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ABSTRACT
A study was carried out to investigate the influence of agricultural lime (21% CaO)
from Koru, Kisumu on soil properties and wheat yield on acidic soils of Uasin Gishu
County. Field trials were conducted at Chepkoilel University College farm and in
Kipsangui area of Uasin Gishu county. Soils were analyzed to determine their pH,
available P and other nutrient levels before treatment application. The experiment
was a split plot arrangement with two wheat varieties as the main plots and the lime
treatments as the subplots. The two varieties compared were ‘Njoro BW 2’ and ‘KS
Mwamba’ characterized as tolerant and moderate tolerant to soil acidity,
respectively. Phosphorus and nitrogen were applied as a blanket treatment at the
rates of 40 kg P205 ha-1 and 46 kg N ha-1 respectively. Lime was applied at the rates
of 0.0, 0.5, 1.0, 1.5 and 2.0 t ha-1. Soils from the two sites were acidic with low to
moderate available P for Chepkoilel and Kipsangui sites respectively. Soil pH and
soil available P increased with the increase in the rate of lime addition. Wheat grain
yield increased significantly (p<0.05) due to soil acidity amendment above the
control. There was a high positive correlation between wheat yields and soil
available P at both sites at harvest. High cost of inorganic inputs, low wheat grain
prices and the effects of the erratic rains made the majority of the treatments
economically unviable for adaptation by farmers. However, the most profitable
treatment was 40 kg P205 ha-1 with 46 kg N ha-1 and 2 t ha-1 in Njoro BW 2 at
Kipsangui site. There was no viable treatment at Chepkoilel site. Higher wheat
yields may probably be achieved from rates of lime above 2 t ha-1.
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23
1. INTRODUCTION24

25
Wheat (Triticum aestivum L.) is the first most important cereal cultivated in the world. It is the26
second most important cereal crop grown in Kenya after maize [1]. In contrast to sustained27
increases in wheat productivity in other parts of the developing world, per capita production28
in Kenya continues to stagnate while the consumption has been on the increase [2]. Uasin29
Gishu county is a major wheat producing county of Kenya, producing more than one-third of30
the total wheat produced in the country (3). However, over the recent years there has been a31
general decline of crop yields due to unpredictable weather particularly rainfall, declining soil32
fertility, diminishing land parcels as the consequence of rapid population growth, low and33
unsustained market prices for the produce and poor crop husbandry [4]. High costs of inputs34
mainly Di-Ammonium Phosphate and Calcium of Ammonium nitrate, diseases, weeds and35
poor crop husbandry, also contribute significantly to low grain yields in the county. In addition36
to the above constraints, the wheat crop in this county is mainly grown on ferralsols which37
are characterized by low pH (soil acidity) and low nutrient levels [5].These ferrous38
impervious soils also result in frequent water stagnation [6].Although ferralsols have good39
internal drainage; water stagnation in this county is caused by soil compaction and crusting40
as a result of the use of farm machinery. Nitrogen, calcium and magnesium deficiencies and41
toxicities of aluminum and manganese, which characterize these acidic soils, also limit crop42
production in this district [7]. Further, continuous use of acidifying fertilizers like Di-43
Ammonium Phosphate and urea, worsen an already bad situation [8].44

45
Soil acidity is attributed mainly to abundance of hydrogen (H+), aluminum (Al 3+) and46
manganese (Mn2+) cations in soils at levels that interfere with normal plant growth. Soil47
acidity has a negative effect on crops mainly through P unavailability from P fixation in soils48
whereby the Fe and Al soil components (sesquioxides) fix sizeable quantities of P. Excess49
Al3+ ions, from soil acidity, tend to accumulate in plant roots and thereby prevent P, Mo and50
other ions translocation to the tops from the roots, as evidenced by the inhibition of root51
elongation and overall retarded crop development [9,10,11]. The detrimental effect of H+ ions52
is not as distinct as that of Al3+ cations, but excess of H+ ions in acid soils affects plant root53
membrane permeability and therefore interferes with ion transport [11].54

