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Abstract 

A maize agronomic study was conducted between May and August 2012 in a 10 x 10 km block in 
Kandara District. The objectives of the study were to determine factors affecting maize production in the 
County and actual maize production under farmers’ practices and management. A questionnaire was 
used to collect information on maize growing, management practices and actual yields under farmers’ 
practices. Questionnaires were administered to farmers in 16 clusters of 15-20 farmers separated by 2.5 
km within the block. A total of 302 farmers were interviewed between May and July 2012. Maize yields 
from 238 farms were measured in August 2012 from replicate plots measuring 2 x 3 m within a 5 x 5-m 
plot. Soil analysis for available nutrients was carried out at the Kenya Agricultural Researc Institute 
(KAR) at Kabete. Most (30.5%) of the farms produced 1-2 t ha-1 of maize grain. Only 6.4% of the farms 
produced more than 5 t ha-1. Most (87%) of the farmers used their own unique maize spacing. The use of 
improved maize varieties was widespread. Only 20.5% of the farmers planted a local maize variety Most 
(62%) of the farms had Nitrogen deficiency while 25% had phosphorus deficiency. Soil pH on most farms 
was within the satisfactory range for crop growth except in 18.4% of the farms where it was 4.27-4.99. 
Fertiliser (NPK) was the most popular followed by DAP. On average, 89% of the farmers were using 
inorganic fertilisers while 91% used manure. Fertiliser application rates in Kandara are low. Since plot 
sizes in Kandara are small (0.01-0.5 ha) food security can only be improved by increasing maize 
production per unit area. 
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Introduction 

Many factors limit crop production on smallholder farms in Kenya. These include low and declining soil 
fertility, pests and diseases, lack of inputs, farmers inability to purchase inputs in sufficient quantities, 
low quality of inputs such as manure, fertilisers and seeds and farmers knowhow. Past research has 
generated numerous soil fertility technologies that can increase rural incomes and food production. 
However, the gap between research and application of best nutrient management practices is wide. The 
proportion of small-scale farmers using fertiliser varies from 10% in the dry lowlands to over 85% in 
central and northwestern Kenya. Mineral fertilisers are an important entry point to increasing crop 
productivity, and substantial increases in crop yields have been demonstrated using modest amounts of 
fertiliser. Combining mineral fertilisers with organic resources such as manure leads to improved 
nutrient use efficiencies than when used separately (Esilaba and Kibunja, 2010). 

A maize agronomic study was conducted between May and August 2012 in a 10 × 10-km block in 
Kandara County. The work was conducted jointly by the Kenya Soil Survey (KSS) and the Plant Nutrition 
Programme of the Kenya Agricultural Research Institute (KARI), Kabete. The soils of the area are 
described as well drained, extremely deep, dusky red to dark reddish brown, friable clay, with an acid 
humic topsoil classified as humic Nitosols (Sombroek et al., 1982). Plot sizes are small (90% of the plots 
are 0.01-0.05 ha). Crops grown under rainfed are maize and bananas while sweetpotatoes, kales, 
sugarcane and cut flowers are grown under irrigation. The livestock in the farms consist of dairy cattle 
and goats under zero-grazing with Napier grass as the main fodder. 

The objectives of the study were to (a) determine factors affecting maize production in Kandara County 
and (b) assess actual maize production under farmers’ practices and management.  



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

2 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation 
Nakuru, Kenya. 20-25 October 2013 

Materials and methods 

Study site 

The 10 × 10 km Kandara block (36˚ 57’ 08’’E and 36˚ 02’ 31’’E; 0˚ 51’ 02’’S and 0˚ 51’ 02’’S) lies within four 
agroecological zones (lower highland zone one [LH1], Upper midland zones 1, 2 and 3 [UM1, UM2 and 
UM3] (Jaetzold et al., 2006) while the Kandara 10 x 10 km block site lies within UM1 and UM2. Zone UM1 
covers 2570 ha while UM2 covers 7430 ha. It receives bimodal average annual rainfall of 1200-1600 mm. 
Rainfall in the first rainy season (March-August) ranges from 500-700 mm and 300-400 mm in the 
secondrainy season (October-February) (Jaetzold et al., 2006). The mean annual temperature is 18.0-19.7° 
C. The mean annual potential evaporation (Eo) is 1200-2100 mm (Jaetzold et al., 2006). 

