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The Effect of Sowing Method and Seed Rate on Growth and Yield of Carrot (Daucus carota L.) in the River Nile State, Sudan 	Comment by Udit Joshi: Pleae write only effect of soeing methods or impact of sowing methods (remove ‘the’ from the title)

ABSTRACT  
	Aims: This study aimed to evaluate the effects of sowing methods—Sarsaba (SM₁) and Madrab (SM₂)—and seed rates (3.5, 6.0, 12.0, and 18.0 kg ha⁻¹) on the growth and yield of carrot (Daucus carota L.) in Sudan’s River Nile State, to identify optimal agronomic practices for sustainable intensification.	Comment by Udit Joshi: Please write 1-2 lines regarding the introduction and the probelm of statement
Study Design: A factorial experiment arranged in a completely randomized block design (CRBD) with four replications.
Place and Duration of Study: The experiment was conducted at Hudaiba Research Station, River Nile State, Sudan (17°34′N, 33°56′E; 350 m above sea level), over two winter cropping seasons (2019–2020 and 2020–2021).
Methodology: The carrot variety Royal Chantenay 2 was cultivated under ridge-based conditions with uniform irrigation and urea fertilization at 120 kg N ha⁻¹. Treatments included two sowing methods—SM₁ (continuous line sowing on ridge crests) and SM₂ (precision hill sowing at 10 cm spacing)—and four seed rates. Growth and yield parameters assessed were plant density (plants m⁻²), root length (cm), root diameter (cm), marketable yield (kg m⁻²), and total yield (kg m⁻²). Data were analyzed using ANOVA and LSD tests (P= 0.05) via the GRAPES statistical platform.
Results: The results showed that the highest seed rate of 18.0 kg ha⁻¹ produced the greatest total yield (5.36 kg m⁻²) and marketable yield (3.49 kg m⁻²), although this rate negatively affected root dimensions, reducing both length and diameter. Conversely, the moderate seed rate of 12.0 kg ha⁻¹ offered a better balance between yield and root quality. Among the sowing methods, Madrab (SM₂) significantly improved marketable yield (3.52 kg m⁻²), while Sarsaba (SM₁) resulted in larger root dimensions, with a mean length of 14.82 cm and diameter of 2.28 cm. The interaction between sowing method and seed rate was generally non-significant (P > 0.05), except for root length, which was notably enhanced under SM₁ at the lowest seed rate of 3.5 kg ha⁻¹. Additionally, seasonal variation was evident, with higher yields obtained in the second season, likely due to more favorable agroclimatic conditions during that period.
Conclusion: The combination of Madrab sowing (SM₂) and a moderate seed rate (12.0 kg ha⁻¹) optimizes both yield and root quality, supporting sustainable carrot production under semi-arid conditions similar to those in Sudan’s River Nile State.
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1. INTRODUCTION  

