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The decline in organic matter (OM) content and fertility of soils often contribute to losses in agricultural
production. This research determined the effects of water hyacinth compost application on selected
soil properties and maize growth and yield during a field experiment conducted between February 2020
and August 2020 in Lake Victoria basin, Kenya. The experiment was conducted in a randomized
complete block design (RCBD) with five fertilizer treatments. The treatments were vermicompost,
thermophilic compost, effective microorganisms (EM) compost, positive control (inorganic fertilizer)
and negative control (no fertilizer) replicated three times. Vermicompost application significantly
increased the soil pH. Fertilizer treatments and the environment significantly affected maize growth and
yield parameters. The percent crop emergence was above the threshold level (88%) for plots treated
with organic amendments and no fertilizer treatment and those below the threshold level for the plots
treated with inorganic fertilizer. The duration to 50% tasseling was significantly reduced by
vermicompost application when compared to other treatments. Higher plant height (239.4 cm), nitrogen
uptake (130.8 kg/Ha), and grain yield (5580 kg/Ha) was also recorded under vermicompost treatment.
This suggests that vermicompost could be a promising substrate for amending acidic soils and
improving crop productivity.
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INTRODUCTION

Soil organic matter (SOM) is the basis of soil fertility
(Srivastava et al., 2016). Compost manure is one of the
main sources of organic matter in the soil which is rich in
plant nutrients and also improves the physico-chemical
and biological properties of the soil (Van Haute, 2014).
Owing to these improvements, the soil becomes more
resistant to stresses such as drought, diseases and
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toxicity. It helps the crops in improved uptake of plant
nutrients because of vigorous microbial activity. These
advantages manifest themselves in reduced cropping
risks, higher yields and lower reliance on inorganic
fertilizers for economic crop production (Sharma et al.,
2017).

SOM depletion is one of the major factors causing
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degradation of ecosystem services and loss of
ecosystem resilience in Sub-Saharan Africa (Feller et al.,
2012). As a result, numerous studies have suggested
organic soil amendments as alternative for sustaining
economically viable crop production with minimal
environmental pollution. However, a major limitation of
organic amendment is its smaller impact on plant yield
than chemical fertilizers, although this difference is
contextual and depends on the system and site
characteristics (Seufert et al., 2012). Therefore, more
research is needed to improve knowledge on the
potential of organic amendments, as well as to improve
their effectiveness. Two alternative and emerging organic
fertilizers are vermicompost and effective microorganisms
(EM) compost.

Vermicomposting is the enzymatic degradation of
organic materials as they pass through the digestive
system of earthworms. Worms such as Eisenia fetida,
Perionyx escavatus, Eudrilus eugeniae and Lumbricus
rubellus (Gupta et al., 2007) are used for transforming
organic wastes into a useful product termed as vermicast.
In this process, the nutrients contained in the organic
matter are converted to more bioavailable forms.
Vermicompost is rich in nutrients and contains enzymes
and hormones that stimulate plant growth and help them
resist pathogens (Gajalakshmi and Abbasi, 2004). The
EM based composting process uses effective
microorganisms as activator to expedite the
decomposition process. The EM consists of species of
photosynthetic bacteria (Rhodopseudomonas spp), lactic
acid bacteria (Lactobacillus spp), yeast (Saccharomyces
spp), and or fermenting fungi like Aspergillus and
Penicillium collected from natural environment (Javaid
and Shah, 2010).

Maize is one of the main staple foods cultivated by over
80% of the population in Lake Victoria basin, Kenya in
almost all the agro-ecological zones during the first and
second cropping season of the year (NAAIAP, 2014). It is
majorly grown by small-scale farmers and contributes
significantly towards food security of the households
(GoK, 2015). The average maize yield obtained per unit
area is low. This can be attributed to several challenges
including inadequate use of recommended certified
seeds and fertilizers, the striga weed menace and erratic
and unreliable rainfall (NAAIAP, 2014). The dominant soil
types in the Lake Victoria basin are acrisols and ferralsols
(Jaetzold et al., 2010). They are highly leached acidic
soils with low fertility (ISRIC, 2007).

The use of water hyacinth (Eichhornia crassipes) as a
substrate in vermicompost and EM based compost
preparation and effects of their application on soil fertility
and maize yield improvement has not been realized in
Kenya. Water hyacinth is a good substrate for composting
because it absorbs nutrient elements present in aquatic
environment (Patil et al., 2012). Water hyacinth causes
economic and environmental losses in many countries
and is regarded as an invasive species with serious
threat to biodiversity (Téllez et al., 2008). The objective

of this study was to determine effect of water hyacinth
compost application on selected soil properties and
maize growth and vyield. This will also contribute in
development of environmentally sound methods for the
management and control of the invasive water hyacinth
weed.

