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[bookmark: _Toc233216489]ABSTRACT

Selection of appropriate cultivars is vital for maximizing productivity and returns in greenhouse tomato (Solanum lycopersicum L.) production. This study evaluated cluster traits (fruit number per cluster, cluster weight and fruit size) and yield parameters (total and marketable yield per plant) of three commercial varieties namely Candela F1, Dylla F1 and Trinity F1. The trial was conducted under greenhouse conditions in Zvishavane, Midlands Province, Zimbabwe. A Randomized Complete Block Design (RCBD) with six replications was utilized with three treatments. The Analysis of Variance (ANOVA) was executed via Genstat 22nd Edition with means separated using Least Significance Difference (LSD) test (p<0.05). The results indicated significant phenotypic variations across all evaluated traits leading to the rejection of all null hypotheses. Dylla F1 produced the highest fruit count per cluster (8.83) followed by Candela F1 (7.67) and Trinity F1 (6.83) with F probability of 0.028. However, Candela F1 yielded the heaviest cluster weight of 1520g and the largest individual fruits size of 75.67mm which significantly outperformed Dylla F1 (1106g and 63.67mm) and Trinity F1 (1024g and 66.33mm) with F probability less than 0.001. Candela F1 achieved the highest total yield of 17.42kg/plant and marketable yield of 14.11kg/plant in terms of final productivity. The study concluded that Candela F1 is the optimal variety for this semi-arid region, successfully combining superior fruit size, cluster weight and commercial yield. While Dylla F1 indicated high fruit set capabilities, it suffered from a physiological trade-off where high fruit numbers compromised individual fruit sizing and marketability. Greenhouse growers are recommended to adopt Candela F1 for commercial production especially when targeting premium markets. 
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[bookmark: _Toc233216491]1.0 INTRODUCTION
[bookmark: _Toc233216492]1.1 Background
The selection of appropriate genetic material is a primary determinant of productivity and economic return in a controlled environment agriculture. According to Heavelink and Koiner, 2021, this decision extends beyond yield to encompass horticultural traits that directly influence harvesting efficiency and fruit quality with inflorescence architecture being of critical importance for high valued crops like tomato (Solanum lycopersicum L.). In modern F1 hybrid breeding the architecture of the fruit cluster encompassing the number of fruits per truss, their spatial arrangement (compactness) and uniformity is a key phenotypic target (Zhao et al., 2021). These traits are governed by specific genetic pathways such as those involving the self-pruning (SP) and compound inflorescence genes which breeders manipulate to develop varieties suited for high density greenhouse systems (Jong et al., 2020).  
The expression of these cluster traits is not solely genetic but is modulated by the greenhouse environment. Flower development and fruit set are significantly influenced by light intensity and temperature regimes. Supra-optimal temperatures can disrupt pollen viability and lead to flower abortion which directly reduces the number of fruits per cluster (Peet and Willits, 2021). Furthermore, the plant’s internal source sink dynamics play a crucial role where photoassimilates are partitioned from leaves (source) to fruits (sinks). Multiple fruits compete for these resources within a cluster and an imbalance can lead to uneven ripening and fruit size heterogeneity which ultimately depreciates marketable yield (Borghesi et al., 2021).
In optimizing cluster traits, a central challenge lies in navigating inherent trade-offs. While a compact cluster with a high fruit count is desirable for harvest efficiency, a microenvironment conducive to fungal diseases like Botrytis cinerea can be created and exacerbate intra-cluster competition restricting fruit development (Fu et al., 2021). Therefore, the idea variety must achieve an optimal balance synchronizing a reliable fruit set with an architecture that allows for sufficient air flow and resource allocation to each fruit.  However, the performance of these complex traits is highly specific to local growing conditions due to genotype by environment (G x E) interactions (Maboko and Du Plooy, 2019). This variability makes localized, comparative evaluation essential for greenhouse producers to make informed selections.
Recent studies emphasize the importance of integrating physiological indices that reflect the plant’s functional status such as chlorophyll fluorescence parameters for example Fv/Fm, stomatal conductance and leaf gas exchange measurements which can reveal varietal differences in water use efficiency and carbon assimilation rates (Kalaji et al., 2017). Incorporating these metrics will provide a mechanistic understanding how each genotype manages resource allocation under the trial conditions linking canopy physiology directly to cluster performance. 
In addition, the role of plant growth regulators and targeted management interventions cannot be overlooked in the expression of cluster architecture. Evaluating the three selected F1 hybrids under a standardized, optimized management regime will clarify whether superior cluster traits are inherent to the genetic background or can be reliably amplified through cultural practices considering genotype by management (G x M) interactions (Reynolds et al., 2021).
Post-harvest quality is another critical consideration which is intrinsically linked to pre-harvest cluster development. A comprehensive evaluation should include post-harvest assessments of firmness, soluble solids content (Brix) and incidence of disorders such as cracking or blossom end-rot which may trace back to source sink imbalances during cluster development (Ho and White, 2022)
Finally, the economic sustainability of adopting a specific variety hinge on its consistent performance across multiple cropping cycles particularly in response to seasonal fluctuations in light and temperature (Van der Ploeg and Heuvelink, 2019). This study’s design will contribute data on yield stability which is a factor as critical as mean yield for long term economic planning. 
This research aims to deliver holistic profile of each variety empowering growers with the nuanced information needed to select cultivars that align with their specific production goals, environmental constraints and market demands by synthesizing data on physiology, management interaction, post-harvest quality and temporal stability,



[bookmark: _Toc233216493]1.2 Problem Statement   
Significant variability in cultivar performance persists whilst greenhouse structures offer a controlled environment that migrates some external challenges. There is a critical lack of comparative data on yield and fruit cluster traits of commonly cultivated tomato varieties under greenhouse conditions. This knowledge gap obstructs informed variety selection and tailored management practices ultimately constraining production efficiency, economic returns for farmers and regional food security.

[bookmark: _Toc233216494]1.3 Justification
This research is justified by a critical lack of localized data on the performance of three high value tomato hybrids under the specific greenhouse conditions. While greenhouse farming offers a climate resilient path for the semi-arid region, its economic success depends on selecting the best adapted varieties. This study will fill this information gap by systematically comparing yield and fruit quality of three different tomato varieties. The findings will provide farmers with evidence based recommendations helping them to choose the most productive and suitable variety. This directly de-risks their investment, improves profitability by maximizing marketable yield and promotes a more sustainable agricultural system by optimizing resource use and reducing vulnerability to pests and climate shocks. In the long run, the research is an important step towards a more productive, profitable and resilient agriculture future for Zimbabwe.
[bookmark: _Toc233216495]1.4 Main Objective 
To evaluate and compare the fruit cluster traits and yield of three different tomato varieties grown under greenhouse conditions.
[bookmark: _Toc233216496]1.4.1 Specific Objectives
· To evaluate and compare the fruit cluster traits (number of fruits per cluster, cluster weight and fruit size) of three different tomato varieties under greenhouse production.
· To assess the total yield and marketable yield performance of three different tomato varieties cultivated under greenhouse conditions.


