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FARMERS’ RESPONSE TO ORGANIC AND INORGANIC FERTILIZER
UTILIZATION ON MAIZE CROPPING SYSTEMS IN KISII COUNTY, KENYA
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ml fertility problem has been Ldentiﬁed\ a major fa t/ hin rmg maize pmductw%ty globally;
the majority of these soils are deficient in %lhtmgen hosphoyous and organic matter, Low maize
productivity in Kenya is attributed to decline in soil fertility! Improving soil fertility is necessary
to achieve sustainable maize productivity among small- scali@ armers. However, farmers’ ; 4 ﬂ
response toward the application of fertilizers is poor. This stuc stumtermme how Mt — 1
farmers response towards the usage of organic and inorganic fertilizer in maize cropping systems
among the maize producers. The-target- p@pt&atmnsﬂfﬂr-fhls*study-Wé'fE“"maizefarmers A simple
random sampling was used to obtain a sample size of 246 respondents from accessible household
population of 10,800 maize farmers. A structured questionnaire was used to collect data, which
was then subjected to Microsoft Excel and Statistical Package for Social Sciences (SPSS)
software (Version 20) for analysis. The findings indicated that, the mean age of the farming
population was 42 years with an average farming experience of 18 years. Majority of the farmers
had secondary edycation as their highest level of education. The findings revealed that 90.2% of
the farmers use Pi-ammonium Phosphate (DAP) fertilizer; the findings further indicated that
there was prolonged single use of DAP fertilizer in the same piece of land for a period of6-10
years continuously. 84.1% of farmers applied inorganic fertilizer while, 58.9% use’manure or
manure and inorganic fertilizer. In terms of soil analysis and replenishment, the findings revealed
that there was poor response towards soil testing and lime application. A further 94.7% of the
farmers indicated they had never carried out soil testing in their farm while 92.3% of the farmers
had not applied lime to normalize soil pH. Farmers in Kisii ;C,’gunty need seek for soil testing
services as a guide to determine which fertilizer to apply and use,lime if n
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as well as use o&\
organic manure to improve soil properties and |also make us¢ of zero-tillage method of A
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cultivation to allow soil nutuey\bulld up. 'ﬂns w1lf\lead to an mcrei‘;e in production to,\g)tlmal & Ma K
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Background of the Study

Soil fertility problem has been identified as a major factor hindering maize productivity globally
and the majority of these soils are deficient in nitrogen, phosphorus and organic matte\fcf/ Nitrogen
is an integral component for many elements and enzymes necessary for plant to carry out its
physiological processes (Ali et al., 2011), Nitrogen therefore plays a significant role in

improving soil fertility and increasing crop productivity (Habtegebrial et al. 2007). According to



Ogola er al. (2002), ,}%itrogen application to the soil contributes to increased grain yield up to
between 43% to 68% and biomass of 25% to 42% in maize cropping systems. There is also a
positive interaction between the organic manures and urea as nitrogen source (Yang et al. 2007).
Synergistic effects of N with organic fertil_izers (Animal residue or FYM) accumulate more soil
total N (Huang er al. 2007 & Zada et al. :(_.)005)\:0:[“ sole effects of FYM result in increased yield
of maize (Anatoliy & Thelen, 2007), studies have shown that, 44% of organic matter in the soils
improves soil porosity to about 25% and water holding capacity 16 times (Gangwar et al. 2006).
Agricultural scientists are engaged to establish agricultural systems with lower production cost
and conserving the natural resources. Therefore, recent interest in the manuring has re-emerged
because of escalated prices of fertilizer and importance of farm yard manure, green manure and
poultry manure in maintaining long term soil productivity besides meeting timely nutrient

requirements (Ali ef al. 2011).

The problem of soil fertility decline is widespread in Sub-Saharan Africa, largely as a
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consequence of continued cultivation of crops with low levels of nutrient inputs (Zingore et al.y
V\E&iP@) To counter growing maize shortage, there are renewed efforts to support the
predominantly subsistence farmers to intensify crop production mainly by increasing the
utilization of fertilizers and improved crop varieties. Soil fertility varies considerably at the farm
and landscape levels in mapy smal&?scal%ize farming systems in Africa, leading to variable

crop productivity and crop response to additions of inorganic and organic nutrient{Zingore et al.,

~ N
WA s
Generally low maize productivity among the smal&‘@éag{‘naize farmérs in Kenya is attributed to
decline in soil fertility (Mugwe er al., 2008). Improving soil feftility is important to achieve
sustainable maize productivity; however farmers’ response towa/d the utilization of organic and
inorganic fertilizers is apparently poor. According to Okalebo et f“"f (2006), the application of
inorganic fertilizer and manure are some of the scientific recommendations that might improve
soil fertility. But, some farmers lack technical know-how as to which kinds and rates of

fertilizers are suitable (Hopkins er al., 2008).

