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ABSTRACT
Soil acidity, low level of nitrogen (N), phosphorus (P) and soil organic matter are major constraints
to sorghum production in Kenya. We investigated the effect of farmyard manure (FYM) and
combined application of inorganic nitrogen and phosphate fertilizers applied as calcium ammonium
nitrate and triple superphosphate respectively, on soil pH, available P, total N, organic carbon and
sorghum grain yield, on a smallholder farm in Siaya County, Kenya. The experiment was a
-1
randomized complete block design consisting of four treatments i.e., FYM applied at 0 and 4 t ha
-1
in a factorial arrangement with inorganic fertilizers applied to provide 0 and 26 kg P ha + 75 kg N
-1
ha , replicated three times. The study was conducted during the long rains of March to June and
short rains September to December, 2017. Farmyard manure was applied only during the long
rains season of 2017, while P and N fertilizers were applied in both cropping seasons. Soil
_____________________________________________________________________________________________________
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sampling was done before treatment applications and at harvest time. Soil analysis revealed that
-1
the soil was acidic (pH = 4.9) with low available P (5.3 mg kg and N (0.08%) but moderate
-1
amounts of C (2.0%) and Ca (3.4 cmol kg ). The effect of sole application of FYM on soil P, N and
grain yield were lower than those of the inorganic fertilizers. Farmyard manure increased soil pH
because of its alkalinity (pH = 7.1) while triple superphosphate reduced it due to release of
phosphoric acid into the soil. The mean annual (average of two seasons) grain yield increments,
-1
-1
above the control with no nutrient inputs, due to 4.0 t FYM, 26 kg P ha + 75 kg N ha and 4.0 FYM
-1
-1
+ 26 kg P ha + 75 kg N ha were 64, 191 and 259%, respectively. Therefore combined
applications of FYM and N and P fertilizers have the potential to increase sorghum grain yield on
Kenyan acid soils.
Keywords: Sorghum; acid soils; response; farmyard manure; nitrogen; phosphorus fertilizers.
and temperatures [6,10]. Inorganic nitrogenous
and phosphate fertilizers are generally used to
ameliorate N and P deficiencies but their high
cost makes them unaffordable to smallholder
farmers. In addition, inorganic fertilizers do not
supply organic C which can be used to build
organic matter in these soils. There is therefore
renewed interest in use of cheap locally available
organic resources such as farmyard manure. In
some cases, however, the organic inputs may
not be available in adequate quantities and their
integration with inorganic fertilizers, to serve the
dual purpose of saving on the cost of buying
inorganic fertilizer while ensuring that necessary
nutrients are supplied in adequate amounts, is
sometimes
recommended.
However,
the
effectiveness of this strategy in sorghum
production in western Kenya has not been
adequately been tested. The objective of this
study was therefore, to determine the effect of
farmyard manure and inorganic fertilizers, when
applied alone and in combination, on selected
soil chemical properties and sorghum grain yield
in Siaya County, Kenya.

1. INTRODUCTION
Sorghum [Sorghum bicolor (L.) Munch] is an
indigenous crop to Africa and remains a basic
staple food for many rural communities
especially in lower midland sub-humid and semiarid climates [1]. In Kenya, sorghum is grown in
many regions including western, northern Rift
Valley, eastern and some parts of central. It is
used both as human food and feed for livestock.
Its grain is used for porridge, ‘ugali’, the local
staple food and brewing while its stover is used
for feeding livestock. Therefore, it plays a very
important role in the Kenyan economy. Despite
its importance, sorghum grain yields in Kenya
have remained very low, ranging from 0.5 – 1.5 t
-1
-1
ha , compared to a potential of 3.0 t ha under
good crop husbandry [2]. The low sorghum grain
yields are attributed to drought, pests, diseases,
high temperatures, inappropriate agronomic
practices and soil fertility depletion.
In the lower midland humid climates of Kenya,
where sorghum is grown, major soil constraints
limiting crop production include soil acidity,
nutrient deficiencies, especially nitrogen (N) and
phosphorus (P), and low soil organic matter (OM)
[3-5]. The soil acidity is mainly due to leaching of
base cations by high rainfall and their
development from acid rocks [6,7]. Acid soils are
associated with aluminium (Al), hydrogen (H),
iron (Fe), and manganese (Mn) toxicities and
deficiencies of P, molybdenum (Mo), calcium
(Ca), magnesium (Mg) and potassium (K) [6].
Low available soil P levels are due to its fixation
3+
3+
by Fe and Al ions in acid soils which is
exacerbated by the fact that farmers in this
region do not apply adequate amounts of P
fertilizers to soil to replenish the P removed
through crop harvests [8-10]. The low N and
organic matter levels in most of these soils are
caused by inadequate replenishment by farmers,
leaching of soil N by high rainfall and high rate of
organic matter decomposition due to high rainfall

