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Abstract 
A study was carried out to determine the effect of applying farm yard manure (FYM) and Minjingu rock 
phosphate (MRP) on soil available nitrogen, phosphorus and organic carbon. The study involved field 
experiments under varying precipitation pattern, soil fertility levels and cropping systems over four growth 
seasons. The experimental design was a randomized complete block (RCBD) with four replications in a split plot 
arrangement where the main plots were the three cropping systems; monocropping, intercropping and crop 
rotation and the split plots were FYM and MRP and sampling done at crop physiological maturity. Soil pH, N, P 
K and C increased in the different treatments in the following order control < MRP < FYM in the three cropping 
systems across the four growing seasons at both sites. In maize under rotation with chickpea control had; 0.281% 
N, 2.82% C and 10.68 ppm P. FYM; 0.554% N, 4.41% C and18.24 ppm P. MRP; 0.45% N, 3.6% C and 41.08 
ppm P. Maize chickpea intercrop control; 0.389% N, 3.192% C and 13.4 ppm P. FYM; 0.531% N, 4.98% C and 
41.02 ppm P. MRP; 0.49% N, 4.08% C and 50.9 ppm P. Soil under maize monocrop exhibited; control; 0.2% N, 
2.59% C and11.26 ppm P. FYM; 0.416% N, 3.83% C and 18.01 ppm P. MRP; 0.28% N, 3.13% C and 26.1ppm P. 
Almost a similar trend was observed in maize and tomato plots at both sites in all the growing seasons. Thus it 
can be deduced that, FYM and MRP application and legume integration in cropping systems improves soil 
fertility. 

Keyswords: organic cropping systems, organic inputs, soil nutrient dynamics 

1. Introduction 
Several organic materials have been reported as suitable soil amendments for increasing crop production 
(Makinde & Ayoola, 2010; Lehmann & Joseph, 2009; Bonanomi et al., 2010). Naturally occurring organic 
fertilisers include manure slurry, worm castings, peat, seaweed, sewage and guano (Miles & Manson, 2005). The 
potential of cow dung, poultry droppings, refuse compost and farmyard manure as suitable soil amendments with 
fertiliser value in the tropics has been well studied (Makinde & Ayoola, 2010; Amanullah et al., 2010; Rufino et 
al., 2006; Das et al., 2012). Application of organic materials as fertilisers provides growth regulating substances 
and improves the physical, chemical and microbial properties of soil for plant growth (Lal, 2003). Plants need 
nitrogen, phosphorus, and potassium, as well as micronutrients and symbiotic relationships with fungi and other 
organisms to flourish, but getting enough nitrogen, and particularly synchronization so that plants get enough 
nitrogen when they need it most, is likely the greatest challenge for organic farmers (Makinde & Ayoola, 2010; 
Tunstall, 2008). Organic farmers also use animal manure, certain processed fertilizers such as seed meal and 
various mineral powders such as indigenous rock phosphate (Jama & Van Straaten, 2006; Van Straaten, 2002) 
and greensand, a naturally occurring form of potash which provides potassium, to maintain soil fertility (Lal, 
2003). Among the common organic manures in use in fertility management of soils in Kenya are poultry manure, 
cattle dung, swine dung and goat dung. The use of cattle dung by farmers cuts across the country. Research on 
soil and soil organisms has proven beneficial to organic farming (Chen, 2006; Hole et al., 2005; Ramesh et al., 
2005).  

Varieties of bacteria and fungi break down plant matter and animal waste into productive soil nutrients (Lal, 
2003). In turn, they produce benefits of safer yields and more productive soil for future crops (Ingram, 2007). 
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Apart from supplying nutrients, manure maintains soil organic matter (Riley et al., 2008; Mando et al., 2005). 
However, the uses of organic manures as sources of soil improvement are hindered by its bulkiness, low 
nutrients quality and low mineralization rates (Ayeni, 2010). Integrated soil nutrition management has been more 
feasible in maintaining nutrients status as well as crop production than single application of mineral or organic 
fertilizers (Vanlauwe et al., 2005). Thus Ayeni (2010) advocated for the use of combined organic waste and rock 
phosphates in legume integrated cropping systems. 

The objective of this study was to investigate the effect of application of farm yard manure and Minjingu rock 
phosphate on soil available nitrogen, phosphorus and organic carbon under field conditions under two crops 
(tomato and maize) intercropped with chickpea in soils typical of central Kenya. 