METHODOLOGY
Description of the study area

The field experiment was conducted between February 2020 and
August 2020 within two regions (Kisii and Siaya) of Lake Victoria
basin, Western Kenya. The study site in Siaya region (Asembo) lies
on longitude 34°23°0” E, latitude 0°11°0” S, and an altitude of 1137
M above the sea level. The area lies in Lower midland 3 agro-
ecological zone. The site receives mean annual rainfall of
approximately 1079 mm. The distribution is bimodal with long rains
occurring between March and June and short rains between
September and December. The average annual temperature in the
area is about 22.0°C (Jaetzold et al., 2010). The predominant soil
type at Asembo is orthic and chromic acrisols with argillic
endopendon (FAO, 2014). The soils are well drained with moderate
gravelly sand clay to clay over petrophlinthite or rock. Continuous
cultivation without any fallow periods coupled with removal of crop
residues is a common practice on cultivated fields. Over 70% of the
farmers in this region use diammonium phosphate (DAP-
(NH4)2HPO,), urea (CO(NH)2), and NPK as sources of fertilizers
(GoK, 2015). The main food crops grown in the area include maize,
beans, sorghum, millet, cassava, cowpeas, soybean, sweat
potatoes, chili and groundnuts. Cereal crops are mainly grown
during the long rain season (MoALF, 2016).

The study site in Kisii region (Kisii National Polytechnic) lies on
longitude 34°45°59” E, latitude 0°40°54” S, and an altitude of 1631
M above the sea level. The area lies in Upper midland 1 agro-
ecological zone with medium to long growing period (155-174
days). The site receives mean annual rainfall of approximately 1922
mm. The distribution is bimodal with long rains occurring between
March and June and short rains between September and
December. The average annual temperature in the area is about
19.6°C (Jaetzold et al., 2010). The predominant soil type at Kisii
National Polytechnic is nito-rhodic ferralsols (FAO, 2014). The soils
are well drained, deep, reddish brown with friable sandy clay.
Continuous cultivation without any fallow periods coupled with
removal of crop residues is a common practice on cultivated fields.
Over 80% of the farmers in the study area rely on inorganic
fertilizers (GoK, 2015). The main food crops grown in the area
include maize, bananas, beans, sorghum, millet, kales, carrots and
tomatoes.

Treatments, experimental design, and procedures

The experiment consisted of five fertilizer treatments; vermicompost,
thermophilic compost, EM compost, positive control (inorganic
fertilizer) and negative control (no fertilizer), laid out in randomized
complete block design (RCBD) with three replications. Land
preparation took place well in advance before planting to allow for
incubation period of organic amendments in the soil. Plot size was
3 by 3 m and the total area used for the experiment was 216 m? (18
m by 12 m) including border areas. The experimental field was
prepared following the conventional farmers’ practices. Hybrid
maize variety (H517) was used as a test crop. An inter- row spacing
of 75 cm and intra-row spacing of 30 cm was used giving a plant
population of 44,444 plants Ha™. Organic fertilizer (compost) and
inorganic fertilizer (NPK 14:29:8 + Ca + S + Mg + TE) were applied
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Table 1. Treatments description.

Amount of organic fertilizer Amount of inorganic fertilizer

Treatment

Description (t Ha-l) (kg Ha-l)
Tl Water hyacinth vermicompost 5 0
T2 Water hyacinth EM compost 5 0
T3 Water hyacinth Ordinary compost 5 0
Positive control
T4 (NPK 14:29:8 + Ca+ S + Mg + TE) 0 200
T5 Negative control (No fertilizer) 0 0
Table 2. Initial Soil physical and chemical properties of the study sites.
. Kisii Siaya
Fertility results
Value Class Value  Class