[bookmark: _Toc233216497]1.6 Project Hypothesis
· H0: There is no significant difference in the mean number of fruits per cluster, mean cluster weight and mean fruit size among the three different tomato varieties grown under greenhouse conditions.
· H1: There is significant difference in at least one of the mean fruit cluster traits among the three different tomato varieties grown under greenhouse conditions.
· H0: There is no significant difference in the mean total yield and mean marketable yield (kg/plant) among the three different tomato varieties.
· H1: There is a significant difference in the mean total yield and/or mean marketable yield (kg/plant) among the three different tomato varieties.
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2.0 [bookmark: _Toc233216499]LITERATURE REVIEW
[bookmark: _Toc233216500]2.1 Introduction to greenhouse tomato production and cluster architecture
In modern greenhouse tomato (Solanum lycopersicum L.) production, the pursuit of hyper efficiency and premium product quality has fundamentally redirected breeding and management priorities. The industry now places a premium on plant architectural traits with a particular focus on fruit clustering by moving beyond traditional metrics of gross yield and disease resistance (Heuvelink and Marcells, 2021). A comparative analysis of three distinct tomato varieties for yield and fruit cluster traits must be framed within a growing scientific discourse that recognizes the cluster or truss not as a simple fruit bearing unit but as a central determinant of both productivity and challenge. Contemporary literature reveals that the shift towards cluster types such as the on-the-vine (TOV) varieties represent a profound trade-off that is the significant benefits in harvest efficiency and marketability are fundamentally related to complex physiological compromises that demand precise crop management to prevent negative outcomes (Li et al., 2020).
[bookmark: _Toc233216501]2.2 Advantages of cluster-type varieties
The compelling merits of the cluster phenotype are the primary drivers of its commercial dominance. The ability to harvest multiple fruits in a single motion by removing an entire, synchronously ripened truss offers unparalleled efficiency in an economic context where labour is a primary cost. This is not merely a logistical benefit but it directly shapes the marketable product. The visual appeal of a uniform cluster has been consistently shown to influence consumer preference creating a high value category where the truss itself is the package. This market demand has in turn driven breeding programs to select for specific cluster architectures characterized by a high fruit set, a strong peduncle that resists abscission during harvest and transport and a high degree of ripening synchronicity. According to Paupiere et al. (2017), successful fruit set under varying greenhouse temperatures is a foundational prerequisite for realizing this ideal cluster architecture making varietal tolerance to abiotic stress a key selection criterion.    
[bookmark: _Toc233216502]2.3 Physiological trade-offs
This elegant solution to harvest efficiency brings a suite of physiological challenges rooted in the dynamics of source sink relationships. The fundamental negative effect of a high fruit load within a cluster is the intensification of competition for photoassimilates, water and nutrients (Heuvelink and Marcells, 2021). When a truss sets six to ten flowers that all develop into fruit sinks simultaneously the plant’s capacity to provision each one optimally can be exceeded. This competition manifests directly in two critical quality parameters that is fruit size and uniformity. 
Li et al. (2020) has quantitatively indicated that as the number of fruits per truss increases, the average weight of individual fruits decreases and the variation in size within the cluster increases. This is a critical economic trade-off as the market often penalizes small and non-uniform fruit even within an otherwise perfect cluster. The sink competition is also a primary etiological factor in physiological disorders. Blossom end rot (BER) is a devastating condition caused by localized calcium deficiency is frequently exacerbated in cluster types. 
The distal fruits in a densely packed truss often experience restricted transpiration and vascular flow limiting calcium delivery during the critical period of rapid expansion (Saito et al., 2018). Similarly, fruit cracking can occur when internal and external growth is uneven which is a problem amplified when many fruits on a truss are simultaneously demanding resources under fluctuating irrigation regimes.   
[bookmark: _Toc233216503]2.4 Management interventions
The cultivation of high performing cluster tomatoes in greenhouses has evolved into a practice of active sink management where the grower’s intervention is necessary to correct the plant’s natural but commercially suboptimal tendencies. Fruit thinning is the most direct and widely studied method for mitigating negative clustering effects. The practice involves the selective removal of a number of flowers or young fruits from a truss by typically reducing the load from eight or more to a more manageable four to six. 
The physiological rationale is clear whereas by reducing the number of competing sinks (fruits), the remaining fruits receive a greater share of photoassimilates and minerals. Fan et al. (2022) confirmed that fruit thinning significantly increases the average weight and soluble solids content of tomatoes while reducing the incidence of Blossom end rot. The economic calculus for the grower is to balance the cost of this additional labour against the premium price commanded by larger, more uniform and unblemished fruit. Successful cluster management hinges on impeccable environmental and nutritional control beyond thinning. Precise management of irrigation to avoid water stress, coupled with strategies to ensure adequate calcium mobility such as maintaining optimal vapour pressure deficit (VPD) to facilitate transpiration are non-negotiable for preserving cluster quality (Saito et al., 2018). 
[bookmark: _Toc233216504]2.5 Genetic control of cluster architecture 
While management interventions are important, the genetic blueprint of a variety sets the ultimate boundaries for cluster performance. Recent molecular studies have begun to elucidate the specific genes and quantitative trait loci (QTLs) governing truss architecture beyond the well-known SP and P genes. For instance, alleles of the fasciated and locule number loci have been linked to increased floral meristem size and fruit locule number which can influence final fruit size and shape within a cluster (Xu et al., 2021). 
In addition, genetic variation in root architecture and hydraulic conductivity can underpin a plant’s ability to meet the transpirational demands of a heavily loaded truss thereby affecting susceptibility to disorders like Blossom end rot (Kawasaki et al., 2019). As a result, a comparative varietal analysis is inherently an evaluation of these underlying genetic networks and their phenotypic plasticity. The ideal genotype possesses alleles that promote a moderately compact cluster with strong vascular connections balancing the breeders’ aesthetic goals with the physiological limits of resource partitioning. 
[bookmark: _Toc233216505]2.6 Environmental modulation
The greenhouse environment itself acts as a powerful modulator of these genetic expressions. Light, as the source of all photoassimilates is paramount. Both light intensity and spectral quality influence cluster development. Low light intensity, common during winter months or in overcrowded canopies reduces the available photosynthetic source strength, intensifying sink competition and leading to poorer fruit set and smaller fruit (Miao et al., 2021). Conversely, supplemental lightning particularly with red and blue LEDs has been shown to enhance flower development, pollen viability and early fruit growth thereby improving the potential of the initial cluster set (Gomez and Izzo, 2018). The interaction between variety and light regime is critical whereby some genotypes may possess a superior ability to utilize available light for fruit development under lower intensities, a trait of significant value for sustainable production (Dueck et al., 2020).


