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Abstract  

Farmers in central highlands of Kenya experience declining agricultural productivity majorly due to soil 
desiccation and soil fertility depletion. In order to increase crop productivity, and reduce production 
risks, improved nutrient use efficiency is required. One way of reversing the trend of declining land 
productivity in smallholder farms in Kenya, is believed to be the combined application of organic and 
mineral sources of nutrients. In order to investigate this, field trials were established in a dry land 
environment in Central Kenya, at Machang’a. The objective of the research was to assess the effect of 
organic and inorganic inputs on soil nutrients in semi arid regions of the Central Highlands of Kenya. 
The study was carried out in Mbeere District, Kenya from 2004 to 2010 and the trial followed a 
randomised complete block design with three replications. The treatments consisted of four organic 
sources (Tithonia diversifolia, Lantana camara, Mucuna pruriens and goat manure) combined with 
mineral nitrogen fertilizer, sole fertilizer and a control. Goat manure was superior in terms of improving 
soil chemical properties such as soil pH, magnesium, potassium, calcium and nitrogen across the sites. 
Soil pH declined in most of the treatments, more so with the combinations of organics and mineral 
fertilizers compared to the sole application of organics such as Lantana camara, Mucuna pruriens and 
manure. Calcium in the soil increased significantly in sole Lantana camara, sole manure and Tithonia 
diversifolia + 30 kg N ha-1 treatments (t-test, p = 0.029, p = 0.022, and p =0.0264,  respectively). Soil 
potassium increased significantly in manure + 30 kg N ha-1 (t-test, p = 0.017). Soil organic carbon 
decreased in all the treatments except in the sole manure treatment and manure + 30 kg N ha-1. The 
decline in soil organic carbon was significant in sole Lantana camara, Lantana camara+ 30 kg N ha-1, sole 
Tithonia diversifolia, Tithonia diversifolia + 30 kg N ha-1,  sole Mucuna pruriens, Mucuna pruriens+ 30 
kg N ha-1, fertilizer (60 kg N ha-1) and control treatments (t-test, p = 0.012, p = 0.033, p = 0.0224, p = 
0.0166, p = 0.0349, p = 0.0129, p = 0.0004 and p = 0.0341, respectively). Goat manure needs to be promoted 
among farmers in the drier areas because of its good performance in improving soil properties. 
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Introduction 

Declining soil fertility and soil desiccation are major impediments to the growth of agriculture and the 
reason for slow growth in food production in sub-Sahara Africa (Sanchez et al., 1995). The soil fertility 
depletion and soil desiccation have greatly affected crop productivity and have been recognized as root 
causes of low and declining per-capita food production in smallholder farms of Africa (Miguel et al., 
1997). Soil desiccation is caused by low and unreliable rainfall, poor water harvesting techniques and 
unsustainable farming practices. Low and declining soil fertility arises from continuous cultivation where 
levels of soil replenishment, by whatever means, are too low to mitigate the process of soil mining, 
whereby the soil fertility is not replaced by new inputs (Shisanya et al., 2009). No matter how effectively 
other constraints are remedied, per-capita food production in Africa will continue to decrease unless soil 
fertility depletion is addressed (Sanchez and Jama, 2002). 



Most African soils are inherently low in organic carbon (<20 to 30 mg kg-1) due to; low root growth of 
crops and natural vegetation, continuous cultivation of crops and rapid turnover rates of organic 
materials with high soil temperature and microfauna (Bationo et al., 1995; 2006). The loss of soil organic 
matter consequently results in soil acidity, nutrient imbalance and low crop yields (Ayoola et al., 2007). 
Furthermore, there are indications that up to 0.69 tons loss of carbon ha-1 year-1 in the soil surface layers 
are common in Africa even with high levels of organic inputs (Nandwa, 2003). For a long-term 
productivity of agro-ecosystems and protection of the environment, it is necessary to develop and 
implement management strategies that maintain the quality of soil, which includes conserving the 
inherent soil organic matter (SOM). 

