocrop where there was no legume residues returned to soil.

Intercropping cassava with legumes had higher soil P levels compared to rotation across seasons and sites though
this was not significant during the LRS of 2011 at both sites and SRS of 2011 at Katangi (Tables 10 and 11). This
is contrary to expectations that combined uptake of P under intercropping coupled with cassava biomass not
being returned to the soil would have led to lower soil P under intercropping. A possible explanation could be
that P uptake could have been enhanced under rotation compared to intercropping hence reduced soil P under
rotation. Sierverding and Leihner (1984) found that rotating cassava with grain legumes could enhance
occurrence of root vesicular-arbuscular (VA) mycorrhiza infection, which has the effect of increasing uptake of P
from soil. This is especially under soils that are acidic and low in available P. Inclusion of dolichos resulted in
higher soil P compared to pigeon pea probably due to more biomass and hence crop residue production and
better quality litter of dolichos (Ayoub 1986).

3.4 Influence of Cropping Systems and Organic Fertilizers on Soil K Content

Soil K levels in sorghum cropping systems (Tables 12 and 13) were moderate at Ikombe (0.53 cmol/kg to 1.21
cmol/kg) whereas at Katangi, they ranged from moderate (0.93 cmol/kg) to high (2.23 cmol/kg) according to
Landon 1991.
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Table 12. Soil K (cmol/kg) as affected by cropping systems and organic fertilizers in sorghum based cropping
systems at Katangi low =< 0.2; medium 0.2-6.0; high > 0.6

Soil K

SRS 0f 2010 LRS of 2011
Crop

FYM COMP CTRL Mean FYM COMP CTRL
Sorghum 0.99 1.05 0.85 096> 0.88" 1.02¢  0.88"
Sorghum/dolichos 121 1.153 0.98 1L11° 113 1.12%  0.93%"
Sorghum/pigeon pea 0.933 1.02 0.95 0.97°  1.04%  1.05%  0.94%
Dolichos-Sorghum 1.028 0.96 0.95 0.98° 1.08" 0957  0.97F
Pigeon pea-Sorghum 1.012 0.99 0.91 0.97°  1.07%¢ 1.06° 096
Mean 1.04° 1.03* 0.93°
LSD %% Cropping systems (CS)  0.0754

Organic fertilizers (OF)  0.0751

(CS*OF) 0.0563

SRS of 2011 LRS of 2012
Crop

FYM COMP CTRL FYM  COMP CTRL
Sorghum 0.99 1.03 0.88 1.52 1.43 1.39
Sorghum/dolichos 1.05 1.07 1.11 1.53 1.47 1.44
Sorghum/pigeon pea 1.04 1.06 1.01 1.52 1.5 1.48
Dolichos-Sorghum 1.04 1.044 0.98 2.23 2.13 2.02
Pigeon pea-Sorghum 1.13 1.09 1.05 1.62 1.58 1.40
Mean 1.68*  1.62°  1.55°
LSD %% Cropping systems (CS)

Organic fertilizers (OF) 0.055

(CS*OF)

Note. Within rows and columns, means followed by the same letters are not significantly different at P < 0.05. In
SRS of 2010, main effects of CS and OF were significant. In LRS of 2011, CS*OF interactions were significant.
In SRS of 2011, treatment effects were not significant whereas in LRS of 2012, only main effects of OF were
significant
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Table 13. Soil K (cmol/kg) as affected by cropping systems and organic fertilizers in sorghum based cropping

systems at Ikombe

Soil K

SRS 0f 2010 LRS of 2011
Crop

FYM COMP CTRL  Mean FYM COMP  CTRL Mean
Sorghum 0.98% 1.04%¢ 1.13° 1.07 1.04 1.06  1.06%
Sorghum/dolichos 1.10™ 1.07°° 0.97 1.23 1.17 099 113"
Sorghum/pigeon pea 1.00%% 0.98% 1.06% 1.21 1.00 1.05  1.08®
Dolichos-Sorghum 1.03%% 1.00%% 1.04%% 1.05 1.00 095  1.00°
Pigeon pea-Sorghum 0.98% 0.96° 0.99% 1.13 1.00 1.1 1.08%
Mean 1.14*  1.04° 1.03°
LSD %% Cropping systems (CS) 0.0685

Organic fertilizers (OF) 0.0816

(CS x OF) 0.0811

SRS of 2011 LRS of 2012
Crop

FYM COMP CTRL  Mean FYM COMP  CTRL Mean
Sorghum 0.89 0.80 0.73 0.81°  0.67 0.65 0.63  0.65¢
Sorghum/dolichos 0.97 0.90 0.91 093" 134 1.32 128 1.31°
Sorghum/pigeon pea 1.04 1.03 0.94 1.00? 0.76 0.73 0.70 0.73¢
Dolichos-Sorghum 1.04 0.90 0.98 0.97° 093 0.92 098  0.94¢
Pigeon pea-Sorghum 0.61 0.53 0.54 0.56° 1.24 1.21 1.18 1.21°
Mean 0.99°  0.97° 0.95°
LSD %% Cropping systems (CS)  0.1024 0.1264

Organic fertilizers (OF) 0.0067

(CS*OF)

Note. Within rows and columns, means followed by the same letters are not significantly different at P < 0.05. in
SRS of 2010, CS*OF interactions were significant whereas in LRS of 2011 and LRS of 2012, main effects of CS
and OF were significant. In SRS of 2011, only main effects of C significant.

