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ABSTRACT 
 

Tomatoes are a vital crop in the market gardening industry, with substantial 
economic value worldwide. However, the continuous use of chemical fertilizers has 
degraded soil fertility, limiting the yield, and quality of tomato fruits. To address this 
issue, a study was conducted to enhance tomato production and quality using 
composts derived from pineapple harvest and processing residues. The experiment 
followed a randomized complete block design with four replications. The primary 
variable was the combination of compost type (C1 = 37.5% Pineapple Crown + 
18.75% Pineapple Processing Residues + 18.75% Pineapple Harvest Residues + 
25% Poultry Litter; C2 = 75% Pineapple Crown + 25% Poultry Litter; C3 = 75% 
Pineapple Harvest Residues + 25% Poultry Litter) and application rate (R1 = 10 t/ha; 
R2 = 20 t/ha; and R3 = 30 t/ha). Additionally, the experiment included a producer's 
practice (10 t/ha of poultry litter) and a control treatment (C0). Thus, the total 
treatments tested were C1R1, C1R2, C1R3, C2R1, C2R2, C2R3, C3R1, C3R2, 
C3R3, PP, and C0. Growth, yield, and quality data were collected from tomato plants 
and fruits and analyzed using R software. The results showed that composts based 
on pineapple harvest and processing residues significantly improved tomato 
production and quality. The application of these composts led to increased plant 
height, collar diameter, fruit weight, fruit diameter, total sugar content, and shelf-life, 
with the highest yields recorded under treatments C2R2, C3R3, and C1R2 (38.25, 
30.89, and 29 t/ha, respectively). Treatment C3R2 also produced the highest 
percentage of preserved fruits (31.25%). Based on the findings, it is recommended 
to apply 20 t/ha of compost made from 75% Pineapple Crown + 25% Poultry Litter 
or 30 t/ha of compost made from 75% Pineapple Harvest Residues + 25% Poultry 
Litter for tomato production intended for processing. For tomatoes intended for 
preservation, 20 t/ha of compost made from 37.5% Pineapple Crown + 18.75% 
Pineapple Processing Residues + 18.75% Pineapple Harvest Residues + 25% 
Poultry Litter is ideal. These results have significant implications for sustainable 
tomato production, enhancing yield, quality, and soil management. Further studies 
are suggested to evaluate the effects of these composts on other vegetable crops 
and on the efficiency of nutrient use, particularly nitrogen, phosphorus, and 
potassium. 
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INTRODUCTION  
 

In sub-Saharan Africa, fruits and vegetables hold great importance due to their 
nutritional value and the substantial economic income their production generates [1, 
2, 3, 4]. They act as a driving force for agricultural and economic diversification, 
especially for small farmers who can direct their production towards local, regional, 
or export markets [3, 5, 6]. In Benin, tomato (Lycopersicon esculentum Mill.) is 
among the most important and widely cultivated fruit vegetables in terms of surface 
area and production [7, 8, 9]. Its cultivation constitutes a lucrative activity for many 
producers in rural, urban, and peri-urban areas, and it is used in most dishes 
consumed by the population [10]. However, tomato production remains well below 
its potential yield (averaging 7.29 t ha⁻¹ in 2019), and does not consistently meet 
health and environmental quality standards [11, 12]. This low yield is largely due to 
poor soil fertility [13], stemming from inadequate cultivation practices that deplete 
soil nutrients and, consequently, affect fruit quality [14, 15]. Low soil fertility can 
reduce tomato yield by up to 40%, significantly impacting overall productivity [16]. 
 

