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Abstract
A bottle-neck to maize production in Kenya is expensive fertilizers and insufficient knowledge on use of organic
fertilizers, which can be remedied by informed bioslurry use. Field experiments were conducted at Waruhiu
Farmers’ Training Centre, during 2019 short and 2020 long rains to evaluate effect of bioslurry, inorganic
fertilizers and their integrations on soil chemical properties, maize growth and yield and grain quality.
Treatments were: 100%bioslurry (BS), 75%BS+25%fertilizer, 50%BS+50%fertilizer, 100%fertilizer and Control.
Soils were tested before and after two cropping seasons for selected chemical properties. Growth and yield
parameters were evaluated. The 100%bioslurry increased pH, TN, TOC and Mn most by 5.9%, 46.4%, 35.5% and
112.5% respectively. Soil pH decreased only in 100%fertilizer. The 100%fertilizer increased exchangeable P and
K most by 46.4% and 73.6% respectively but decreased Ca, Mg and Zn most. No significant difference (P≤0.05)
was noted in most growth parameters except control. Stovers and stalk yields were highest in 100%bioslurry in
short rains by 45.5% and 42.2% while grain yields were in 100%fertilizer by 29.3%. In long rains, 100%fertilizer
increased stovers and stalk yields most by 49.6% and 51.9% respectively while 75%BS+25%fertilizer gave
higher grain yields by 82.3%. The tested levels of bioslurry and its integrations improved evaluated parameters,
though long term experiment is required to ascertain results.
Keywords: Bioslurry, fertilizer, soil chemical properties, maize, grain quality.
INTRODUCTION
Kenya is an agricultural country, with agriculture
contributing 26% and 25% Gross Domestic Product
(GDP) directly and indirectly respectively, accounting for
65% of export earnings, employing 57.2% of Kenyan
population and 70% of rural people (World Bank and
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CIAT, 2015; KIPPRA, 2020; FAO, 2021). Further, World
Bank and CIAT (2015), states that 78% of the agricultural
production and 70% of commercial production is
contributed by smallholder farmers. Therefore, the sector
has the potential to positively affect livelihoods of more
than 60% of the Kenyan population that depend on it by
increasing incomes and enhancing food and nutritional
security. Maize is the most important cereal crop within
the country (Santpoort, 2020). Despite its importance, sta-

tistics show that local production has been declining over
the years leading to overreliance on imports (World Bank,
2018). According to Government of Kenya, (2018), per
capita average production has remained below
80kg/person/year, against a required 103kgs/person. On
average, annual production of about 3.71 million tonnes,
about 2 tonnes per hectare against an expected 6 tonnes
per hectare (Nyaanga and Barasa, 2019) is produced.
The continuous decline in production has over the years
been attributed to increasing population leading to land
degradation, limited farmers’ knowledge base, weather
variabilities, increased pest and diseases associated with
climate change, low purchasing power as well as nutrient
mining with inadequate replenishment (Muindi et al.,
2015; Njogu, 2019; Cairns et al., 2021).
Although inorganic fertilizers provide nutrients necessary
for plant growth, their excessive and long term use
negatively affect soil physical, chemical and biological
properties (Dong et al., 2016; Serrano et al., 2017; Zhang
et al., 2017). Similarly, they increase global warming.
Application of N-fertilizer is the greatest contributor to
nitrous oxide (N2O) (Signor and Cerri, 2013; Millar, et al.
2014). Among the greenhouses, N2O has a higher global
warming potential, approximately 298 times that of CO2
(Yi, et al., 2017). Bioslurry offers an important alternative.
Kenya is well placed to adopt bioslurry in farming. Strides
have been made to increase uptake of biodigesters
through subsidies, loans and massive sensitization.
Adoption in Kenya is currently at 0.03% of the 1.2 million
household with potential for adoption (Wamwea, 2017).
Various companies are promoting different biodigester
types and the need for clean energy and hence Kenya
will continue to see a rise in adoption of the technology.
Bioslurry, dubbed as ‘brown gold’ in Groot and
Bogdanski, (2013) is a by-product of anaerobic
fermentation of organic material to produce biogas
(Bonten, 2014). It is estimated that about 70-75% of the
total solids fed into a biodigester as substrate is
discharged (Holm-Nielsen et al., 2009). This gives a
substantial amount of nutrient rich bioslurry that can be
used in farming. Bioslurry contains both macro and
micronutrients and organic matter (Nyang’au et al, 2016;
Jjagwe et al., 2020; Barlog et al., 2020). It has about 30%
more total nitrogen and its C/N ratio is lower than FYM
(Nyang’au et al., 2016). Low C/N ratio speeds up nitrogen
mineralization thus increasing soil N supply. The role of
bioslurry in chemical, physical and biological properties
has seen it being promoted in crop production as sole
application or integrated with inorganic fertilizer. Some
researchers on long and short term experiments have
reported high yields in bioslurry (Haile and Ayalew, 2018;
Musse, et al., 2020; Rewe et al., 2021), fertilizer (Jjagwe
et al., 2020; Nyaanga and Barasa, 2019) or their
integration (Shahbaz, et al., 2014; Terefe, et al., 2018).
However, the specific quantities to be utilized in maize
production in acid soil is not well researched, neither
effect well documented. This study was thereby

established to i. evaluate the effect of bioslurry, its
integration with inorganic fertilizer and inorganic fertilizer
on soil chemical properties, ii. assess the effect of
bioslurry, its integration and inorganic fertilizer on maize
growth, yield and grain quality.
MATERIALS AND METHODS
Study area
The study was carried out in Waruhiu Agricultural
Training Centre which is located in Githunguri, Kiambu
County. The area receives bi-modal type of rainfall with
long rains from March-May and short rains from OctoberNovember averaging at 1200mm per annum. Mean
0
0
temperatures are 26 C but cold months can be 7 C. The
0
0
area falls on latitudes of 0 22’ 0’’ South and 37 29’ 0’’
East of Equator, with an altitude of 1500-1800 metres
above sea level. It is generally a coffee and dairy zone,
but other crops such as maize are grown. The soils are
dominated by humic nitisols that are characterised by
well drained, extremely deep, dusky red to dark reddish
brown, very friable clay, with an acid humic topsoil
(Jaetzold, et al., 2006).
Experimental materials, design and crop husbandry
Description of experimental materials
Bioslurry was obtained from biodigester in a farmers’
farm within the experimental area who participated in the
National Research Fund (NRF) project. Biodigester was
installed and operational since July 2018. Substrate was
from Friesian and Guernsey crosses fed mainly on
nappier grass, maize stovers, maize germ and dairy meal
at milking. Bioslurry was stirred in collection tank,
collected in 2-litre bottle and sent for analysis according
to procedures laid out in CROPNUTS Laboratory
Services manual. Atomic emission spectrometry (ICPOES) was used to analyze P, K, Ca, Mg, Na, Mn, Fe, Cu,
and S while in ammonium, nitrate nitrogen and
bicarbonate, calorimetric method was used. The pH was
analyzed using potentiometric method. The chemical
composition of bioslurry used is presented on (Table 1).
The inorganic fertilizer was NPK (23:23:0) while maize
variety was Duma 43.
Crops were sprayed with
abamectin and chlorantraniliprole (Voliam Targo) to
control pests.
Experimental design and planting
Experiment was laid out in a Randomized Complete
Block Design (RCBD) and replicated thrice on plots
measuring 3m by 2.1m, separated by 0.5m pathway.
Treatments
were;
100%bioslurry,
75%bioslurry+25%fertilizer,50%bioslurry+50%fertilizer,10
0%fertilizer and control (no amendment). Bioslurry rates
were 400mls, 300mls and 200mls for 100%, 75% and