2. Materials and Methods 
2.1 Site Description 

The study was conducted both on-farm (one farmer’s field in Kiserian, Kajiado County) and on-station at Kabete 
Campus field station, University of Nairobi, Kenya. The Kiserian site lies at S 01.42254º and E 036.66036º with 
an elevation of 2070 m a.s.l and categorized under agro-ecological zone IV (Sombreak et al., 1982). The climate 
is typically semi-arid with annual temperature from 20 ºC and 28 ºC with a mean of 25 ºC and a total annual 
rainfall between 450 and 1200mm (Braunn & Weg, 1977). Kiserian soil is phaeozems (FAO-UNESCO, 1990). 
The Kabete site lies between S 01.24356º, E 036.74186º with an elevation of 1856m a.s.l. and categorized under 
agro-ecological zone III (Sombreak et al., 1982). The climate is typically sub-humid with mean annual 
temperature varying from 12-23 oC and a total annual rainfall ranging between 1200 and 1800mm (Braunn & 
Weg, 1977). Soil type is nitosols (FAO-UNESCO, 1990). Rainfall is bimodal with the long rains starting from 
March to June and short rains from October to December. 

2.2 Treatments and Experimental Design 

The experimental design was a randomized complete block design (RCBD) with split plot arrangement 
replicated four times. The main plots were cropping systems; monocropping, intercropping and crop rotation and 
the split plots were inputs (FYM and MPR). Each plot measured 4.8 × 3.75 m. The test crops were; tomato 
(Lycopersicon esculentum L., variety Rio Grande) and maize (Zea mays L, var. H513), intercropped or in 
rotation with chickpea. 

2.3 Land Preparation, Planting and Weeding of Tomato, Maize and Chickpea 

The land was prepared manually using hand hoes late February and September of 2012 and 2013. A nursery was 
established for tomato seed germination and after 6 weeks seedlings were transplanted each season. FYM 
characterization was done to determine the application rate to supply enough C, N and P. Often 10 t ha-1 FYM has 
been used in several field experiments to supply adequate amounts of P and N. Since Minjingu phosphate rock 
contains 28% P2O5, 490 kg ha-1 of it was applied to supply the recommended 60 kg P ha-1 to obtain good crop 
yields. Spacing of 30 × 75 cm for maize, 45 × 75 cm for tomatoes and 10 × 30 cm for chickpea pure stands were 
adopted. Weeding was done at 3 weeks after transplanting and after fruiting. Biopesticides and local plant extracts 
were used in pests and diseases management. The crops were planted in March and October during the long and 
short rain seasons of the years 2012 and 2013 and laid out as shown below (Figure 1).  

 

Monocropping  Crop rotation Intercropping 

FYM MPR Control  MPR FYM Control FYM MPR Control 

Intercropping  Monocropping Crop Rotation 

MPR Control FYM  FYM Control MPR Control FYM MPR 

Crop rotation  Monocropping Intercropping 

Control MPR FYM  Control FYM MPR FYM Control MPR 

Intercropping  Crop rotation Monocropping 

FYM MPR Control  MPR FYM Control FYM MPR Control 

Figure 1. Field layout 
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Table 1. Effects of cropping systems and organic inputs on soil nutrient status in maize at Kabete 

Season Cropping system Organic inputs pH (H2O) N (%) C (%) P (ppm) K (Cmol kg-1) 

I 

Crop rotation 
CONT 4.69cde 0.26cd 2.81c 12.2bc 0.72hij 
FYM 5.39klmn 0.50op 4.15k 19.2f 1.04s 
MRP 4.91efg 0.32fgh 3.39g 28.2h 0.85m 

Intercrop 
CONT 4.73cdef 0.35hij 2.85c 11.4abc 0.62e 
FYM 5.42klmn 0.48no 4.45l 35.0i 0.92pq 
MRP 5.34klmn 0.44m 3.63h 43.4k 0.79l 

Monocrop 
CONT 4.31a 0.16a 2.63ab 11.0abc 0.40a 
FYM 4.95efgh 0.34ghi 4.10k 17.6ef 0.67f 
MRP 4.52abc 0.23bc 3.35g 25.5g 0.46bc 

II 

Crop rotation 
CONT 4.59bcd 0.28def 2.74bc  9.7ab 0.70fgh 
FYM 5.25jklm 0.56q 4.40l 16.5e 1.05s 
MRP 5.18hijk 0.36hijk 3.28fg 37.2ij 0.89nop 

Intercrop 
CONT 4.78cdefg 0.35ghij 3.15de 12.1bc 0.68fg 
FYM 5.47lmn 0.53pq 4.65m 37.1ij 0.94q 
MRP 5.39klmn 0.45m 3.80ij 46.1l 0.78kl 

Monocrop 
CONT 4.55abcd 0.18a 2.56a  9.1a 0.43ab 
FYM 5.22ijkl 0.37ijk 4.10k 15.6de 0.71ghi 
MRP 4.76cdefg 0.26cd 3.06d 35.0i 0.49cd 

III 

Crop rotation 
CONT 4.73cdef 0.32efgh 2.77c  9.9ab 0.74ij 
FYM 5.44klmn 0.56pq 4.45l 16.9ef 1.10t 
MRP 4.96efgh 0.42lm 3.31fg 38.0j 0.86mn 

Intercrop 
CONT 4.75cdefg 0.31efg 3.10de 12.4bc 0.69fgh 
FYM 5.46lmn 0.62r 4.98n 38.0j 0.99r 
MRP 5.77o 0.39kl 3.71hi 47.1l 0.80l 

