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1. ABSTRACT  16 
Maize (Zea mays L.) is an important food crop in western Kenya, mostly grown by 17 
smallholder farmers in complex and risky cropping systems. Trends in population growth in 18 
the country indicate that the demand for maize is projected to increase 3-4% annually. 19 
Production is however hampered by the predominance of fragile ecosystems (acidic soils), 20 
low soil fertility and low use of chemical inputs. The average grain yield is less than 1.0 t ha-1 21 
instead of a reachable 5.0 t ha-1, leading to vicious cycle of food insecurity. An on-farm 22 
experiment was conducted in two soil types (Alfisols and Ultisols) in Kakamega, western 23 
Kenya, between February and September 2007 to test effects of various organic inputs 24 
(Farmyard manure, Tithonia biomass and Desmodium cover crop) in combination with 25 
inorganic fertilizers (N, P, K, Mg, B and Zn) on yield of maize. The design was Randomized 26 
Complete Block Design, replicated 5 times and the data was subjected to ANOVA and 27 
DMRT tests. Soil analysis before planting indicated that pH was 5.0 and 5.4 in Alfisols and 28 
Ultisols, respectively. Both soils were deficient in N and P but adequate in exchangeable 29 
bases (K, Ca and Mg). Maize grain yield was higher in Ultisols compared to Alfisols. In 30 
Alfisols, organic inputs in combination with 30 kg N ha-1 gave maize grain yield improvement 31 
of nearly 100% over farmer’s practice (non improved maize variety, wider plant spacing, 32 
inorganic fertilizer applied at the rate of 20 N + 20 P ha-1, one weeding). When inorganic 33 
fertilizer  (60 kg N + 60 kg P ha-1) was applied to maize/banana intercrop, maize yield 34 
increased by about 40%. In contrast, in Ultisols, organic inputs increased maize grain yield 35 
by between 85% and 115%, while maize/banana intercrop (plus 60 kg N + 60 kg P ha-1) 36 
increased maize grain yield by only 4% over the farmer’s practice. Banana intercrop reduced 37 
maize population resulting in low maize grain and stover yield. Use of either farmyard 38 
manure, tithonia biomass or desmonium cover crop in combination with 30 kg of N ha-1 (from 39 
inorganic source) can enhance maize production among smallholder farmers in acidic soils 40 
who ordinarily cannot afford to purchase adequate quantities of inorganic fertilizers. 41 
 42 
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 44 
 45 
INTRODUCTION 46 
  47 
Maize (Zea mays L.) is the most important staple food crop in Kenya. It is estimated that 48 

about 1.6 million hectares of land are under the crop annually with 80% being grown by 49 

smallholder farmers [1, 2], majority of whom are in western part of the country. However, the 50 

production does not match the population and industrial demand that increases at about 51 
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4.7% annually. Low soil fertility has been identified as one of the major constraints to maize 52 

production among smallholder farmers. Exacerbating the low soil fertility in the region is the 53 

high rate of acidity in many soils due to high rainfall, depletion of soil carbon and continuous 54 

cultivation. Predominant soils in western Kenya include Alfisols and Ultisols [3]. Alfisols are 55 

known to have undergone moderate leaching, are susceptible to surface compaction, 56 

erosion and acidify rapidly under continuous cultivation [4]. They have low water retention 57 

capacity [4] and are deficient in N and P [5, 6]. On the other hand, Ultisols are strongly 58 

leached, highly acidic, have multiple nutrient deficiencies of N, P, K, Ca and Zn and P- 59 

fixation tendencies; they are susceptible to erosion and compaction [7]. 60 

  61 

In Kenya, acid soils cover about 13% of prime agricultural land, mostly concentrated in 62 

western part of the country [8]. Acid soils significantly limit crop production through toxic 63 

levels of aluminum (Al) and manganese (Mn), as well as sub-optimal levels of P [9]. For 64 

optimum growth and grain yield, maize requires soils with ≥2.0% N [10], ≥13 mg P kg-1 [11] 65 

and pH range of 5.5-6.5. Studies have shown that crop yields in acidic, un-limed soils have 66 

declined even with application of adequate amounts of inorganic fertilizers [12]. Use of 67 

organic inputs, especially Tithonia diversifolia and Desmodium sp., can raise the pH [13] and 68 

improve fertility of the acidic soils [14]. Soils fallowed to Tithonia improved soil’s physical 69 

properties and had higher mineral values like N, P, K Ca and Mg [15]. Tithonia has a faster 70 

rate of decomposition because of it’s low lignin (6.5%) and polyphenol (1.6%) content [15], 71 

but has high nitrogen (3.5%), phosphorus (0.4%) and potassium (4.1%) [16]. Tithonia is an 72 