Producers often apply highly variable fertilizer doses, with minimal organic matter 
additions [11]. In some cases, they use mineral fertilizers at doses exceeding 
recommended levels [17], leading to soil degradation and pollution. This degradation 
diminishes the soil's capacity to support healthy plant development and maintain 
high yields [18, 19, 20]. Additionally, producers face limited access to organic 
fertilizers necessary for large-scale production [21, 22]. However, in southern Benin, 
alongside tomato cultivation, there is extensive pineapple production (accounting for 
around 95% of total production) [23], which generates substantial quantities of 
harvest residues estimated at 90 to 150 t ha⁻¹ [24] and around 5 t of processing 
waste per day from factories [25]. These residues are challenging to manage, with 
producers often burning them or discarding them along field edges and factories 
disposing of them by roadsides, thus causing environmental pollution [26, 27]. 
Pineapple residues, rich in nutrients, could improve crop yields and soil fertility if 
returned to the soil [28, 29]. Liu et al. [24] reported that fresh pineapple residues 
contain, on average, 678.6 g kg⁻¹ of organic matter, 10.75 g kg⁻¹ of total N, 0.83 g 
kg⁻¹ of P₂O₅, and 11.4 g kg⁻¹ of K₂O. Studies by Sossa et al. [30] demonstrated 
that burying or mulching pineapple residues in soil, combined with mineral 
fertilization in pineapple production, increases fruit yield and quality, and enhances 
the proportion of fruits meeting export standards for the European market or local 
consumption standards. 
 

Furthermore, farming has considerably expanded in most of the country, which has 
therefore led to an increase in the amount of poultry waste generated [31]. The most 
commonly used organic fertilizer in southern Benin is therefore poultry litter [11], 
which are known to provide adequate nutrients to soil, and accelerate rapid crops 
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vegetative growth [32, 33, 34]. Poor waste management is detrimental to human 
health and when burned, waste pollutes the environment, thereby increasing climate 
change impact [35]. 
 

For the valorization of large volume waste and reduction of environmental, social 
and economic impact, composting is an effective method of waste management, and 
a mean to transform different degradable wastes into products that can be used 
safely and beneficially as biofertilizers and soil amendments [35, 36, 37, 38]. For Liu 
et al. [24], composting is a good option for valorizing pineapple harvest residues, 
because it allows a reduction in the apparent density of the soil and increases its 
organic matter and N, P and K contents.  
 

The use of compost as a fertilizer or soil amendment can significantly improve soil 
quality by enhancing aeration, water retention, aggregate stability, and erosion 
resistance [39]. Compost also boosts crop productivity and helps control plant 
diseases [20, 39, 40, 41]. According to Muscolo et al. [42] and Ghimire et al. [43], 
compost enriches the soil with essential macro and micronutrients, promoting 
healthier plant growth and increasing cation exchange capacity. Numerous studies 
have shown that organic fertilizers not only help control plant diseases but also raise 
the levels of secondary metabolites, which can influence the taste of fruits and 
vegetables [44, 45, 46]. Effective soil management through the use of organic matter 
can sustainably maintain soil productivity, ensuring long-term food security [47]. 
However, it is crucial to determine the appropriate dose and type of organic matter 
for each crop to optimize production [48]. 
 

The aim of this research is to determine the types and application rates of compost, 
produced from pineapple processing and harvest residues, that can enhance the 
yield and quality of tomato fruits. The findings will support tomato farmers in boosting 
their income while promoting sustainable soil management, environmental 
conservation, and the production of higher-quality food. 
 

MATERIALS AND METHODS 
 

Study area  
The experiments were carried out in Allada municipality (village of Dagléta) (6º39’ - 
4°16’ N, et 2º10’ - 5°9’ E), located in Atlantic department in southern Benin. This 
area is characterized by high production and processing of pineapple. Average 
annual rainfall and mean temperature are 1200 mm and 27°C, respectively. The 
dominant soil type is a low-desaturated lateritic soil, commonly called ‘terre de barre’ 
[49, 50]. Before setting up the experiment, soil composite samples were taken per 
block at 0–20 cm depth, for assessment of the initial soil characteristics. The analysis 
of the soils physicochemical properties indicated that it was a soil of sandy-silty 
texture, well drained, with an average pH of 5.9, a C/N ratio of 10.7 and 
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exchangeable cations capacity of 10.2 meq/100g. Its carbon, nitrogen, phosphorus 
and organic matter content were of 0.53; 0.05; 9.6 and 0.92%, respectively. 
 