The soils of the area are described as well drained, extremely deep, dusky red to dark reddish brown, 
friable clay, with an acid humic topsoil classified as humic Nitosols (Sombroek et al., 1982). Plot sizes are 
small (90% of the plots measure 0.01-0.05 ha). Crops grown under rainfed are maize and bananas while 
sweetpotatoes, kales, sugarcane and cut flowers are under irrigation. Other rain-fed crops and fruits 
include tea, coffee, beans, mangoes, avocados and macadamia nuts. Livestock consist of dairy cattle and 
goats under zero-grazing with Napier grass as the main fodder. 

Data collection 

A structured questionnaire was used to collect information on maize growing, management practices and 
harvests under farmers’ practices. Data were taken on name of farmer, location, crops planted, row and 
hill spacing, (number of plants in the 5 x 5-m plots, planting dates, whether thinning was done or not, 
weeding and timing, estimate of weed cover, pests and diseases, soil quality, soil conservation measures, 
GPS coordinates of whole farm and plots under maize and maize yields. Questionnaires were 
administered to farmers in 16 clusters, 2.5 km from each other in the block. Each cluster had 15-20 
farmers. A total of 302 farmers were interviewed between May and July 2012 and soil samples from a 
depth of 0-30 cm collected from each farm for fertility analysis. Maize was harvested from 238 farms in 
August 2012 from replicate plots measuring 2 × 3 m within a 5 × 5 m-plot.  

Soil analysis  

The soil samples collected from the field were air-dried and sieved through a 2-mm sieve before analysis. 
Soil pH and electrical conductivity (EC) were measured using the analytical procedure described by 
Hinga et al. (1980). Organic carbon was determined using the procedure described byAnderson and 
Ingram (1993). Total nitrogen (N) was determined using the procedure described by Okalebo et al. (2002). 
Potassium (K) and sodium (Na) and calcium (Ca) were determined with a flame photometer. magnesium 
(Mg) and manganese (Mn) were determined calorimetrically and P was determined using Olsen method 
(Hinga et al., 1980). Iron, copper and zinc were determined using Atomic Absorption Spectrophotometer 
(AAS). 

Data analysis 

The data collected using the questionnaires were entered into the Census and Survey Processing System 
(CSPro) software using pre-designed templates after first verifying and correcting any errors. The data 
were then exported to an Excel spreadsheet for analysis. 

Results 

Maize grain and dry matter yields under farmer’s practice 

Table 1 shows the maize yields from 236 farms within the 10 × 10 km block. Most farms (30.5%) produced 
1-2 t of maize grain and only 6.4% of the farms produced more than 5 t ha-1 while 9.3% had less than one 
tonne per hectare. 

Farmers’ crop management practices 

Maize spacing. Table 2 shows the measured maize inter-row and intra-row spacings from the 231 farms. 
Two hundred and one households used their own spacing. Thirty had a form of shared spacing. 
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Table 1: Maize grain yield in Kandara 10 × 10 km block under farmers’ practice, August 2012 

Mean maize yields (t ha-1) No. of harvested farms Total farms harvested (%) 

0-1 22 9.3 

1-2 72 30.5 

2-3 70 29.7 

3-4 41 17.4 

4-5 16 6.8 

> 5000 15 6.4 

Total 236  

 

Table 2: Shared maize inter- and intra-row spacings in the Kandara10 × 10 km block 

Inter-row x intrarow spacing (cm) No. of farmers using the spacing  

80 × 40 5 

80 × 42 2 

85 × 42 2 

87 × 50 2 

90 × 40 4 

95 × 40 2 

97 × 46 2 

100 × 40 4 

100 × 41 2 

100 × 50 3 

100 × 55 2 

Total 30 

 

The wide variation in inter-row and intra-row spacing had no significant effect on maize yield (F(10, 27) = 
0.657, p, 0.748). The arrows in the Figure are error bars. The arrows in the Figure are error bars.  

 

 

 

 

 

 

 

 

 

Figure 2. Effect of inter- and intra-row spacing on maize yield in the Kandara 10 × 10-km block 

Maize varieties 

Some (20.5%) of the farmers plant a local varieties while another 20.5% prefer using more than one 
variety per farm per season. Variety H513 was planted by 12.5% while Pioneer was planted by 11.2% of 
the farmers. Each of the other hybrids like Dk, Duma, H512, H514 and H516 were planted by less than 9% 
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of the farmers. Popular varieties include local, Pan, H513, Pioneer, Dk, Duma and H614. Figure 3 shows 
the effect of maize varieties used on grain yields for farmers who obtained more than 5000 kg ha-1 of grain 
maize.The varieties had a significant effect on maize yield (F(9,27) = 4.479, p, 0.003). 

