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A B S T R A C T   

Eggplant is the most important fruit vegetable crop in many countries, including Ethiopia. In spite 
of this, its production is hindered by low nutrient availability in soil and suboptimal intra-row 
spacing. In order to address these issues, a field investigation took place in the Wolaita zone 
during 2022/23 growing season to evaluate the effects of various concentrations of blended NPSB 
fertilizer and intra-row spacing on the growth, yield, and quality of eggplants. Five various 
blended NPSB fertilizer rates (0, 50, 100, 150, and 200 kg ha− 1) and three intra-row spacing 
distances (30, 40, and 50 cm) were used in the investigation, which was designed as a randomized 
complete block with three replicates. Based on an analysis of variance, it was discovered that the 
main effects of NPSB fertilizer rates and intra-row spacing significantly (p < 0.01) affected many 
of parameters, including dry matter content, total soluble solids, fruit number, fruit length, and 
days to 50 % flowering. Additionally, the interaction effect between NPSB fertilizer and intra-row 
spacing significantly (p < 0.05) impacted the number of days to first fruit harvest, plant height, 
leaf area, branch number, leaf number, fruit diameter, fresh fruit yield, marketable fresh fruit 
yield, unmarketable fresh fruit yield, and total fresh fruit yield. According to the current inves
tigation, the highest marketable fresh fruit yield (121.04 t ha− 1) was obtained by 150 kg ha− 1 

NPSB with 40 cm intra-row spacing. These findings suggest that 150 kg ha− 1 of blended NPSB 
fertilizer with 40 cm distance between plant spacing is optimal for eggplant cultivation in the 
study area and analogous agro-ecological settings. This optimized approach can effectively sup
port eggplant growers in maximizing both yield and quality outcomes.   

1. Introduction 

Eggplant (Solanum melongena L.) is a perennial herb with a short lifespan predominantly cultivated in warm-weather tropical and 
subtropical regions worldwide. It categorized under the Solanaceae family and is popular by various names in several countries, such 
as Brinjal in England, Baigan in India, and “Deberjan” in Ethiopia [1]. It is part of the genus Solanum, one of the largest genera, 
encompassing over 1550 species. The primary origin of eggplant is India, and it was introduced to southern Europe and the Medi
terranean region by Arabic traders [2]. 

Regarding its nutritional value, eggplant is low in calories and is known to be among the healthiest fruit vegetable for its high levels 
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of vitamins such as B6, K, and C, minerals including K, Mg, Na, P, Cu, Cr, Fe, Mn, Ni, and Zn, and its bioactive compounds that support 
human health [3,4]. For optimal growth, yield and fruit quality eggplant requires an annual rainfall range of 1000–1500 mm and 
grows best in an altitudes range of 0–1600 m above sea level [5]. Heavy rainfall disrupts both the growth of the plant and formation of 
flowers. The optimum temperature for pollen germination is 20–27 ◦C, but below 15 ◦C or above 30 ◦C, pollen is unable to germinate 
[6]. For healthy development, eggplant prefers deep, fertile sandy loam soils that are well-drained, have a pH of 5.5–6.8, and contain 
high organic content [7]. For this reason, it is highly responsive to blended NPSB fertilizer and their deficiency will inhibit growth, 
yield, quality and result in low production [8]. From those fertilizers, boron and sulfur are crucial for fruit development, flowering, and 
whole plant growth, in addition to aiding in water absorption and the metabolism of carbohydrates in plants [9]. 

Apart from nutrient management, the spacing plants are another crucial component that affects the production of a vegetable crop 
including eggplant. The ideal intra-row plant spacing for eggplant lies between 20 and 60 cm, depending on the cultivar and cultural 
practices [10–12]. Eggplant is a key crop globally and in India, often referred to as the king of vegetables. China dominates eggplant 
production with 35.5 million tons, followed by India at 12.7 million tons. African eggplant production totaled 2,087,592 tonnes [13], 
but clear data for Ethiopia is unavailable. 

In fact, soil fertility depletion is among the significant challenges for agricultural output in many parts of Africa, including Ethiopia. 
The reliance on a limited range of fertilizers, such as urea and diammonium phosphate, which primarily provide nitrogen and 
phosphorus, contributes to this issue. These fertilizers do not supply the full spectrum of essential nutrients that crops require, which 
can lead to nutrient deficiencies and suboptimal crop yields. To address this issue, it is better to use balanced fertilization, which 

Fig. 1. Map of the study area.  
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includes both macro and micro nutrients such as nitrogen, phosphorus, potassium, sulfur, boron, and copper [14]. This can help ensure 
that crops receive all the necessary nutrients for their better growth, yield and quality, but they are lacking in Ethiopian soils [15]. 