Plant and organic material 
The plant used for this study was the tomato variety “Padma 108-F1”, a hybrid 
tomato variety with better performance [51], and commonly produced in the 
municipality of Allada. The organic material is made of three types of compost based 
on available pineapple harvest and processing residues as follows: C1 = 37.5% 
Pineapple Crown + 18.75% Pineapple Processing residues + 18.75% Pineapple 
Harvest residues + 25% Poultry litter; C2: 75% Pineapple Crown + 25% Poultry litter; 
C3: 75% Pineapple Harvest residues + 25% Poultry litter (Table 1).  
 

Composting process 
The composts used in this study were produced using the windrow composting 
method, combining various quantities of pineapple harvest and processing residues 
with poultry litter. The windrows were installed on elementary plots (1.5 m × 1 m) 
disposed on slope of 10% in order to avoid water stagnation below. Polyethylene 
bags were used to cover the soil at the level of each elementary plot. For each 
compost type, the windrows were arranged in 5 layers each consisting of 300 kg of 
raw materials. For each layer, the poultry litter were disposed on top of the different 
pineapple residues used according to the treatment. Poultry litter quantity was 
uniform in all windrows because it was used as a ferment for composting. A water 
add of 22 L (02 watering cans of 11 L) was made between two successive layers 
during windrows installation. Each window was covered with a polyethylene bag to 
protect it against rainwater and favor the rise of temperature. The windrows were 
manually turned with a shovel four times at monthly intervals during composting for 
aeration. The total duration of composting is approximately four months. Any 
additives or accelerators have not been used to enhance decomposition during the 
composting process [52]. 
 

Experimental design, management and data collection 
The experimental design was a randomized complete block design with 4 
replications, whose factor was the combination of compost type (at three levels C1, 
C2 and C3) and application rate (at three levels R1= 10 t ha-1; R2= 20 t ha-1and R3 
= 30 t ha-1). To these treatments were added the producers practice (PP = 10 t ha-1 
of poultry litter), and the control (C0). The total tested treatments were then C1R1, 
C1R2, C1R3, C2R1, C2R2, C2R3, C3R1, C3R2, C3R3, PP and C0. The plants were 
transplanted onto the experimental units at spacing of 0.8 m between rows and 0.4 
m between holes. 
 

After nursery stage which lasted 21 days, the tomato plants were transplanted at 
spacings of 40 cm x 80 cm, on beds, following soil preparation. The different organic 
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fertilizers (compost and poultry litter) were applied in pockets at ten days after 
transplanting, in accordance with experiment design. Manual weeding was carried 
out at intervals of two weeks and the irrigation were done twice a day using two 
watering can of 14 liters per elementary plot of 8.96 m². The plants staking was 
carried out 5 weeks after transplanting and the phytosanitary treatment was carried 
out two and four weeks after transplanting, using neem seed oil of 125 ml/16 water 
liters for 333 m². 
 

Growth data such as plant height and collar diameter were collected at 2, 4 and 6 
weeks after transplanting (WAT), respectively using a measuring tape (cm) and a 
caliper (mm). The harvest of ripe fruits was done five times at one-week intervals, 
starting from 8 WAT. At each harvest, the fruits were counted and weighed by 
elementary plot, which made it possible to calculate the yield. 
 

The quality parameters were evaluated on a sample of ten tomato fruits per 
elementary plot. For this purpose, weight, diameter, pH and total sugar content 
(expressed in °Brix) were determined on each fruit, respectively using an electronic 
balance ((DH2-000050, ±0.0001, Zawiera, Tianjin, China), a caliper (mm), a pH- 
meter (HI96107, ±0.1 pH, HANNA instruments, Villafranca padovana, Italy) and a 
refractometer (HI96801, HANNA instruments, Bucharest, Romania). For tomato 
fruits shelf-life evaluation, twelve fruits were collected per elementary plot and placed 
at room temperature in the same enclosure. Rotten Fruits were identified per 
treatment and eliminated every two days. 
 