 

Figure 3: Maize yields of over 5000 kg ha-1 matched with the variety used in Kandara 10 × 10 km block 

 

Soil fertility status 

Table 3 shows percentage of farms which were deficient in nitrogen, phosphorus, calcium and 
manganese. Sixty-two percent of the farms were deficient in N (< 0.2 % total N) while 25% of the farms 
were deficient in P (< 30 % ppm of P). Eleven percent were deficient in Ca (< 2 me %) while 3% were 
deficient in manganese (< 0.11 me %). Potassium, magnesium, copper, iron and zinc were in adequate 
quantities. 

Table 3 : Nutrient deficiency in the Kandara 10 × 10 km block 

Element  Farms with deficiency (%) 

Total nitrogen  62 

Phosphorus  25 

Calcium (me %)  11 

Manganese  3 

pH status 

Twenty-one out of 228 farms (9.2%) had a pH of 6.0-7.13. Many (35.5%) of the farms had pH of 5.50-5.99, 
36.8% had 5.48-5.0 and 18.4% had 4.99-4.27%. Maize require a pH of 5.5-8.0 (Jaetzold et al., 2006) 
indicating that pH was outside the suiTable range in 55.2% of the farms.  

Application of fertiliser and manure 

Fertiliser NPK is the most popular for planting followed by DAP (Tables 4, 5 and 6). Eighty-one farmers 
used the wrong fertiliser (CAN) for planting in long rains 2012 (Table 4). A few farmers use NPK and 
DAP for topdressing instead of CAN or urea. 
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Table 4: Fertiliser application by farmers during the 2012 long rains 

 
Planting 

 
No of farmers 

Quantity (kg) 

0-10 10.1-25 25.1-50 >50 

CAN 81 20 35 21 5 

DAP and NPK 30 10 11 7 2 

NPK 114 33 44 31 6 

None 26 26 0 0 0 

Others1 12 3 7 2 0 

Totals 263 92 97 61 13 

% users 90.1 25.1 36.9 23.2 4.9 

Topdressing      

CAN 132 56 33 37 6 

Urea 15 12 3 0 0 

CANandUrea 9 8 0 1 0 

None 38 38 0 0 0 

Others2 10 8 1 1 1 

Totals 204 122 37 38 7 

% users 81.4 41.2 18.1 18.6 3.4 

 

Table 5: Fertiliser application by farmers during the 2011 short rains 

 
Planting 

No of farmers Quantity (kg) 

0-10 10.1-25 25.1-50 >50 

DAP  69 21 28 17 3 

DAP and NPK 28 9 11 6 2 

NPK  122 33 49 32 8 

None 26 26 0 0 0 

Others1 17 7 9 1 0 

Totals 262 96 97 56 13 

% users 90.1 26.7 37.0 21.4 5.0 

Topdressing      

CAN 160 64 63 27 6 

CAN and Urea 10 8 1 1 0 

Urea 16 12 2 2 0 

None 28 28 0 0 0 

Others2 14 10 3 0 1 

Totals 228 122 69 30 7 

% users 87.7 41.2 30.3 13.2 3.1 

 

For the three seasons, 37%of the farmers who used fertilisers applied between 10 and 25 kg ha-1 with 
26.3% applying less than 10 kg ha-1 and 26.1% applying more than 25 kg ha-1 at planting (Table 9). During 
topdressing, 41% of the farmers applied less than 10 kg ha-1 while 25.4% applied between 10 and 25 kg ha-
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1 and 28.7% applied more than 25 kg ha-1. Overall, 90.7% and 86.9% of the farmers said they use fertilisers 
at planting and topdressing, respectively.  

 

Table 6: Fertiliser application by farmers during the 2011 long rains 

 
Planting 

 
No of farmers 

Quantity (kg) 

0-10 10.1-25 25.1-50 >50 

DAP  76 22 33 18 3 

DAP and NPK 27 9 11 7 2 

NPK  114 33 44 29 7 

None 24 24    

Others1 16 6 8 1 0 

Totals 257 94 96 55 12 

% users 90.7 27.2 37.4 21.4 4.7 

Topdressing      

CAN 159 64 61 27 7 

CAN and Urea 12 9 2 1 0 

Urea 14 10 2 2 0 

None 30 30    

Others2 14 10 3 0 1 

Totals 229 123 68 30 8 

% Users 86.9  40.6 27.9 13.1 3.5 

 

Table 9: Summarised fertiliser application quantities and percentage of farmers involved per category 
during the 2012 long rains, the 2011 short rains and the 2011 long rains 

 
Season 

Quantity (kg ha-1) 