50%, giving a total of 17,778l/ha, 13,333l/ha and 8,889
l/ha respectively. The 400mls was informed by the
farmers’ practice of a cupful per hole weighing about
450g. The NPK fertilizer at a rate of 100kgs/acre was
used, a bottle top (about 5g), ½, and ¼ bottle top for
100%fertilizer, 50% and 25% respectively. A fork jembe
was used in land preparation. Planting was done in two
consecutive seasons during the 2019 short and 2020
long rains at a spacing of 30*75cm (25kgs/ha seeds),
giving 5 rows and 8 hills per plot. At planting, treatments
were placed in the hole and mixed with soil before
placing a single seed. Regular agronomic practices such
as weeding, top dressing, earthing up and pest and
control were carried out accordingly. During topdressing,
the treatments were placed in a 15cm diameter ring
around the plant.
Data collection
Soil sampling and characterization
Soil chemical properties were evaluated before planting
during short rains and after harvest in long rains. Initial
soil sampling was done by taking soil from 9 points at
15cm depth within the entire field in a zigzag manner
(Ackerson, 2018), mixed and a composite sample drawn
for chemical analysis. In final sampling, soil samples at a
depth of 15cm from 5 points along a zigzag line after long
rains harvest in corresponding treatments was collected,
mixed and composite samples taken for chemical
analysis. Exchangeable P, K, Na, Ca, Mg and Mn
analysis was done using the Mehlich Double Acid Method
according to Mehlich et al., (1962). Total organic carbon
was analyzed using the calorimetric method after
Anderson and Ingram (1993) while TN was determined
using the Kjeldahl method following Page et al, (1982).
The soil pH was determined with pH-meter in a 1:1 (w/v)
soil-water suspension following Mehlich et al., (1962),
while exchangeable acidity was done after Okalebo et al.,
(2002). Available Fe, Cu and Zn were determined using
Atomic Absorption Spectrophotometer (AAS) after
extraction with 0.1 M HCl in procedures described in
Mehlich et al., (1962).

development after which the three leaves to the cob leaf
were used. Leaf length measurements were taken from
the same leaves as width, by measuring from stem area
to the leaf tip. Measurements were in cm. Leaf area index
(LAI) was determined according to Onasanya, et al.,
(2009) as LA=length×width×0.75, where LA, L and W are
leaf area, leaf length and leaf width respectively, and 0.75
a constant. Number of leaves were counted from the
lowest green leaf to the topmost opened leaf with a
visible collar.
Yield and grain quality data
Tagged plants per subplot were harvested at
physiological maturity. During harvesting, ears were
removed from the maize plants and placed in labelled
carrier bags per plot. Thereafter, entire plant was
uprooted by digging around the plant with a hoe and
gently pulling out whole plant together with the roots.
Roots were cut off and washed in water to remove soil
before air drying. Stalks were cut into pieces and placed
in labelled carrier bags before drying. Roots, stalks and
ears were air dried to constant weight separately for 14
days. Biological yield was determined by weighing roots,
stalks and ears separately using an AKMA digital
weighing machine. Economic yield was obtained by
threshing the cobs from each plot, weighing grains and
converting it to kilograms per hectare at 14% grain
moisture content which was measured using a digital
grain moisture meter analyser (Draminski Twistgrain Pro,
Poland). For grain quality evaluation, a kilogram of well
dried samples from each treatment after short and long
rains were taken to the laboratory. They were analyzed
for N, P, K, Ca, Mg, Zn, Fe, Cu and Mn content following
the procedures described in Walinga et al., (1989).
Statistical analysis
Growth and yields data were analyzed using SAS version
10 (SAS Institute Inc.). Data were subjected to analysis
of variance (ANOVA) using Proc general linear model
(GLM) procedures. Treatment effects were tested for
significance using F-test. Significant means at F-test,
were separated using least square means (LS-Means).
All analysis was performed at 5% level of significance.

Growth data
RESULTS
Five plants were randomly selected from 3 inner rows per
plot and tagged at 14 days after sowing. Agronomic data
was collected only from the tagged plants. Germination
percentage was calculated from all the plants germinated
per plot against the total planted. Plant height was
determined by measuring height of tagged plants per plot
by taking measurements from the base to highest point of
the arch of topmost leaf whose tip was pointing
downwards using a tailor’s tape. Leaf width was taken at
widest area of the leaf using tailor’s tape from three
topmost leaves with an open collar, up to cob

Effect of integrating fertilizer and cow dung bioslurry
on soil chemical properties
Soil chemical properties before treatment
The soils were observed to have moderate acidic pH
(5.0-6.0), high exchangeable acidity (>2.5%), high levels
of exchangeable Fe (>24mg/kg) and Zinc. They had
medium (0.15-0.25%), total nitrogen (TN) while total
organic carbon (TOC) was high (1.8-3.0%). Similarly, excha-

Table 1 Chemical properties of bioslurry used in the experiment.

-ppm+

Parameter

pH

NH4

Value

7.6

497.0

-cmol/kgN03

P

Fe

S

HCO3

Mn

Cu

Na

K

Ca

Mg

17.1

33.5

7.6

13.2

6375.0

1.5

0.2

503.5

1893.0

119.4

72.1

ppm: parts per million, cmol/kg:centimoles/kilogram

Table 2. Effect of integrating fertilizer and cow dung bioslurry on selected soil chemical properties

Parameter

Initial

100%BS

After 2 seasons
75%BS+25%
50%BS+50%
Fertilizer
Fertilizer

pH (water)

5.07

5.37

5.29

5.13

4.84

5.28

Exch. acidity (cmol/kg)

0.40

0.25

0.35

0.45

0.65

0.30

Tot. N (%)

0.18

0.25

0.25

0.24

0.22

0.20

TOC (%)

2.00

2.71

2.70

2.67

2.46

2.15

Exch. P (mg/kg)

28.00

39.50

38.00

37.00

41.00

38.00

Exch. K (cmol/kg

0.72

1.06

1.03

1.10

1.25

0.93

Exch. Ca (cmol/kg)

2.80

2.80

3.00

2.10

2.00

2.50

Exch. Mg (cmol/kg)

1.86

1.38

1.32

1.12

1.03

1.33

Exch. Mn (cmol/kg)

0.48

1.02

0.70

0.86

0.93

0.89

Exch. Cu (mg/kg)

1.52

1.43

1.59

1.75

1.56

1.34

Exch. Fe (mg/kg)

29.20

24.60

28.45

23.55

25.60

37.35

Exch. Zn (mg/kg)

32.40

22.40

28.00

22.50

21.45

23.60

Exch. Na (cmol/kg)

