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Research Paper

RESPONSE OF MAIZE TO ORGANIC AND INORGANIC SOURCES OF NUTRIENTS

IN ACID SOILS OF KERICHO COUNTY, KENYA

ABSTRACT

(FYM) of low and high quality, dried cow dung, gaatnure, tithonia applied as green manure

or dried, in a greenhouse and field experiment. Bwis collected from two farmers fields

[(Joseph and Samdel) were used in the greenhouse wiaéze was grown for six weeks and its- /{Comment [d3]:

name of farmers not required,

locate the fields by village or area etc

yield

see comment d3 above

see comment d3 above

yield

alone but the application of the two in combinat{@$P + CAN) effected a significa[nt resonbse/ /[Comment [d8]:

response?

indicating that both N and P were deficient in thal. All the manures, except low quality
FYM, gave yields that were higher or comparabletite standard recommended fertilizer

practice (TSP + CAN) and could be economicallyaative substitutes as they are locally
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available. There was a low correlation betweenrdagter biomass yield in the greenhouse and
grain yield in the field likely due to different cations in growth hence differences in nutrient
demands. Extrapolation of greenhouse findings fferdint fields should therefore be treated

with caution.

Key words Acid soils; inorganic fertilizers; maize yield, organic materials
1.0. INTRODUCTION

The densely populated humid regions of western Kdmyve experienced high rates of soil
fertility depletion [1]. In addition to the widesgad P-deficiencies, nitrogen and potassium
limitations are common, especially when P limitaidhave been overcome [2]. The situation is

exacerbated by the high acidity of these soils vatssibility of aluminum toxicity. Such

’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ common in”

conditions| obtain in Kericho County. Thus althouglst parts of Kericho receive favorable - *{Comment [d9]: You may replace with “are }

food crop

rainfall, crop productivity is seriously constraihewith |yields of the staple food maik@ rarely - /{Comment [d10]: with yield of maize, the staple }

exceeding 1 ton haon smallholder farms. Consequently, food inségtis common in the
region.

Management of nutrient deficiencies requires aoitf organic or inorganic fertilizers or

their combinations. Present management practicesufelioration of P-deficiencies and soil - { Comment [d11]: reference )

acidity include the utilization of the low inputrategy consisting of spot or band fertilizer
placement and use of soil amendments such as 8me&ge of the low input strategy, however,

remains negligible among the smallholder farmerKemya due to the ever increasing costs of

77777777777777777777777777777777777 replace with “in particular,”

purchased fertilizer (particular[y) and lime inpults addition)) fertilizer$ alone cannot guarantee- ’{Comment [d12]: you may have to delete and }

~

long-term productivity on many sdils, hence inpotrganic materials are needed to maintain IComment [d13]: qualify this...inorganic }

”””””””””””””””””””””” fertilizers

soil organic matter (SOM) levels [4]. Thus in Kenyhere is growing interest in finding | Somment[e14l: expiain fhe feason wh the
sustainable strategy for improving soil productivity.
Relate it to the significance of restocking SOM
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alternative, affordable, viable and sustainablétetogies to replenish soil fertility with focus

shifting to solutions that utilize more local reszes and less external inppts [5] -

The use of organic amendments, in particular cbelthoth agronomically and economically

attractive because they can serve the dual pumfoseoviding a range of plant nutrients while

ameliorating soil acidity [6]. Several studies halemonstrated the positive effects of @Mginf

greenhouse studies and assumed the same wouldriaed field conditions. There are not many
studies, however, comparing the results of greestoand field experiments. Greenhouse
experiments have the advantage of a good contrehefonmental variables but with a lack of

realism, while field experiments are the opposife The objective of this study was therefore to
i) explore the effectiveness of a range of orgaaimendments, commonly available on
smallholder farms in Kericho County, in terms ofediorating soil acidity, increasing available

phosphorus and nutrient uptake by maize in a gaesehpot experiment and field experiment

and ii) to correlate the results obtained undeegneuse conditions to those of field conditions.

2.0. MATERIALS AND METHODS
2.1. Site description

The study was conducted at the Kabianga UniveGitfege Farm, in Kericho County,
Kenya. The site lies at an altitude of 2163 m absee level and is within latitud® 89°0N and
longitude 38 49°60E. The average rainfall is 900 - 1200 mm per anmiistributed mainly
between the months of March and December with tistindt peaks in May and October. The

soils at the site are Nitisols which are acidicderately deep and well drained [8].

-| Comment [d15]: qualify this...external inorganic
inputs

|

[ Comment [d16]: oM
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2.2. Preparation of organic materials and analyses

smallholder farms, but varying in their chemicahdcteristics, were used. These were farmyard
manures of varying qualityTithonia diversifolia (tithonia) and goat manure.
obtained in the vicinity of the experimental sitesd air-dried. A sub sample of each OM was
then oven-dried at 7Q and ground to pass through a 0.5 mm sieve. Thinticontent of these

organic materials (total N, P, K, Ca, Mg) were deieed as described by [9].

