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Abstract: Biogas bioslurry, which is normally a bio-digestion product from livestock refuse, can
be utilized as an inorganic fertilizer, thus boosting not only soil fertility but also crop growth and
yield. Its use can mitigate climate change by reducing methane gas emissions, which are associated
with the direct application of fresh animal manure. The current study was carried out on farmer’s
fields based at Wusi-Kishamba and Werugha wards in Taita Taveta County, Kenya, and it aimed at
investigating the effect of bioslurry coupled with synthetic fertilizer on potato (Solanum tuberosum
L.) growth and yield. There were four treatments: sole bioslurry, sole fertilizer (DAP), bioslurry
+ DAP, and control, which were replicated five times in a randomized, complete block-designed
layout. Data were collected on plant growth (plant height and leaf length) and yield (marketable and
unmarketable tubers and the number of tubers plant~!). The results indicated a general increase
in plant height from week one to week seven, where peak values were noted with sole slurry, sole
fertilizer, and bioslurry + DAP treatments, which recorded 9, 18, and 43% taller plants, respectively,
relative to control. Further, the combined application of bioslurry and DAP fertilizer significantly
(p < 0.05) improved potato growth and yield. For instance, there was a higher (23.3 t ha™!) yield in
bioslurry + DAP treatment compared to the respective least record of 14.2 tha~! in control. Therefore,
the study recommends a synergistic application of synthetic fertilizer (DAP) and bioslurry to potato
crops for optimal crop growth and production.

Keywords: biogas; organic fertilizer; inorganic fertilizer; soil fertility; sustainable crop production

1. Introduction

Potato is a high macronutrient-demanding crop, especially for potassium (K), phos-
phorus (P), and nitrogen (N), and insufficiency of any or combination of these nutrients
can result in poor growth or total crop failure under extreme conditions [1-5]. Soil fertility
decline has continuously been a great concern globally and a major barrier to agricultural
productivity, which can be attributed to continuous cropping without adequate amend-
ments [6,7]. Factors contributing to fertility decline include soil erosion, accumulation of
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toxic elements, and overdependency on synthetic fertilizers [8-10]. Agronomic practices
such as continuous crop farming with inadequate use of fertilizers have resulted in low
levels of soil organic carbon, which subsequently decreases microbial biomass [1,11,12].
Low yield production is attributed to poor agronomic practices and the unavailability of
certified seeds and can be managed by the adoption of not only certified seeds but also
integrated soil fertility management, which can help boost crop yields of up to 30 tons per
hectare [13,14].

Synthetic fertilizers such as calcium ammonium nitrate (CAN), and di-ammonium
phosphate (DAP) have been widely used in Kenya and exhibited a negative response to the
environment [15]. Hence, organic fertilizers have been a promising factor in aiding nutrient
availability [16]. For smallholder farmers, soil infertility is a fundamental biophysical
root cause of reduced food production. This challenge, coupled with financial constraints,
makes it hard for them to afford the full levels of recommended synthetic fertilizers [17].
In addition, there is a gap in understanding their applicability due to different synthetic
element combinations aimed at boosting crop productivity.

Bioslurry, which is an anaerobically digested product from biogas digesters, can be
applied foliarly to plants to supply the recommended nutrients [18]. The slurry is gaining
popularity owing to the increasing demand for clean energy and has been a fundamental
aspect of lessening environmental pollution and replacing the consumption of fossil fuels,
which plays a critical role in sustainable development. The use of bioslurry in combination
with synthetic fertilizer has great potential for increasing crop production, including pota-
toes. However, despite their great importance, the synergistic use of bioslurry and synthetic
fertilizers has not been fully embraced by farmers. Therefore, the current study was carried
out to (i) determine the effect of bio-slurry and inorganic fertilizer on the growth parameters
of potatoes and (ii) evaluate the effect of bio-slurry and inorganic fertilizer on potato yield.
The ultimate goal was to contribute to sustainable potato production.

2. Materials and Methods
2.1. Experimental Site

This field experiment was carried out during the 2020 short rains and 2021 long rains at
Wusi-Kishamba and Werugha wards located in Taita Taveta County, Kenya. Wusi-Kishamba
ward is located about 8.7 Km from Mwatate town and covers an area of 359 Km?. It borders
the Bura ward to the west, the Rong’e ward to the east, the Mwatate and Chawia wards
to the south, and the Wundanyi/Mbale ward to the north. On the other hand, Werugha
ward lies between the Ngangao Mountains (1952 m.a.s.1) and Iyale Valley (2104 m above
sea level—m.a.s.l). The northern region of Werugha extends as far down as 1200 m.a.s.1
and to the foothills of Taita.

The study region is comprised principally of well-drained, shallow, dark, very friable
loam soils, eutrophic regosols, and lithic phases with acid humic and calcic cambisols [19].
During the study period, Werugha ward had the highest maximum (29.2 °C) and lowest
(18.5 °C) temperatures compared to Wusi-Kishamba ward, which had values of 28.9 and
17.8 °C. In June, the lowest (15.9 and 15.4 °C for Werugha and Wusi-Kishamba wards,
respectively) and highest (25.6 and 25.2 °C) temperatures were recorded. Wusi-Kishamba
ward, on the other hand, experienced more rainfall (123 mm) than Werugha ward (96 mm)
across the seasons. Across the wards, the maximum rainfall was obtained in November
(70 mm) and April (94 mm), while the driest months were October and June, with 23 and
4 mm of rainfall, respectively. The farming systems in the area are comprised mainly of
smallholder farmers who engage in both crop farming and dairy enterprises to meet the
economic requirements of their families [20]. Cereals and horticultural crops are the main
crops cultivated in the region.

