


The compost derived poultry litter: an appropriate organic fertilizer for improving the growth and fruit yield of tomato (Solanum lycopersicum L.)


	
Abstract
[bookmark: _Hlk208534566][bookmark: _Hlk208534731][bookmark: _Hlk208531875]This study aimed to improve tomato (Solanum lycopersicum L.) production in Ngaoundere-Cameroon, while ensuring agroecology practices. Field experimentations were carried out during the year 2023. A split-splot experimental design, repeated 03 times was used. The first factor was fertilization, with 05 treatments (negative control: seedlings receiving no fertilizer, positive control: synthetic chemical fertilizer 20-10-10 + Urea 46%, compost derived poultry litter, compost tea derived poultry litter, and mycorrhizal inoculum); the second factor was variety, with 02 tomato varieties (Rio Grande Griffaton, and Roma Savana). The tomato growth parameters and fruit yield were evaluated. Produced compost increased the fruit yield of the Rio Grande Griffaton variety by 364.66% and 26.88% compared to the negative control and chemical fertilizer, respectively.  Compost increased the fruit yield of the Roma Savana variety by 444.99% and 16.36% compared to the negative control and chemical fertilizer, respectively. The Rio Grande Griffaton variety produced 1.31-fold more fruits than Roma Savana. The supply of 1 Kg of compost derived poultry litter per hole at sowing time was found to be very promising in improving the tomato fruit yield and therefore, can be used as an alternative to replacing the mineral fertilizers usually employed for the cultivation of this fruit vegetable.
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INTRODUCTION
The population growth has repercussions on food security, which is currently a concern in countries around the world, now facing climate disruption and economic crisis. Food coverage remains insufficient (FAO, 2008). To alleviate the problem of world hunger, the development of the agricultural sector is a necessity. Among the agricultural crops developed is market gardening, which is mainly an off-season activity practiced in rural, urban and peri-urban areas near water reservoirs. It helps to make up for the shortfall in agricultural production during the rainy season and also contributes to the fight against poverty and food insecurity (Masa, 2014).  
Tomato (Solanum lycopersicum L.) is a vegetable crop belonging to the Solanaceae family. It is the second most consumed vegetable in the world and the most consumed in Cameroon. The fruits are rich in minerals, vitamins, essential amino acids, sugars and dietary fiber. Tomatoes contain high levels of vitamins B and C, iron and phosphorus (Shankara et al., 2005). Global tomato production was 182.30 million tons in 2018, with Africa producing 20.80 million tons (Frey, 2020). In Cameroon, national tomato production is 889,800 tons per year (Kouagheu, 2020).
In the Adamawa Cameroon region, soil structure is severely degraded in crop areas, particularly in low-lying areas, due to a high accumulation of chemical inputs (PNDP, 2013). The excessive use of chemical inputs contributes to climate change by releasing tons of nitrous oxide, a greenhouse gas that is more potent than carbon dioxide (Matt Fisher, 2018). It pollutes groundwater and causes soil salinization, which has consequences for soil fertility and fruit quality (Batamoussi et al., 2016). It is therefore urgent to use fertilizers that can improve soil fertility while maintaining its ecological balance (Tchuenteu et al., 2018). Organic fertilizers improve soil structure, enrich it with nutrients and maintain soil moisture (Batamoussi et al., 2016).
Previous studies have demonstrated the effects of natural fertilizers on tomato growth and yield.  Indeed, Kitabala et al. (2016), and Moussa (2018) showed that organic matter can be used as a substitute for mineral fertilizers in crops production. Furthermore, the work of Ziane (2018) on the application of arbuscular mycorrhizal fungi in tomato cultivation in North-Eastern Algeria revealed the positive effect of this biofertilizer to improving tomato fruit yield. To the best of our knowledge, no comparative study has been conducted on several organic fertilizers (compost, compost tea, mycorrhizal inoculum) on tomato growth and yield under High Guinean Savannah climate of Cameroon.
[bookmark: _Hlk208311982]By using natural fertilizers for tomato growing would contribute to improving the productivity of this vegetable crop, cleaning up the environment through the composting of organic waste, which is abundant in Ngaoundere city of Cameroon, and promoting the use of locally available materials in agroecology. Compost improves soil quality, reduces losses due to plant parasites, and improves plant growth and yield (Chabalier et al., 2006). Organic fertilizer improves soil fertility durably, and consequently, in the sustainability of agricultural production. This waste is rich in several mineral elements necessary for plant growth. It improves the physical characteristics of the soil as well as its biological composition (Vilmar, 2012). Furthermore, several authors reported that mycorrhizal symbiosis improves plant productivity (Tchuenteu et al., 2020; Kamdem et al., 2020). According to Dalpé (2003), one of the main properties of mycorrhizae is to facilitate the nutrition of the host plant with low-mobility mineral elements, particularly phosphorus. This study aimed to improve tomato production under High Guinean Climate of Ngaoundere-Cameroon, while ensuring agroecology practices. 