The soil fertility in the central highlands has declined over time, with an annual net nutrient depletion 
exceeding 30 kg N (Smaling, 1993; Kapkiyai et al., 1998), as a result of continuous cropping without 
adequate nutrient replenishment. In most smallholder farms, these deficiencies could be replenished by 
use of mineral fertilizers, organic manures and cattle manure. However, few farmers have the economic 
power to purchase mineral fertilizers and those who can afford it, mostly apply less than 10 kg N ha-1, 
where the recommended rate is 60 kg N ha-1 (Adiel, 2004). Use of manure is also limited by its variable 
and low quality and quantity (Ikombo, 1984), as well as its bulkiness which implies that extra 
incorporation labour is required. In low potential areas such as Mbeere district, the situation is further 
aggravated by the fact that immigrants move with technologies from high potential areas and grow 
crops, which they used to grow in the high potential areas resulting soil degradation and occasional crop 
failures.  

Continued application of fertilizers for soil fertility replenishment has been shown to affect soil chemical 
properties in various ways. For instance, Kang (1993), Schroth et al. (1995), and Mugendi et al. (1999) 
reported a general reduction in pH, total N and total P over time, as a result of fertilizer input for 
continuous cropping. On the other hand, Gao and Chang (1996), Clark et al. (1998), and Eghball (2002) 
reported a general increase in organic carbon, exchangeable Ca, Mg and K, after application of manure, 
herbaceous legumes (Calliandra calothyrsus, Leucaena trichandra) and mineral fertilizer over time. 
Several authors (Qureshi, 1990; Riffaldi et al., 1994; Reganold and Palmer, 1995; Kapkiyai, 1996) have 
reported significant losses of organic carbon in cultivated soils upon continuous application of inorganic 
and organic external inputs.  

Therefore, in order to increase crop productivity, and reduce production risks, better use of available 
rainfall and improved nutrient use efficiency is required. The objective of the study was to assess the 
effect of organic inputs on soil nutrients in semi arid regions of the Central Highlands of Kenya. 

Materials and methods 

The Study area 

The study was conducted Machang’a (00º 47' 26.8" S; 37º 39' 45.3" E) in Mbeere districts in the central 
highlands of Kenya from October 2004 to February 2011. The soils are sandy-clay-loam, blackish grey or 
reddish brown, classified as the Nitro-rhodic Ferralsols, mainly low in fertility and must be intensively 
manured and fertilized season after season (Jaetzold et al., 2006). The soils are shallow (about 1 m deep) 
and lose their organic matter, including nutrient rich aggregates within 3-4 years of cultivation without 
adequate external organic material inputs and soil protection from water erosion (Warren, 1998; Micheni 
et al., 2004; Jaetzold et al., 2006). The soil characteristics are shown in Table 1. 

Machang’a lies in the marginal cotton (lower midland 4 - LM 4) agro-ecological zone (Jaetzold et al., 2006). 
The rainfall pattern is bimodal, falling in two seasons, the long rains (LR) lasting from March to June and 
short rains (SR) from October to December. The total rainfall is however unreliable, with a mean annual 
rainfall of 800-900 mm (Jaetzold et al., 2006). Total rainfall per season during the study period ranged 
between 209-731 mm. Rainfall for the four seasons in which the experiment was conducted is presented 
in Figure 1. 



Table 1 : Soil characterization in Machang’a site, Mbeere district, Kenya 

Soil parameters 

pH in water 6.4 

Total N (%) 0.09 

Total soil organic carbon (%) 1.05 

Exchangeable P (ppm) 12.9 

Exchangeable K (cmol kg-1) 0.35 

Exchangeable Ca (cmol kg-1) 1.0 

Exchangeable Mg (cmol kg-1) 0.14 

Clay (%) 22 

Sand (%) 67 

Silt (%) 11 

 

 

Figure 1 : Rainfall distribution from 2004 to 2011 in Machang’a site, Mbeere district, Kenya 

 

