



Influence of post-emergence herbicides and rates on the growth and yield of eggplant (Solanum melongena L.) in Akwa Ibom State, Nigeria
ABSTRACT

Eggplant (Solanum melongena) is one of the widely known vegetables of the Solanaceae family, and is derived from the wild African species, Solanum incanum. They were domesticated in Southeast Asia, particularly in Northeast India and Southeast China, more than 2000 years ago. The study aims to influence of post-emergence herbicides and rates on the growth and yield of eggplant in Akwa Ibom State, Nigeria. A field experiment was conducted at Akwa Ibom State University Teaching and Research Farm, Obio Akpa Campus in 2023 to assess the influence of post-emergence herbicides and rates on the growth and yield of eggplant (Solanum melongena L.) in Obio Akpa. The experiment was laid out in a randomised complete block design with split plot arrangement and replicated four times. The main treatments were 2 types of herbicides Starforce 150 EC(fluazifop-P-butyl) and Bentazone-3(1-methlethyl)-1H-2,1,3-benzothiadiazin-4(3H)-one-2,2-dioxide), while the sub-treatments were 4 rates of application (1,2,3 kg a.i/ha and a control plot of no herbicide application). Data were taken on plant height(cm), number of branches, leaf area index, number of fruits per plant, length of fruit per plant(cm), fruit girth(cm), weight of fruits per plant(kg) and fruit yield (t/ha). Bentazone recorded stunted growth and the lowest fruit yield, with more yield reduction as the rate of application was increased, while Starforce showed the best growth and yield attributes. Similarly, application of 2.0 kga.i/ha favoured the growth and yield of eggplant across herbicides. To improve yield in eggplant production, proper selection of post-emergence herbicides should be one of the criteria for effective weed control despite other constraints facing its production. However, the interaction of herbicide type and rates showed Starforce at 2.0 kga.i/ha with the best growth and yield of 15.68t/ha and it is therefore recommended for weed control in eggplant production in the study area.
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INTRODUCTION
“Eggplant (Solanum melongena) is the third most important vegetable in Asia and of considerable importance in the Mediterranean belt. Although global eggplant production has been increasing in recent years, productivity is limited due to insects, diseases, and abiotic stresses” (Alam & Salimullah, 2021). “It is one of the widely known vegetables of the Solanaceae family” (Daunay, 2008), “and is derived from the wild African species, Solanum incanum” (Daunay et al., 2001). “Eggplants were domesticated in Southeast Asia, particularly in Northeast India and Southeast China, more than 2000 years ago” (Sekara et al., 2007). “Historical, morphological, and molecular evidence suggests that the Indochinese region is the primary centre of diversity of Solanum melongena” (Muñoz-Falcón et al., 2009). “The species was then introduced in Europe through Spain, from where it spread to other parts of the World” (Prohens et al., 2005). “With an implanted surface of 1.8 million ha. Eggplant world production is 46.6 million tons” (FAOSTAT, 2014). “China and India are the major growing countries with 60% and 25% of the total volume, respectively, followed by Iran (2.7%), Egypt (2.5%), Turkey (1.8%), Indonesia (1.1%), and Japan (0.7%)” (FAO, 2016). “Spain, Italy, and Greece concentrate most eggplant production in Europe. Eggplant world commerce has shown a growing trend” (FAO, 2016). “In 2012, exports reached 440,000 tons, the main contributors being Spain, Jordan, Mexico, the Netherlands and Syria, Germany, France, and the United Kingdom. U.S. production is not sufficient to cover the domestic demands, and the country, together with Russia, Canada, Iraq, and Italy, accounts for 75% of global imports” (FAOSTAT, 2014).  “Eggplant is an annual plant and is one of the most consumed fruit vegetables in tropical Africa; probably the third after tomato and onion, and before okra” (Grubben and Denton, 2004). “Although excessive rainfall affects both vegetative growth and flower formation, the plant is well adapted to both wet and dry season cultivation. In West Africa, the eggfruits are eaten when cooked or fried with spices in stews, or dried and pounded as condiments” (Fayemi, 1999). The eggplant, apart from being a source of vegetables, also has numerous health benefits which are essential for the overall development of the human body. Its acceptability cuts across religious, tribal, cultural and ethnic groups in Nigeria.
            “Eggplant is one of the most economically important vegetable crops cultivated and consumed