2.2. Experimental Design, Layout, and Crop Husbandry

The experiment was laid out in five replicates in a randomized complete block design
(RCBD). In this case, the experiment was set in five farmer’s fields per ward, and therefore
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a farmer constituted a block. In each block, four treatments were tested: (1) control, without
amendment (CT), (2) sole slurry, (3) sole fertilizer (DAP), and (4) combined bioslurry and
75% recommended DAP fertilizer. Each study plot measured 5 m wide and 6 m long.
Inter-plot spacing was maintained at 0.5 m, whereas the respective inter-row and inter-seed
spacings were 0.75 m and 0.30 m [20]. The destiny variety was chosen since it is commonly
used by farmers within the region, and it was sourced from the National Potato Research
Centre (NPRC). This variety was released by the NPRC in 2015/2016 and has good early
growth, light to dark purple flowers, and dark green foliage, as well as resistance to diseases
such as potato viruses Y and X and Erwinia spp. According to Araujo et al. [21], the variety
is suitable for making crisps and suitable for all potato-growing areas with a maturity of
about 3-4 months and a projected medium yield of 3040 t ha~!.

2.3. Soil and Bioslurry Sampling, Preparation, and Characterization

Soil characterization was carried out at the beginning of the experiment. Soil sampling
was done from ten randomly noted points on the field by using an auger up to a depth of
30 cm. The samples were air-dried, ground with a mortar, and sieved with a 2 mm mesh.
Bioslurry sampling was carried out by thoroughly stirring/mixing fresh bioslurry from
biodigesters, drawing a 500 mL sample from the mixture, and packing it in a sampling
bottle for analysis. The soil and slurry samples were analyzed for pH as outlined by Pansu
and Gautheyrou [22] and explained by Ryan et al. [23]. The available P was extracted using
the Olsen method [23]. Total N was analyzed using the Kjeldahl procedures as outlined
by Willis et al. [24]. Exchangeable cations (Ca%*,Na*, K* Mg™, Mn** Cu?*, Zn?*, and Fe3*)
were determined using an atomic absorption spectrophotometer (AAS). In addition to these
parameters, the slurry was analyzed for electrical conductivity (EC), HCO3~, C1~, available
NH4*, and NO3 and additional exchangeable elements such as S2-, Si**, Mo?*, and Bo®*.
Total nitrogen and soil organic carbon (SOC) analyses were done only in soil samples using
the Kjeldahl procedure as given by Willis et al. [24] and the modified Walkley-Black wet
oxidation method [25].

2.4. Site Preparation, Planting, and Crop Management

Before the start of this study, cultivation was done before the onset of short (October
2020) rains. Fertilization was done at planting time in the rows where the fertilizer was
mixed with soil to avoid seed scorching. Sowing was done during the short and long
rain seasons, respectively. Medium-sized and well-sprouted tubers were planted, spaced
at 0.30 m between tubers with an inter-row spacing of 0.75 m. The treatments were then
supplied with the respective quantities of 50 t ha~! of bioslurry and 50 kg ha~! of Diammo-
nium phosphate (DAP) fertilizer. Cultural practices such as disease, pest, and weed control
were carried out uniformly in all plots. Weeding was effectively done through the use of a
hoe, and in some instances, hand weeding was preferred. Hilling was done twice before
flowering to avert the subjection of tubers to direct sunlight. To control early and late blight,
spraying was done twice every month, commencing on the 14th day of crop emergence,
using Daconil 720 SC (containing Chlorothalonil 720 g L~1) with an alternation of Ridomil
Gold MZ 68 WG, which contains Mefenoxam 40 g kg ! and Mancozeb 640 g kg~ !. The
stock solutions of the respective quantities of each chemical were prepared by dissolving
them in half a liter of water and being made up to the required quantity of spray solution
(spray volume) by adding water. The spray solution was dissolved in water as per require-
ment and applied with a knapsack sprayer by using the flat fan nozzle. All the necessary
cultural practices were carried out uniformly to bring the crop to maturity.

2.5. Field Measurements and Statistical Analyses

In the field, the data were collected on potato growth parameters (plant height and leaf
length) and potato yield attributes (number of tubers plant ! marketable and unmarketable
tubers). Ten plants were selected randomly from the three inner potato rows and tagged
for data collection. Quantitative data measurements were taken and recorded during the
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first week, when the potato had sprouted, until the harvest period in week 7. Crop growth
and yield were studied, and measurements were made on a plot-by-plot basis. Plant height
was measured from the ground (base of the plant) to the top part of the stem using a ruler
and expressed in centimeters. The number of leaves per plant was determined by manual
counting of the leaves from every tagged plant. Leaf length measurements were taken
using a ruler, considering the entire compound leaf, and expressed in centimeters. At
harvest, the tubers that were large-sized, healthy, and >50 g were regarded as marketable
tubers, whereas those considered unmarketable were the ones that were either damaged
by pests and diseases, weighed less than 50 g, were green, or were rotten [26,27]. The total
tuber yield was computed by summing up the marketable and unmarketable yields [28].
The biophysical data obtained from this study were tabulated into an Excel spread-
sheet and subjected to a general analysis of variance (ANOVA) using GenStat statistical
software, version 2015. Further, the treatment means found to be remarkably disparate
were segregated using Fishers’ protected Least Significant Difference (LSD) at p < 0.05.