Organic materials which represent common altereatito inorganic fertilizers on

2.3. Experimental layout and management

2.3.1. The greenhouse pot experiment

Soil (0-20 cm) was collected randomly from vari@mots at two farmers (Joseph and Samuel) - comment [d17]: delete
fields that were reportedly not responding to fiegis. The collected soil was air-dried, sieved

through a 4 mm mesh and applied in all the pogsrate 4 kg of soil pot

The imposed treatments are given below.

1.

2.

Control

Lime

. Lime + TSP

.TSP

. Dried cattle dung

. FYM high quality

. FYM low quality

. Tithonia green manure

. Tithonia dry
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10. Goat manure

J

Comment [d19]: Rephrase: all the treatments
that were treated with inorganic nutrient sources

|

kg N ha®) to ensure that all the major nutrients (exceptdbntrol) were non-limiting [10]. The

organic amendment were analysed at the Mumias SGQgenpany laboratory and their

characteristics are given in Table 1. All organiatenials were applied at a rate| of 5 Illquqd/ - {

Comment [d20]: how much of NPK was
supplied at this rate?

TSP at 60 kg P Wa Lime was applied at 4 t Hdo the appropriate pots receiving lime treatment
and incubated for 30 days at approximately fieldewaolding capacity to allow reaction before

planting. The other treatments were applied ordtheof planting (18 March 2011) after which

4 maize seeds were planted per pot at a depthprbemately 2 cm. The maize plants were

thinned to 2 per pot one week after emergence thensoil. Soil water was maintained at almost
equal levels for all treatments by regular waterangl weeds were regularly removed by hand.
Each treatment was destructively harvested at &svafter planting by cutting the maize tops at

soil level. The harvested plants were oven drietd€ to a constant weight.

2.3.2. The Field Experiment

done on farmers fields named in d3

to November 2011) to test whether the observedoresgs in the green house study could be
replicated under field conditions. However, lime swaot included in the field experiment

because of its poor performance in the greenhouske wthonia was excluded because of its
unavailability in adequate quantities in the stadga. A randomized complete block design with
3 replications was used with treatment plot siZe$ m x 3 m. The imposed treatments were as

follows;



111
112
113
114
115
116
117
118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

Control

Calcium ammonium nitrate (CAN)
Triple superphosphate (TSP)
TSP + CAN

Dried cow dung

FYM low quality

FYM high quality

Goat manure

© N o g b~ w PR

All the manures were applied at 5 t*hahile TSP was applied to supply 60 kg P*hall the
nutrient inputs were uniformly broadcast on thetgpknd then incorporated into the top soil (0-
15 cm) by a hand hoe prior to planting of maize NC#t 100 kg h& was split applied in plots
without organic amendments, one third at planting two-thirds at 5 weeks after planting. The
rates of fertilizers and manures were based onnmemndations [10] and previous studies in
western Kenya [11]. The experiment was managedyusicommended agronomic practices for

the study area. The grain and stover yields weteroéned when maize matured.

2.4, Data analyses

Analysis of variance (ANOVA) was conducted to detime the effects of treatments on the
measured parameters. The Least Significant difterepetween means (LSD) was used to
compare the treatment means. Mention of statissigificance refers t@ = 0.05 unless
otherwise stated. Quantitative relationships betwdrg matter yields obtained in the greenhouse
study and stover and grain yields, obtained in fthlel study were developed by regression

analyses. Statistical analysis was conducted ubm@enstat statistical package [12].



136 3.0 RESULTS

137  3.1. Nutrient content of the organic materials use¢h the study

138  Tithonia had the highest levels of N, K and Mg whi#YM of high quality had the highest

139 amounts of P (Table 1). The nutrient content ofttigd quality FYM was almost double that of

140 the poor quality FYM. Apart from the low P contetite nutrient content of goat manure was
141 comparable to that of high quality FYM.

