



Assessment of poultry manure based combinations with organic nutrients formulations on the performance of tomato (Lycopersicum esculentum) in Obio Akpa, Southeastern, Nigeria

 ABSTRACT

Tomatoes have significant economic importance as a major global crop, providing jobs and livelihoods from farming to processing and distribution. The low natural fertility and nutrient depletion from continuous farming led to poor yields and nutrient deficiencies in the plants, which are among the challenges of tomato production in Southern Nigeria. This study investigates the effect of poultry manure-based applications on the growth and yield of tomato plants. The field experiment was carried out at Teaching and Research Farm of Akwa Ibom State University, Obio Akpa Campus. The experimental treatments were: poultry manure (PM), poultry manure (PM)+ fish amino acid (FAA), poultry manure (PM) + fermented fruit juice (FFJ), poultry manure (PM + bone meal extract (BME), poultry manure (PM)+ indigenous microorganism (IMO), poultry manure (PM) + fermented plant juice (FPJ), and control. The experiment was laid out in randomized complete block design, replicated three times. The experimental results demonstrate significant variations (p≤0.05) in plant height, number of branches, vine girth, and overall yield when different treatments of poultry manure were utilized. At 8 weeks after planting, the tallest plants (81.01 cm) were observed in the (PM)+ fish amino acid (FAA) treatment, while the control group recorded the shortest height at 55.81 cm. The number of branches per plant increased substantially with poultry manure applications, with poultry manure (PM)+ fish amino acid (FAA) showing the highest counts at 4, 6, and 8 weeks after transplanting. The stem girth also varied significantly, with (PM)+ fish amino acid (FAA) exhibiting the largest girth at 3.66 cm compared to 1.34 cm recorded in the control. Yield components indicated that poultry manure (PM)+ indigenous microorganism (IMO), produced the highest number of fruits per plant (22.45), while fruit length and circumference were significantly enhanced in fertilized plots compared to the control group. The resulting fruit yield was notably higher in treatments with poultry manure, particularly poultry manure (PM)+ indigenous microorganism (IMO), which yielded 16.85 t/ha while 4.34 t/ha was recorded in the control. Overall, the findings highlight the positive impact of poultry manure-based fertilizers on the growth parameters and yield of tomatoes, suggesting poultry manure (PM)+ indigenous microorganism (IMO) treatment has the potential to improve tomato production in Obio Akpa.
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INTRODUCTION
Tomato (Lycopersicum esculentum) belongs to the sub-division Angiospermae, division Spermatophyta, class Dicotyledonae and Family Solanaceae (Oladimeji et al., 2024) and is a globally grown crop either in open fields or in green houses (Agaba et al., 2023). 
It holds the distinction of being the world's second most significant fruit or vegetable crop, surpassed only by Solanum tuberosum L. (potato) and considered as an important component of human diets due to its rich source of vitamins and minerals hence used to prepare some delicacies in Nigeria (Yusufe et al., 2017). According to Wahome, (2019), Tomato is considered as an important cash and industrial crop in many parts of the world including Sub-saharan Africa and is grown for processing purposes and for the fresh market (Wahome, 2019). 
Tomato originated in Peru, South America and was first domesticated in Mexico in South America with cultivation of different species (Gemechu and Beyene, 2019; Sharma et al., 2017). 
It is widely cultivated in sub-tropical and tropical climatic regions (Fentik, 2017) and seen as one of the important vegetables with high amounts of antioxidants such as carotenoids, polyphenols, ascorbic acid (Perveen et al., 2015).
Tomato is recognized as a medicinal crop due to its rich nutritional profile, as highlighted by Oladimeji et al. (2024). It contains essential nutrients such as lycopene, beta-carotene, fiber, vitamin C, and various phenolics. These vitamins and minerals play a crucial role in safeguarding the human body by reducing the risk of numerous ailments. Among its chemical constituents, lycopene carotene is particularly abundant, accounting for up to 90% of the total carotenoids present in tomato fruit (Viskelis et al., 2015). Lycopene is a significant antioxidant, possessing a high capacity for scavenging and quenching oxygen free radicals. This property offers substantial protection against chronic diseases, including various forms of cancer (such as those affecting the mouth, pharynx, esophagus, stomach, and large intestine) and cardiovascular diseases (Perveen et al., 2015). Furthermore, recent research by Collins et al. (2022) has indicated that lycopene and certain phenolics not only act as antioxidants but also exhibit anti-cancerous and anti-inflammatory properties.