3. Results
3.1. Soil Fertility Status of Werugha and Wusi-Kishamba Wards

Analyses of the soil at the experimental sites indicated an extremely acidic status
(pH = 4.2-5.0) in the Werugha ward to moderately alkaline (pH = 8.0-8.2) in the Wusi-
Kishamba ward. The soil organic matter content ranged from 0.2 to 0.5%, whereas total
organic carbon (TOC) had a range of 0.21 to 4.1% (Table 1). The bio-slurry used for this
study was slightly alkaline (pH = 7.47) with an electrical conductivity of 7.5 mS cm™!
(Table 2). Its primary exchangeable cations: Ca?*, Na*, K*, and Mg* had respective values
in cmol kg’1 of 0.26, 0.46, 2.37, and 8.48.

Table 1. Soil chemical characteristics at Werugha Wusi-Kishamba wards.

Ward Soil Parameter Minimum Maximum Target (Critical)
Level
pH 4.18 7.74 >5.5
Total organic carbon (%) 0.21 3.97 >2.7
Total nitrogen (%) 0.02 0.39 >0.2
Potassium (%) 0.06 1.29 >0.24
Available P (mg kg~1) 6.0 248 >30.0
Werugha Magnesium (%) 0.03 4.09 >1.0
Calcium (%) 0.2 7.9 >2.0
Copper (mg kg™1) 0.21 5.70 >1.0
Manganese (%) 0.01 0.54 >0.11
Zinc (mg kg™ 1) 0.96 14.4 >5.0
Iron (mg kg~ 1) 6.31 133 >10.0
pH 4.68 8.19 >5.5
Total organic carbon (%) 0.47 4.11 >2.7
Available P (mg kg~1) 5 270 >30.0
Total nitrogen (%) 0.05 0.41 >0.2
Potassium (%) 0.08 1.83 >0.24
Wusi-Kishamba Calcium (%) 0.7 7.9 >2.0
Magnesium (%) 0.56 6.00 >1.0
Manganese (%) 0.01 0.35 >0.11
Copper (mg kg™1) 0.28 4.17 >1.0
Zinc (mg kg™1) 0.58 189 >5.0

Iron (mg kg~1) 3.48 117 >10.0
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Table 2. Chemical characteristics of the bioslurry.

Parameter Value
pH (water) 7.47
EC (mS cm™1) 7.56
NH;* (mgkg™!) 153
NO; (mg kgfl) 3.88
Available P (mg kg~!) 28.5
Exchangeable K (cmol kg~1) 2.37
Exchangeable Ca (cmol kgfl) 0.26
Exchangeable Mg (cmol kgfl) 0.44
Exchangeable S (mg kgfl) 8.48
HCO; (mg kg™1) 4440
Exchangeable Fe (mg kg~1) 1.46
Exchangeable Mn (mg kgfl) 0.73
Exchangeable Zn (mg kgfl) <0.01
Exchangeable Cu (mg kgfl) 0.13
Exchangeable Mo (mg kgfl) 0.014
Si (mg kg_l) 349
Exchangeable Na (cmol kgfl) 0.46
Exchangeable Bo (mg kgfl) <0.01
Cl (mg kg™!) 705

3.2. Effect of Bioslurry and DAP Fertilizers on Potato Growth Indices
3.2.1. Plant Height

Synthetic fertilizer interaction with bioslurry resulted in significant (p < 0.001) taller
plants across the seasons and wards relative to the sole application of these inputs (Table 3).
Generally, the plant height increased moderately from week one to week seven, where
peak values were noted, where it peaked at 56, 61, 66, and 80 cm for control, sole slurry,
sole fertilizer, and bioslurry + DAP, respectively. Across the seasons, the average plant
height was 34 cm for control, 38 cm for sole slurry, 43 cm for sole fertilizer, and 52 cm
for bioslurry + DAP. The overall highest mean plant height across the weeks (54 cm) was
recorded in the Werugha ward for the bioslurry + DAP fertilizer treatment, compared to
the record of 50 cm for the Wusi-Kishamba ward. The least values (37 cm) and (32 cm) were
obtained from treatment with no amendment (control) across the two wards. A similar
trend was observed in sole slurry and sole fertilizer treatments, which had an average plant
height of 42 cm and 47 cm in Werugha and 36 cm and 42 cm in Wusi-Kishamba wards
throughout the 2020 short rain season, respectively. The 2021 long rain season had the
highest average plant height with Werugha and Wusi-Kishamba wards’ values that were
such that control (35 cm, 34 cm) < sole slurry (36 cm, 37 cm) < sole fertilizer (42 cm, 41 cm)
< bioslurry + DAP (52 cm, 54 cm).



Agronomy 2023, 13, 2162 6 of 15

Table 3. Plant height (cm) (means =+ standard error) at Werugha and Wusi-Kishamba wards from sprouting (week 1) to maturity (week 7) as influenced by treatments
in the 2020 short rains and 2021 long rains seasons.