According to data from the Ethiosis soil map, the study area exhibits a deficiency in NPSB fertilizer [16]. Despite this, local farmers 
are generally unaware of and do not utilize research recommendations, even for other Solanaceae crops such as tomatoes and potatoes. 
Additionally, in Ethiopia, few regions produce eggplant, and existing research has primarily focused on the biochemical composition 
and survey-based studies of this crop [1,17]. Notably, the study area is not traditionally known for eggplant production, and there is no 
recommended data on the optimal NPSB fertilizer rates or ideal intra-row spacing for this crop. Farmers typically use a blanket fer
tilizer recommendation (100 kg ha-1 Urea +150 kg ha-1 NPSB) or smaller amounts based on their economic capacity for Solanaceae 
crops. Moreover, plant spacing is a critical factor that requires area-specific recommendations to ensure optimal growth, yield, and 
quality. Therefore, this study was performed in the field and aimed to evaluate the impact of varying blended NPSB fertilizer rates and 
intra-row spacing on eggplant growth, yield, and quality. 

2. Materials and methods 

2.1. Overview of the study area 

A field experiment was conducted at Bolosso Bombe district, Wolaita Zone, South Ethiopia. 
The research site is situated at 7◦ 6′ 0″ North latitude and 37◦ 34′ 30″ East longitude, with an elevation of 1400 m.a.s.l (Fig. 1). This 

area gets 1500 mm of annual average rainfall, with mean lowest and maximum temperatures of 17 ◦C and 28 ◦C, respectively (Fig. 2). 
In the experimental area, the type of soil was clay loam and had a pH level 5.76. 

2.2. Experimental materials, treatments, design, procedures and cultural practices 

The eggplant variety black beauty seed was obtained from Melkasa agricultural research center and blended NPSB fertilizer was 
obtained from Boloso Bombe district with the ratios of N: P: S: B; 18.9, 37.7, 6.95, and 0.1 % per 100 kg, respectively, were used as 
fertilizer materials, along with 100 kg ha− 1 urea fertilizer. Although, treatments were three distinct intra-row spacing (30, 40, and 50 
cm) and five rates of blended NPSB fertilizer which are (0 kg ha− 1, 50 kg ha− 1, 100 kg ha− 1, 150 kg ha− 1, and 200 kg ha− 1) that give a 
total of 15 treatment combinations. These were set up in a randomized complete block design with three replications and factorial 
arrangement. 

All field activities were done from November to March during 2022/23. The field was ploughed and leveled to achieve a smooth 
seedbed. A nursery bed of 3 m × 1 m was prepared to sow 200 g ha− 1 of seed and sown on 10, November, 2022. Then the nursery beds 
was covered with mulch and watered for 5 weeks depending on temperature. The seedlings were thinned down to 5 cm spacing 
between plants after sowed 15 days, and other cultural practices such as mulching, shading, watering, pest control, and hardening 
were done at the nursery phase. The main experimental field was prepared well according to the treatments of the study with a size of 
the plot was 3 m by 3 m (9 m2), had 5 rows, keeping 60 cm inter-row spacing, and included 10, 7, and 6 plants per row for 30, 40, and 
50 cm intra-row spacing, respectively. 

The experiment involved 45 plots in a total area of 583 m2, with a spacing of 0.5 m spacing between plots and 1 m spacing between 
replications. Seedlings were transplanted to the main field after reaching 15 cm height and 4–7 leaves, 41 days after sowing, at their 
varying distances with fertilizer concentrations of 0 g, 45 g, 90 g, 135 g, and 180 g blended NPSB per plot. Urea was split and applied 
twice in each plot, except in control plots. Watering, fertilization, weeding, protection, and harvesting activities followed as recom
mended for the crop. 

Fig. 2. Average monthly annual rainfall along with minimum and maximum temperatures (1987–2021).  
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2.3. Collection of data and measurements 

2.3.1. Phenological parameters 
Days to 50 % flowering: The days from transplanting to when 50 % of the plants began blooming were recorded, and this value was 

used for subsequent analysis. Days to first fruit harvest: The days from transplanting to the date of first fruit harvest was counted and 
these measurements were used for subsequent analysis. 

2.3.2. Growth parameters 
Plant height (cm): At final harvest, the plant height was measured with a meter from the soil surface to the maximum growing point 

of the above ground part, using ten plants chosen at random from the net plot. Number of branches per plant: At the final harvest, it was 
counted from the ten randomly selected plants in the net plot, and the recorded values used as a basis for further analysis. Leaves 
number per plant: The quantity of leaves per plant was recorded for ten randomly selected plants, and the average was used to calculate 
the average value. 

Leaf area (cm2): Using a ruler, measurements were taken from ten leaves gathered from ten randomly chosen plants, including 
those from the top, middle, and bottom of the net plot. Each leaf was measured for length and width, and the formula was used to 
determine the leaf area LA = a + bLW, where LA represents leaf area, L is leaf length, W is leaf width, and the coefficients a and b are 
3.99 and 0.62, respectively [18]. 

2.3.3. Yield and associated parameters 
The number of fruit per plant: The numbers of dark purple ripe fruit harvested from ten selected and tagged counts of plants in the 

net plot area were taken at each harvest and mean values were calculated. Fruit length (cm): This was measured by a veneer calliper 
from ten randomly chosen plant fruits in the net plot from the fruit tip to the pedicle tip during each harvest time, and mean values 
were calculated. Fruit diameter (cm): This was measured after harvesting fruits from ten plants selected randomly, and this was 
measured using a veneer calliper from the wider part of the fruit in the middle area of the fruit during each harvest time, and the 
average values were calculated. 