Monocrop 
CONT 4.37ab 0.18a 2.78c 10.4ab 0.44b 
FYM 5.02ghij 0.38ijk 4.11k 16.6e 0.73ij 
MRP 5.31klm 0.26cd 3.36g 24.0g 0.50d 

IV 

Crop rotation 
CONT 4.61bcd 0.28de 2.82c 10.7abc 0.71ghi 
FYM 5.29klm 0.55q 4.40l 18.2ef 1.10t 
MRP 5.60no 0.45mn 3.60h 41.1k 0.90op 

Intercrop 
CONT 4.8defg 0.39jkl 3.19ef 13.4cd 0.69fgh 
FYM 5.51mn 0.53pq 4.98n 41.0k 1.04s 
MRP 5.83o 0.46no 4.07k 50.9m 0.88mno 

Monocrop 
CONT 4.35ab 0.20ab 2.59a 11.3abc 0.45b 
FYM 4.98fghi 0.42lm 3.83j 18.0ef 0.75jk 
MRP 4.91efg 0.29def 3.13de 26.1gh 0.51d 

  Mean  5.03 0.37 3.56 24.06 0.75 
  LSD0.05 0.23 0.03 0.11 2.36 0.03 

Note. Cont-control, MRP-Minjingu rock phosphate, FYM-farm yard manure. Means with same letters within the 
column are not significantly different (P < 0.05).  

 

2.4 Soil Sampling and Analysis 

Soil sampling was done at planting and harvesting of the crops of each season. Soil samples were collected using 
a soil auger at a depth of 0-20 cm at 5 points using W-sampling procedure as described by Peters et al. (2008). 
The soil in each experimental unit was composited and a 500 g sample obtained and bagged in polythene bags 
for pH, P, K, total N, and organic-C analyses at the Section of Soil Science, Department of Land Resource 
Management and Agricultural Technology (LARMAT) at the University of Nairobi. 

The pH was measured with a glass electrode pH meter on 1: 2.5 (w/v) suspension of soil in water, and on 0.01 M 
CaCl2 solution, in all cases after shaking for 30 minutes (Okalebo et al., 2002). The plant available soil P content 
was estimated after shaking for 30 minutes at 1:10 ratio with double acid (conc. HCl and H2SO4). The 
Molybdenum Blue method was followed (Mehlich et al., 1962). The organic carbon was estimated by the 
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Walkley-Black method (Black, 1965). The total nitrogen was measured by the semi-micro Kjeldahl method 
(Black, 1965), and K (Cmol kg-1) was determined using flame photometer (Dean, 1960). 

2.5 Statistical Analysis 

Analysis of variance to assess the effects of sites, seasons, cropping systems and organic inputs (treatments) and 
their interactions on soil chemical properties was conducted using GENSTAT 15th Edition (Payne et al., 2006). 
The Least Significant Difference (LSD) test was used to separate means of significant differences among 
treatment means (P < 0.05) (Steel & Torrie, 1987).  

3. Results and Discussion 
3.1 Effects of Cropping Systems and Organic Inputs on Soil Nutrient Status in Maize 

The addition of FYM and MRP improved significantly (p < 0.05) soil fertility in teams of pH, N, P, K and C 
compared to a control treatment with no inputs across seasons and cropping systems. Soil pH, N, P K and C 
increased in the different treatments in the following order control < MRP < FYM in the three cropping systems 
across the four growing seasons at both sites. That is, MRP and FYM application had a significant (p < 0.05) 
effect on soil nutrient contents. The results of soil analysis in the maize at Kabete are shown in Table 1 and those 
of the Kiserian site in Table 2. Continuous cropping of land with little or no nutrient returns in the control plots 
have been found to lead to nutrient depletion and decline in soil fertility (Smalling et al., 1997; Bationo et al., 
2007; Giller et al., 2009; Miao et al., 2010).  

The increase in yield found in the current study is therefore attributed to the increased available nutrients due to 
MRP and FYM application. The higher nutrient uptake with combined FYM, MPR and legume integrations than 
the control in monocropping was probably synergised by enhanced P uptake (Teng & Timmer, 1994). Increased 
fertilizer N and P application depleting soil levels of other nutrients (such as K, Ca, Mg and Zn) were obtained 
by Smalling et al. (1997) and explained as due to rapid crop removal. Manure application increases soil pH, N, P, 
and such cations as Ca and Mg due to direct crop responses or to physical effects of addition of soil organic 
matter on water filtration or retention (Cooperband, 2002). However, the responses to cattle manure application 
are highly variable just as the chemical composition of the manures. Storage conditions may result in ammonia 
loss through volatilization and leaching of nitrates. Differences in cattle diets in addition to method of collection 
and storage, degree of decomposition and handling conditions also influence manure levels of organic C and N. 
A survey in Kisii central district in Kenya to determine how livestock and manure management practices 
(stocking rate, feeding, collection, composition and storage) affected the manure for crop production, indicated 
that collecting and heaping kraal manure on the soil surface resulted in very low quality manure (Schnier et al., 
1996).  
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Table 2. Effects of cropping systems and organic inputs on soil nutrient status in maize at Kiserian 