Ward Plant Height (cm)

Season Treatment Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7
2020 Bioslurry + Fertilizer 19.97 + 3.38 2 29.72 +£ 3574 46.65 +5.77 4 5752 + 5224 67.23 +3.392 73.99 + 3.79 @ 81.23 + 3.882
Short Werugha Sole Slurry 15.06 4= 2.26 23.84 +235¢ 33.82 £ 6.29¢ 4391 + 6.26 ¢ 51.39 & 3.56 € 59.96 & 3.51 ¢ 66.28 & 3.02 ¢
rains Sole Fertilizer 18.34 +3.88P 27.03 +£3.32°P 4119+ 5.79b 49.18 +7.23P 58.80 & 5.24 P 64.74 + 4.19P 71.00 £ 1.97P

Control 1248 +£2.374  21.89 +2.184d 32.55 + 6.35¢ 38.41 + 6.584 4536 +5.954 50.12 +£5.314 56.88 + 3.52 4
Bioslurry + Fertilizer =~ 22.93 +6.212 33.81 +3.902 4132 +3.782 50.06 + 4.91 2 57.47 + 4482 65.73 + 3.69 2 75.16 +2.76 2
Wousi-Kishamba Sole Slurry 15.09 £ 3.14 ¢ 2352 4+2.85¢ 28.94 4+ 2.75¢ 3441 +215¢ 4095 +4.77 ¢ 51.26 & 4.91°¢ 59.55 + 4.72 ¢
Sole Fertilizer 19.43 + 6.07P 27.88 +3.80P 34.67 £ 4570 4170 £ 431P 47.82 + 554D 57.28 +3.29P 63.85 + 4.04 P
Control 10.98 + 3.50 d 18.36 + 2.454 2467 +2.924 30.54 +3.204 36.71 +4.104 4445 + 408 4 53.77 +4.19 4
Werugha Bioslurry + Fertilizer ~ 22.59 42.942 33.80 +3.852 4253 + 3542 52.48 + 4252 62.20 £ 4292 71.89 +£ 4572 81.74 + 4642
ngfé Sole Slurry 1417 £177¢  2059+333°¢  2839+382¢  3453+£403¢  4303+348° 50554313 5859 +228b
. Sole Fertilizer 15.90 + 2.62b 24.75 +£ 529 P 33.46 £ 3.77° 41.68 + 4.48" 51.54 4+ 3.99 b 58.55 + 3.15P 65.16 &+ 2.54 P
Control 13.68 +2.10°¢ 21.40 +2.29¢ 27.34 +1.93¢ 35.00 + 2.68 ¢ 4170 +3.34°¢ 48.79 +3.004 56.48 + 2.654
o Bioslurry + Fertilizer =~ 25.41 +2.332 36.01 + 1.542 4429 +1.752 54.06 +2.252 63.69 +2.722 72.25 4+ 3.95 2 81.98 +3.372
Wusi-Kishamba Sole Slurry 1438 +£1.74¢ 2281 +1.64°¢ 30.19 £2.27°¢ 37.25+2.64°¢ 44.58 £2.02°¢ 52.25+3.10 € 60.13 +2.49 €
Sole Fertilizer 17.50 + 1.82b 25.56 + 1.64 P 34.00 +2.36 P 4214 +287°P 4938 +3.13P 57.01 +2.39P 64.19 +2.447°
Control 1161 £1.764 2044 +2.824d 26.59 £2944d 34.39 +2.894 41.49 4+ 3.074 48.49 +2.834d 56.53 + 2.33 ¢
Summary of analyses of variance (p values)

Treatment (T) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Ward (W) 0.008 0.007 <0.001 <0.001 <0.001 <0.001 <0.001

TxW <0.001 <0.001 0.022 0.710 0.092 0.473 0.035

Means bearing distinct alphabet letters (for every season and down the column) vary significantly at p < 0.05 by LSD test.
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3.2.2. Leaf Length and Number of Leaves per Plant

Leaf length (LL) was significantly affected (p < 0.05) by treatments and wards, with the
seasons having negligible effects (Table 4). As was the case with plant height, LL increased
progressively from week one to week seven. Across the seasons and wards, the mean LL
was such that control (18 cm) < sole slurry (23 cm) < sole fertilizer (24 cm) < bioslurry +
DAP (28 cm). The highest mean LL of 39 cm and lowest 29 cm were attained from the
combined bioslurry + DAP fertilizer and control treatments, respectively, with sole slurry
and fertilizer treatments exhibiting respective intermediate values of 33 and 35 cm. A
significant difference was observed between wards, where the 2021 long rain season had
Werugha and Wusi-Kishamba having LL means of 23 cm and 24 cm, respectively, compared
to values of 23 cm and 22 cm for the 2020 short rain.

Similarly, there was a significant (p < 0.001) effect of treatment on the number of leaves
per plant (Table 5). As was the case with plant height, there were more leaves per plant
from week one to seven. Across seasons, wards, and weeks, the average number of leaves
per plant recorded was: control (9) < sole slurry (10) < sole fertilizer (12) < bioslurry +
DAP (13). Seemingly, higher means of 14 and 13 and lower than 10 and 9 were recorded
from Werugha and Wusi-Kishamba wards from bioslurry + DAP and control treatments,
respectively.

3.3. Effect of Bioslurry and DAP Fertilizer on Potato Yield

Marketable, unmarketable, and the total number of tubers per plant were significantly
(p < 0.05) influenced by DAP fertilizer and bioslurry (Table 6). Generally, in the 2021 long
rains, potatoes had more tubers plant’1 (9) than those of the 2020 short rains (7). The
least (2) and the uppermost number of marketable tubers plant~! were obtained in control
and bioslurry + DAP treatments, respectively, with intermediate values of 4 in sole slurry
and 6 in sole fertilizer. Concerning the unmarketable number of tubers per plant, the
average values in decreasing order were 7 (control) > 4 (sole slurry) > 3 (sole fertilizer) > 2
(bioslurry + DAP). Based on the total number of tubers per plant, there were 9, 7, 8, and
8 tubers recorded for every plant in control, sole slurry, sole fertilizer, and bioslurry + DAP
treatments, respectively.