Fresh Fruit Weight per Plant (kg): This was measured by weighing the fruits harvested from ten selected plants using a sensitive 
weighing balance, and mean values were computed. Unmarketable fresh fruit weight (t ha− 1): This is the yield that was derived by 
sorting the diseased, damaged, shrunken-shaped, and discolored fruits from marketable fruits at each harvest time from the net plot, 
and the recorded value was converted to t ha− 1. Marketable fresh fruit weight (t ha− 1): This was collected from the net plot at each 
harvesting time according to the color, shape, and size of the fruits, then the weight of the respective categories was recorded and 
adjusted to t ha− 1. Total fresh fruit weight (t ha− 1): The total weight of all fruits, including both marketable and unmarketable, 
harvested from the net plot at each subsequent harvest was measured and converted to tons per hectare. 

2.3.4. Quality parameters 
Dry matter content (%): Five fruit samples were randomly selected from five plants within the net plot, and the fresh fruit weight 

of each sample was noted. After that the fruits were chopped into bits, put in an oven, and dried for 72 h at 60 ◦C. The percentage of dry 
matter was measured using an electronic sensitive balance from the sample when the weight stabilized and calculated using [19]. 

Percentage of dry matter=
Dry weight of the sample

Fresh weight of the sample
∗ 100 

Total soluble solids (TSS) (0Brix); were determined by randomly selecting five fruit samples from five plants in the net plot. Juice 
was extracted from these samples, and three drops of the transparent juice were placed on the prism of a portable refractometer three 
times per sample. The mean value of these measurements was recorded and used for further analysis [20]. 

2.4. Statistical analysis 

The analysis of variance was undertaken for the parameters following the standard statistical procedures using Statistix 8.0 version 
software. The least significant difference (LSD) test was applied at a 5 % significance level to distinguish between mean variations 
when the treatment effects were found to be significant. 

3. Results 

3.1. Phenological and growth parameters 

3.1.1. Days to 50 % flowering 
The ANOVA result revealed that both the main effect of blended NPSB fertilizer rates and intra-row spacing significantly (p < 0.01) 

influenced on the number of days required to reach 50 % flowering on eggplant. Even so, their interaction effects were non-significant 
(Table 6). From the recorded result, the longer duration to reach 50 % flowering (71.22 days) were obtained by 200 kg ha− 1 NPSB 
fertilizer rate, In contrast, the earliest (44.00 days) were obtained by control plot. The study found that, with regard to plant spacing, 
50 cm intra-row plant spacing was associated with the belated days to reach 50 % flowering (64.67 days) and 30 cm was associated 
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with the earliest days (48.07 days) (Table 1). 

3.1.2. Days to first fruit harvest 
The results of the analysis of variance showed that the number of days to the first eggplant fruit harvest was significantly (p < 0.01) 

influenced by the interaction effects of blended NPSB fertilizer and intra-row plant spacing (Table 6). The delayed duration to first fruit 
harvest (89.33 days) were registered with the rate of 200 kg ha− 1 NPSB fertilizer with 50 cm distance between plant spacing, while, 
earliest (74.00 days) was observed by the unfertilized plot with 30 cm intra-row plant spacing (Table 2). 

3.1.3. Height of the plant (cm) 
Regarding to the variance analysis, the result shows that the interaction effect of NPSB rates and intra-row spacing significantly (p 

< 0.05) influenced on the plant height of eggplant (Table 6). The investigation result revealed that using 200 kg ha− 1 of blended NPSB 
fertilizer with 30 cm intra-row spacing resulted in the longest plant height (86.07 cm). While, the control plot with 50 cm produced the 
shortest plants (56.93 cm) (Fig. 3). 

3.1.4. Branches number per plant 
The results of the ANOVA indicated that the number of branches per plant was significantly (p < 0.01) impacted by the interaction 

between NPSB fertilizer and intra-row spacing (Table 6). When 200 kg ha− 1 of blended NPSB fertilizer was applied with 50 cm intra- 
row spacing, the greatest number of branches per plant (19.37) was obtained. On the other hand, an unfertilized plot with 30 cm 
between plants spacing reported the lowest (8.10) (Table 2). 

3.1.5. Number of leaves per plant 
According to analysis of variance, the interaction effect of NPSB fertilizer and intra-row spacing had a significant (p < 0.01) effect 

on the number of leaf per plant on eggplant (Table 6). The maximum number of leaves per plant (125.27) was recorded with the 
application of 200 kg ha− 1 blended NPSB fertilizer with 50 cm intra-row spacing. Conversely, the minimum number (51.17) was 
recorded by the narrower spaced 30 cm intra-row plant spacing with control plots (Table 3). 

3.1.6. Leaf area (cm2) 
According to the variance analysis, both the main and interaction effects of blended NPSB rates and intra-row spacing had a 

significant (p < 0.05) effect on the leaf area of eggplant (Table 6). The analyzed result revealed that the application of 200 kg ha− 1 

blended NPSB fertilizer with 50 cm intra-row plant spacing revealed the broader leaf area (105.66 cm2), While the narrower (35.07 
cm2) was recorded by control plot with 30 cm (Fig. 4). 

