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Abstract

Continuous cultivation with limited organic inputs has accelerated soil fertil-
ity depletion across Ghana’s vegetable-producing regions, while increasing de-
pendence on inorganic fertilizers has raised production costs and environ-
mental concerns for smallholder farmers. Garden egg (Solanum melongena

naian Conditions. Agricultural Sciences, L.) is an economically and nutritionally important vegetable crop, yet the ag-

17, 959-975.
https://doi.org/10.4236/as.2026.179054

ronomic performance of locally available blended animal manures remains

inadequately understood under Ghanaian conditions. Existing studies have
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primarily evaluated individual organic manure sources or compared organic
and inorganic fertilizers, with limited attention to synergistic blends of poul-
try, cattle, and goat manures that differ in nutrient composition, nitrogen
availability, and mineralization dynamics. This study compared three blended
animal-manure combinations for garden egg production to determine which
performed best and how its performance compared with conventional inor-
ganic fertilization and no fertilization, over two consecutive cropping seasons
in the humid semi-equatorial zone of Ghana. A field experiment was con-
ducted during the 2019 minor and 2020 major cropping seasons using a ran-
domized complete block design with five treatments replicated three times.
Treatments comprised three organic combinations (1/2 chicken + 1/2 cattle
manure, 1/2 chicken + 1/2 goat manure, 1/2 goat + 1/2 cattle manure) evalu-
ated against NPK (15-15-15) as a positive control and an unfertilized treat-
ment as a negative control. All organic treatments were applied at an equiva-
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lent nitrogen rate of 207 kg N ha™'. NPK consistently produced the highest
fruit yield (0.789 and 1.103 t-ha™' in 2019 and 2020, respectively). All three
organic manure combinations significantly improved vegetative growth, bio-
mass accumulation, and fruit yield relative to the unfertilized control, and
were statistically comparable to one another in both seasons. In 2020, 1/2 goat
+ 1/2 cattle manure recorded the highest numerical fruit yield among the or-
ganic treatments (0.822 t-ha™!), but this difference was not statistically signifi-
cant; no organic combination was consistently superior to the others across
both seasons. These findings indicate that blended animal manures can mean-
ingfully narrow, without closing, the productivity gap with inorganic fertiliza-
tion, offering smallholder farmers a lower-cost nutrient management option
whose relative performance depends on which manures are blended and on
seasonal conditions.
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Garden Egg, Solanum Melongena, Organic Manure,
Integrated Nutrient Management, NPK Fertilizer,
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1. Introduction

Vegetable production underpins food and income security for smallholder farm-
ing households across sub-Saharan Africa, yet intensification without adequate
nutrient replenishment is progressively degrading soil fertility in many produc-
tion zones, including Ghana’s Bono and Ahafo regions. Continuous cultivation
without fallow or organic amendment depletes soil organic matter and available
nitrogen, while the rising cost and environmental footprint of inorganic fertilizers
such as nutrient runoff, water pollution, and soil acidification are prompting re-
newed interest in organic and integrated nutrient management strategies [1] [2].

Garden egg (Solanum melongenaL.) is among the most widely consumed veg-
etables in Ghanaian households and an important income source for smallholder
farmers, valued for both its dietary and economic role in rural livelihoods. Its
productivity is strongly nitrogen and phosphorus-dependent; nitrogen supports
chlorophyll synthesis and vegetative expansion, while phosphorus governs root
establishment, flowering, and fruit development. Recent work confirms that both
inorganic and organic fertilization measurably affect growth, nutrient uptake,
chlorophyll fluorescence, and fruit quality in Solanum melongena, underscoring
that nutrient source, not only nutrient quantity shapes crop performance [3] [4].

Organic manures from different livestock species differ substantially in nutrient
composition and release dynamics. Poultry manure typically has the highest total
nitrogen content of common livestock manures owing to its low-fiber, high-pro-
tein feed origin, while cattle and goat manures release nutrients more slowly due

to higher lignocellulose content, but contribute more durably to soil organic mat-
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ter and structure [5]. Combining manure sources is therefore agronomically ra-
tional; it can balance the rapid mineralization of poultry manure against the
longer-term soil-conditioning contribution of ruminant manures, while diversi-
fying the micronutrient and microbial inputs to the rhizosphere [6].

Field evidence from tropical sandy-loam soils supports this rationale, showing
that poultry manure application measurably improves both garden egg yield and
underlying soil fertility indicators in semi-arid and tropical settings [7] [8], while
comparative work on garden egg under different animal manure sources has
demonstrated that manure type and combination significantly affect yield outcomes
relative to inorganic fertilizer [9].

Beyond direct nutrient supply, organic manure inputs are reported in the liter-
ature to influence soil microbial biomass and activity, which govern the rate and
pattern of nutrient mineralization and, over successive seasons, may contribute to
soil organic carbon accumulation [10], a longer-term soil-health dimension that
this two-season field trial was not designed to measure. Integrated nutrient man-
agement, which combines the immediate nutrient availability of inorganic ferti-
lizer with the slow-release properties of organic manure, has been proposed as a
pathway to reconcile short-term productivity needs with longer-term soil-build-
ing goals [11], though such benefits require dedicated soil monitoring beyond the
scope of the present agronomic comparison.