The major cropping enterprises include maize (Zea mays L.) and beans (Phaseolus vulgaris L.). Other 
food crops include cowpea (Vigna unguiculata), millet (Eleusine coracana), sorghum (Sorghum bicolor 
L), green grams (Vigna radiata), and fruits {pawpaws, (Carica papaya L) and mangoes (Mangifera 
indica)}. Livestock (cows, goats, sheep, and poultry) production is a major enterprise and the farmers 
mainly keep the local breeds. Bee keeping is also a major enterprise in the area. Farmers plant food crops 
and keep livestock with a high staple and economic value as they do not grow any “cash crop” therefore 
the crops they grow double as food crops and cash crops. Mbeere District is sparsely populated with 81 
persons per km-2, Machang’a is located in Mavuria location with a population density of 81 persons per 
km-2 (Jaetzold et al., 2006). About 56% of the arable land is currently under cultivation and the remaining 
44% is not enough for the necessary livestock and fallow period for replenishing soil fertility. The average 
farm size per family is less than 5 hectares (Jaetzold et al., 2006). 

Experimental layout and management 

The experiments were laid out as a randomized complete block design replicated thrice with the plots 
measuring 6 x 4.5 m. The test crop (maize -Zea mays L, var. Katumani) was planted at a spacing of 0.9 
and 0.6 m as inter- and intra-row, respectively. The Katumani variety was bred for the semi-arid and 
coastal areas of Kenya as it is early maturing and has low rainfall requirements. External nutrient 
replenishment inputs were applied to give an equivalent amount of 60 kg N ha-1 (Table 2). This is the 
recommended rate of N to meet maize nutrient requirement for an optimum crop production in the area 



(FURP, 1987) with the exception of the herbaceous legume treatment where, the amount of N was 
determined by the biomass harvested and incorporated in the respective treatments.  

 

Table 2: Experimental treatments in Machang’a, Mbeere  South District, Kenya 

Sn Treatment N from biomass N from inorganic fertilizer 

1 Lantana camara  60 kg N ha-1 0 

2 Lantana camara + 30 kg N ha-1 30 kg N ha-1 30 kg N ha-1 

3 Mucuna pruriens Dependent on biomass produced 0 

4 Mucuna pruriens + 30 kg N ha-1 Dependent on biomass produced 30 kg N ha-1 

5 Tithonia diversifolia 60 kg N ha-1 0 

6 Tithonia diversifolia + 30 kg N ha-1 30 kg N ha-1 30 kg N ha-1 

7 Goat manure 60 kg N ha-1 0 

8 Goat manure + 30 kg N ha-1 30 kg N ha-1 30 kg N ha-1 

9 Inorganic fertilizer (60 kg N ha-1) 0 60 kg N ha-1 

10 Control 0 0 

 

All organic inputs were harvested, weighed, chopped and incorporated into the soil to a depth of 15 cm 
during land preparation. Calcium ammonium nitrate (CAN) was the source of mineral N and was 
applied at the rate of ⅓ after four weeks of planting and ⅔ after six weeks of planting. Since organic 
inputs were being applied in this experiment and they (organic inputs) are often limited in their ability to 
increase P availability due to their low P content (Palm et al., 1997), P was applied in all plots at the 
recommended rate (60 kg P ha-1) in the form of triple super phosphate (TSP) to minimize the possibility 
of its confounding effects. Other agronomic procedures for maize production were appropriately 
followed after planting.  

Soil analysis 

At the beginning and end of the experiment, soil samples were collected with an alderman auger at 0-15 
cm. Soil augering was done at six spots per plot and bulked to make a composite sample per plot. The soil 
samples were analysed for soil organic carbon, total nitrogen, available P (olsen), Ca, Mg and K, and pH 
using standard methods (Anderson and Ingram, 1993).  

Statistical analysis 

Data on soil chemical properties were subjected to analysis of variance using Genstat software version 10 
(Genstat, 2002). The means were separated using Least Significant Differences (LSD) of means at p < 0.05. 
To determine the soil chemical changes during the thirteen years cropping period, t tests comparing 
means between the two sampling periods (October 2004 and February 2011) were carried out to 
determine whether the changes were significant at p < 0.05.  