[bookmark: _Toc233216506]2.7 Sustainability and resource use efficiency
The interaction leads to the critical consideration of sustainability and resource use efficiency within the cluster paradigm. The high input nature of managing cluster tomatoes requiring precise climate control, irrigation and often supplemental lightning raises questions about environmental footprints. The energy input for greenhouse operations is a major contributor to the carbon footprint of tomatoes indicated by Life Cycle Assessment (LCA) studies (Romero-Gamez et al., 2022). A variety that achieves high marketable yield with excellent cluster traits under lower thermal or photosynthetic inputs would represent a significant advancement. Breeding for climate resilient clusters that maintain integrity and quality under mild abiotic stress like higher temperatures set points or reduced fertigation is an emerging frontier (S. et al., 2023). Such varieties could reduce reliance on energy intensive cooling and perfect VPD management aligning economic goals with ecological sustainability. 
[bookmark: _Toc233216507]2.8 Post-harvest considerations and shelf life 
Finally, the post-harvest destiny of the cluster is a decisive factor in its overall value. The architecture that makes a truss visually appealing can also create microenvironments that accelerate post-harvest decay. Tightly packed fruits are more susceptible to the spread of pathogenic infections like Botrytis cinerea during storage and transport (Tzortzakis et al., 2020). Moreover, the physiological stress experienced by fruits from intense intra-cluster competition can lead to weaker cell walls and higher respiration rates shortening shelf life (Beckles, 2021). Therefore, evaluating varieties must extend to post-harvest metrics. A genotype that produces clusters with optimal spacing naturally or through manageable thinning may sacrifice minimal visual density for significantly enhanced durability reducing food loss in the supply chain key component of sustainable food systems.
To conclude, the scientific literature firmly posits that evaluating tomato varieties for greenhouse production is an exercise in analysing their cluster ideology. The positive effects revolutionized harvest logistics and superior marketable presentation are powerful. Yet they are encountered by inherent physiological negatives related to source sink imbalance. Therefore, a comparative analysis of three varieties is not a simple measurement of their yield potential but a critical investigation into how their specific cluster characteristics such as inherent fruit set, ripening synchronicity and peduncle strength interact with and respond to a meticulously managed environment. The optimal variety is likely the one that presents a manageable cluster architecture where one that allows for the realization of efficiency gains without imposing insurmountable physiological burdens thereby striking the most profitable balance between spectacular visual appeal and robust, internal fruit quality in the high stakes environment of the modern greenhouse. This underscores that the ideal cultivar emerges from the intersection of favourable genetics, environmental synergy, strategic management and post-harvest robustness offering a holistic template for evaluation.


























[bookmark: _Toc233216508]CHAPTER 3

[bookmark: _Toc233216509]3.0 MATERIALS AND METHODS
[bookmark: _Toc233216510]3.1 Study Site
This study was conducted in a greenhouse located at Christine Tech t/a Pote Farm, 10km peg along Zvishavane-Masvingo road in Zvishavane, Midlands Province. Zvishavane is in natural farming region IV which is characterized as a semi-arid region with annual rainfall ranging from 350mm to 450mm. The area experiences high temperatures and frequent mid-season dry spells. The soil type at the study site is classified as sandy loam derived from granite parent material which is well drained but has low inherent fertility and low water holding capacity.

[bookmark: _Toc233216511]3.2 Experimental Design
The experiment was conducted in a greenhouse (60x50m) in which can carry about 6 000 plants. The experiment comprised three tomato varieties (Candela F1, Dylla F1 and Trinity F1) as the treatment factors, replicated six times and was conducted using a Randomized Complete Block Design (RCBD). This design was selected to control for spatial variability within the greenhouse environment.
Each block (replicate R) contained one experimental plot for each of the three varieties resulting in a total of eighteen plots. Each plot consisted of ten plants maintained at a standardized spacing of 0.5m between plants and 1.2m between rows to reflect common commercial practice.
The treatments are as follows:
T1 – Candela F1
T2 – Dylla F1
T3 – Trinity F1