Season Cropping system Organic inputs pH (H2O) N (%) C (%) P (ppm) K (Cmol kg-1) 

I 

Crop rotation 
CONT 4.45cde 0.24cd 2.67c 11.6bc 0.69hij 
FYM 5.12klmn 0.48op 3.94k 18.5f 0.98s 
MRP 4.66efg 0.31fgh 3.22g 26.8h 0.81m 

Intercrop 
CONT 4.50cdef 0.34hij 2.71c 10.9abc 0.58e 
FYM 5.14klmn 0.46no 4.22l 33.2i 0.88pq 
MRP 5.07klmn 0.42m 3.45h 41.2k 0.75l 

Monocrop 
CONT 4.10a 0.16a 2.50ab 10.5abc 0.38a 
FYM 4.71efgh 0.32ghi 3.90k 16.7ef 0.63f 
MRP 4.29abc 0.22bc 3.18g 24.2g 0.44bc 

II 

Crop rotation 
CONT 4.36bcd 0.27def 2.60bc 9.2ab 0.66fgh 
FYM 4.99jklm 0.53q 4.18l 15.7e 0.99s 
MRP 4.92hijk 0.34hijk 3.11fg 35.3ij 0.85nop 

Intercrop 
CONT 4.54cdefg 0.33ghij 2.99de 11.5bc 0.65fg 
FYM 5.20lmn 0.50pq 4.41m 35.3ij 0.90q 
MRP 5.12klmn 0.42m 3.61ij 43.8l 0.74kl 

Monocrop 
CONT 4.32abcd 0.17a 2.43a 8.7a 0.41ab 
FYM 4.96ijkl 0.36ijk 3.90k 14.8de 0.68ghi 
MRP 4.52cdefg 0.24cd 2.90d 33.3i 0.46cd 

III 

Crop rotation 
CONT 4.50cdef 0.30efgh 2.63c 9.4ab 0.70ij 
FYM 5.17klmn 0.51pq 4.22l 16.0ef 1.04t 
MRP 4.71efgh 0.40lm 3.15fg 36.1j 0.82mn 

Intercrop 
CONT 4.52cdefg 0.30efg 2.95de 11.8bc 0.66fgh 
FYM 5.18lmn 0.59r 4.73n 36.1j 0.94r 
MRP 5.48o 0.37kl 3.52hi 44.8l 0.76l 

Monocrop 
CONT 4.15ab 0.17a 2.64c 9.9ab 0.42b 
FYM 4.77ghij 0.36ijk 3.90k 15.8e 0.70ij 
MRP 5.04klm 0.25cd 3.19g 22.8g 0.48d 

IV 

Crop rotation 
CONT 4.38bcd 0.27de 2.68c 10.1abc 0.67ghi 
FYM 5.03klm 0.53q 4.18l 17.3ef 1.05t 
MRP 5.32no 0.43mn 3.42h 39.0k 0.86op 

Intercrop 
CONT 4.56defg 0.37jkl 3.03ef 12.7cd 0.65fgh 
FYM 5.23mn 0.51pq 4.73n 39.0k 0.99s 
MRP 5.54o 0.46no 3.86k 48.4m 0.84mno 

Monocrop 
CONT 4.14ab 0.19ab 2.46a 10.7abc 0.43b 
FYM 4.73fghi 0.40lm 3.63j 17.1ef 0.71jk 
MRP 4.66efg 0.27def 2.98de 24.8gh 0.49d 

  Mean  4.78 0.35 3.38 22.86 0.712 
  LSD0.05 0.217 0.03 0.11 2.24 0.031 

Note. Cont-control, MRP-Minjingu rock phosphate, FYM-farm yard manure. Means with the same letters within 
the column are not significantly different (P < 0.05).  
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Table 3. Effects of cropping systems and organic inputs on soil nutrient status in tomato at Kabete 

Note. Cont-control, MRP-Minjingu rock phosphate, FYM-farm yard manure. Means with the same letters within 
the column are not significantly different (P < 0.05). 

 

 

 

 

 

 

 

Season Cropping system Organic inputs pH (H2O) N (%) C (%) P (ppm) K (Cmol kg-1) 