invasive annual weed growing abundantly in western Kenya mainly along roads, hedges and 73 

on uncultivated fields. Desmodium is a nitrogen-fixing shrub legume characterized by the 74 

following attributes: fast growing, easily degradable biomass, compatibility with maize crop 75 

and has no allelopathic effect on cereals [16, 17]. Several desmodium sp. are used as cover 76 

crops in maize and sorghum fields to repel Chillo partellus (stem borer) as well as 77 

suppression of witch-weed. They are also used as living mulch, green manure, besides 78 

being good animal fodder. Although organic inputs cannot meet crop P requirements, they 79 

can increase P availability by reducing its adsorption capacity in the soil [18]. Nutrient 80 

content of some commonly used organic materials is presented in Table 1. 81 

 82 

The objective of this experiment was to study the effect of organic inputs and their 83 

combinations with inorganic fertilizers on growth and yield of maize intercropped with 84 

banana in Alfisols and Ultisols in Kakamega, western Kenya. 85 

 86 

 87 
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Table 1. Nutrient content of some organic materials 88 

Material N (%) P (%) K (%) 

Cow manure 0.4-0.6 0.2 0.2-0.5 

Goat manure 1.4 0.2 0.3-1.0 

Sheep manure 0.7 0.3 0.4 

Poultry manure 1.1-1.5 0.8-1.3 0.5-2.7 

Tithonia biomass 3.97 0.3 4.6 

Desmodium biomass 3.44 0.15 - 

Mucuna biomass 3.56 0.17 - 

Leucaena leucocephala 3.74 0.26 3.37 

Source: [19]. 89 

  90 

MATERIAL AND METHODS  91 
 92 
Description of the Study Site 93 

The study was carried out in Kakamega within four administrative divisions of Ikolomani, 94 

Ileho, Shinyalu and Lurambi, western Kenya. The region has one of the most densely 95 

populated rural areas in the world with 500 to 1200 people km-2 [20, 21] with average 96 

household farm size of 0.7 ha of which about one half is planted to maize in combination 97 

with beans and sometimes, banana. The remaining portion is usually either under tea or 98 

sugarcane. The whole area is characterized by low input-low output and low incomes. Maize 99 

grain deficit lasts for at least four months every year, resulting in high levels of hunger and 100 

extreme poverty [22]. The experiment was carried out during the long rains season of 2007, 101 

beginning February to September. 102 

  103 

The soils in the study site are mainly Ultisols or Alfisols. Although there are pockets of fertile 104 

soils in the County, about 85% of the land is poor as a result of leaching from high rainfall 105 

and intensive cultivation with inadequate measures to maintain soil fertility. Annual rainfall 106 

ranges from 1200 to 1800 mm with a bimodal distribution allowing two cropping seasons. 107 

Long rains are experienced from March to June, peaking in April/May while the short rains 108 

begin in July, peaking in September.  The mean maximum and minimum temperatures 109 

range from 280C to 320C and 110C to 130C, respectively. Mean altitude of the area is 1200 110 

m.   111 

 112 



* Tel.: +254725512646 
E-mail address: goumaoindo@gmail.com 

Field Experiment 113 

Soil sampling was done in representative locations within the study site covering Alfisols and 114 

Ultisols prior to planting. Air-dried 2mm sieved samples were subjected to chemical analysis 115 

at National Agricultural Research Laboratories, Nairobi, as described by Okallebo [23]. Total 116 

N and available P were determined by micro Kjeldahl and molybdenum blue colorimetry 117 

methods, respectively. Exchangeable K, Ca and Mg were extracted using ammonium 118 

acetate. Soil pH was measured using a soil water ratio of 1:2.5 (w/v).  119 

 120 

On-farm experiment was established on selected ten farms (five each in Alfisols and 121 

Ultisols). Land preparation was done by hand-hoeing to a fine tilth and planting was done at 122 

the on-set of rain. Each experimental plot was planted with maize variety H614 at a spacing 123 

of 75 cm between the rows and 30 cm along the rows; two seeds per hole but later thinned 124 

to one plant per hill after emergence. The treatments of the experiment were: 125 

control/farmer’s practice (non-improved maize variety, wider plant spacing, fertilizer rate of 126 

20 N/P ha-1, one weeding); no weeding + no fertilizer, weeded-no fertilizer, 60 kg N ha-1, 127 

60/60 kg N/P ha-1, 60/60/40 kg N/P/K ha-1, 5 tons FYM + 30 kg N ha-1, 5 tons tithonia + 30 kg 128 

N ha-1, desmodium + 30/30 kg N/P ha-1, banana + 60/60 kg N/P ha-1, optimal fertilizer, and 129 

modified farmers’ practice (one weeding + 20/20 kg N/P ha-1). The treatments were arranged 130 

in a randomized complete block design with five replications in each soil type. Each 131 

experimental unit measured 19.5 m2. Data was subjected to ANOVA using SAS [24] Version 132 