Soil pH 4.15 extremely acidic 5.2 Strongly acidic

Exch. Acidity me% 1.4 High 11 High

Total Nitrogen% 0.12 Low 0.18 Low

Total Org. Carbon% 1.40 Moderate 0.96 Low

Phosphorus ppm 32 Adequate 43 Adequate

Potassium me% 0.34 Adequate 0.72 Adequate

Calcium me% 0.2 Low 0.4 Low

Magnesium me% 3.12 High 0.83 Adequate

Manganese me% 0.60 Adequate 0.33 Adequate

Copper ppm 5.09 Adequate 3.5 Adequate

Iron ppm 57.3 Adequate 63.6 Adequate

Zinc ppm 6.20 Adequate 11.2 Adequate

Sodium me% 0.21 Adequate 0.15 Adequate

Elect. Cond. mS/cm 0.11 Adequate 0.32 Adequate

Sand% 50 - 56 -

Silt% 8 - 17 -

Clay% 42 - 27 -

Texture Class SC sandy clay SCL Sandy clay loam

Bulk density (g/cm3) 1.22 Favourable 1.27 Favourable

Cat. Exch. Cap. me% 245 Medium 28.4 Medium

Base saturation% 28 Low 32 Low

ESP 3.3 Adequate 2.7 Adequate

at the recommended rate of 5 t Ha™ and 200 kg Ha™ (NOs = 28,
P,0s = 56, KO = 16, Ca®* = 8, S* = 8, Mg*" = 2, Zn** = 0.2 and
BO3™ = 0.2 kg) respectively. Calcium ammonium nitrate (CAN) was
applied at the recommended rate of 200 kg Ha™ in two splits as a
top dress for all treatments receiving inorganic fertilizer. All
agronomic practices including ploughing, weeding, irrigation and
pest management (fall armyworm) were undertaken uniformly in all
plots (Table 1).

Analysis of soil physical and chemical properties

Soils were obtained from the fields with acrisols and ferralsols as
the predominant soil type in the study fields. Soils (0-20 cm depth)

were sampled from twenty spots in each field using the random
sampling method and composited. The physiochemical and
biological properties of the composite samples were analyzed for
initial soil characterization at NARL, Nairobi (Table 2). Soil water
holding capacity was determined by capillary action technique and
bulk density by water displacement method (Estefan et al., 2013).
Soil texture was determined by Bouyoucos hydrometer method and
the textural class determined using the soil textural triangle as
described by Okalebo et al. (2002). Total organic carbon (TOC) was
extracted by the potassium dichromate oxidation method and
determined by titration of unreduced dichromate with ferrous
ammonium sulfate as described by Estefan et al., 2013. Soil pH
and electrical conductivity (EC) was measured potentiometrically in
1:2.5 soils: water (H20) solution using a combined glass electrode
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pH meter and EC meter respectively (Okalebo et al., 2002). Total
exchangeable acidity was determined by saturating the soil
samples with 1 M potassium chloride (KCI) solution as described by
Okalebo et al. (2002). From the same extract, exchangeable
aluminium (Al) in the soil samples was determined by application of
0.1 M NaOH. Acid saturation (AS) was calculated from
exchangeable acidity and cation exchange capacity (Okalebo et al.,
2002). Total nitrogen content of the soil was determined by wet—
oxidation procedure of the Kjeldahl distillation method as described
by Haluschak (2006). Available phosphorus was extracted by
Mehlich 1l method and the determination by UV-VIS
spectrophotometry as described by Kovar and Pierzynski (2009).

Exchangeable basic cations (Ca, Mg, K, and Na) were
determined by saturating the soil samples with 1M NH4OAc solution
at pH 7.0. Then Ca and Mg were determined by using atomic
absorption spectrophotometry (AAS), while exchangeable Na and K
were measured by flame photometer from the same extract. The
cation exchange capacity (CEC) of the soil was determined from
the NH," saturated samples that were subsequently replaced by K*
from KCI solution (Estefan et al.,, 2013). The extractable
micronutrients (Fe, Mn, Zn, and Cu) were extracted by diethylene
triamine pentaacetic acid (DTPA) as described by Okalebo et al.
(2002). At the end of the field study, composite top soil (0-20 cm)
samples were collected from each experimental unit and were
analyzed to determine the changes in selected soil properties (pH
and EC) using the methods described above.

Analysis of maize growth and yield parameters

Data on crop emergence (%) was taken two weeks after planting.
Plant height was measured in cm from the soil surface to most
recent mature leaf of 16 randomly taken plants from the net plot
area during the first nine weeks at an interval of three weeks after
planting (Hernandez et al., 2010). Data on days to tasseling was
taken when 50% of the sampled plants have tasseled. Nutrient
uptake (%) was determined through plant tissue analysis, where the
most recent mature leaf material was sampled at mid tasseling,
washed with distilled water, air dried and then oven dried at 65°C
for 24 h. It was grounded with a Wiley mill to quantify total N, P and
K by means of the standard laboratory procedures as described by
Estefan et al. (2013). Grain yield (GY) per plot was weighed in
kg/plot, adjusted to 13% moisture content then converted to kg Ha™
(Kannan et al., 2013). Total above ground dry biomass yield (kg Ha’
Yy for each plot were recorded after harvesting and air drying the
samples to constant weight. Harvest index (Equation ii) was
determined according to He et al. (2012).

Economic (grain ) yield

Harvest Index (HI) =

Total above ground biomass at maturity 1)

Nutrient use efficiency were computed for N, P and K according to
Burzaco et al. (2014) as follows:

Apparent Crop Nutrient Recovery Efficiency (NRE) (%) = @ x 100

@)
Partial Nutrient Balance (PNB) = UT”

(©)
Agronomic Efficiency of Applied Nutrient (AE) (%) = Y_FYU @

Where, F = amount of nutrient applied (as fertilizer or manure), Y=
yield of the harvested portion of the crop with applied N,

Y, = yield of control with no applied nutrient, Uy = nutrient content of
harvested portion of the crop, U = the total nutrient uptake in
aboveground crop biomass with applied N and U, = the total
nutrient uptake in aboveground crop biomass with no N applied.

