Growth and Yield Response of Pepper (Capsicum annuum L.) to Varying Rates of Brewer’s Mash in Rainforest Soils of Akwa Ibom State, Nigeria
Abstract
Brewer’s mash is an organic residue from brewing that may have potential as an agricultural soil amendment. A field experiment was established in April 2024 at the Crop Science Teaching and Research Farm, Akwa Ibom State University, Obio-Akpa, Nigeria, to assess pepper (Capsicum annuum L.) growth and yield responses to five application rates (0, 200, 400, 600 and 800 kg ha⁻¹). Treatments were arranged in a randomized complete block design with three replications. Growth observations were made at 2, 4, 6 and 8 weeks after transplanting (WAT), and yield components were assessed at harvest. At 8 WAT, the 800 kg ha⁻¹ treatment had the highest mean plant height (29.96 cm) and leaf number (47.66), compared with 22.80 cm and 30.01 leaves in the control. The corresponding means for fruit number were 21.99 and 17.50 fruits plant⁻¹, and reported fruit yield was 2.64 and 2.01 t ha⁻¹, respectively. Although several growth and yield-component contrasts exceeded the tabulated 5% least significant differences, the maximum difference in reported fruit yield (0.63 t ha⁻¹) was smaller than the corresponding least significant difference (1.34 t ha⁻¹). Thus, a significant improvement in fruit yield was not demonstrated by the reported comparison. Brewer’s mash merits further study as a locally available amendment, but yield performance and application recommendations require confirmation across well-characterized trials.
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Introduction
Pepper (Capsicum annuum L.) is cultivated for its culinary and nutritional value, and fruit quality varies with genotype and stage of maturity. The fruits may contribute vitamin C and provitamin A carotenoids to diets, although composition differs among varieties (Simonne et al., 1997). Maintaining soil fertility is important for pepper production in intensively managed horticultural systems, creating interest in locally accessible sources of organic matter and nutrients.
Brewer’s spent grain is a major solid by-product of the brewing process. It contains structural carbohydrates, protein and other constituents, but its composition depends on grain inputs and brewery processing conditions (Mussatto et al., 2006; Santos et al., 2003). The term “brewer’s mash” is used here for the brewing residue applied in the field trial; material processing and moisture content were not characterized. Consequently, published values for spent-grain composition cannot be assumed to describe the material used in this experiment.
Previous experimental work indicates that brewery residues may be useful in soil management, although effects depend on soil, treatment rate and processing. Mbagwu and Ekwealor (1990) found changes in maize growth and soil physical properties following spent-grain incorporation in two tropical soils, while Cacace et al. (2022) observed different responses to native and bioprocessed residues in an escarole pot experiment. Studies with composted or otherwise processed brewer’s spent grain have also reported promising results in lettuce and horticultural growing media (Assandri et al., 2023; Bianco et al., 2024). These amendment forms are not directly interchangeable with uncharacterized brewery mash incorporated into field soil.
Work in pepper has shown that organic nutrient sources can contribute to plant performance in particular production systems. For example, Salma et al. (2022) investigated combinations of organic manures and mineral fertilizers in a field trial of sweet pepper, whereas Gnimassoun Kawojou et al. (2026) evaluated organic and mineral nutrient solutions in soilless pepper culture. Differences in amendment composition and cultivation conditions limit direct extrapolation to brewer’s mash. Moreover, rate-specific evidence for brewer’s mash in field-grown pepper under rainforest conditions in Akwa Ibom State remains limited. This experiment evaluated vegetative growth, fruit characters and reported yield of pepper receiving 0–800 kg ha⁻¹ brewer’s mash at Obio-Akpa.
Materials and Methods
Study site and initial soil characterization
The field experiment was established in April 2024 at the Crop Science Teaching and Research Farm, Faculty of Agriculture, Akwa Ibom State University, Obio-Akpa Campus, Oruk Anam Local Government Area, Akwa Ibom State, southeastern Nigeria. The site lies within the humid tropical rainforest zone. Before treatment establishment, soil was collected at a depth of 0–15 cm using an auger. Debris and plant material were removed, and the samples were mixed and dried before physicochemical analysis. The available initial soil observations are summarized in Table 1.
Experimental design and crop management
The treatments comprised five brewer’s mash application rates: 0, 200, 400, 600 and 800 kg ha⁻¹. They were arranged in a randomized complete block design with three replications, giving 15 treatment plots. The stated experimental area was 9.5 × 12 m (114 m²), and each plot measured 2 × 2 m. Eight pepper plants were established per plot at nominal spacing of 1 × 0.5 m. The seedling nursery period was approximately 14 days. The experimental site was manually cleared and tilled, and brewer’s mash was incorporated into the soil one week before transplanting. Weeding was carried out manually at two-week intervals.
Growth measurements, yield components and statistical analysis
Selected plants were tagged for repeated measurements of plant height, branch number, stem girth and leaf number at 2, 4, 6 and 8 weeks after transplanting (WAT). Fruits were harvested between 12 and 18 WAT. The reported harvest variables comprised fruit number per plant, fruit circumference, fruit length, fruit mass per plant and fruit yield expressed as t ha⁻¹. Treatment means were assessed using analysis of variance and a least significant difference (LSD) procedure at the 5% level, as reported in the experiment. The tabulated LSD value for each variable and sampling time is used to identify which mean differences are supported by the displayed summary results.
Results
Initial soil properties
The initial soil characterization (Table 1) indicated a sandy-loam texture, with 60% sand, 25% silt and 15% clay, a pH of 6.5, and reported organic matter of 3.1%. Total nitrogen was 0.15%, available phosphorus was 12 mg kg⁻¹, and electrical conductivity was 0.15 dS m⁻¹. Cation exchange capacity and effective cation exchange capacity were recorded as 8.5 and 8.7 cmolc kg⁻¹, respectively, and base saturation was recorded as 80%. These indices describe the baseline soil, rather than changes caused by brewer’s mash.
Table 1. Selected properties of soil sampled at 0–15 cm before amendment application
	Soil property
	Reported value