Carrot (Daucus carota L. ssp. sativus), one of the world’s most widely cultivated root vegetables, plays a vital role in human nutrition and global agriculture. It is particularly valued for its sweet-tasting roots, high in dietary fiber, antioxidants, and provitamin A carotenoids—namely β-carotene and α-carotene—which are essential in combating vitamin A deficiency, a significant cause of childhood blindness in many developing countries (Prohens & Nuez, 2008; Van den Berg et al., 2000). In addition to orange cultivars rich in carotenoids, genetic diversity within carrot includes purple, red, yellow, and white types containing other phytochemicals such as anthocyanins and lycopene, with emerging value in both health promotion and natural food coloring (Stolarczyk & Janick, 2011; Alasalvar et al., 2001; Stintzing & Carle, 2004).
Domesticated in Central Asia, particularly in Afghanistan and Iran, carrots have been selectively bred for centuries, evolving from anthocyanin-rich Eastern types into the carotene-rich Western forms predominant in modern markets (Banga, 1957). With global production increasing from 5.8 million tons in 1961 to over  42 million tons   by 2022 (FAOSTAT, 2022), the demand for carrots as a fresh-market and processing crop continues to rise, underscoring the need for agronomic improvements that can sustain high yields and root quality under diverse environmental conditions.	Comment by Udit Joshi: This statement can be supplemented with the gobal area and productivity
While genetic improvements such as hybrid cultivar development have contributed to yield gains in temperate regions (Simon, 2000), yield stagnation remains a persistent challenge in tropical and subtropical zones, including Sudan. In such environments, agronomic constraints often limit crop performance more than genetic potential. Among the most influential agronomic factors are sowing methods and seed rates, which directly affect plant population density, root uniformity, canopy development, and ultimately yield and marketability (Rubatzky et al., 1999; Simon et al., 2008).
Carrot seeds are small and slow to germinate, making stand establishment highly sensitive to sowing strategy. Broadcast sowing can lead to uneven plant spacing and poor resource use efficiency, while line or precision sowing allows for better seed placement, uniform emergence, and ease of intercultural operations such as thinning and weeding (Bose & Som, 1986). Similarly, inappropriate seed rates may lead to overcrowding, causing competition for nutrients and malformed roots, or underutilization of space and lower yields.
Despite these known dynamics, limited research has addressed the combined effects of sowing methods and seed rates on carrot performance under Sudanese conditions. River Nile State, with its expanding horticultural sector, represents an important region for testing context-specific agronomic practices that can boost productivity and resource efficiency. Understanding how these factors interact under local agroecological conditions is essential for formulating recommendations that are both practical and scalable for smallholder farmers.
The objective of this study is to evaluate the effect of different sowing methods and seed rates on the growth parameters and root yield of carrot in the River Nile State of Sudan. By identifying optimal agronomic practices suited to local conditions, this research aims to complement genetic advancements, improve marketable yield, and support sustainable intensification of carrot production in the region.	Comment by Udit Joshi: Therefore the present study was conducted with an objective to...

2. material and methods  

2.1 Descriptions of the Study Area

The experiment was conducted at Hudaiba Research Station, under the Agricultural Research Corporation. The research station is located in River Nile State, northern Sudan, on the eastern bank of the Nile, just south of the Atbara–Nile confluence. The research station located at latitude 17° 34ʹ N, Longitude 33° 56ʹ E, and altitude 350 m above sea level (Alla-Jabow and Mahgoub, 2017).  The region has a hot desert climate with most rainfall during July–September. The winter season along the Nile River, including the River Nile State, is characterized by mild, sunny days and cool nights, with daytime temperatures typically ranging from 20°C to 26°C. Nights can be cool, with temperatures dropping to around 8°C to 12°C. Hudaiba Research Station soil is regarded as class 2 with low N, P and organic carbon with alkaline reaction. The soil is clay in texture (with about 4% sand, 40% silt and 56% clay), the soil physical and chemical parameters are presented in Table 1. The station’s strategic river access makes it essential for developing crop varieties and irrigation practices fit for Sudan’s semiarid zones.



Table 1. Physical and chemical properties of the soil at Hudeiba Research Station

	Particulars
	Mean value at depth  (0-203 ) cm 

	Sand (% )
	4.00

	Silt (%)
	40.00

	Clay (%)
	56.00

	Hydraulic conductivity (cm/hr)
	0.13

	Moisture content at wilting point (m3 /m3 )	Comment by Udit Joshi: Please write in superscipt
	25.00

	Moisture content at field capacity (m3 /m3 )
	46.00

	Soil bulk density (g/cm3 )
	1.76

	pH
	7.90

	Calcium carbonate (%)
	5.40

	Total nitrogen (%)
	0.038

	Organic carbon (%)
	0.281

	Cation exchange capacity (meq/100g soil)
	53.00

	Sodium absorption rate
	7.00


                                 
(Source: Alla -Jabow and Mahgoub, 2017)