0.04

0.20

0.19

0.19

0.20

0.22

ngeable phosphorus (P) was very high (>25%) while
exchangeable potassium (K) was high (0.7-2.0cmol/kg)
although exchangeable sodium (Na) was very low (0.00.1cmol/kg). On the other hand, moderate levels of
exchangeable magnesium (Mg) (1-3cmol/kg), low levels
(2-5cmol/kg) of exchangeable calcium (Ca) and Ca:Mg
ratio (1-4) were noted.
Soil chemical properties after two seasons of
treatment
Soils registered a non-significant increase in pH in all
treatments after two seasons compared to initial pH
except in 100%fertilizer with a 4.5% decrease to strongly
acidic (4.5-5.0), (Table 2). A concomitant increase in soil
pH with increase in bioslurry quantity and decrease with
increase in fertilizer quantity was noted. Similarly, a
positive correlation between increasing exchangeable
acidity with increase in quantity of fertilizer was observed.
Exchangeable iron (Fe) decreased in all the treatments
except in control, where a 27.91% increase was noted. All
treatments exhibited a non-significant increase in total
nitrogen (TN) and organic carbon (TOC), exchangeable
phosphorus (P) and potassium (K). Higher levels of bioslurry
(100%bioslurry and 75%BS+25%fertilizer) registered higher
TN by 38.9%. These soils also registered higher TOC,

Fertilizer

Control

increasing by 35.5% and 35.0% respectively. Effect of
100%fertilizer on exchangeable P and K was higher by
46.4% and 73.6% respectively. Least increase in TN, TOC
and K was noted in control. Sodium increased significantly to
low (0.1-0.3) in all treatments, with an increase ranging from
375% to 450%, where control caused highest increase.
A decrease in exchangeable magnesium (Mg) and zinc (Zn)
after treatment was noted. Exchangeable Mg decreased with
increase in the level of fertilizer, decreasing least in
100%bioslurry (25.8%), while exchangeable Zn decreased
most by 33.8% in 100%fertilizer. Exchangeable calcium (Ca)
increased non-significantly only in 75%BS+25%fertilizer by
7.10% while no effect was observed in 100%bioslurry.
However, a decrease in other treatments with greatest
decrease in 100%fertilizer by 28.6% was noted. An increase
in Ca:Mg ratio from 1.5 to 2.03, 2.27, 1.87, 1.94 and 1.88, for
100% bioslurry, 75%BS+25% fertilizer, 50%BS+50%
fertilizer, 100% fertilizer and control respectively was
observed.

Effect of integrating different levels of fertilizer and
cow dung bioslurry on maize growth
Higher germination percentages during long rains
compared to the short rains (Figure 1) were observed.
Treatments did not affect germination percentage signifi-

Figure 1. Effect of integrating fertilizer and cow dung bioslurry on germination
percentage during the 2019 short and 2020 long rains.
T1=100% bioslurry (BS), T2=75%BS+25% fertilizer, T2=50%BS+50% fertilizer, T4=100% fertilizer, T5=Control.

cantly (P≤0.05). However, numerical differences were
observed with T5 and T4 registering higher percentages.
During short rains, T5 had 75.8% and T4 73.3% while in
long rains, T4 registered 80.0% and control 79.0%.
Treatment T1 gave lowest values in both seasons at
69.0% and 73.0% respectively.
Average number of leaves were significantly (P≤0.05)
influenced by treatments during the short rains at 2
weeks after planting (WAP). The highest number of
leaves (2.97) was found in T1 and T2 which were
significantly different (P≤0.05) from the rest, while T3 and
T4 increased by 23.18% and 14.60% above T5 (Figure
2a). However, during the long rains, the treatments did
not significantly (P≤0.05) influence the number of leaves
except T5, although T4 had numerically the highest
number by 15.4% above T5 (Figure 2b). Higher bioslurry
levels caused higher number of leaves in the short rains
while higher fertilizer levels caused higher leaves in the
long rains. Similarly, the number of leaves were not
significantly (P≤0.05) affected by the treatments during
the short rains at 10 WAP, except in T5, although T1
gave numerically higher number of leaves by 12.9%.
However, the effect of treatment on number of leaves at
10 WAP in long rains was significant (P≤0.05), where T3
and T2 did not differ and gave higher number of leaves
by 17.8% and 15.9% respectively. Mean number of
leaves for 10 WAP were not significantly (P≤0.05)
affected by treatment in both seasons except T5. The
trend in short rains was T1>T3>T4>T2>T5 with a 13.0%,
11.7%, 8.3% and 6.3% increase over T5 while long rains
displayed T4>T2>T3>T1>T5, with 8.8%, 8.4% 7.4% and
6.7% increase.
A variation on the effect of treatment on plant height was
displayed. Average plant height at 2 weeks after planting
(WAP) in short rains was higher in T2 and T3 by 50.6%
and 49.8% respectively and differed significantly from the
rest (P≤0.05), (Figure 3a). Treatment T1 and T4
increased by 41.7% and 28.2% respectively. However,

there was no influence of treatment on plant height
(P≤0.05) at 2 WAP during long rains except in T5
although T1 and T4 gave highest height by 15.4% while
T3 and T2 recorded 15.0% and 14.7% (Figure 3b).
Similarly, no effect was noted at 10 WAP in short rains
except in T5, but highest increase was in T2 by 24.4%
while T1, T3 and T4 increased by 22.7%, 21.3% and
19.5% respectively. Plant height at 10 WAP during long
rains in T2, T3 and T4 did not significantly (P≤0.05) differ
and increased by 24.2%, 23.8% and 23.3% over T5 while
T1 had 17.5% increase. Mean plant height for 10 WAP in
short rains was only statistically different (P≤0.05) in T4
and T5 and increased by 40.6%, 39.5%, 38.4% and
27.9% in T2>T3>T1>T4>T5. However, the interaction
was not significantly different (P≤0.05) in long rains
except T5, with the trend T4>T3>T2>T1>T5, with 20.7%,
20.2%, 19.5% and 17.6% increase over T5 respectively.
The interaction of treatments on average leaf area index
(LAI) varied. Leaf area index at 2 weeks after planting
(WAP) in short rains increased the most in T3 by 25.6%,
and differed significantly (P≤0.05) from the rest while T1,
T4 and T2 were statistically similar (P≤0.05) and
increased by 11.34%, 10.25% and 8.88% over T5 (Figure
4a). Similarly, in long rains, T2 and T1 registered higher
values by 37.6% and 35.7% respectively over T5, and
differed significantly (P≤0.05) from the rest where T4 and
T3 increased by 25.0% and 23.2% respectively (Figure
4b). However, there was no effect of treatment at 10
WAP in short rains except in T5, but increased by 55.1%,
50.9%, 50.3 and 48.6% T3, T4, T2 and T1 respectively.
The highest increase in long rains was in T4 by 57.3%
and differed significantly (P≤0.05) from the rest while T2
and T3 were similar and increased by 44.1% and 42.9%
with T1 having 28.4% increase over T5. The mean LAI
for 10 WAP in SR showed the trend T3>T2>T1>T4>T5,
at 351.0, 341.3, 330.8, 322.4 and 198.2 respectively. In
long rains, it was T4>T2> T3>T1>T5 with 314.2, 296.2,
288.9, 262.2 and 210.2 respectively and differed