Globally” (Aumentado & Balendres, 2024).  “It is locally traded and a source of income to the farmers” (Aliyu et al., 1992). “Eggplant is an important source of nutrients in the diets of low-income consumers” (Hanson et al., 2006). “Interest in this plant is growing rapidly because it is a good source of antioxidants (anthocyanins and phenolic acids), which are beneficial to human health” (Gajewski et al., 2009). “Eggplant has also been used in traditional medicine to treat many diseases. For example, in parts of Asia, vegetative aerial parts of S. americanum/nigrum were traditionally used for the treatment of skin problems and as a purgative, to ease urination, and to increase sex drive” (Meyer et al., 2014). “It is a rich source of phenolic and alkaloid compounds. It possesses various pharmacological effects, including anti-oxidant, antidiabetic, antihypertensive, and antihyperlipidemic, which have been supported by numerous investigations” (Yarmohammadi et al., 2021). “In the same study, 77 medicinal properties were recorded for eggplant, which indicates the importance of this plant in local medicine and its promise as a functional food and in the natural products industry.The yield of eggplant in Nigeria is generally low due to the use of varieties that are of narrow genetic base, which are grown on soils that are of inherently low in fertility.  However, in Nigeria, farmers get lower yields mainly due to the fact that eggplant is sensitive to a number of environmental stresses, especially extreme temperature, salinity, drought, excessive moisture and environmental pollution, improper planting distance, diseases and pests, as well as weed infestation. Uncontrolled weed growth interferes with the growth of eggplants and crop yields” (Shivalingappa et al., 2014). “Successful crop production depends on many agronomic factors, and effective weed management is one of the major factors for a successful crop productivity.  It has been estimated that losses in yield due to weeds alone vary from 10 to 70%, depending upon the extent of weed infestation” (Mani et al., 1968). “It is difficult to control weeds manually because of a lack of labour and besides the heavy cost of manual weeding” (Jane-Frances and Solomon, 2024; Akata et al, 2024a). 
          “There seems to be good scope to make use of post-emergence herbicides to attain season-long control of weeds” (Reddy et al., 2000). “Post-emergence herbicides are sprayed onto the foliage of the weeds after they have emerged” (Hembree, 2015). “Certain post-emergence herbicides are systemic, selective and are absorbed by the leaves and stems of the weeds and translocated within the plant. Other post-emergence herbicides are strictly contact and only kill the leaves/plants they come in contact with” (Bradley, 2017). “Post-emergence herbicides work best on non-stressed plants, which absorb and translocate the material more readily than stressed plants” (Hembree, 2015). “The productivity of any crop depends on many factors, and effective weed management is one of the most prior for a successful crop. Favourable environmental conditions, proper spacing and liberal use of farmyard manure, chemical fertilisers and frequent irrigations encourage the weeds to grow vigorously and lead to severe weed competition, particularly during the early stages of their growth” (Hembree, 2015).

           “It has been estimated that losses in yield due to weeds alone vary from 10 to 70%, depending upon the extent of weed infestation” (Mani et al., 1968). Good weed control in eggplant begins the same as any other crop, before the crop is planted. Hembree (2015) suggested that the choice of herbicides that control the weeds in the field, application of a proper rate for the soil texture and organic matter in the field can minimise the risk of crop injury and maximise weed control. Similarly, Jane-Frances et al. (2021a) reported that a proper rate of herbicide application to crop fields reduced crop injury, maximised yield and was effective on weeds. “Several effective herbicides are registered for use in transplanted eggplant” (Bradley, 2017), “each with a slightly different spectrum of weeds, and each has certain disadvantages. Effective weed management in eggplants begins with proper field selection and identification of potential weed problems” (Bradley, 2017). “It involves pre-irrigation and cultivation, proper land and bed preparation, sanitation, and proper selection of herbicides” (Hembree, 2015). “Weed control is a cornerstone to crop production” (Jane-Frances et al, 2013). “When combined with good cultural practices, available herbicides can control many of the weed species that are found in eggplant fields. The choice of herbicide depends upon the weed species that are present and the cultural practices followed thereafter” (Hembree, 2015)