Results  

Soil chemical properties  

The soil pH, Ca, total N carbon were significantly different (p < 0.008, p = 0.012, p = 0.0126 and p = 0.003, 
respectively) across the different treatments in 2004, while on the other hand, pH, Ca, Mg, K, total N and 
organic carbon were significantly different (p < 0.0001, p < 0.0001, p = 0002, p < 0.0001, p = 0.006, and p = 
0.0014, respectively) across the treatments in 2011 (Table 3). All the soil properties were significantly 
higher in the sole manure and manure +30 kg N ha-1 treatments in 2011. 

There were no significant changes over the thirteen cropping seasons for soil pH and total nitrogen across 
all the treatments. Calcium in the soil increased significantly in sole Lantana camara, sole manure and 
Tithonia diversifolia + 30 kg N ha-1 treatments (t-test, p = 0.029, p = 0.022, and p =0.0264,  respectively). 



Magnesium also increased significantly in sole manure, manure+30 kg N ha-1, Lantana camara, Lantana 
camara+ 30 kg N ha-1, sole Tithonia diversifolia, Tithonia diversifolia + 30 kg N ha-1,  fertilizer (60 kg N 
ha-1) and control treatments (t-test, p = 0.0006, p = 0.0017, p = 0.0027, p = 0.038, p = 0.0015, p = 0.0161, p = 
0.0231 and p = 0.0118, respectively). 

Soil potassium increased significantly in manure + 30 kg N ha-1 (t-test, p = 0.017). Soil organic carbon 
decreased in all the treatments except in the sole manure treatment and manure + 30 kg N ha-1. The 
decline in soil organic carbon was significant in sole Lantana camara, Lantana camara+ 30 kg N ha-1, sole 
Tithonia diversifolia, Tithonia diversifolia + 30 kg N ha-1,  sole Mucuna pruriens, Mucuna pruriens+ 30 
kg N ha-1, fertilizer (60 kg N ha-1) and control treatments (t-test, p = 0.012, p = 0.033, p = 0.0224, p = 
0.0166, p = 0.0349, p = 0.0129, p = 0.0004 and p = 0.0341, respectively). 



 

Table 3: Soil chemical properties at the beginning of the experiment in October 2004 and at the end of the experiment in March 2011 in Machang’a, Mbeere South 
District, Kenya 

Treatment pH Ca Mg K Total N C No. of 
parameters 
increased (H2O) Exchangeable (C mol/kg) % 

2004 2011 2004 2011 2004 2011 2004 2011 2004 2011 2004 2011 

Lantana 6.7 7.1 (40) 1.3 5.4(410) 0.11 4.96(485) 0.49 1.53(104) 0.10 0.10(0) 1.14 0.49(-65) 4 

Lantana + 30 kg N ha-1 6.4 6.6(20) 0.7 3.8(310) 0.11 2.95(284) 0.29 0.90(61) 0.08 0.08(0) 0.90 0.46(-44) 4 

Manure 6.3 7.8(150) 1.0 8.0(700) 0.14 7.56(742) 0.33 2.00(167) 0.10 0.13(3) 1.04 0.87(-17) 5 

Manure + 30 kg N ha-1 7.0 7.8(80) 1.7 8.5(680) 0.18 6.85(667) 0.49 2.18(169) 0.12 0.13(1) 1.23 0.87(-36) 5 

Mucuna 6.4 6.3(-10) 1.0 3.1(210) 0.07 4.71(464) 0.37 0.56(19) 0.11 0.08(-3) 1.34 0.49(-85) 3 

Mucuna + 30 kg N ha-1 6.2 5.8(-40) 0.8 2.5(170) 0.15 1.93(178) 0.30 0.44(14) 0.08 0.06(-2) 1.19 0.30(-89) 3 

Tithonia 6.5 6.6(10) 1.3 5.4(410) 0.25 4.00(375) 0.42 1.49(107) 0.10 0.10(0) 1.18 0.53(-65) 4 

Tithonia + 30 kg N ha-1 6.2 6.1(-10) 0.6 3.4(280) 0.13 2.32(219) 0.25 0.86(61) 0.07 0.07(0) 0.89 0.39(-50) 3 

Fertilizer (60 kg N ha-1) 7.0 6.5(-50) 2.0 3.1(110) 0.11 3.57(346) 0.51 0.63(12) 0.12 0.07(-5) 1.15 0.44(-71) 3 