2. MATERIALS AND METHODS
2.1 Site Description
The study was conducted on a smallholder
farmer’s field (1°04’56.02” N and 34° 00’13.75”E)
in Ugunja sub- county, Siaya County, Kenya. The
site is 1446 m above sea level with mean
temperature of 14-22°C and mean annual rainfall
of 1300 mm. The rainfall is bimodal, with long
rains occurring from March to June and short
ones from September to December [6,11]. The
soil at the study site is classified as chromic
Ferralsols according to [12] soil classification.

2.2 Experimental Design
The experiment was a randomized complete
block design consisting of two levels of FYM (0
2
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and 4 tons ha-1) in a factorial arrangement with
two levels of inorganic fertilizers (0 and 26 kg P
ha-1 + 75 kg N ha-1), replicated three times. The
recommended P and N rates for sorghum
production in Kenya, 26 kg P ha-1 and 75 kg N
-1
ha respectively [13] were used.

2.3 Agronomic
Collection

Practices

and

harvesting period. They were analyzed for
selected chemical properties to determine
changes due to organic matter and inorganic
fertilizers applications. A sample of completely
decomposed manure was taken from a farmer’s
cattle yard and taken to the laboratory for
analysis.

Data

2.5 Laboratory Analyses

After ploughing and harrowing, plots of 3.5 m by
3 m were demarcated and were separated from
each other with guard rows of 1.0 m all round
each plot. Farmyard manure was broadcast and
thoroughly mixed with the soil in plots designated
for its application. Triple superphosphate (TSP),
the inorganic P fertilizer, was applied in the
planting holes, in the appropriate plots and mixed
with the soil. Three seeds of sorghum were then
planted per hole at a spacing of 70 cm by 20 cm
between and within rows, respectively. Sorghum
accession Nyandundo–1, which is widely grown
by farmers in this region was used. The
seedlings were top-dressed with calcium
ammonium nitrate (CAN) when the plants were
at knee high.

The soil samples were air-dried and the ones
taken before treatment application were analyzed
for texture, pH (1: 2.5; soil: water), bicarbonate
2+
2+
extractable P, exchangeable bases (Ca , Mg ,
+
+
K and Na ), organic carbon (%C) and total N
(%N). The samples taken after treatment
applications were analyzed for pH, available P,
%N and %C. The detailed laboratory procedures
for these analyses are described by [14].
Farmyard manure was oven-dried at 70°C,
ground to pass through a 0.5 mm sieve and then
analyzed for nutrient content (total N, P, K, Ca,
and Mg) and organic carbon (%C), lignin and
polyphenols as described by [15].

2.6 Statistical Analysis of Data

Sorghum was harvested at physiological maturity
2
from a net plot of 5.04 m . The guard rows in
each plot were not harvested to avoid edge
effects. Heads were separated from the stover
and their fresh weight recorded. Eight
representative heads were randomly taken per
plot and their fresh weights recorded. The
samples were air-dried to a constant weight,
shelled and grain weight per plot determined.
This was used for determination of grain yield
per/ha.

2.4 Sampling
Manure

of

Soil

and

The grain yield data was subjected to analysis of
variance (ANOVA) using General Statistics [16].
Means were separated using pooled standard
error of difference of means (S.E.D) whenever
treatment effects were significant at p ≤ 0.05.