Production and consumption of tomato around the world for industrial purposes has been estimated at about 39.7 million tonnes in 2022 (Dilton, 2022) with China and India being the world leading producer of about 50 million tonnes and 17.5 million tonnes respectively (FAOSTAT, 2017). 
In sub-Saharan Africa, Nigeria is reported as the second largest producer in Africa after Egypt and ranks 13th producer in the world (Omosomi, 2016).  Annual global production of tomato fruit reaches approximately 182.3 million metric tonnes, cultivated across 4.85 million hectares (FAOSTAT, 2017). Geographically, Asia dominates global tomato production, contributing 61.1% of the total yield. Europe and the Americas each account for comparable shares, at 13.5% and 13.4% respectively, while Africa contributes 11.8% to the global supply. Per capita tomato consumption is highest in regions such as China, India, North Africa, the Middle East, the United States, and Brazil, with individual consumption rates ranging from 61.9 to 198.9 kilograms annually (FAOSTAT, 2017).
Nigeria’s different ecological zones adapt to tomato cultivation ranging from semi-arid/arid in the North, humid in the South to sub-humid in the middle belt. Latitude 7.50N and 130N within a temperature range of 25-340C favors the cultivation of tomato especially in the Northern regions of the country (Olanrewaju et al., 2019). Adequate land preparation like in other crops (Udounang and Ndaeyo, 2019a; Udounang and Akpainyang, 2021; Udounang et al., 2022; Thomas et al., 2025; Ntuen et al., 2026) is synonymous with improve yield. However, the soils of southern Nigeria suffer multiple nutrient deficiencies due to excessive rainfall and continuous farming on specific farmlands disregarding the soil carrying capacity. The nutrient deficiencies are experienced in the form of low soil organic matter, excessive leaching of basic cations (like calcium, magnesium, and potassium) resulting in acidic to strongly acidic soil pH (Kartini et al., 2024).
Poultry manure is a valuable organic fertilizer (Udounang, 2007), particularly beneficial for improving soil health and crop productivity, especially in regions with nutrient-depleted soils like Southern Nigeria. Its benefits arose from its rich nutrient content and its positive impact on soil physical, chemical, and biological properties (HTS Farms, 2024; Adeyemo et al., 2019). 
HTS Farms (2024) gave an expository of the key components of poultry manure which includes: Nitrogen (N), Phosphorus, (P) Potassium (K), Micronutrients such as calcium, magnesium, and sulfur, and organic matter which enhances soil structure, microbial activity and water retention ability.
However, with the relevance of poultry manure base, tomato production in Nigeria faces challenges, including decline in soil fertility (Akpainyang et al., 2022), heavy reliance on inorganic fertilizers which are hazardous to the environment and hence, the need to complement with formulated organic nutrients (Umoh et al., 2022; Ekwere et al., 2023b). Collins et al., (2022; Udounang, 2007), outlined poultry manure as the readily available organic resource in Nigeria, offering a nutrient-rich amendment that can improve soil structure, water retention, and nutrient availability. This study therefore aims at assessing the combined effect of poultry manure-based application and organic nutrients formulations on the growth and yield of tomato in the Southeastern Nigeria.

MATERIALS AND METHODS

The study was carried out during the early planting season of 2025 at the Teaching and Research Farm, Faculty of Agriculture, Akwa Ibom State University, Obio Akpa Campus. Geographically, Obio Akpa is positioned between latitudes 40 30′ N and 50 30′ N and longitude 70 30′ E and 80 00′ E of the Greenwich Meridian (SLUS-AK, 1989). 

The region experiences a humid tropical climate with distinct rainy and dry seasons. The dry season typically runs from November to March, while the rainy season extends from April to October, interrupted by a brief dry spell in August known as the "August break." Annual rainfall ranges from 2000 to 2500 mm, with temperatures fluctuates between 240C - 300C. The relative humidity generally ranges between 75% and 79% (SLUS-AK, 1989).

The soil in this area developed from coastal plain sands and is categorized as an Ultisol according to the USDA classification system (USDA, 2004). The original vegetation was tropical rainforest but continuous cultivation has transformed it predominantly into secondary forest.

The soil samples were collected at random from the site at a depth of 0-15 cm using soil auger and carefully packed, labeled in polythene bags before being taken to the laboratory for soil physico-chemical analysis. 
The experimental area measured 17m x 11m giving a total area of 187m2. Each treatment plot measured 2m x 3m with a planting distance of 0.5m x 0.5m. Each treatment plot was demarcated from each other 1m apart.  