Despite this rationale, empirical comparisons of blended manure combina-
tions, rather than single manure sources tested against NPK alone, remain limited
for garden egg under West African humid semi-equatorial conditions [5], and
multi-season data that capture how treatment performance varies between minor
and major cropping seasons are particularly scarce.

There is limited multi-season field evidence comparing blended combinations
of poultry, cattle, and goat manure against NPK fertilizer for garden egg produc-
tion under Ghanaian climatic conditions, and existing studies rarely report how
organic-manure performance shifts between minor and major growing seasons
[12] [13]. This study is among the first to evaluate three distinct half-and-half ma-
nure combinations (poultry-cattle, poultry-goat, goat-cattle) alongside NPK and
an unfertilized control across two consecutive cropping seasons in the Sunyani
West Municipality, providing season-resolved evidence on organic manure
blending as an integrated nutrient management strategy for garden egg.

The study hypothesized that (i) blended organic manure combinations would
significantly improve garden egg vegetative growth, phenology, and yield relative
to an unfertilized control; and (ii) the three blended manure combinations would
differ in agronomic performance, reflecting differences in the nutrient composi-
tion and mineralization dynamics of their poultry, cattle, and goat manure com-
ponents, without presupposing which specific blend would perform best. No di-
rectional assumption was made regarding the ranking of the organic treatments
relative to NPK.

Objectives of the study were to: (i) to compare the effects of three blended or-
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ganic manure combinations, NPK fertilizer (positive control), and an unfertilized
treatment (negative control) on vegetative growth, phenology, dry matter accu-
mulation, and yield components of garden egg; (ii) to evaluate treatment perfor-
mance consistency across the 2019 minor and 2020 major cropping seasons; and
(iii) to identify the best-performing manure combination for garden egg produc-
tion and determine its relative performance compared with NPK fertilizer. The
study is expected to generate season-resolved, quantitative evidence to guide ex-
tension recommendations on organic manure blending for garden egg produc-
tion, supporting integrated nutrient management adoption among smallholder

farmers in tropical West Africa.

2. Materials and Methods
2.1. Study Area

The experiment was conducted at Fiapre, Sunyani West Municipality, Bono Re-
gion, Ghana (approximately 7°20'N, 2°22'W; elevation ~300 m above sea level),
from August 2019 to May 2020, spanning the minor (2019) and major (2020)
cropping seasons. The site falls within the wet semi-equatorial climate zone, char-
acterized by a bimodal rainfall pattern: a primary rainy season from April to July
and a secondary rainy season from September to early November, with mean an-

nual rainfall of 1,700 mm and mean annual temperature of 26°C [14].

2.2. Experimental Design and Treatments

The trial followed a Randomized Complete Block Design (RCBD) with five treat-
ments replicated three times across three blocks, giving 15 experimental plots.
Treatments were:

1) 1/2 chicken manure + 1/2 cattle manure,

2) 1/2 chicken manure + 1/2 goat manure,

3) 1/2 goat manure + 1/2 cattle manure,

4) NPK 15-15-15 (positive control), and

5) no fertilizer (negative control).

Each experimental plot measured 4 m X 3 m (12 m?) and consisted of five rows,
each 4 m long. Seedlings were transplanted at a spacing of 75 cm between rows (inter-
row spacing) and 50 cm within rows (intra-row spacing), resulting in 40 plants per

plot, of which 24 plants within a 6 m* net harvest area were used for data collection.

2.3. Crop Establishment and Management Practices

The garden egg cultivar used in the experiment was “Ntrowa Pa”, a locally
adapted improved variety. Certified seeds were obtained from Farmers Link
Agro Input, Sunyani, Ghana. Seedlings were raised in two nursery beds meas-
uring 2.0 m x 1.2 m each. Seeds were sown thinly in rows at a depth of approx-
imately 2.5 cm, and the nursery beds were watered and mulched immediately
after sowing. Following seed germination, the mulch was removed and tempo-

rary shade was provided to protect the young seedlings from excessive solar ra-
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diation. Seedlings were thinned to prevent overcrowding and watered daily until
transplanting. Transplanting was carried out at 4 weeks after sowing following
a hardening-off period.

Irrigation water was sourced from a borehole located adjacent to the experi-
mental field. Watering cans were used during the seedling establishment phase
immediately after transplanting, after which irrigation was applied using a pump-
and-hose system. Irrigation was conducted twice daily (morning and evening)
during the first two weeks after transplanting. Thereafter, the frequency was pro-
gressively reduced to once every two days, then once every three days, and finally
once every four days, depending on crop growth stage and soil moisture condi-
tions.