Table 3.1 Experimental Layout
	R1
	R2
	R3
	R4
	R5
	R6

	T1
	T2
	T3
	T2
	T3
	T1

	T2
	T3
	T1
	T1
	T2
	T3

	T3
	T1
	T2
	T3
	T1
	T2




[bookmark: _Toc233216512]3.3 EXPERIMENTAL PROCEDURE
[bookmark: _Toc233216513]3.3.1 Procurement and Preparation of Seedlings
Candela F1, Dylla F1 and Trinity F1 seedlings were purchased from JM Gardens which is a reputable nursery farm known for selling high quality seedlings and is located along the Zvishavane-Bulawayo Road. The seedlings were already hardened through gradual exposure to sunlight and reduced watering by the supplier therefore, no further hardening was done. At transplanting thus 4 weeks after sowing, the seedlings were at the 4-5 true leaf stage with well-developed roots to minimize transplant shock. The trays were inspected and placed under 50% shade for 24 hours for acclimatization. 
[bookmark: _Toc233216514]3.3.2 Land Preparation
The greenhouse soil was ploughed, harrowed and levelled. Raised beds of 1m width and 0.3m height were formed. A basal dressing of Blend C fertilizer (5:15:12 N:P;K) was incorporated at a rate of 500kg/ha. Healthy, uniform seedlings were transplanted at a spacing of 0.5m between rows. Transplanting was done in the late afternoon to minimize transplant shock and each seedling was immediately watered.
[bookmark: _Toc233216515]3.3.3 Irrigation and Fertilization
Drip irrigation was used to deliver water and nutrients. A standard greenhouse tomato fertigation schedule was followed. From transplanting to first flowering, a high nitrogen formulation was used to promote higher in potassium and calcium to support fruit development and quality. Irrigation frequency and duration were adjusted based on plant growth stage and prevailing weather conditions.
[bookmark: _Toc233216516]3.3.4 Pest and Disease Control
An Integrated Pest Management (IPM) strategy was implemented. Regular scouting was done for pests such as whiteflies (Bemisia tabacio), tomato leaf miner (Tuta absoluta) and red spider mites (Tetranychus urticae). Where necessary, selective insecticides for example, Imidacloprid and Abamectin were applied. Fungal diseases for example, early blight and powdery mildew were controlled through preventative weekly sprays with contact and systemic fungicides such as Mancozeb, Copper Oxychloride and Tebuconazole, rotated to prevent resistance. Sanitation including removal of infected plant debris was strictly observed.
[bookmark: _Toc233216517]3.3.5 Pruning, Training and Other Cultural Practices
All plants were pruned to a single stem using the vertical stringing method. Side shoots (suckers) were removed weekly. Lower leaves were progressively pruned up to the first fruit cluster after fruit set to improve airflow. Pollination was assisted by daily tapping of the support strings/trellis wires during the flowering period.
[bookmark: _Toc233216518]3.3.6 Cluster Identification and Harvesting Protocol
Harvesting commenced when fruits on a given cluster reached the mature breaker stage characterized by the development of pink to light red coloration on at least 50% of the fruit surface. Unlike whole cluster harvesting, selective fruit picking was employed whereby only fully mature or breaker stage fruits were harvested from each cluster leaving immature fruits on the same cluster to continue ripening for subsequent harvests. This approach is standard for fresh market tomato production where individual fruit size and quality determine marketability.
To capture the developmental dynamics of the crop, data collection was stratified into specific intervals which were measured in weeks after transplanting (WAT). The fruit number and fruit size were assessed at 6, 8, 10 and 12 weeks after transplanting (WAT). Cluster weight was recorded at 10, 12 and 14 weeks after transplanting.  Harvesting was performed twice per week specifically on Mondays and Thursdays to ensure that fruits were harvested at a uniform and optimal maturity stage. This twice weekly schedule minimized over ripening on the plant and reduced the incidence of fruit cracking which can be exacerbated by prolonged attachment of mature fruits under greenhouse conditions. 
[bookmark: _Toc233216519]3.3.8 Fruit Size Measurement
The equatorial diameter of each harvested fruit was measured using a digital calliper (±0.01mm accuracy). For each plant, five selected marketable fruits per harvest were measured and recorded in millimetres for fruit size.
[bookmark: _Toc233216520]3.3.9 Yield Classification
For each harvested fruit, a distinction was made between:
Marketable yield; fruits free from blemishes, cracks, blossom end rot, sunscald, insect damage or diseases.
Unmarketable yield; fruits with any defect rendering them unsuitable for fresh market sale.
At the end of the harvest period, the following were calculated per plant:
Total yield (kg/plant) = sum of all fruit weights (marketable + unmarketable)
Marketable yield (kg/plant) = sum of marketable fruit weights only
[bookmark: _Toc233216521]3.4 Data Collection 
Data were collected from 10 randomly selected and tagged plants per variety per replication, giving a total of 60 plants per variety (10 plants x 6 replications) and 180 plants overall. 
The following parameters were measured: 
[bookmark: _Toc233216522]3.4.1 Fruit Cluster Traits
Mean number of fruits per cluster: Counted from all the clusters on each tagged plant at week 6, 8, 10 and 12 intervals after transplanting. For each tagged plant, the number of fruits from each cluster was recorded. The mean number of fruits per cluster was then be calculated per plant (by summing the fruit counts of all clusters and dividing by the total number of clusters on that plant) and subsequently per variety (by averaging the means of all plants within that variety).
Mean cluster weight (g): For each cluster on a tagged plant, the weights of all individually harvested fruits (collected across multiple harvests at week 10, 12 and 14 after transplanting) was summoned to obtain the total weight of that cluster. This was repeated for all clusters on each plant. The mean cluster weight per variety was then calculated by summing the weights of all clusters from all plants of that variety and divided by the total number of clusters measured.
Mean fruit size (mm): Fruit size was measured as the equatorial diameter of individual fruits using a digital calliper. A representative sample of fruits was measured from each tagged plant at week 6, 8, 10 and 12 after transplanting. For each fruit sampled, the calliper was placed across the widest part of the fruit (equatorial plane) and the reading was recorded in millimetres. The mean fruit size per variety was then calculated by averaging all individual fruit diameter measurements taken from that variety.  
[bookmark: _Toc233216523]3.4.2 Yield Parameters
Mean total yield per plant (kg): Was calculated as the average cumulative weight of all fruits (both marketable and unmarketable) harvested from each tagged plant over the entire harvest period. At each harvest event (Mondays and Thursdays), all ripened fruits were picked selectively from each tagged plant and weighed individually using a digital balance. The individual fruit weights were summed per plant after each harvest to obtain the cumulative total yield for the plant. At the end of the harvest period, the mean total yield per plant for each variety was calculated by summing the cumulative total yields of all 60 plants (10 plants x 6 replications) of that variety and dividing by 60. Harvesting was continued until no reasonable marketable yield remained that is when the plant produced fewer than three marketable fruits per week for two consecutive weeks or when the remaining fruits were consistently below marketable size or exhibited severe physiological disorders. This endpoint ensured that the mean total yield reflects the full productive lifespan of each variety under the trial conditions.
Mean marketable yield per plant (kg): It was calculated as the average cumulative weight of only marketable fruits harvested from each tagged plant over the entire harvest period. At each harvest, fruits were sorted and categorized as either marketable or unmarketable. Marketable fruits were defined as those free from physical blemishes, cracks, blossom end rot, sunscalds, damage caused by insects or disease symptoms. Unmarketable fruits included those with any of these defects and were excluded from marketable yield. Only the weight of marketable fruits were added to the cumulative marketable yield per plant. At the end of the harvest period, the mean marketable yield per plant for each variety was calculated by summing the cumulative marketable yields of all 60 plants of that variety and dividing by 60. As with total yield, harvesting was continued until no reasonable marketable yield remains.
[bookmark: _Toc233216524]3.5 Data Analysis
All collected data were subjected to analysis of variance (ANOVA) in Genstat 22nd Edition statistical software. The treatment means were separated using the Least Significant Difference (LSD) test at a 5% (p<0.05) probability level. Graphs were generated using Microsoft Excel to visualize treatment differences.   