Similarly, the marketable, unmarketable, and cumulative tuber yields were signifi-
cantly (p < 0.05) affected by fertilizer and bioslurry application (Table 6). The long rain
season performed better (with an average yield of 13.0 t ha™!) than the short rain season
(10.2 t ha™!). Based on the wards, Werugha performed better in comparison with Wusi-
Kishamba, with a respective average marketable yield of 13.9 and 12.2 t ha~!. Across the
seasons and wards, in descending order, the mean marketable tuber yield was such that
control (5.0 tha=1) < sole slurry (9.9 t ha~!) < sole fertilizer (12.6 tha™1) < bioslurry + DAP
(19.0 tha™1).

In contrast, the unmarketable tuber yield was highest (9.2 ha™!) in control and least
(4.4 tha™!) in bioslurry + DAP. The long rain season had a slightly high unmarketable tuber
yield (7.2 t ha~!) compared to the short rain season (6.0 t ha~!). Further, concerning total
tuber yield, control had the least (14.2 t ha~!) whereas bioslurry + DAP had the highest
value (23.3 t ha~!) with intermediate values of 18.7 and 16.8 t ha~! being noted in sole
fertilizer and sole slurry treatments, respectively. Based on the seasons, 2021 long rains
recorded a higher yield (20.3 t ha~!) compared with 2020 short rains (16.2 t ha~!). Werugha
Ward exhibited good yield results across the seasons compared with Wusi-Kishamba Ward,
with an average seasonal yield of 19 and 18 t ha~?, respectively.
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Table 4. Leaf length (cm) (means + standard error) at Werugha and Wusi-Kishamba wards from sprouting (week 1) to maturity (week 7) as influenced by treatments
in the 2020 short rains and 2021 long rains seasons.

Ward Leaf Length (cm)

Season Treatment Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7
2020 Werugha Bioslurry + Fertilizer 12.27 + 3.65 2 17.95 + 2.452 22.88 +1.342 2772 +£1.712 3093 £2492  3496+1962  3853+2122
Short Sole Slurry 12.40 +2.752 17.37 +2.39 21.79 +£2.03° 24.60 +1.87° 2710+ 1.87° 2998 4+2.09¢  33.06 £ 1.67¢
rains Sole Fertilizer 12.66 +2.782 17.04 £ 2.61° 2158 +1.76 P 25.03 +1.40° 2781 +1.19° 3144 +124b  3453+132P

Control 7.79 £220b 11.67 £2.25¢ 15.39 + 3.46 ¢ 18.05 + 3.50 2126 £3.67¢  24.04+4209 2745+ 4494
Bioslurry + Fertilizer 12.43 +2.492 19.38 +3.272 2532 +2.782 29.01 £ 3.492 3220+£3522  3532+3.812%  3865+£220°
. Sole Slurry 950 +1.23¢ 1434 +1.72°¢ 1821 +1.06 € 21.85+1.82¢ 2573 +£193¢  2846+273¢  3140+230°¢
Wausi-Kishamba Sole Fertilizer 10.30 = 1.39° 1597 + 1.62° 20.41 4+ 1.07° 2438 +1.61° 2740 £1.87%  31.144+250P 3433 +223b
Control 8.68 +0.874 12.39 +1.144 17.08 + 1.90 4 20.24 +2.464 2383+1.884  2706+2089 3099+ 1.83¢
021 Bioslurry + Fertilizer 1323 +£2.292 19.51 +2.792 25.02 +£2.762 29.90 + 2.872 3299 +£2952  3678+£207%  39.65+1.202
Long Werugha Sole Slurry 12.76 + 1.14 2 17.89 +£2.24b 21.58 +2.29°P 24.75 +1.80° 2744 +159° 3094 +197b 33.03+1.71¢
raine Sole Fertilizer 1247 +£2.622 1627 £1.91°¢ 21.00 + 1.45° 25.00 + 1.24 P 28.04+1.11>  3188+124> 3503 +123P
Control 8.08 +2.25P 11.23 +2.08 ¢ 1335 £ 2.54°¢ 16.18 +3.14 ¢ 20.11£3.39¢  2330+4.02¢  2688+47049
. Bioslurry + Fertilizer 12.98 4+ 2.422 20.10 + 3.26 2 26.62 +£2.924 31.44 + 2682 3446 +£2202 3777 +£2292  39.81 41212
Wusi-Kishamba Sole Slurry 11.34 +2.04° 17.19 +2.82° 21.05 +2.56 P 2475 +1.80° 2778 £120° 31294151  3334+150°¢
Sole Fertilizer 10.81 +2.47b 15.82 4+ 2.07 21.06 + 1.42° 25.10 + 1.10° 2813 +1.16° 3196 +1.29P  3523+1.12P
Control 7.95+2.20°¢ 11.63 £2.124 15.09 + 3.47 € 18.39 + 4.04 ¢ 21.64 +4.13¢ 2478 £478¢ 2843 +5.114
Summary of analyses of variance (p values)

Treatment (T) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Ward (W) <0.001 0.151 0.119 0.011 <0.001 0.009 0.014

TxW <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Means bearing distinct alphabet letters (for every season and down the column) vary significantly at p < 0.05 by the LSD test.
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treatments in the 2020 short rains and 2021 long rains seasons.