	Physical properties
	

	Sand (%)
	60

	Silt (%)
	25

	Clay (%)
	15

	Textural class
	Sandy loam

	Bulk density (g cm⁻³)
	1.35

	Porosity (%)
	49

	Moisture content (%)
	20

	Chemical properties
	

	pH
	6.5

	Organic matter (%)
	3.1

	Total nitrogen (%)
	0.15

	Available phosphorus (mg kg⁻¹)
	12

	Exchangeable calcium (cmolc kg⁻¹)
	4.0

	Exchangeable magnesium (cmolc kg⁻¹)
	2.5

	Exchangeable potassium (cmolc kg⁻¹)
	0.8

	Exchangeable sodium (cmolc kg⁻¹)
	0.1

	Exchangeable acidity (cmolc kg⁻¹)
	0.2

	Electrical conductivity (dS m⁻¹)
	0.15

	Cation exchange capacity (cmolc kg⁻¹)
	8.5

	Effective cation exchange capacity (cmolc kg⁻¹)
	8.7

	Base saturation (%)
	80


Note. The reported exchangeable bases sum to 7.4 cmolc kg⁻¹; the listed CEC, ECEC and base saturation are not reproducible directly from these reported constituents.
Plant height
Table 2 shows changes in plant height across the four observation times. By 8 WAT, the greatest height was recorded at 800 kg ha⁻¹ (29.96 cm), compared with 22.80 cm in the control, a difference of 7.16 cm that exceeded the displayed LSD of 3.12 cm. The 400 and 600 kg ha⁻¹ treatments had mean heights of 25.63 and 23.93 cm, respectively. Responses were not strictly monotonic across amendment rates at every observation; at 4 WAT, for example, the 600 kg ha⁻¹ treatment averaged 14.86 cm and the control 17.80 cm.
Table 2. Plant height (cm) of pepper under five brewer’s mash rates
	Mash rate (kg ha⁻¹)
	2 WAT
	4 WAT
	6 WAT
	8 WAT

	0
	8.83
	17.80
	18.90
	22.80

	200
	9.53
	15.06
	18.70
	23.03

	400
	10.46
	16.00
	19.36
	25.63

	600
	10.70
	14.86
	20.26
	23.93

	800
	10.66
	18.23
	22.23
	29.96

	LSD(p<0.05)
	1.54
	2.12
	2.70
	3.12


Note. WAT = weeks after transplanting. The final row gives the LSD at the 5% level for each observation time.
Number of branches
The number of branches per plant at 2, 4, 6 and 8 WAT is summarized in Table 3. All treatments had a mean of zero branches at 2 WAT. At 8 WAT, the highest mean was 9.20 branches in the 800 kg ha⁻¹ treatment, compared with 8.00 in the control; however, the largest difference among treatment means at this stage (1.53 branches) was below the reported LSD (2.12). The between-treatment ranges at 4 and 6 WAT were also smaller than their corresponding LSD values. These data therefore do not support a claim of statistically distinguishable branching among application rates at those observations.
Table 3. Number of branches per pepper plant under five brewer’s mash rates
	Mash rate (kg ha⁻¹)
	2 WAT
	4 WAT
	6 WAT
	8 WAT

