


EVALUATION OF THE EFFECT OF ORGANIC FERTILIZERS, NPK 20-10-10 AND THEIR COMBINATION ON THE BEHAVIOR OF TOMATO (LYCOPERSICUM ESCULENTUM) VARIETY ROMA GROWN IN BANGUI (CENTRAL AFRICAN REPUBLIC)
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Abstract 
Organic fertilizers are an important step to increase agricultural production while protecting the environment. The general objective of the study is to evaluate the contribution of organic and NPK fertilizers on the growth and yield of tomato. The seed of the exotic variety of tomato called "Roma" were used in the trial and the experimental design applied was the Fisher block design with eight treatments and four replications. The treatments used were: T1 (control), T2 (dung), T3 (cow dung), T4 (NPK), T5 (termite mound), T6 (dung+NPK), T7 (cow dung+NPK) and T8 (termite mound+NPK). Observations were made on vegetative parameters and yield. The results obtained show that the height of the stem in T2, T4, T8, and the diameter at the neck of the plants of T8 and T6 are higher compared to the T1 control from 60 days after transplanting (DAT) and the T4, T6, and T7 treatment have a lower number in fruit while the T2 treatment had an average number with 6.33 and is lower than the T1 treatment without the contribution of organic fertilizers. The combination of these fertilizers is better indicated for a substantial increase in yield. It can therefore be recommended as a mode of integrated soil fertility management.  
[bookmark: _GoBack]Key words: Lycopersicum esculentum, organic fertilizer, NPK, growth, yield, Bangui.
INTRODUCTION 
In the Central African Republic (CAR), agriculture is practiced by more than 80% of the rural, urban and peri-urban population. Within this agriculture, market gardening occupies an important place 23% (FAOSTAT, 2016) in the Central African economy. Market gardening in general, and tomatoes in particular, remain a major concern because of their important contribution to food security and the increase in producers' income, especially in family farming. Despite the cultivation of tomato, cucumber, eggplant, cabbage, amaranth, okra, carrot, spinach, tomato is part of the most important crop from the economic and nutritional point of view (FAOSTAT, 2016).
Tomato is the most cultivated vegetable species in Africa and in other countries of the world.  It is the leading vegetable worldwide, ahead of watermelon and cabbage, but behind potato and sweet potato (FAO, 2009). In some Central African countries, such as Cameroon, Chad and CAR, tomatoes and vegetables have a prominent place and are more cultivated because they have a relatively short ripening cycle (Baska Toussia and Puscasu, 2010) and tomatoes are used in many traditional dishes.
Despite its importance, tomato is subject to several attacks of diseases due to fungi (cryptogamic diseases) on the foliage which make the cultivation very difficult in wet season and it is recommended to cultivate it mainly in the dry season. It requires a relatively cool and dry climate to provide an abundant and quality harvest. However, the plant has adapted to a wide range of climatic conditions, from temperate to hot and humid tropical climates (Courchinoux, 2008). One of the difficulties of tomato production is the decline in land productivity in most African countries, which is the result of population pressure that is growing faster than in other regions (FAO, 2000).
To alleviate this problem of declining yields in African regions and more particularly in CAR, organic matter is recognized as the main factor in agrosystems because it creates a favorable environment for plant production through its impact on the physical (maintaining structure), chemical (building up reserves of nutrients available to plants) and biological (building up reserves of energy elements for the soil fauna and microflora) parameters of the soil (Traoré, 2012). Numerous studies have shown the negative effect of long-term mineral fertilizers on soil fertility, particularly through their acidifying effect on the soil (Bonzi et al., 1993; Bado et al., 1997; Bonzi, 2002). This approach can be carried out through the use of organic fertilizers, several works have shown the beneficial effect of organic matter on the physicochemical and biological properties of the soil, and consequently on crop yields (Kitabala et al., 2016).