Weeds were controlled by manual hoe weeding, which was carried out three
times during the cropping season to minimise competition for nutrients, water,
and sunlight. The principal insect pest observed was stem borer, while no major
disease incidence was recorded throughout the experiment. Pest management was
achieved through the application of Lambda-cyhalothrin 2.5% EC at a rate of 40
mL per 15 L of water, beginning at 21 days after transplanting (DAP) and repeated
at two-week intervals until the end of the cropping period.

Harvesting commenced when fruits reached marketable maturity, based on
fruit size, colour, and firmness. Fruits were harvested at five-day intervals for five
consecutive pickings. At each harvest, fruits from the net plot were counted and
weighed separately, and the mean yield across the five harvests was used for sta-

tistical analysis.

2.4. Manure Application

Poultry, cattle, and goat manures were sourced locally, air-dried, and analyzed for
nitrogen content (3.25%, 1.46%, and 2.16% N, respectively) prior to application.
Application rates were calculated on a nitrogen-equivalent basis at 207 kg N ha™,
a rate consistent with recommended nitrogen supply for solanaceous vegetables
under tropical conditions. Manure was incorporated manually into the top 0 - 15

cm of soil one week before transplanting to allow initial mineralization.

2.5. Soil Sampling and Analysis

Composite surface soil samples (0 - 20 cm depth) were collected from each plot
before treatment application, air-dried, and analyzed for pH (0.01 M CaCl,, glass
electrode), organic carbon and organic matter (Walkley-Black dichromate diges-
tion) [15], total nitrogen (Kjeldahl method) [16], available phosphorus (Bray-1
method) [17], and exchangeable Ca, Mg, and K (ammonium acetate extraction,
EDTA titration, and flame photometry, respectively). Organic matter (%) was cal-
culated from organic carbon (%) using the conventional Van Bemmelen factor
(OM = OC x 1.724) associated with the Walkley-Black method [15]; the organic
matter values reported in the originally submitted table (0.12% and 0.15%) were
transcription/calculation errors and have been corrected here. Original laboratory
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bench sheets were checked to confirm the organic carbon values themselves were
correctly transcribed (Table 1).

Table 1. Physico-chemical soil properties of the study location.

Experiment Soil Soil Organic Organic Total N Available P Available K
P Texture pH Carbon (%) Matter (%) (mg/100g) (mg/kg) (mg/kg)
2019 Minor season Sandy loam 5.98 1.85 3.19 5.32 65.30 55.0
2020 Major season Sandy loam 6.09 1.78 3.07 5.21 70.37 57.0

2.6. Manure Nutrient Analysis

Manure nutrient content was determined by dry ashing [18]: samples were air-
dried, sieved (2 mm), and ashed at 450°C for 2 hours. Organic matter was esti-
mated by Walkley-Black dichromate digestion, total nitrogen by the Kjeldahl
method, phosphorus by the ammonium molybdate/vanadate technique, potas-

sium by flame photometry, and Ca/Mg by EDTA titration.

2.7.Plant and Yield Data Collection

Data were collected at 21, 31, 41, and 51 days after planting (DAP) for plant height,
leaf number, branch number, stem diameter, and canopy width, each averaged
from four randomly tagged plants per plot. Phenological milestones (days to 50%
flowering, 50% fruiting, and maturity) and plant establishment percentage were
recorded per plot. At harvest, fruit number, rotten fruit count, fruit length and
diameter (five randomly sampled fruits per plot), and total fruit yield (converted

to kg/ha) were recorded.

2.8. Statistical Analysis

Data were subjected to two-way analysis of variance (ANOVA), with treatment
and block as factors, for each season separately. Measurements taken at 21, 31, 41,
and 51 days after planting (DAP) were analyzed separately, with each DAP treated
as an independent analysis rather than as repeated observations in a repeated-
measures or mixed-effects model. Treatment means were separated using Tukey’s
honestly significant difference (HSD) test at P < 0.05 using SAS University Edition
(SAS Institute Inc., USA). Means within the same year and DAP followed by the
same letter were considered not significantly different according to Tukey’s HSD
test at P < 0.05.

3. Results

3.1. Vegetative Growth

3.1.1. Plant Height

Among the three organic manure combinations, plant height was statistically com-

parable at every measurement period in 2019, including at 51 DAP, where 1/2
chicken + 1/2 cattle (53.9 cm), 1/2 chicken + 1/2 goat (53.4 cm), and 1/2 goat + 1/2
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cattle (53.5 cm) shared the same Tukey grouping despite small numerical differ-
ences. This indicates that the three manure combinations produced broadly similar
vegetative height responses under the 2019 conditions. In 2020, the pattern was
largely similar through 41 DAP, but by 51 DAP 1/2 chicken + 1/2 goat (43.1 cm)
was statistically taller than 1/2 chicken + 1/2 cattle (39.9 cm), with 1/2 goat + 1/2
cattle (41.6 cm) intermediate and not significantly different from either. No single
combination was therefore consistently superior across both seasons; 1/2 chicken +
1/2 goat showed a modest but statistically supported advantage only late in the 2020
season. The NPK (positive control) recorded the highest plant height overall in both

seasons, while the unfertilized (negative control) recorded the lowest (Table 2).