142

143  Table 1. Nutrient content of the experimental oigamaterials

Organic material Parameter

N% P% K% Ca Mg
FYM high quality 2.27 1.50 0.88 0.41 0.24
FYM low quality 0.98 0.62 0.56 0.23 0.1§
Dried cattle dung 1.18 1.30 0.64 0.32 0.21
Tithonia 4.23 0.41 2.64 1.81 0.38
Goat manure 2.21 0.36 0.52 0.53 0.31

144  3.2. Greenhouse study

145 The dry matter yields for maize growntlire soils collected from the two sites in the- {Comment [d22]: yield ]

146  greenhouse are presented in Table 2. There wehdyhsignificant (p < 0.001) differences

147 among the treatments at in both spils. However réisponse to the application of the nutrient { comment [d23]: at the two sites )

o { Comment [d24]: different nutrient sources... J
148  sources and amendments varied with the soil. M@&gponded to application of all the sources

149  of nutrients and amendments, except lime when egpliithout TSP, on Joseph’s soil. - ”{Comment[dZS]: identify the soil by field notby}

the farmer’s name

150  Application of goat manure gave the highest yiaelttéase (135%) above the control for this soll

151 (Figure 1).| On Samuel’'s soil, maize did not alespond to application of lime when applied - /{Comment [d26]: please see d25 above ]
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alone. In addition, maize did not respond to linppleed with TSP, TSP and dried tithonia on

this soil. High quality FYM gave the highest incsea(136%) in dry matter yields on Samuel’s

soil (Figure 1). Among the cattle manures, highligu&YM was significantly better than dried - *{Comment [d27]: please refer to commentabove]

cattle dung but not low quality manure on bothssdilow quality FYM had slightly higher but

none significant yields compared to the dried eatlung. Tithonia green manure gave

significantly higher yields than dried tithonia @eseph’s soil but not Samuel's. Generally,- -{ comment [d28]: please refer to comment above |

organic sources of nutrients performed better tharganic fertilizer TSP on both soils.

Table 2. Effect of nutrient sources on biomassrdayter yields

Treatment Dry matter yield (g/pot)
Joseph Samuel
1. Control 115 11.9
2. Lime 15.0 9.2
3. Lime + TSP 194 11.4
4. TSP 21.6 15.2
5. Dried cattle dung 20.1 21.6
6. FYM high quality 26.5 27.9
7. FYM low quality 23.3 25.1
8. Tithonia green 26.6 17.6
9. Tithonia dry 20.5 15.0
10. Goat manure 27.9 25.9
LSD 5.2 5.0

~_ { comment [d29]: 28 )
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% increase over the control
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Figure 1. % Increase in drymatter yield over the catrol

3.3. Field experiment
There were significant treatment effects (p < @i stover yields which ranged from 11.43

t ha' (control) to 16.76 t hd<(high quality FYM) (Table 3). Maize did not resgbto application

of CAN alone or FYM of low quality but gave sigriéintly higher stover yields relative to the
control for all the other treatments. Unlike in theeenhouse study where dried cowdung was
inferior to FYM of high quality, in the field expenent the two were not significantly different.
Among the manures, only FYM of high quality gavgher stover yields than TSP. The rest had
comparable yields with those of TSP. The maizengyilds ranged from 0.76 t hi{CAN) to

3.25 t hd (goat manure). Maize failed to respond to eith&N@r TSP when applied alone but
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manures, except low quality FYM gave grain yieltiattwere higher or comparable to the
standard recommended fertilizer practice (TSP + LARhe increase in grain yield was
dependent on the type of the manure and followedtder goat manure > high quality FYM >
dried cow dung > low quality FYM. The increasesgiothe control, for grain yields were much
higher than those of stover. For example, goat mearmucreased grain yield by 242% but

increased stover by only 33% (Figure 2). The tnead observed in all the other treatments.

Table 3. Maize stover and grain yields as affebtedutrient sources

Treatment Yield t/ha

Maize stover Grain
1. Control (no nutrient input) 11.43 0.95
2. Calcium ammonium nitrate (CAN) 12.44 0.76
3.Triple superphosphate (TSP) 13.71 1.47
4. TSP + CAN 14.72 2.70
5. Dried cow dung 14.22 2.57
6. FYM low quality 13.20 1.43
7. FYM high quality 16.76 2.93
8. Goat manure 15.23 3.25
LSD 2.14 0.67
CV% 10 19

10



184
185

186

187

188

189

190

191
192
193

% increase overthe control

| iiillllll
i\llll

: s

hIIIIIIIIIIIIIIIIIIIIIIIIIIII

[

TSP T5P+CAN

FYivi LG

FYivi HU

.|iIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIII\

Ostover

Werain

Figure 2. % increase in stover and grain yield ovethe control

greenhouse and the grain yield in the field stuatyboth Joseph @= 0.47) and Samuel’s soils
(r* = 0.29). (Figures 3 and 4). The correlation witbver was also low for Samuels’s soil.

However, there was a high correlatioh<r0.74) of the greenhouse biomass to stover yiald f

Josephs soil.

e e
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stover yield {t/ha}
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y=0.276x+ 8274/,
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stover and grain yields in the field.
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There was a poor correlation between the biomagsntitter yields obtained in the
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- [ Comment [d31]: Figure?
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Figure 4. Relationship between biomass dry weightgld (Samuel’s soil) in greenhouse with
stover and grain yields in the field.