0-10 10.1-25 25.1-50 >50 

Percentages at planting stage 

LR 2012 25.1 36.9 23.2 4.9 

SR 2011 26.5 36.7 21.2 4.9 

LR 2011 27.2 37.4 21.4 4.7 

Mean 26.3 37.0 21.9 4.8 

Percentages at topdressing stage 

LR 2012 41.2 41.2 18.1 3.4 

SR 2011 41.2 41.2 30.3 3.1 

LR 2011 40.6 40.6 27.9 3.5 

Mean 41 41.0 25.4 3.3 

 

On average, 91 % of the farmers said they applied manure at planting during the 2012 long rains, the 2011 
short rains and the 2011 long rains. The quantities applied ranged from 0 to more than 40 t ha-1 with 57.5 
%, 30.4 %, 5.8 %, 3.4 % and 2.9 % applying 0-2.5, 2.5-10, 10-20, 20-40 t ha-1 and more than 40 t ha-1, 
respectively. Farmers who attained yields of over 5000 kg ha-1 reported that they applied 24-462 t ha-1 of 
manure at planting (Table 10). Most (82%) of these farmers applied 132-522 kg ha-1 fertiliser at planting 
during the 2012 long rains while 67% applied 200-694 kg ha-1 fertiliser for topdressing . The amounts of 
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manure and fertiliser applied by some farmers were too high, indicating that their estimates were 
probably wrong. 

Other crop management information 

Maize was intercropped with beans in 84.2% of the farms. Other intercrop crops were bananas, cassava, 
coffee, irish potatoes, kales and water melons. Data for the 2012 long rains indicate that 56.4% of the 
farmers planted between 1st ando 7th April, 22% between 22nd and 31st March, and 14.3% between 15th 
and 22nd March. The rest (2.8% and 4.5%) planted earlier and after these dates, respectively. Most (74.6%) 
of the farmers said they thinned while 25.4 did not. Some (58.3%) weeded once and 41.7% twice in a 
season, 65.4% of the farmers plots had no weeds, 29.1% were moderately weedy, 5.2% had severe weed 
investation and 0.3 had very severe weed investation. 85% of the farmers said they had experienced 
maize crop diseases in 2011 while 96.5 % said they had experienced pest problems. Treatments included 
proper weeding, applying soil and ash to the top of the maize stock to kill stalk borers, roguing, 
maintaining high fertility by use of fertilisers and manure, use of chemicals such as herbicides, Dimekil 
for stalk borers, Actellic and Melathion for weevils, scaring squirrels and monkeys and trapping moles. 
Some other faremrs (78.3%) reported mild erosion on their farms, severe and very severe erosion was 
experienced in 13.2 and 2.6% of the farms, respectively, 5.9% of the farms had no erosion problems. 
Erosion control methods included grass strips, bench terraces, Fanya juu/Fanya chini, ridges, 
unploughed strips and drainage trenches. 
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Table 10: Fertiliser and manure application as reported by farmers who attained yields of over 5000 kg ha-1 during the 2012 long rains 

 
HH 

Yield 
 (kg ha-1) 

Fert type 
planting 

Fert qty 
planting 
kg ha-1 

qty-P (kg N 
and P2O5 or N 
only 

Fert type 
TD 

Fert qty TD 
(kg ha-1) 

Fert qty 
 (kg N ha-1) 

Manure (t ha-1) Soil pH (early 
season) 

116 11174 NPK 522 120* CAN 260 70 Amount not given 5.52 

112 8837 NPK 360 83* None  40  5.57 

284 7516 CAN 132 36 CAN 211 57 No manure 5.51 

155 7204 NPK 142 33* None  14  5.27 

142 6593 CAN 4167 1125 None   1666  5.82 

051 6289 None  CAN 128 35 462  4.95 

246 5883 DAP and 
NPK 

150 31 N, and 52 
P O5** 

None  30  5.85 

030 5861 Unknown      32  5.15 

063 5443 CAN 200 54 CAN 200 54 24  4.70 

204 5331 NPK 600 138* CAN 500 135 5 5.36 

179 5146 DAP and 
NPK 

115 24 N and 40 
P2O5**  

CAN and 
urea 

51 14 Amount not given 5.59 

156 5117 NPK 69 16 CAN 694 187 83 5.66 

256 5093 None  CAN 85 23 Amount not given 5.93 

247 5060 DAP and 
NPK 

142 29 (N), and 49 
P2O5** 

CAN 38 11 1.5 5.84 

033 5009  None None 1053  

It was assumed 10 wheel barrows = one ton and one bag = 4 wheel barrows, *it was assumed 23:23:0 was used, **it was assumed DAP and NPK were 
applied in ratio of 50:50, QTY-P= Quantity at planting, QTY-TD = Quatity at topdressing 

 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 20-25 October 2013. Nakuru, Kenya. 

