Effects of nitrogen fertilizers on the growth of Tomato [Lycopersicon esculentum Mill] (in a public domain, always provide the location/country of the study)


ABSTRACT
The effects of nitrogen fertilizers on the growth of Lycopersicon esculentum. mill was studied. The tomato variety used was Lycopersicon esculentum var money maker. Three Nitrogen based fertilizers were used namely, N.P.K.15:15:15, N.P.K. 20:20:17 and Ammonium sulphate. Each fertilizer was applied at the rate of 20gram per plant. The plants were grown in 15 liters plastic buckets filled with loam soil. The respective plants that received the treatments were those transplanted from the nursery at 11 days, 21 days and those that were planted directly in the buckets from seeds without transplanting. During the growth of the plants, girth and length increases were measured. Also, the leaf area, numbers of flowers were counted. Furthermore, the biomass production of the plants was measured. The results showed that the plants that received the N.P.K 20:20:17 treatment were tallest; followed by those treated with N.P.K. 15:15:15. The non-transplanted plants were best favoured; followed respectively by the 11 days old and 21 days old transplanted plants. Again, the results of the fresh and dry weight followed the same pattern as above. The differences were significant in most cases. (Provide one suggestion in the last sentence of the abstract  to make the study more comprehensive and standard!)

Provide Keywords arranged alphabetically and not more than five (5) as a rule
INTRODUCTION
Tomato (Lycopersicon esculentum), one of the most widely cultivated vegetable crops in the world, is highly valued for its nutritional, economic, and industrial importance. It is a rich source of vitamins A and C, minerals, and antioxidants such as lycopene, which contribute to human health and wellbeing. Due to its high demand in both fresh and processed forms, tomato production has become a major component of agricultural systems globally, including in tropical and subtropical regions.
The growth and yield of tomato are strongly influenced by soil fertility and nutrient availability, particularly nitrogen. Nitrogen is an essential macronutrient required for plant growth, as it plays a vital role in the synthesis of proteins, enzymes, chlorophyll, and nucleic acids. Adequate nitrogen supply promotes vigorous vegetative growth, enhances leaf area expansion, and improves photosynthetic capacity. Consequently, it directly affects flowering, fruit set, and overall yield.
However, both deficiency and excess of nitrogen can negatively impact tomato production. Nitrogen deficiency often results in stunted growth, chlorosis of leaves, and poor fruit development. On the other hand, excessive nitrogen application can lead to excessive vegetative growth at the expense of fruit production, delayed maturity, increased susceptibility to pests and diseases, and environmental pollution through nitrate leaching.
[bookmark: _GoBack][bookmark: _Hlk208894973]Given the critical role of nitrogen in tomato growth and development, understanding its effects on Lycopersicon esculentum is essential for optimizing fertilizer management practices. Proper nitrogen management not only maximizes yield and quality but also promotes sustainable agricultural practices by reducing production costs and minimizing environmental hazards.
 AIM 
 Aim of the study is to determine the effect of three types of Nitrogen fertilizers on the growth of Lycopersicon esculentum.

OBJECTIVES
The specific objectives are to:
i. Treat the soil with a measured amount of NPK 15:15:15, NPK 20:20:17, and Ammonia Fertilizers.
ii. Compare the effects of NPK 15:15:15, NPK 20:20:17, and Ammonia Sulphate on the vegetative growth parameters of Lycopersicon esculentum.