         “It is difficult to control manually, because of the poor efficiency of the labour, besides the heavy cost of manual weeding. There seems to be good scope to make use of selective chemical and cultural control to attain season-long control” (Hembree, 2015). According to Marque et al., (2017), in their study with major weeds found in the eggplant cultivar were: Eleusine indica, Portulaca oleracea, and Cyperus rotundus, and reported that coexistence between the weed community and the eggplant throughout the entire crop production cycle reduced eggplant fruit yield by 78%. Sumeet et al., (2017) reported that the treatment comprising post-emergence application of paraquat @ 0.15 kg/ha at 45 days after transplanting (DAT) showed better results than other treatments (mulching) with yield of 96.72%, and these findings were similar to Nadagouda (1995).
        Jane-Frances and Solomon (2024) revealed that primextra @ 2.0 kg a.i. ha-1 had a more significant effect among treatments, which resulted in less number of weeds and dry weight (g). Shivalingappa et al., (2014), reported high weed control efficiency (WCE %), and increase in morphological, biochemical parameters, and yield attributes with pendimethalin @ 1.5 kg a.i. ha-1, while comparing with all the treatments at 30, 60, 90, 120 DAT, followed by pendimethalin @ 1.0 kg a.i. ha-1. The study is designed to investigate the influence of post-emergence herbicides and rates as a weed control approach on the growth and yield of eggplant (Solanum melongena L.). “Losses from weeds account for 45 per cent more than when compared to insect, pest and diseases, about 30 and 20 per cent, respectively” (Rao, 1993; Ben et al, 2024). “In most of the vegetable crops, the early growth period is the most critical stage at which stresses of any kind affect the economic yields. Weed competition is one such important stress during this period” (Sumeet et al., 2017). “Besides, this period coincides with the season of peak labour activity, leading to a scarcity of labour for weeding. This adds to the already high costs of production” (Sumeet et al., 2017). So proper weed control method, therefore, is the prime need and very much essential to give herbicide usage its share to obtain maximum productivity in eggplant (Solanum melongena L.) production.
MATERIALS AND METHODS
Location of the Study Area
 The experiment was conducted at the Teaching and Research Farm of Akwa Ibom State University, Obio Akpa, in Oruk Anam local government area of Akwa Ibom State, Nigeria, in the 2023 cropping season. The area lies between latitudes 4030 S and 5030 N and longitudes 7030W and 8000E (Slus-AK1989). The mean annual rainfall is between 2000 mm and 2600mm with a bimodal pattern, which peaks in August break (Slus-AK, 1989). The annual temperature of Obio Akpa ranges between 240C and 300C, being high estimates months of February and April, with relative humidity ranging from 75–79% (Slus-AK, 1989). 
Field Methods
Soil Sampling
Prior to planting, the soil was randomly collected at a depth of 0-15cm at three different locations in the experimental site, air dried and sieved with a 2mm sieve for laboratory analysis. 
Cultural Practices
Land Preparation: The land was cleared, and debris was packed.

Nursery Management: Eggplant was sown in the nursery seed pot in the screen house. The seedlings were maintained by watering until they attained the age of 30 days with 2-3 leaves before it was transplanted to the main field. 
Experimental Design:
The experiment was laid out in a randomised complete block design with a split plot arrangement and replicated four times. The main treatments were two types of herbicide (starforce and bentazone), and the sub-treatments were rates of application (Control, 1, 2, 3, kga.i/ha). The main plot was 3m x 8m, while the sub-plot was 3m x 2m. The total plot size was 17 x 15m. 
Transplanting:
After 30 days in the nursery, the seedlings were transplanted to the main field. Beds were made with the aid of a spade at 1m apart. The seedlings were planted on the seed bed in the evening, and one seedling per stand.
 Fertiliser Application:

N: P: K (20: 10:10) was applied at the rate of 500 kg/ha using the ring method at 4 weeks after transplanting using the ring method. 
Weeding: 

Removal of weeds was done by application of post-emergence herbicides (starforce and bentazon) using the rates of 0, 1.0, 2.0 and 3.0 kg a.i. ha-1 at 4 and 8 weeks after transplanting. 
Data Collection: 

Four plants were tagged in each experimental unit for data collection.  Growth and yield parameters were collected at 2, 4, 6 and 8 weeks after planting and at harvest, respectively, on the following:
Plant Height:

 Plant height (cm): The plant height was measured with the aid of a meter rule from the soil level to the plant apex (Akata et al., 2024a).