.
Figures 2a and b Effect of integrating fertilizer and cow dung bioslurry on number of leaves during the 2019
short and 2020 long rains
T1=100%bioslurry (BS), T2=75%BS+25% fertilizer, T2=50%BS+50% fertilizer, T4=100% fertilizer, T5=Control, W=Week

Figures 3a and b Effect of integrating fertilizer and cow dung bioslurry on plant height during the 2019 short and
2020 long rains.
T1=100% bioslurry (BS), T2=75%BS+25% fertilizer, T2=50%BS+50% fertilizer, T4=100% fertilizer, T5=Control, W=Week

significantly (P≤0.05) in long rains but not in short rains.
Effect of treatment on days to 50%tasselling and 50%silking
in short rain was significant (P≤0.05). Less variation to
50%tasselling and 50%silking was observed during long
rains compared to short rains (Table 3). The shortest time to
50%tasselling and 50%silking in short rains was observed in
50%BS+50%fertilizer. The longest time to 50%tasselling
was noted in 100%bioslurry while to 50%silking, it was in
control. Though the effect of treatment on both parameters
was not significant (P≤0.05), 50%BS+50%fertilizer
registered shortest time to 50%tasselling while shortest
time to 50%silking was in 100%fertilizer with control
taking longest time in both parameters.
Effect of integrating different levels of fertilizer and
bioslurry on dry matter and grain yields
The interaction between treatments in stovers, stalks and
grain yields in short rains was not significant (P≤0.05) except
in control (Table 4). However, 100%biolsurry had highest

stovers and stalks yield by 45.5% and 42.2% above control
while grain yield was highest in 100%fertilizer, 29.3% above
control. Treatments affected stovers and stalks significantly
(P≤0.05) in long rains with higher yields registered in
100%fertilizer by 49.6% and 51.9% above control. However,
no significant difference (P≤0.05) was noted in grain yields
although greatest increase (82.3%) was observed in
75%BS+50%fertilizer.

Effect of integrating different levels of fertilizer and
bioslurry on grain quality
Effect of treatment on grain quality varied between
seasons (Table 5). All treatments caused an increase in
grain N and Ca except T1. However, all treatments
caused a decrease in Mg and Zn, with the least decrease
in Mg observed in T1 (25%) while in Zn it was in T4
(26%). An increase in Fe was noted in all treatments
except T3, increasing the most in T1 by 74%.

Figures 4a and b. Effect of integrating fertilizer and cow dung bioslurry on leaf area index (LAI) during the 2019
short and 2020 long rains.
T1=100% bioslurry (BS), T2=75%BS+25% fertilizer, T2=50%BS+50% fertilizer, T4=100% fertilizer, T5=Control, W=Week

Table 3 Effect of integrating fertilizer and cow dung bioslurry on tasselling and silking of maize during the 2019 short rains and the 2020 long
rains.

Treatment

Tasselling SR

Silking SR

Tasselling LR

Silking LR

100%bioslurry

70.67a

74.00b

70.00b

73.83b

75%BS+25%fertilizer

69.67b

73.83b

70.00b

73.33b

50%BS+50%fertilizer

69.33b

73.33c

69.67b

73.33b

100%fertilizer

69.83b

73.67bc

69.83b

73.17b

Control

70.00ab

75.00a

71.33a

74.67a

LSD(P≤0.05)

0.82

0.42

0.71

0.73

CV%

2.12

2.12

2.12

2.12

Means followed by the same letter within a column are not significantly different at p≤0.05. BS=bioslurry, LSD=least significant difference, CV=Coefficient of variation SR=Short rains, LR=Long rains

Table 4 Effect of integrating fertilizer and cow dung bioslurry on dry matter and grain yields during the 2019 short and 2020 long rains.

2019 Short rains

2020 Long rains

Treatment

Stovers (t/ha)

Stalks (t/ha)

Grains (t/ha)

Stovers (t/ha)

Stalks (t/ha)

Grains (t/ha)

100%bioslurry

7.16a

4.95a

6.82a

5.00ab

3.53bc

4.31a

75%BS+25% fertilizer

6.83a

4.74a

6.92a

5.40a

4.04ab

5.56a

50%BS+50% fertilizer

6.41a

4.29a

7.12a

5.39a

3.63bc

4.56a

100%fertilizer

6.85a

4.61a

7.42a

6.00a

4.48a

4.72a

Control

4.92b

3.48b

5.74b

4.01b

2.95c

3.05b

LSD (P≤0.05)

1.00

0.88

0.73

1.04

0.71

0.73

CV%

2.1

2.1

2.1

2.1

2.1

2.1

Means followed by the same letter within a column are not significantly different at p≤0.05. BS=bioslurry, LSD=least significant difference, CV=coefficient of variation

DISCUSSION

soils were moderately acidic, a pH of 5.0-6.0. Such acid
soils with high exchangeable acidity and low bases depict

Chemical properties of the soil before treatment

highly weathered soils, which have lost most of the basic
cations through leaching (Landon, 1991). The acidity
could also be attributed to parent material mineralogy
since most of these soils developed from non-calcareous
parent materials such as phololites, syenites, nepholites
and trachytes which are acidic in nature (Sombroek et al.,

As per the rating suggested by Landon, (1984), the soils
had low levels of Ca (<4.0cmol kg-1) and high levels of
exchangeable acidity (>20%) implying that the fertility
status was low. According to Kanyanjua et al., (2002), the

Table 5 Effect of integrating fertilizer and cow dung bioslurry on grain quality during the 2019 short and 2020 long rains.

Parameter
-%Treatment
T1
T2
T3
T4
T5

Season

N

P

-mg/kg-

K

Mg

Ca

Fe

Mn

Cu

Zn

SR

1.35

0.16

0.14

0.05

51.75

45.85

8.33

3.33

21.70

LR

1.23

0.21

0.20

0.04

41.75

80.00

5.00

6.66

15.00

SR

1.17

0.23

0.17

0.06

22.55

57.50

10.82

4.17

30.85

LR

1.57

0.16

0.16

0.04

32.60

83.15

4.17

7.50

13.35

SR

1.11

0.19

0.15

0.06

15.90

67.50

13.34

5.84

25.00

LR

1.57

0.19

0.20

0.04

27.55

61.65

4.17

6.66

14.20

SR

1.23

0.17

0.16

0.06

19.20

52.35

5.83

4.17

20.00

LR

1.69

0.28

0.14

0.04

46.75

66.65

1.67

7.50

15.85

SR

1.17

0.18

0.17

0.06

20.85

46.65

8.34

5.00

20.85

LR

1.52

0.18

0.18

0.03

57.60

60.00

4.17

8.33

10.85

T1=100%bioslurry (BS), T2=75%BS+25%fertlizer, 50%BS+50%fertilizer, T4=100%fertilizer, T5=Control, SR=Short rains, LR=Long rains