Discussion 

There were more than 5 t ha-1 in 6.4% of the farms while 6.8% had 4-5t ha-1. It is therefore clear that 
higher yields can be achieved through intensification of fertiliser and manure use, use of proper variety, 
inputs and management. The wide range of maize inter- and intra-row spacing used by the farmers 
means this issue need to be addressed. There a lot of variation in maize varieties used in the area. Some 
farmers use the wrong fertilisers for planting or topdressing, case in point is the 81 farmers who said 
they applied CAN at planting during the 2012 long rains and others who used NPK and DAP for 
topdressing. Applying CAN would be a waste because it is easily leached by the time the maize 
develops roots to utilise the fertiliser. Some farms had high levels of phosphorus, so such farmers can 
plant without fertilisers and topdress with CAN at the 11th leaf stage. The African Fertiliser Summit 
conducted in Abuja, Nigeria in 2006 recommended that current fertiliser use in Africa be increased from 
the current 8 to 50 kg nutrients per hectare by 2015 (Sanginga and Woomer, 2009). Thus fertiliser 
applications in Kandara are low considering the application amounts given are in kilogrammes per 
hectare and not nutrients per hectare. For those farmers who attained more than 5000 kg ha-1, 9 out of 
15 (60 %) satisfied the 50 kg nutrient per hectare. A lesson can be learned from the Kandara farmer who 
attained the highest maize yield of 11 t ha-1 by applying an equivalent of 120 kg N ha-1 and 120 kg P2O5 
ha-1 at planting, 70 kg N ha-1 at topdressing and Pan 4m-19 hybrid maize (Table 10). 

Farmers in Kandara understand the usefulness of applying manure and mmost apply it at planting. A 
pH of less than 5 in 18.4% of the sites. This can interfere with nutrient availability to the maize crop 
(London, 1984). Kihanda (2012) in their research on acid ando-humic Nitosols with initial pHs of 4.1-4.3 
in Manyatta Division, Embu District observed that there was a significant increase in soil pH by 1.0-1.4 
units in plots that had been treated with lime annually at 1.0 t ha-1 between start and end of the eight 
years’ experiment. Smaller increases of 0.3-0.5 pH units were recorded in plots that had received FYM 
at 5.0 t ha-1 in the absence of added lime during the same period. The aluminium saturation at the start 
of the experiment was above 70% in all the plots but annual application of agricultural lime at 1.0 t ha-1 
within the eight years reduced the Al saturation to zero or near zero, irrespective of the NP or FYM 
treatments. There was also a small reduction in Al saturation of 10% in plots that had received FYM at 
5.0 t ha-1 in the absence of applied lime. Their highest maize grain yield of 4.5 t ha-1 was obtained by a 
combination of NP at 50 kg ha-1 N and 50 kg ha-1 P2O5, respectively, lime at one tonne per hectare 
applied annually and FYM applied at the rate of 5 t ha-1.  

Conclusions and recommendations 

 Maize production in Kandara is low at 1-2 t ha-1 
 Maize varieties significantly affect grain yield in Kandara 
 Nitrogen deficiency is widespread in the area. Low pH of below 5.0 experienced in 18.4% of the 

farms can cause low maize grain production 
 The fertiliser and manure applications as given by some farmers were too high and did not match 

the low maize grain yields obtained 
 There was wide variation in planting dates. This could have contributed to the low maize yields 
 Since plot sizes in Kandara are small, food security can only be improved by increasing maize 

production per unit area (agricultural intensification) 
 Farmers need to be educated on the correct maize varieties  
 Information on proper maize spacing should be given to the farmers 
 Farmers should be educated on the right fertilisers and quantities to apply at planting and 

topdressing 
 Information on disease and pest control is lacking and need to be availed 
 Agricultural intensification will require farmers who attained maize yields lower than 3 t ha-1 to at 

least double their fertiliser and manure inputs 
 Farmers should be encouraged to continue applying manure and to increase input to 5 t ha-1 per 

season (50 wheel barrows) or 12 bags ha-1 or more in combination with the fertilisers. These amounts 
should be devided with the area of their fields to get the amount to apply. This is a preliminary 
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recommendation that will be confirmed by results of the ongoing Kandara fertiliser trials by KARI 
(Kibunja et al.) 

 Besides high dose of manure, liming is recommended for farms with pH below 5.5. A combination 
of NP, FYM and liming will give best results. The soil fertility trials being conducted in Kandara by 
KARI (Kibunja et al) will give more insight on the appropriate fertiliser, manure and lime rates. 
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