Materials and methods
Study area 
The study was conducted during cropping season 2023 in the experimental field of Faculty of Science of the University of Ngaoundere (Cameroon) located on its main campus. The area belongs to the agro-ecological zone II of Cameroon and is characterized by a High Guinean Savannah with six months rainy season (May to October) and six months dry season (November to April) (Mandassia et al., 2025). The vegetation of the study area is an herbaceous savannah dominated by Annona senegalensis, Imperata cylindrica, Pennisetum purpureum, and Piliostigma thonningii. The geographical parameters of the field are the following: 1155.80 m altitude, 7°24’61’’ North latitude, and 13°34’24’’ East longitude. The height of shrubs presents in the experimental site ranged between 1.50 m and 2 m height, and these shrubs are scattered throughout the area. Table 1 presents physico-chemical characteristics of the growing soil in the study site.
Table 1: Physico-chemical properties of soil of Bini-Dang and compost derived poultry litter
	Parameters
	Study site 
	Compost derived poultry litter

	pH
	4.3±0.01
	7.12±0.01

	N tot (g/100g)
	1.07±0.03
	4.23±0.59

	P tot (g/100g)
	0.41±0.02
	0.51±0.02

	Ca (g/100g
	0.49±0.00
	1.01±0.09

	Fe (g/100g)
	0.19±0.06
	0.50±0.09

	Al (g/100g)
	0.32±0.03
	0.63±0.03

	Mg (g/100g)
	0.10±0.02
	0.20±0.02



[bookmark: _Toc123861827][bookmark: _Toc123861918][bookmark: _Toc123861828][bookmark: _Toc123861919][bookmark: _Toc91570680][bookmark: _Toc91572683]Tomato seeds 
Two varieties of tomato (Solanum lycopersicum L.) were used (Figure 1). These were the Rio Grande Griffaton and Roma Savana tomato varieties. These two varieties are preferred by tomato growers of Ngaoundere-Cameroon because of their high fruit yield and disease resistance.
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	Figure 1: Seeds of Rio Grande Griffaton (1a) and Roma Savana (1b) varieties of tomato


 
Fertilizers 
Fertilizers used are the following: compost, compost tea, chemical fertilizer, and mycorrhizal biofertilizer. Compost derived poultry litter is used (Figure 2A). Litter from Gallus domesticus subspecies comes from a local livestock farm in Dang (Adamawa, Cameroon). The heap composting method according to Tchuenteu et al. (2018) was used. The composting process lasted 06 months. The compost tea (Figure 2B) was derived from compost based poultry litter. The process for making compost tea was inspired by the method described by Deschêne (2007). 
The chemical fertilizer (Figure 2C) used as a positive control for this trial was granulated NPK. This fertilizer is an approved synthetic compound, popular for tomato cultivation in Ngaoundere-Cameroon.
The mycorrhizal inoculum used were supplied by the Laboratory of Soil and Microbiology of the Biotechnology Center of the University of Yaounde I (Cameroon) (Figure 2D). Selected isolates were multiplied by sorghum plants (host plants) and tested on maize and sorghum (Nwaga et al. 2007). It contains infective spores and propagules of three genus Glomus, Scutellospora, and Gigaspora species with a concentration of approximately 20 spores/g of substrate.
	2A) Compost      [image: C:\Users\admin\Pictures\IMG_20210112_090112_856.jpg]
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Figure 2: Fertilizers: compost (2A), compost tea (2B), chemical fertilizer (NPK 20-10-10) (2C), and mycorrhizal biofertilizer (2D)  


Assessment of the responses of tomato to compost, compost tea, and mycorrhizae 
Experimental design, sowing and crop management 
[bookmark: _Hlk208312255]Field experimentation was carried out during the cropping seasons 2023. The experimental design is a split-splot, repeated 03 times. The first factor is fertilization, with 05 treatments (negative control (unfertilized plants), positive control (synthetic chemical fertilizer 20-10-10 + Urea 46%), compost derived poultry litter, compost tea derived poultry litter, and mycorrhizal inoculum); the second factor is variety, with 02 tomato varieties (Rio Grande Griffaton, and Roma Savana). The experimental design includes 30 experimental subunits spaced 0.5 m apart in a block. Each experimental subunit comprises 30 plants spaced 50 cm apart and arranged in the same seedling row. Two consecutive blocks are spaced 1 m apart. 90 plants per treatment are maintained by manual weeding once every two weeks during the trial. On each experimental unit, seven plants are labelled to facilitate data collection.