I 

Crop rotation 

CONT 4.11bcd 0.33d 2.96c 11.6bc 0.64hi 

FYM 5.17lm 0.45l 4.37k 18.5f 0.99q 

MRP 4.68ghi 0.38fgh 3.57g 26.8h 0.77m 

Intercrop 

CONT 4.24de 0.25b 3.00c 10.9abc 0.48bc 

FYM 5.75q 0.63p 4.68l 33.3i 1.12s 

MRP 4.86ijk 0.38fgh 3.82h 41.3k 0.56ef 

Monocrop 

CONT 3.97ab 0.22a 2.73a 9.9ab 0.43a 

FYM 5.01kl 0.52n 4.03j 15.8e 0.99q 

MRP 4.55fg 0.33d 3.30de 22.9g 0.50cd 

II 

Crop rotation 

CONT 4.18bcde 0.23a 2.89bc 9.2ab 0.68ij 

FYM 5.27mn 0.58o 4.63l 15.7e 1.05r 

MRP 4.78hij 0.36efg 3.45fg 35.4ij 0.82n 

Intercrop 

CONT 4.38ef 0.36efg 3.31de 11.6bc 0.57efg 

FYM 5.52op 0.50m 4.89m 35.4ij 0.88o 

MRP 4.99jkl 0.42jk 4.00ij 43.9l 0.73kl 

Monocrop 

CONT 3.86a 0.28c 2.69a 10.5abc 0.54def 

FYM 4.86ijk 0.41jk 4.32k 16.8ef 0.83n 

MRP 4.39ef 0.35e 3.22d 24.3g 0.69jk 

III 

Crop rotation 

CONT 4.23de 0.23a 2.91c 9.4ab 0.69jk 

FYM 5.33mno 0.58o 4.68l 16.1ef 1.07r 

MRP 4.84ijk 0.36ef 3.49fg 36.2j 0.83n 

Intercrop 

CONT 4.51fg 0.36efg 3.26de 11.8bc 0.58fg 

FYM 5.68pq 0.49m 5.24n 36.2j 0.89o 

MRP 5.16lm 0.45l 3.90hi 44.9l 0.74lm 

Monocrop 

CONT 3.99abc 0.32d 2.77ab 8.7a 0.45ab 

FYM 5.40no 0.43k 4.32k 14.8de 1.05r 

MRP 4.56fg 0.38gh 3.53g 33.4i 0.53de 

IV 

Crop rotation 

CONT 4.20cde 0.35e 2.97c 10.2abc 0.72kl 

FYM 5.68pq 0.49m 4.63l 17.4ef 1.12s 

MRP 4.80hijk 0.40ij 3.78h 39.1k 0.87o 

Intercrop 

CONT 4.53fg 0.42jk 3.36ef 12.8cd 0.61gh 

FYM 6.13r 0.56o 5.24n 39.1k 0.93p 

MRP 5.18lm 0.46l 4.28k 48.5m 0.77m 

Monocrop 

CONT 4.06abcd 0.32d 2.93c 10.7abc 0.46abc 

FYM 5.12lm 0.45l 4.32k 17.2ef 1.06r 

MRP 4.62gh 0.39hi 3.54g 24.9gh 0.53de 

  Mean  4.79 0.403 3.75 22.91 0.754 

  LSD0.05 0.19 0.018 0.12 2.25 0.039 
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Table 4. Effects of cropping systems and organic inputs on soil nutrient status in tomato at Kiserian 

Season Cropping system Organic inputs pH (H2O) N (%) C (%) P (ppm) K (Cmol kg-1) 