3.2. Yield and yield related parameters 

3.2.1. Number of fruits per plant 
The main effects of NPSB fertilizer rates and intra-row spacing had a significant (p< 0.001) effect on the number of fruits per plant 

in eggplant, according to an analysis of variance. However (Table 6), shows that their interaction impact was not statistically sig
nificant. The control plots produced the lowest amount of fruits (7.14), while the 200 kg ha− 1 blended NPSB fertilizer produced the 
highest mean fruit number (20.73) (Table 1). In terms of intra-row spacing, 50 cm generated the highest number of fruits (17.20), 
while 30 cm produced the lowest number of fruits (11.17) (Table 1). 

Table 1 
The main effect of NPSB fertilizer rates and intra-row plant spacing effect on phenology, growth and quality parameters of eggplant in study area.  

Treatments D 50 % F NFPP FL (cm) DM C (%) TSS (0Brix) 

NPSB fertilizer rates (kg ha¡1) 
0 44.00d 7.14e 8.48d 8.13c 3.21e 

50 51.67c 11.01d 9.56c 8.46c 3.73d 

100 55.78c 14.26c 11.95b 8.97b 4.08c 

150 63.22b 18.33b 12.97a 9.36b 4.53b 

200 71.22a 20.73a 13.05a 10.21a 4.87a 

LSD (0.5) 4.44 1.92 0.95 0.47 0.05 
Intra-row Spacing (cm) 
30 48.07c 11.17c 10.29c 8.40c 3.92c 

40 58.80b 14.51b 11.09b 9.02b 4.08b 

50 64.67a 17.20a 12.23a 9.65a 4.25a 

LSD (0.5) 3.44 1.48 0.73 0.37 0.04 
CV 8.05 13.88 8.74 5.46 1.15 

*Means that have similar letter (s) do not differ significantly at 5 % significance level; LSD (0.05) stands for Least Significant Difference at 5 % level; 
CV is for coefficient of variation. D 50 % F stands for days to 50 % flowering, FL is fruit length, NFPP is number of fruits per plant, DMC is dry matter 
content, and TSS stands for total soluble solids. 
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3.2.2. Fruit length (cm) 
The ANOVA value indicated that the main effect of intra-row spacing and NPSB fertilizer has a significant (p < 0.001) influence on 

the fruit length of eggplant. However, the effect of their interaction was not significant (Table 6). The longest fruit length (13.05 cm) 
was obtained by blended NPSB fertilizer 200 kg ha− 1. Conversely, an unfertilized plot measured the shortest (8.48 cm) (Table 1). 

Due to spacing, the longest fruit length of eggplant (12.23 cm) was recorded by 50 cm intra-row spacing, while, the shortest (10.29 
cm) was observed by 30 cm plant spacing (Table 1). 

3.2.3. Fruit diameter (cm) 
According to the analysis of variance result, it revealed that there was a significant (p < 0.05) effect on the eggplant fruit diameter 

due to the main and interaction effects of blended NPSB rates and intra-row spacing (Table 6). The widest fruit diameter (11.37 cm) 
observed by the treatment combination of 200 kg ha− 1 NPSB fertilizer rates and 50 cm intra-row plant spacing on eggplant. 
Conversely, the narrowest (3.10 cm) was derived by plants grown without the usage of NPSB fertilizer with 30 cm (Fig. 5). 

3.2.4. Fruit fresh weight per plant (kg) 
Analysis of variance result revealed that the fruit fresh weight per plant had significantly (p < 0.01) impacted by the interaction 

Table 2 
The interaction influence of blended NPSB fertilizer rates and intra-row plant spacing on phenology and growth parameters of eggplant in study area.  

Days to first fruit harvest Branches number per plant 

NPSB rates (kg ha¡1) NPSB rates (kg ha− 1) 

Spacing (cm) 0 50 100 150 200 0 50 100 150 200 
30 74.00g 74.67g 77.00f 78.67ef 81.33cd 8.10j 8.80j 9.87hi 11.60g 14.17de 

40 78.67ef 78.67ef 80.00de 80.00de 85.67b 8.97ij 12.70f 13.93e 15.63c 16.07c 

50 79.33e 83.00c 85.00b 86.67b 89.33a 10.83gh 15.20cd 15.90c 17.20b 19.37a 

LSD (0.05) 1.82     1.03     
CV (%) 1.34     4.69     

Whereas, means with similar letters are not differ significantly at the 5 % significance level; LSD (0.05) represents the least significant difference at 
this level; and CV stands for coefficient of variation. 

Fig. 3. Plant height of eggplant.  

Table 3 
The interaction effect of intra-row spacing and blended NPSB rates on eggplant growth and yield parameters in study area.  