3. RESULTS AND DISCUSSION
3.1 Quality of the Farmyard Manure
Chemical composition of the manure is shown in
Table 1. The material had C: P and C: N ratios of
80 and 18, respectively with high lignin (> 15%)
and low polyphenol (< 4%) levels. According to
the criteria proposed by [17], the FYM is of good
quality and is able to easily mineralize N and P
into the soil for plants utilization.

Farmyard

Soil samples were taken from the top (0–30 cm)
soil depth in a “W” transformation with a soil
auger in March, 2017 before the applications of
the organic and inorganic fertilizer materials. The
soils thus collected were mixed thoroughly and
about 1.0 kg composite sample packed in a
paper bag, properly labeled and taken to the
laboratory for physical and chemical analyses.
Soil samples were also taken from each
experimental plot before treatment application
and during both long and short seasons

3.2 Soil
Chemical
Characteristics

and

Physical

Table 2 shows the initial chemical and physical
characteristics of the soil at the study site. The
soil was acidic, deficient in N, P and Ca, and with
low carbon levels. Acid soils deficient in N, P and

Table 1. Chemical composition of farmyard manure
MC (%)
28

%N
1.81

%P
0.41

% Ca
0.14

% Mg
0.4

%K
2.1

%C
33

MC= Moisture Content

3

pH
7.1

% Polyphenol
0.75

% Lignin
18
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Ca with low carbon such as reported in this study
are common in SSA agricultural lands [6,18]. The
N deficiency are attributed to leaching by high
rainfall, inadequate application of N fertilizers to
replenish soil N removed through crop harvests
and high rate of organic matter decomposition
[6,10]. Phosphorus deficiency is likely in such an
acid soil due to its fixation by Al and Fe ions,
which is compounded by parent materials with
low P, and inadequate P fertilizer replenishment
by farmers [6,8,10]. The observed low soil C
levels are due to high rate of organic matter
decomposition and inadequate use of organic
inputs in soil fertility management [19]. Low base
cations levels in tropical soils are due to its
leaching by high rainfall [6]. Such acidic and
nutrient deficient soils cannot therefore, support
healthy plant growth and often result in low
yields.

treatments had available P levels greater than
-1
the critical 10 mg kg that is considered
adequate for most cereals in this region [14].
These low levels of P at the end of each season
indicate that the residual effects on subsequent
crops, due to application of these P inputs, may
be limited and P nutrient inputs have to be
applied seasonally. However, lower amounts
may be applied where a combination of FYM and
inorganic fertilizers were applied than with sole
application of FYM or inorganic fertilizers at the P
rates used in this study. Combined application of
both P fertilizer and FYM had the highest
increase in soil available P mainly because it had
the highest total amount of P applied (42 kg P ha1
-1
) compared to FYM alone (16 kg P ha ) and
-1
inorganic fertilizers alone (26 kg P ha ). In
addition, apart from providing small quantities of
P to the soil, FYM likely reduced P sorption
making both the native soil P and applied P
fertilizer more available to plants [25]. Similar
increase in soil P due to organic materials and P
fertilizers applications have been reported on
acid P deficient soils such as reported in this
study [5,20,26]. The increase in soil N levels due
to FYM was less than that of inorganic fertilizer
because of its lower N content. Application of
FYM significantly increased the organic C
compared to treatments where it was not applied
in both seasons. This is mainly due the C that
was contained in the FYM (33%) which the
fertilizers did not contain. Similar increases in
organic C due to application of FYM have been
reported [24,26,27]. However, the increase did
not attain the critical level of 4%, and therefore
there is need to continuously apply the organic
materials to build up the organic matter levels in
these soils.