Table 5. Number of leaves per plant (means + standard error) at Werugha and Wusi-Kishamba wards from sprouting (week 1) to maturity (week 7) as influenced by

Ward Number of Leaves per Plant
Season Treatment Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7
2020 Werugha Bioslurry + Fertilizer 923 +2502 1145 + 1.652 13.28 +£ 0.852 14.15 + 0.86 2 15.15 + 0.77 2 16.10 & 0.90 17.80 + 1.512
Short & Sole Slurry 7404+ 152b 9.23 +0.80¢ 10.85 + 1.05 ¢ 11.55 + 0.93 ¢ 12.78 £ 0.97 ¢ 13.78 £1.29 ¢ 1453 +£1.40°¢
rains Sole Fertilizer 798 +1.35P 10.00 + 0.85P 11.88 £ 0.69 P 13.30 £ 0.82P 1423 +1.23b 14.88 + 1.57b 1545 + 1.88P
Control 425 +133¢ 6.80 + 1.64 4 10.15 £ 1.05¢ 10.68 £ 1.214 12.00 + 0.85 4 13.50 + 0.99 ¢ 14.18 +1.36 ¢
Bioslurry + Fertilizer 713 + 2472 9.73+1.722 13.28 +0.88 2 14.33 £ 0942 15.10 + 1.032 15.83 +£1.47°2 1740 £2.172
Wausi-Kishamba Sole Slurry 5834+ 2.11P 8.00+1.26¢ 9.75+1.60¢ 10.93 +1.00 ¢ 12.33 £1.05¢ 13.03 4+ 1.48°¢ 13.98 +1.61°¢
Sole Fertilizer 6.58 +1.652 8734+ 155P 10.83 + 1.68P 12.58 + 0.93 b 1338 +£1.25b 14.35 +1.58b 15.15 + 1.83P
Control 41541.33¢ 6.10 + 1.46 4 9.03+1.854 9.80 +1.114 11.23 +1.314 12.93 + 1.12°¢ 13.20 +1.30 4
Bioslurry + Fertilizer 713 +2472 973+ 1722 13.28 +0.88 2 14.33 +0.94 2 15.10 + 1.03 2 15.83 +£1.472 17.40 £2.172
Werugha Sole Slurry 583 +2.11P 8.00 £1.26¢ 9.75 +1.60 ¢ 10.93 +£1.00 ¢ 1233 +1.05¢ 13.03 + 1.48¢ 1398 +1.61°¢
& Sole Fertilizer 6.58 +1.652 8734+ 155P 10.83 +£ 1.68° 12.58 + 093P 1338 +£1.25b 14.35 + 1.58 b 15.15 + 1.83P
ngil Control 415+ 1.33¢ 610+ 1.46¢ 9.03+1.85¢ 980+ 1.11°¢ 1123 +1.31°¢ 1293 +1.12°¢ 1320 +1.304
rainf Bioslurry + Fertilizer 920+ 2522 11.63 £1.372 12.85 + 0.66 2 14.05 £ 0.712 15.00 + 0.60 2 1590 +£0.812 17.25 +£1.192
Wausi-Kishamba Sole Slurry 7.43 4+ 1470 880+ 1.22°¢ 10.28 +0.93 ¢ 11.60 + 0.78 ¢ 12.40 £ 0.87°¢ 1323 £ 1.07°¢ 1420 +£1.11°¢
Sole Fertilizer 7.98 +1.37b 9.93+0.89b 11.65 + 0.80 P 13.00 £ 0.85P 13.70 + 1.16 P 14.63 +1.44° 15.25 + 1.77P
Control 3.88 £0.94° 6.38 + 1.46 4 948 +0.854 10.85 + 1.14 4 12.13 4+ 0.76 12.95 + 0.85 ¢ 13.65 + 1.274
Summary of analyses of variance (p values)

Treatment (T) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Ward (W) 0.739 0.400 0.007 0.767 0.116 0.024 0.065

TxW 0.953 0.731 0.817 0.697 0.428 0.824 0.930

Means bearing distinct letters down the column (per season) vary significantly at p < 0.05 by LSD.
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Table 6. Tuber yield indices (means =+ standard error) at Werugha and Wusi-Kishamba wards as influenced by treatments in the 2020 short rains and 2021 long rains

seasons.

Marketable Tuber Unmarke.table Total Tuber Marketable Tuber Unmarketable Total Tuber
Season Ward Treatment Yield (t ha-1) Tu(bl}alr Y11(;1d Yield (t ha-1) NL;)rlnber fer Tuberpl;lumbler NL;)rlnber yer