Statistical analysis of data

All statistical analyses were conducted using SAS computer
software version 9.2 (SAS, 2004) for Windows. The measured
parameters were tested for normality by Shapiro-Wilk procedure
prior to analysis of variance (ANOVA). Since the variation between
sites was significant, the data was subjected to single site analysis
of variance to determine the effect of fertilizer application on soil
properties, maize growth and yield (Gomez and Gomez, 1984).
Least significant difference (LSD) test was employed to test the
significant difference between treatments means.

RESULTS
Selected soil properties (pH and EC)

Vermicompost significantly increased the soil pH by 0.5
units in Siaya and 1.2 units in Kisii site within 5 months
(Table 3). Therefore, the ferralsol was more responsive to
pH change compared to the acrisol. Vermicompost was
in particular a better remedy for amending extremely
acidic soils of Kisii. EM compost and thermophilic
compost also performed sparingly well in amending
extremely acidic soils; pH increased by 0.1 and 0.9 units,
respectively. In Kisii, there was a 0.1 unit increase in soil
pH under inorganic fertilizer (NPK 14:29:8 + Ca + S + Mg
+ TE). Under negative control, there was 0.5 units
decrease in soil pH for extremely acidic soils. In Siaya,
both the negative and positive control resulted in a
decrease in soil pH (0.4 and 0.6 units respectively).

The highest soil EC was observed under inorganic
fertilizer treatment; 0.46 in Siaya and 0.51 in Kisii. This
was 0.14 units increase in EC from 0.32 mS/cm in Siaya
and 0.4 units increase in soil EC from 0.11 mS/cm in Kisii
within 5 months respectively. Therefore, the ferralsol was
also more responsive to EC change compared to the
acrisol. EM compost in particular increased soil EC by 0.1
mS/cm in Siaya and 0.36 mS/cm in Kisii. Vermicompost
and thermophilic compost sparingly increased soil EC
(0.03 and 0.1 units increase in soil EC in Siaya, 0.3 and
0.23 units increase in soil EC in Kisii respectively). Under
negative control, there was 0.03 units increase in soil EC
for acrisols and 0.21 units increase in soil EC for
ferralsols (Table 3).

Maize growth and yield
Growth parameters

The effect of fertilizer treatments on maize growth
parameters (crop emergence, plant height and days to
50% tasseling) was significant at P<0.05 (Table 4 and
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Table 3. Mean soil pH and EC as affected by fertilizer application for two regions in

Lake Victoria basin.

Fertilizer Siaya Kisi
pH EC (mS/cm) pH EC (mS/cm)
Vermicompost 5.7 0.35" 5.3 0.41°
EM Compost 5.3 0.42° 5.1% 0.47°
Thermophilic Compost 5.3° 0.42° 5.0° 0.34°
Inorganic Fertilizer 4.6° 0.46% 4.2° 0.51%
No Fertilizer 4.8° 0.35° 4.1° 0.32°
LSD 0.3* 0.05* 0.3* 0.05*
*LSD at 0.05 **LSD at 0.01 ns-not significant. Means followed by the same letter are not

significantly different at 5% probability by LSD.

Table 4. LSD mean separation for maize growth parameters as affected by fertilizer application.

Crop emergence (%)

Days to 50% tasseling

Fertilizer

Siaya Kisii Siaya Kisii
Vermicompost 92.5° 90.0% 66° 75°
EM compost 90.8% 88.3% 69" 78"
Thermophilic compost 90.8% 88.3% 67" 76™
Inorganic fertilizer 85.0" 81.7° 70° 79"
No fertilizer 92.5% 90.8% 82% 93?
LSD 5.57* 5.89* 3* 3*

*LSD at 0.05 **LSD at 0.01 ns-not significant. Means followed by the same letter are not significantly different at 5% probability

by LSD.

Figure 1). A mean crop emergence of 92.5 and 90.8% in
Siaya and Kisii respectively was recorded as the highest,
two weeks after planting from the plots with no fertilizer
treatment and vermicompost treatment; while the lowest
crop emergence was recorded under inorganic fertilizer
treatment. A mean plant height of 208.4 and 239.4 cm in
Siaya and Kisii respectively were recorded as the highest
on week nine after planting from the plots treated with
vermicompost. This was significantly different from the
rest of the treatments. The negative control (no fertilizer
treatment) had a significantly lower plant height as
compared to organic amendments and inorganic fertilizer.
A mean of 66 days and 75 days in Siaya and Kisii,
respectively was recorded as the shortest days to 50%
tasseling from the plots treated with vermicompost. The
longest duration (82 days in Siaya and 93 days in Kisii) to
50% tasseling was recorded under no fertilizer treatment,
which was also significantly different from organic
amendments and inorganic fertilizer.