55
In acid soils and P deficient tropical soils where the plant capacity to scavenge the native or56
use added P with efficiency is critical [12], correcting soil acidity and P fertilizer addition are57
important. Lime is widely known as the effective way of correcting soil acidity or inputs58
recommended for amelioration of acid soils [13]. Its direct effect is soil pH increase (14]. In59
Kenya, management of soil acidity through liming is highly recommended [11, 15]. Lime60
reduces Al, H, Mn, and Fe toxicities and increases P, Mg, Ca and Mo availability in acidic61
soils [11, 16, and 17]. Therefore, in P fixing acid soils, combined lime and P application is62
necessary for increased availability of the applied P for plant uptake. Although, not63
permanent the direct effect of lime lasts longer than any other amendment, such as organic64
materials. The most popular varieties of wheat grown in Uasin Gishu county are Njoro BW 265
and KS Mwamba because of their outstanding characteristics. Both wheat varieties are high66
yielding and tolerant to diseases such leaf and stem rusts, however the yields in the county67
have remained low even with proper crop husbandry. Thus the objectives of this study were68
to (1) To investigate the effects of agricultural lime (21% CaO), on wheat production in acid69
soils of Uasin Gishu county. (2) To determine the response in terms of growth, changes in70
pH and available P (3) To evaluate the economic returns of the two wheat varieties from71
amelioration of depleted soils by application of lime.72

73
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2. MATERIAL AND METHODS74

2.1Uasin Gishu County75
The county lies between longitudes 34o 50’ and 35o 37’ East and latitudes South and 0o 55’76
North. It is a highland plateau.  It’s terrain varies greatly with altitude which ranges between77
1500 and 2100 metres above sea level. Eldoret Town, the capital of Uasin Gishu county, is78
at an attitude of 2085 metres, marks the boundary between the highest and the lowest79
altitudes of the county. The county’s general landscape is that of an undulating plateau with80
no significant mountains or valleys.  The average rainfall is between 900 mm -1200 mm. Due81
to high altitude in the county, temperatures are relatively low. The highest is 240C and the82
lowest is about 8.80C. Humidity is moderate, averaging 56%. The average temperatures in83
the county are 180C during the wet season with a maximum of 26.10C during the dry season84
[18].85

86

2.1.1Study sites87

2.1.1.1Chepkoilel University College88
The field experiment was conducted at the Crop Seed and Horticultural Science Department89
Field, Chepkoilel University College, Moi University in Moiben division. The soils of90
Chepkoilel belong to a group of soils found on plateaus and high level structural plains. The91
soils are of igneous origin, acidic (pH: 4.5-5.0), and low in fertility and are underlain with92
murram. They are classified as Rhodic Ferralsols according to the FAO/UNESCO93
classification and Oxisols according to the USDA classification [5, 19].94

2.1.1.2Kipsangui95
The experiment was also concurrently conducted at Mrs Selina Maswai’s farm in Kongasis96
location, Kipsangui sub-location, Soy division of Uasin Gishu county. The area receives a97
unimodal rainfall distribution pattern. The average amount of rains received in the area for98
the last ten years is 1171 mm. According to National Agricultural and Livestock Extension99
Programme Broad Based Survey (NALEP-BBS) report of 2011, the soils are sandy loam.100
They are classified as Rhodic Ferralsols according to the FAO/UNESCO classification and101
as Oxisols according to the USDA classification [5, 19].102

2.1.1.3Experimental design and treatment103
Lime was applied three weeks prior to planting at the rates of 0.0, 0.5, 1.0, 1.5, and 2.0 ton104

ha-1(quantity) as CaO from Koru, Kisumu. It was broadcast evenly within the plots on a fine105
seedbed and then incorporated into the soil using a hoe. DAP fertilizer was applied as a106
blanket treatment at rate of 40 kg P2O5 ha-1 (17.6 P kg ha-1). N- was applied at the rate of 46107
kg N ha-1. To supplement the N in the DAP, urea foliar applied at was the rate of 28 kg ha-1108
before boot stage. Experimental design was a split plot with varieties namely Njoro BW 2109
and KS Mwamba forming the main plot and lime levels as the sub plot. Liming materials110
were obtained from Koru in Kisumu county, Kenya which contains about 21% CaO and of111
fine particles that can pass through 100 mesh. The sub plot size was 4 m *4 m.112