8 and Duncan’s Multiple Range Test (DMRT) at 5% level was used to separate the means.  133 

 134 

Tissue-culture banana (cv. Kanyinjia) was planted as an intercrop at the same time with 135 

maize at a spacing of 3m x 3m. Desmodium intortum (green leaf) seed, also planted at the 136 

same time with maize, was drilled midway between maize rows at the rate of 1kg per ha. 137 

Desmodium cover crop was pruned two times during the season and leaves left on the soil 138 

surface to decompose and generate organic matter. Tithonia twigs were cut from the nearby 139 

roadsides, carried to the Research Station, sun dried and stored in a dry place in gunny 140 

bags. Tithonia and farmyard manure were incorporated on the plots 7 days before planting 141 

at the rate of 5 t ha-1 dry weight of each. Basal fertilizer was applied at the time of planting 142 

followed by side-dressing five weeks after emergence of maize. Inorganic N fertilizer was 143 

sourced from Urea, P was from Di-Ammonium Phosphate, K was from Potassium Chloride, 144 

Mg was from Magnessium Chloride, Zn was from Zinc Chloride while B was from Borate 145 

Chloride. Hand weeding was done two times except on farmers’ practice treatment that 146 

received one weeding. 147 

 148 
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Maize was harvested at physiological maturity as indicated by the formation of black layer at 149 

the pedicel of 50% of the sampled kernels.  At this stage, mean plant height was obtained by 150 

randomly selecting 5 plants from each plot, which were then cut at the soil surface level and 151 

their length measured with a tape measure from the cut surface to the tip of the longest 152 

tassel branch. Maize was harvested from four inner rows from a net plot of 13.5 m2. Number 153 

of plants and ears from the net plot were counted. An ear was described as any biological 154 

structure on a maize plant having a cob (with or without grains). All clean ears were hand 155 

shelled, weighed and recorded at the farm. Grain yield, adjusted to 13% moisture content 156 

was calculated by the formula:  157 

 158 

Grain yield (t ha-1) = FW*(100 – MC)/87*(10,000/NP)*SP)/1,000 159 

Where:  FW = Grain field weight from the net plot (kg), 160 

 MC = Grain moisture content at harvesting, 161 

 NP = Net plot (m2), 162 

 SP = Shelling percentage of the ear (estimated at 0.85) 163 

 164 
Another set of five plants was randomly selected and cut at the soil surface for purposes of 165 
estimating plant biomass. The plants were de-husked, cobs were removed and the 166 
remaining parts tied together, labeled and taken to KARI-Kakamega Laboratories. They 167 
were then chopped into small pieces, put in paper bags and dried in an oven at 700C until a 168 
constant weight was reached. The final weight represented the final biomass for each plot. 169 
 170 
 171 
RESULTS 172 
 173 
Soil chemical properties before planting maize 174 
 175 
Soil analysis before planting indicated significant differences between Alfisols and Ultisols 176 
(Table 2). Alfisols was more acidic compared to Ultisols. Other than available P that was 177 
higher in Alfisols, all other nutrients (carbon, nitrogen, potassium, calcium and magnesium) 178 
were higher in Ultisols.  179 
 180 

Table 2. Soil characteristics of maize fields in Alfisols and Ultisols in the 181 

administrative divisions of the study site. 182 

Division ∗∗∗∗Soil 

Type 

Soil 

pH 

(H2O) 

Total 

C (%) 

Total 

N (%) 

Extr. P 

(mg 

kg-1) 

Exch. K  

(cmol 

kg-1) 

Exch. 

Ca 

(g kg-1) 

Exch. 

Mg 

(g kg-1) 

Ileho Alf. 5.0 1.09 0.12 4.78 0.35 0.75 0.07 

Lurambi Alf. 4.9 1.08 0.11 7.85 0.42 1.07 0.10 

Shinyalu Ult. 5.4 2.39 0.22 5.00 0.55 1.65 0.18 

Ikolomani Ult. 5.3 1.45 0.15 5.23 0.41 1.14 0.14 
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Mean 

(Alfisols) 

5.0 1.07 0.12 6.18 0.38 0.81 0.08 

Mean 

(Ultisols) 