Yield parameters

The results of ANOVA showed that the effect of fertilizer
treatments on maize yield parameters (total aboveground

biomass, grain yield, harvest index and nutrient use
efficiency) was significant at P<0.05 (Table 5 to 7 and
Figures 2 to 3).

Total aboveground biomass (TAB)

The highest mean total aboveground biomass (TAB) was
recorded in plots treated with vermicompost in both
regions. TAB for maize under thermophilic compost and
inorganic fertilizer was not significantly different in both
regions. The negative control (no fertilizer treatment) had
a significantly lower mean TAB as compared to organic
amendments and inorganic fertilizer (Table 5).

Grain yield (GY)

The highest mean grain yield (5580 kg Ha™ in Kisii and
4428 kg Ha' in Siaya) was recorded in plots treated with
vermicompost, while the lowest (1260 kg Ha™ in Kisii and
1094.78 kg Ha™ in Siaya) was recorded under no fertilizer
treatment. Maize grain yield under EM compost and
thermophilic compost treatments was not significantly
different in both regions. Inorganic fertilizer performed
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Figure 1. Mean maize plant height on week nine after planting in two regions of Lake Victoria basin as affected by fertilizer
application. The error bars represent the standard errors (SE). The letters a, b and c represent the means separations using
the LSD. Means represented by different letters are significantly different at P<0.05.

Table 5. LSD mean separation for maize yield parameters as affected by fertilizer application.

Fertilizer Total Aboveground Biomass (kg Ha™) Harvest Index (%)
Siaya Kisii Siaya Kisii

Vermicompost 17696.3% 22566.0% 25.03% 24.74°
EM compost 15208.4° 18703.5° 24.10° 24.45%
Thermophilic compost 15266.5" 20556.8" 22.90° 22.67°
Inorganic fertilizer 16796.9° 19193.7 24.71%° 23.60™
No fertilizer 6831.9° 8240.9d 16.03d 15.33d
LSD 1080.7* 1807.6* 0.85** 1.09*

*LSD at 0.05 **LSD at 0.01 ns-not significant. Means followed by the same letter are not significantly different at 5% probability by LSD.

Table 6. LSD mean separation for nutrient uptake (kgHa™) as affected by fertilizer application.

. P Uptake K Uptake
Fertilizer - — - -
Siaya Kisii Siaya Kisii
Vermicompost 41.72% 21.94° 63.73% 63.18°
EM compost 33.57° 23.01° 52.44° 64.05°
Thermophilic compost 33.90° 20.61° 52.23" 59.52°
Inorganic fertilizer 39.60° 27.12° 51.01° 44.87°
No fertilizer 11.67° 14.17° 15.92° 28.11°
LSD 4.17* 3.23* 9.94* 5.51*

*LSD at 0.05 **LSD at 0.01 ns-not significant. Means followed by the same letter are not significantly different at 5% probability by
LSD.
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Table 7. Agronomic efficiency (AE), nutrient recovery efficiency (NRE) and partial nutrient balance (PNB) for applied nitrogen

in two environment.

Environment

Fertilizer Type Siaya Kisii
AE NRE (%) PNB AE NRE (%) PNB
VC 24.51 71.84 0.9395 31.77 70.99 0.9618
EMC 23.57 63.72 0.9130 30.40 68.24 0.9967
TC 21.53 61.36 0.8833 30.46 66.95 0.9754
IF 38.18 99.25 1.3683 40.88 62.08 1.0491
VC- vermicompost, EMC-effective microorganisms compost, TC-thermophilic compost, IF-inorganic fertilizer.
7000
a
6000
— b b b
'I" 5000 4 b
=
ad c
=< 4000 <
o
]
= 3000
£
©
5 2000 d c
1000
0
I3 Z I3 g 2 I3 Z I3 g g
aQ aQ <% = = Q Q o = =
IS £ IS £ £ £ € £ £ £
o o o 9] 9] o o o 9] ]
9 O o b s E § ° < 3
g S L =2 L Q
g 5 _g_ é = g 5 % @ =2
£ 2 £ 2
@ @
ey e
[= [=
SIAYA KISII

Figure 2. Maize grain yield in two regions of Lake Victoria basin as affected by fertilizer application. The error bars
represent the standard errors (SE). The letters a, b, ¢ and d represent the means separations using the LSD. Means
represented by different letters are significantly different at P<0.05.

fairly well in Siaya as compared to EM compost and
thermophilic compost treatments. However, in Kisii, the
treatments were not significantly different (Figure 2).