Data collection, sample and statical analysis         
During the vegetative phase, growth parameters such as the number of leaves per plant, plant height, and stem diameter at the collar are assessed at two-week intervals after transplanting on different observation dates (14, 28, 42, 56 and 70 days after transplanting). Production parameters such as the number of flowers and fruits per plant, as well as the estimated fruit yield per hectare are evaluated. Plant height was measured from the plant collar to the last bud using a tape measure. The stem diameter was measured at the collar using a 0.01 mm precision caliper. 30 plants are sample 
All the data were statistically analyzed using the Statgraphics Plus Program version 5.0. The significance of differences was determined using the Duncan test.

RESULTS
Tomato growing parameters 
The studied growing parameters include: plant height, number of leaves per plant, and diameter of stem at collar. At maturity, the statistical analysis (ANOVA) revealed a highly significant difference (p<0.001) between fertilizers on tomato growing parameters for each used tomato variety. Furthermore, there is a significant difference (p<0.05) between the both tomato varieties (Rio Grande Griffaton, and Roma Savana) on all studied growing parameters. No significant interaction is observed between fertilizers and tomato varieties on plant height. However, there is a significant difference (p < 0.05) in the interaction between fertilizers and varieties on the foliar production, and diameter of stem at collar. 
Tomato plant height
[bookmark: _Hlk208529299]Concerning, Rio Grande tomato variety at maturity, the highest plants heights were recorded on C plants (68.85 ± 7.61 cm), followed by T4 plants (52.61 ± 8.57 cm) and TC plants (50.33 ± 6.83 cm) (figure 3). In contrast, the lowest tomato plant height was observed on M plant (43.80 ± 4.95 cm) and T0 plant (43.71 ± 7.03 cm). The plant height of Rio Grande tomato variety from C-amended plots were 1.30-fold and 1.57-fold taller than the T4 and T0 plants, respectively.
Regarding, the Roma Savana variety, the highest heights at maturity were observed on C plants (66.76 ± 9.88 cm), T4 (48.80 ± 10.55 cm), and TC (46 ± 9 cm), while the lowest heights were observed on M plants (39.76 ± 4.63 cm) and T0 plant (39.66 ± 8.57 cm). The Roma savana tomato plants from C plots were 1.36-fold and 1.68-fold taller than T4 and T0 plants, respectively.
At maturity, T0 plants of the Rio Grande Griffaton tomato variety are taller (43.71 ± 7.03 cm) than those of the Roma Savana tomato variety (39.66 ± 8.57 cm). T0 plants of the Rio Grande Griffaton variety are 1.10-fold taller than those of the Roma Savana variety.


Figure 3: Tomato plant height depending on fertilizers and time 
JAR: Days After Transplanting, T0: unfertilized plot (negative control), T4: synthetic chemical fertilizer NPK (20-10-10) (positive control), C: compost derived poultry litter; TC: compost tea derived poultry litter, M: mycorrhizal inoculum, V1: Rio Grande Griffaton variety; V2: Roma Savana variety.

Tomato foliar production
The highest leaf production in the Rio Grande Griffaton variety was recorded on C plants (66.14 ± 15.70 leaves/plant), followed by T4 plants (39.52 ± 7.33 leaves/plant) and M plants (36.47 ± 9.68 leaves/plant). The lowest foliar production was recorded on TC plants (34 ± 7.00 leaves/plant), followed by T0 plants (33.76 ± 6.27 leaves/plant) (figure 4). Leaf production in Rio Grande tomato plants from C plots was 1.67-fold and 1.95-fold higher than that of T4 and T0 plants, respectively.
Regarding Roma Savana variety, the highest average number of leaves per tomato plant was observed on C plants C (49.85 ± 9.69 leaves/plant), T4 (31.61 ± 10.71 leaves/plant) and TC (30.14 ± 15 leaves/plant). The lowest leaf production was recorded in T0 plants (26.85 ± 6.78 leaves/plant), followed by M plant (22.47 ± 5.27 leaves/plant). Foliar production of Roma Savana tomato variety grown on C plots was 1.57-fold and 1.85-fold greater than that of T4 and T0 plants, respectively.
T0 plants of Rio Grande Griffaton tomato variety exhibited more leaves (33.76 ± 6.27 leaves/plant) than plants of Roma Savana variety (26.85 ± 6.78 leaves/plant). Leaf production of Rio Grande Griffaton variety was 1.25-fold greater than that of the Roma Savana variety.
	