Statistical analysis 
A mixed-effects linear model for longitudinal data was performed on the height and 
stem diameter of tomato plants. Yield, quality, and fruit dry weight data were 
subjected to mixed-effects linear models, treating treatment as a fixed factor and 
replications as random. Full models with random intercepts, random slopes, and 
both random intercepts and slopes were tested. This analysis was conducted using 
the 'lmerTest' package [53]. The best model was selected based on Akaike 
Information Criterion (AIC) scores. Tukey's post-hoc test was used for pairwise 
comparisons of means between treatments at a significance level of 5%. The 
marginal and conditional R-squared values of the mixed-effects linear models for 
yield data were calculated using the 'MuMIn' package function [54], which 
implements the method developed by [55]. The marginal R-squared gives the 
variance explained by fixed effects, while the conditional R-squared explains the 
variance explained by the entire model, including both fixed and random effects. 
Pearson correlation matrices were established between fruit quality parameters and 
the percentage of healthy fruits. The cumulative number of rotten fruits was 
subjected to a mixed-effects Poisson generalized linear model to test the effect of 
factors on their variation. A mixed-effects negative binomial model was performed 
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on the percentage of healthy fruits to test the effect of treatments, replications, and 
time on their variation. The analyses and visualizations were carried out in R 
software version 4.3.0 [56]. 
 

RESULTS AND DISCUSSION 
 

Effects of types and rates of pineapple harvest and processing-based 
composts on tomato growth and yield 
Effect on tomato growth 
The interaction effect of compost type and rate on plant height and collar diameter 
over time is presented in Table 2. The analysis reveals that the interaction between 
compost type, rate, and time significantly influenced tomato plant height (p<0.05), 
while time and the independent effects of compost type and rate significantly 
affected collar diameter (p<0.05) (Table 2). A progressive increase in plant height 
was observed over time, with the highest value at 6 weeks after transplanting (WAT) 
under the C3R1 treatment (82.80 ± 13.14 cm), followed by treatments C2R1, C3R2, 
C2R3, and C1R1 (80.91 ± 12.51, 79.88 ± 12.37, 79.58 ± 13.07, and 79.21 ± 13.44 
cm, respectively) (Figure 1A). Similarly, collar diameter increased over time (Figure 
1B), with the highest values observed under treatments C1R3, C2R1, and C1R1 
(0.92 cm, 0.88 cm, and 0.87 cm, respectively) (Figure 1C). The interaction between 
compost type, rate, and time alone explained 85.93% of the variance in tomato plant 
height. However, the inclusion of replication contributed only a small additional 
amount of explained variance (about 0.7%), resulting in a total of 86.91% explained 
variance when both factors were considered. For tomato collar diameter, neither the 
fixed factors (31.74%) nor the random factors (0.24%) contributed significantly to 
explaining the observed variation. 
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Figure 1: Variation of crop growing mean data in function of time and 

treatment. A = evolution of mean height over time in function 
treatment, B = variation of mean collar diameter in function of time 
and C = variation of mean collar diameter in function of treatment 

 

Effect on tomato yield  
Table 3 shows the effect of the interaction between compost type and rate on tomato 
yield. The table indicates that the interaction between compost type and rate had a 
significant effect (p<0.05) on tomato fruit yield. The highest fruit yields were obtained 
under treatments C2R2, C3R3, and C1R2 (38.25, 30.89, and 29 t/ha, respectively), 
while the lowest yield was observed under the control treatment (8.93 t/ha) (Figure 
2). The interaction between compost type and rate alone explained 66.09% of the 
variance in tomato yield. However, the inclusion of replication contributed only a 
small additional amount of explained variance (about 33.9%), resulting in a total of 
99.99% explained variance when both factors were considered. 
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Figure 2: Variation of the mean yield in function of treatment 
 

These observations can be explained by differences in the nutrient content of the 
applied composts and the release of these elements into the soil during the growing 
period, which enhanced nutrient absorption by the tomato plants and improved yield 
[57]. The best growth and yield performances were generally achieved with 
treatments using composts that had higher nutrient content in P, Ca, Mg, and K 
compared to poultry litter, and lower C/N ratios (<20), indicating their ability to 
efficiently release nutrients into the soil. Organic fertilizers contain significant 
amounts of nutrients and gradually release them over time, providing long-term 
benefits [58, 59, 60]. In addition, soil amendments with organic fertilizers improve 
root growth and enhance nutrient and water absorption efficiency [61, 62, 63]. 
 