Number of leaves per plant Fresh fruit weight per plant (kg) 

NPSB rates (kg ha¡1) NPSB rates (kg ha− 1) 

Spacing (cm) 0 50 100 150 200 0 50 100 150 200 
30 51.17i 63.97gh 70.13fg 79.73de 84.87cd 1.35i 2.14h 3.57f 4.08e 4.55cd 

40 60.70h 70.90fg 92.23c 102.07b 117.07a 2.66g 2.70g 3.61f 4.42cde 4.73c 

50 75.80ef 84.13cde 123.90a 124.93a 125.27a 3.10g 4.23de 5.21b 5.65ab 5.91a 

LSD (0.05) 8.66     0.46     
CV (%) 5.85     7.08     

Whereas, means with identical letters do not differ significantly at 5 % significance level; LSD (0.05) represents Least Significant Difference at this 
level; and CV stands for coefficient of variation. 
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effect of intra-row spacing and NPSB fertilizer rates (Table 6). With 50 cm intra-row plant spacing and 200 kg ha− 1 blended NPSB 
fertilizer, the maximum fresh fruit weights per plant (5.91 kg ha-1) were observed. However, the minimum (1.35 kg ha− 1) were 
observed by plants grown without NPSB application with 30 cm spacing (Table 3). 

3.2.5. Marketable fresh fruit yield (t ha− 1) 
The results of ANOVA reported that the marketable fresh fruit yield of eggplant had significantly (p < 0.001) impacted by the 

interaction effects of blended NPSB rates and intra-row plant spacing (Table 6). The maximum marketable fresh fruit yield (121.04 t 
ha− 1) of eggplant was registered by treatment combination of 150 kg ha− 1 and plants spaced at 40 cm intra-row plant spacing. 
However, the minimum (24.43 t ha− 1) was registered by the plants grown without NPSB application and 30 cm plant spacing (Table 4). 

3.2.6. Unmarketable fresh fruit yield (t ha− 1) 
According to the ANOVA result, the interaction effect of NPSB fertilizer rates and intra-row spacing significantly (p < 0.05) 

influenced on the unmarketable fresh fruit yield of eggplant (Table 6). The maximum unmarketable fresh fruit yield (49.77 t ha− 1) of 

Fig. 4. Leaf area.  

Fig. 5. Eggplant fruit diameter.  

Table 4 
The interaction effects of blended NPSB rates and intra-row plant spacing on yield parameters of eggplant in investigation area.  

Marketable fresh fruit yield (t ha− 1) Unmarketable fresh fruit yield (t ha− 1) 

NPSB rates (kg ha¡1) NPSB rates (kg ha− 1) 

Spacing (cm) 0 50 100 150 200 0 50 100 150 200 
30 24.43m 40.11kl 49.91ij 63.75gh 58.19hi 26.70b 22.02c 18.72d 13.52e 49.77a 

40 31.79lm 68.24fg 70.68fg 121.04a 97.86c 19.52cd 6.99f 7.62f 4.94f 28.77b 

50 47.26jk 74.80ef 87.62d 106.77b 81.38df 26.57b 12.49e 13.63e 21.22cd 48.53a 

LSD (0.05) 8.67     3.10     
CV (%) 7.59     8.53     

Whereas, means with the same lettering do not differ significantly at 5 % significance level; LSD (0.05) represents Least Significant Difference at this 
level; and CV stands for coefficient of variation. 
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eggplant was registered by 200 kg ha− 1 NPSB with 30 cm plant spacing. Once more, the value of 200 kg ha− 1 with a 50 cm intra-row 
spacing (48.53 t ha− 1) was statistically similar. However, eggplant plants grown at 150 kg ha− 1 NPSB fertilizer rates with 40 cm 
reported the lowest (4.94 t ha− 1) (Table 4). 

3.2.7. Total fresh fruit yield (t ha− 1) 
The results of the analysis of variance showed that the total fresh fruit yield of eggplant was significantly (p < 0.01) impacted by the 

interaction effects of blended NPSB fertilizer rates, and intra-row spacing (Table 6). The combination treatment of 200 kg ha− 1 blended 
NPSB fertilizer rate with 50 cm intra-row spacing produced the maximum total fresh fruit yield (129.91 t ha− 1). This result was 
statistically similar to 200 kg ha− 1 with 40 cm (126.63 t ha− 1), 150 kg ha− 1 with 40 cm (125.98 t ha− 1), and 150 kg ha− 1 with 50 cm 
(127.99 t ha− 1). Conversely, the lowest yields (51.13 t ha− 1) and (51.31 t ha− 1) were recorded by plants grown with zero NPSB 
application in 30 cm and 40 cm intra-row spacing, respectively (Table 5). 

3.3. Quality parameters 

3.3.1. Dry matter content (%) 
The result of ANOVA showed that the dry matter content of eggplant was significantly (p < 0.01) impacted by the main effect of 

intra-row spacing and NPSB fertilizer rates. However, their interaction effects did not reach statistical significance (Table 6). The 
highest dry matter content of eggplant fruit (10.21 %) was recorded by 200 kg ha− 1 blended NPSB fertilizer rates, however, the 
minimum (8.13 %) was obtained by control plot (Table 1). 

Once more, the dry matter content of the eggplants was significantly impacted by plant spacing. From the analysis, the intra-row 
spaced at 50 cm had the highest dry matter content of eggplant fruit (9.65 %) while, the intra-row spaced at 30 cm had the lowest (8.40 
%) (Table 1). 