2.1.1.4 Soil Sampling113
Prior to treatment application surface (0-15) cm depth soil samples were randomly taken114

using a soil auger from several points at the experimental sites and thoroughly mixed115
together to make a composite sample. Six weeks after planting and during harvesting116
composite samples were again taken from each plot at the depth of 0-15 cm to monitor117
changes in soil available P and pH.118
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2.1.1.5. Field procedures:119
The seeds were drilled by hand at the recommended spacing row of 25 cm.  The placement120
within the row by hand was predetermined prior to planting by running a mechanical drill121
planter and observing /noting the closeness of the spacing.  The depth of placement was122
established at 2.5 cm -3 cm deep.  After sowing, seeds were covered with top soil and123
slightly compressed to ensure close seed-soil contact.  This was done to ensure a rapid and124
even germination [20]. The seed rate was 125 kg ha-1 .Pesticide, O,O-Dimethyl S-(N-125
methylcarbamoylmethyl phosphorodithioate (56)(Dimethotate) was used to control pests.126
Herbicide known as 3, 4-methylenedioxymethamphetamine (Puma Complete) was sprayed127
a month after planting i.e. 4 leaf stage at the rate of 0.75 litres ha-1. Fungicide, Tebuconazole128
- (RS)-1-p-chlorophenyl-4,4-dimethyl-3-(1H-1,2,4-triazol-methyl)pentan-3-o (Nativo 300 SC)129
at  0.75 litres ha-1 was also applied at 4 weeks after planting and urea foliar was sprayed just130
before booting stage. Harvesting of wheat was done at physiological maturity. It was done131
on centre rows of each plot at final harvest by discarding outer rows per sub plot. Thus the132
inner rows were harvested by hand giving an effective area of 14 m2. The ends of plots133
plants were discarded. In the harvested area, total heads, fresh weights and sub samples134
weights were taken and recorded. The wheat was threshed manually (by beating using a135
stick) .The sub-samples were dried in the greenhouse and their weights recorded for136
estimates of dry weights. The straw within the harvested area was cut at ground level at137
harvest and its weight taken. Sub-samples from the straw were taken randomly from each138
plot and cut into small pieces and mixed thoroughly. All samples were air dried (in the139
absence of oven) and their fresh (initial) and dry weights recorded and used to compute140
yields per plot (grain and straw).These samples were then ground (0.02 mm) for plant tissue141
analysis to determine N and P contents. Yield was calculated using the relationship.142

143
Yield/plot= Total fresh weight*sample dry weight144

sample fresh weight.145
146

Yield (kg ha-1) =Yield/plot*10,000 m2147
Effective area (m2)148

2.1.1.6. Laboratory analysis149
All the soil samples were air-dried and sieved through 2 mm mesh.  Soil samples were150

analysed for soil pH (Soil H2O; 1:2:5), texture (dispersion method), total carbon (C) %(151
Weakley-Black method), total N (%) (Kjeldildah distillation method) and available P (Olsen152
method). Samples taken after treatment application were also analysed for pH (1:2.5,water)153
available P, plant N and P(Kjeldildah distillation method) and their concentration determined154
by spectrophotometer.155

2.1.1.7 Economic analysis156
The most economically acceptable were treatments were determined by partial budgeting157
analysis to estimate the gross value of grain by using the adjusted yield at the market value158
of grain inputs during the cropping year. In partial budgeting only costs that vary from the159
control are used referred to as total costs that vary (TCV).The prices of lime, DAP, urea foliar160
fungicide and pesticide, bags for storing wheat, transport and wheat grain were determined161
through market survey at each of the two sites during the research period. Labour wage162
rates for applying lime, fertilizers and shelling of the grain were also determined through163
market survey to estimate the labour costs that vary. Yield data were adjusted downward by164
10% since research has found out that farmers using the same technologies would obtain165
10% yield lower than those obtained by researchers. The discounted rate of capital was166
determined at the rate of 10 and 20% per season and year, respectively and was applied to167
cash costs only. The discounted rate reflects the farmer’s preference to receive benefits as168
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early as possible and to postpone costs. All costs and benefits were converted to monentary169
values in Kenya Shilling (Ksh.) and reported on a per hectare basis.170