[bookmark: _Toc233216525]CHAPTER 4

4.0 [bookmark: _Toc233216526]INTRODUCTION
This chapter gives the results of the statistical analysis of data collected on fruit cluster traits and yield parameters of three tomato varieties (Candela F1- Treatment 1, Dylla F1- Treatment 2 and Trinity F1- Treatment 3) grown under greenhouse conditions. The data were subjected to Analysis of Variance (ANOVA) using Genstat 22nd Edition statistical software. Treatment means were separated using the Least Significant Difference (LSD) test at 5% (p<0.05) significance level.
[bookmark: _Toc233216527]4.1 Fruit cluster traits
[bookmark: _Toc233216528]4.1.1 Mean number of fruits per cluster
The mean number of fruits per cluster was recorded at 6, 8, 10 and 12 weeks after transplanting (WAP). Significant differences were observed among the three varieties at all assessment periods indicating that varietal selection has a marked influence on fruit set capacity.
Table 4.1 shows summary of results for mean number of fruits per cluster over assessment periods.
	Treatment 
	Variety
	Mean number of fruits per cluster at 6 WAT
	Mean number of fruits per cluster at 8 WAT
	Mean number of fruits per cluster at 10 WAT
	Mean number of fruits per cluster at 12 WAT

	1
	Candela
	5.17b
	6.33b
	7.83ab
	7.67b

	2
	Dylla
	6.50a
	7.67a
	8.00a
	8.83a

	3
	Trinity
	5.67ab
	6.33b
	6.67b
	6.83b

	Statistical Values
	
	
	
	
	

	Grand mean
	
	5.78
	6.78
	7.50
	7.78

	LSD (5%)
	
	0.987
	0.836
	0.968
	1.042

	CV (%)
	
	10.7
	5.1
	2.4
	2.2

	F (pr)
	
	0.038
	0.007
	0.023
	0.005



These results indicate a clear trend where Dylla F1 consistently produced the highest number of fruits per cluster while Trinity F1 showed the lowest fruit set. Candela F1 occupied intermediate position though it was statistically similar to Trinity F1 at the final assessment. The progressive increase in fruit number from 6 to 12 weeks after transplanting for all varieties reflects the normal pattern of cluster development in greenhouse tomatoes. As the plants matured additional clusters developed and existing clusters set more fruits. Significant varietal differences were observed at all assessment periods (p<0.05).
[bookmark: _Toc233216529]4.1.2 Mean cluster weight (g)
The cluster weight was recorded at 10, 12 and 14 weeks after transplanting. The significant differences were observed at all assessment periods with Candela F1 consistently producing the heaviest clusters. 
Table 4.2 shows summary of results for mean cluster weight (g) over assessment periods.
	Treatment 
	Variety
	Mean cluster weight (g) at 10 WAT
	Mean cluster weight (g) at 12 WAT
	Mean cluster weight (g) at 14 WAT

	1
	Candela
	1438a
	1470a
	1520a

	2
	Dylla
	1070b
	1108b
	1106b

	3
	Trinity
	1028b
	1016b
	1024b

	Statistical Values
	
	
	
	

	Grand mean
	
	1179
	1198
	1217

	LSD (5%)
	
	221.9
	162.8
	116.3

	CV (%)
	
	6.3
	3.5
	1.9

	F (pr)
	
	0.004
	<0.001
	<0.001



The results demonstrate that Candela F1 consistently produced significantly heavier cluster than both Dylla F1 and Trinity F1 with the difference becoming more pronounced over time. The increase in cluster weight from 10 to 14 weeks after transplanting for all varieties reflects the progressive fruit development and accumulation of dry matter. Significant varietal differences were observed at all assessment periods (p<0.05).




[bookmark: _Toc233216530]4.1.3 Mean fruit size (mm)
The fruit size measured as equatorial diameter using a digital calliper was recorded at 6, 8, 10, and 12 weeks after transplanting. The significant differences were observed among the varieties at all assessment periods with Candela F1 consistently producing the largest fruits.
Table 4.3 shows summary of results for mean cluster weight (g) over assessment periods.
	Treatment 
	Variety
	Mean fruit size (mm) at  6 WAT
	Mean fruit size (mm) at  8 WAT
	Mean fruit size (mm) at  10 WAT
	Mean fruit size (mm) at  12 WAT

	1
	Candela
	21.67a
	41.50a
	57.17a
	75.67a

	2
	Dylla
	19.17b
	33.00b
	51.50b
	63.67b

	3
	Trinity
	19.83ab
	34.00b
	52.00b
	66.33b

	Statistical Values
	
	
	
	
	

	Grand mean
	
	20.22
	36.17
	53.56
	68.56

	LSD (5%)
	
	1.932
	2.384
	1.655
	2.883

	CV (%)
	
	3.2
	4.0
	1.5
	1.8

	F (pr)
	
	0.041
	<0.001
	<0.001
	<0.001


 
The results indicate a clear pattern whereby Candela F1 consistently produced the largest fruits throughout the assessment period with a marked increase in size from the early to late stages. Dylla F1 and Trinity F1 were generally similar in fruit size though Trinity F1 showed a slight advantage over Dylla F1 at the later stages. The increasing fruit size over time reflects normal fruit growth and development patterns with fruits expanding progressively as they mature. Significant varietal differences were observed at all assessment periods (p<0.05).






[bookmark: _Toc233216531]4.3 Yield parameters
[bookmark: _Toc233216532]4.3.1 Mean total yield per plant (kg)
Table 4.4 shows summary of results for mean total yield per plant (kg).
	Treatment 
	Variety
	Mean total yield (kg/plant)

	1
	Candela
	17.42a

	2
	Dylla
	13.79b

	3
	Trinity
	11.96c

	Statistical Values
	
	

	Grand mean
	
	14.39

	LSD (5%)
	
	1.633

	CV (%)
	
	2.8

	F (pr)
	
	<0.001



Candela F1 achieved the highest mean total yield per plant at 17.42kg (superscript a) which was significantly greater than Dylla F1at 13.79kg (superscript b) and Trinity F1 at 11.96kg (superscript c). The analysis of variance for mean total yield per plant showed a highly significant difference among the three varieties (F pr.<0.001). The grand mean total yield per plant was 14.39kg. The coefficient of variation (CV%) for this trait was 2.8%. The Least Significant Difference (LSD) at 5% was 1.633kg and all three varieties were statistically distinct from each other as indicated by the different superscripts letters (a, b and c).