Studies conducted in natural environments have shown that the addition of organic amendments to poor and acidic soils can provide the nutrients necessary for the feeding, growth and production of crop plants (Useni et al., 2012; Kasongo et al., 2013). One of the causes of this low yield is the poverty of soils in organic and mineral matter and the intensification of production (Lompo et al., 2009). Given the importance of organic matter in crop production and the high price of synthetic fertilizers, which makes them inaccessible to the majority of market gardeners on the one hand, and on the other hand, population growth that results in a high demand for food.
It is in this context that the present study aims to evaluate the effect of organic and NPK fertilizers on the production of tomato crops grown in Bangui.
MATERIALS AND METHODS 
Plant material
The plant material used in this experiment is a tomato seed of variety Roma VF, of F1 generation with 97% germination power. It is a vigorous and productive variety. This variety presents major assets, especially resistance to diseases such as mildew and Fusarium.
Study area description 
The trial was conducted in a greenhouse for three months in the experimental field of the liaison office of the Higher Institute of Rural Development Rural (HIRD) of Mbaïki located in the Faculty of Health Sciences (FACHS) of the University of Bangui (altitude: 436 m, latitude North: 4°22'38'' and longitude East: 18°33'37''). The plants were grown under the following conditions: average temperature 30/ 25.9 ± 2°C and relative humidity above 50%.  
Experimental design:
The experimental design is a randomized complete block with eight (8) treatments and four (4) replications. Only one factor was taken into account: the treatment with 8 levels: T1= control without fertilizer application; T2= Dung; T3= Cow dung; T4= NPK; T5 = Termite mound; T6 = Dung+NPK; T7 = Cow dung+NPK; T8 = Termite mound+NPK.
Regarding the fertilizer factor, three organic materials were tested, namely manure, fine powder from the termite mound obtained according to the method of Kpangba et al. (2020) and cow dung and an inorganic fertilizer, NPK.
Collection of organic fertilizers 
The animal manures used consisted of cow dung and poultry droppings. The cow dung came from the cattle market located in Bouboui village, 45 km from the capital city of Bangui. As for the droppings, they were obtained from some chicken coops in the city of Bangui. The termite mound soil was obtained from the vicinity of the livestock market and prepared according to the method described by Kpangba et al. (2020).
Mineral fertilizer
The mineral fertilizer used was NPK (20-10-10) in the trial. It consists of applying ten (10) grams per foot of each plant after transplanting. 
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Figure 1: Map of the study area (LACCEG, 2021)
Setting up the nursery, transplanting the seedlings and fertilization
The seedling in the nursery was planted in the open ground on a bed 5 m long and 1 m wide, i.e. an area of 5m². The soil was amended with a wheelbarrow of white sawdust three days before sowing. Before sowing, the soil was thoroughly watered for three days, and then a 1cm deep furrow was made along the length of the board, spaced 10cm apart. The seeds were placed in the furrow by small pinches at a rate of 5g/m² then the ground was mulched with a straw to keep the humidity of the ground.                                                
     	Before transplanting, the seedlings in the nursery were watered abundantly with water to prevent the root from breaking. Transplanting was done in the afternoon from 4:30 pm to avoid evapotranspiration and facilitate the rapid recovery of the plant. The transplanting of tomato plants was done in four (4) weeks after the sowing date. The preparation of the 2 m2 (2 m x 1 m) seedling plots was done manually and fertilized two weeks before transplanting with dung, fine termite mound powder, cow dung and NPK once in the quantities indicated in Table 1. Each treatment was represented by eight (8) plants on the bed (2mx1m) with a spacing of 60 cm between plants and 40 cm on the lines. Regular weeding and hoeing were carried out to avoid weediness of the plot. The hoeing associated with the weeding allows to loosen the soil in order to ensure a good water infiltration. The plants were regularly watered every day, morning and evening in the dry season, because of evapotranspiration.
Table 1. Quantities of organic (t/ha) and mineral fertilizer applied (g/foot)
	Treatments
	Dung
	Cow dung
	Termite mound 
	NPK
	Dung+NPK
	Cow dung+NPK
	Termite mound  +NPK
	Total 