2.2 Experimental Design 

A factorial experiment was conducted using a Completely Randomized Block Design (CRBD) with four replications. The study investigated two factors: sowing methods and seed rates. The first factor examined was the sowing method, which had two levels. The first sowing method, referred to as Sowing Method One (SM1), involves planting seeds in a continuous line along the crest of ridges, directly into shallow furrows, with seeds spaced closely together. This sowing method is commonly known among farmers as “Sarsaba”. The second sowing method, named s  Sowing Method Two (SM2),which employs a  planting ruler with perforation points spaced 10 cm apart to ensure uniform and consistent seed spacing of  3  cm deep holes . Farmers locally refer to this method as “Madrab”. The carrot seed variety used for this experiment is Royal Chantenay 2, lot No. 10060, which has a minimum germination rate of 85% and was produced in France.The second factor, seed rate, included four levels SR1, SR2, SR3 and SR4 .These represent 3.5, 6.0, 12.0, and 18.0 kgha-1, respectively. These two factors combined to form eight treatment combinations, each replicated four times, resulting in a total of 32 experimental plots. Each plot is 25 square meters, measured as (5 m × 5 m). Plots were randomly assigned within each block and spaced appropriately to minimize edge effects and cross-treatment interference. The experiment was conducted over two growing seasons: 2019–2020 and 2020–2021, with sowing dates on 13 November 2019 and 12 November 2020, respectively.	Comment by Udit Joshi: Please complete the statement/write the exact treatment name
Land preparation involved plowing and harrowing to create uniform ridges suitable for carrot cultivation. Seeds were sown according to the designated sowing methods and seed rates. Irrigation was applied regularly through surface irrigation to maintain adequate soil moisture throughout the growing season, while fertilization was carried out uniformly across all plots using Urea fertilizer 46% nitrogen by weight, applied at a rate of 120 kg N ha⁻¹.  The following parameters were collected: number of plants per square meter, root length (cm), root diameter (cm), yield parameters, including marketable root yield in kilograms per square meter (kg/m²) and total root yield (kg/m²) were measured and recorded at harvest. Marketable yield was defined as the weight of carrot roots that were straight, undamaged, and met commercial size standards. It was expressed in kilograms per square meter (kg/m²).Total yield included the combined biomass of marketable roots and shoot (green top) weight, also expressed in kg/m².  

2.3 Statistical Analysis
Data collected from both growing seasons were analyzed using Analysis of Variance (ANOVA), suitable for factorial experiments in CRBD as described in Singh and Chaudhary (1985). The statistical analysis and mean comparisons for main effects and interactions between sowing methods and seed rates was evaluated at the 5% probability level using GRAPES online statistical analysis platform by Gopinath et al. (2020).