5.4 1.92 0.18 5.14 0.48 1.39 0.16 

∗Soil type: Alf. = Alfisols, Ult. = Ultisols 183 
 184 
Effect of organic inputs on growth parameters of maize 185 
 186 
Maize population at physiological maturity 187 
 188 
In Alfisols, highest plant population (37,778 per hectare) was recorded in optimal fertilizer 189 
treatment (Table 3). This was about 85% of the potential population. Farmer’s practice 190 
(control) had 62% of the potential plant population. All other treatments gave populations 191 
higher than farmer’s practice but significantly less than that in optimal fertilizer. In Ultisols, N 192 
(60 kg) treatment gave the highest plant population (39,556); which was 89% of maximum 193 
expected while farmer’s practice gave 62% of maximum expected (Table 4). Organic inputs: 194 
FYM, tithonia and desmodium gave populations that were significantly similar to that of NP 195 
treatment. Banana intercrop gave 68% of potential population. 196 
 197 
Table 3. Effects of organic inputs and inorganic fertilizer combinations on attributes 198 
and maize grain yield in Alfisols of Kakamega, Kenya 199 

Treatment Plants (ha-1)  Ears (ha-1) Plant 

Height 

(m) 

Maize 

Yield 

(t ha-1) 

Stover 

Yield 

(t ha-1) 

Farmer’s practice (Control) 27,704 b 17,778 de 2.3 c 1.9 e 6.0 f 

Unweeded, no fertilizer 28,593 ab 15,407 e 2.3 c 2.0 e 7.6 ef 

Weeded, no fertilizer 31,407 ab 22,222 bcde 2.3 c 2.9 cde 10.2 cdef 

N (60 kg) 31,407 ab 21,037 cde 2.4 bc 4.1 bcd 13.9 bc 

NP (60 kg N + 60 kg P) 30,815 ab 26,222 bc 2.5 abc 4.2 bc 13.7 bc 

NPK (60 kg N + 60 kg P + 40 kg K) 36,000 ab 29,481 ab 2.6 abc 4.7 b 16.5 b 

FYM + 30 kg N 30,815 ab 22,815 bcde 2.6 abc 3.9 bcd 12.2 bcde 

Tithonia + 30 kg N 34,815 ab 25,630 bcd 2.4 bc 3.8 bcd 13.1 bcd 

Desmodium + 30 kg N + 30 kg P 33,926 ab 26,963 bc 2.5 abc 3.4 bcd 11.9 bcde 
1Optimal fertilizer 37,778 a 35,407 a 2.8 ab 6.6 a 24.3 a 

Modified farmer’s practice  31,852 ab 22,518 bcde 2.5 bc 2.7 de 8.6 def 

Banana intercrop + 60 kg N + 60 kg P 29,630 ab 19,259 cde 2.9 a 2.7 de 11.6 bcde 

Mean 32,235 24,047 2.5 3.7 12.5 

CV (%) 17.1 19.5 9.4 24.1 24.0 

Means followed by the same letter within the same column are not significantly different at P≤0.05, 200 
using DMRT. 201 
  202 
1Optimal fertilizer = Optimal fertilizer: (N, P, K, Mg, Zn and B ((NPK was broadcast at planting at the 203 
rate of 200, 60 and 120 kg ha-1 of each)), respectively; Mg 20 kg ha-1, Zn 20 kg ha-1 and B 5 kg ha-1) 204 
 205 
 206 
Number of ears 207 
 208 
In Alfisols, optimal fertilizer treatment gave the highest number of ears (35,407) (Table 3). In 209 
relation to optimal fertilizer treatment, unweeded- no fertilizer and control gave 43% and 50% 210 
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ears, respectively. Among the organic inputs, desmodium gave number of ears significantly 211 
similar to that of NP (60 kg N + 60 kg P). FYM gave number of ears similar to that recorded 212 
in weeded, no fertilizer treatment. Banana intercrop treatment gave nearly half of the ears in 213 
relation to optimum fertilizer treatment. 214 
 215 
   216 
Table 4. Effects of organic inputs and inorganic fertilizer combinations on attributes 217 
and maize grain yield in Ultisols of Kakamega, Kenya 218 
 219 

Treatment Plants (ha-1)  Ears (ha-1) Plant 

Height 

(m) 

Maize 

Yield 

(t ha-1) 

Stover 

Yield 

(t ha-1) 

Farmer’s practice (control) 27,654 de 20,741 c 2.4 b 2.5 c 14.1 c 

Unweeded, no fertilizer 32,444 bcd 25,333 bc 2.5 b 3.9 bc 13.9 c 

Weeded, no fertilizer 33,111 abcd 26,222 bc 2.6 b 4.6 bc 16.1 bc 

N (60 kg) 39,556 a 29,926 ab 2.6 b 5.4 b 22.5 b 

NP (60 kg N + 60 kg P) 36,296 abc 29,037 ab 2.8 ab 5.4 b 20.5 bc 

NPK (60 kg N + 60 kg P + 40 kg K) 33,556 abcd 27,704 abc 2.6 b 5.6 b 21.8 b 

FYM + 30 kg N 35,111 abc 27,259 bc 2.6 b 5.3 b 20.1 bc 

Tithonia + 30 kg N 35,185 abc 27,852 abc 2.7 ab 5.0 bc 22.4 b 

Desmodium + 30 kg N + 30 kg P 36,593 abc 25,778 bc 2.6 b 4.7 bc 21.6 b 
1Optimal fertilizer 37,111 ab 34,518 a 3.2 a 9.1 a 30.8 a 