3.3.2. Total soluble solids (0Brix) 
The result of the ANOVA revealed that the total soluble solids of eggplant were significantly impacted (p < 0.01) by the main effect 

of NPSB rates and intra-row spacing, while, their interaction effect was not significant (Table 6). The highest TSS (4.87 oBrix) were 
recorded by 200 kg ha− 1 blended NPSB fertilizer rates, whereas the lowest (3.21 oBrix) was observed in the control plot (Table 1). 

Conversely, plant spacing has a great effect on TSS. The highest TSS (4.25 oBrix) was recorded by plant spaced at 50 cm, while the 
lowest (3.92 oBrix) was recorded by the plant spaced at 30 cm (Table 1). 

4. Discussion 

4.1. Phenology parameters 

From phenological parameters, the delayed days to reach 50 % flowering were obtained by 200 kg ha− 1 NPSB rate, because of the 
application of blended fertilizer in higher amount delayed reproductive growth by promoting the plants vegetative development. The 
finding agree with [20], who reported that the delayed days to reach 50 % flowering were by the higher amount of blended NPSBZn 
fertilizer applied plot compared to control plot. In terms of spacing, the delayed days were recorded by 50 cm plant spacing and the 
earliest by 30 cm, might be the closer spacing promotes rivalry for resources, such as; nutrients, water, and sunlight, which causes 
stress, for this reason eggplant flowered earlier to complete its life cycle in short period by lacking those important factors and wider 
spacing may promote luxury growth. This result was in line with [21], who noted that delayed days to reach 50 % flowering with 
broader spacing compared to narrower spacing. 

The delayed days to first fruit harvest were observed by 200 kg ha− 1 blended fertilizer with 50 cm plant spacing and the earliest by 
control plot with 30 cm, this because of nitrogen from the blend, and urea, with wider spacing, which aligned with late maturity. Those 
increase promoted longer vegetative growth, and secondary plant growth, but it prolonged the reproductive stage including fruit 
maturity. The finding was in line with [22,23], who noted delayed days to fruit maturity with higher NPSB application and wider 
intra-row spacing in their tomato and eggplant experiments. 

Table 5 
The interaction effect of blended NPSB rates and intra-row spacing on yield parameters of eggplant in study area.  

Total fresh fruit yield (t ha− 1) 

NPSB rates (kg ha− 1) 

Spacing (cm) 0 50 100 150 200 
30 51.13h 62.13fg 68.63ef 77.27de 107.96b 

40 51.31h 75.23de 78.30d 125.98a 126.63a 

50 73.83de 87.30c 101.25b 127.99a 129.91a 

LSD (0.05) 8.81     
CV (%) 5.85     

Whereas, the means that have the same lettering do not differ significantly at the 5 % significance level; LSD (0.05) represents Least Significant 
Difference at this level; and CV stands for coefficient of variation. 
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4.2. Growth and yield parameters 

The tallest height of plant were recorded by 200 kg ha− 1 with 30 cm spacing this could be the increase of rate of fertilizer promotes 
plant growth and decreasing intra-row spacing lengthens internodes, which in turn causes a progressive increase in plant height. Once 
more, the result suggests that plants that are closer together and have higher blended NPSB fertilizer applications grow faster in 
competition for sunlight and air two items essential to plant growth. The results was agreed with [12,24–27], who reported that 
increase in blended NPSB fertilizer with narrow spacing significantly increased the height of the plant. 

The maximum branches number were observed at 200 kg ha− 1 blended NPSB fertilizer with 50 cm intra-row spacing which 
increased by 139.13 % as compared to control plot with the narrow spacing. This means the highest fertilizer rate with widest intra- 
row spacing have a great impact on the vegetative growth of eggplants because phosphorus fertilizer is essential for cell division 
activity, nitrogen enhanced growth and branch number, and sulfur and boron fertilizer are also essential for plant growth and 
physiological function. This result was in line with [26,28,29], who noted a rise in the distance between plants and blended NPSB 
fertilizer increased branch numbers per plant on tomatoes. 

Similarly, the highest leave quantity was obtained by 200 kg ha− 1 with 50 cm plant spacing. This could be because of the use of 
maximum fertilizer rates with wider distance between plant enhanced cell elongation and hence higher vegetative development in 
eggplant, which raised the number of leaves. This result was agreed with [27,30], who found that increasing the amount of NPSB 
fertilizer with intra-row plant spacing enhanced the number of leaves in eggplant. The broader leaf area were recorded by 200 kg ha− 1 

with 50 cm which may arise because of the plant increased absorption of food, less rivalry for sunlight, moisture, and other resources 
that promote better growth. This raises the meristematic activity of cells, increasing the quantity, length, and width of the plant’s 
leaves. The result was corroborated with [31–33], who claimed that an increase in nitrogen, phosphorus, sulfur, and boron fertilizer 
with broader plant spacing increased leaf area in their tomato and eggplant field experiments. 