The application of inorganic fertilizer is one of the quickest and easiest ways of increasing maize
productivity per unit area. However, the problem with inorganic fertilizer nutrient
supplementation is that it leads to pollution of ground water and does not improve soil structure

(Khaliq et al., 2004). Moreover, required chemical fertilizers are not readily available to farmers
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at the right time and the prices are very high (Khan et al., 2005). Many crop species respond well
to the application of organic manure unlike the chemi tilizers these crops can sustain yield
under continuous cropping on various textured soils (Maynard, 1991)‘.:“““\ O ut oﬁ A0 8N
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Crop husbandry measures necessary to achieve the maximum possible maizé productivity i amongg

@ithout compromising the Iand’s productive sustainabilitiﬂéﬂould be adherﬁd to! Conversely,
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misu/sei\gf fertilizer by moﬁt farmers has caused high soil acidity asvstudies have shown that,
age -
prolonged single use of Di-ammonium hos‘;')d:flte (DAP) fertilizer for instance, is partly k
w
t

his-phenomenon is highly practiced in me ma.,
ghly p gounty, ke

The study was therefore conducted to determine farmers’ response to application of organic and

responsible for the high acidity in the soil,

inorganic fertilizers in maize productiyity. % k
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The study Area
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Kisii County was chosen as W area because\(ff‘i”ts\pogltMicultural activity. It lies
between a latitude of 0 30%nd 1 O%outh and longitude 34 38‘and 35 Ojgast. The County covers

an area of 1,317 km? with a total population of 1,152,282 and 245,029 households. The county
exhibits a highland equatorial climate resulting into a bimodal rainfall pattern with average
annual rainfall of ROﬁéfgﬁth‘-’; long rains between March and June while the short rains are
received from September to November. The months of July and January are relatively dry with
maximum temperatures ranging between 21%€ - 30°C and minimum temperatures ranging
between 15% — 20°C. The high and reliable rainfall coupled with moderate temperatures is
suitable for growing maize and other crw bananas, tea, coffee and pyrethrum as well 29
dairy farming. duk a0

Sampling and Data Collection Procedures:

The target populations for the study were maize farmers. Simple random sampling was used to
select the sample for the study from the accessible household population of 10,800 maize
farmers. Fisher formula was used to derive a representative sample size of 246 respondents
(Mugenda & Mugenda, 1999). A questionnaire with open and closed ended question was
administered to the farmers at the farm level to collect data. Analysis was done with aid of

Statistical Package for Social Sciences (SPSS) software version 20 and Microsoft excel.



RESULTS AND DISCUSSIONS B |

Distribution of Farmers according to their Age bracket and)’evel of Education

Majority of the farming population in Kisii County are of age bracket of ,§36-55 years)y which A\O
translated to 48.0 % followed by youthvéﬁage-begeg_éea 18 ;esag:teﬁﬁ years translated to 30.0 %
(Table 1). The age of the respondents was used as a proxy for farming experience; the finding
indicated that, the average age of farming population was 42 years. The findings are %1%%)001
agreem?ﬂgp with Mironga J4M// (2005), (though slightly lower) that, the average age of Kisii
farmers 48 40.5 years. The age was therefore included to evaluate the effect of age on maize
production and soil fertility management. It is believed that, younger fs}rmers can be more
aggressivercarrying out their farming operations as opgf:f)o older ag% is possible that older

farmers may be traditional and conservative to chang A hus show less willingness to adopt new

farming technology aimed at increasing maize yield and soil fertility improvement.

The respondents were of diverse levels of education ranging from illiterate to educated farmers.
The findings indicated that ﬁliterate group was 4.9%, farmers with primary education being
25.6%, secondary level were 32.1%, middle level college were 22.0% and those with University
education were 15.4 %. result indicated that majority of the farmers in Kisii county had
secondary education as their highest level of\education‘ The level of education plays a major role
in farmers’ decision making especially in the improvement of soil fertility through proper
utilization of organic and inorganic fertilizers and also the adoption of improved maize
production technologies. The number of year wa person spent in formal education is one of the
most important determinants to increased farmers knowledge. Educated farmers usually have a
better opportunity to access information on new technologies and are generally able to
assimilate, to process and to use this information to manage their soils for better production
(Table 2).