Modified farmer’s practice  26,111 e 24,259 bc 2.9 ab 4.0 bc 20.3 bc 

Banana intercrop + 60 kg N + 60 kg P 30,371 cde 20,741 c 2.8 ab 2.6 c 19.3 bc 

Mean 34,060 27,084 2.7 4.8 20.5 

CV (%) 12.4 17.4 11.9 14.1 22.4 

Means followed by the same letter within the same column are not significantly different at P≤0.05, 220 
using DMRT. 221 
1Optimal fertilizer = Optimal fertilizer: (N, P, K, Mg, Zn and B ((NPK was broadcast at planting at the 222 
rate of 200, 60 and 120 kg ha-1 of each)), respectively; Mg 20 kg ha-1, Zn 20 kg ha-1 and B 5 kg ha-1) 223 
 224 
In Ultisols, optimal fertilizer treatment gave the highest number of ears (34,518) (Table 4). In 225 
relation to optimal fertilizer, control and banana intercrop treatments reduced ear number by 226 
nearly 40% while modified farmer’s practice + fertilizer reduced it (ears) by about 30%. 227 
Whereas in relation to optimum fertilizer, desmodium and FYM reduced ear yield by nearly 228 
25%, tithonia and NPK reduced the ears by about 20%. N and NP in relation to optimum 229 
fertilizer reduced ear yield by nearly 15%. 230 
 231 
Maize plant height 232 
 233 
In Alfisols, banana intercrop gave tallest maize plants (2.9 m) (Table 3). Control, unweeded-234 
no fertilizer and weeded-no fertilizer treatments gave plants shorter by nearly 30% compared 235 
to banana intercrop treatment. NP, NPK, FYM and desmodium treatments were equal in 236 
height though nearly 10% shorter than the banana intercrop treatment. N, tithonia and 237 
modified farmer’s practice + fertilizer gave plants nearly 22% shorter compared to banana 238 
intercrop. In Ultisols, optimal fertilizer gave tallest plants (3.2 m) followed by NP, tithonia, 239 
farmer’s practice + fertilizer and banana intercrop which were nearly 13% shorter (Table 4). 240 
All the other treatments were not significantly different in height though they were about 21% 241 
shorter than banana intercrop treatment. 242 
 243 
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Maize grain yield 244 
 245 
In Alfisols, farmer’s practice (control) gave lowest maize yield of 1.9 t ha-1 (Table 3). Optimal 246 
fertilizer gave maize yield of 6.6 t ha-1, an increment of nearly 250% over the control. NPK 247 
and NP had a grain yield increment of 150% and 120% over control. Organic inputs (FYM, 248 
tithonia and desmodium) and N gave significantly similar yield with about 100% increment 249 
over control. Banana intercrop and modified farmer’s practice + fertilizer gave 42% yield 250 
improvement over control. In Ultisols, control gave the lowest grain yield of 2.5 t ha-1 (Table 251 
4). Optimal fertilizer gave 9.1 t ha-1, an increment of nearly 260% over control. Treatments N, 252 
NP, NPK and FYM gave grain yield increment of about 115% over control. Tithonia, 253 
desmodium, unweeded-no fertilizer and weeded-no fertilizer all gave grain yield 254 
improvement of nearly 84% while banana intercrop had a 4% increment. 255 
 256 
Maize stover yield 257 
 258 
In Alfisols, control treatment recorded the lowest stover yield (6.0 t ha-1) (Table 3.) while 259 
optimal fertilizer gave 24.3 t ha-1, an increment of about 300%. NPK treatment increased 260 
stover yield by nearly 175% over control while N and NP gave an increment of about 130%. 261 
Organic inputs (tithonia, FYM and desmodium) and banana treatment doubled stover yield 262 
over control. In Ultisols, control treatment gave stover yield of 14.1 t ha-1 compared to 263 
optimal fertilizer that gave 30.8 t ha-1, an increment of about 118% over the control (Table 4). 264 
Treatments N, NPK, tithonia and desmodium yielded about 56% above the control while NP, 265 
FYM, weeded-no fertilizer and banana treatments had an improvement of only 38% above 266 
control.  267 
 268 
DISCUSSION 269 
 270 
In our study, both Alfisols and Ultisols had low levels of N that may not be adequate for 271 
proper growth of maize (Table 2). Maize requires high levels of N (2%) to perform well [9]. 272 
Both soils were also low in P as they both fell below the critical level of 13.0 mg P kg-1 273 
required by maize for normal growth [10]. However, both soils had enough K with values 274 
ranging over the critical limit of 0.2 cmol K [25]. Abundance of rainfall in the area is partly 275 
responsible for leaching away of nitrates resulting in deficiencies of N. However, P is less 276 
prone to leaching. Its deficiency results rather from retrogression process in clay soils. 277 
Despite high rainfall in the area, the soils are moderate in Ca and Mg but generally higher in 278 