2002). The High levels of exchangeable P (>25mg/kg) in
the soils can be attributed to the previous soil
management practices. According to Brady and Weil,
(2007) and Muindi, (2019), P has low mobility and if not
lost from the soils through erosion, plant uptake or
adsorption, it can persist in the soils for a long period
causing a build-up of soil P ‘bank’ (Nascimento, et al.,
2018). Only about 1.5-11% of all the soil P is readily
available (Olsen P) (Stutter et al. 2012).
There
exists
a
negative
correlation
between
exchangeable Fe and soil pH, and a positive correlation
between exchangeable acidity and exchangeable Fe
(Brady and Weil, 2007; Muindi, 2016). The observed
high levels of exchangeable Fe can therefore be
attributed to soil pH and exchangeable acidity levels.
According to Brady and Weil., (2007), exchangeable Zn
is a factor of minerology, soil pH and management levels.
The present high levels of Zn can be attributed to the
acidic parent materials as well as the previous soil
management. The medium TN (Bruce and Rayment
1992), high OC (Emerson, 1991; Charman and Roper,
2000) and very high exchangeable P (Holford and Cullis,
1985) implies that the soils have good fertility to support
maize production. The levels are influenced by
continuous research in the study site. However, the low
pH, Ca and high exchangeable acidity would limit soil
productivity. The recommended pH levels for maize
growth is 5.8-7.0 (Albrecht, et al., 2005; Crouse and
Denny, 2015).
Effect of integrating fertilizer and cow dung bioslurry
on soil chemical properties
Increase in soil pH upon use of bioslurry alone or
integrated compared to 100%fertilizer could be due to its
alkaline nature, necessary for survival of methanogenic

bacteria (Khalid et al., 2011; Rajendran, et al., 2012), and
organic matter content (Nyang’au, et al., 2016; Musse et
al., 2020). Organic matter contains weak acids with a
carboxyl (-COOH) whereby increased pH causes release
+
of H which reacts with hydroxyl to form water thus
buffering pH (Bot and Benites, 2005). A negative charge
is also created in the exchange complex to take in more
cations such as base cations. Integrated application of
3
bioslurry at 20.6m /ha and fertilizer at 41kgN/ha was
found to increase CEC by 120% (Musse et al., 2020).
Therefore, addition of bioslurry creates more sites for
cations to adsorb to. Bioslurry contains good amounts of
base cations such as Ca, Mg, K and Na. Similarly,
breakdown of plant materials to ammonium by soil
microbes
through
mineralization
increases
pH
(McCauley, et al., 2017), since organic anions formed
during decomposition consume protons from the soil
(Haynes and Mokolobate, 2001).
The increase in pH found here has been reported in other
research works. Thesis work of Mwanga (2016), reported
an increase by 8.7% and 5.6% in two different sites in
Tanzania on use of 6666.7l/ha of liquid bioslurry. On
integrating 3333.35l/ha and 0.05kgs DAP in a 3*1.5m
plot, the authors found lower pH increase by 2.96% and
1.81%. The results are also corroborated by Terefe, et
al., (2018) where increasing pH values of 6.71, 6.65, 6.82
and 7.14 from an initial pH of 6.36, on use of 10, 30, 50
3
3
and 90m of bioslurry except at 30m was found. The
authors also found lower pH levels when lower bioslurry
3
levels (10m /ha) and inorganic NP fertilizers were
integrated at 25%, 50% and 100%, compared to where
3
higher bioslurry levels (70m /ha) was used. At the same
time, Rewe et al., (2021) found increased pH levels by
4% and 1% when 400mls/hill bioslurry from Dome and
Flexi biodigesters were used in a maize crop
respectively, attributing the increase to the high

pH and organic content in bioslurry. On the contrary,
Musse, et al., (2020) reported a decrease in soil pH by
3
0.7% when 20.6 and 41.2m /ha liquid bioslurry was used.
However, when higher levels (61.8m3/ha) were added,
the authors reported pH increase by a similar percentage.
Contrary to increase in pH with increase in bioslurry
levels in integrations, Biramo, et al., (2019) reported a
6.19% decrease in pH when bioslurry and fertilizer were
integrated, but a 2% increase was noted when 14t/ha
bioslurry was used. However, Musse, et al., (2020)
reported varying effects where integrating 20.6, 41.2 and
3
61.2m /ha of bioslurry with either 20.5, 41 or 61.5kg/ha of
inorganic fertilizer caused a pH change of between 7.27.4, from an initial pH of 7.35.
The decrease in pH noted when fertilizer alone was used
could be ascribed to nitrification or absorption by plants.
+
Presence of ammonium N leads to release of H through
nitrification, but also its absorption by the plant roots
+
triggers a corresponding secretion of H to maintain
charge balance across cell wall membranes (Guan, et al.,
2016; Brookside, 2021). As such, when plants absorb an
+
ammonium ion they release a hydrogen ion (H ), and if a
nitrate ion they release a hydroxide ion (OH ) leading to a
corresponding increase in pH when nitrate-N is uptaken
while uptake of ammonium-N reduces pH (Hinsinger, et
al., 2003). Similarly, leaching of nitrates causes twice as
much net acidification of the ammonium molecule as
compared to uptake by plants since there is consumption
of one H⁺ ion (or excretion of OH⁻) for each molecule of
nitrate taken up (Smiley and Cook, 1973). This decrease
found in the current experiment has been observed in the
research work of Biramo, et al., (2019) where a
percentage decrease by 11.52% and 9.89% in two
different tomato varieties were reported on using urea
and TSP fertilizer. Similarly, using TSP at 60kg P/ha in
Kakamega and Bukura, Opala, et al., (2012) reported a
pH decrease by 7.82% and 12.94% at 16 weeks after
incubation. However, increase in pH levels on application
of varying levels of TSP fertilizer (20.5, 41 and
61.5kgs/ha), ranging from 7.4-7.5, have been reported
(Musse, et al., 2020). The authors also found a 0.68%
increase in pH in control, in agreement with the current
results. However, a decrease in pH in control by 12.57%
and 12.99% has also been reported in Biramo, et al.,
(2019). The decrease in exchangeable acidity when
bioslurry was added could be due to complexation by
soluble organic matter (Opala, et al., 2012), as seen in
pH increase. Exchangeable acidity is made up of
exchangeable Al, Fe, H and base cations and therefore
an increase in exchangeable Al and H ions in soil solution
causes an increase in exchangeable acidity (Muindi et
al., 2015).
The higher TN and TOC on use of higher levels of
bioslurry compared to fertilizer could be due to increased
soil organic matter found in bioslurry. Research in
Shahzad et al., (2015) found higher levels of soil organic
matter (SOM) at 5.90g/kg when 8.4t/ha of bioslurry was