I Crop rotation CONT 3.86bcd 0.31d 2.78c 10.9bc 0.60hi 

FYM 4.86lm 0.42l 4.12k 17.4f 0.93q 

MRP 4.40ghi 0.35fgh 3.36g 25.2h 0.73m 

Intercrop CONT 3.99de 0.24b 2.82c 10.2abc 0.45bc 

FYM 5.40q 0.59p 4.40l 31.3i 1.05s 

MRP 4.56ijk 0.36fgh 3.59h 38.9k 0.53ef 

Monocrop CONT 3.74ab 0.21a 2.57a 9.3ab 0.40a 

FYM 4.71kl 0.49n 3.79j 14.9e 0.93q 

MRP 4.27fg 0.31d 3.10de 21.5g 0.47cd 

II Crop rotation CONT 3.93bcde 0.22a 2.71bc 8.7ab 0.64ij 

FYM 4.95mn 0.54o 4.35l 14.8e 0.99r 

MRP 4.50hij 0.34efg 3.24fg 33.3ij 0.77n 

Intercrop CONT 4.12ef 0.34efg 3.11de 10.9bc 0.54efg 

FYM 5.19op 0.471m 4.60m 33.3ij 0.82o 

MRP 4.69jkl 0.39jk 3.76ij 41.27l 0.68kl 

Monocrop CONT 3.63a 0.26c 2.53a 9.9abc 0.51def 

FYM 4.57ijk 0.38jk 4.06k 15.8ef 0.78n 

MRP 4.13ef 0.33e 3.02d 22.8g 0.64jk 

III Crop rotation CONT 3.97de 0.22a 2.74c 8.9ab 0.65jk 

FYM 5.01mno 0.54o 4.40l 15.1ef 1.00r 

MRP 4.55ijk 0.34ef 3.28fg 34.1j 0.78n 

Intercrop CONT 4.24fg 0.34efg 3.07de 11.1bc 0.54fg 

FYM 5.34pq 0.46m 4.93n 34.0j 0.84o 

MRP 4.85lm 0.43l 3.67hi 42.2l 0.69lm 

Monocrop CONT 3.75abc 0.30d 2.60ab 8.2a 0.43ab 

FYM 5.08no 0.40k 4.06k 13.9de 0.99r 

MRP 4.29fg 0.36gh 3.32g 31.4i 0.50de 

IV Crop rotation CONT 3.94cde 0.33e 2.79c 9.6abc 0.68kl 

FYM 5.34pq 0.46m 4.35l 16.3ef 1.04s 

MRP 4.51hijk 0.38ij 3.56h 36.8k 0.82o 

Intercrop CONT 4.26fg 0.39jk 3.16ef 12.0cd 0.57gh 

FYM 5.76r 0.53o 4.93n 36.7k 0.88p 

MRP 4.87lm 0.43l 4.02k 45.6m 0.73m 

Monocrop CONT 3.82abcd 0.30d 2.75c 10.1abc 0.43abc 

FYM 4.81lm 0.43l 4.06k 16.1ef 1.00r 

MRP 4.35gh 0.36hi 3.32g 23.4gh 0.50de 

  Mean  4.506 0.376 3.525 21.54 0.708 

  LSD0.05 0.178 0.017 0.113 2.11 0.037 

Note. Cont-control, MRP-Minjingu rock phosphate, FYM-farm yard manure. Means with the same letters within 
the column are not significantly different (P < 0.05). 

 

3.2 Effects of Cropping Systems and Organic Inputs on Soil Nutrient Status in Tomato 

In the tomato plots, treatment effects were as well observed in the two sites, with control treatment, performing 
significantly (p < 0.05) lower compared to FYM and MRP. Soil pH, N, P K and C increased in the different 
treatments in the following order control < MRP < FYM in the three cropping systems across the four growing 
seasons at both sites i.e. MRP and FYM application had significant (p < 0.05) effect on soil nutrient contents. In 
tomato under rotation with chickpea at Kabete for season four, control had; K 0.639 Cmol kg-1 while FYM had 
0.994 Cmol kg-1 (Table 3). The results of soil analysis in the tomato under cropping systems at Kabete are shown 
in Table 3. Those of the trial at Kiserian are shown in Table 4. 
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Table 5. Comparison of total harvested N and P in maize at Kiserian and Kabete 

Cropping system Organic inputs Kabete N (%) Grain P (ppm) Kiserian N (%) Grain P (ppm) 

Intercrop CONT 4.89 5980 5.16 7336 

FYM 6.43 6266 6.56 7564 

MRP 5.41 7228 5.45 9080 

Crop rotation CONT 2.58 3146 2.36 2951 

FYM 3.36 3336 3.19 3128 

MRP 2.78 3847 2.59 3609 

Monocrop CONT 4.43 5658 4.43 5551 

FYM 6.07 5933 6.04 5722 

MRP 4.87 6830 4.84 6871 

Note. Cont-control, MRP-Minjingu rock phosphate, FYM-farm yard manure. 

 

Table 6. Comparison of total harvested N and P in tomatoes at Kiserian and Kabete 

Cropping system Organic inputs Kabete N (%) Fruit P (ppm) Kabete N (%) Fruit P (ppm) 

Intercrop CONT 9.1 2031 9.3 2021 

FYM 13.6 2399 13.4 2279 

MRP 11.2 2334 11.3 2430 

Crop Rotation CONT 5.1 1062 4 1056 

FYM 7.3 1239 6.5 1189 

MRP 6 1232 5.1 1268 

Monocrop CONT 8.3 1946 7.9 1935 

FYM 12.1 2264 12.1 2179 

MRP 10.3 2253 9.7 2316 

Note. Cont-control, MRP-Minjingu rock phosphate, FYM-farm yard manure. 

 

In both plants (maize and tomato), total N and P were lower in control compared to FYM and MRP. Grain and 
Fruit, N and P increased in the different treatments in the following order control < MRP < FYM in the three 
cropping systems across the four growing seasons at both sites. The results of maize grain and tomato fruit 
analysis are shown in Tables 5 and 6. Organic-based amendments.  

Several studies have shown that long-term application of FYM can maintain soil nutrient levels and stimulate 
different aspects of soil fertility, because FYM ensures the largely constant presence of active microorganisms 
and the regular dynamics of biomass carbon (Nardi et al., 2004). In line with this concept, our results showed 
that combination of FYM and MRP with legume integration resulted in a substantial increase of nitrogen, 
phosphorus, and carbon. To a lesser extent potassium increased also, indicating the importance of adding manure 
in cropping systems. Presence of N and P in the farm yard manure was expected to affect the rate of OC, N and P 
mineralization in this experiment. Presence of N and P in FYM and P in phosphate rock might have led to the 
increase in OC, total N, and soil P. The pH condition of the manured and MRP applied plots was adequate for 
optimum mineralization of N and P. 