Table 1: Age of the respondents

Age bracket of the respondents Frequency Percent (%)
18-35 74 30.0
36-55 118 48.0
56-69 46 18.7
70 and above 8 3.3

Total 246 100.0




Table 2: Educational levels of the respondents

Level of education Frequency Percent (%)
Illiterate 12 49
Primary 63 25.6
Secondary 19 32.1
Middle level Collegz 54 220
University 38 154
Total 246 100.0

Farmers’ response towards organic and inorganic fewer applications

About 84.1% of the farmers indicated that, they use¥inorganic fertilizer to improve maize
productivity and soil fertility as well, whereas 13.8% of the farmers indicated that they do not
use inorganic fertilizers. On the other hand, about 58.9% of farmers indicated that they used
manure (Animal manure and FYM) while 38.2% said that they % not use manure in their farm.
This is a clear evident that there is imbalance between organic and inorganic fertilizers
application in the region. Studies have shown that inorganic fertilizer utilization is one of the
quickest and easiest ways of increasing maize yields per unit area. However, the problem with
) . _ ) CoFrnorgan  favti|lgers )
Ainerganie-fertilizer.nutrient supplementationeads mprove soil structure (Khaliq ef al.,
2004). According to Khan et al.,—/ (2005), inorganic fertilizers are not readily accessible to all
farmers due to its escalating costs. This study concur with Kamoni;‘ﬁ% (2009) that, continuous
application of DAP fertilizer for a long period of time results to IWH. From the findings,
. . - i 2P

it’s evident that 9‘0.2 o of Kisii County farmers use DAP fertilizer for a period between 6 to 10

years consecutivw_s‘\%@i%mt soils in the region have accumulated acids (Table 3).
Y acid: ey

Utilization of org J\uc fe 111z11n Kisii County is fairly good The percentage ratio of farmers
wko Al
usig manure to the=p: pe&ﬁa&aﬁfanne&s—aeﬁwng;s»ﬁ%Table 3. Increased apphctnggi/

organic manure improves soil orgamc matter as many studies in Sub Saharan Africa,(SSA)‘have
o.ppl? cafer nram C AR cuha( /}hq‘mt,m‘%

Rg gll—f;;lhty (7 mgow et al., 2008¢ Mtambanengwe &

Mapfumo, 20%; studies have shown that application of cz%:f mam:lz significantly

ety
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impact the physical, blologzcal and chemical properties of the smlsi&sst:&ﬁﬁaese—effee#s arexdue
to an increased soil organic matter resulting from manure application (Shirani ef al., 2002;(Lia;1E
et al., 201 )& Bakayoko et al., 2009).
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Organic manure therefore is an excellent source of major plant nutrients such as Nitrogen (N),

/P/Phosphoms (P) and potassium (K) and also provides many of the secondary nutrients required by
the plants. The effect of manure application on soil physical properties include increased
infiltration (Risse ef al., 200!

, water holding capacity4Liang et al., 2011; Salahin et al., 201 1,7
Rasoulzadeh & Yaghoubi, 2010
O

and reduced compaction and erosion (Salahin er al., 2011).

¥ N
THEEEﬁnﬁ"mgsm‘diVé?gE;t from Makokha et al.; (2001)"points of view that manure is the most
widely used organic fertilizer by approximately 80% of households in Central Highland of

Kenya.
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Table 3: @Organic and inorganic fertilizers usage-frequency-table

Use of inorganic fertilizer Use of manure Use of DAP
Responses Frequency % Frequency Y4 Frequency %
No 34 13.8 94 38.2 16 6.5
Yes 207 84. 1 145 58.9 222 90.2
No response 5 2.1 7 2.9 8 33
Total 246 100.0 246 100.0 246 100.0

N

Response towards soil sampling and lime applications

From the findings, soil analysis and lime application was generally poor in the region. Majority

of the farmers represented by 94.1"/ indicated tha 5 they did not carry out soil analysis to check
Th add:tiem

the status of ihe soil prope /y\ they claimed that, the process of soil analysis is tedious and too

costly 1 ion, the distance to the nearest soil testing research station is far and expensiv%\

/ﬁ} hile only 4.9% of the farmers carried soil sampling. The findings further indicated that, 92.3%

had never used lime for the reasons they—said-that, they had never heard almﬂ;%i\ts
importance/quhereas 7.3% of the farmers applied lime (Table 4). A
3