The soil K in sorghum based cropping systems increased relative to initial values across seasons and sites
(Tables 12 and 13). This could be as a result K input through residue decomposition as well as organic fertilizers.
Further and although soil K increased in some cases, it was not significantly different from SRS of 2010 and
LRS of 2012 in the cassava cropping systems. This could be as a result of the slow build up of organic matter
due to incorporation of residues and organic manure which led to an increase in soil K. Kapkiyai et al. (1999)
also observed a close relationship between amount of soil organic matter and quantity of available K.

In cassava cropping systems, K levels were all moderate to high in Katangi (0.31 cmol/kg to 1.37 cmol/kg) while
at Ikombe they ranged from moderate (0.33 cmol/kg) to high (1.88 cmol/kg) (Tables 14 and 15).
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Table 14. Soil K (cmol/kg) as affected by cropping systems and organic fertilizers in cassava based cropping
systems at Katangi

Soil K

SRS 0f 2010 LRS of 2011
Crop

FYM COMP CTRL Mean FYM COMP CTRL
Cassava 0.47 0.29 031 036" 044" 037 032
Cassava/dolichos 0.73 0.61 0.67  0.67° 0.81° 0.68¢ 0.52¢
Cassava/pigeon pea 0.62 0.57 0.54 058  0.67° 0.60°% 0.532
Dolichos-Cassava 0.64 0.57 056  0.60° 0.71™ 0.64* 045
Pigeon pea-Cassava 0.49 0.44 037  043° 0.60 0.55%  0.50¢"
Mean 0.59° 0.50° 0.49°
LSD %% Cropping systems (CS)  0.028

Organic fertilizers (OF)  0.052

(CS*OF) 0.069

SRS of 2011 LRS of 2012
Crop

FYM COMP CTRL FYM COMP CTRL Mean
Cassava 0.70¢ 0.63° 0.47° 1.04  1.03 1.04  1.04°
Cassava/dolichos 0.67% 0.62° 0.57°% 1.16 136 132 128
Cassava/pigeon pea 1.37° 0.95° 0.69% 0.62  0.57 0.54  0.58¢
Dolichos-Cassava 0.69% 0.64% 0.60°% 118  1.17 1.06  1.14°
Pigeon pea-Cassava 0.62°% 0.57%% 0.53% 134 132 122 129
Mean
LSD %% Cropping systems (CS) 0.102

Organic fertilizers (OF)
(CS*OF) 0.161

Note. Within rows and columns, means followed by the same letters are not significantly different at P < 0.05. In
SRS of 2010, main effects of CS and OF were significant whereas in SRS of 2011and LRS of 2011, CS*OF
interactions were significant. In LRS of 2012, only main effects OF were significant.
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Table 15. Soil K (cmol/kg) as affected by cropping systems and organic fertilizers in cassava based cropping
systems at Ikombe

Soil K

SRS 0f 2010 LRS of 2011
Crop

FYM COMP CTRL FYM COMP CTRL Mean
Cassava 0.53%f 0.33¢ 0.48°F 0.55 044 040  047°
Cassava/dolichos 0.73° 0.63" 0.50°f 072 0.66 0.64  0.68°
Cassava/pigeon pea 0.67% 0.56°% 0.69% 0.72 0.59 0.67  0.66°
Dolichos-Cassava 0.64™° 0.52°" 0.62"¢ 0.75  0.57 0.63  0.65™
Pigeon pea-Cassava 0.51° 0.46 0.49° 0.65  0.53 0.66  0.62°
Mean 0.68°  0.56°  0.60°
LSD %% Cropping systems (CS) 0.045

Organic fertilizers (OF) 0.042

(CS x OF) 0.092

SRS of 2011 LRS of 2012
Crop

FYM COMP CTRL FYM COMP CTRL
Cassava 0.85° 0.72%° 0.68"4 1.05%%  1.02°%  1.01%
Cassava/dolichos 0.73"* 0.60" 0.73"* 1.22%4  127%¢  1.45°
Cassava/pigeon pea 0.35¢ 0.49% 0.72% 0.67"  0.56"  0.60°"
Dolichos-Cassava 0.76™ 0.63"4 0.76™ 1.36™¢  1.41% 135
Pigeon pea-Cassava 0.67% 0.56% 0.69% 1.88°  1.60°  1.34°
Mean
LSD %% Cropping systems (CS)

Organic fertlizers (OF)

CS*OF 0.192 0.392

Note. Within rows and columns, means followed by the same letters are not significantly different at P < 0.05. In
SRS of 2011, SRS of 2010 and LRS of 2012, CS*OF interactions were significant. In LRS of 2011, main effects
of CS and OF were significant.