171
The net accrued net financial benefits (NFBs) and TCV were then compared across the172
treatments dominance analysis the formula shown below.173

174
NFB=(Y*P)-TCV175
Where Y*P=Gross Field Benefit (GFB), Y=Yield per ha and P=Field price per unit of the176
crop.177
Treatment with less than or equal to treatment with lower TCV are dominated and were178
marked a “D” while ones with higher NFB than the treatments and lower TCV are179
undominated. The marginal rate of return (MRR) analysis was carried out on the180
undominated treatments.181

182
MRR(%)= Change in NFB(NFBb-NFBa)*100183

Change in TCV (TCVb-TCVa)184
185

where NFBa= NFB with the immediate lower TCV, NFBb =NFB with the next186
higher TCV,TCVa= the immediate lower TCV&TCVb =the next highest TCV187

Change in NFB and TCV also referred to marginal benefits and costs, respectively.188
189

2.1.1.7 Statistical analysis190

The generated data of wheat grain yield, soil and plant material across the experimental191
sites were subjected to analysis of variance (ANOVA) with standard error SE using General192
statistics. Means were separated using least significance difference (LSD) whenever193
treatment difference were significant (p=0.05).194

195
3. RESULTS AND DISCUSSION196

197
3.1 Soil physical and chemical characteristics of the study sites198

199
Table 1 shows a summary of soil parameters of the surface soils (0-15 cm) of the200

experimental sites determined in the laboratory before treatment application. The soils pH in201
the study areas was 4.92 and 5.32 for Chepkoilel and Kipsangui sites respectively. The low202
to moderate soil pH in both sites indicates that the acidic levels require to be amended203
through liming if optimum crop yield is to be achieved. According to [21], liming can204
neutralize soil acidity and most field crops perform best at a soil pH level between 5.5 and205
6.8. The soils from Chepkoilel had organic carbon of 1.69% while those from Kipsangui had206
organic carbon of 2.66%. The soil available P was 9.88 mg kg-1 for Chepkoilel site and 10.1207
mg kg-1 for Kipsangui site. For the soil particle size analysis, the soils from both sites were208
classified as sandy loam. The moderate soil available P in these soils suggested the need209
for supplementary P addition for increased crop yields [22]210

211
212
213
214
215
216
217
218
219
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220
221
222

Table 1.Soil physical and chemical characteristics of surface (0-15 cm) soils taken223
before planting (2009 LR) at two study sites in Uasin Gishu district, Kenya224

225
CHEPKOILEL SITE226
PARTICULAR VALUE METHODS
SAND %
SILT %
CLAY %

60
16
24

Hydrometer method  [1]

TEXTURAL CLASS SANDY LOAM
PH (1:2.5 SOIL: WATER)
%N
%C
C:N
OLSEN P (MG KG-1)

4.92
0.17
1.69
10.1
9.88

Glass electrode pH meter [2]
Kjeldah distillation method [3]

[ Wakley-Black method [4]

Olsen method [5]
227

KIPSANGUI SITE228
PARTICULAR VALUE METHODS
SAND %
SILT %
CLAY %

60
18
22

Hydrometer method [1]

TEXTURAL CLASS SANDY LOAM
PH (1:2.5 SOIL: WATER)
%N
%C
C:N
OLSEN P (MG KG-1)

5.32
0.28

2.66
10.1
10.37

Glass electrode pH meter [2]
Kjeldah distillation method [3]
Wakley-Black method [4]

Olsen method [5]

229

3.2 Effects of lime additions on soil pH during wheat growth230
The effect of application of lime on the pH values of the soils taken at different time intervals231
of 46 days after planting and at harvesting for the Chepkoilel and Kipsangui sites are given232
in Figure 1 and 2. Generally, there was no definite trend in change in pH at both sites. This233
was probably caused by the cropping systems. Chepkoilel site is used by university students234
for different experiments and it was difficult to establish the inorganic, organic fertilizers and235
soil amendment materials used prior to the current study. The farmer at Kipsangui site236
practices crop rotation whereby the farmer alternates wheat production with maize intercrop237
with beans. According to [23] crop rotations can lead to dramatic increases in soil fertility,238
help to optimize nutrient and water use by crops, and improve soil resources. Further, the239
effect of lime on soil is also gradual. This is because lime is slow reacting to release Ca2+240
and/or Mg2+ ions to displace H+, Fe3+ and Al3+ to cause changes in the pH. Slow reaction of241
lime to cause pH changes observed in this study, has been reported elsewhere by [24[242