Table 2. Mean plant height (cm) of garden eggs as influenced by soil amendments in the minor (2019) and major (2020) seasons.

Treatment

1/2 Chicken + 1/2 Cattle
1/2 Chicken + 1/2 Goat
1/2 Goat + 1/2 Cattle
NPK (+ control)

Control (—control)

CV (%)

21DAP
19.4bc
21.3ab
19.2bcd
18.7cd
17.0d
4.16

2019 minor season 2020 major season

31DAP 41DAP 51DAP 21DAP 31DAP 41DAP 51DAP

38.3abc 47.3b 53.9b 10.7a 22.9c 32.8bc 39.9cd
36.5¢ 47.2b 53.4b 11.8a 23.9bc 32.4bc 43.1b

36.7bc 46.2b 53.5b 11.7a 23.2¢ 34.8abc 41.6bc
42.2a 53.9a 61.1a 12.3a 29.2a 39.7a 48.1a
26.3d 30.4c 36.8¢ 11.6a 18.0d 24.0b 28.4e
4.37 291 3.92 11.56 5.99 7.08 2.39

3.1.2. Number of Leaves and Branches

Leaf number did not differ significantly among the three organic manure combi-
nations at any measurement period in either season. At 51 DAP, 1/2 chicken + 1/2
cattle, 1/2 chicken + 1/2 goat, and 1/2 goat + 1/2 cattle carried statistically compa-
rable numbers of leaves in 2019 (46.0, 47.5, and 44.6, respectively) and in 2020
(45.1, 45.9, and 46.5), despite modest numerical spread. Branch number likewise
showed no statistically significant differences among the three combinations at 51
DAP in either season (2019: 15.0, 14.7, 14.3; 2020: 13.03, 12.60, 12.53), although
1/2 chicken + 1/2 goat recorded a numerically higher branch count at several mid-
season readings e.g., at 31 DAP in 2020. A possible explanation is that the timing
of nitrogen release differs subtly among the manure sources, but this was not di-
rectly measured here and the branching differences observed did not reach statis-
tical significance, so this should be treated as a numerical trend rather than an
established effect. The NPK positive control produced the highest leaf and branch
counts in both seasons, while the unfertilized negative control produced the low-
est (Tables 3-4).

Table 3. Mean number of leaves per plant of garden eggs as influenced by soil amendments (2019 and 2020).

Treatment

1/2 Chicken + 1/2 Cattle

21DAP
6.6b

2019 minor season 2020 major season
31DAP 41DAP 51DAP 21DAP 31DAP 41DAP 51DAP
18.4c 28.8¢ 46.0c 6.7a 21.0b 30.3c 45.1c
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Continued
1/2 Chicken + 1/2 Goat 6.7b 18.6¢ 28.7¢ 47.5c¢ 6.2a 21.6b 30.5¢ 45.9c¢
1/2 Goat + 1/2 Cattle 5.8b 17.9¢ 26.6¢ 44.6¢ 6.8a 22.0b 30.3c 46.5bc
NPK (+ control) 6.6b 22.3a 33.7a 51.9a 7.0a 26.6a 37.3a 53.7a
Control (- control) 5.7b 14.6d 21.5d 27.9d 6.6a 14.6¢ 23.8d 28.6d
CV (%) 5.77 4.44 3.52 2.98 9.68 5.62 5.61 5.18

Note: Tukey test at P<0.05; identical letters within a column indicate no significant difference.

Table 4. Mean number of branches per plant of garden eggs as influenced by soil amendments (2019 and 2020).

2019 minor season 2020 major season
Treatment
21DAP 31DAP 41DAP 51DAP 21DAP 31DAP 41DAP 51DAP
1/2 Chicken + 1/2 Cattle 1.9a 5.7bc 11.7b 15.0b 1.77a 6.37a 8.63b 13.03b
1/2 Chicken + 1/2 Goat 2.2a 5.7¢c 11.4b 14.7b 2.27a 7.33a 10.10ab 12.60b
1/2 Goat + 1/2 Cattle 2.0a 5.9bc 11.7b 14.3b 2.13a 5.60a 9.83ab 12.53b
NPK (+ control) 2.2a 7.8a 13.5a 19.8a 1.80a 8.03a 12.17a 17.63a
Control (- control) 2.1a 4.3d 7.7¢ 10.9¢ 2.10a 5.60a 8.00b 10.70b
CV (%) 11.34 11.05 5.39 3.83 23.96 14.84 11.05 6.74

3.1.3. Stem Diameter and Canopy Width

Table 5. Mean stem diameter (cm) of garden eggs as influenced by soil amendments (2019 and 2020).