Soil sampling and analysis is a valuable tool for determining the inputs required for efficient and
economic production. A proper soilcziisztl‘ensures the application of enough and right fertilizer to
meet t&;’;/rgquirements of the crop)w#&ﬁe.taking ac\i:vca:,%\gren of the nutrients already present in the
soil. It"allows the farmers to determine lime roéﬁ%msms. Soil testing is also a requirement for
farms to complete a nutrient management plan. The application of lime tends to raise the soil pH
by displacement of H*, Fe*" AI’*, Mn** and Cu®* ions from soil adsorption site (Onwonga et al.,
2010). More than increasing soil pH, it also supplies significant amounts of Ca and Mg,
depending on the type. Indirect effects of lime include increased availability of P, Mo and B, and

more favorable conditions for microbial mediated reactions such as nitrogen fixation and

o D



nitrification, and in some cases soil structures are also improved (Crawford et al., 2008). Increase
in soil pH and reduction of soil exchangeable acidity following application of manure and lime

either sole or combined can be attributed to the release of organic acids which in turn may have
& . . . Ol( WaOGwin 3
suppressed Aluminum (Al) content in the soil through chelation (Onwonga er al., 2008 &
O ron
Glfe\mm@sgi et al., 2003). The presence of Al contents in the soils reduceﬁo&o ijtha@nr%soil
4= o T ; : \ a
ac1d;;2. Moreover, when lime is applied in these sml&eaéﬁﬁh waterl&ae?mg to the production

of OH ions and Ca®* ions which displace H* and AI’* ions (which are responsible for low soil

pH) from soil adsorption sites resulting in an increase in soil pH (Kisinyo et al., 2012).

tutig L .
Table 4: Farmers’ response towards soil samipling and Lime applications
Exam: nafan o Aol teilting
Carrying-out Soil sampling. Use of Lime
Responses Frequency Percent (%) Frequency Percent (%)

No 233 94.7 227 923
Yes 12 4.9 18 7.3
No response | 0.4 1 0.4
Total 246 100.0 246 100.0

Maize crop rotation and intercropping in the Kisii County

The response towards crop rotation and maize intercropping was good. The finding indicated
that, about 78.9% of the farmers rotate their crop whereas 20.7% did not do crop rotation. On the
other hand, about 95.1% of the farmers were intercropping maize with leguminous plalﬁguch as
E})Beans, soybean and Groundnuts and other root crops such as, Sweet potato, Irish potato and
= Cassava among-others whereas, 4.9% of the farmers did not intercrop maize with any other crops

(Table 5).

According to Giller et al4 (1997), various legume-based technologies such as rotations of cereal
crops with grain legumes has been advocated as gif{option for providing supplementary N to

cereal crops through biological N fixation. Mor Ow,ﬂt' e yield of maize following groundnut is

greater than continuously fertilized maize, but soybean has no effect on maize productivitg/a_f\

Groundnuts can double the yields of mm fertilizer, bﬁt

gave more additional grain W@ﬁertilizer are used on the maiz% . @,TPP‘E Ca_b\n‘m
oX e CHopperly

Intercropping maize with grain legumes offers opportunities to improve overall productivity of

) s :
both crops, and ensur?t\he legumés/beneﬁt from fertilizer targeted to maize. Intercrops can result
£



in increased grain output over maize alone, both with and without fertilizers (Snapp & Silim,
2002).

-

Studies have shown that, a meta-analysis of fertilizer response under agro-forestry in small scalet?(
farming systems % better maize yield response than legume trees and green manures.
However, maize yield response to fertilizer application in the tree legumes systems is
significantly higher than in green manures, natural fallows, and unfertilized maize (Sileshi ef al.,
(2008). Strategically targeting fertilizer use to variable soil fertility conditions, combined with
recycling crop residues, manure application, and various legume-based technologies is necessary
for viable fertilizer use in smaﬁal&éﬁrﬂng systems in SSA (Giller ef al., 2006).

_ S o QYOCMYS.
Table 5: Crop rotation and maizefintercropping in maize crep-frequency table.

Crop rotation Maize intercropping
Response Frequency Percent (%) Frequency Percent (%)
No 51 20.7 12 4.9
Yes 194 78.9 234 95.1
No response 1 0.4 - -
Total 246 100 246 100

CONCLUSION AND RECOMMENDATIONS .
Continuous application of DAP fertilizer for a long period of time may resultX to lowsoil pH
CYPs
inhibiting uptake of some nutrients in maizeT\f—t?fé/appiication of organic nutrient resources, such
as compost and animal manures plays an important role in replenishing soil fertility and
improving other soil characteristics. Similarly application of lime, crop rotation and
b
intercropping maize with leguminous cereal crops such as E;oundnut, Beans and soybeans

increases maize yields and soil fertility as well. It is recommended that fafm&should seek

o v n
alternative fertilizer for basal applicationig NPK to substitute with DAPvin the region, farmers_.

/t/’a use lime and organic manure to improve soil properties and also make use of zero tillage

method of cultivation to allow soil nutriet:fAbuiI?{ up.
©
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