243
244
245
246
247
248
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249
Chepkoilel site-Njoro BW 2 wheat variety250

251

Chepkoilel site-KS Mwamba wheat variety252

253

Figure 1: Soil pH changes during the 2009 LR season for Chepkoilel site as affected254
by treatment application Error bars indicate standard error of means.255

256

257
Kipsangui site-Njoro BW 2258

259
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260
261

Kipsangui site-KS Mwamba262

263
264
265

Figure 2: Soil pH changes during the 2009 LR season for Kipsangui site as affected by266
treatment application Error bars indicate standard error of means.267
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3.3. Effect of lime on soil available P taken at wheat harvest268
The results of available P taken at harvesting for Chepkoilel and Kipsangui sites as affected269
by lime additions for the two wheat varieties are shown in the Figure 3.The data were270
analysed across both experimental sites. There was a significant difference (p=0.05) of soil271
available P from treatments above the control with increase in the lime rate applied in both272
varieties and sites. Lime application increased both the native soil P and P fertilizer273
availabilities which were taken up by plant possibly decreased soil sorption capacity (not274
measured). Lime has been reported to reduce the P sorption in acid soils resulting in275
increased available P for plants [25], [26]. In highly weathered soils of the tropical and276
subtropical acid soils, the applied P fertilizers readily react with Al and Fe sesquioxides to277
form sparingly soluble P forms. This normally results in very low soil available P for plant278
absorption [27], [28]. The soil available P at Kipsangui site was higher than that at Chepkoilel279
site in both wheat varieties with the increase of lime levels. This could be attributed to the280
initial soil fertility status. The soil available P at both sites was lower in the control treatment281
when compared to all levels of lime additions. The soil available P was highest with lime282
addition of 2 t-1 ha in both varieties and sites. This could be attributed to the initial soil fertility283
status. Kipsangui site had more fertile soil as compared to Chepkoilel site.284

285

286
287

Figure 3. Changes in soil available P (mg kg -1) at harvesting due to lime and P288
application during the 2009 LR for Chepkoilel and Kipsangui sites 125 days after289
application. Error bars indicate standard error of means.290

3.4 Effects of soil amendments on wheat yield291
Yields obtained from the test crop as a result of application of soil amendment materials; P,292
N and lime during the year 2009 LR are given in Figure 4 for Chepkoilel and Kipsangui sites.293
Amendment of soil acidity with lime addition, increased grain yield significantly (p=0.05) in294
Chepkoilel and Kipsangui. The lowest grain yield in Njoro BW 2 wheat variety of 1.18 t ha-1295
in Chepkoilel site and 1.27 t ha-1 in Kipsangui site were found on control where there was296
only P and N additions without lime. The lowest grain yields in KS Mwamba variety of 0.78 t297
ha-1 at Chepkoilel and 0.84 t ha-1 at Kipsangui sites were found on the control treatment.298
This is in agreement with [29] who stated that combined application of lime with phosphorus299
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significantly increased grain yield in Kenya. However, there was no significant difference in300
the grain yield between the two varieties with addition of 1.0, 1.5 and 2 t ha1 at Chepkoilel.301
This trend also confirms the fact that if the growth of wheat at any stage is limited by a302
specific factor such as nutrient supply, water, light or temperature, then the grain yield is303
limited irrecoverably unless it can be compensated by modifying a yield component304
occurring at a later stage of development [30]. During the year 2009 Kipsangui area received305
1031 mm of rainfall while Chepkoilel received 817 mm. At the grain filling stage, rainfall306
received in 30 days at the two sites was 144.5 mm and 47.5 mm for Kipsangui and307
Chepkoilel respectively. The difference in the amounts of rain received at both sites is308
reflected in the performance in the grain yield.309