Ultisols compared to Alfisols. These exchangeable bases (K, Ca and Mg) are less prone to 279 
leaching because they are normally attached to the negatively charged surfaces of the soil 280 
colloids and not in soil solution as nitrates and phosphates. The soil analysis indicated that 281 
Ultisols are more productive (Table 2) and hence favour maize production compared to 282 
Alfisols. This probably explains why in the study, plant population, plant height, grain and 283 
stover yield was higher in Ultisols.   284 
 285 
Plant population was higher in Ultisols compared to Alfisols. However in both soils, cover 286 
crop (desmodium) and tithonia mulch significantly increased plant population. A similar 287 
observation was reported in a wheat crop [26]. Besides increasing soil fertility, mulches and 288 
cover crops help in retaining soil moisture, reduce soil temperatures and conserve soil. They 289 
also provide a more stable environment for seedling establishment and growth than un-290 
mulched soil [27,28]. 291 
  292 
Organic inputs with added minimal doses of inorganic fertilizer increased plant height in both 293 
soil types compared to non-fertilized treatments. This confirms a similar report by [14, 29]. 294 
Tithonia biomass is rich in N and P [15, 30]. Organic fertilizers exert strong influence on plant 295 
growth and development. Luxuriant growth resulting from fertilizer application leads to larger 296 
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dry matter production, owing to better utilization of solar radiation and more nutrients. The 297 
significant increase in plant height reflects the effect of organic fertilizer nutrients. An 298 
optimum plant height is positively correlated with productivity of the plant [31].  299 
 300 
Even though maize grain and stover yield showed higher improvement in Ultisols due to 301 
organic inputs, both soils recorded substantial increase in yield compared to non-fertilized 302 
treatments. A similar observation was reported by [32] in Ultisols of Cameroon. Desmodium 303 
cover crop, with minimal addition of N had a dramatic effect on maize plant height and grain 304 
yields in both soils. [33] reported a similar observation. 305 
 306 
CONCLUSION 307 
  308 
Integrated use of desmodium, tithonia biomass and farmyard manure with minimal addition 309 
of inorganic N fertilizer increased maize grain and yield components. The implication is that 310 
organic inputs could play significant role in enhancing and replenishing the depleted 311 
nutrients and sustain maize production in fragile soils. Combining organic and inorganic 312 
fertilizers appear to be advantageous because they both support the plant at early growth 313 
stage as well as late in the development stage. Moreover, nutrients from organic sources are 314 
not susceptible to leaching. Tithonia biomass that is cheaply and abundantly available is rich 315 
in N and P. Several desmodium spp are useful as living mulch and as green manure, as they 316 
are able to replenish fertility due to their ability to fix atmospheric N besides being good 317 
animal fodder as well as stem borer repellant. Intercropping maize and banana reduced 318 
maize grain yield. However, it is not likely that farmers will stop the cropping practice. There 319 
is need to study socio-economic benefits of the system before a recommendation can be 320 
made. Adoption of integrated soil improvement approaches remains the only feasible option 321 
for smallholder farmers to improve maize production in fragile environments as long as the 322 
prices of imported inorganic fertilizers remain un-affordable. 323 
 324 
ACKNOWLEDGEMENTS 325 
 326 
This study was made possible by financial contribution from BIOTA-subproject under Prof. 327 
Dr. Mathias Becker of Bonn University and the Director of Kenya Agricultural Research 328 
Institute, Nairobi, Kenya. The financial assistance was highly appreciated.  329 
 330 
REFERENCES 331 
 332 

1. Mills, B., Hassan, R., & Mwangi, P. (1994). Maize research priorities in Kenya. 333 

Measuring research induced economic surplus changes with multiple spatially 334 

separated markets. A contribution to KARI maize programme priority setting 335 

exercise. Kenya Agricultural Research Institute, Nairobi, Kenya. 336 

2. Mureithi, J. G., Macharia, P. N., Kiiya, W. W., Gitahi, F. M. & Nekesa, C. O. (2006). 337 

Identifying suitable green manure legumes for the major agro-ecological zones in 338 

Kenya: Legume screening and database development. In: Mureithi, J. G., Gachene, 339 