Control 6.5 6.4(-10) 1.2 2.6(140) 0.14 2.72(258) 0.40 0.50(10) 0.11 0.05(-6) 1.18 0.26(-92) 3 

SED 0.28 0.245 0.4 0.586 0.04 0.964 0.1 0.173 0.02 0.019 0.12 0.120 
 

P 0.008 <0.0001 0.012 <0.001 0.36 0.0002 0.074 <0.0001 0.026 0.006 0.003 0.0014 

Values in brackets are percentage increases or declines in different properties in 2004-2011. 
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Discussions 

Bekunda et al. (1997) have summarized information from selected experiments in Africa and their 
review indicates that continuous application of mineral fertilizer without organic inputs eventually 
results in a decline in crop yields. They attributed such declining yields to soil acidification through 
continuous mineral fertilizer application and decline in soil organic matter. The soil organic matter in 
the Machang’a soils was very low as depicted by the carbon content (Table 6). According to Tekalign et 
al. (1991), the soil organic carbon rated low (0.5 – 1.5%) in all the treatments at the beginning of the 
experiment and it gradually reduced as cropping continued. This low soil organic carbon could have 
also reduced the response of mineral fertilizers, agreeing with Greenland (1994) who reported that at 
low levels of soil organic matter, crop response to inputs is relatively poor and it is difficult to maintain 
yields with mineral fertilizers alone. The nutrient limitation may also be directly or indirectly be related 
to the decline in SOM with the multiple loss of soil physical condition. 

The changes in the soil properties after thirteen continuous cropping seasons was very variable 
agreeing with Drinkwater et al. (1995) and Werner (1997) who noted that changes in soil properties 
under organically and conventionally managed farming systems have been found to be more variable, 
perhaps due to differences in climate, crop rotation, soil type, or length of time a soil has been under a 
particular management. 

There was no significant effect of treatments on soil pH. Increase in soil pH in Lantana camara, Lantana 
camara + 30 kg N ha-1, sole goat manure and manure + 30 kg N ha-1 might be due to the moderating 
effect of organic manures, as it decreases the activity of exchangeable Al3+ ions in soil solution due to 
chelation effect of organic molecules (Hue, 1992). Bhogala et al. (2011), Benito et al. (2003) and Subehia et 
al. (2013) reported no significant effect of organic and inorganic inputs on soil pH. 

Soil carbon decreased in most of the treatments. The reduction in C levels could be attributed to rapid 
decomposition rates. Mtambanengwe and Mapfumo (2005) reported that maintaining sufficient SOM to 
sustain good crop productivity is a challenge in smallholder farming systems because of low quantities 
of organic manures and rapid turnover rates of green manures and tree legumes under conventional 
tillage systems. This corroborates findings of Ndungu et al. (2003) who reported a decrease in organic C 
levels attributed to rapid decomposition because of favourable conditions in western Kenya. These 
results agree with Qureshi (1990) who reported a decrease in organic carbon of 17% where the crop 
residue was removed and 4% where the crop residue was retained after 10 years of continuous 
cultivation with annual application of manure at 10 t ha-1 in Kabete, Kenya. Swift et al. (1994) reviewed 
the same trial and in treatments with no inputs, soil carbon declined from >2% to about 1.1%. Addition 
of 10 t ha-1 dry weight ha-1 year-1 manure, soil C decreased to about 1.8%. Results from long-term soil 
fertility trials indicate that losses of up to 0.69 t carbon ha-1 yr-1 in the soil surface layers is common in 
SSA even with high levels of organic inputs (Nandwa, 2001). Glaser et al. (2002) notes that the 
advantages of organic manure amendments are short-lived in a sandy soil because of the rapid 
decomposition of soil organic matter under high temperature and aeration. 