Harvest index (HI)

The highest mean grain HI (25.03% in Siaya and 24.74%
in Kisii) was observed in plots treated with vermicompost,
while the lowest (16.03% in Siaya and 15.33% in Kisii)
was observed when no fertilizer was applied (Table 5).
Harvest index for maize under EM compost and
thermophilic compost was also significantly different in
both regions. In Siaya region, there was no significant

difference between maize grain harvest index under
vermicompost and inorganic fertilizer. However, the two
were significantly different in Kisii region, with the latter
(inorganic fertilizer) being insignificantly different from EM
compost.

Nutrient uptake

Maize nutrient uptake was significantly affected by
fertilizer treatment (Table 6 and Figure 3). The highest
mean nitrogen (N) uptake was recorded under
vermicompost treatment. The amount obtained under no
fertilizer treatment in both sites was four fold. Higher
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Figure 3. Maize nitrogen uptake in two regions of Lake Victoria basin as affected by fertilizer application. The
error bars represent the standard errors (SE). The letters a, b, c and d represent the means separations using the
LSD. Means represented by different letters are significantly different at P<0.05.

mean phosphorus (P) uptake was recorded under
vermicompost in Siaya and inorganic fertilizer in Kisii
region. P uptake under EM compost and thermophilic
compost was not significantly different in both regions.
The highest mean potassium (K) uptake was recorded
under Vermicompost and EM compost in Siaya and Kisii
respectively. As expected, low nutrient uptake was
observed in no fertilizer treatment as compared to other
treatments.

Nutrient use efficiency (NUE)

The highest agronomic efficiency (AE) was recorded
under inorganic fertilizer followed by vermicompost
treatment as shown in Table 7. The highest nitrogen
recovery efficiency (NRE) was also recorded under
inorganic fertilizer treatment (99.25% at Siaya) and
vermicompost (70.99% at Kisii). Higher mean partial
nitrogen balance (PNB) was achieved through inorganic
fertilizer (Table 7) in both regions.

DISCUSSION
Selected soil properties

The addition of organic amendments regulated soil
acidity in both sites. This indicates adsorption of
exchangeable Al and Fe onto the composts causing an
increase in soil pH (Seufert et al., 2012). A higher rise in

soil pH occurred under vermicompost as compared to
other fertilizer treatments. This is in line with a study by
Liu et al. (2019) on remediation effectiveness of
vermicompost for a potentially toxic metal contaminated
tropical acidic soil, where vermicompost amendment
increased soil pH by 0.7 to 1.5 units. The Kisii site was
previously forested and soils were extremely acidic.
Inorganic fertilizer treatments fairly maintained initial soil
pH in Kisii region (Figure 1). However, this was not the
same case in Siaya as application of inorganic fertilizer
resulted in 0.6 units decrease in soil pH. Low availability
of basic cations in the soil may have resulted to soll
mining of basic cations by plants, thus replaced by acidic
cations in the soil exchange complex. This is in line with
Singh et al. (2016) who also reported that application of
inorganic fertilizer especially acidifying fertilizers might
result into soil degradation over time. Higher soll
electrical conductivity reported under inorganic fertilizer
treatment as compared to the initial soil EC may have
been due to additional salts from the fertilizer (Table 3).
Organic amendments also increased soil EC and this
may be due to high salt content of poultry litter (Dhal et
al., 2012).

Maize growth and yield parameters
Crop emergence

The ideal crop emergence of 288% (Mburu et al., 2011)



was obtained with organic amendments and no fertilizer
treatment. Inorganic fertilizer recorded low crop
emergence especially in Kisii station (Table 4). Application
of inorganic fertilizer may have induced fertilizer scorching
effect in some planting hills, impeding germination
process and thus the statistical difference with the rest of
the treatments. According to Hernandez et al. (2010),
seedling emergence in the soil is a factor of germination
index and prevailing soil conditions.

Plant height (cm)

The higher mean plant height obtained on plots treated
with water hyacinth compost and inorganic fertilizer as
compared to no fertilizer treatment may be attributed to
the role of essential plant nutrients in improving plant
growth vigour. This is in harmony with the findings of
Kannan et al. (2013) and Abera et al. (2019) who
reported that integrated nutrient management has
positive effect on maize height. Manish et al. (2017) also
reported that the tallest plant height was observed on the
plots treated by VC and cattle manure, whereas the
shortest was in the control. Similarly, Atarzadeh et al.
(2013) also described that VC contains many humic acids
which improve morphological traits of the crop and, thus,
increase plant height. According to Mburu et al. (2011)
and Kannan et al. (2013), chemical fertilizers offer soluble
nutrients which are instantly availed to the maize plants
hence perform significantly better compared to the
control.