C. K. K., Wamuongo, J. W. & Eilitta, M. (Eds.), Development and up-scaling of green 340 

manure legume technologies in Kenya. Kenya Agricultural Research Institute. Pp 9-341 

42. Nairobi, Kenya. 342 



* Tel.: +254725512646 
E-mail address: goumaoindo@gmail.com 

3. Jaetzold, R. and Schmidt, H. (1982). Farm Management Handbook of Kenya. Vol 343 

2A. Ministry of Agriculture, Kenya, in Cooperation with the German Agricultural 344 

Team (GAT) of the German Agency for Technical Cooperation (GTZ). 345 

4. Kang, B. T. and Juo, A. S. R. (1983). Management of low activity clay soils in 346 

Tropical Africa for food crop production. Pp. 450-470. In: Beinroth, F. H., Neel, H. 347 

Eswaran, H. (Eds.). Proceedings of the Fourth  International Soil Classification 348 

Workshop, Kigali, Rwanda. 349 

5. Lal, R. (1974). Role of mulching techniques in tropical soils and water management. 350 

Technical Bulletin 1. IITA, Ibadan, Nigeria. 351 

6. Cottenie, A., Kang, B. T., Kiekens, L. & Sajjapongso, A. (1981). Micronutrients 352 

status. In: Greenland, D. J. (Ed.). Characterization of soils in relation to their 353 

classification and management for crop production. Examples of some areas of the 354 

humid tropics. London: Oxford University Press. Pp. 149-163. 355 

7. Kang, B. T. and Fox, R. L. (1981). Management of soils for continuous production 356 

and controlling nutrient status. In: Greenland, D. J. (Ed.). Characterization of soils in 357 

relation to their classification and management for crop production. Examples of 358 

some areas of the humid tropics. London: Oxford University Press. Pp. 202-213. 359 

8. Kanyanjua, S.M., Ireri, L., Wambua, S. & Nandwa, S. M. (2002). Acidic soils in 360 

Kenya: Constraints and remedial options. KARI Technical Note No. 11, June, 2002. 361 

Kenya Agricultural Research Institute, Nairobi, Kenya. 362 

9. Kochian, L. V., Hoekenga, O. A. & Pineros, M. A. (2004). How do crop plants 363 

tolerate acid soils? Mechanisms of aluminum tolerance and phosphorus efficiency. 364 

Annual Review of Plant Biology. 55:459-493. 365 

10. Landon, J. R. (1991). In Landon, J. R. (Ed.). “Booker tropical science manual: A 366 

handbook for soil survey and agricultural land evaluation in the tropics and 367 

subtropics”. Longman Science and Technical Publication, Harlow, UK. 368 

11. Schnier, H. F., Recke, H., Muchena, F. N. & Muriuki, A. W. (1996). Towards a 369 

practical approach to fertilizer recommendations for food crop production in 370 

smallholder farms in Kenya. Nutrient Cycling in Agroecosystems, 47: 213-226. 371 

12. Lungu, O. I. M. & Dynoodt, R. F. P. (2008). Acidification from long-term use of urea 372 

and its effect on selected soil properties. African Journal of Food Agriculture 373 

Nutrition and Development, 8(1): 63-76. 374 

13. Tanimu, J., Iwuafor, E. N. O., Odunze, A. C. & Tian, G. (2007). Effect of 375 

Incorporation of Leguminous Cover Crops on Yield and Yield Components of Maize. 376 

World Journal of Agricultural Sciences, 3 (2): 243-249. 377 



* Tel.: +254725512646 
E-mail address: goumaoindo@gmail.com 

14. Giller, K. E., Cadish, G., Ehaliotis, C., Adams, E., Sakala, W. D., and Mafongoya, 378 

P.L. (1997). Building soil nitrogen capital in Africa. P. 151-192. In R. J. Buresh, P. A. 379 

Sanchez, and F. Calhoun (Eds.). Replenishing soil fertility in Africa. SSSA Spec. 380 

Publ. No. 51. SSSA, Madison, WI. 381 

15. Ojeniyi, S. O., S. A. Odedina and T. M. Agbede. (2012). Soil productivity improving 382 

attributes of Mexican Sunflower (Tithonia diversifolia) and Siam weed (Chromolaena 383 

odorata). Emirates Journal of Food and Agriculture, 24(3): 243-247. 384 

16. Babajide, P. A., W. B. Akambi, O. S. Olabode, J. O. Olaniyi, and A. T. Ajibola. 385 

(2012). Influence of pre-application handling techniques of Tithonia diversifolia 386 

residues on sesame in southwestern Nigeria. Journal of Animal and Plant Sciences, 387 