[bookmark: _Toc233216533]4.3.2 Mean marketable yield per plant (kg)
Table 4.5 shows summary of results for mean marketable yield per plant (kg).
	Treatment 
	Variety
	Mean total yield (kg/plant)

	1
	Candela
	14.11a

	2
	Dylla
	10.98b

	3
	Trinity
	9.75b

	Statistical Values
	
	

	Grand mean
	
	11.61

	LSD (5%)
	
	1.977

	CV (%)
	
	2.8

	F (pr)
	
	<0.001



The mean marketable yield per plant representing only fruits suitable for fresh market sale (free from blemishes, cracks, blossom end rot, insect damage or disease symptoms). Candela F1 produced the highest marketable yield (14.11a) which is significantly greater than both Dylla F1 (10.98b) and Trinity F1 (9.75b). The analysis of variance for the mean marketable yield per plant showed a highly significant difference among the three varieties (F pr.<0.001). Dylla F1 and Trinity F1 were not significantly different from each other as indicated by their shared superscript letter (b). The grand mean total marketable yield per plant was 11.61kg. The coefficient of Variation (CV%) for this trait was 2.8%. The Least Significant Difference (LSD) at 5% was 1.977kg. 







[bookmark: _Toc233216534]4.4 Testing of Hypotheses
Based on the ANOVA results presented above, the study hypotheses were tested as follows:
Hypothesis 1 (cluster traits)
There was a significant difference in the mean number of fruits per cluster at weekly intervals (p=0.038 at 6 WAT, p=0.007 at 8 WAT, p=0.023 at 10 WAT and p=0.005 at 12 WAT), mean cluster weight at weekly intervals (p=0.004 at 10 WAT, p<0.001 at 12 and 14 WAT intervals) and mean fruit size at weekly intervals (p=0.041 at 6 WAT, p<0.001 at 8, 10 and 12 WAT intervals) among the three varieties. 
Hypothesis 2 (yield parameters)
There was a significant difference in both mean total yield per plant (p<0.001) and mean marketable yield per plant (p<0.001) among the three varieties. 


