4.0. DISCUSSIONS

by others [13]. The failure of maize to respond 8P on Samuel’'s soil and the low response on
Joseph’s soil confirmed the farmers’ observationghe ineffectiveness inorganic fertilizers on

their farms. It had been hypothesized that higdigcof these soils could be causing Al toxicity,

was observed when lime was combined with TSP coetbtar application of lime alone or TSP
alone on Joseph’s soil (Table 2) suggests a simedizs P deficiency and acidity problem.
However, on Samuel’s soil where no response to tme TSP, whether applied alone or in
combination, was observed, other factors other tm&Adity and P deficiency could be at play.
The soil in the field study did not respond to Nenhapplied alone (CAN) but responded to P
applied alone implying that P was more limitingritd although both N and P were deficient as

confirmed by the higher yields when TSP was conmbiwéh CAN. This confirms reports by

[14] that most soils in western Kenya do not respanN unless P limitations are overcome. - -{ comment [d35]: overcomed?

12
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Application of organic materials generally had figsi effects on yields but the magnitude
varied with the type and quality of organic ingel¥.M of high quality out-performed that of low
quality both in the greenhouse and field while goainure was better than the other manures
likely due to their high nutrient content. All theanures were applied at 5 t'hand therefore the
amount of nutrients supplied by them varied witeithquality. For example, for the most
limiting nutrients N and P, FYM of high quality pride 114 kg of N and 75 kg P ha@ompared
to 49 and 31 kg of N and P haespectively for the low quality FYM. This doestfmwever
explain the slightly higher or comparable yielddadted by the high quality OMs in the field
compared to the standard to inorganic fertiliz8iSP combined with CAN, whose application
provided 60 kg P hhand 100 kg N harespectively. However, there are other factorgothan
nutrient content that could also have contributethe responses observed among the manures.
For example, low biomass yields were observed fieddithonia compared to the green tithonia
although both provided the same quantity of nutsiehhis is likely due to increased polyphenol
content and reduced nutrient release followingrdnyf plant biomass [15]. In addition, organic
materials positively affect other soil propertiegls as cation exchange capacity, improvement
of soil structure and moisture holding capacity, [18]. They also provide other nutrients such as
micronutrients which were not provided by TSP arANCThis could also have contributed to

their general superiority over inorganic fertiliger

yield in the field could be attributed to the faicat in the greenhouse, the maize was harvested
before the period of high nutrient demand unlikeha field where the crop grew to maturity.
Therefore some of the treatments that performetiméhie greenhouse e.g., FYM of low quality

may have failed to supply enough nutrients demaridedrain production in the field. This is

13



236 corroborated by the generally better correlatiothvetover yields, especially for Joseph’s soil,- { comment [d37]: Evidenced? )

237  suggesting that some of the inputs were able td theenutrient requirements of the vegetative

238  stages of growth (biomass) but were not adequatgrén production. Furthermore, some of the

239 manures e.g. the goat manure and dried cattle [chamgnot have had not rtad enough time to *[Comment [d38]: Correct the sentence ]

240 mineralize in the short period in the greenhousevééks) and the longer period in the field,
241  coupled with more favorable conditions for minezation compared to the greenhouse, allowed
242  them to perform better in the field. Moreover, thee of different soils in the greenhouse and
243 field experiment and differences in their enviromtse may have contributed to the poor

244 correlation between greenhouse and field data.

245 5.0. CONCLUSIONS

246 The responses to the nutrient sources in the goesehwere soil specific. Joseph’s soil - { comment [d39]: Remove the names please |

247  was more responsive to most of the organic andyaroc inputs tested while Samuel’s soil was
248  none responsive to inorganic inputs and low quatignures. Among the manures, quality in

249 terms of nutrient content and ability to mineraligeemed to have largely affected their
250 effectiveness with goat manure and FYM performirggl woth in the greenhouse and field. In

251 the field experiment, maize failed to significantgspond to either CAN or TSP when applied
252 alone but the application of the two in combinat{f@®P + CAN) effected a significant response
253  suggesting a simultaneous deficiency of N and tRiatsite. All the manures tested, except low
254 quality FYM, gave grain yields that were higheraomparable to the standard recommended

255 fertilizer practice (TSP + CAN) in the study arealaould be economically attractive substitutes

256 as they are locally availadle. Differences in resgo by maize to the different organic and- -| Comment [d40]: This is a sweeping statement

777777777777777777777777777777777777777777777 as no gross margin analysis has been performed

257 inorganic inputs on the two soils in the greenhcarsé lack of correlation between biomass dry

258 matter yields in the greenhouse with the maize ngrgields in the field indicate that

14
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recommendations of nutrient sources for maize daeasily be transposed among diverse soils

of Kericho County or from greenhouse to field.
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