2019 minor season 2020 major season
Treatment

21DAP 31DAP 41DAP 51DAP 21DAP 31DAP 41DAP 51DAP

1/2 Chicken + 1/2 Cattle 0.74b 1.58b 1.74c 2.03¢ 0.39a 0.62bc 0.87b 1.08b
1/2 Chicken + 1/2 Goat 0.84b 1.56b 1.75c¢ 2.21c 0.39a 0.55¢ 0.81b 1.20b
1/2 Goat + 1/2 Cattle 0.82b 1.60b 1.72¢ 1.97¢ 0.38a 0.66abc 0.86b 1.06bc
NPK (+ control) 0.87ab 1.89a 2.15a 2.53a 0.46a 0.85a 1.24a 1.57a

Control (- control) 0.58¢ 1.05¢ 1.29d 1.49d 0.37a 0.54c 0.67b 0.89¢

CV (%) 6.59 3.4 4.52 5.12 18.58 12.13 9.40 5.34

Note: Tukey test at P < 0.05; identical letters within a column indicate no significant difference.

Stem diameter did not differ significantly among the three organic manure
combinations at any measurement period in either season; at 51 DAP, 1/2 chicken
+ 1/2 cattle, 1/2 chicken + 1/2 goat, and 1/2 goat + 1/2 cattle were statistically
comparable in both 2019 (2.03, 2.21, 1.97 cm) and 2020 (1.08, 1.20, 1.06 cm), de-
spite modest numerical spread favoring 1/2 chicken + 1/2 goat. Canopy width fol-
lowed a similar pattern; the three organic combinations were statistically compa-
rable at 51 DAP in both seasons (2019; 55.1, 54.5, 53.7 cm; 2020: 54.1, 54.1, 55.2
cm), with no combination showing a consistent statistical advantage across sea-

sons. Taken together, none of the three organic combinations produced a distin-
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guishable vegetative architecture advantage over the others for stem diameter or
canopy width. NPK produced the largest stem diameter and widest canopy over-
all, while the unfertilized control produced the smallest of both (Tables 5-6).

Table 6. Mean canopy width (cm) of garden eggs as influenced by soil amendments (2019 and 2020).

2019 minor season 2020 major season
Treatment
21DAP 31DAP 41DAP 51DAP 21DAP 31DAP 41DAP 51DAP
1/2 Chicken + 1/2 Cattle 22.8abc 34.0bc 46.9bc 55.1ab 26.5ab 37.6¢ 50.7a 54.1b
1/2 Chicken + 1/2 Goat 24.2abc 33.7bc 47 .9abc 54.5ab 27.4ab 37.3c 47.4a 54.1b
1/2 Goat + 1/2 Cattle 22.3bc 33.4c 45.3c 53.7b 28.3a 38.1c 50.0a 55.2b
NPK (+ control) 26.0ab 37.8a 51.4a 61.3a 27.9a 44 4a 53.9a 62.6a
Control (- control) 20.9¢ 26.6d 32.3d 39.9¢ 21.9b 27.4d 33.3b 39.0c
CV (%) 6.07 2.79 2.96 4.23 7.28 4.48 6.03 3.28

Note: Tukey test at P < 0.05; identical letters within a column indicate no significant difference.

3.2. Phenology

Table 7. Mean percentage plant establishment and phenological development of garden eggs (2019 and 2020).

2019 minor season 2020 major season
Treatment

PPEst D501l D50fr DM PPEst D501l D50fr DM
1/2 Chicken + 1/2 Cattle 88ab 3la 43a 54a 81lab 31a 44a 56a
1/2 Chicken + 1/2 Goat 89ab 32a 43a 54a 80ab 33a 44a 56a
1/2 Goat + 1/2 Cattle 86ab 33a 43a 54a 82ab 33a 44a 56a
NPK (+ control) 89ab 3la 43a 54a 9la 33a 44a 56a
Control (- control) 88ab 31la 43a 54a 80ab 3la 44a 56a
CV (%) 9.54 31.8 NS NS 5.16 4.02 NS NS

Note: PPEst = percentage plant establishment; D50fl = days to 50% flowering; D50fr = days to 50% fruiting; DM = days to maturity.
Tukey test at P < 0.05.

The three organic manure combinations produced broadly similar phenologi-
cal responses; percentage plant establishment, days to 50% flowering (31 - 33
days), days to 50% fruiting (43 - 44 days), and days to maturity (54 - 56 days)
showed no statistically meaningful separation among 1/2 chicken + 1/2 cattle, 1/2
chicken + 1/2 goat, and 1/2 goat + 1/2 cattle (Table 7), with the phenology-related
Co-efficient of Variations (CVs) for fruiting and maturity reported as non-signif-
icant (NS). This suggests that differences among the manure sources had a greater
influence on vegetative growth than on developmental timing. The NPK (positive
control) and the unfertilized (negative control) followed a similar phenological
pattern to the organic treatments, indicating that developmental timing in this

trial was largely unaffected by fertilizer source.
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3.3. Biomass and Yield Components

3.3.1. Dry Matter Accumulation

At 51 DAP, the three organic manure combinations accumulated statistically
comparable dry matter in both seasons: 29.3, 30.5, and 30.7 g/plant in 2019 for 1/2
chicken + 1/2 cattle, 1/2 chicken + 1/2 goat, and 1/2 goat + 1/2 cattle, respectively,
and 32.5, 31.6, and 32.3 g/plant in 2020. No organic combination maintained a
statistically superior position across both seasons; 1/2 chicken + 1/2 cattle showed
a modest numerical edge at some mid-season 2020 readings e.g., 41 DAP, but this
did not translate into a significant difference by 51 DAP. NPK produced the high-
est dry matter accumulation overall in both seasons, and the unfertilized control
the lowest (Table 8).