[bookmark: _Toc233216535]CHAPTER 5

[bookmark: _Toc233216536]5.0 DISCUSSIONS
[bookmark: _Toc233216537]5.1 Fruit cluster traits 
[bookmark: _Toc233216538]5.1.1 Mean number of fruits per cluster
The findings are coherent with Heuvelink and Marcells (2021) who reported that certain tomato genotypes have an inherent capacity for prolific fruit set due to favourable alleles at loci controlling inflorescence architecture. Dylla F1’s higher fruit number per cluster aligns with the description of varieties possessing a genetic predisposition for increase flower retention and fruit set likely influenced by genes such as the self-pruning (SP) and compound inflorescence (S) genes discussed by Jong et al., (2020). The lower fruit number in Trinity F1 suggests a different genetic architecture that prioritises other traits such as fruit size or cluster spacing.
The progressive increase in fruit number from 6 to 12 weeks after transplanting for all varieties reflects the normal pattern of cluster development in greenhouse tomatoes. Additional clusters developed and existing clusters set more fruits as the plants matured. This temporal pattern is consistent with observations by Peet and Willits (2021) who noted that tomato fruit set is influenced by environmental conditions particularly temperature and light intensity.
[bookmark: _Toc233216539]5.1.2 Mean cluster weight
These findings directly relate to the source sink dynamics discussed by Borghesi et al. (2021). Despite having fewer fruits per cluster, Candela F1 achieved the highest cluster weight because each individual fruit was larger. This demonstrates that cluster weight is not solely determined by fruit number but rather by the balance between fruit quantity and individual fruit development. The strong positive correlation between fruit size and cluster weight reported in literature by Li et al. (2020) is evident here as Candela F1’s larger fruits contributed to heavier clusters despite a moderate fruit count.
The high cluster weight of Candela F1 suggests that this variety allocates photoassimilates more efficiently to individual fruits within a cluster reducing intra cluster competition. This is consistent with the findings of Li et a/. (2020), who demonstrated that reducing fruit number per truss allows remaining fruits to receive a greater share of assimilates resulting in increased individual fruit weight and total cluster weight.
Dylla F1, despite having the highest fruit number, produced a lower cluster weight than Candela F1. This illustrates the trade-off described by Heuvelink and Marcells (2021) where high fruit set intensifies competition for limited resources limiting the size each fruit can attain. The lower cluster weight in Trinity F1 was attributed to both moderate fruit number and moderate fruit size.  
[bookmark: _Toc233216540]5.1.3 Mean fruit size
These findings strongly support the trade-off between fruit number and individual fruit size documented by Li et al., (2020). Dylla F1 which had the highest number of fruits per cluster produced smallest fruits while Candela F1 with a moderate fruit number produced the largest fruits. This inverse relationship is a classic example of sink competition within the cluster where the plant’s capacity to supply photoassimilates is insufficient to support many fruits to their full potential size.
The genetic basis for these differences involve alleles of the fasciated and locule number loci which Xu et al., (2021), linked to increased floral meristem size and fruit locule number ultimately influencing final fruit size. The progressive increase in fruit size from 6 to 12 weeks after transplanting for all varieties reflects the normal pattern fruit growth. The early stages (6WAT) represent the initial fruit set and early development phase while the later stages (10-12 WAT) correspond to the rapid expansion phase where cell enlargement and water accumulation occur. This pattern aligns with the descriptions of tomato fruit development by Ho and White (2022) who outlined the distinct phases of fruit growth.  
[bookmark: _Toc233216541]5.2 Yield parameters
[bookmark: _Toc233216542]5.2.1 Mean total yield per plant
These results contradicted the common expectation that varieties with more fruits per cluster would produce higher total yields. Despite having fewer fruits per cluster, Candela F1 outperformed both Dylla F1 and Trinity F1 in total yield. This suggested that total yield is influenced by factors beyond individual cluster performance including the total number of clusters produced per plant, plant vigour and overall fruit set across the entire plant.
The superior total yield of Candela F1 can be explained by its combination of moderate fruit number and large fruit size which together produced heavier clusters and ultimately higher cumulative yield. This finding is significant because it demonstrates that yield is not simply a function of fruit number but rather the product of fruit number and individual fruit weight. Candela F1 was attributed to its ability to maintain consistent fruit production over the entire harvesting period as described by Van der Ploeg and Heuvelink (2019), who noted that yield stability across multiple trusses is as important as individual cluster performance. The harvesting protocol continued until no reasonable marketable yield remained allowing the full productive lifespan of each variety to be captured.
Dylla F1’s intermediate total yield, despite having the highest fruit number per cluster reflected the physiological costs associated with high fruit load. As discussed by Saito et al., (2018), plants with dense clusters may experience increased physiological stress potentially reducing the total number of productive trusses or shortening the productive lifespan of the plant. This was also supported by Li et al. (2020) who discussed the physiological trade-off whereby high fruit numbers come at the expense of fruit size with significant implications for total yield.
Trinity F1’s lower yield was attributed to its moderate performance across all cluster traits suggesting that this variety lacks the specific genetic characteristics that drive either high fruit number or large fruit size or may have a more conservative growth strategy.    
[bookmark: _Toc233216543]5.2.2 Mean marketable yield per plant 
Marketable yield is arguably more important than total yield for commercial growers as it directly determines revenue. The finding that Candela F1 produced the highest marketable yield is significant as it combines high total productivity with excellent fruit quality. This aligns the observations of Fan et al., (2022), who reported that fruit quality parameters such as freedom from cracking and blossom end rot are critical determinants of marketable yield.
Dylla F1’s lower marketable yield, despite its high fruit number per cluster, is explained by the physiological disorders associated with dense cluster architecture. As noted by Saito et al., (2018), compact clusters create microenvironments with reduced air circulation increasing humidity around fruits and promoting conditions favourable for fruit cracking and blossom end rot. The higher incidence of these disorders in Dylla F1 reduced the proportion of fruits classified as marketable.
Trinity F1’s lowest marketable yield reflects its lower total yield, but the variety’s marketable yield percentage was relatively high. Its cluster architecture allows for good fruit quality despite moderate productivity.
These results highlight the importance of considering both quantity and quality when evaluating tomato varieties for commercial production. While Dylla F1 produced more fruits per cluster than Candela F1, the quality of these fruits was somewhat inferior resulting in a lower marketable yield. This observation aligns with the findings of Tzortzakis et al., (2020) who noted that the architecture of tightly packed clusters can create microenvironments conducive to physiological disorders and post-harvest decay.  
[bookmark: _Toc233216544]5.3 Relationship between cluster traits and yield
The pattern of results across all five measured traits reveals important relationships between cluster architecture and overall plant productivity.
Candela F1 demonstrated a strategy of producing fewer fruits per cluster but investing more resources into each fruit resulting in larger individual fruits, heavier clusters and ultimately the highest total and marketable yields. This strategy aligns with the concept of ‘source sink balance’ described by Borghesi et al., (2021), where a moderate sink load allows each fruit to receive adequate photoassimilates for optimal development.
Dylla F1exhibited the opposite strategy, maximising fruit number per cluster at the expense of individual fruit size. While this strategy might be expected to maximise total yield, the results showed that Dylla F1 produced lower total and marketable yields than Candela F1. This suggests that extreme fruit set may exceed the plant’s capacity to provision fruits leading to both smaller fruits and potential quality issues that reduce marketable yield. The lower marketable yield may also be related to physiological disorders such as blossom end rot which has been associated with intense intra-cluster competition for calcium (Saito et al., 2018).
Trinity F1 displayed intermediate performance across most traits with moderate fruit number, moderate fruit size and moderate yields. This variety represents a more balanced genetic architecture that could offer greater stability across varying environmental conditions as suggested by S. et al., (2023) in their discussion of climate resilient clusters.   
[bookmark: _Toc233216545]5.4 Implications for Source Sink Dynamics
The results of this study provide empirical support for the source sink dynamics framework discussed in the literature revie. The negative relationship between fruit number and individual fruit size observed in this study confirms the theoretical predictions of Heuvelink and Marcells (2021) and the quantitative findings of Li et al. (2020).
Candela F1 appears to maintain a favourable source sink balance where the supply of photoassimilates (source) is sufficient to support the demand from developing fruits (sink). This allows each fruit to achieve its full-size potential while maintaining high quality. The high marketable yield percentage of Candela F1 supports this interpretation.
Dylla F1, by contrast, creates an excessive sink demand that exceeds the plant’s source capacity particularly under the greenhouse conditions of this study. The resulting fruit size reduction and increased incidence of physiological disorders are consistent with the findings of Saito et al. (2018) who reported that dense clusters exacerbate calcium related disorders due to restricted transpiration and vascular flow to distal fruits,
Trinity F1’s intermediate performance suggests a more balanced source sink relationships which offer advantages in terms of yield stability across different environmental conditions, a point emphasized by Van der Ploeg and Heuvelink (2019).   
[bookmark: _Toc233216546]5.5 Implications for Management Interventions
The varietal differences observed in this study have important implications for management practices particularly fruit thinning. As discussed by Fan et al. (2022), fruit thinning can mitigate the negative effects of high fruit load by reducing sink competition. For Dylla F1 which exhibited the highest fruit number per cluster but the smallest fruit size, selective fruit thinning could potentially increase individual fruit size and improve marketable yield. However, the economic calculus would require balancing the labour cost of thinning against the premium price for a larger, higher quality fruits.
For Candela F1 which already achieves large fruit size and high marketable yield without thinning, the additional labour of fruit thinning may not be economically justified. Trinity F1 can benefit from moderate thinning to improve fruit size uniformity though its intermediate performance suggests that it require less intensive management than Dylla F1.
The findings also highlight the importance if environmental and nutritional management particularly calcium nutrition and irrigation scheduling to prevent blossom end rot and fruit cracking in varieties with dense clusters (Saito et al., 2018).
[bookmark: _Toc233216547]5.6 Implications for Variety Selection
The results of this study provide valuable information for greenhouse tomato producers in semi-arid Zimbabwe and similar environments. The choice of variety should be guided by market requirements, management capacity and economic objectives.
Candela F1 emerges as the best performing variety overall, combining the highest total yield, highest marketable yield, largest fruit size and heaviest clusters. This variety would be recommended for growers targeting premium markets that prioritise large, high fruit quality and for growers with the management capacity to support its productive potential.
Dylla F1 may be suitable for markets that accept smaller fruit size in exchange for higher fruit numbers per cluster or for growers who are willing to implement fruit thinning to improve fruit size and quality. However, the lower marketable yield percentage suggests that careful management of nutrition and irrigation is necessary to minimise physiological disorders.
Trinity F1 offers a balanced option for growers seeking moderate productivity with good fruit quality. This variety may be particularly suitable for growers with less intensive management systems or for those targeting markets that do not require the largest fruit size.

