Number of Leaves:

 Number of leaves per plant by manual counting of the mature leaves on the plant.

Number of Branches:
 The number of branches per plant was carefully counted on each tagged plant. (Akata et al., 2024b) 
Leaf Area (cm2): This was determined by measuring the length and width of the leaves of tagged plants. It was later corrected to factor 
Thus LA = 08 × LW

Where

L = Length of the leaf

W = Width of leaf  
Number of fruits:

The total number of fruits per plant was counted and recorded (Akpan et al. 2024)

 Length of Fruit:

Length of fruit per plant (cm) and width of fruit per plant (cm) were measured by random selection of four fruits, which were measured from the base to the top of the pod (Udounang et al., 2023)

Weight of Fruit:

The weight of fruit per plant (g) was determined by weighing each harvested fresh fruit using a Mettler sensitive weighing balance, and the average weight was recorded. Fruit yield per hectare (t/ha) was measured according to the treatment and calculated using the formula:

                   Fresh fruit weight/ plot (kg) × 10,000 × 0.001
	     Area of plot (m2)


Stem Girth (cm): This was measured by tying a thread around the base area and reading the marks of a ruler.
 Laboratory Analysis
Physico-chemical characteristics of the soils were determined according to the method described by Udo et al. (2009).  Mechanical analysis was determined by the Bouyoucous hydrometer method. Soil pH was determined in 1: 2.5 soil and water ratio, read with a pH meter. Organic carbon was determined by the Walkley and Black Dichromate Oxidation Method. Total nitrogen (N) was determined by the micro–Kjeldahl method. Available phosphorus (P) was extracted by the Bray 1 extraction method, and the content of P was determined colourimetrically using a Technico AAII auto analyser (Technico, Oakland, Calif). 
        Exchangeable bases (K, Na, Ca, and Mg) were extracted with O. I N ammonium acetate; K and Na were read with a flame photometer, while Ca and Mg were determined through the EDTA titration method. Exchangeable acidity was determined by leaching the soils with IN KCI and titrating aliquots with 0.01 NaOH. Effective Cation Exchange Capacity (ECEC) was calculated as the sum of exchangeable bases (Ca, Mg, K and Na) and exchangeable acidity. Base saturation was calculated by dividing the sum of exchangeable bases by ECEC and multiplying by    100.     
STATISTICAL ANALYSIS
 All data were subjected to analysis of variance, and means were compared using least significant difference (LSD) at 5% probability level.