	Figure 4: Tomato foliar production according to fertilizer and time 
[bookmark: _Hlk208184008]JAR: Days After Transplanting, T0: unfertilized plot (negative control), T4: synthetic chemical fertilizer NPK (20-10-10) (positive control), C: compost derived poultry litter; TC: compost tea derived poultry litter, M: mycorrhizal inoculum, V1: Rio Grande Griffaton variety; V2: Roma Savana variety. Value of bands relative to a tomato variety and to the same time affected by the same letter are no significant different.



Diameter of stem at collar 
The dimeter of stem at collar varied from 1.47 ± 0.39 cm for M plant to 1.32 ± 0.59 cm for TC plant of Rio Grande Griffaton variety of tomato (figure 5). The diameter of stem of Rio Grande Griffaton from C plots was 1.40-fold and 1.09-fold greater than that of T4 and T0 plants, respectively.
In the Roma savana variety at maturity, the highest collar diameter was recorded on C plants (1.82 ± 0.59 cm), followed by T4 plant (1.51 ± 0.53 cm) and TC plant (1.25 ± 0.43 cm). The lowest values of this growing parameter were recorded on T0 plants (1.21 ± 0.48 cm), followed by M plant (1.19 ± 0.46 cm). The radial growth of the stems of C plants of the Roma Savana variety was 1.20-fold and 1.50-fold greater than that of T4 and T0 plants, respectively.
T0 plants of the Rio Grande Griffaton tomato variety exhibited the greatest diameter of stem (1.81 ± 0.71 cm) compared to that of Roma Savana T0 plant (1.21 ± 0.48 cm). T0 plants of the Rio Grande Griffaton variety are 1.49-fold taller than those of Roma Savana variety.
 
Figure 5: Diameter of stem at collar depending on fertilizer and time  
JAR: Days After Transplanting, T0: unfertilized plot (negative control), T4: synthetic chemical fertilizer NPK (20-10-10) (positive control), C: compost derived poultry litter; TC: compost tea derived poultry litter, M: mycorrhizal inoculum, V1: Rio Grande Griffaton variety; V2: Roma Savana variety.

Tomato production
The statical analysis (ANOVA) revealed significant difference (p ˂ 0.05) between fertilizer relative to tomato production (flower production, number of fruits per plant, and fruit yield (Kg/ha) for each used tomato variety. Also, there is significant difference (p ˂ 0.05) between the both Rio grande griffaton and Roma Savana tomato varieties on studied production parameter. However, there is no significant difference in the interaction between fertilizers and tomato varieties relative to tomato production parameters. 

Flowers production
Results showed that, in the Rio Grande Griffaton tomato variety, the highest flower production was recorded on C plant (81.47 ± 19.59 flowers/plant) while the lowest value of this production parameter was from M plant (25.90 ± 7.62 flowers/plant) (table 2). The flower production of C plants of the Rio Grande Griffaton tomato variety is 1.74-fold and 2.72-fold higher than that of T4 and T0 plants.
The highest flower production in the Roma Savana variety varied from 20.23 ± 8.64 flowers/plant for M plant to 66.61 ± 13.90 flowers/plant for C plant. Plants of Roma Savana tomato variety from C plots had 1.68-fold and 2.19-fold more flowers than T4 and T0, plants respectively.
 T0 plants of the Roma Savana produced (30.28 ± 13.61 flowers/plant), the same number of flowers than T0 plants of Rio grande griffaton tomato variety (30.04 ± 17.56 flowers/plant), 
Table 2: Flower production depending fertilization 
	
	Number of flowers/plant

	Treatments
	V1
	V2

	T0
	30.04 ± 17.56b
	30.28 ± 13.61b

	T4
	46.57 ± 13.70c
	39.47 ± 14.05c

	C
	81.47 ± 19.59d
	66.61 ± 13.90d

	TC
	39 ± 17bc
	27 ± 14ab

	M
	25.90 ± 7.62a
	20.23 ± 8.64a


T0: unfertilized plot (negative control), T4: synthetic chemical fertilizer NPK (20-10-10) (positive control), C: compost derived poultry litter, TC: compost tea derived poultry litter, M: mycorrhizal inoculum, V1: Rio Grande Griffaton variety; V2: Roma Savana variety. Values of column affected by the same letter are no significant different. 