The effect of the organic and inorganic materials
applications on soil pH, available P, total N and
organic carbon are shown on Table 3.
Application of FYM alone gave the highest
increase in soil pH in both seasons while
inorganic fertilizers reduced it. Combined
application of FYM with inorganic fertilizers gave
a pH that was intermediate between the sole
application of FYM and the inorganic fertilizers.
Similar increase in soil pH due to application of
organic materials and decrease due to inorganic
fertilizer application has been reported by several
researchers in acid soils such as in this study
[20-22]. Increase in soil pH due to application of
organic materials has been attributed to
displacement of OH- ions from soil adsorption
sites by negatively charged substances
contained in organic matter through ligand
exchange [23]. The decrease in soil pH due to
inorganic fertilizers applied alone, without FYM,
is ascribed to release of phosphoric acid by TSP
during its dissolution into the soil solution. The
higher increase in soil available P due TSP
fertilizer application compared to FYM is due to
the greater amounts of P applied with TSP (26 kg
P ha-1) compared to only 16 kg P ha-1 supplied
by the 4 tons of FYM. In addition, all the P in TSP
is soluble and readily available while some of the
P in the FYM is in organic forms and must first be
mineralized before it becomes available.
However, sole application of FYM did not
significantly increase the available Soil P above
the control with no nutrient inputs. This is likely
due to uptake of the P that was mineralized from
FYM. Soils were sampled after harvest, by which
time most of the P could also have been fixed in
these high P-fixing soils [24]. In fact, none of the

3.3 Effect of Farmyard Manure and
Inorganic Fertilizers on Sorghum
Grain Yield
The effects of FYM and inorganic fertilizers on
sorghum grain yield are shown in Fig. 1. The
yields ranged from 0.83 to 3.04 t ha-1 in the long
rains season (LR) and 0.74 to 2.58 t ha-1 in the
short rains season (SR). The higher grain yield in
the LR than the SR is attributed to the higher and
better distribution of rainfall during the LR.
Treatment effects on sorghum yield followed the
incremental order of control < FYM < inorganic
fertilizers < FYM + inorganic fertilizers in both
seasons. All the treatments with fertilizer and
FYM inputs significantly (p ≤ 0.05) increased
grain yield above the control in both seasons.
The annual grain yield increments due to
4
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application of 4.0 t FYM, 26 kg P ha-1 + 75 kg N
ha-1 (from TSP and CAN) and 4.0 FYM + 26 kg P
ha-1 + 75 kg N ha-1 were 64, 191 and 259%,
respectively. Although sole application of FYM
supplied a similar amount of N (72 kg N ha-1) as
that of sole application of inorganic fertilizers (75
kg N ha-1), it gave lower yields than the inorganic
fertilizers mainly due to its low P content (16 kg P

ha-1) compared to inorganic fertilizers that
provided 26 kg p ha-1. Application of FYM alone,
however gave significantly higher yields than the
control due to its provision of N and P which
were limiting in these soils. Organic materials are
also known to confer other benefits such as
improving water holding capacity, reducing Al
toxicity, reducing P fixation and increasing

Table 2. Initial study soil chemical and physical properties (0-30 cm)
Soil
pH

<5.5*
4.9

%N

Olsen P

%C

Clay
(%)

Silt
(%)

Sand
(%)

Textural
class

<0.25*
0.08

(mg P
-1
kg )
<10.0*
5.3

Exchangeable bases
(cmol kg-1)
Ca
Mg
K

<4.0*
2.0

< 4.0*
3.4

32

16

52

Sandy
clay loam

<0.5*
0.8

<0.5*
0.6

* Indicates critical levels

Table 3. Farmyard manure and inorganic fertilizer materials effects on some soil chemical
characteristics
Treatment

1. Control
2. 4 tons FYM ha-1
3. 26 kg P + 75 kg N
ha-1
4. 4 tons FYM + 26
kg P + 75 kg N ha-1
S.e.d (0.05)

_________________________Parameters_________________________
-1
Soil pH
Olsen P (mg kg ) % N
%C
Seasons
LR
SR
LR
SR
LR
SR
LR
SR
5.0
4.8
5.4
5.4
0.07
0.08
1.9
1.8
7.0
6.5
5.6
5.5
0.12
0.11
2.6
2.2
4.8
4.7
6.7
6.5
0.13
0.14
1.8
1.8
6.8

6.3

7.0

6.9

0.17

0.16

2.5

2.3

0.3

0.3

1.4

1.2

0.04

0.03

0.2

0.4

LR = Long Rain, SR = Short Rain and FYM = Farmyard manure

Fig. 1. Effect of farmyard manure and inorganic fertilizer material on sorghum grain yield
Error bars indicates s.e.d and FYM = farmyard manure