These results align with those of Ddamulira et al. [16], who reported that soil 
amendments increased nutrient availability, doubled the number of fruits per plant, 
and boosted tomato yield. Furthermore, plant vegetative growth is positively 
correlated with nutrient absorption, particularly nitrogen, which plays a critical role in 
photosynthesis and leaf production [64, 65]. Many physiological and metabolic 
processes in tomatoes are closely linked to nitrogen availability [66]. Cheng et al. 
[66] also concluded that nitrogen uptake significantly affects tomato yield, vitamin C 
content, sugar/acid ratio, soluble sugars, and total soluble solids. In their study, 
nitrogen fertilization rates between 236 and 354 kg N ha−1 increased tomato yield 
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by 59.9%, and improved vitamin C, sugar/acid ratio, soluble sugars, and total soluble 
solids (TSS) by 18.8%, 33.5%, 23.5%, and 11.9%, respectively. 
 

Moreover, the increase in fruit weight is closely correlated with the availability of 
calcium and potassium [67]. These findings are consistent with those of [64, 68, 69, 
70], who demonstrated that the application of compost and other organic fertilizers 
improves plant growth and productivity, especially for fruits and vegetables. Sossa 
et al. [71] found that the addition of 20 t/ha of pineapple processing residue improved 
both tomato yield and profitability. Similarly, Liu et al. [24] noted that adding 
composted pineapple harvest residues increased soil P and K content, enhanced 
fruit transverse and longitudinal diameters, and improved fruit weight and yield in 
pineapples. 
 

Effect of type and rate of pineapple harvest and processing-based composts 
on tomato fruit quality 
Effect on tomato fruit characteristics 
The effect of compost type and rate on tomato fruit quality is presented in Table 4. 
The table shows that fruit weight, diameter, dry matter, and sugar content were 
significantly affected by the treatments (p<0.05), while pH remained unchanged. The 
variability in tomato fruit characteristics was weakly explained by the interaction 
between compost type and rate, with 19.79% of the variance in fruit weight, 10.62% 
in diameter, 7.3% in dry matter, and 9.04% in sugar content being accounted for. 
Similarly, the random factor contributed only to the variance in fruit weight (17.04%) 
and sugar content (17.12%). 
 

In particular, the C1R3, C1R2, and C2R1 treatments produced fruits with the highest 
weight, diameter, and total sugar content, averaging 73.29 g, 4.75 cm, and 6.01° 
Brix, respectively. However, the highest dry matter content was observed under 
treatments C0, C2R2, and C3R3 (4.79%, 4.05%, and 4.00%, respectively), while the 
lowest dry matter content was recorded under the C1R2 treatment (3.05%) (Figure 
3). 
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Figure 3: Variation of fruit weight (A), diameter (B), dry matter content (C) and 

total soluble solids (TSS) (D) following treatments 
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Effect of type and rate of pineapple harvest and processing-based composts 
on tomato fruits shelf-life 
The interaction between compost type and rate significantly influenced (p<0.05) the 
cumulative number of rotten fruits and the percentage of preserved fruits over time 
(Table 5). The cumulative number of rotten fruits gradually increased, reaching up 
to 12 fruits by the 51st day of storage, depending on the treatment. Similarly, the 
percentage of preserved fruits decreased daily for all treatments until the 54th day. 
The highest numbers of rotten fruits were recorded under the C0, C2R1, C2R3, and 
PP treatments, while the C3R2 treatment resulted in the lowest number of rotten 
fruits. Consequently, the highest percentage of preserved fruits was observed under 
the C3R2 treatment (31.25%), whereas the lowest percentages were recorded under 
the C2R1, C2R3, and PP treatments (2.08%) (Figure 4). 