15(2): 2135-2146. 388 

17. Jama, B., C. A. Palm, Buresh, R. J., Niang’, A., Gachengo, C., Nziguheba, G., & 389 

 Amadalo, B.(2000). Tithonia diversifolia as a green manure for soil fertility 390 

improvement in western Kenya: A review. Agroforestry Systems, 49: 201-221. 391 

18. Nziguheba, G., Palm, C. A., Buresh, R. J. & Smithson, P.C. (1998). Soil phosphorus 392 

 fractions and absorption as affected by organic and inorganic sources. Plant and 393 

Soil, 198: 159-168. 394 

19. Gachene, C. K. K. and G. Kimaru (Ed.). 2003. Soil Fertility and Land Productivity: A 395 

Guide for Extension Workers in the Eastern Africa Region. RELMA, Nairobi. 396 

20. Diwani, T. N. A. (2009). Implications of resource management on soil fertility in 397 

 common farm types in Kakamega, western Kenya. PhD Thesis, University of Bonn, 398 

Germany. 399 

21. Hoekstra, D. & J. D. Corbett. (1995). Sustainable agricultural growth for highlands of 400 

 East and Central Africa: Prospects to 2020. International Food Policy Research 401 

Institute, Washington, DC. 402 

22. Tittonell, P., B. Vanlauwe, Leffelaar, P.A., Rowe, E.C. & Giller, K.E. (2005). 403 

Exploring diversity in soil fertility management of smallholder farms in western 404 

Kenya. I. Heterogeneity at region and farm scale. Agriculture, Ecosystems and 405 

Environment, xxx(2005)xxx 406 

23. Okallebo, J. R., K. W. Gathua and P. L. woomer. (1993). Laboratory methods of soil 407 

 and plant analysis: A working manual. TSBF. Soil Science Society of East Africa 408 

Technical Publication No. 1. Nairobi, Kenya. 409 

24. SAS. (2007). Statistical Analytical Systems, SAS Institute Inc., Cary, NC. USA. 410 

25. Gikonyo, E. W. & Smithson, P. C. (2004). Effects of farmyard manure, Potassium 411 

and their combinations on maize yields in the high and medium rainfall areas of 412 



* Tel.: +254725512646 
E-mail address: goumaoindo@gmail.com 

Kenya. In B. Andre, (Ed.), “Managing Nutrient Cycles to Sustain Soil Fertility in Sub 413 

Saharan Africa”. Academy Science Publishers (ASP), Nairobi. 414 

26. Ahmed, Z. I., Ansar, M. Iqbal, M., & Minhas, N. M. (2007). Effect of planting 415 

geometry and mulching on moisture conservation, weed control and wheat growth 416 

under rainfed conditions. Pakistan Journal of Botany, 39(4): 1189-1195. 417 

27. Doshouyu, T., M. W. Enpig and S. Wqingshan. (1995). A study of the overall effect 418 

of straw mulching and ploughing-in and techniques for its applications. Ningxia 419 

Journal of Agriculture, Forestry Science and Technology, (2): 10-14. 420 

28. Osuiji, G. E. (1990). Tillage and mulching effect on seed zone soil environment and 421 

   cowpea seedling growth in humid tropics. Soil Use and Management, 6(3): 152-156. 422 

29. Olubukola, S. A., O. O. Aderemi, E. Adewoyin, D. Tinuke, H. A. Akintoye and A. J. 423 

 Oladipupo. (2010). Comparing the use of Tithonia diversifolia and compost as soil 424 

amendments for growth and yield of Celosia argentea. New York Science Journal, 425 

3(6): 133-137. 426 

30. Olabode, O. S., Ogunyani Sola, W. B. Akambi, G. O. Adesina, and P. A. Babajide. 427 

(2007).  Evaluation of Tithonia diversifolia for soil improvement. World Journal of 428 

agricultural Sciences, 3(4): 503-507. 429 

31. Saeed, I. M., Abbasi, R., & Kazim, M. (2001). Response of maize to nitrogen and 430 

 phosphorus fertilization under agro-climatic conditions of Rawalokol, Azad Jammu 431 

and Kaslim and Kashmir. Pakistan Journal of Biological Sciences, 4: 949-952. 432 

32. Kaho, F., M. Yemefack, B. A. K. Nguimgo and C. G. Zonkeng. (2004). The effect of 433 

short rotation Desmodium distortum planted fallow on the productivity of Ultisols in 434 

center Cameroon. Tropicultura, 22(2): 49-55. 435 

33. Midega, C. A. O., J. Pittchard, D. Salifu, J. A. Pickett, and Z. R. Khan. (2013). 436 

Effects of mulching, N-fertilization and intercropping with Desmodium uncinatum on 437 

Striga hermonthica infestation in maize. Crop Protection, 44, pp 44-49. 438 