The experiment was laid out in a Randomized Complete Block Design (RCBD) with three replications. The treatments comprise 7 levels of poultry manure combinations with organic nutrient formulations which includes: Poultry Manure (PM); Poultry Manure + Fish Amino Acid (FAA); PM + Fermented Fruit Juice (FFJ); PM + Bone Meal Extract (BME); PM + Indigenous Microorganism (IMO); PM + Fermented Plant Juice (FPJ) as well as the control. 
The tomato seeds were raised in a nursery using nursery buckets with perforations to drain out excess moisture. Spot method of sowing was used and watering was done twice. The seeds germinated from 3rd day after sowing.

Seedlings were exposed to sunlight to harden up before Transplanting. Vigorous seedlings were selected for transplanting at 1m x 1m
Agronomic Practices
The tomato seedlings were raised in the nursery for a period of one month (approximately 29-31 days) before transplanting to the main experimental field. Healthy and vigorous seedlings were transplanted with ball of earth at the base
The experimental field was cleared manually, packed, mapped out using a tape and a rope and beds were made for planting. 

Planting was done at 1m x 1m distance after seedlings were fully raised in the nursery.

The poultry manure was incorporated into the dugged holes in the field and kept for two weeks before planting at a uniform rate of 2.5tons/ha which translates to 105g application to each stand.  

This was necessary to ensure adequate decay and deterioration of the organic manure for subsequent absorption by the plant.
The organic nutrient formulations were applied two days after planting to ensure better assimilation by plant.
Weeding was done manually using weeding hoe and hand pulling at 2 weeks’ interval.
Tomato does not need to be fully ripened before been detached from its mother stock. Harvesting was done through handpicking of the mature fruits at 6 - 7 weeks after planting as the fruit matures.

Plants were tagged per treatment and used as samples to represent the treatment for data collection on both growth (Number of vines, Vine length (cm), Stem girth(cm), Number of leaves, Height of Plant) and yield (Number of Fruits per stand, Weight of Fruits per stand (kg), Circumference of Fruits per stand (cm), Diameter of Fruits per stand (cm), Total Weight of Fruits/ha) parameters. 

The data collected from the study were further subjected to analysis of variance and the treatment means separated using Least Significant Difference at 5% level of probability.

RESULTS AND DISCUSSION 
The state of the soil chemical properties of the experimental site before treatment is shown in Table 1. The textural classification of the soil was sandy loam with a high proportion of sand (70.95%), silt (7.78%) and clay (18.39%). The pH of the soil was 3.98 which is strongly acidic (USDA, 2022). This is due to leaching from high rainfall. The organic matter of the soil was high (2.26%). This is lower than 10% given by Esu, (2000) as ideal for soils in Akwa Ibom State. This means that the soil lacked the capacity to provide the essential nutrients like organic matter and Electrical Conductivity to crops. Nitrogen was 1.20% showing that nitrogen content of the soil was high. The low level of N does not support rapid growth and healthy development of the plant, hence, the application of organic manure. Available phosphorus was 22.025 mg/kg at 0-15cm in the soil analysis which is above the critical value of 0.05 cmol/kg.

Exchangeable potassium was very low (0.08cmol/kg). The level of potassium may lead to low reduction in plants Calcium and Magnesium uptake. Exchangeable calcium was 8.30 cmol/kg which is high above the critical value of <20mol/kg (Chude et al., 2011). Exchangeable Mg content of the soil was high (4.12 cmol/kg) in the soil properties. This value is higher above the critical value of 0.05 cmol/kg. Exchangeable Sodium was 0.19 cmol/kg in the soil properties; which was higher than critical value of 0.1 cmol/kg as reported by (Chude et al., 2011). Exchangeable Acidity was 1.98 cmol/kg. Electrical conductivity was very low (0.10 ds/m) as reported by FAO (1990). Effective Cation Exchangeable Capacity was 11.09 cmol which value was above critical value (<20cmol/kg) regarded to be suitable for crop production (Chude et al., 2011). Base saturation was 85.5%. This higher base saturation level could be attributed to high level of calcium, magnesium and some basic cation which are important indices of fertile soil. 