3.3 Soil N, P and K 

Clear-cut changes were observed on soil nitrogen due to influence of treatments (Tables 2-4). Higher soil N 
value observed under FYM following by MPR. This was due to the inherent N content of the waste material 
incorporated and transformation during composting and after application in the soil. The soil P was found to be 
influenced by treatments. The soil K varied from 0.9 to 1.1 Cmol kg-1 in MPR and FYM as compared to the 
lowest value obtained under control of 0.4 Cmol kg-1. Visible changes were observed in soil nitrogen due to 
influence of treatments from 2012 to 2013. Higher soil N values were observed under FYM followed by MPR. 
This was due to the inherent N content of the waste material incorporated and transformation during 
decomposition process. Dynamic changes of soil P from the year 2012 to 2013 was found to be influenced by 
treatments. The soil P recorded in the year 2012 is relatively lower as compared to the year of 2013. However 
FYM and MRP under Chickpea rotation and intercrops obtained the higher values compared to control in 
monocrops. 
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3.4 Effect of FYM and MRP on Soil pH 

Brodruzzaman et al. (2010) showed that after 3 crop cycles, soil pH increased after adding poultry manure but 
did not change in fields applied with inorganic fertilizers. Kisinyo et al. (2012), reported that large inputs of 
organic matter inputs (FYM) at 100 t ha-1year-1 and inputs from food factory sludge compost resulted in an 
increase in soil pH. The same study also observed that unlike pH, electric conductivity, (EC) of soil remained 
unaffected.  

The increase in soil pH and reduction of soil exchangeable acidity following application of manure and MPR can 
be attributed to the release of organic acids (during mineralization of manure), which in turn may have 
suppressed Al content in the soil through chelation (Onwonga et al., 2008). Moreover, MRP when applied in the 
soil reacts with water leading to the production of OH- ions and Ca2+ ions which displace H+ and Al3+ ions from 
soil adsorption sites resulting in an increase in soil pH (Kisinyo et al., 2012). These findings correspond to those 
of Adeniyan et al. (2011) who found increased soil pH with application of manure in Nigeria. It was observed 
that application of manure either solely or combined with P fertilizer and both P fertilizer and lime had a positive 
effect on soil exchangeable K, and may be attributed to release of K from the manure. Similar findings were 
reported by Chimdi et al. (2012).  

3.5 Effect of FYM and MRP on Plant Available Soil P 

The treatments applied i.e. MPR and FYM might have provided favourable condition for phosphatase enzymes 
in the mineralization of P in the soil. The increase in available P in soil samples applied with MPR substantiated 
the assertion that the P mineralized was not totally from the integration of chickpea. Kisinyo et al. (2012) 
emphasized that P availability is strongly correlated with OC. Presence of OC in the soils fertilized with MRP 
might also have enhanced P mineralization.  

Adeniyan et al. (2011) conducted a pot experiment to compare different organic manures with NPK fertilizer for 
improvement of chemical properties of acid and depleted soils. The authors showed that application of different 
types of organic manures enhanced soil organic C, total N, available P, exchangeable K and CEC better than 
NPK fertilizer in both soils. This indicates that organic manures are better at enhancing soil chemical properties 
as compared with inorganic fertilizers.  

The MRP treatment in chickpea intercrops had the highest P (51 ppm) observed at Kabete compared to 13.4 and 
41 ppm for the control and manure respectively (Table 1). MRP is a P fertilizer and contains 28% P2O5 that 
improved the soil’s mineral components. On the other hand FYM, may have improved the soil’s structure and 
hence its ability to hold nutrients. Thus the MPR and manure treatments created ideal conditions for nutrient 
uptake by the plant and retention in the soil matrix.  

These results indicate that a combination of both organic amendments and legume integrations is better at 
improving soil P compared to mono crops without treatments. These results are in agreement with those reported 
by Kathuku et al. (2011) where there was an increase in yield and nutrients in soil that were supplied with 
manure applications. As regards the P from organic amendments, Kisinyo et al. (2012) reported that compost 
applications increased plant available P in the soil. The biosolids-municipal solid waste co-compost, applied 
once in four years, was also found to effectively supply P to soil at 0-15 cm depth. The soil extractable P 
increased on average from 7.2 to 86 mg kg-1 in soil with enhanced application rates from 0 to 200 t ha-1 (Zhang 
et al., 2009). Furthermore, Kisinyo et al. (2012) suggested that 4-year beef cattle manure and composted manure 
application based on N needs of corn could eventually result in soil accumulation of P, since the manure or 
compost N/P ratio is usually smaller than the corn N/P uptake ratio.  

Abera et al. (2005) also found higher soil extractable P with higher application of manure. The soils tested low P 
(7.54 mg kg-1) before the experiment set. It was observed that the levels of P before planting were higher than 
after harvest under all treatments except for sole manure. The same trend was also observed by Abera et al. 
(2005) in Ethiopia and attributed it to the higher phosphorus fixation capacity of acid soils and to the uptake by 
plants.  