used compared to use of 135kgN/ha inorganic fertilizer
(5.0g/kg), while integrating 50% of each gave 5.15g/kg
with control giving 4.95g/kg. Addition of organic material
can cause SOC increase by 50-150 kg/ha (Lar, 2004) as
it is noted that SOM contains 58% organic carbon (De
Brogniez, et al., 2015). At the same time, application of
organic material is said to increase the proportion of clay
particles and aggregates, increase cation exchange
capacity as well as NO3 -N immobilization in the soil (Bot
and Benites, 2005). This minimizes NO3 -N that can
potentially leach increasing its accumulation in the soil.
The current results are supported by Rewe et al., (2021)
where TN and SOC increased by 36.67% and 37.20%
using Fixed Dome bioslurry respectively. Similarly,
Barłóg, et al., (2020) reported higher SOC levels in
bioslurry (15.4g/kg) compared to NPK fertilizer (15.3g/kg)
and control (15.2g/kg) in a four-year experiment. On the
other hand, Shahzad et al., (2015) found fertilizer alone
to yield the highest OC concentration at 0.54g/kg,
50%BS+50%fertilizer at 0.47g/kg, bioslurry alone at
0.33g/kg while control was 0.22g/kg. However, results in
Musse, et al., (2020) found varying effects although use
of lower levels of fertilizer at 20.5kg/ha integrated with
bioslurry at 41.2kgN/ha yielded the highest OC by 58.8%.
The authors also found increasing TN values with
increase in bioslurry as noted in the current experiment
3
where bioslurry at 61.3m gave the highest TN by 39%.
Further, the authors reported varying effects upon
3
integration, where integration at 41kgN/ha and 41.2m /ha
caused the greatest increase by 17.4%. The findings are
also corroborated by Rewe et al., (2021) where bioslurry
caused increase in both elements concomitantly,
attributable to the organic matter in bioslurry. The
correlation between TN and TOC contradicts with Barłóg,
et al., (2020) where no relationship was noted.
Correlation between SOC and TN depends on soil
texture, temperature and moisture (Bai et al., 2005) while
their content in the soil is controlled by various groups of
soil microorganisms (Cameron, et al., 2013; Abubaker et
al., 2015).
The increasing levels of exchangeable P observed in the
research can be attributed to the quality of bioslurry and
P levels in fertilizer. According to Muindi et al., (2015),
there exists a negative correlation between adsorbed P,
organic amendments and soil pH. As a rich source of
base cations and organic carbon, bioslurry triggers
increase in soil pH leading to reduced soil P adsorption
and availability in the exchange complex. Increased P
values with increase in bioslurry levels obtained in the
current study agree with those in Musse, et al., (2020)
3
where highest amount of bioslurry used, 61.8m /ha
caused an increase by 17.2%. However, the authors
found the highest increase to be in 41kgsN/ha bioslurry
3
and 41.2m /ha fertilizer integration. Contrary to these
findings, Shahzad et al., (2015) reported bioslurry to yield
the highest available P at 2.50mg/kg followed by 50%BS

+50%fertilizer (2.35mg/kg) while fertilizer and control had
1.63 and 1.26g/kg respectively. Similarly, Barłóg, et al.,
(2020) found higher mean P values of 94.6mg/kg when
bioslurry was used while NPK and control gave 90.9 and
84.0mg/kg respectively. On the other hand, Biramo, et al.,
(2019) found the highest levels of available P (14.4ppm)
when bioslurry was integrated with fertilizer but bioslurry and
fertilizer alone gave 9.8ppm each. Similar findings have
been reported by Mwanga (2016) where DAP at 2g/plant
yielded the highest extractable P (29.55mg/kg) while
bioslurry alone (6666.7l/ha), 50%BS+50%fertilizer and
control registered 13.25, 11.86 and 6.66mg/kg respectively.
Increased pH favours base cations causing them to be
higher in the exchangeable complex as observed in bioslurry
treated soils. Research in Shahzad et al., (2015) found
bioslurry to yield higher K values at 147.1mg/kg while
50%BS+50%fertilizer, fertilizer and control had 131.1mg/kg,
55.8mg/kg 46.5mg/kg respectively. Similarly, Mwanga
(2016) also reported higher K values of 2.09cmol/kg in
bioslurry while DAP gave 1.49cmol/kg and an integration of
both gave 1.59cmol/kg. The authors found the highest K
values to be in control, at 1.79cmol/kg. Biramo, et al.,
(2017) on the other hand found the highest available K
values in integration at 27.2meq/100g while fertilizer and
bioslurry yielded 18.4 and 17.8meq/100g respectively.
Although higher levels of organic matter in the soil provide
more adsorption sites for exchangeable K thus preventing
fixation (Li et al., 2020), the same may have caused
immobilization due to their effect on physical, chemical and
biological factors (Zhang et al., 2019). This explains the
reason for lower exchangeable K in soils treated with
bioslurry. The higher exchangeable Mg levels with increase
in bioslurry levels and control compared to fertilizer found in
this study is in contrast with the work of Barłóg, et al., (2020)
who found higher levels in fertilizer, 144.3mg/kg, than
bioslurry, 144mg/kg, while control had the least (135mg/kg).
Similarly, Biramo (2017) found higher exchangeable Ca and
Mg levels of 7.01cmol/kg and 1.95cmol/kg in bioslurry and
fertilizer integration that increased from 5.41cmol/kg and
1.73cmol/kg respectively. The authors found lower levels in
bioslurry compared to fertilizer, contrary to the current study.
The notable decrease in Ca in some treatments and general
reduction in Mg after treatment can be explained by various
factors. High concentration of H+ found in acidic soils
displaces Ca and Mg, causing leaching (Norton, 2013),
hence acidic soils have low contents of these elements.
Similarly, Mg is less strongly bound to CEC, and therefore its
concentration in the soil solution is higher (Gransee and
Führs, 2013), increasing leaching. This is because Mg has
an ionic radius that is smaller than Ca, K or Na, while its
hydrated radius is larger (Maguire and Cowan, 2002) as it is
known to bind water more strongly (Jensen, et al., 2020).

Effect of integrating fertilizer and cow dung bioslurry
on the growth and yield of maize
The relatively comparable effect of treatments on growth
and yields except control could be due to increased soil
nutrients and better soil physical, chemical and biological
properties. Bioslurry improves soil aggregation due to its