	T1 (Control)
	0
	0
	0
	0
	0
	0
	0
	0

	T2 (Dung)
	40
	 
	 
	 
	 
	 
	 
	40

	T3 (Cow dung)
	 
	40
	 
	 
	 
	 
	 
	40

	T4 (NPK)
	 
	 
	10
	 
	 
	 
	 
	10

	T5 (Termite mound)
	 
	 
	 
	40
	 
	 
	 
	40

	T6 (Dung+NPK)
	 
	 
	 
	5
	20
	 
	 
	25

	T7 (Cow dung+NPK)
	 
	 
	 
	5
	 
	20
	 
	25

	T8 (Termite mound+NPK)
	 
	 
	 
	5
	 
	 
	20
	25


Measured parameters
- Plant height (HP) was measured from 15, 30, 45 and 60 days after transplanting (DAT) from the crown to the apex using a decameter.
- The diameter at the collar (DC) is measured at an interval of 30, 45 and 60 DAT with an electronic caliper.
- The number of leaves was counted on 72 plants of the experimental units every 30, 45 and 60 DAT.
- The number of flowers was counted manually from 30 and 60 DAT.
- And the numbers of fruits were counted from 60 and 90 DAT.
Statistical analysis
All data obtained were analyzed by ANOVA using SPSS 20 software for Windows. Tukey's test was used to determine any significant difference between the different varieties at the threshold of p<0.05. Results were expressed as means ± standard deviation. All experiments were performed in four replicates.
RESULTS 
Effects of different types of organic and NPK fertilizer on tomato height
Figure 2 shows the results for the effect of fertilization on plant height. Plant growth was marked by two phases: a stationary phase at the beginning of transplanting and an active growth phase from 30 DAT (Figure 2). At 30 DAT, the size of the plants fertilized with different treatments were greater (p˂0.05) than that of the unfertilized plants. There was a large size with treatment T2 at 60 DAT with 67.56 cm. (Figure 2). At 60 DAT, the treatments were as follows: T4>T8 >T2>T6>T7>T3 > T5>T1. The height of the T4 plants (63.89cm) was higher than the other treatments. Regardless of the date of measurement, treatments T3, T4 and T5 always recorded the lowest values of growth in plant height compared to the other treatments with respectively 56.67 and 58.33 cm at 45 DAT; and 42.56 and 42.89 cm at 30 DAT; 55.56 cm at 60 DAT.  In contrast, treatment T4 always showed the smallest growth in plant height with respectively 42.89cm at 30 DAT; 58.33 cm at 45 DAT and the largest growth in height of 63.89 cm at 60 DAT. Analysis of variance revealed very highly significant differences (p˂0.001) at 30, 60 and 90 DAT (Figure 2).
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Figure 2: Effect of different types of organic and NPK fertilizers.
Control = No fertilizer application; D15=15 DAT; D30= 30 DAT; D45= 45 DAT and D60 = 60 DAT. T1: Control; T2= Dung; T3= Cow dung; T4= NPK; T5= Termite mound; T6= NPK+Dung; T7= Dung+NPK; T8= Termite mound+NPK. 
[bookmark: _Toc88222497]Variation of neck diameter of plants according to the treatments
The results showed that whatever the duration of the treatment used, fertilizers affected (p˂0.05) the diameter at the crown of L. esculentum. Indeed, at 30 DAT, treated plants resulted with a larger diameter (p˂0.05) than that of untreated plants. Thus, the diameters of plants treated with T2, T3, T4, T5, T6, T7, and T8 (7.67 ±1.24; 6.56 ±1.05; 7.78±1.30; 7.78 ±1.08; 7.44 ±1.74; and 7.89±1.03 mm, respectively) were comparable and larger (p˂0.05) than that of untreated plants (6.89 ± 1.03 mm). The same trend was observed for the diameters of the plants at 60 DAT and these results were statistically comparable (p˃0.05) but greater than the untreated plants (Table 2).

Table 2. Effect of different organic and NPK fertilizer types on crown diameter after transplanting
	Traitements 
	Crown diameter (mm)

	
	D30
	D45
	D60

	T1 (Control)
	6,89  ± 1,03c
	7,11  ± 1,56c
	8,04   ±  1,54c

	T2 (Dung)
	8,56  ± 1,59a
	8,89  ± 0,72a
	9, 89  ±  1,21b

	T3 (Cow dung)
	7,67  ± 1,24b
	7,89  ± 0,38b
	9,78   ±   0,58b

	T4 (NPK)
	6,56  ± 1,05c
	7,89  ± 1,84b
	9,33   ±  1, 33b

	T5 (Termite mound)
	7,78  ± 1,30b
	8,33  ± 0,77a
	9,00    ±   1,20b

	T6 (Dung+NPK)
	7,78   ± 1,08b
	9,05  ± 1,47a
	10,00  ±  1,15a

	T7 (Cow dung+NPK)
	7,44  ± 1,74b
	8,91  ± 1,23a
	10,93   ±   2,03a

	T8 (Termite mound+NPK)
	7,89  ± 1,03b
	8,82  ± 0,19a
	10,11  ±  1,40a


[bookmark: _Toc88222947]D30= 30 DAT, D45=45 DAT and D60= 60 DAT. T1: Control; T2= Dung; T3= Cow dung; T4= NPK; T5= Termite mound; T6= NPK+Dung; T7= Dung+NPK; T8= Termite mound+NPK. For the same column, values that share the same letter are not significantly different according to the Tukey’s test at 5% threshold.