Tomato fruit production
In the Rio Grande Griffaton variety, the highest yields were recorded on C plants (12800 kg/ha or 12.80 t/ha), followed by T4 plants (10,088.77 kg/ha or 10.08 t/ha) and TC plants (8,487.97 kg/ha or 8.48 t/ha). In contrast, the lowest tomato fruit yields were obtained on M plants (2,887.99 kg/ha or 2.88 t/ha) and T0 plants (2,754.65 kg/ha or 2.75 t/ha). Treatment C increased the fruit yield of the Rio Grande Griffaton tomato variety by 364.66% and 26.88% respectively compared to treatments T0 and T4 treatments.  
Regarding Roma Savana tomato variety, the fruit yield varied from 2087.99 kg/ha (2.08 t/ha) for T0 plant to 11,377.30 kg/ha (11.37 t/ha) for C plant. C fertilizer increased the fruit yield of the Roma Savana variety by 444.99% and 16.36% compared to T0 and T4 treatments respectively. 
T0 plants of the Rio Grande Griffaton tomato variety produced more fruits (2.75 t/ha) than T0 plant of Roma Savana tomato variety (2.08 t/ha). The Rio Grande Griffaton tomato variety produced 1.31-fold fruits than Roma Savana variety.

Figure 5: Fruit yield depending on fertilizer 
T0: unfertilized plot (negative control), T4: synthetic chemical fertilizer NPK (20-10-10) (positive control), C: compost derived poultry litter; TC: compost tea derived poultry litter, M: mycorrhizal inoculum, V1: Rio Grande Griffaton variety; V2: Roma Savana variety. Value of bands relative to a tomato variety and to the same time affected by the same letter are no significant different.

DISCUSSION
The results obtained on tomato plant height corroborate partially the work of Batamoussi et al. (2016), who studied the effect of organic fertilisers on the growth and yield of two tomato varieties in the municipality of Parakou (Northern Benin), and reported that the tomato plants height varied from 81.5 ± 7.15 cm for F1 Mongal variety to 76.68 ± 7.84 cm for the F1 Jaguar variety. Plant height is considered a good indicator of photosynthetic capacity (Tchuenteu et al., 2013). Furthermore, Tchuenteu et al. (2018) revealed that there is are a positive significant correlation between plant height, leaf production, diameter of stem and crop yield. 
The benefit effects of poultry litter on tomato diameter of stem corroborate the work of Anguessin et al., (2021), who studied the effect of organic fertilization using leaf litter from Jatropha curcas L. and Jatropha gossypifolia L. on tomato growth in Guider (Northern Cameroon), and revealed that leaf litter from J. curcas and J. gossypifolia improved tomato diameter of stem. Our results on the number of fruits per tomato plant are comparable to those of Benjamin (2019), who studied the effects of several composts and chemical fertilizers on the growth and yield of zucchini (Cucurbita pepo) in Kenscoff (Haiti). These authors reported that amended plants with compost derived chicken manure produced more fruits (4.00 ± 0.46 fruits/plant) than control plants (1.31 ± 0.22 fruits/plant). The tomato fruit yields obtained in this study are lower than those reported in the literature. The studies of Kitabala et al. (2016) in Congo, and those of Ngom et al. (2017) in Senegal revealed that compost-based tomato fruit yields are 15 t/ha and 27 t/ha, respectively. Tomato is grown for its fruits. These fruits are rich in mineral elements, vitamins, essential amino acids, sugars and dietary fiber. Tomatoes contain high levels of vitamins B and C, iron and phosphorus (Shankara et al., 2005)
As for the treated plants with mycorrhizae, they showed no significant difference from the negative control relative to studied growth and yield parameters of tomato. This could be explained by the absence of symbiosis between mycorrhizal fungi and tomato plant roots; however, this needs to be investigated. The growing soil contains the nutrients, which are directly accessible to tomato plant roots, and provide them with adequate nutrition. Consequently, these plants do not need to rely on mycorrhizae for their mineral nutrition, hence the ineffectiveness of mycorrhizal inoculation on the height and tomato foliar production. These results corroborate those of Haro et al. (2012), who showed that plants will not need to form mycorrhizal symbiosis if nutrients are available in the environment and directly accessible to the plant roots. 
In this study, treated plants with compost tea grew significantly better (in terms of height and foliar production) than the negative control plants. This is because the presence of soluble nutrients in compost tea improves plant growth and allows for better absorption and retention of nutrients by the plant (Atama, 2013). 
In this work, it was recorded that all the parameters taken into consideration responded positively when the plots were fertilized by compost as compared to the data from the negative control plot (unfertilized plot). The positive effect of compost on tomato production corroborate data found in literature (Tchuenteu et al., 2020, Kamdem et al., 2020; Mohamed et al., 2025). 
This positive effects of compost on tomato growth can be explained by that, the low nutrient element available in the soil of study area (Bini-Dang) was increased by compost derived poultry litter and as the results the growth and production parameters considered were improved accordingly. Produced compost is rich in nitrogen (Table 1). In fact, nitrogen promotes the use of carbohydrates, stimulates root development and activity, thereby promoting the export of other minerals and plant growth (Stevenson, 1986). Compost provides nutrients and improves soil properties by enhancing its physical characteristics (structural stability, erosion control, increased water retention capacity, aeration and warming of the soil), as well as chemical (supplying major nutrients, supplying trace elements, increasing CEC, increasing the pH of acidic soils) and biological (stimulating microbial activity in the soil) properties of the soil. This would contribute to plant growth and thus promote good yields (Charland et al., 2001). As for the control, the absence of fertilization and the characteristics of the soil are thought to be the cause of the low yield (Kasongo et al., 2013).
By producing, and suppling of 1 Kg of compost derived poultry litter per hole at sowing is very promising in improving the tomato growth, and therefore, can be used as an alternative to replacing the chemical fertilizers usually employed by tomato growers. However, the effects of the compost used in this study on the physico-chemical properties of tomato fruits need to be investigated.