The highest number of fruits per was observed at fertilizer rates of 200 kg ha− 1. This could be attributed to the readily available 
growth nutrients, which promoted the development of lateral branches and consequently increased the number of fruits per plant. 
Similar finding was agreed with [26,34], who noted that the higher quantity of fruits were observed by higher inorganic fertilizer 
applied plots on their tomato and hot pepper field experiment. Regarding to spacing, the highest fruit number was recorded by 50 cm 
intra-row spacing. This is because of wider spacing increased the whole vegetative growth on eggplant, because of less competition for 
nutrients and sunlight and hence the plant resulted in increasing the quantity of fruits. The finding in line with [10,33], who noted that 
the maximum fruit number recoded by the eggplant spaced at wider intra-row spacing. 

According to fruit length the longest was obtained by 200 kg ha− 1 fertilizer applied plot. However, the shortest recorded by un
fertilized plot. Less availability of growth resources or relatively low level of blended NPSB fertilizer rates resulted in reduced fruit 
length on eggplant and higher application would lead to plant growth, this might have enhanced the partitioning of assimilate among 
the many plant sections, which would increase the fruit length of eggplant. The results were consistent with [35], who reported that the 
uptake of the higher amount of inorganic fertilizer increased the fruit length. Due to spacing, the longest was recorded by wider 
intra-row spacing, while, the shortest narrower. This is due to the fact that narrower-spaced plants get over shaded and reduced in fruit 
length because of competition for resources including moisture, fertilizer, and radiation. Result agrees with [36], who noted that 

Table 6 
Mean square value for the main and interaction effects of blended NPSB fertilizer rates and intra-row spacing on phonological, yield, yield related and 
quality parameters of eggplant.  

Variables Rep NPSB Intra-row spacing NPSBaInt-r. S Error CV 

Degree of freedom 2 4 2 8 28  
Days to 50 % flowering 28.29 1458.03b 213.76c 20.95ns 21.17 8.05 
Days to first fruit harvest 2.47 86.97c 213.27c 4.1b 1.18 1.34 
Plant height 2.76 709.22c 402.54c 10.97ns 6.80 3.60 
Number of branches/plant 1.16 67.16c 101.77c 2.38b 0.39 4.69 
Leaf area 26.31 1735.09c 3776.58c 37.24ns 30.97 8.18 
Number of leaves/plant 40.55 3539.63c 5087.81b 195.37b 26.80 5.85 
Number of fruits/plant 4.06 269.27c 136.74c 1.41ns 3.94 13.88 
Fruit length 0.98 38.50c 14.18c 1.70ns 0.96 8.74 
Fruit diameter 1.07 64.83c 18.74b 1.71a 0.67 9.59 
MFFY 19.34 4834.39c 4959.75c 348.85c 26.86 7.59 
UMFFY 0.25 1464.01b 790.12b 54.59a 3.45 8.53 
FFYPP 0.22 11.63b 11.26b 0.27b 0.07 7.08 
TFFY 22.23 5735.08c 3279.74c 336.14b 27.79 5.85 
Dry matter content (%) 0.24 5.92b 5.88b 0.24ns 0.24 5.46 
TSS (0Brix) 0.03 3.85c 0.42b 0.014ns 0.002 1.15 

Mean square value for the main and interaction influence of blended NPSB fertilizer and intra-row plant spacing on phonological, yield, and quality 
parameters on eggplant. 
Whereas; MFFY = marketable fresh fruit yield, UMFFY = unmarketable fresh fruit yield, TFFY = total fresh fruit yield; TSS = total soluble solute; CV 
= coefficient of variation. 

a implies significance level (p≤ 0.05) 
b implies significance level (p≤ 0.01) 
c implies significance level (p≤ 0.001) 
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shortest fruit length was registered by closer plant spacing and the longest from the widest spacing. 
The widest fruit diameter was obtained by 200 kg ha− 1 NPSB fertilizer rates with that of 50 cm. Conversely though, the narrowest 

was recorded by control plot with 30 cm might be due to that increasing the rate of blended NPSB fertilizer with intra-row spacing 
significantly increased the fruit diameter of eggplants. This is because of there is less rivalry for nutrients and light with wider intra-row 
spacing and higher blended NPSB fertilizer rates. The result is in line with [5,36], who reported that the wider fruit diameter in their 
experiment increased by increasing the levels of fertilizer and plant spacing on eggplant. 

The greatest fresh fruit weight per plant was achieved with 200 kg ha− 1 blended NPSB fertilizer combined with an intra-row 
spacing of 50 cm. However, the lowest was observed by control plot with 30 cm spacing. Since eggplant has a higher nitrogen up
take efficiency compared to other plants, applying blended NPSB fertilizer to nutrient-deficient soil can significantly enhance its fruit 
production. Likewise, optimizing crop nutrient uptake with the appropriate macro and micronutrients can increase crop yield by 
improving nutrient use efficiency. Enhanced photosynthesis results in higher carbohydrate levels, which in turn increases the size and 
weight of eggplant fruits, leading to a boost in yield and yield attributes. This observation is consistent with [37,38], who reported that 
the highest fresh fruit weight were observed by treatments using highest inorganic fertilizer with wider spacing. 