5
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Table 4. Inorganic fertilizers and FYM effects on grain percent N and P contents
Treatment

% Grain N
LR
0.91
1.23
1.56
1.70

Control
-1
4 tons FYM ha
26 kg P + 75 kg N ha-1
-1
4 tons FYM + 26 kg P + 75 kg N ha

% Grain P
Seasons
SR
LR
SR
0.81
0.16
0.14
1.10
0.23
0.21
1.54
0.24
0.23
1.66
0.27
0.25

Note: LR and SR are long rains and short rains seasons respectively

Table 5. Relationships soil pH, Olsen phosphorus, organic carbon and total nitrogen with
maize grain yield
Parameter
Soil pH (1:5, Soil: water)
-1
Olsen Available P mg Kg
Total Nitrogen (% N)
Organic carbon (% C)

R2
0.0632
0.9642
0.8913
0.0865

Equation
y = 0.218 Soil pH + 0.537
y = 1.1949 Olsen P - 5.5299
y = 23.157 Total N - 1.0481
y = 0.7697 Organic carbon + 0.1626

available soil P [19] and therefore impacting
positively on crop growth. The higher yields from
the combined application of organic and
inorganic fertilizers, compared to sole application
of FYM and inorganic fertilizers are mainly due to
the higher amounts of both N and P they
-1
-1
provided (147 kg N ha and 42 kg P ha ). This
also confirms that both N and P were deficient in
these soils, an observation that has been
reported by other studies in the area [8,10]. A
response was therefore expected from N and P
inputs irrespective of the source. Similar findings
have been reported by [28,29].

3.5 Relationships between Soil Chemical
Properties and Sorghum Grain Yield
Correlations between soil pH, available P,
organic carbon and total N with maize grain yield
are show in Table 5. There were high
correlations between soil available and grain
yield (r = 0.98) and total N and grain yield (r =
0.94), but low between soil pH and grain yield (r
= 0.25) and organic carbon and grain yield (r =
0.29). High correlation between soil available and
total N with grain yield were because the two
elements are essential for plant process.
Phosphorus is important for good root
development and growth, seed formation, faster
grain maturity and strong straws in cereals.
Nitrogen is important for vigorous vegetative
growth and dark green colour in plants [30,31].
Therefore both N and P are important for high
grain yields. High correlations between soil
available P and grain yield and total N and grain
yield are an indication that both nutrients can be
used to predict maize grain yield. However, low
correlations between soil pH and grain yield and
organic carbon and grain yield is an indication
that soil pH and organic carbon cannot solely be
used to predict grain yield.

3.4 Effect of Inorganic Fertilizers and FYM
on Grain N and P Contents
Table 4 shows the effects of inorganic fertilizers
and FYM on grain percent N and P contents. The
mean annual % grain N contents were 0.86,
1.16, 1.55 and 1.68% due to control 4.0 tons
FYM, 26 kg P ha-1 + 75 kg N (from TSP and
-1
-1
CAN) and 4.0 FYM + 26 kg P ha + 75 kg N ha ,
respectively, while % grain P contents were 0.15,
0.22, 0.24 and 0.24% due to control, 4.0 t FYM,
-1
-1
26 kg P ha + 75 kg N ha and 4.0 FYM + 26 kg
P ha-1 + 75 kg N ha-1, respectively. There was a
general higher % N and P grain contents where
combined application of inorganic and FYM than
either of them was applied alone. This is
attributed to the synergistic effects that are often
observed when organic and inorganic fertilizers
are combined (19) and also the higher
amounts of nutrient applied in this treatment
compared to the others as already explained in
section 3.3.