Table 8. Mean dry matter accumulation of leaves and stem (g/plant) of garden eggs as influenced by soil amendments (2019 and

2020).

Treatment

1/2 Chicken + 1/2 Cattle
1/2 Chicken + 1/2 Goat
1/2 Goat + 1/2 Cattle
NPK (+ control)

Control (- control)

CV (%)

21DAP

6.3b
6.6b

5.9bc
9.5a
4.4c
9.5

2019 minor season 2020 major season

31DAP 41DAP 51DAP 21DAP 31DAP 41DAP 51DAP

13.9ab 25.0bc 29.3b 5.3a 13.8b 24.7abc 32.5b
13.7ab 23.3c 30.5ab 3.8a 13.5b 21.6¢ 31.6b
13.9ab 24.1c 30.7ab 5.3a 13.3b 24.1c 32.3b
21.0a 30.8a 40.8a 5.5a 19.3a 31.7a 43.7a
10.4b 15.4d 21.6b 4.5a 11.5b 18.5¢ 23.8c
17.31 6.13 19.08 28.07 14.84 11.05 6.74

Note: Tukey test at P<0.05; identical letters within a column indicate no significant difference.

3.3.2. Fruit Yield and Yield Components

In 2019, the three organic manure combinations produced statistically compara-
ble fruit yields (1/2 chicken + 1/2 cattle: 0.669 t-ha™'; 1/2 chicken + 1/2 goat: 0.666
tha™'; 1/2 goat + 1/2 cattle: 0.663 t-ha™), sharing the same Tukey grouping despite
their close numerical values; number of fruits, fruit length, and fruit diameter like-
wise did not differ significantly among the three combinations that season. In
2020, 1/2 goat + 1/2 cattle recorded the highest numerical fruit yield (0.822 t-ha™)
compared with 1/2 chicken + 1/2 cattle (0.754 t-ha™') and 1/2 chicken + 1/2 goat
(0.744 t-ha™'); however, the Tukey groupings for these values overlap (b for 1/2
goat + 1/2 cattle; be for the two poultry-containing combinations), indicating that
this difference does not meet the threshold for statistical significance. The 2020
numerical advantage of 1/2 goat + 1/2 cattle should therefore be read as a perfor-
mance trend rather than a confirmed statistical superiority. None of the fruit-
count, length, or diameter comparisons among the three organic combinations
reached significance in 2020 either. Taken together, the three organic combina-
tions performed similarly across both seasons on yield and yield components, with
1/2 goat + 1/2 cattle showing the most favorable, though not statistically distinct,
numerical trend in 2020. For context, the NPK positive control recorded the high-
est fruit yield numerically in both seasons (0.789 and 1.103 t-ha™!), and the unfer-
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tilized negative control the lowest (0.430 and 0.575 t-ha™). In 2019, NPK’s fruit
yield shared the same Tukey grouping as the three organic combinations, indicat-
ing no statistically significant difference between NPK and the organic treatments
that season, although NPK did produce a significantly higher number of fruits and
greater fruit length and diameter (Table 9).

Table 9. Yield and yield components of garden eggs as influenced by soil amendments (2019 and 2020).

Treatment Plants Har- Plants N('). Rotfen Fruit length  Fruit diam. Fruit yield
vest area harvested fruits fruits (cm) (cm) (tha™)
2019
12 ChiCket?: 1/2 Cat- 18.3a 720a  16.07b 5.60a 6.16b 4.19b 0.669b
1/2 Chicken + 1/2 Goat 19.0a 7.33a 16.40b 5.53a 5.78b 4.04b 0.666b
1/2 Goat + 1/2 Cattle 20.0a 8.40a 15.80b 6.73a 6.09b 4.22b 0.663b
NPK (+ control) 19.3a 7.07a 19.93a 6.00a 7.25a 5.02a 0.789b
Control (- control) 21.0a 7.67a 12.73¢ 6.47a 4.41c 3.29¢ 0.430a
CV (%) 6.76 10.89 3.62 17.01 2.98 1.96 4.07
2020
1/2 Chicken + 1/2 Cat-
e 23.3a 12.3a 22.5b 10.60a 8.20b 4.23b 0.754bc
1/2 Chicken + 1/2 Goat 21.7a 11.5a 23.9b 10.13a 8.02b 4.13b 0.744bc
1/2 Goat + 1/2 Cattle 21.0a 11.8a 23.9b 8.67a 7.92bc 4.14b 0.822b
NPK (+ control) 21.3a 12.4a 26.8a 9.47a 9.60a 5.76a 1.103a
Control (—control) 21.3a 11.1a 18.1c 8.93a 6.89¢ 3.35¢ 0.575¢
CV (%) 7.26 7.23 3.61 11.82 4.41 5.70 8.34

Note: Tukey test at P < 0.05; identical letters within a column (within a given year) indicate no significant difference.