The maximum marketable fresh fruit yield of eggplant were registered by 150 kg ha− 1 NPSB fertilizer rate with plants spaced at 40 
cm. However, the lowest was obtained by the plants grown without NPSB application and 30 cm spacing. Moreover, there was 
increasing tendency of marketable fresh fruit yield with increasing plant spacing and rates of NPSB fertilizer up to 150 kg ha− 1. 
Generally, it was observed that marketable fresh fruit yield ranged from 24.43 t ha− 1 up to 121.04 t ha− 1 with a difference of 96.61 t 
ha− 1 due to management effects. This revealed 395.46 % yield increment. This might be due to optimal rates of fertilizer and proper 
plant spacing increased healthy and attractive marketable fruit that are acceptable for the markets. This finding was in conformity with 
[39], who mentioned that the maximum marketable fruit yield from higher blended NPSB fertilizer application with broader intra-row 
spacing could be attributed to the enhanced fruit length, fruit width, and fruit quality. 

The maximum unmarketable fresh fruit yield was obtained from 200 kg ha− 1 blended NPSB fertilizer rate with 30 cm. Again, this 
result was statistically similar with a value of 200 kg ha− 1 with 50 cm. In contrast, the lowest was observed by 150 kg ha− 1 NPSB with 
40 cm. The result suggests that the highest rates of fertilizer with the broadest and narrowest intra-row spacing increased the un
marketable fresh fruit yield on eggplant. This might be due to overdose use of fertilizer, and inappropriate plant spacing contributed 
significantly to unmarketable fresh fruit yield. Because there is a higher amount of disease transmission, succulent plant growth, and 
unwanted fruit development through narrow spacing, and with wide spacing, there is exposure to sun scald and discoloration. The 
result was in line with[34,36,40], who reported that in tomato and hot pepper field experiments, the ideal use of plant spacing and 
inorganic fertilizer gave the lowest unmarketable fruit. 

The maximum total fresh fruit yield was registered with the application of 200 kg ha− 1 blended NPSB fertilizer rate with 50 cm 
plant spacing that was statistically the same as 200 kg ha− 1 with 40 cm. Conversely, the lowest were registered by control plot with 30 
and 40 cm intra-row plant spacing. This might be a consequence of the use of fertilizer in higher rates and wider intra-row plant spacing 
enhanced cell elongation, hence, higher vegetative and reproductive developments in eggplant, which may be to blame for the rise in 
the total fresh fruit yield on eggplant fruit. This finding was agreed with [38,41], who reported that increasing the levels of inorganic 
fertilizers with wider intra-row plant spacing significantly raised the total fresh fruit yield of eggplant. 

4.3. Quality parameters 

From quality parameters, the highest dry matter content of eggplant fruit was observed with the application of200 kg ha− 1 NPSB 
fertilizer rates. This may be related to nitrogen’s effect on gibberellin production and other phyto-hormonal processes that directly 
affect plant development and the build-up of dry matter content. Eggplant fruit dry matter content was significantly affected by fruit 
maturity, growth character, plant nutrients, and water uptake. This result was agree with [30], who reported that the addition of 
blended NPSB fertilizer revealed an increase in whole quality measures, including dry matter content, compared to the control in their 
tomato and eggplant field investigation. Regarding to the spacing the competition between absorption of nutrients and water, which 
reduces the dry matter content of the eggplant. The finding aligned with [33], who reported that closer spacing led to in lowest dry 
matter content compared to wider spacing. 

The highest total soluble solid was recorded by maximum fertilizer rates, while the lowest by control plot. This is due to the fact that 
total soluble solid is a measure of mineral nutrient levels in fruits and the value increased with the escalation of blended NPSB fertilizer 
rates. The evidence was agree with [42,43], who reported higher total soluble solid from the higher rate of blended fertilizer applied 
plot and the lowest from control plot. Similarly, in terms of spacing the highest total soluble solid was recorded by 50 cm, while the 
lowest by plant spaced at 30 cm intra-row plant spacing. This is because wider spacing enhances photosynthesis, leading to higher total 
soluble solid because of the starch degradation and the synthesis of glucose and fructose, enhancing the sugar content of the fruits. In 
this experiment, the plants were closely spaced, leading to fruit shading, which resulted in low respiration rates and reduced total 
soluble solids. The result is consistent with [44], who noted that increased total soluble solids with wider intra-row spacing in 
tomatoes. 

5. Conclusion 

Overall, this study highlights that eggplant responded positively to applying maximum blended NPSB fertilizer rates with wider 
intra-row plant spacing in terms of quality, yield, and growth parameters. Specifically, the maximum marketable fresh fruit yield of 
121.04 t ha− 1 was achieved through 150 kg ha− 1 NPSB fertilizer rate with a 40 cm distance between plants, the highest unmarketable 
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fresh fruit yield of 49.77 t ha− 1 was obtained from blended NPSB fertilizer rate of 200 kg ha− 1 with a 30 cm distance between plant 
spacing. These findings suggest that, applying a blended NPSB fertilizer rate of 150 kg ha− 1 with a 40 cm intra-row spacing is optimal 
for eggplant cultivation in the investigation area and comparable agro-ecological settings. This optimized approach can effectively 
support eggplant growers in maximizing both yield and quality outcomes. 
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