RESULTS AND DISCUSSION
Physicochemical properties of the soil in the experimental site before planting are presented in Table 1. Results showed that particle size fractions within the depth of 0-15cm were: sand fraction was 89.20%, silt 4.4% and clay 6.4%, in line with the findings of Essien and Ogban (2018); Ogban and Essien (2016). Organic matter content was 1.87% (Simeon and Essien, 2023; Sam et al., 2025; Ogban et al., 2022), total nitrogen was 0.39%, while available phosphorus was 82.7(mg/kg), pH of 5.7 indicated slight acidity. The textural class of the soil was loamy with low clay content, suggesting a low fertility status of the site. The percentage base saturation was 62.81% with low soil exchangeable cations. Low nitrogen suggested the need for nitrogen supplementation and other micronutrients to optimise crop growth (Essien et al., 2025; Jane-Frances and Isonguyo, 2024)
The effect of post-emergence herbicides on the height of eggplant, number of branches and leaf area index is shown in Tables 2, 3 and 4, respectively. Results showed that Starforce herbicide had the tallest plant, highest number of branches and leaf area index at 2 and 4 weeks after transplanting compared to bentazone herbicides. Similarly, the rate of application also showed significant difference at 2 and 4 weeks after transplanting across herbicides at 2.0 kg a.i/ha, while the least was recorded in the application rate of 3.0 kga.i/ha However, the interaction of type and rate of herbicide showed that StarForce at 2.0 kga.i/ha had the highest growth attributes compared to other treatments across the sampling period. 
The productivity of any crop depends on many factors, and effective weed management is one of the most importantoperations for a successful crop growth. Weed control is a cornerstone to successful crop production as reported by Jane-Frances et al, 2013. It was observed that StarForceStarForce herbicide gave the best results in terms of growth (plant height, number of branches and leaf area index). The good growth attributes could be a result of the safety of the herbicide (Jane-Frances et al, 2021a; Jane-Frances et al., 2021b) on eggplant compared to bentazone. 
The yield and yield components of eggplant as affected by post-emergence herbicides are presented in Table 5.  Results showed that post-emergence herbicides had significant difference (P < 0.05) on the number of fruits per plant of eggplant at harvest, length of fruits per plant (cm), girth of fruits per plant, weight of fruits per plant (kg), and fruit yield (t/ha). Starforce herbicide showed the highest yield and yield components, respectively, compared to bentazone herbicides. Similarly, the rate of application of 2.0 kga.i/ha also showed a significant difference with the highest results compared to other rates of application, while the lowest was recorded in the application rate of 3.0 kga.i/ha. The interaction between types and rates of herbicide showed that StarForce at 2.0 kga.i/ha had the highest yield compared to other treatments across the sampling period. The coexistence of weeds and eggplant tends to reduce yield as recorded in the control treatment. This finding agrees with Marque et al., (2017); Jane–Frances et al. (2024), in their study with major weeds found in the eggplant, that coexistence between the weed community and the eggplant throughout the entire crop production cycle reduced eggplant fruit yield by 78%. This means that weed control with a well-selected herbicide can increase the yield of eggplant. It is also indicated that eggplant was able to tolerate the application of Starforce at 2.0kg a/i/a as shown in the appreciable yield result obtained from this treatment. It is also in consonance with Sumeet et al. (2017), who reported that the treatment comprising post-emergence application of herbicides 45 days after transplanting (DAT) showed better results with a yield of 96.72%. 
Table 1: Physiochemical Properties of the Soil in the Experimental Site before Planting
	Soil Properties
	Soil Depth (0 – 15cm)

	Physical Properties
	

	Sand (%)
	89.20

	Silt (%)
	4.4

	Clay (%)
	6.4

	Textural class
	Loamy Sand

	Chemical Properties
	

	pH
	5.7

	Organic Matter (%)
	1.87

	Total Nitrogen (%)
	0.39

	Available Phosphorous (mg/kg)
	82.7

	K (cmol/kg)
	0.39

	Ca (cmol/kg)
	3.3

	 Mg (cmol/kg)
	1.4

	Na (cmol/kg)
	0.08

	Exchangeable acidity (cmol/kg)
	2.7

	ECEC (cmol/kg)
	8.05

	Base Saturation (%)
	62.81


Table 2: Effect of Post-Emergence Herbicides and Rates on Height of Eggplant (cm)
	Herbicide               Rates of Application (kg a.i/ha)            Weeks After Planting

	
	2
	4
	6
	8

	Starforce
	0
	18.43
	21.38
	33.90
	33.25

	
	1
	13.23
	45.98
	48.40
	47.71

	
	2
	18.03
	30.73
	37.20
	39.54

	
	3
	15.38
	26.15
	29.40
	31.92
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	16.26
	24.52
	29.78
	38.10

	Bentazone
	0
	13.23
	24.32
	41.38
	42.82

	
	1
	12.48
	26.68
	44.88
	46.91

	
	2
	15.68
	24.93
	42.39
	45.37

	
	3
	14.45
	27.33
	40.98
	43.09
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	13.96
	25.81
	42.40
	44.54

	LSD (p < 0.05) Herbicide
	 
	0.31
	NS
	NS
	NS

	LSD (p < 0.05) Rates of application
	
	0.53
	0.22
	NS
	NS

	LSD (p < 0.05) Herbicide x Rates of application
	
	0.68
	0.42
	NS
	NS


*NS=non-significant

Table 3: Effects of Post-Emergence Herbicides and Rates on the Number of Branches of Eggplant (cm)