Tomato height as influenced by Poultry Manure Based application is shown in Table 2. The result varied significantly different (p<.05) among the fertilizer treatments. The tallest plant; 81.01 cm at 8 weeks after planting (WAP) was recorded in the rate of Poultry Manure (PM) + Fish Amino Acid (FAA). The plant height recorded in Poultry Manure (PM) + Indigenous Microorganism (IMO) and Poultry Manure (PM) + Fermented Plant Juice (FPJ) treatment was 76.28 and 76.19 cm while 67.13cm plant height was recorded in the treatment with sole application of Poultry Manure (PM). The shortest plant at 8WAP; 55.81 cm was recorded in the control treatment.

Number of branches per plant as influenced by poultry manure based is presented in Table 3. The application of the treatments significantly enhanced the vigorous branching of tomato plants at 4, 6 and 8 WAP. The highest number of branches per plant; 4.81, 15.10, and 25.11 at 4, 6 and 8 WAP was recorded in Poultry Manure (PM) + Fish Amino Acid (FAA). treatment. The treatment Poultry Manure (PM) + Fermented Plant Juice (FPJ) had branches of 4.01, 12.67 and 20.33 at 4,6 and 8 WAP.  The least number of branches 0.00, 1.67 and 6.45 at 4, 6 and 8 WAT, respectively was recorded with the control. 
The tomato vine girth, as influenced by poultry manure-base manure, is shown in Table 4. The results varied significantly (Table 4). The treatment of Poultry Manure (PM) + Fish Amino Acid (FAA) had significantly bigger stem girth of 3.66 cm at 8 WAT. Treatment of Poultry Manure (PM) + Fermented Plant Juice (FPJ) had a stem girth of 3.23cm at 8 WAP.  The smallest stem girth, 1.34 cm, was recorded at 8 WAT in the control treatment.

The number of fruits per plant as influenced by poultry manure based application is shown in Table 5. The result showed an increase number of fruits per plant with fertilizers. The application of Poultry Manure (PM) + Indigenous Microorganism (IMO) produced a significantly higher number of fruits per plant; 22.45, followed by 21.23 and 19.88 fruits per plant recorded in the rates of Poultry Manure (PM) + Fermented Plant Juice (FPJ) and Poultry Manure (PM), respectively.  The least number of fruits per plant; 6.78 was recorded in the control treatment.

Tomato fruit length as influenced by poultry manure based application varied significantly different (p<0.05) (Table 5). the results showed significant difference only when the fruit length recorded in fertilized plots were compared to the control treatment. Fruit length ranged from 2.14 cm from the control treatment to 5.25 cm in Poultry Manure (PM) + Fermented Fruit Juice (FFJ). 

Fruit circumference as influenced by poultry manure based application is shown in Table 5.  The result showed significant differences (p<0.05) when the fruit circumference record in the soil amended treatments were compared to the fruit circumference recorded in the control treatment. The treatment of Poultry Manure (PM) + Fermented Plant Juice (FPJ) had fruit circumference of 7.50cm while control had 2.91 cm fruit circumference.

Tomato fruit yield as influenced by Poultry Manure based application differed significantly (p<0.05) (Table 5). Application of Poultry Manure (PM) + Indigenous Microorganism (IMO) produced significant tomato fruit yield of 16.85t/ha, followed by 16.55 t/ha recorded in Poultry Manure (PM) + Fermented Plant Juice (FPJ). The result of the study showed no significant difference between the yield of 16.23t/ha recorded in PM and the yields obtained from Poultry Manure (PM) + Indigenous Microorganism (IMO) and Poultry Manure (PM) + Fermented Plant Juice (FPJ). The control (no soil amendment) treatment had the least fruit yield of 4.34 t/ha.
DISCUSSIONS
The experiment result showed that the application of poultry manure significantly improved the growth and yield of tomatoes in Obio Akpa. The treatments of Poultry Manure (PM) + Indigenous Microorganism (IMO), followed by the yields obtained from Poultry Manure (PM) + Fermented Plant Juice (FPJ) and Poultry Manure (PM) treatments.  The higher growth and yield values recorded in soil treated with poultry-based manures over zero application (control) could be that Poultry Manure (PM) and its combinations (organic fertilizers) contained all the nutrient requirements (Umoh et al., 2022) and therefore, was able to supply all the required nutrients for the growth and yield of tomato.