 
 

Figure 4: Evolution curves of rotten fruits number (A) and preserved fruits 
percentage (B) over time for each treatment 
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Interestingly, the present results suggest that compost made from pineapple harvest 
and processing residues improved tomato fruit quality more effectively than the 
current practice of applying poultry litter. While the effects of mineral and/or organic 
fertilizers on tomato fruit quality attributes have been reported by various authors 
[72, 73], the impact of composts produced from both pineapple processing and 
harvest residues on tomato fruit quality had not been explored before. The results 
show that applying 20 t ha⁻¹ of compost C1 (Pineapple Crown + Pineapple 
Processing residues + Pineapple Harvest residues), 20 t ha⁻¹ of compost C2 
(Pineapple Crown), or 30 t ha⁻¹ of compost C3 (Pineapple Harvest residues) not 
only leads to good tomato yields but also produces higher-quality fruits with better 
shelf life. In contrast, fruits grown under the producers' practice (poultry litter 
application) had a shorter shelf life. This can be attributed to the high nutrient content 
and availability in the composts, which enhanced tomato plant nutrition [70, 74]. 
 

These findings are consistent with those of Sossa et al. [30], who demonstrated that 
incorporating pineapple harvest residues, combined with reduced mineral 
fertilization, positively influenced the physicochemical and organoleptic 
characteristics of sugarloaf pineapple fruits (e.g., TSS, pH, fruit weight). This, in turn, 
increased the percentage of fruits meeting European standards and acceptability 
criteria for local consumption. Similarly, Liu et al. [24] observed a 39.6% increase in 
the total sugar content of pineapple fruits following the application of composts 
produced from pineapple harvest residues. Other studies have shown that fruits 
grown with organic fertilizers contain higher levels of total sugars, vitamin C, and 
total flavonoids [70, 75]. 
 

Notably, the percentage of preserved fruits was higher under the C1R2 treatment 
(12.50%), followed by the C2R2 (6.25%) and C3R3 (6.25%) treatments, and lower 
under the producers' practice (2.08%). Additionally, the dry matter content of fruits 
was higher under the C2R2 and C3R3 treatments. Various authors have noted that 
the suitability of tomato fruits for preservation and processing is closely linked to a 
high dry matter content (and consequently low water content) [76]. 
 

CONCLUSION AND RECOMMENDATIONS FOR DEVELOPMENT 
 

Composts made from pineapple harvest and processing residues significantly 
enhanced tomato plant growth, yield, and fruit quality compared to current producers' 
practices. This highlights the potential of these residues, which have long been 
undervalued and environmentally harmful, to be repurposed as fertilizers for market 
garden crops, such as tomatoes, with a focus on sustainable soil fertility 
management to boost both production and product quality. 
 

For this purpose, applying 20 t/ha of compost C1 (Pineapple Crown + Pineapple 
Processing residues + Pineapple Harvest residues), 20 t/ha of compost C2 
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(Pineapple Crown), or 30 t/ha of compost C3 (Pineapple Harvest residues) is 
recommended for tomato production. These treatments not only resulted in the 
highest tomato yields but also produced fruits of better quality with extended shelf 
life. 
 

The quality of the composts varied depending on the raw materials used in their 
production. Therefore, for producing tomatoes intended for processing, applying 20 
t/ha of compost C2 (Pineapple Crown) or 30 t/ha of compost C3 (Pineapple Harvest 
residues) is more appropriate. On the other hand, if the goal is to preserve the fruits 
for later use, applying 20 t/ha of compost C1 (Pineapple Crown + Pineapple 
Processing residues + Pineapple Harvest residues) is more suitable. Further studies 
are recommended to assess the effect of these composts on the efficiency of plant 
nutrient uptake, particularly nitrogen (N), phosphorus (P), and potassium (K), and 
their impact on the production of other vegetable crops. 
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Table 1: Chemical composition of composts and poultry litter 

Organic 
materials 

pHeau Corg 
(g.kg-1) 