Organic amendments provides the nutrients slowly but
steadily and improve the soil's physical properties over
time and thus enhancing better uptake of nutrients by the
crop (Amitava et al., 2008). The significant difference
among the fertilizer treatments on maize plant height in
both regions could probably have been due to the
variations in soil pH and physical conditions like soil
structure, texture, bulk density and water holding capacity
that favoured microbial action releasing the nutrients from
the soil (Chukwuka and Omotayo, 2009). Inorganic
fertilizer significantly increased the maize plant height in
both regions compared to no fertilizer treatment due to
the availability of plant nutrients in soluble form that
require low energy utilization by the plants for uptake to
build up their dry biomass hence improving plant growth
vigour (Achieng et al., 2010; Mohsin et al., 2012). The
highest plant height reported in maize plots amended
with vermicompost as compared to the rest of the
treatments may be due to the efficacy of red worms in
turning organic matter into more bioavailable forms for
plant uptake (Gupta et al., 2007).

Days to 50% tasseling

The environment significantly affected the number of
days taken by maize plant to attain 50% tasseling in
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addition to fertilizer treatment. This may be due to
variation in soil temperature and relative humidity which
affects the rate of photosynthesis and transpiration
(Canatoy, 2018). Phosphorylation is directly affected by
air humidity which is a factor of temperature and moisture
content variation (Atarzadeh et al., 2013). Early transition
in maize growth stages (including days to 50% tasseling)
reported in plots treated with vermicompost as compared
to the rest of the treatments in both regions (Table 4) may
be attributed to increase in plant growth vigour as a result
of favourable soil conditions created by vermicompost
(Van Haute, 2014).

Total aboveground biomass

Application of water hyacinth compost and inorganic
fertilizer led to a higher mean total aboveground biomass
(TAB) of maize as compared to no fertilizer treatment
probably due to the release of considerable amounts of
essential plant nutrients during mineralization that were
utilized for plant development (Kamau et al., 2012;
Biswasi et al., 2020). The higher TAB recorded for maize
plants grown on soil amended with vermicompost (Table
5) compared to the rest of the treatments in both regions
could be attributed to the availability of plant
macronutrients more readily in vermicompost (Munroe,
2007). NPK also readily provided phosphorus that
probably enhanced root development thus the higher
TAB in maize. These results are in line with that of
Makinde and Ayoola (2010), who demonstrated that the
application of organic manure as fertilizers provides
growth-regulating substances and improves
physicochemical and microbial properties of soils. The
total aboveground biomass weight after harvest was
higher in maize plants grown in soil amended with
vermicompost compared to the rest of organic
amendments (EM compost and thermophilic compost)
probably due to the release of considerable amounts of
nutrients, especially nitrogen, to the plant during
mineralization that were utilized for photosynthesis hence
better plant development (Sharma et al., 2017).

Grain yield

The application of water hyacinth compost and inorganic
fertilizer led to higher grain yield compared to no fertilizer
treatment probably due to considerable release of
essential plant nutrients during mineralization that were
utilized for photosynthesis hence better plant growth and
grain setup (Figure 2). The result is in agreement with
Adrien et al. (2010), who reported that the application of
composted paper sludge as organic soil amendment led
to high maize yields. Babbu et al. (2015) also reported
that the highest maize grain yield was in treatment having
NPK with FYM, whereas the lowest was in non-treated
plots showing the beneficial effects of manure on crop
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performance. The maximum grain yield might be due to
the higher association among plant height, cob length,
grain numbers per cob, and aboveground biomass. This
is in consent with the reports of Negasi (2014), who
stated that organic manure plays a significant role in plant
nutrition through its positive effects on nutrient supply to
plant roots, in improving soil structure, water holding
capacity, and other soil properties.

Grain vyield potential for Kisii region was higher than
that of Siaya possibly due to variation in other
environmental factors other than soil fertility during the
growing period. The plots treated with vermicompost had
a higher maize grain yield in both regions compared to
the rest of the treatments probably due to the higher
amount of N, K and Ca in bioavailable forms which are
essential for grain development (Pandit et al., 2019).
Continuous application of compost over time has been
reported to produce significantly better results compared
to inorganic fertilizer due to its slow but steady release of
nutrients over time (Yagoub et al., 2012). The lowest
grain yield reported under no fertilizer treatment in both
sites might be due to the deficiency of essential plant
nutrients (Jjagwe et al., 2019). Water hyacinth compost
effectively regulated the soil acidity probably by binding
the exchangeable aluminium ions in the acidic soils
besides releasing plant nutrients slowly hence equally
improved plant growth vigour and higher maize grain
yield compared to the negative control in both regions
(Seufert et al., 2012).