tha— ant™ per Plant™ ant™
2020 Werugha Bioslurry + Fertilizer 15.67 £2.092 400 +0.27°¢ 19.67 £2.242 6.75 4+ 0.96 2 0.75 4+ 0.50 ¢ 75041292
Short Sole slurry 942 +2.11b 6.08 £0.50 b 15.50 + 2.08 3.75 £ 0.50 be 2.75+050b 6.50 &+ 1.002
rains Sole fertilizer 11.83 +2.35P 5.25 + (.32 be 17.08 £2.39b 5.50 + 0.58 aP 2.00 + 0.82 be 750 4+ 1.292
Control 438 +0.67°¢ 838 +1.462 12.75 + 1.61 4 2.00+1.15¢ 6.25 4+ 0.96 2 825+ 1712
Bioslurry + Fertilizer 1558 +£0.922 392 +0.79°¢ 19.50 + 0.64 2 7.754+0.502 1.00 + 0.82 ¢ 8.75 + 0.96 2
Wausi-Kishamba Sole slurry 9.08 +092¢ 6.54 + 0.57b 15.63 £ 1.09 ¢ 3.75+050°¢ 3.00+082b 675+1.26¢
Sole fertilizer 11.42 +0.79° 5.50 + 0.19 be 16.92 £ 0.96° 550 + 1.00P 2.50 + 0.58 b 8.00 + 0.82b
Control 433 +0.724 850 4+ 1.372 12.83 £ 0.79 d 2.25+0.50°¢ 6.75 +0.50 2 9.00 +0.822
Werugha Bioslurry + Fertilizer 23.67 £2.0242 5.00 £ 1.09°¢ 28.67 +£2.022 8.25+0.502 0.00 + 0.00 € 825+0.502
Egilg Sole slurry 1142 +1.81°¢ 842 +1.2620 19.83 +2.78P 4.00 4+ 0.00 2.754+0.50P 6.75 4+ 0.50 P
raine Sole fertilizer 15.08 + 0.92 P 6.58 + 0.69 b¢ 21.67 +1.36° 6.00 £ 0.00 b 225+ 050b 825+ 0.052
Control 525+ 1.694 10.00 £ 1.09 2 15.25 +1.40°¢ 250 4+ 0.58 4 6.75 £ 050 9.25 4+ 0.052
Bioslurry + Fertilizer 21.00 +1.282 450 +1.29°¢ 25.50 +2.534 7.75 4+ 0.96 2 1.50 + 0.58 P 9.25 + 0.96 2
Wausi-Kishamba Sole slurry 9.92 4 2.64 bc 6.17 & 0.79 be 16.08 £2.50 475 +096° 325+ 0.50b 8.00+1.152
Sole fertilizer 12.00 £ 1.41° 7214+1.07b 1921 +1.71b 5754+ 096 b 250 +1.00b 8.25 +0.96 2
Control 5.92 +(0.74¢ 9.92 +1.9742 15.83 +2.63P 1.75 £ 1.26 ¢ 7.75 4+ 1.502 950+ 1912

Summary of analyses of variance (p values)

Treatment (T) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Ward (W) 0.011 0.496 0.016 0.099 0.003 0.002

Season (S) <0.001 <0.001 <0.001 <0.001 0.882 <0.001

TxW 0.191 0.352 0.312 0.286 0.002 0.008

TxS <0.001 <0.001 <0.001 <0.001 0.685 <0.001

Means bearing distinct alphabet letters (for every season and down the column) vary significantly at p < 0.05 by LSD test3.3.2. Marketable, unmarketable, and total tuber yield.



Agronomy 2023, 13, 2162

11 of 15

4. Discussion
4.1. Effect of Combined Bioslurry and DAP Fertilizer on Potato Growth Parameters

This study revealed a high response of potato plant growth indices to the combined
use of bioslurry and synthetic fertilizer (DAP). This could be attributed to the certainty that
plants readily extracted essential nutrients (NPK) promptly, which boosted plant growth,
increased root length, and therefore resulted in increased plant height. The relationship
demonstrated by the use of synthetic fertilizer (DAP) on plant growth aligns with obser-
vations made by Cicek et al. [29] and Hudai et al. [30] that the use of phosphatic-based
fertilizers increases plant height, root diameter, and basal stem diameter of potatoes. Ade-
quate nutrient supply was noted to trigger a significant increase in plant height with the
combined application of 200 kg ha~! of DAP with bioslurry, which also stimulated good
growth and development of potato roots as well as adequate uptake of other vital plant
nutrients [4,31].

An optimal supply of nutrients to plants helps to improve soil physicochemical and bio-
logical properties, thereby supplying crops with the required amounts of nutrients [6]. This
corresponds with the results obtained by Surindra [32]. Furthermore, Sarwar et al. [33] and
Alhammad et al. [34] observed that plant height increase was also attributed to bioslurry
fertilizer, which probably contains various essential macro- and micronutrients that are
needed for the healthy growth of plants. Slurry compost can provide the required nutrients
to crops, thus improving soil fertility, which boosts the general growth performance and
health of crops.

Surindra [32] and Kisaka et al. [35] observed that organic soil amendments compensate
for less and excess soil nutrients. Similar findings were made by Gonzalez et al. [36],
who found that both slurry and chemical fertilizer provided essential nutrients that are
essential for enhanced plant height. Substantiating the findings of this experiment, Shadrack
et al. [37] also reported that stem elongation is a result of plant height increases due to
fertilizer use. Similarly, the results of this study agreed with Nazir’s [38] findings on
strawberry plants grown using combined wet slurry and phosphate fertilizer. Mirzapour
et al. [39] reported that such observations might be attributed to the sufficient soil supply
of plant nutrients in balanced amounts from both slurry and synthetic fertilizer, which
enhanced lateral shoot growth of the potato crop. Also, with good uptake of soil nutrients
by crop plants, there was enhanced vegetative growth.

The observed increase in height of the plants was also chalked up to a sufficient supply
of plant nutrients in the root zone, which enhanced good absorption and utilization for
better crop growth. The dominance observed with the combined application of slurry
and DAP fertilizer in comparison with the control treatment can be associated with the
direct fostering of root development [40]. Another possible explanation is the production
of fixed nutrients which led to nutrients, being available around the plant roots, hence
nurturing crop growth and development [41]. These observations might also be attributed
to the adequate soil supply of plant nutrients in balanced amounts from both slurry and
synthetic fertilizer, which enhanced the lateral shoot growth of the potato crop. Also, good
absorption of soil nutrients by crop plants enhanced vegetative growth [41].