	0
	0.00
	4.33
	5.66
	8.00

	200
	0.00
	5.66
	6.64
	7.67

	400
	0.00
	5.63
	7.00
	8.33

	600
	0.00
	5.01
	7.02
	8.13

	800
	0.00
	6.01
	7.66
	9.20

	LSD(p<0.05)
	NS
	2.01
	2.04
	2.12


Note. WAT = weeks after transplanting; LSD = least significant difference at 5%; NS = not significant.
Stem girth
The reported stem girth means are presented in Table 4. At 2 WAT, the difference between the 800 kg ha⁻¹ treatment (1.53 cm) and the control (1.06 cm) exceeded the displayed LSD of 0.27 cm. At 4, 6 and 8 WAT, all pairwise differences between listed treatment means were smaller than the respective LSD values (0.81, 1.13 and 1.22 cm). Although the highest mean girths at 8 WAT occurred at 800 kg ha⁻¹ (2.93 cm), statistical separation at this stage is not supported by the tabulated LSD.
Table 4. Stem girth (cm) of pepper under five brewer’s mash rates
	Mash rate (kg ha⁻¹)
	2 WAT
	4 WAT
	6 WAT
	8 WAT

	0
	1.06
	1.46
	2.36
	2.53

	200
	1.10
	1.60
	2.13
	2.60

	400
	1.13
	1.66
	2.33
	2.70

	600
	1.33
	1.63
	2.46
	2.80

	800
	1.53
	1.73
	2.83
	2.93

	LSD(p<0.05)
	0.27
	0.81
	1.13
	1.22


Note. WAT = weeks after transplanting. Mean differences should be evaluated against the column-specific LSD (5%).
Number of leaves
Leaf production differed numerically across brewer’s mash rates (Table 5). At 8 WAT, the 800 kg ha⁻¹ treatment had 47.66 leaves per plant compared with 30.01 in the control, an absolute difference of 17.65 leaves that exceeded the listed LSD of 3.52. The 400 kg ha⁻¹ treatment had 42.64 leaves at this stage, exceeding the 38.66 observed at 600 kg ha⁻¹, indicating that the response was not consistently ordered by application rate.
Table 5. Number of leaves per pepper plant under five brewer’s mash rates
	Mash rate (kg ha⁻¹)
	2 WAT
	4 WAT
	6 WAT
	8 WAT

	0
	10.00
	20.33
	26.00
	30.01

	200
	12.66
	21.66
	27.00
	35.66

	400
	15.33
	20.67
	27.00
	42.64

	600
	18.33
	22.33
	28.00
	38.66

	800
	19.00
	24.66
	36.00
	47.66

	LSD(p<0.05)
	2.18
	3.10
	3.31
	3.52


Note. WAT = weeks after transplanting. The LSD applies to comparisons within the relevant observation column.
Fruit characters and yield
Table 6 presents fruit number, fruit circumference, fruit length, reported fruit mass per plant and reported fruit yield. The 800 kg ha⁻¹ treatment had 21.99 fruits per plant and a fruit length of 5.35 cm, compared with 17.50 fruits and 3.63 cm in the control. The respective differences exceeded the tabulated LSD values of 3.10 fruits per plant and 1.15 cm. The recorded fruit mass per plant was also higher at 800 kg ha⁻¹ (95.5 g) than in the control (50.5 g). By contrast, the maximum difference in fruit circumference was only 0.63 cm, below its LSD of 1.07 cm. The numerically highest reported fruit yield was 2.64 t ha⁻¹ at 800 kg ha⁻¹ and the lowest was 2.01 t ha⁻¹ in the control; their difference (0.63 t ha⁻¹) was smaller than the reported LSD (1.34 t ha⁻¹). Accordingly, the available summary statistics do not demonstrate a significant difference in fruit yield among these treatments.
Table 6. Fruit characters and reported fruit yield under five brewer’s mash rates
	Mash rate (kg ha⁻¹)
	Fruits per plant
	Fruit circumference (cm)
	Fruit length (cm)
	Fruit mass per plant (g)
	Fruit yield (t ha⁻¹)