The significant effect recorded in the treatment plots with PM (Udounang and Ndaeyo, 2019b) and its based manures over the control treatment may be attributed to the low soil fertility of the experimental site. The observation agrees with the report of Ikeh et al. (2025a), Akpainyang et al., (2022) and Sampson et al. (2025), who noted that crop response to fertilizer application is affected by a nutrients reserve in the soil.  Crops like vegetables respond quickly to fertilizer application (Udounang, 2007; Ekwere et al., 2023a) in a soil with low nutrient fertility. According to them, crops respond more to fertilizer application in soil with very low nutrient content (Ben et al.,2024) than in soil with high nutrient reserve. Organic fertilizers apart from releasing nutrient elements to the soil have also been shown to improve other soil chemical and physical properties which enhance crop growth and development (Akata et al., 2020; Ekwere et al., 2023b; Udounang et al.,2023a). In addition, organic manure has also been reported to increase soil pH (Udounang et al., 2023b; Ikeh 2025b) which reported average soil pH at harvest after application of compost manure, cassava peel waste, poultry manure and cow dung. The improvement in the crop yield over the control could be that organic fertilizers helps in reduction of acidity of the experimental site. The acidic soil of the experimental site which might have caused the unavailability of nutrient elements to the tomato planted in the control plot.

 The application of Poultry Manure (PM) + Fish Amino Acid (FAA) significantly enhances the growth parameters of tomato which could result from high organic matter content and micro with macro soil nutrients present in it where higher compared to the other PM based fertilizers. The yield recorded in the Poultry Manure (PM) + Fish Amino Acid (FAA) treatment could be that the tomato grown with the attendant traits (Ekwere et al., 2023a; Akpan et al.,2018; Jonah et al.,2023) in the plot grows luxuriously and hence favors vegetative growth over fruit yield. The poultry manure with fish manure Poultry Manure (PM) + Fish Amino Acid (FAA) could contained higher N content compared to the other fertilizers. The Poultry Manure (PM) + Indigenous Microorganism (IMO), PM + Bone Meal which produced the largest fruit yield could be as result of high Ca, Mg, P and K which are major elements for fruit formation.
CONCLUSION 

Based on the study findings, the following conclusions were drawn: 
i. The application of poultry-based manures improved the growth of tomatoes
ii. Treatment with poultry-based manures had significant yield parameters.
iii. Control (no soil amendment) treatment had the least growth and fruit yield.
iv. The treatments with PM+IMO, PM+FPJ and PM produced significant fruit yield.
RECOMMENDATION
The application of poultry manure and poultry manure combinations with indigenous micro-organism (IMO) and fermented plant juice (FPJ) produce higher yield of tomato and is therefore recommended for tomato cultivation in Obio Akpa, Akwa ibom State. 
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Table 1 Soil Physico-chemical analysis of the experimental treatment 0-15cm site
	Soil properties                                              Values 

	

Sand (%)
	              71.95

	Silt (%)
	              8.66

	Clay (%)
	              19.39

	Textural class
	               Sandy Loam 

	pH
	               3.98

	Organic matter (%)
	               2.26

	Nitrogen (%)
	               1.20

	Available P (mg/kg)
	               22.025

	Exchangeable bases (cmol/kg)
	

	K
	               0.08

	Ca
	               8.30

	Mg
	               4.12

	Na
	               0.19

	Exchangeable acidity (cmol/kg)
	               1.98

	Electrical conductivity (ds/m)
	               0.17

	Effective cation exchangeable capacity(cmol/kg)
	               11.09

	Base saturation (%)
	               85.5


Table 2: Effect of Poultry Manure Based application on Tomato Plant Height 
	Treatments
	 Weeks after Transplanting

	
	   2
	   4
	   6
	   8

	Control
	21.03
	40.11
	46.77
	55.81

	PM
	33.45
	50.90
	60.45
	67.13

	PM +FAA 
	37.45
	55.23
	65.41
	81.01

	PM+ FFJ
	25.33
	48.18
	5.01
	73.33

	PM+BME
	34.22
	48.56
	60.03
	76.28

	PM+IMO
	34.12
	49.55
	61.56
	78.10

	PM+FPJ
	24.33
	45.45
	61.88
	76.19

	LSD(p≤0.05) 
	 2.33
	 3.19
	 4.19
	  4.23


PM = Poultry Manure 

 FAA = Fish Amino Acid   

 FFJ = Fermented Fruit Juice  

 BME = Bone Meal Extract 

 IMO = Indigenous Microorganism 

 FPJ = Fermented Plant Juice 
Table 3: Effect of Poultry Manure Based application on Number of Tomato Branches per Plant  
	Treatments 
	Weeks after Transplanting