310
311

Figure 4.Wheat grain yields (t ha-1) per site as affected by treatment application for312
both sites during the long rains 2009.Error bars indicate LSD (0.05).313

314

3.4 Correlation between wheat yields and soil available P at wheat harvest315
Correlation analysis was conducted between wheat yields and soil available P at harvesting316
and the results obtained are given in Figure 5 and 6. There was a highly positive and317
significant correlation between soil available P and grain yields i.e. r =0.97 and r =0.94 for318
KS Mwamba wheat variety at Chepkoilel and Kipsangui sites respectively. The correlation319
between soil available P and grain yields was also positive i.e. r =0.66 and r=0.97 for Njoro320
BW 2 wheat variety at Chepkoilel and Kipsangui sites respectively. The high positive321
correlation is probably because lime increased the overall pH which led to the enhanced322
availability of phosphorus. Soil reaction (pH) affects the physical, chemical and biological323
properties of soils and crop yields. Soil acidity has a negative effect on crop yields mainly324
through reduced P availability though Fe and Al fixation of P [31]. This is in line with the325
findings of [32] found that the increase of soil pH resulted in a significant increase in grain326
yields. Grain yields responded to lime addition in acid soil but at different magnitudes.327
Further, according to [33] better grain yield was obtained when lime was applied in328
combination with fertilizer.329
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330

331
332
333
334
335

336
337
338

Figure 6.Relationship between soil available P(mg kg-1) and wheat grain yields (t ha-1)339
as observed at harvesting during 2009 LR for Chepkoilel site for Njoro BW 2 and KS340
Mwamba.341

342
343
344
345
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346
347

348
349

350
351

r=correlation coefficent352
353

Figure 6. Relationships between soil available P(mg kg-1) and wheat grain yields (t/ha-354
1) as observed at harvesting during 2009 LR for Kipsangui site for Njoro BW 2 and KS355
Mwamba.356

357
3.4 Uptake of P and N in wheat358
Figure 7 and 8 show the effect of lime on the wheat grain N and P uptake. Lime had a359
significant (p=0.05) effect on grain P and N uptake however, there was no significant360
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increase on P uptake. Soil amendment (lime) increased N uptake in both wheat grain at both361
sites. The mean P uptake for the wheat grain in Njoro BW 2 variety was 6.39 kg P ha-1 and362
5.35 kg P ha-1 for Chepkoilel and Kipsangui sites respectively means from all treatments.363
Increased P uptakes with lime, P and N fertilizers have been reported by other workers [34].364
This has been attributed to better soil amelioration by the amendments [35]. According to365
[36], acidic conditions reduce the rate of release of mineral-N from organic-N. Liming366
however, increases the rate of mineralization and hence improves the supply of mineral-N to367
the plants.368

369
Figure 7 Nutrient P uptake (kg P ha-1) for wheat straw as affected by treatment370
application for Chepkoilel and Kipsangui sites. Error bars indicate standard error of371
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means.372

373
374

Figure 8.Nutrient N uptake (kg P ha-1) for wheat grain as affected by treatment375
application for the Chepkoilel and Kipsangui sites Error bars indicate standard error376
of means.377

378

3.5 Economic Analysis379
Table 2 and 3 show economic analysis data of benefits, costs and marginal rate of return of380
treatments using partial budget techniques. The GFBs, NFBs, and TVC to investment were381
different among the sites. Treatments that produced lower NFBs were not worth for382
investment. They are known as dominated and were marked”D”.383

384
Most of the treatments did not realize economically viable returns. However, at Kipsangui385
site, for Njoro BW 2 wheat variety with treatment combination of 40 P2O5 + 46 N + 2.0 tons386
KL/ha-1 and NFBs of Ksh 34,010 was the only viable treatment option (Table 3). At387
Chepkoilel site there was no viable treatment. Based on economic returns, the best388
treatment in Kipsangui site was Njoro BW 2 variety with 2 t/ha-1 Koru lime. In this study the389
majority of the farm inputs for example DAP did not realize economically viable returns to390
investment due to high cost of inorganic inputs, low wheat prices offered and poor391
distribution of rainfall in the year 2009.392