organic matter content. Soils high in aggregate structure
are friable, encourages better gaseous exchange,
regulates water retention and infiltration, reduce erosion,
contain more nutrients and organic matter, host more
microbes and are easily penetrated by roots, (Jackson,
2014; Rai et al., 2017; Rabot et al., 2018; Alagoz and
Yilmaz, 2019). Similarly, bioslurry increases colonization
by mycorrhiza fungi, which enhances nutrient acquisition.
Research by Ryan and Angus (2003) found higher
concentrations of mycorrhiza fungi in organic compared
to conventional wheat systems. Inorganic fertilizers on
the other hand improves soil chemical property by
supplying nutrients that are readily soluble in water and
present in high quantities. Integrating the two augments
each other and hence better plant performance in
provision of nutrients and creation of a conducive
environment for their absorption. The macro- and micronutrients present in bioslurry enhances plants growth.
Nitrogen is an integral part of chlorophyll and plays a
pivotal role in plant growth by enhancing meristematic
growth (Islam et al., 2010; Razaq et al., 2017). Various
enzymes for instance nucleic acid, nucleotides,
coenzymes, phospholipids as well as cytokinins are
composed of proteins and N is a component of protein
(Ye, et al., 2019), further emphasizing the importance of
+
the nutrient in a plant’s growth. Combining NH4 and NO3
as present in bioslurry helps the plant to utilize N more
efficiently (Juan, et al., 2007), since less oxygen is
+
required in NO3 assimilation compared to NH4 (Devaux,
et al., 2003; Abbasi, et al., 2017). The saved energy can
be channelled to other growth processes. The improved
pH may have enhanced assimilation of some nutrients by
+
plants. Optimal uptake of NH4 and NO3 is said to be
influenced by pH, (George, 2014). Similarly, plant growth
is increased by biofertilizers due to the presence of humic
acids and growth promoting bacteria (Blouin et al., 2019).
Phosphorus was found to be very high in soils after
treatments, and it plays an important role in energy
currency, enhances photosynthesis and carbohydrates
metabolism, influences cell division (Islam, et al., 2010;
Razaq, et al., 2017). Additionally, P stimulates seed
germination, root, stalk and stem development, flowering
and seed formation as well as crop yields and quality
(Malhotra et al., 2018). Improving soil conditions and
provision of the required nutrients enhances crop growth
and yields. All these work together to contribute to good
plant growth and yields observed in bioslurry, fertilizer
and their integration compared to control.
The good germination percentages found across all the
treatments implies no interference on seed germination
such as “burning” occurred. The results are in agreement
with Rewe et al., (2021) where germination percentages
>70 were obtained using bioslurry from Fixed Dome and
Flexi biodigesters. Similarly, Nyaanga and Barasa (2019)
found no statistical difference in control, fertilizer and
bioslurry germination percentage. However, the authors
found bioslurry applied in the hole and mixed with soil to

yield highest germination percentage in season 1 and 2
in maize (88.8 and 90.8%), which they ascribed to
improved moisture around the seed. Similarly, Farouq
and Islam (2007) found higher germination percentages
in cow dung (65.33%) than control (64%) in eggplant and
in tomato, with was 70.3% in cow dung and 67.7% in
control. In contrast, Fredrick, et al., (2018) found the
lowest mean germination percentage (29.6%) when
poultry manure was mixed with top soil compared to
other treatments in soursop (Annona muricata Linn).
Higher number of leaves as influenced by bioslurry,
fertilizer or their integrations observed here have been
reported elsewhere. Application of 60, 70 and 82kg of
bioslurry N in maize resulted in increased leaf number
with increase in bioslurry up to 70kgsN/ha (Islam et al.,
2010), although no significant difference was found. In
testing the effect of different levels of bioslurry and
fertilizer on kales, Haile and Ayalew (2018) found the
highest number of leaves in bioslurry (11), followed by
fertilizer (10) while 75%bioslurry+25%fertilizer had 8
leaves, and control 4.2 leaves. The numerically lower
number of leaves in control (4.1) compared to bioslurry
(4.3) were also noted by Alam et al., (2014) in tomato.
Shahbaz et al., (2016) found higher number of leaves in
Okra that were statistically similar (P≤0.05) to fertilizer
(13.5) and 600kgs/ha bioslurry (12.7) but integrating both
at 50, 75 and 100% levels gave higher number of leaves
at 14.2, 15.1 and 15.5 respectively, while control had 7.3.
Generally, the number of leaves is a function of the
genetic makeup of the plant as well as environmental
factors such as weather (Islam et al., (2010) and nutrient
management, and explains the minimal differences
noted, with the lower leaves in control attributed to lower
nutrients in untreated plots. The lower number of leaves
in fertilizer in the short rains compared to bioslurry
treatments may be attributed to higher rainfall during this
season which may have increased leaching of nutrients.
Soil TN and TOC were lower while Ca and Mg decreased
the most in this treatment after the two seasons.
The varying numerical differences in plant height found in
this study have been found by other researchers. Higher
plant heights were found in integration at 25, 50 and
100% fertilizer and 600kgs/ha (132, 135 and 140cm)
compared to fertilizer (116cm) or bioslurry alone (78cm)
while control was the least (52cm) (Shahbaz et al., 2016).
On the other hand, bioslurry was found to contribute to
the highest growth in height (37.3cm) in kales, fertilizer at
28.9cm while integration at 75%bioslurry+25%fertilizer
followed at 24.33cm (Haile and Ayalew, 2018). The lower
LAI in control compared to other treatments may be
inherent and environmental factors. The leaf area is
determined by leaf shape/size, agronomic practices, CO2
and environmental factors (Jonckheere et al., 2004). The
mean LAI values obtained in the current study are
corroborated by Rewe et al., (2021) values of 311 and
306 during the short rains and 281 and 266 in long rains
using bioslurry from Dome and Flexi biodigesters

respectively were obtained. However, Berdjour et al.,
(2020) realized higher values where application of
120:60:60 and 60:30:30 NPK/ha on maize resulted in leaf
area of 459.66 and 439.31 compared to use of 2 and 4
tonnes of poultry manure which registered lower values
of 394.20 and 370.70 with 341.96 in control at 10 WAP.
However, longer days to 50%tasseling and 50%silking
noted in 100%bioslurry followed by control during the
short rains and in long rains in control followed by
100%bioslurry could be due to prolonged vegetative
growth at the expense of flowering in bioslurry. Imran et
al., (2015) found longer time to tasselling and silking in
maize when higher rates of N were used. In control,
reduced growth due to inadequate availability of nutrients
may have caused plant starvation slowing growth and
delaying flowering. The longer days in control is
corroborated by the research work of Golla and
Chalchisa (2019) who found increased days to
50%tasseling at 84.44 and 81.78 days when N levels of 0
and 23kgsN/ha were used but decreased with increasing
N levels, a similar trend being noted in silking. On the
contrary, less days to 50% tomato flowering (33.3days) in
control have been reported followed by fertilizer alone
(35.0days) although bioslurry alone (14t/ha) took longer
(35.7days) (Biramo, 2017). The researcher reported
longer days to reach 50% flowering (38.7days) when half
of the recommended fertilizer was integrated with
7tonnes/ha of bioslurry, contrary to the current study,
where less days were found in integration and fertilizer
alone. In establishing the effect of different sources of N
on maize growth and yield, Waseem et al., (2014)
reported less days to 50%tasselling in control
(40.67days), while inorganic source took longer
(46.67days) than the organic sources, with a similar trend
in silking. The greater difference noted between days to
50%tasselling and 50%silking in control could be due to
increased apical dominance favouring tasselling and
hence pollen dispersal as opposed to ear and silk
development since its protandrous development pattern
is enhanced by stress such as inadequate nutrients or
drought
(Sangoi
and
Salvador,
1998b).
This
characteristic was also noted in Sangoi et al., (2001)
where delayed silking with no N side-dressing was
reported.
The positive response of stovers, stalks and grain yields
to treatment except in control is indicative of sufficient
nutrients in all the treatments. It is well-known that
providing plants with a well-balanced nutrition enhances
plants growth, development and productivity. Although
100%bioslurry did not register the highest height or LAI,
higher stovers and stalks yields noted could be
contributed to higher number of leaves but possibly
thicker or heavier stalks. Stem girth increased with
increasing bioslurry quantity applied to maize fodder up
to a maximum, with 70kgs bioslurryN/ha giving the
highest circumference at 9.14cm at 56 days after planting
(Islam, et al., 2010). However, the higher stovers and