4. Discussion

4.1. Vegetative Growth of Garden Eggs

1/2 Chicken (Poultry) + 1/2 Cattle Manure combination produced vegetative
growth that was statistically comparable to the other two organic combinations
across most measurement periods and both seasons, including plant height, leaf
number, branch number, stem diameter, and canopy width at 51 DAP, consistent
with reports that combined poultry manure and NPK application produces com-
parable growth-parameter responses in eggplant [19]. Its dry matter accumulation
showed a modest numerical edge over the other two combinations at some mid-
season 2020 readings, though this did not translate into a significant advantage by
51 DAP. A possible explanation is that the comparatively fast mineralization of
poultry manure [7], paired with the more gradual nutrient release and structural
organic matter contribution of cattle manure [20], may have supported an early
period of active growth; however, this proposed mechanism was not directly

tested through soil nutrient sampling and should be regarded as plausible rather
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than confirmed. Overall, 1/2 chicken + 1/2 cattle did not distinguish itself as clearly
superior to the other combinations for vegetative growth in either season, con-
sistent with broader regional evidence that manure-type effects on vegetative per-
formance are often inconsistent across studies [5] [9].

1/2 Chicken (Poultry) + 1/2 Goat Manure combination recorded the only sta-
tistically significant vegetative advantage observed among the three organic com-
binations in this study, a pattern broadly consistent with other reports of blended
organic treatments producing standout vegetative gains relative to single-source
or unblended alternatives [21] [22]; at 51 DAP in 2020, its plant height (43.1 cm)
was significantly greater than that of 1/2 chicken + 1/2 cattle (39.9 cm), with 1/2
goat + 1/2 cattle intermediate. It also showed a numerically higher branch count
at several mid-season readings, though this difference was not statistically signif-
icant. For leaf number, stem diameter, canopy width, and dry matter accumula-
tion, 1/2 chicken + 1/2 goat was statistically comparable to the other two combi-
nations in both seasons. A possible explanation for its height advantage late in the
2020 season is that blending two relatively fast-mineralizing manure sources may
have sustained nitrogen availability slightly longer into the vegetative period than
the other combinations [6] [20], but this was not directly measured and should be
treated as a tentative interpretation pending further verification.

The 1/2 Goat + 1/2 Cattle Manure combination did not differ statistically from
the other two organic combinations for plant height, leaf number, branch number,
stem diameter, or canopy width in either season, despite recording the highest
numerical fruit yield in 2020, a vegetative-yield decoupling that has also been
noted where integrated or blended nutrient treatments raised yield without a
matching gain in vegetative growth traits [23]. Its vegetative performance was
therefore broadly comparable to, rather than clearly superior to, the poultry-con-
taining combinations. It should not be assumed that the slower, more gradual
mineralization typically associated with cattle and goat manure automatically
confers an advantage for this combination [20]; on the vegetative traits measured
here, no such advantage was statistically evident, and any interpretation linking
its later-season yield performance to nutrient-release timing should be treated as
a plausible hypothesis rather than an established finding, since soil nitrate/ammo-
nium dynamics were not monitored; a limitation that direct soil-monitoring ap-

proaches in other systems have been specifically designed to address [24].

4.2. Phenology of Garden Eggs

The three organic manure combinations produced statistically similar flowering,
fruiting, and maturity timing, indicating that differences among the manure
sources influenced the magnitude of vegetative and yield responses more than the
timing of developmental transitions. This pattern is broadly consistent with pre-
vious work at the same site [9], where soil amendments similarly had no signifi-
cant effect on phenological timing despite producing significant differences in

vegetative growth. A related decoupling has also been reported elsewhere in veg-
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etable systems, where different organic fertilizer combinations altered vegetative
and quality outcomes without producing corresponding differences in an overall
developmental endpoint such as yield [25], and broader regional evidence likewise
indicates that manure-type effects on plant performance are often inconsistent
rather than uniformly directional across traits [5]. The NPK positive control and
unfertilized negative control followed a comparable phenological pattern, sug-
gesting that under the conditions of this trial, flowering and fruiting timing are
not a useful indicator for distinguishing among fertilizer treatments, including

among the organic combinations themselves.