	
	2
	4
	     6  
	        8

	Control
	0.00
	0.00
	    1.67
	        6.45

	PM
	0.00
	2.33
	   10.15
	       10.34

	PM +FAA 
	0.00
	4.81
	   15.10
	       25.11

	PM+ FFJ
	0.00
	3.67
	   10.78
	       20.22

	PM+BME
	0.00
	3.14
	   10.45
	       18.19

	PM+IMO
	0.00
	3.17
	   11.33
	       18.41

	PM+FPJ
	0.00
	4.01
	    12.67
	        20.33

	LSD(p<0.05)
	NS
	1.53
	     2.46
	         3.81


PM = Poultry Manure 

 FAA = Fish Amino Acid   

 FFJ = Fermented Fruit Juice  

 BME = Bone Meal Extract 

 IMO = Indigenous Microorganism 

 FPJ = Fermented Plant Juice 
Table 4: Effect of Poultry Manure Based application on Tomato Vine Girth (cm) 
	Treatment 
	Weeks after Transplanting

	
	2
	4
	6
	8

	Control
	0.21
	0.64
	0.86
	1.34

	PM
	0.40
	1.92
	2.59
	2.61

	PM +FAA
	0.54
	1.93
	3.23
	3.66

	PM+ FFJ
	0.38
	1.90
	2.40
	2.61

	PM+BME
	0.41
	1.91
	2.45
	2.77

	PM+IMO
	0.40
	1.84
	3.20
	3.22

	PM+FPJ
	0.43
	1.92
	3.18
	3.23

	LSD(p<0.05)
	0.14
	0.19
	1.01
	1.16


PM = Poultry Manure 

 FAA = Fish Amino Acid   

 FFJ = Fermented Fruit Juice  

 BME = Bone Meal Extract 

 IMO = Indigenous Microorganism 

 FPJ = Fermented Plant Juice 
Table 5: Effect of Poultry Manure Based application on Yield and Yield Components of Tomato 
	Treatments
	Number

of 

Fruits/Plant
	Fruit 

length 

(cm)
	Fruit Circumference (cm)
	Fruit Yield (t/ha)

	Control
	6.78
	2.14
	2.91
	4.34

	PM
	19.88
	5.12
	3.42
	16.23

	PM +FAA
	11.82
	5.20
	7.30
	9.09

	PM+ FFJ
	17.00
	5.25
	7.13
	15.78

	PM+BME
	16.67
	5.17
	7.17
	16.14

	PM+IMO
	21.45
	5.23
	7.41
	16.85

	PM+FPJ
	21.23
	5.21
	7.50
	16.55

	LSD(p<0.05)
	3.17
	1.13
	2.53
	4.18


 PM = Poultry Manure 

 FAA = Fish Amino Acid   

 FFJ = Fermented Fruit Juice  

 BME = Bone Meal Extract 

 IMO = Indigenous Microorganism 

 FPJ = Fermented Plant Juice 
�As an applied agronomic study, the absence of a formal hypothesis is common, and the primary objective is already stated ("This study therefore aims at assessing the combined effect of poultry manure-based application and organic nutrients formulations on the growth and yield of tomato in the Southeastern Nigeria").


�Contradiction in planting spacing: It is stated in the previous paragraph that the planting distance was 0.5 m × 0.5 m on a 2 m × 3 m plot, whereas here it is reported as 1 m × 1 m. In addition, the applied fertilizer rate (105 g/stand for 2.5 t/ha) seems inconsistent with a 1 m × 1 m spacing. Please clarify the actual planting spacing and verify the planting density used in this study.





�The authors did not discuss the limitations of the study. A sound scientific report should critically acknowledge potential limitations, such as conducting the trial across only a single planting season and at a single site, as well as the lack of nutrient composition profiling for the applied organic liquid formulations (FAA, FFJ, IMO, and FPJ). The authors should add a dedicated paragraph discussing these study limitations and suggesting future research directions.





�While the manuscript contains five tables and no figures, the presentation of tables requires major improvement: (1) Formatting artifacts: There is severe metadata/corrupted text leakage appearing between Table 4 and Table 5 that must be removed. (b) Statistical notation: It is strongly recommended to use standard letter notations (e.g., a, b, c via post-hoc LSD) adjacent to mean values to clearly indicate statistically significant differences among treatments.
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