[bookmark: _Hlk208895009]STATEMENT OF PROBLEM
On the agriculture side, the world's overpopulation occurs in parallel with 12 million hectares of arable land being lost from production annually. Multiple threats exert pressure on the world's soils owing to population growth, economic development, and climate change. Land degradation strongly correlates with food security, whereas 99% of our food is produced in terrestrial systems and only 1% in aquatic systems. Thus, global arable lands progressively encounter challenges ensuring global food security and the substantial demand for increased food production. The grounds mentioned above imply that providing space, food, and resources sustainably for the future global population is undoubtedly one of our generation's foremost challenges. Simultaneously, agroecosystems encounter significant societal demands to promote sustainable food production within this context. Hence, developing new environmentally friendly fertilizers or carefully utilizing existing fertilizers emerges as potential pathways to attain greater sustainability, equity, and resilience in agroecosystems. These approaches promise to advance global food security and foster a more secure future.
More so, in Nigeria and other parts of West Africa where Lycopersicon esculentum is intensively cultivated, farmers often apply fertilizers arbitrarily without adequate knowledge of their specific effects on crop physiology and soil health. While NPK 15:15:15 and 20:20:17 blends are widely marketed for general-purpose use, and ammonia fertilizers are relatively inexpensive sources of nitrogen, their actual performance in enhancing the growth and productivity of  L esculentum under local soil conditions remains poorly studied.
MATERIALS AND METHODS
Seeds of Lycopersicon esculentum used for this experiment were purchased from Ministry of Agriculture, Awka Local Government Area of Anambra State. The variety used was Lycopersicon esculentum var. money maker. The three fertilizer types used for the treatment of the plants were also got from the Anambra State Ministry of Agriculture Awka.  First, nursery beds were prepared in the open field using a well-drained loam soil. Seeds of the tomato were imbibed in water for three hours before broadcasting on the nursery beds. Since, one of the treatments involved non-transplanted plants, seeds were also planted directly into plastic buckets filled with the loam soil. At the same time, plastic buckets into which the tomato seedlings were transplanted were prepared. Each 15liters bucket was filled with loam soil. The plants were transplanted at different ages of 11 and 21 days. Three treatments in form of n-fertilizers were used namely:

Ammonium Sulphate, NPK. 15:15:15 and NPK. 20:20:17. Therefore, each group of plants transplanted the same day was grouped into three each corresponding to the three treatments. The non-transplanted plants were also in three groups. Each group had three plants. Following germination of non-transplanted seeds, the seedlings were allowed to grow for eight days before they were thinned to their required numbers. All the buckets, were perforated (four holes) at the bottom. The holes in each bucket were guided with a small plastic net. In all, the plants were allowed to grow for 5 weeks before introduction of the treatments. In other words, the plants planted 11 days after germination (DAG) stabilized or adapted to their new environments for 24 days while the plants transplanted 21 DAG adapted for 14 days. The plants were watered regularly in the morning and evening using watering can. Respective fertilizers were applied on the required plants at the rate of 20 grams per plants per treatment. The application was by ring-method. (Momoh et al, 2024).
Results were obtained, eight days after application. The parameters used were length girth, leaf area, fresh weight and dry weight.

[bookmark: _Hlk208895114]PLANTING
In all, the seedlings were planted at a spacing distance of 60cm.
LENGTH INCREASE
Difference in the length of the plants was taken by measuring the height of the specified plant with 2-metre nylon tape. Prior to measurement, one plant was randomly selected from each treatment and identified for use in measurement the length and girth.
 Again, a peg was mounted lose to such plant so that the surface of that peg was the level of which measurements were taken. 



[bookmark: _Hlk208895143]WIDTH MEASUREMENT 
The surface of the peg indicates the level or height at which width measurements were taken the tape was usually folded round the plant and the readings were usually recorded.
[bookmark: _Hlk208895152]LEAF AREA
[bookmark: _Hlk208895164]The leaf area of the plants selected from each treatment was taken by measuring the length and width of the third fully. Unfolded (opened leaf from the tip). Three leaves were measured per treatment. (Wang et al, 2024).
FRESH AND DRY WEIGHTS
Fresh weight of the randomly selected plant from each treatment was taken by uprooting plants. After uprooting, weight measurements were taken with Ohaus triple beam balance. Plants were usually uprooted, washed with water paper and weighted. Then, each plant was separated into roots and shoots and weighted.
For the dry weight, the plants were dried and measured using the method of (Wang et al, 2024).
[bookmark: _Hlk208895172]FLOWER BUDS
The number of flowers produced by each plant was directly counted.
One plant was randomly selected from each treatment and the number of bunches per plants was counted. Also, the number of flowers per bunch per plant was recorded. 
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Table 2: Root and shoot weights after taking the dry Weights