4.3. Biomass and Yield Components of Garden Eggs

4.3.1. Dry Matter Accumulation

Dry matter accumulation at 51 DAP did not differ significantly among the three
organic combinations in either season, a pattern broadly consistent with reports
that combined organic fertilizer treatments frequently converge on statistically
similar biomass or yield outcomes despite differing manure or amendment com-
positions [5] [25]. 1/2 chicken + 1/2 cattle showed a modest numerical advantage
at some 2020 mid-season readings, but by 51 DAP the three combinations con-
verged to statistically comparable values in both years. This suggests that, despite
differing manure compositions, the three blends supported broadly similar cumu-
lative vegetative biomass production over the growing period. NPK produced the
highest dry matter accumulation overall, and the unfertilized control the lowest,
providing context for the magnitude of the organic treatments’ performance rel-
ative to the positive and negative controls, consistent with the general pattern that
organic manure combinations narrow, but do not eliminate, the productivity gap

with inorganic fertilization [6] [23].

4.3.2. Fruit Yield and Yield Components

Fruit yield and yield components are the most direct basis for identifying the most
suitable organic manure combination in this study. In 2019, the three organic
combinations produced statistically comparable fruit yields, fruit numbers, fruit
lengths, and fruit diameters, indicating no clear agronomic separation among 1/2
chicken + 1/2 cattle, 1/2 chicken + 1/2 goat, and 1/2 goat + 1/2 cattle that season,
a lack of separation among manure sources that has also been reported for other
fruiting vegetables receiving blended or single organic amendments [9] [22]. In
2020, 1/2 goat + 1/2 cattle recorded the highest numerical fruit yield, but its Tukey
grouping overlapped with the two poultry-containing combinations, meaning the
difference did not reach statistical significance. This numerical trend is nonethe-
less noteworthy: a possible explanation is that the higher lignocellulose content of
cattle and goat manure may sustain nutrient release later into the reproductive
period than poultry-containing blends, potentially better matching the sustained
nitrogen demand of fruit filling, a mechanism broadly consistent with evidence
that ruminant manures mineralize more slowly and over a longer period than

poultry manure [7] [20]. However, this remains a plausible hypothesis rather than
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a confirmed mechanism, since soil nitrate/ammonium levels and rainfall distri-
bution were not directly monitored across the season, a limitation that direct soil-
monitoring approaches in other systems have been specifically designed to ad-
dress [24]. For context, the NPK positive control recorded the highest numerical
fruit yield in both seasons, though in 2019 its yield shared the same statistical
grouping as the three organic combinations; the unfertilized negative control rec-
orded the lowest yield in both seasons, a pattern in line with wider evidence that
integrated or blended organic strategies can approach, without consistently ex-
ceeding, inorganic fertilizer performance on fruit yield [19] [21].

The treatment performance was different in the two growing seasons. In 2019,
the three organic manure combinations did not show significant difference on the
measured traits. However, in 2020, 1/2 chicken + 1/2 goat produced significantly
taller plants than 1/2 chicken + 1/2 cattle while 1/2 goat + 1/2 cattle had the highest
fruit yield though the difference was not statistically significant. The variation sug-
gests that the relative performance of the manure combinations may change from
one season to the next. However, rainfall, temperature and soil moisture were not
measured, hence the factors responsible for these differences cannot be confirmed
[5] [26]. So, when you look at the two seasons studied, it’s too early to say defini-
tively that one manure combination is better. More trials are needed over seasons
and environmental conditions to determine the most consistently suitable combi-
nation for garden egg production [23].

No manure combination was consistently superior across growth, biomass, and
yield traits. Although 1/2 chicken + 1/2 goat produced significantly taller plants
in 2020, 1/2 goat + 1/2 cattle recorded the highest numerical fruit yield. However,
this yield advantage was not statistically significant. Thus, 1/2 goat + 1/2 cattle
showed a promising trend but cannot yet be confirmed as the best combination

without further multi-season evaluation [23].

5. Conclusion

This two-season study evaluated three blended animal-manure combinations; 1/2
chicken + 1/2 cattle, 1/2 chicken + 1/2 goat, and 1/2 goat + 1/2 cattle, for garden
egg production, using NPK 15-15-15 and an unfertilized treatment as positive and
negative controls, respectively. Across the 2019 minor and 2020 major seasons,
the three organic combinations were statistically comparable for most vegetative,
phenological, biomass, and yield traits. The only significant difference among
them was the greater plant height recorded with 1/2 chicken + 1/2 goat than 1/2
chicken + 1/2 cattle at 51 DAP in 2020. Fruit yield did not differ significantly
among the organic combinations in either season. However, in 2020, 1/2 goat +
1/2 cattle recorded the highest numerical yield (0.822 t-ha™), indicating a favour-
able but statistically unconfirmed trend. Thus, no combination could be identified
as consistently superior, although 1/2 goat + 1/2 cattle appeared promising and
warrants further evaluation across additional seasons. NPK generally recorded the

highest growth and yield values, while the unfertilized control recorded the lowest,
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confirming the importance of nutrient supplementation for garden egg produc-
tion under the study conditions. Based strictly on the statistical evidence available,
farmers operating under conditions similar to this study may reasonably consider
any of the three blended manure combinations as a lower-input alternative to no
fertilization, with 1/2 goat + 1/2 cattle showing the most promising numerical

trend for fruit yield in the major season.
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