393
394
395
396
397
398
399
400
401
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Table 2: Economic analysis of wheat yields of the soil amendment materials402
incorporated into   the soil during 2009 LR for Kipsangui site403
Treatments GFP(Ksh)        TVC (Ksh)          NFB (Ksh)404
MRR(%)405
Njoro BW 2 wheat variety406
40 P2O5 + 46 N + 0.0 tons KL/ha 34,290                5,786                27,926407
40 P2O5 + 46 N + 0.5 tons KL/ha 42,660               15,292 25,838               D408
40 P2O5 + 46 N + 1.0 tons KL/ha 51,570               20,183               29,369               9409
40 P2O5 + 46 N + 1.5 tons KL/ha 56,970               24,482               30,040              14410
40 P2O5 + 46 N + 2.0 tons KL/ha       66,420              29,494               34,010             72411

412
KS Mwamba wheat variety413
40 P2O5 + 46 N + 0.0 tons KL/ha 22,680               3,827                18,471414
40 P2O5 + 46N + 0.5 tons KL/ha        27,000              12,650               13,085               D415
40 P2O5 + 46 N + 1.0 tons KL/ha 40,500             18,315                20,353              12416
40 P2O5 + 46 N + 1.5 tons KL/ha 48,060             22,978                22,784              47417
40 P2O5 + 46 N + 2.0 tons KL/ha 54,540             27,459                24,353 31418
Table 3: Economic analysis of wheat yields of the soil amendment materials419
incorporated into the soil during 2009 LR for Chepkoilel site420

421
Treatments                                              GFB(Ksh)     TVC (Ksh)     NFB (Ksh)    MRR(%)422
Njoro BW 2 wheat variety423
40 P2O5 + 46 N + 0.0 tons KL/ha 31,860               5,376             25,947424
40 P2O + 46 N + 0.5 tons KL/ha 36,720              14,290            21,001                     D425
40 P2O5 + 46 N + 1.0 tons KL/ha          44,280              18,953             23,432                    D426
40P2O5 + 46 N + 1.5 tons KL/ha 49,410              23,206             23,883                    D427
40P2O5 + 46 N + 2.0 tons KL/ha 46,980 26,184             18,178                    D428

429
KS Mwamba wheat variety430
40 P2O5 + 46 N + 0.0 tons KL/ha 22,680                  3,827            18,470431
40P2O5 + 46 N + 0.5 tons KL/ha 27,000                12,650            13,085                    D432
40 P2O5 + 46 N + 1.0 tons KL/ha 32,400                16,949            13,756                   D433
40 P2O5 + 46 N + 1.5 tons KL/ha 38,880 21,430           15,308                   D434
40 P2O5 + 46 N + 2.0 tons KL/ha 46,980                 26,184           18,178                   D435
GFB=Gross field benefits, TCV = Total variable cost, NFB = Net financial benefits, MRR =436
Marginal rate of return, KL = Koru Lime as CaO, D = dominated treatment (i.e. with less than437
or equal to treatment with lower TVC that were eliminated from further consideration since438
no farmer choose a treatment(s) with higher TVC and receive lower NFB), bold and439
underlined indicate economically viable treatment.440

441
4. CONCLUSION442

443
Soil acidity may negatively affect nutrient availability and cause Al and Mn toxicity. Lime444
applications improved soil conditions resulting in increase in, available P, yield and nutrient445
uptake (N and P). Due to the nature of the rather low lime response of the wheat varieties to446
lime application, there is need to apply lime above 2 t/ha-1 rate to obtain a full response447
curve. The combination between Njoro BW 2 variety and soil amendment at the rate of 2 t448
ha-1 lime (plus P and N) gave the highest grain yield and thus viable economic returns. High449
production costs, particularly of inorganic inputs (P fertilizer, foliar feed and lime) and450
relatively low prices of wheat in year 2009, made the majority of the treatments not realize451
economically viable returns for adaptation by SHF. Further long-term studies in these soils to452
investigate the effects of lime and fertilizer on wheat yield, as a basis for fertilizer453
formulations and recommendation is necessary.454
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