4. CONCLUSION
The effect of the FYM, and inorganic treatments
on soil properties varied. FYM was basic in
nature and hence increased the soil pH relative
to the control with no nutrient inputs while TSP
fertilizer reduced soil pH because of phosphoric
acid released during its dissolution. The

6
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combined application of FYM and inorganic
fertilizers gave the highest amounts of available
soil P and total N, mainly due to the higher levels
of N and P it supplied compared to the sole
application of FYM or inorganic fertilizers.
Organic C levels were also higher where FYM
was applied, hence FYM can be used to build up
organic matter in these soils. Sorghum grain
yields generally increased with increase in rate of
N and P inputs irrespective of sources. There
were higher grain yields in the LR than the SR
mainly due to the higher and better distribution of
rainfall during the LR. The observed mean
annual grain yield increments above the control
due to 4.0 t FYM, 26 kg P ha-1 + 75 kg N ha-1 and
-1
-1
4.0 FYM + 26 kg P ha + 75 kg N ha were 64,
191 and 259%, respectively. Therefore combined
applications of FYM and N and P fertilizers have
the potential to increase sorghum grain yield on
Kenyan acid soils. Economic analyses of the
treatments would however need to be conducted
to determine whether this combination is
economically attractive before recommending its
adoption to farmers in the region.

6.

7.

8.

9.

10.

ACKNOWLEDGEMENT
We are grateful McKnight Foundation through
whose funds, sorghum accession used in this
research was developed.

11.

COMPETING INTERESTS
Authors have
interests exist.

declared

that

no

competing

REFERENCES
1.

2.

3.

4.

5.

12.

Simpson
BB,
Corner-Ogorzally
M.
Economic botany. Plants in Our World.
McGraw-Hill; 2001.
Sorghum Farming in Kenya.
[Accessed on 1 March 2018]
Available:https://softkenya.com/kenya/sorg
hum-farming-in-kenya
Kanyanjua SM, Ireri L, Wambua S,
Nandwa SM. Acid soils in Kenya:
Constraints and remedial options. KARI
Technical Note No.11; 2002.
Kisinyo PO. Constraints of soil acidity and
nutrient depletion on maize (Zea mays L.)
production in Kenya. Ph.D. Thesis. Moi
University; 2011.
Opala PA, Kisinyo PO, Nyambati RO.
Journal
of
Agriculture
in
Rural
Development
in
the
Tropics
and
Subtropics. 2015;116(1):1-9.

13.

14.

15.

16.

7

Sanchez PA, Shepherd KD, Soule MJ,
Place FM, Buresh PJ, Izac A-MN, et al.
Soil fertility replenishment in Africa: An
investment in natural resource capital. In:
Buresh RJ, et al. (Eds). Replenishing Soil
Fertility in Africa. Soil Sci. Soc. of America,
SSSA Special Publication No.51. Madison
Wisconsin, USA. 1997;1-46.
Sombroek WG, Braun HMH, van de Pouw.
Exploratory soil map and agro-climatic
zone map of Kenya. Scale 1:1000, 000.
Exploratory Soil Survey Report No. E1.
Kenya Soil Survey; 1982.
Kisinyo PO, Gudu SO, Othieno CO,
Okalebo JR, Opala PA, Maghanga JK, et
al. Phosphorus sorption and lime
requirements of maize growing acids soil
of
Kenya.
Sustainable
Agriculture
Research. 2013;2(2):116-123.
Obura PA. Effects of soil properties on
bioavailability
of
aluminium
and
phosphorus in selected Kenyan and
Brazilian soils. Ph. D. Thesis, Purdue
University, USA; 2008.
Okalebo JR, Othieno CO, Woomer PL,
Karanja NK, Sesmoka JR, Bekunda MA, et
al. Available technologies to replenish soil
fertility in East Africa. Nutrient Cycling in
Agro Ecosystems. 2006;76:153–170.
Jaetzold R, Schmidt H. (Eds). Farm
management handbook of Kenya, Vol. IIA
Western Kenya and Vol. II B (Central
Kenya): Natural Conditions and Farm
Management Information. Nairobi, Kenya:
Ministry of Agriculture/GAT Nairobi and
GTZ/Eschborn; 1983.
FAO. Revised legend of the FAOUNESCO Soil Map of the World. Food and
Agriculture Organization of the United
Nations, Rome; 1988.
Kenya Agricultural Research Institute.
Fertilizer Use Recommendations. Fertilizer
Use Recommendations Project. Nairobi,
Kenya: Kenya Agricultural Research
Institute. 1994;1–22.
Okalebo JR, Gathua KW, Woomer PL.
Laboratory methods of soil analysis: A
working manual, second edition. TSBRCIAT and SACRED Africa, Nairobi, Kenya;
2002.
Anderson JM, Ingram JSI. Tropical soil
biology and fertility: A handbook of
methods. Wallingford: CAB International;
1993.
Genstat. The GenStat Teaching Edition.
GenStat Release 7.22 TE, Copyright 2008,
VSN International Ltd; 2010.