[bookmark: _Toc233216548]CHAPTER 6

[bookmark: _Toc233216549]6.0 CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc233216550]6.1 Conclusion
The research was performed to evaluate and compare the fruit cluster traits and yield of three distinct tomato varieties (Candela F1, Dylla F1 and Trinity F1) grown under greenhouse conditions in Zvishavane, Midlands Province, Zimbabwe. The study was guided by two specific objectives which include the evaluation and comparison of fruit cluster traits (number of fruits per cluster, cluster weight and fruit size) of the three varieties and assessing the total yield and marketable yield performance of the three varieties. The study successfully achieved its main objective of evaluating and comparing the fruit cluster traits and yield of three different tomato varieties grown under greenhouse conditions. The null hypotheses were rejected for both cluster traits and yield parameters confirming that there are significant differences among the three varieties. Among the three varieties evaluated is where Candela F1 emerged as the best performing variety overall demonstrating superior cluster weight, fruit size, total yield and marketable yield. This variety is recommended for greenhouse tomato production in semi-arid Zimbabwe, particularly for growers targeting premium markets that prioritise large, high-quality fruits.  
[bookmark: _Toc233216551]6.2 Recommendations
Greenhouse tomato growers in semi-arid Zimbabwe and similar environments are recommended to select Candela F1 for commercial production because it outperformed Dylla F1 and Trinity F1 in both total yield and heaviest clusters. Growers targeting premium fresh markets that demand large, blemish free fruits should prioritise Candela F1. For growers who choose to grow Dylla F1, they are recommended to implement fruit thinning to reduce the number of fruits per cluster. This practice may improve individual fruit size and reduce the incidence of physiological disorders such as fruit cracking and blossom end rot thereby increasing marketable yield. For all varieties, but particularly for Dylla F1 with its dense cluster architecture, it is recommended to maintain optimal calcium nutrition and consistent irrigation scheduling to minimize blossom end rot and fruit cracking. Maintaining appropriate vapour pressure deficit (VPD) within the greenhouse will facilitate adequate transpiration and calcium mobility to developing fruits. The twice weekly harvesting schedule (Mondays and Thursdays) used in this study is recommended for commercial growers to ensure fruits are harvested at optimal maturity reducing over ripening and post-harvest losses. 
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[bookmark: _Toc230948316][bookmark: _Toc233216554]Appendix 1: Mean number of fruits per cluster
Variate: Mean_number_of_fruits_per_cluster_at_6_WAT
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Block stratum	5	 5.7778	 1.1556	 1.96	 
 
Block.*Units* stratum
Treatment	2	 5.4444	 2.7222	 4.62	 0.038
Residual	10	 5.8889	 0.5889	 	 
 
Total	17	 17.1111

Variate: Mean_number_of_fruits_per_cluster_at_8_WAT
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Block stratum	5	 1.7778	 0.3556	 0.84	 
 
Block.*Units* stratum
Treatment	2	 7.1111	 3.5556	 8.42	 0.007
Residual	10	 4.2222	 0.4222	 	 
 
Total	17	 13.1111
Variate: Mean_number_of_fruits_per_cluster_at_10_WAT
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Block stratum	5	 0.5000	 0.1000	 0.18	 
 
Block.*Units* stratum
Treatment	2	 6.3333	 3.1667	 5.59	 0.023
Residual	10	 5.6667	 0.5667	 	 
 
Total	17	 12.5000
Variate: Mean_number_of_fruits_per_cluster_at_12_WAT
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Block stratum	5	 0.4444	 0.0889	 0.14	 
 
Block.*Units* stratum
Treatment	2	 12.1111	 6.0556	 9.24	 0.005
Residual	10	 6.5556	 0.6556	 	 
 
Total	17	 19.1111

[bookmark: _Toc230948317][bookmark: _Toc233216555]Appendix 2: Mean cluster weight (g)
Variate: Mean_cluster_weight_g_at_10_week
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Block stratum	5	 83720.	 16744.	 0.56	 
 
Block.*Units* stratum
Treatment	2	 610359.	 305179.	 10.26	 0.004
Residual	10	 297479.	 29748.	 	 
 
Total	17	 991558.

Variate: Mean_cluster_weight_g_at_12_week
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Block stratum	5	 26004.	 5201.	 0.32	 
 
Block.*Units* stratum
Treatment	2	 690881.	 345441.	 21.58	<.001
Residual	10	 160059.	 16006.	 	 
 
Total	17	 876944.
Variate: Mean_cluster_weight_g_at_14_week
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Block stratum	5	 8289.	 1658.	 0.20	 
 
Block.*Units* stratum
Treatment	2	 847444.	 423722.	 51.85	<.001
Residual	10	 81717.	 8172.	 	 
 
Total	17	 937450.
[bookmark: _Toc230948318][bookmark: _Toc233216556]Appendix 3: Mean fruit size (mm)
Variate: Mean_fruit_size_mm_at_6_WAT
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Block stratum	5	 6.444	 1.289	 0.57	 
 
Block.*Units* stratum
Treatment	2	 20.111	 10.056	 4.46	 0.041
Residual	10	 22.556	 2.256	 	 
 
Total	17	 49.111

Variate: Mean_fruit_size_mm_at_8_weeks_af
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Block stratum	5	 31.167	 6.233	 1.82	 
 
Block.*Units* stratum
Treatment	2	 259.000	 129.500	 37.72	<.001
Residual	10	 34.333	 3.433	 	 
 
Total	17	 324.500

Variate: Mean_fruit_size_mm_10_WAT
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Block stratum	5	 9.778	 1.956	 1.18	 
 
Block.*Units* stratum
Treatment	2	 118.111	 59.056	 35.67	<.001
Residual	10	 16.556	 1.656	 	 
 
Total	17	 144.444
Variate: Mean_fruit_size_mm_at_12_WAT
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Block stratum	5	 23.778	 4.756	 0.95	 
 
Block.*Units* stratum
Treatment	2	 476.444	 238.222	 47.43	<.001
Residual	10	 50.222	 5.022	 	 
 
Total	17	 550.444
[bookmark: _Toc230948319][bookmark: _Toc233216557]Appendix 4: Mean total yield per plant (kg)
Variate: Mean_total_yield_per_plant_kg
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Block stratum	5	 2.520	 0.504	 0.21	 
 
Block.*Units* stratum
Treatment	2	 92.602	 46.301	 19.60	<.001
Residual	10	 23.617	 2.362	 	 
 
[bookmark: _Toc230948320]Total	17	 118.738	 	 	 




	
[bookmark: _Toc233216558]Appendix 5: Mean marketable yield per plant (kg)
Variate: Mean_marketable_yield_per_plant_kg
 
Source of variation	d.f.	s.s.	m.s.	v.r.	F pr.
 
Block stratum	5	 1.535	 0.307	 0.19	 
 
Block.*Units* stratum
Treatment	2	 60.676	 30.338	 18.83	<.001
Residual	10	 16.115	 1.611	 	 
 
Total	17	 78.326
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