Ntotal 
(g.kg-1) 

C/N Ptotal  
(g.kg-1) 

Ca  
(g.kg-1) 

Mg  
(g.kg-1) 

K 
(g.kg-1) 

Compost 1 8.54 113.84 7.51 15.77 77.66 7369.62 1965.31 924.04 

Compost 2 8.52 134.83 8.12 16.42 61.75 11164.53 2373.32 361.30 

Compost 3 8.38 136.08 9.38 14.57 99.49 9181.79 2800.58 1137.24 

Poultry litter 7.71 175.17 14.00 12.51 7.94 364.96 26.52 24.21 

 Sossa et al. [52] 
 

Table 2: Effect of time and the interaction of type and rate of composts on plant 
height and collar diameter 
Variable Factors numDF denDF F-value p-value 

Height (cm) 

(Intercept) 1 1022 620.62 <0.0001*** 

Time 2 1022 3351.85 <0.0001*** 

Treatment 10 1022 12.97 <0.0001*** 

Time:Treatment 20 1022 5.14 <0.0001*** 

Marginal R2   0.8593  

Conditional R2   0.8691  

Collar diameter (cm) 

(Intercept) 1 1022 908.57 <0.0001*** 
Time 2 1022 220.2 <0.0001*** 
Treatment 10 1022 2.59 0.0042** 
Time:Treatment 20 1022 1.34 0.1417 
Marginal R2   0.3174  
Conditional R2   0.3198  

*Statistically significant at 0.01 ≤ p < 0.05; **Statistically significant at 0.001 ≤ p < 0.01; ***Statistically 
 significant at p < 0.001; treatment = type*rate of compost 
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Table 3: Effect of type and rate of pineapple harvest and processing-based 
composts on tomato yield 

Factor NumDF DenDF F value Pr(>F) 

Treatment 10 9 9784505 <2.2e-16*** 
Marginal R2   0.6609  
Conditional R2   0.9999  

*Statistically significant at 0.01 ≤ p < 0.05; **Statistically significant at 0.001 ≤ p < 0.01; ***Statistically  
significant at p < 0.001; treatment = type*rate of compost 
 
Table 4: Effect of type and rate of pineapple harvest and processing-based 

composts on fruit quality parameters  
Variable Factors NumDF DenDF F value Pr(>F) 

Fruit weight (g) 

Treatment 10 33 3.1449 0.006277** 

Marginal R2   0.1979  

Conditional R2   0.3683  

Fruit diameter (cm) 

Treatment 10 253 3.1245 0.0008826*** 

Marginal R2   0.1062  

Conditional R2   0.1062  

Fruit dry matter (%) 

Treatment 10 158 1.3767 0.0196* 

Marginal R2   0.073  

Conditional R2   0.2442  

pH 

Treatment 10 253 1.7925 0.004878** 

Marginal R2   0.0672  

Conditional R2   0.0672  

TSS 

Treatment 10 253 2.6133 0.004878** 

Marginal R2   0.0904  

Conditional R2   0.0904  

*Statistically significant at 0.01 ≤ p < 0.05; **Statistically significant at 0.001 ≤ p < 0.01; ***Statistically  
significant at p < 0.001; treatment = type*rate of compost; TSS = total soluble solids 
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Table 5: Effect of type and rate of pineapple harvest and processing-based 
composts on cumulative number of rotten fruits and preserved fruits 
percentage 

Variable Factors Df Chisq Pr(>Chisq) 

Cumulative number of rotten fruits  
Treatment 10 26.314 0.0033** 
Time 1 1093.870 <2e-16*** 
Treatment:Time 10 18.909 0.0226 

Preserved fruits percentage (%) 
Treatment 10 262.01 <2.2e-16*** 
Time 1 10711.89 <2.2e-16*** 
Treatment:Time 10 355.67 <2.2e-16*** 

*Statistically significant at 0.01 ≤ p < 0.05; **Statistically significant at 0.001 ≤ p < 0.01; ***Statistically  
significant at p < 0.001; treatment = type*rate of compost 
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