Harvest index

Fertilizer application significantly improved maize harvest
index as compared to no fertilizer treatment. This might
be due to the increment of the availability of essential
nutrients for crops when the acidic soils were treated with
organic amendments and inorganic fertilizer (Mburu et
al., 2011; Abera et al., 2019). According to Hamidia et al.
(2010), mineral P plays great role for maximum utilization
of nutrients in acidified soils. The highest mean harvest
index obtained with vermicompost as compared to the
rest of the treatments could be attributed to the role of
earthworms in converting plant nutrients in organic matter
into more bioavailable form for plant uptake and the role
of organic amendments in improving soil physical
properties (Dominguez and Edwards, 2011). The results
showed that harvest index directly correlates with grain
yield and total above ground biomass of the crop as
supported by Burzaco et al. (2014) equation. For
instance, despite the fact that mean grain yield under EM
compost and thermophilic compost were not significantly
different, the harvest index obtained with EM compost
was slightly higher compared to the later due to the
variation in aboveground biomass. The presence of
effective microbes in EM compost might have increased
microbial action hence faster release and absorption of

nutrients especially micronutrients from the compost
required for grain development (Sharma et al., 2017).
Therefore, thermophilic compost favoured more
vegetative growth in maize resulting into higher plant
biomass yield as opposed to grain yield.

Nutrient uptake and nutrient use efficiency

Improvement in nutrient concentration of maize plant
tissue reported in plots treated with water hyacinth
compost and inorganic fertilizer, in comparison to no
fertilizer treatment can be attributed to increased
availability of essential plant nutrients concentration in the
soil (Table 6). Water hyacinth compost contains high
amounts of organic matter which could have increased
the moisture retention of soil, improved dissolution of
nutrients particularly phosphorus and soil structure hence
better root growth and nutrient uptake (Sharma et al.,
2017). Sanchez et al. (2017) also reported the highest
yield and tissue concentrations of K and P where
compost consisting of chicken manure was applied. The
highest N uptake obtained with vermicompost treatment
as compared to EM compost and thermophilic compost
can be attributed to the role of red worms in converting
organic matter into more bioavailable form (Gupta et al.,
2007). Vermicompost and inorganic fertilizer treatments
improved N recovery efficiency in maize crop as
compared to other treatments probably due to presence
of readily minerazable plant nutrients (Table 7).
According to Snyder and Bruulsema (2007), nutrient
recovery efficiency (NRE) of 50-90% is desirable; greater
than 90%, risk of soli mining (soil nutrient depletion)
occurs and less than 50% (very low NRE) risk of
inefficient N use (N pollution) occurs. For instance, N
recovery of 45% means that about 55% of N applied is
lost beyond the root zone maybe through volatilization
and leaching. Therefore, despite high N recovery
efficiency (99%) for plots treated with inorganic fertilizer,
there was a higher risk of soil nutrient mining.

The partial N balance in the soil after crop harvest in
plots treated with organic fertilizers was very sustainable
(<1) while that obtained with inorganic fertilizer was quite
unsustainable (>1) in both regions (Table 7), further
confirming the risk of soil N mining. Partial nutrient
balance (PNB) refers to the ratio of the quantity of
nutrients removed in harvested crop portions to the
qguantity of nutrients applied (Snyder and Bruulsema,
2007). A PNB value close to one indicates that mass
balance exists and therefore sustainable. Agronomic
efficiency (AE) considers how much the yield of a crop in
increased per unit of nutrient applied. Higher agronomic
efficiency obtained with inorganic fertilizer in both regions
compared to organic fertilizer treatment may be due high
crop nutrient recovery efficiency and presence of lime
(Ca0) in inorganic fertilizer which neutralized soil acidity
over a short period of time (Mburu et al., 2011).



Conclusion

The use of organic amendments has shown high
potential to mitigate soil acidity, improve soil fertility and
eventually crop yield sustainably. The results of the study
demonstrated that there was a significant increase in
growth and yield components of maize due to the
application of organic amendments and mineral fertilizer
over no fertilizer treatment. However, the long-term
adverse effect of inorganic fertilizer especially acidifying
fertilizer on the soil and the environment makes its use
undesirable. Therefore, compost from water hyacinth,
which is locally available, can be effectively used as an
organic soil amendment for soil restoration and crop
production. Maize crop has a high nutrient requirement
and sensitive to soil acidity, thus cannot perform well in
infertile and extremely acidic soils. Therefore, application
of organic fertilizer with readily mineralizable nutrients
(vermicompost) has paramount importance in reclaiming
infertile and acidic soils and improving maize growth and
yield components. Since vermicompost contains essential
plant nutrients in bioavailable forms, it could be
recommended as the best alternative to inorganic
fertilizer for reclaiming infertile and acidic soils in order to
improve plant nutrients availability for enhanced
productivity.
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