CONCLUSION
[bookmark: _Hlk208312382]Compost derived poultry litter increased the fruit yield of the Rio Grande Griffaton tomato variety by 364.66% and 26.88% compared to the negative control (unfertilized plant) and synthetic chemical fertilizer respectively.  Compost increased the fruit yield of the Roma Savana tomato variety by 444.99% and 16.36% compared to the negative control and synthetic chemical fertilizer respectively. The Rio Grande Griffaton tomato variety produced 1.31-fold more fruit than Roma Savana variety. By producing and using compost derived poultry litter for tomato growth, we are not only contributing to improving the yield of this vegetable crop, but also to the valorization of organic waste in agroecology. The application of 1 kg of compost per plant at the transplanting time is an alternative to chemical fertilizers for the cultivation of this fruit vegetable.
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V1	Tˉ	3.6416898223084253	5.8006567772640265	6.7156533561523259	7.0366388080024311	3.6416898223084253	5.8006567772640265	6.7156533561523259	7.0366388080024311	14JAR	28JAR	42JAR	56JAR	24.19047619047619	31.047619047619047	40	43.714285714285715	V1	T⁺	6.1019122685706737	6.8361782695694311	8.5809867342475954	8.5759908493199237	6.1019122685706737	6.8361782695694311	8.5809867342475954	8.5759908493199237	14JAR	28JAR	42JAR	56JAR	21.333333333333332	24.666666666666668	48.666666666666664	52.61904761904762	V1	C	3.7480153478366498	3.874827185086541	7.7812350592704167	7.6176486810939066	3.7480153478366498	3.874827185086541	7.7812350592704167	7.6176486810939066	14JAR	28JAR	42JAR	56JAR	21.61904761904762	28.285714285714285	64.61904761904762	68.857142857142861	V1	TC	3.6121488130500774	3.4771362053385468	6.8723046664544336	6.8361782695694249	3.6121488130500774	3.4771362053385468	6.8723046664544336	6.8361782695694249	14JAR	28JAR	42JAR	56JAR	20.952380952380953	24.761904761904763	46.142857142857146	50.333333333333336	V1	M	3.0166206257996713	3.7632306283172134	5.0643478403066942	4.9559968484558778	3.0166206257996713	3.7632306283172134	5.0643478403066942	4.9559968484558778	14JAR	28JAR	42JAR	56JAR	20	24.523809523809526	39.047619047619051	43.80952380952381	V2	Tˉ	4.3000553706290976	2.8735244660769541	7.325428640148286	8.5751579188568421	4.3000553706290976	2.8735244660769541	7.325428640148286	8.5751579188568421	14JAR	28JAR	42JAR	56JAR	22.238095238095237	25.571428571428573	36.523809523809526	39.666666666666664	V2	T⁺	3.325944191038805	2.8718668227512016	10.457624240806542	10.552815015999503	3.325944191038805	2.8718668227512016	10.457624240806542	10.552815015999503	14JAR	28JAR	42JAR	56JAR	23.80952380952381	26.952380952380953	45.19047619047619	48.80952380952381	V2	C	3.591656999213594	3.0659419433511785	9.9328699156842184	9.8889067237221084	3.591656999213594	3.0659419433511785	9.9328699156842184	9.8889067237221084	14JAR	28JAR	42JAR	56JAR	20	26	62.523809523809526	66.761904761904759	V2	TC	3.5422618547503069	3.1539846302128804	9.2484232890440961	9.2058470032702093	3.5422618547503069	3.1539846302128804	9.2484232890440961	9.2058470032702093	14JAR	28JAR	42JAR	56JAR	23.047619047619047	25.61904761904762	42.333333333333336	46.38095238095238	V2	M	4.1701889873812847	3.6761781396289392	4.8570027991011235	4.6357821552006007	4.1701889873812847	3.6761781396289392	4.8570027991011235	4.6357821552006007	14JAR	28JAR	42JAR	56JAR	22.761904761904763	24.714285714285715	35.761904761904759	39.761904761904759	Time 