Soil K was lower in cassava based cropping systems compared to sorghum based cropping systems. This is
attributed to the ability of cassava to remove from soil high quantities of Howeler (2002) observed that cassava
is highly responsive to K and hence extracts high quantities from the soil. These losses are more pronounced
especially when biomass is removed as most losses of K occur through removal of above ground biomass
(Smalling, 1993). This could also be the primary reason why soil K values reduced compared to initial values
(Table 12). Additionally, removal of above ground biomass could have led to less marked increase in soil organic
matter hence K decline. However, as the seasons progressed, soil K increased with time probably due to gradual
increase in  soil organic matter as residue from legumes as well as organic fertilizers contributed to increase in
soil organic matter and hence K (Kapkiyai et al., 1999).

The FYM treated plots had higher soil K compared to compost and control respectively across cropping systems
and seasons at both sites. This is attributable to slow release of K by organic fertilizers and higher productivity of
crops which could have led to more residue available for decomposition hence more Gikonyo and Smithson
(2003), and Kanyanjua et al. (1999) have shown that crop residue return and application of FYM can augment K
levels in the soil. Kapkiyai et al. (1999) linked availability of organic matter to available K concluding that
practise that lead to build up of organic matter could have a positive effect on soil K.

Only intercropping with dolichos resulted in significantly higher K compared to monocropping under both
cassava and sorghum cropping systems (Tables 12, 13, 14 and 15). Higher biomass production, which ensured
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more K release upon decomposition, may be the reason for the increase. Other cropping systems i.c.
intercropping with pigeon pea, and both rotations did not improve soil K. One of the reasons may be that luxury
consumption of K by crops could have ensured that differences in soil K were not discernible. Results obtained
by Bagayoko et al. (1996) while working with pearl millet and cowpea also showed that sole cropping,
intercropping and rotation of these crops led to a decline in K levels. Murugappan et al. (1999) similarly reported
that crops tend to have luxury consumption of K, which could therefore lead to decline in soil K. Plots where
dolichos legume was involved had higher soil K levels compared to pigeon pea plots. This may be attributed to
lower litter quality of pigeon pea, which in turn slows down nutrient release. The superiority of dolichos over
pigeon pea in terms of nutrient release upon decomposition has also been proven by Ayoub (1986).

4. Conclusion

The current study was carried out to investigate the effect of organic based technologies on soil chemical
properties (Organic C, N, P and K) in Katangi and Ikombe divisions of Yatta sub-County during the SRS of 2010
and 2011 and LRS of 2011 and 2012. From the results, Sorghum/dolichos+FYM had highest soil OC in LRS of
2011 at both sites and SRS of 2011 and 2010 at Katangi and Tkombe respectively. Cassava/dolichos+FYM had
the highest soil OC in the SRS of 2011 and LRS of 2012 and 2011 at both sites. Sorghum/dolichos+FYM had
highest soil N in LRS and SRS of 2011 in Katangi. Cassava-dolichos rotation accumulated highest soil N in SRS
0f 2010 and LRS of 2011 at both sites. Sorghum/dolichos intercrop accumulated higher soil P during the LRS of
2012 at both sites; and SRS of 2010 and LRS of 2011 in Katangi and Tkombe respectively. Cassava/dolichos
intercrop produced higher soil P during the SRS of 2010 at both sites; and LRS of 2011 and SRS of 2011 in
Katangi and Tkombe respectively. Higher soil K was observed under sorghum/dolichos intercrop in SRS of 2010
at both sites and LRS of 2011, SRS of 2011 and LRS of 2012 in Tkombe. Cassava/dolichos intercrop also had
higher soil K during SRS of 2010, LRS of 2011 at both sites; LRS of 2012 at Katangi and SRS of 2011 at
Ikombe.

Integration of legumes into cropping systems and application of organic fertilizers thus improved soil nutrient
status in the cassava and sorghum based cropping systems. Intercropping cassava and/or sorghum with dolichos
proved better at enhancing soil OC and NPK levels compared to other cropping systems. In addition, if legumes
are preferred within cropping system, then use of dolichos in rotation is recommended. Use of organic fertilizers
increased soil nutrients with FYM being superior to compost in both cases. To enhance fertility of soil, it is
therefore recommended that sorghum and/or cassava intercropped with dolichos alongside application of FYM
may be adopted as a sustainable option towards enhanced soil fertility in smallholder farming systems of the
semi-arid Yatta sub-County. Further research, under similar experimental settings, is recommended to establish
the correlations between soil moisture content and nutrient status.
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