	
	DAYS OF TRANSPLANTING

	Plants
	11days
	21 days
	Non-transplanted

	
	Root
	Shoot
	Root
	Shoot
	Root
	Shoot

	1
	3.9g
	10.2g
	2.5g
	10.8g
	4.3g
	10.9g

	2
	0.6g
	10.8g
	0.5g
	11.8g
	0.8g
	14.1g

	3
	2.4g
	18.1g
	2.1g
	18.0g
	2.9g
	18.4g




Root mean→NPK15:15:15=3.6g
NPK 20:20:20 = 0.6g
Ammonium sulphate =2.5g.
Shoot mean→NPK15:15:15 =12.69
NPK20:20:17 =18.29


20
Ammo. Sulphate =10.2g.


Table 3: Average Number of Floral Bunch Per Plant

	DAYS
	NPK 15:15:15
	NPK 20:20:17
	Amm.Sulphate

	NON-TRANS
	6
	9
	5

	11 DAYS
	5
	8
	5

	21 DAYS
	5
	7
	4




Table 4: Average Number of Flowers Per Bunch Per Plant

	DAYS
	NPK 15:15:15
	NPK 20:20:17
	Amm.Sulphate

	NON-TRANS
	7
	10
	6

	11 DAYS
	5
	8
	5

	21 DAYS
	5
	7
	4







[bookmark: _Hlk208895552]Table 5: Initial Mean Increase in Girth Before Fertilizer Application (35 Days of Growth)

	DAYS
	NPK 15:15:15
	NPK 20:20:17
	Amm.Sulphate

	NON-TRANS
	1.10cm
	1.50cm
	1.00cm

	11 Days
	1.00cm
	1.30cm
	0.90cm

	21 Days
	0.90cm
	1.10cm
	0.70cm




[bookmark: _Hlk208895536]Table 6: Average mean increase in growth after 49 days of growth

	DAYS
	NPK 15:15:15
	NPK 20:20:17
	Amm.Sulphate

	NON-TRANS
	2.0cm
	2.5cm
	1.4cm

	11 DAYS
	1.5cm
	1.9cm
	1.2cm

	21 DAYS
	1.3cm
	1.4cm
	1.0cm





[image: ]