stalks yields did not translate into the highest grain yields.
The reduced yields in 100%bioslurry could be as a result
of high N level favouring vegetative growth over seed
setting. Haile and Ayalew (2018) found the highest leaf
fresh weight (455.1g/plant) when bioslurry was applied
while fertilizer alone gave 376.09g/plant and integration
gave varied yields that were statistically similar at 5%
level of significance. Similarly, the higher root yields
noted in 50%BS+50%fertilizer during the short rains did
not prompt the highest stovers, stalks or grain yields.
Higher root yields could have been due to an improved
soil condition around the root zone, although Brady and
Weil (2016) reported that organic matter influences the
availability of inorganic P. Phosphorus enhances root
development. The higher root and grain yields in fertilizer
noted in the short rain could be due to higher N and P in
the NPK. Root proliferation is higher when N and P are
supplied together, due to rapid growth of the smaller
roots (Razaq, et al., 2017). The higher grain yield in
fertilizer found in short rains agree with those in Shahzad
et al., (2015), where higher grain yields were found when
135kgN fertilizer was used (4.44t/ha), followed by
integration of 50%N from fertilizer and 4.2t/ha bioslurry
(3.44t/ha) while bioslurry alone at 8.4t/ha yielded 2.67t/ha
while control was the least at 2.37t/ha during the 2013
season. Similarly, Jjagwe, et al., (2020) found non
statistically different but higher grain yields in fertilizer
than bioslurry at 67% and 45% above control in season 1
while season 2 had 50% and 48% for fertilizer and
bioslurry respectively. The higher grain yields when
bioslurry was integrated with fertilizer found during the
long rains has been reported by other authors. Research
by Biramo (2017) found higher fruit yield in tomatoes in
integration (35.76t/ha) compared to sole application of
fertilizer (30.17/ha) or bioslurry 29.15t/ha, although the
latter two were not significantly different (P≤0.05).
Similarly, integrating 10/ha bioslurry with varying levels of
fertilizer at 25, 50, 75 and 100kgs N/ha yielded the
highest fresh weight of soybean (240.7g) when 25kgs
N/ha was used and decreased with increase in N, while
bioslurry alone had (92.3g) and control (78.4g) (Yafizham
and Sutarno, 2018). However, Musse, et al., (2020) found
great statistical differences (P≤0.05) of marketable pod
yield in beans upon various treatments with 61.5kgsN/ha
3
integrated with 41.2m /ha bioslurry giving the highest
yields (14.3t/ha) while fertilizer alone at 61.5kgsN/ha
3
yielded 13.9t/ha and bioslurry alone at 61.8m /ha gave
11.8t/ha. The authors found integrating lower fertilizer
3
levels (20.5kgsN/ha) with 41.2m /ha bioslurry gave
13t/ha, but control was lowest in both experiments.

influenced by photosynthate partitioning to harvested
plant organs which is controlled by the ability of these
organs to utilize assimilates for growth and storage (sink
strength) (Engels, et al., 2012). Improving nutrient status
of soil and hence plants with minerals such as N plays a
pivotal role in uptake, distribution and accumulation of
these minerals in edible parts of crops (Erenoglu et al.,
2011).
The varying effects of treatment on grain quality has been
found by other researchers. Use of 70kgs bioslurryN/ha
was shown to contribute to highest N, P, K and S values
as a percentage of dry matter in maize fodder (Islam et
al., 2010). Similarly, higher N (3.29 and 3.49%) and P
(0.24 and 0.26%) contents in Galilea variety of tomato
were reported when bioslurry alone and its integration
with fertilizer were applied compared to fertilizer alone
with 3.23% N and 0.23% P while control was the lowest
(Biramo, 2017). In maize, Shahzad et al., (2015) found
higher N values when fertilizer alone was used
(15.11g/kg) while bioslurry alone, integration and control
gave 12.35, 14.55 and 4.89g/kg respectively during the
2013 season. However, the P and K values were higher
in bioslurry followed by the integration. The authors found
the seed protein to be highest in the fertilizer (8.64%)
followed by integration (7.39%) while bioslurry and
control registered 6.60 and 5.66%. The higher grain N
content in bioslurry in the short rains and in fertilizer in
long rains corresponds to higher stovers and stalk yields
noted, which may be as a result of higher N values in the
plant tissues that enhanced grain N content. Conversion
of higher N contents in the leaves into proteins during
seed development and subsequent translocation into
seed for protein synthesis has been shown (Khan, 2008).
Research has shown that application of varying contents
of N has variable effect on concentration of nutrients,
leading to high or low concentrations of different
nutrients. Research in Hao et al., (2007) reports that
moderate N levels promoted accumulation of
micronutrients such as Cu, Fe, Mn and Zn in brown rice,
while Lin, et al. (2014) showed that N promoted Fe
accumulation but reduced Zn. This supports the results of
the current study where it was noted that concentration of
the micronutrients such as Fe, Cu, Mn and Zn were
higher in the integration compared to bioslurry or fertilizer
alone in short rains. At the same time, Murphy et al.,
(2008) noted higher Cu, Mg, Mn, P and Zn
concentrations (2.78, 97.1, 45.1, 2845 and 17.1mg/kg) in
wheat when organic compared to conventional methods
with 2.4, 92.9, 43.6, 2650 and 15.8mg/kg respectively.
CONCLUSIONS AND RECOMMENDATIONS

Effects of biodigester type on grain quality
Soil macro- and micro-nutrient management is important
as it in turn affects growth and productivity as well as
crop quality due to the inherent source-sink relationships.
The quality of the product is influenced by nutrient supply

Use of 400mls/hill of bioslurry and its integration with
lower fertilizers (75%BS+25%fertilizer) was able to cause
higher residual TN and TOC and is indicative of the ability
of bioslurry to enhance build-up of SOM and hence
improve other soil properties. The positive effect of these

treatments in increasing pH and lowering the
exchangeable acidity shows that they are able to
enhance nutrient uptake as influenced by soil pH and
organic matter levels. The 100%fertilizer was superior in
enhancing soil P and K. However, it was also found to
cause the greatest decrease in Zn, Mg and Ca and
lowest increase in TN and TOC while it increased pH
decreased and exchangeable acidity increased. As such,
continued use may cause increase in acidity.
Variations in growth and yield parameters were mostly not
significantly different across treatments except in control.
Most farmers grow maize for grain, and all the treatments
except control was found to support high grain yields. The
choice of the treatment would therefore be informed by
broader objectives such as sustainable crop production, cost
implications and climate change mitigation.
The experiment was carried out in a site regularly used for
research work and hence most soil chemical properties were
higher than would be expected in a continuously farmed
land. Therefore, conducting the experiment in a farmers’
field would give valuable inputs into the dynamics of the
treatments on the studied parameters. The maximum
bioslurry used was 400mls/plant, research into the effect of
higher levels is recommended. Notably, inorganic fertilizer
gave higher yield parameters when rainfall was less while
bioslurry performed better in higher rainfall. Further
investigation of the underlying causes is recommended. The
experiment was carried out only in two seasons, and long
term assessment is needed to reaffirm the results
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