	Herbicides                    Rates of Application   (kg a.i/ha)           Weeks After Planting

	
	
	2
	4
	6
	8

	Starforce
	0
	4.88
	5.21
	10.01
	11.93

	
	1
	4.93
	7.35
	11.58
	11.88

	
	2
	5.10
	8.62
	9.55
	14.98

	
	3
	4.10
	7.66
	8.79
	11.55
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	4.75
	7.21
	9.98
	12.58

	Bentazone
	0
	4.23
	7.28
	9.03
	12.03

	
	1
	4.48
	7.03
	11.82
	11.93

	
	2
	4.28
	6.58
	9.33
	13.53

	
	3
	5.28
	7.11
	9.02
	11.20
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	4.56
	7.00
	9.80
	12.17

	LSD (p < 0.05) Herbicide
	 
	NS
	NS
	NS
	NS

	LSD (p < 0.05) Rates of application
	
	NS
	NS
	NS
	1.02

	LSD (p < 0.05) Herbicide x rates of application
	
	NS
	NS
	NS
	2.01


*NS=non-significant
Table 4: Effects of Post-Emergence Herbicides and Rates on Leaf Area Index of Eggplant (cm)
	Herbicides                   Rates of Application (kg a.i/ha)             Weeks After Planting

	
	
	2
	4
	6
	8

	Starforce
	0
	0.055
	0.55
	1.58
	2.61

	
	1
	0.056
	0.59
	1.67
	3.06

	
	2
	0.058
	0.49
	1.59
	2.73

	
	3
	0.052
	0.43
	1.51
	2.70
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	0.055
	0.51
	1.582
	2.77

	Bentazone
	0
	0.054
	0.51
	1.39
	2.43

	
	1
	0.057
	0.53
	1.58
	2.99

	
	2
	0.056
	0.50
	1.47
	2.63

	
	3
	0.053
	0.48
	1.50
	2.51
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	0.055
	0.50
	38.61
	2.64

	LSD (p < 0.05)Herbicide
	
	NS
	NS
	NS
	NS

	LSD (p < 0.05)Rates of application
	
	NS
	NS
	NS
	NS

	LSD (p < 0.05)Herbicide x Rates of application
	
	NS
	NS
	0.03
	0.10


*NS=non significant

Table 5: Yield and Yield Components of Eggplant as affected by post-emergence herbicides

	Herbicides (kg)
	Rates of Application  
	Number of fruits per plant
	Length of fruit/plant(cm)
	Girth of fruit per plant (cm)
	Weight of fruit/plant (kg)
	Fruit yield (t/ha)

	Starforce
	0
	3.00
	12.93
	18.33
	1.40
	9.95

	
	1
	4.00
	15.82
	23.20
	2.20
	12.90

	
	2
	6.25
	17.05
	28.66
	3.55
	15.68

	
	3
	3.25
	15.53
	20.54
	2.01
	12.23
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	4.12
	15.33
	22.68
	3.05
	12.6

	Bentazone
	0
	2.75
	11.03
	16.72
	1.07
	8.56

	
	1
	3.25
	14.94
	22.04
	2.95
	12.30

	
	2
	6.00
	16.21
	24.75
	3.02
	14.91

	
	3
	3.00
	14.63
	21.96
	1.24
	11.84
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	3.75
	14.20
	21.36
	2.07
	11.90

	LSD (P < 0.05) Herbicide
	
	0.10
	0.83
	NS
	NS
	NS

	LSD (P < 0.05) rates of application
	
	0.22
	0.53
	NS
	NS
	NS

	LSD (p < 0.05) Herbicide x rates of application
	
	0.10
	1.60
	2.32
	0.93
	2.61


*NS = non significant

CONCLUSION 

Weed control is a critical factor for successful crop production. Therefore, to improve yield in eggplant production, proper selection of post-emergence herbicides should be one of the criteria for effective weed control despite other constraints facing its production. Based on the findings of the study, it is recommended that farmers should be encouraged to use StarForce herbicide at the rate of 2.0 kg/ha for eggplant production in the study area, since it has shown promising results for eggplant production 
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