Average variation of leave numbers according to the treatments
The results showed that the application of different types of organic and mineral fertilizers had a significant effect (p˂0.05) on the number of leaves of the plant (Table 3). The lowest leaf number per treatment was obtained with T5 and T8 at 30 DAT with 20.33 and 22.56, respectively. At 60 DAT, treatment T2, and T6 with 55.44 and 51.11 respectively with an increase significant number of leaves after mineralization of mineral fertilizer. Treatment T2 gave the highest number of leaves at 90 DAT with 74.67 leaves. The T4 and T6 treatments were average with 65.11 and 60.44. The T1 treatment is very weak. The plots that received organic fertilizers had significantly higher effects (p˂0.05) than the control without fertilizer input (Table 3).   

Table 3. Effect of different types of organic and NPK fertilizer on number of leaves after transplanting
	
Treatments
	Number of leaves

	
	D30                                  
	D45
	D60

	T1 (Control)
	26,11 ± 6,01c
	36,00 ±  16,28c
	39,67 ± 28,44e

	T2 (Dung)
	29,44 ± 7,29a
	55,44 ±  15,83a
	74,67 ± 20,18a

	T3 (Cow dung)
	24,44 ± 2,72d
	40,33 ±  13,38b
	48,22 ± 21,35d

	T4 (NPK)
	26,11 ± 3,82c
	47,89  ± 14,21b
	65,11 ± 20,18b

	T5 (Termite mound)
	20,33 ± 4,28f
	36,44 ±  16,63c
	40,78 ± 12,75d

	T6 (Dung+NPK)
	27,67 ± 5,16b
	51,11  ± 15,81a 
	60,44  ± 23,99b

	T7 (Cow dung+NPK)
	26,00 ± 7,68c
	47,56  ± 15,96b
	52,67 ± 18,72c

	T8 (Termite  mound+NPK)
	22,56 ± 3,51e
	47,22 ± 13,33b
	52,11 ± 22,26c


D30= 30 DAT, D45=45 DAT and D60= 60 DAT. T1: Control; T2= Dung; T3= Cow dung; T4= NPK; T5= Termite mound; T6= NPK+Dung; T7= Dung+NPK; T8= Termite mound+NPK. For the same column, values that share the same letter are not significantly different according to the Tukey’s test at 5% threshold.
[bookmark: _Toc88222949]Average variation of flowering according to the treatments
At 30 DAT, the average number of flowers by treatment T2, T4 and T6 with respectively 3.33±2.29; 3.89±0.89a and 3.33±1.88a 3.33 are not significantly different (p˂0.05) between them compared to other treatments. At 60 DAT, the highest number of flowers was observed with treatment T2, T4, T6, and T7 with 7.89±3.4; 7.00±3.48; 7.93±3.76; and 7.33±2.48 flowers per plant, respectively, compared to T1(Control) with 3.67± 1.43 flowers per plant (Table 4).
Table 4. Effect of different types of organic and NPK fertilizer on average number of flower after transplanting
	Treatments
	Average number of flowers

	
	D30
	D60

	T1 (Control)
	1,67 ± 1,46c
	3,67 ± 1,43d

	T2 (Dung)
	3,33 ± 2,29a
	7,89 ± 3,41a

	T3 (Cow dung)
	2,00 ± 0,96b
	5,22 ± 3,37b

	T4 (NPK)
	3,89 ± 0,89a
	7,00 ± 3,48a

	T5 (Termite mound)
	2,44  ± 0,89b
	4,44 ± 2,44c

	T6 (Dung+NPK)
	3,33 ± 1,88a
	7,93 ± 3,76a

	T7 (Cow dung+NPK)
	2,22 ± 2,01b
	7,33 ± 2,48a

	T8 (Termite mound+NPK)
	2,22 ± 1,72b
	5,89  ± 2,73b


[bookmark: _Toc88222950]D30= 30 DAT, D45=45 DAT and D60= 60 DAT. T1: Control; T2= Dung; T3= Cow dung; T4= NPK; T5= Termite mound; T6= NPK+Dung; T7= Dung+NPK; T8= Termite mound+NPK. For the same column, values that share the same letter are not significantly different according to the Tukey’s test at 5% threshold.
Average variation in number of fruits per treatment
Table 5 shows the average number of fruits per tomato plant ranged from 6.67 to 7.56 fruits from 60 days after transplanting. From the analysis of the data, it was found that there were significant differences between the average number of fruits per tomato plant depending on the organic fertilizers applied (p<0.05). It is also recorded that the plots which received organic and mineral fertilizers T4, T6 and T7 gave higher average numbers of fruits respectively 7.52±5.64; 7.33±6.33 and 7.00 ± 3.11 at 90 DAT. Treatment T1 had a lower fruit number with 3.11±1.19 (Table 5).
Table 5. Effect of different types of organic and NPK fertilizer on average number of fruits per treatment after transplanting
	Treatments
	Number of fruits