To alleviate P deficiency and improve maize performance in the central rift valley highlands of Kenya, 
application of Minjingu phosphate rock (MPR) is an alternative to the expensive triple super phosphate fertilizer 
(Onwonga et al., 2013). MPR is the predominant type of phosphate rock (PR) deposit in Eastern Africa with 
sufficient quantity and reactivity cum potential for direct application (Okalebo et al., 2007). In the study by 
Onwonga et al. (2013), solubilisation of MPR was achieved by the acidic nature of the study soils (pH in water 
solution < 5.0) and with the application of manure, conditions necessary for PR solubilisation (Okalebo et al., 
2007).  
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Certain plant species exhibit mechanisms localized in the rhizosphere that allow for efficient use of P through 
dissolution of PR (Okalebo et al., 2007). One such crop is chickpea. The legume forms special root structures 
called cluster or proteoid roots in response to P deficiency (Kisinyo et al., 2012). The roots strongly acidify the 
surrounding rhizosphere and secrete large amounts of organic acids, mainly citrate and this enables them access 
sparingly available nutrients such as phosphate (Weisskopf et al., 2011). 

3.6 Effect of FYM and MRP on Soil Organic Carbon 

Jiang et al. (2006) reported that continuous application of FYM and NPK mineral fertilizers increased soil 
organic matter by 80 and 10%, respectively, over 20 years in south China. FYM was more effective than 
inorganic fertilizers at increasing the soil organic carbon stock. The level of organic carbon in soil is believed to 
be a function of the net input of organic residues by the cropping system Jiang et al. (2006).  

Soil and crop-management practices such as crop rotation, legume intercrops, residue management, and 
phosphate rock therefore have a substantial effect on the level of soil organic carbon over time. Lal (2003) 
reported application of inorganic fertilizer is important to obtaining high yields, but may have little impact on 
organic carbon concentration unless used in conjunction with legume integration, no-till and residue 
management. In support to this Dadhich et al. (2011) reported that application of organic inputs such as FYM, in 
the required amounts significantly increased organic carbon. The quantity and quality of organic inputs affect 
rate of decomposition hence the more organic inputs with high N content the higher the decomposition rate. A 
considerable number of studies, concerning long-term fertility trials, pointed out that soil organic material 
applications increased the organic carbon stock and, therefore, increased the cation exchange capacity. This 
effect was due to the high negative charge of organic matter. This is important for retaining nutrients and making 
them available to plants (Kaur et al., 2008). 

In terms of sustainability, only farmyard manure fertilization maintained the total organic carbon level of 40 t C 
ha-1, measured in the top soil layers at the start of a 40-year experiment, while the average total organic C 
depletion was 23% with liquid manure and mixed fertilization treatments, 43% with mineral fertilizers alone and 
51% in the control (Nardi et al., 2004). Furthermore, the presence of weakly acidic chemical functional groups 
on organic molecules makes organic matter an effective buffer, as supported by the findings of Kaur et al. (2008). 
Effect of FYM and MRP on plant available soil nitrogen 

The plant available N is made up of the inorganic components of NH4
+ or NO3

-. Nitrogen is an essential nutrient 
for plant growth, chlorophyll and protein formation. Since soil N is mostly organic in nature, N concentrations in 
soil increase with increased organic matter contents (Kisinyo et al., 2012). After 18 years of external inputs and 
residue removal, the amounts of total soil N, extractable P and K in the soil were 0.14%, 10.9 mg kg-1 and 0.73 
Cmol kg-1, respectively. Of the three inputs (fertilizer, manure and stover) manuring had the only significant 
effect on total soil N (p < 0.001) increasing it by 33% (Kapkayia et al., 1999). 

Another study conducted in Turkey to compare the effects of composted tobacco waste (CTW) with FYM on soil 
physical and chemical properties and yield of lettuce, showed a significant increase in nitrogen in the FYM plots. 
Repeated long-term applications of organic amendments not only generally increase the size of the soil organic 
N pool, but also cause remarkable changes in soil characteristics, that influence N dynamics and can lead to a 
residual effect. Habteselassie et al. (2006a) found an 89% increase in total soil N content after 5 years when 
dairy-waste compost were applied at a rate of 200 kg N /ha-1. The organic matter mineralization process 
increases the amount of ammonium and nitrate in the soil. However, the NO3-N is minimally adsorbed by the 
soil particles because it is very mobile and is susceptible to losses into ground- and surface waters by infiltrating 
water. Within this context, it is essential to remember that the synchronization of N supply with crop N demand, 
together with a proper application rate, is the best way to avoid the accumulation of soil mineral N, thus reducing 
the risk of NO3-N leaching (Montemurro & Maiorana, 2008).  

4. Conclusion 
There were increments in soil plant available nutrients (nitrogen, carbon and phosphorus) with application of 
organic inputs (farm yard manure and Minjingu rock phosphate). This study demonstrated that application of 
organic amendments in chickpea integrated cropping systems enhanced soil available potassium, extractable 
phosphorous total nitrogen and organic carbon content. Manures and rock phosphates application improved soil 
fertility. 
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