 
Following transplanting of the seedlings various morphological changes was observed. Folding of Leaves was observed with the transplanted plants especially, the 21-day old plants. Furthermore, increases in length and girth were higher in non-transplanted plants, followed by 11-day-old transplanted plants, with respect to treatments.35 days following germination, the mean heights were 13.25cm, 10.93cm, and 8.20cm for the first three replicates of non-transplanted, 11 day old transplanted plants. Then 13.67cm, 13.42cm,9.73cm and 14.83cm, 11.10cm,8.33cm for the second and third replicates of non-transplanted, 11 day old and 21 day old transplanted plants respectively (Appendix1) (Fig 1a,b, c) and (fig 2).However, 49 days after germination, the heights increased to 17.62cm, 14.58cm, 11.07cm for the non-transplanted, 11 days and 21 day old transplanted plants treated with NPK 15:15:15fertilizer respectively (fert.i).Also,18.12cm, 16.83cm, 14.22cm for the non-transplanted, 11day old and 21 day old transplanted plants treated with NPK 20:20:17 fertilizer respectively (Fert. ii). However, 17.57cm, 13.77cm,10.93cm for the non-transplanted, 11 day old and 21-day old transplanted plants treated with ammonium sulphate fertilizer respectively (Fert ii), Fig 1. The plants increase in girth were from the initial 1.10cm, 1.ocm and o.9cm to 2.0cm, 1.5cm and 1.3cm respectively (Table 5 and 5) for those treated with NPK 15:15:15.While those treated with NPK 20:20:17 increased from 1.50cm,1.30cm,1.10cm to 2.5cm, 1.90cm, 1,40cm for the non-transplanted, 11 day and 21 day old transplanted plants respectively. However, plants treated with ammonium sulphate fertilizer were the least to increase in girth. They increased from the initial girth increase of 1.00cm, 0.90cm,0.70cm to 1.4cm, 1.2cm, 1.0cm following the same sequence of plants respectively (Table 5 & 6)
LEAF AREA
Results of the leaf area measurement showed that plants treated with Ammonium sulphate fertilizer have the highest leaf area of 23.8c㎡, 19.5c㎡, 16.5c㎡ for non-transplanted,11 day old and 21-day old transplanted plants respectively; while that of (NPK 15:15:15} were 18.0c㎡,17.5c㎡,16.7c㎡respectively for non-transplanted, 11-day Id and 21-day old transplanted plants. However, those treated with (NPK 20:20:17) were 12.6c㎡, 12.7c㎡, and 11.6c㎡ in the same order as in (Table1) above. The measurements were taken at the end of 3 months after germination. The Ammonium sulphate treatment produced plants with leaf area of 23.8c㎡, 19.5c㎡, and 16.5cm3 for the respective non-transplanted and transplanted and transplanted plants (Table1). The result of effect of transplanting on leaf area shows that the non-transplanted plants give largest leaf are followed by the 11-day-old transplanted and 21-day-old transplanted plants (Table 1).
Results of the measurements of the fresh and weights show that non-transplanted plants were best favoured; Followed by the 11-day-old plants. The results of the fresh weight were 75.1g, 76.7g and 45.2g for NPK 15:15:15, NPK 20:20:17 and Ammonium sulphate fertilizers respectively (Fig 3). The results of the dry weight measured were 14.2g,20.6g and 12.2g for NPK 15:15:15,NPK 20:20:17 and Ammonium fertilizers respectively (Fig 4).
The plants treated with fert.i and fert.ii. Were not significantly different. However, plants treated with fert iii showed marked significant difference with that of other treatments. The shoot (dry) weight were 12.6g, 18,2g and 10.2g for NPK 15:15:15, NPK 20:20:17 and Ammonium sulphate respectively (Table 2). Following the same pattern, the root (dry) weights were 3.6g, 0.6g and 2.5g respectively as seen in (Table 3).
FLOWER BUDS
When the flower buds were counted directly, the floral buds per plant were 7, 10, 6, for the non-transplanted plants treated with NPK 15:15:15, NPK 20:20:17 and Ammonium sulphate fertilizers respectively; while those of 11-day old transplanted plants treated with the same type of fertilizers were 5,8 & 5. However, for the 21-day old transplanted plants, were 5,7,4 for the plants treated with NPK 15:15:15, NPK 20:20:17 and Ammonium sulphate fertilizers respectively as seen in (Table 4). Results of the number of bunches per plant were 6, 9 & 5; 5, 8 & 5; and 5, 7 & 4 respectively for the non-transplanted plants, 11 days old and 21-day old transplanted plants treated respectively with NPK 15:115:15, NPK 20:20: 17and Ammonium sulphate fertilizers respectively as seen in (Table 3).
In all, non-transplanted plants gave the highest number of bunches as well as flowers per bunch. However, in most cases, differences among the fertilizer treatments and effects of transplanting were not significant
		
The results of this experiment showed that transplanting has an effect on the plants growth, which was seen after the seedlings were transplanted at day 11 and 21 day after germination, which resulted to the partial folding of the plants leaves. Though, the plants recovered from this stress two and after four day old after transplanting. For 11 and 21 days old after transplanted plants respectively. Because of this stress experienced by these plants with different days of transplanting, there was reduction in growth, when the growth measurements was taken compared with those of non-transplanted plants figure 1, this may be as a result of destruction of some roots, during transplanting which may have affected water catena of the transplanted seedlings. The result is that those plants become flaccid and their leaves fold.