Kisinyo et al.; IJPSS, 28(1): 1-8, 2019; Article no.IJPSS.48622

17.

Kisinyo PO. Tobacco cultivation effects on
phosphorus sources on maize yields in an
soil fertility and heavy metals concentration
acid soil in western Kenya. Nutrient
on smallholder farms in Western Kenya.
Cycling in Agro Ecosystems. 2010;86:317–
Journal of Agricultural Science and Food
329.
Technology. 2016a;2(5):75-79.
25. Nziguheba G, Merckx R, Palm CA, Rao
18. Palm CA, Gachengo CN, Delve CN,
MR. Organic residues affect phosphorus
Cadisch G, Giller KE. Organic inputs for
availability and maize yields in a Nitisol of
soil fertility management in tropical agrowestern Kenya. Biology and Fertility of
ecosystems: Application of an organic
Soils. 2000;32(4):328–339.
resource database. Agriculture, Eco- 26. Yu W, Ding X, Xue S, Li S, Liao X, Wang
systems & Environment. 2001;83:27–42.
R. Effects of organic-matter application on
19. Palm CA, Myers RJK, Nandwa SM.
phosphorus adsorption of three soil parent
Combined use of organic and inorganic
materials. Journal of Soil Science and
sources of soil fertility maintenance and
Plant Nutrition. 2013;109-123.
replenishment. In: Buresh PJ, et al (Eds): 27. Kipkiyai J. Dynamics of soil organic
Replenishing Soil Fertility in Africa. SSSA
carbon, nitrogen and microbial biomass in
Special Publication No.51. Madison
long-term experiment as affected by
Wisconsin, USA. 1997;193-218.
inorganic and organic fertilizers. MSc.
20. Kisinyo PO. Maize response to organic
Thesis. University of Nairobi, Kenya; 1996.
and inorganic soil amendments grown 28. Bayu W, Rethman NFG, Hammes PS,
under tropical acidic soil of Kenya. Journal
Alemu G. Effects of farmyard manure and
of Agricultural Science and Food
inorganic fertilizers on sorghum growth,
Technology. 2016b;2(3):35-40.
yield, and nitrogen use in a semi- arid area
21. Opala PA, Okalebo JR, Othieno CO.
of Ethiopia. Journal of Plant Nutrition.
Effects of organic and inorganic materials
2006;29(2):391-407.
on soil acidity and phosphorus availability 29. Too EJ, Were BA, Onkware AO, Ringo JH,
in a soil incubation study ISRN agronomy.
Kisinyo P, et al. Response of selected
2012;1-10.
sorghum (Sorghum bicolor L. Moench)
22. Ouédraogo E, Mando A, Zombré NP. Use
germplasm to aluminium stress. African
of compost to improve soil properties and
Journal
of
Agricultural
Research.
crop productivity under low input
2014;9(21):1651-1662.
agricultural system in West Africa. 30. Sanginga N, Woomer PL. Integrated soil
Agriculture, Ecosystems & Environment.
fertility management in Africa: principles,
2001;259-266.
practices and development processes.
23. Hue NV, Craddock GR, Adams F. Effect of
Tropical Soil Biology and Fertility Institute
organic acids on aluminum, toxicity in sub
of the International Centre for Tropical
soils. Soil Science Society of America
Agriculture, Nairobi, Kenya. 2009;263.
Journal. 1986;25:3291–3303.
31. Tisdale SL, Nelson WL, Beaton JD. Soil
24. Opala PA, Okalebo JR, Othieno CO,
fertility and
fertilizers.
New
York:
Kisinyo P, Effect of organic and inorganic
Macmillan; 1990.
_________________________________________________________________________________
© 2019 Kisinyo et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle3.com/review-history/48622

8

View publication stats