	0
	17.50
	3.52
	3.63
	50.5
	2.01

	200
	20.17
	4.04
	4.02
	60.5
	2.21

	400
	18.40
	4.06
	4.41
	69.0
	2.38

	600
	18.83
	4.11
	5.01
	82.0
	2.51

	800
	21.99
	4.15
	5.35
	95.5
	2.64

	LSD(p<0.05)
	3.10
	1.07
	1.15
	4.31
	1.34


Note. LSD = least significant difference at 5%. The relationship between the reported fruit mass per plant and hectare yield is not established by the summarized values.
Discussion
The field observations suggest that pepper vegetative responses to brewer’s mash varied among traits and growth stages. Height and leaf number at 8 WAT were greatest at the maximum rate evaluated, with mean differences relative to the control exceeding the reported LSD. In contrast, final branch number and stem girth at 8 WAT were not distinguishable among rates on the basis of the corresponding LSDs. This distinction matters because larger numerical means alone do not establish a treatment effect at the specified level of statistical significance.
Brewer’s spent grain contains potentially useful organic compounds and nutrients, although their quantities depend on feedstock and processing (Mussatto et al., 2006; Santos et al., 2003). Mbagwu and Ekwealor (1990) found that spent-grain additions influenced maize growth and soil physical properties in tropical soils; their experiments also illustrate that response depends on application conditions. More recent experiments with processed spent grain in escarole, lettuce and horticultural substrates have reported positive responses to selected materials (Cacace et al., 2022; Assandri et al., 2023; Bianco et al., 2024). Those investigations used different crops and amendment preparations, so they support a plausible agronomic rationale rather than independent confirmation of a response to the specific mash used here.
In the present experiment, fruit number, fruit length and fruit mass per plant showed differences exceeding their respective tabulated LSDs in selected treatment contrasts, but fruit circumference and hectare-based fruit yield did not. A comparable distinction between growth attributes and final yield is important when assessing field amendments. Field trials using organic manure plus mineral fertilizer have reported improved sweet pepper performance (Salma et al., 2022), whereas comparisons of nutrient solutions in soilless pepper have produced system-specific yield responses (Gnimassoun Kawojou et al., 2026). Law-Ogbomo and Osaigbovo (2018) observed rate-dependent responses to organic manure application in field-grown cucumber on a tropical Ultisol. These different crop and amendment systems do not establish that brewer’s mash will improve field pepper yield when used alone at the rates examined here.
The reported hectare-yield values cannot be derived directly from the fruit-mass-per-plant figures at the stated spacing. At a nominal density of 20,000 plants ha⁻¹, mean fruit masses of 95.5 and 50.5 g plant⁻¹ correspond to approximately 1.91 and 1.01 t ha⁻¹, respectively, rather than the reported 2.64 and 2.01 t ha⁻¹. These differences cannot be resolved from treatment means alone and limit quantitative inference from the yield series. Similarly, the listed exchangeable base cations total 7.4 cmolc kg⁻¹; this sum does not reproduce the listed 80% base saturation using a CEC of 8.5 cmolc kg⁻¹, and adding the reported 0.2 cmolc kg⁻¹ exchangeable acidity gives 7.6 cmolc kg⁻¹ rather than the listed ECEC of 8.7 cmolc kg⁻¹. The baseline chemistry indices consequently cannot be used to support a specific explanation for the observed crop responses.
Limitations
This experiment was conducted at one site during one cropping period, with three randomized blocks and a maximum brewer’s mash rate of 800 kg ha⁻¹. The number of measured plants per plot, amendment moisture status and nutrient composition, and analytical methods used for the soil characterization were not specified. Consequently, treatment effects cannot be attributed to particular nutrient inputs, microbial changes or soil physical mechanisms. The soil index calculations and the relation between fruit mass per plant and hectare yield remain unresolved in the reported summary data. No post-harvest soil results are available for assessing changes in soil fertility. These constraints, the limited replication and the absence of multi-season measurements restrict inference about yield response and agronomic optimum rate. Further work should use characterized amendment material, transparent harvest-area calculations, plot-level statistical analysis and trials across sites and seasons.
Conclusion
Within the five rates evaluated in this single-site field experiment, 800 kg ha⁻¹ brewer’s mash produced the largest mean plant height and leaf number at 8 WAT and the highest reported numerical values for several fruit characteristics. Selected vegetative and fruit-component differences exceeded the tabulated LSDs, whereas the numerical differences in total fruit yield did not. The data therefore indicate possible trait-specific responses to brewer’s mash, but do not demonstrate a statistically significant improvement in hectare-based pepper yield or establish an optimum application rate. More fully documented experiments are required before field recommendations can be made.
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