Tomato plant heigjht (cm)



V1	Tˉ	a
a
a
a

1.0235326314383182	2.2562083659263816	5.9297474450354777	6.2761832502306802	1.0235326314383182	2.2562083659263816	5.9297474450354777	6.2761832502306802	14JAR	28JAR	42JAR	56JAR	4.0476190476190474	7.2380952380952381	30.19047619047619	33.761904761904759	V1	T⁺	a
a
a
a

0.56061191058138771	1.2071217242444341	7.0650042968341991	7.3390670225788641	0.56061191058138771	1.2071217242444341	7.0650042968341991	7.3390670225788641	14JAR	28JAR	42JAR	56JAR	3.7142857142857144	6.5714285714285712	35.714285714285715	39.523809523809526	V1	C	b
b
b
b

0.98076743517755627	4.9713464689443754	15.292544090565983	15.704412482756933	0.98076743517755627	4.9713464689443754	15.292544090565983	15.704412482756933	14JAR	28JAR	42JAR	56JAR	4.5238095238095237	10.714285714285714	61.80952380952381	66.142857142857139	V1	TC	a
a
a
a

0.64365030434678883	1.0304876330673547	6.781627842227568	6.9856996786291923	0.64365030434678883	1.0304876330673547	6.781627842227568	6.9856996786291923	14JAR	28JAR	42JAR	56JAR	3.7142857142857144	5.8095238095238093	30.238095238095237	34	V1	M	a
a
a
a

0.79582242575422202	1.8413245749938256	9.3304417289398973	9.683073105264917	0.79582242575422202	1.8413245749938256	9.3304417289398973	9.683073105264917	14JAR	28JAR	42JAR	56JAR	3.6666666666666665	6.0952380952380949	32.428571428571431	36.476190476190474	V2	Tˉ	
ab
ab
ab

0.84515425472851635	0.81357529578076493	7.2407576556995377	6.7858395978404236	0.84515425472851635	0.81357529578076493	7.2407576556995377	6.7858395978404236	14JAR	28JAR	42JAR	56JAR	3.7142857142857144	5.1904761904761907	22.857142857142858	26.952380952380953	V2	T⁺	bc
b
b
b

0.59761430466719667	1.3592715135759479	10.787117537224889	10.716698141107599	0.59761430466719667	1.3592715135759479	10.787117537224889	10.716698141107599	14JAR	28JAR	42JAR	56JAR	3.4285714285714284	6.0476190476190474	27.476190476190474	31.61904761904762	V2	C	abc
c
c
c

0.60158520751823852	2.1558337244831867	9.5650654044013894	9.6916753674775631	0.60158520751823852	2.1558337244831867	9.5650654044013894	9.6916753674775631	14JAR	28JAR	42JAR	56JAR	3.8095238095238093	8.0476190476190474	45.761904761904759	49.857142857142854	V2	TC	ab
b
b