The decline of soil organic carbon in all the treatments could be attributed to the low content of clay 
(22%) in these soils. The potential for building soil organic matter in sandy soils is therefore very limited 
as the capacity of soils to store organic matter is strongly related to their clay and silt contents (Giller et 
al., 1997). Clay is the most important soil component that stabilizes soil organic carbon (Kihanda et al., 
2006). For instance, in West Africa, long term experiments show a range between over 5% loss of soil 
organic carbon per annum on sandy soils to around 2% on more clayer soils (Pieri, 1995). Kihanda et al. 
(2006) reported that a soil with clay content of 30.9% had a slow loss of soil organic carbon with a trend 
of 0.5% and 1.5% per year in 1993-1997 and 1997-2002, respectively. In contrast Jones and Wild (1975) 
concluded that more sandy west African soils lost C at 5-10% per year until reaching a soil organic 
carbon of 25-45% of the value under natural vegetation. Sanchez et al. (1997) reported that the 
proportion of nutrients lost is normally greater in sandy soils, than in clayer soils. This is largely 
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because SOM particles are less protected from microbial decomposition in sandier soils than in loamy 
or clayey ones (Swift et al., 1994). 

Sole organic and the combination of organic and mineral fertilizer treatments had a higher positive 
contribution to soil carbon in comparison to the control. This agrees with Eghball (2002), who observed 
an increase in soil organic carbon after four years of manure application where about 25% C was 
retained in the soil carbon pool, however, he observed no significant difference in soil carbon with the 
mineral fertilizer application. This was because, whereas the organic materials had a major impact on 
mineralization rates by increasing soil C directly, the effect of mineral fertilizer N was less pronounced 
since it increased C only indirectly by improving plant growth (Antil et al., 2001). 

Manure had the lowest decline in soil organic matter. This could be as a result of the low quality of the 
manure. Low quality organic resources are good precursors to SOM build-up because of their low 
turnover rates (Palm et al., 1997). The decline of nitrogen could be associated with the significant decline 
of soil organic carbon. Because the C:N ratio is relatively constant in soils, the maintenance of organic 
nitrogen is influenced by the carbon or soil organic matter, therefore the amount of soil organic nitrogen 
that can be maintained in any soil is, largely dependent on the amount of soil organic carbon present 
(Brady, 1990). The higher concentration of total N found in the treatments with manure with respect to 
those amended with other organics (Mucuna pruriens, Tithonia diversifolia and Lantana camara), 
inspite of the lower N content of the manure could be attributed to the fact that in manure, humified 
forms of N predominate, which are less subject to hydrolysis and leaching (Saviozzi et al., 1999). The 
low values of total N in the soil could be as a result of crop uptake, immobilisation by microorganisms 
and nitrogen loss through volatilisation (Defoer et al., 2000). 

Increase in available potassium in the manure treatment might be due to the reduction of potassium 
fixation and release of potassium due to interaction of organic matter with clay, besides the direct 
potassium addition to the soil pool (Urkurkar et al., 2010). Such increase in the content of available 
potassium with the use of manure together with chemical fertilizers has been reported by Edmeades 
(2003), Gupta et al. (2006) and Walia et al. (2010). Slattery et al. (2002) observed a significant increase in 
exchangeable K because of application of composted feedlot manure (109 t ha-1). 

Manure treatment exemplified an increase in most of the soil nutrients. Similar results have been 
observed in a number of medium- to long-term experiments where farm manures have been applied 
(Schjonning et al., 1994, 2007; Haynes and Naidu, 1998; Bhogal et al., 2009; Edmeades, 2003).  

The decline of the soil properties in the soil even with continuous application of organic and mineral 
fertilizer inputs could be associated with the season after season cropping. Many studies have shown 
that frequent conventional tillage can break down the structure of soil aggregates, reduce SOC and 
results in soil degradation (Six et al., 1998; Rhoton, 2000; Debaeke and Aboudrare, 2004; Chen et al., 
2007). Ghosh et al. (2011) also noted that increased frequency of tillage operations can exacerbate SOM 
mineralization resulting in diminished rate of SOC accretion and this can be further accelerated in arid 
regions where environmental conditions are generally favourable to mineralization. 

Conclusions and recommendations 

Manure showed superiority in terms of increased yields and soil properties. This is a resource that is 
locally available to most farmers and they should therefore be trained on better management of manure 
and be encouraged to use it in their farms to enhance productivity. 

The seasonal addition of organic and mineral fertilizers to the soil was not able to prevent the decline in 
soil fertility due to cultivation.  
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