In conclusion, predominance was noted in the treatment with the combined appli-
cation of DAP fertilizer and bioslurry, which might also be related to improved root
development and growth [4]. In addition, the let-out of riveted plant nutrients, thereby
surging the rate of absorbed nutrients in the root’s rhizosphere, could have increased potato
plant growth and development [37].

4.2. Effect of Combined Bioslurry and DAP Fertilizer on Potato Yield

A combined application rate of DAP and slurry resulted in an increased marketable
tuber number per plant compared to the control treatment. Also, DAP fertilizer provided
phosphorus to plants in good quantities, which significantly increased the marketable tuber
number per plant. Increased N uptake from bioslurry constituents accounted for a low
number of unmarketable tubers because of the increased weight of individual tubers. In



Agronomy 2023, 13, 2162

12 of 15

line with the findings of this study, Shangguan et al. [40] observed an increase in marketable
tubers following a combined application of DAP and bioslurry.

The increment of the unmarketable tuber number per plant in the control plot was
attributed to inadequate plant nutrient supply in the soil as compared to other plots, which
led to reduced tuber size and weight, hence being unmarketable. A marked reduction
in unmarketable tuber numbers per plant (2) was also observed in fertilizer treatment,
which was attributed to an increased level of phosphorus supply to plants [41-43]. This
in turn increased the aboveground biomass through photosynthesis and net assimilation
processes, resulting in increased tuber weight and size, so the tuber could be categorized as
marketable [11].

With regards to the total tuber number plant~!, the observations made were credited
to the residual remains of plant nutrients, particularly from bioslurry components in the
first season, which sustained photosynthetic active leaves for a longer time as compared to
control [33]. Due to phosphorus’s immobility in the soil, its application during the plant
growth period is of the essence [2,4]. Studies have reported that phosphorus influences not
only the tuber yield but also its size distribution [37,41]. Tuber yield was also noted to be
influenced by the mutual application of bioslurry and DAP fertilizer through the provision
of critical nutrients (such as K, P, and N), which resulted in an enhanced number of tubers
per plant [27].

The highest marketable tuber yield noted from the synergistic use of slurry + DAP
showed that the combined application of chemical fertilizer with organic manure promoted
not only good vegetative growth with increased leaf area but also photosynthetic abil-
ity [44-46]. This resulted in the production of larger tubers from healthy plants, resulting
in an increased marketable yield. Marketable tuber yield is a representative valuation of
potato crop productivity. The interaction of slurry and fertilizer resulted in a significant
effect on marketable tuber yield, and a remarkable contrast was also observed among
other treatments. This is attributed to the main impact of essential nutrient availability
in adequate quantities (NPK), which was made available to plants. Agreeing with these
findings, Zelalem et al. [27] observed that the phosphorus in DAP and slurry was released
to plants in high quantities, which led to increased marketable tuber yield. This finding
also supports an earlier publication by Araujo et al. [21], where it is documented that not
only total tuber yield but also the quantity of marketable tuber yield appreciably improves
with the use of slurry and fertilizer.

In addition, the observed variation in unmarketable tuber yield that was detected
in the control plot was attributed to the inadequate nutrient level available or supplied
in the soil. This resulted in plants being susceptible to pest and disease attacks and
therefore ending up producing very small-sized tubers, hence the low yield. Application of
chemical fertilizer (DAP) in combination with bioslurry reduced unmarketable tubers when
compared to control as well as other treatments. Tubers grouped as unmarketable were due
to cracking, pest and disease damage, and very small-sized tubers of less than 28 mm gauge.
This was evident in control, sole slurry, and sole fertilizer treatments, and their numbers
were reduced with increased application of macronutrients. This study recommends that
unmarketable tubers can not only be reduced through manipulation of pest and disease
incidences and increased recommended application rates of plant nutrients in required
quantities, but also through all the necessary agronomic practices to warrant high crop
productivity [36,47,48].

The significant increase in total tuber yield in the long rains season was attributed to
residual nutrients in the soil after the short rains season harvest and additional application
of slurry and fertilizer, which signified adequate nutrient supply to plants in the two wards
(Werugha and Wusi-Kishamba). Similarly, in line with the findings of this study, Eleiwa
et al. [49] together with Mulubrhan [50] observed that the use of slurry and DAP fertilizer
provided phosphorus in the right quantities, hence leading to increased tuber yield. In
addition, Eleiwa et al. [49] noted that slurry provided significant amounts of essential (NPK)
nutrients, which contributed to a high potato total tuber yield at harvest. Mulubrhan [50]
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reported that the application of DAP and slurry provided phosphorus, which is an essential
nutrient that significantly contributed to the improvement in total potato yield.

5. Conclusions and Recommendation

The study indicated significant responses in potato growth and yield parameters with
the use of bioslurry in conjunction with inorganic fertilizer compared to sole fertilizer
application. Hence, the synergistic application of bioslurry and synthetic fertilizer (DAP) is
recommended for optimum potato growth and yield. Therefore, the study recommends
capacity building to ensure satisfactory knowledge of bioslurry use and its adoption by
potato growers for soil fertility management and enhanced crop productivity. More study
is also of essence to look at other potato quality variables, such as tuber size and weight,
that were not captured in the current study.
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