0.58959227235357159	1.0712698295103098	14.496961914894609	14.523380165394396	0.58959227235357159	1.0712698295103098	14.496961914894609	14.523380165394396	14JAR	28JAR	42JAR	56JAR	3.3809523809523809	5.3809523809523814	26.80952380952381	30.142857142857142	V2	M	a
a
a
a

0.538958431120796	0.85356395693083698	5.2208373712597913	5.3723276856409985	0.538958431120796	0.85356395693083698	5.2208373712597913	5.3723276856409985	14JAR	28JAR	42JAR	56JAR	3.2380952380952381	4.8571428571428568	18.571428571428573	22.476190476190474	Time

Number of leaves/plant



V1Tˉ	7.4001286990094756E-2	8.4515425472853609E-2	0.6695414208887418	0.7122399274722766	7.4001286990094756E-2	8.4515425472853609E-2	0.6695414208887418	0.7122399274722766	14JAR	28JAR	42JAR	 56JAR	0.4380952380952382	0.62857142857142834	1.6142857142857143	1.8142857142857143	V1T⁺	14JAR	28JAR	42JAR	 56JAR	0.39500000000000007	0.56499999999999984	1.2380952380952381	1.4285714285714288	V1C	6.8633274115326021E-2	6.7082039324994958E-2	0.3263068961517524	0.33487737627802905	0.10304876330673539	0.13887301496588408	0.98563491743961162	0.97616840857751597	14JAR	28JAR	42JAR	 56JAR	0.48095238095238102	0.81428571428571417	1.7619047619047619	1.9904761904761903	V1TC	7.2702917999997035E-2	8.1357529578077181E-2	0.48319374010451627	0.59677705815727999	7.2702917999997035E-2	8.1357529578077181E-2	0.48319374010451627	0.59677705815727999	14JAR	28JAR	42JAR	 56JAR	0.41428571428571431	0.54761904761904756	1.2047619047619047	1.3285714285714285	V1M	9.2066228749691281E-2	9.2066228749692725E-2	0.40696320179968043	0.39005494118502954	9.2066228749691281E-2	9.2066228749692725E-2	0.40696320179968043	0.39005494118502954	14JAR	28JAR	42JAR	 56JAR	0.43809523809523815	0.5619047619047618	1.2523809523809524	1.4714285714285715	V2Tˉ	14JAR	28JAR	42JAR	 56JAR	0.39523809523809528	0.52380952380952372	1.0142857142857142	1.2190476190476192	V2T⁺	4.9761335152812378E-2	0.10442586798663471	0.5119988839273556	0.53067791325722935	4.9761335152812378E-2	0.10442586798663471	0.5119988839273556	0.53067791325722935	14JAR	28JAR	42JAR	 56JAR	0.39523809523809528	0.59047619047619038	1.3285714285714283	1.5190476190476192	V2C	6.248809410409234E-2	0.12208506012105684	0.59717589336731192	0.59509903137448983	6.248809410409234E-2	0.12208506012105684	0.59717589336731192	0.59509903137448983	14JAR	28JAR	42JAR	 56JAR	0.42380952380952391	0.72380952380952368	1.6523809523809525	1.8285714285714287	V2TC	6.6904338246413439E-2	7.8376381281972843E-2	0.41850072537912913	0.43083529059148312	6.6904338246413439E-2	7.8376381281972843E-2	0.41850072537912913	0.43083529059148312	14JAR	28JAR	42JAR	 56JAR	0.36190476190476195	0.52857142857142858	1.0714285714285714	1.2523809523809524	V2M	5.3895843112079199E-2	0.33259441910388049	0.47988093761444023	0.46954892234589418	5.3895843112079199E-2	0.33259441910388049	0.47988093761444023	0.46954892234589418	14JAR	28JAR	42JAR	 56JAR	0.39047619047619059	0.58095238095238089	1.0142857142857142	1.1952380952380952	Time

Diameter of stem (cm)



V1	a
b
c
b
a

T0	T1	T2	T3	T4	2.75	10.08	12.8	8.48	2.88	V2	a
bc
c
b
a

T0	T1	T2	T3	T4	2.08	9.77	11.37	8.0399999999999991	3.02	Fertilizers


Tomato fruit yield (t/ha)







image5.jpeg




image6.jpeg




image1.jpeg
«
D
LAY

B




image2.jpeg




image3.jpeg




image4.jpeg