	
	D60
	D90

	T1 (Control)
	3,38 ± 3,67e
	3,11 ± 1,19e

	T2 (Dung)
	6,33 ± 6,58b
	6,11 ± 6,39b

	T3 (Cow dung)
	5,32 ± 5,50c
	5,33 ± 4,58c

	T4 (NPK)
	7,00 ± 7,18a
	7,52 ± 5,64a

	T5 (Termite mound)
	4,28 ± 4,38d
	4,33 ± 3,58d

	T6 (Dung+NPK)
	7,50  ± 7,80a
	7,33 ± 6,33a

	T7 (Cow dung+NPK)
	7,35  ± 7,50a
	7,00 ± 3,11a

	T8 (Termite mound+NPK)
	5,20 ±  5,30c
	5,23 ± 4,78c


[bookmark: _Toc88222951]D30= 30 DAT, D45=45 DAT and D60= 60 DAT. T1: Control; T2= Dung; T3= Cow dung; T4= NPK; T5= Termite mound; T6= NPK+Dung; T7= Dung+NPK; T8= Termite mound+NPK. For the same column, values that share the same letter are not significantly different according to the Tukey’s test at 5% threshold.

DISCUSSION
The evaluation of the effects of inputs (different types of organic and NPK fertilizers) on the growth and yield of tomato was carried out on the basis of the five quantitative parameters: height, diameter, average number of leaves, leaf length and width, and number of flowers and fruits. From the present comparison, it was found that there is variability among the different parameters to distinguish the effects of organic and NPK fertilizers on tomato plant. The results show that the treatment associated with mineral fertilizer T4 (NPK) and T8 (Termite mound+NPK) gave respectively the growth in height of the plants more important. These results are consistent with those obtained by Nana (2016) who revealed that the best height growths of tomatoes were recorded with Fertinova (4-3-3) associated with mineral fertilizer. This would be due to the fact that organic matter provides an additional source of nutrients and improves the efficiency of mineral fertilizer, making nutrients more available for plant growth. 
Regarding diameter growth, treatment T8 (Termite mound+NPK) and T6 (Dung+NPK) gave better diameter growth at the neck of tomato plants and its effect was significantly higher than treatment T3 (Cow dung) and T2 (Manure) alone. The results of this study show the interest of the combined application of organic and mineral fertilizers on the growth of tomato. The application of organic fertilizer without the addition of mineral fertilizer did not significantly increase the diameter at the crown in the context of this study. These results are consistent with the work of M'pikal et al. (2015) who reported a significant effect on diameter growth of three tomato varieties (Roma, Mongol and Locale) with nitrogen/potassium fertilizer. This is because mineral fertilizer provides nutrients that are directly usable by plants unlike organic amendments that must first mineralize before making the nutrients available to the crops. The total number of leaves of tomato increased with the T2 (manure) treatment from 60 days after transplanting (DAT). This result corroborates that of Law-Ogbomo and Remison (2009), who found an improvement in the total leaf area of maize following the increase in the total number of leaves under poultry manure.
The number of flowers obtained per bunch was low in all treatments, which could be explained by the high moisture content which is one factor that influences the average number of flowers. These results are similar to those of Kpangba et al. (2020), and if the difference between night and day temperature is too small. 
Finally, the number of fruits obtained is very low compared to the work of Laumonier (1979) who found that whatever the terrain, phosphoric acid is definitely important. It increases the yields and acts very appreciably on the precocity of the tomatoes. Careful attention should always be paid to the balance of fertilizers, as the absence of one of the basic elements can lead to a significant drop in yields.

CONCLUSION 
The study was conducted with the objective of evaluating three organic fertilizers and NPK on the growth and yield of tomato in natural environment. The results of this study showed that the different organic fertilizers or mineral fertilizers each taken separately, allows an improvement of yield. However, these yield increase are not sufficient to ensure significant crop production. The combination of these fertilizers is better suited for substantial yield increases. It can therefore be recommended as a method of integrated soil fertility management.  
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