Partial folding of leaves, which was seen on the transplanted plants of the two different days were not seen on the non-transplanted plants. This proves that these transplanted plants experience some shock after transplanting. This observation is not different from the reports of other workers (Hossain and Islam, 2024, Hytem et al, 2025).
Again, the result in figure 1 shows that the non-transplanted plants was more favoured when the increase in height measurement were taken followed by the 11-day old transplanted plants and then the 21-day old transplanted ones. Similar result was also obtained from width measurements as well as fresh and dry weights. These are in line with the observations of earlier workers (Hyeong et al, 2025).

The higher increase in height and width by non-transplanted plant may be due to continued growth of the seedlings from germination. During, the treatment with the three types of fertilizers, there was greater increase in height which were observed after some days, the fertilizers were applied compared with the plant’s growth before the application. The three types of fertilizers favoured the growth increases of these plants. This is in line with the report of Akinsanmi (1994) who wrote that nitrogen is essential for plant growth. Response, to girth increase followed similar pattern.

Although Ammonium sulphate induced the least height and girth increase in the tomato (figure 1). It promoted the broadest leaves (leaf area). Table 1. The results of the leaf area were not in line with the report of Lambers (et al,) 1986.Lambers and his co-worker reported that absolute levels of NH3 don't increase the vegetative growth of plants. This observation might be as a result of the plant to absorb Ammonium Sulphate and transport them to the shoots or leaves where they are used to synthesize food and materials; rather they are absorbed and remain at the root level. Hytem, et. al., (2025). Therefore, with the presence of Ammonium sulphate the growth; hence it is only nitrate that can be assimilated at the same time, be transported upwards to support vegetative growth. Hytem, (2025)

Results of the plants treated with (NPK 20: 20:17), gave increase in biomass production. This may be explained from the fact that NPK 20:20:17 has the highest nitrogen content among the treatments. Nitrogen is an essential element in the vegetative growth of the plants. Hytem, (2025) summarized that there will be increase in the vegetative parts of the plants with an increase in the Nitrogen content.
	 CONCLUSION 
In conclusion, among the nitrogenous fertilizers used, the (NPK 20:20:17) type of fertilizer favoured the growth of Tomato most and may be used during tomato production. However, extra work has to be done to ascertain the induction of production of fruit in tomato. This suggestion is based on the fact that the number of flowers produced per plant treated with NPK 20:20:17 did not show any significant difference among the other treatments. So far, NPK 20:20:17 has shown to be outstanding in induction of tomato fruit production based on the parameters used. This may be as a result of high nitrogen content of extra Chlorophyll. That means, that the ability of the plant to trap radiant energy increased. Hence, the photosynthetic ability of the plant is increased. This will automatically provide extra carbon skeleton for metabolic activity. However, it may result to the establishment of extra branches and roots, so that at the end, there will be competition between maintenance and productivity. Therefore, further investigation is required to prove the actual use of high nitrogen fertilizer, either for inducement or vegetative growth or for fruit production.
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Days  NPK   15:15:15  NPK   20:20:17  Ammonium sulphate  

NON - TRANS  18.0c ㎡ +0.61c ㎡  12.6c ㎡ ±3.20c ㎡  23.8c ㎡ 2±2.01c ㎡  

11 Days  17.5c ㎡ ±2.08c ㎡  12.7c ㎡ ±1.40c ㎡  19.5c ㎡ ±2.10c ㎡  

21 Days  16.7c ㎡ ±1.70c ㎡  11.6c ㎡ ±3.60c ㎡  16 . 5 𝑐 𝑚 2 ± 0 . 25 𝑐 𝑚 2  

    (mean ± standard deviation)