3. results and discussion
The results presented in Table 2 demonstrate significant variations (P = 0.05) in carrot growth and yield traits due to seed rates, sowing methods, and their interactions. The impact of seed rate was particularly evident in parameters such as number of plants per square meter (plant density), total yield and marketable yield, while its influence on root diameter and length was less consistent across the two seasons.
Increasing seed rate from 3.5 to 18.0 kg ha⁻¹ significantly increased the number of plants per square meter in both seasons. Among the seed rates tested, the highest plant population densities were recorded at the 18.0 kg ha⁻¹ level (SR4), reaching 125.5 and 211.75 plants m⁻² in seasons one and two, respectively, which were statistically significant (P ≤ 0.05). The lowest number of plants per square meter was 49.50 and 85.75 plants m⁻², at the lowest seed rate (SR1) in seasons one and two, respectively. This trend was expected, as higher seed rates naturally increase the plant population per unit area. However, this increase was associated with a reduction in root quality parameters such as shorter roots and smaller root diameter, particularly at the highest rate, indicating intra-specific competition. Total root yield and marketable root yield improved with increased seed rates, reaching a maximum of 5.36 and 3.49 kg per square meter, respectively at 18.0 kg ha⁻¹ in season one. The increased number of plants at higher densities in carrot appears to effectively compensate for any individual plant size reduction, leading to a higher overall root yield. This finding aligns with the conclusions of Salter et al. (1979), Oliva et al.  (1988), Taivalmaa  & Talvitie  (1997), Mengistu & Yamoah  (2010),Tegen  & Jembere  (2021), Muhie  & Yimer  (2023)  who advocate lower seed rate  and wider spacing  for quality roots. They reported that higher seed rates in carrots led to increased plant density but reduced individual root size due to competition for nutrients and space. In terms of yield performance, SR4 at 18.0 kg ha⁻¹ produced the highest total root yield (5.36 and 4.85 kg m⁻² across the two seasons) and marketable root yield (3.49 and 3.13 kg m⁻²). Nonetheless, these yield increments came at the expense of reduced root quality traits, specifically root diameter and root length, highlighting the trade-off between quantity and quality at excessive seed densities. The moderate seed rate of 12.0 kg ha⁻¹ (SR3) demonstrated a better balance between yield and quality, with respectable marketable yield (3.28 and 3.59 kg m⁻²) and improved root dimensions.	Comment by Udit Joshi: These findings
It is important to use sound sowing/planting methods, which control seed placement, spacing, and depth, that lead to seed savings, improved nutrient utilization, and reduced plant competition, ultimately enhancing yield, root quality, and profitability. In contrast, broadcasting offers less control and can result in uneven stands and wasted seeds. Farmers in River Nile State, north of Khartoum, are adopting Sarsaba (SM1) and Madrab (SM2) sowing methods rather than seed broadcasting. Each method's supporters cite their own experiences, reporting observations for high-yield crops, better management conditions, and higher marketable quality. The results obtained in Table 2 demonstrate that the sowing method significantly affects root diameter, root length, and marketable yield, particularly in Season 2. The Sarsaba Method (SM1)   resulted in larger root diameters (2.28 cm) and longer roots (14.82 cm) compared to the Madrab (SM2). Additionally, the Madrab method (SM2) led to higher marketable yields (3.52 kg) in Season two, reflecting better plant spacing and reduced competition. Preferences for carrot root diameter and length vary widely and largely depend on the type of consumer. Household consumers typically prefer slender, medium-sized carrot roots, while the food industry often favors longer carrots with a larger diameter. In Sudan, carrots are primarily consumed fresh by households. These results corroborate those of Muhie and Yimer (2023) and Kepka et al. (1977), who observed that precision sowing using evenly spaced holes improved carrot root uniformity and marketable yield under similar conditions. The greater uniformity in the Madrab (SM2) is likely enabled by more efficient nutrient use and root development, leading to enhanced quality and productivity. Obdiebube et al. (2023) corroborate the significantly influence of planting method especially direct seeding on carrot. Taivalmaa & Talvitie (1997) reported the lowest yield for Single rows sown in ridges which much resemble the Sarsaba sowing method (SM1).	Comment by Udit Joshi: Demonstrated
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Interaction effects between seed rate and sowing method (SR × SM) is not significant for most of the traits across the seasons. The only significant observation recorded was the combination of  3.5 kgha-1 (SR1) seed rate and Sarsaba method (SR1 × SM1). This combination is giving the highest root length. Seasonal differences were also observed, with Season 2 generally showing higher values for total and marketable yields, possibly due to improved environmental conditions such as better temperature or rainfall distribution as per Figure 1. The results underline the importance of optimizing both seed rate and sowing method to enhance carrot growth and yield. Moderate seed rates (around 12.0 kg ha⁻¹) combined with precise sowing Madrab method (SM2) produced the best agronomic performance. These findings are consistent with prior studies and reinforce the need for context-specific recommendations for carrot cultivation under similar agro-ecological conditions.
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Table 2. Mean performance as affected by seed rate, sowing method, and their interaction in carrot across two seasons
	Source of Variation
	Root Diameter (cm)
	Root Length (cm)
	Number of Plants per (m2)
	Total Yield (Kg/m2)
	Marketable Root Yield 
 ( Kg/m2)

	
	Season 1
	Season 2
	Season 1
	Season 2
	Season
1
	Season
2
	Season
1
	Season
2
	Season
1
	Season
2

	Seed Rate
(SR)
	3.5 kgha-1 (SR1)
	2.88
	2.30a
	16.75
	14.23
	49.50b
	85.75c
	4.18bc
	4.46
	2.98ab
	3.19

	
	6.0 kgha-1 (SR2)
	2.58
	2.16a
	16.03
	13.34
	70.00b
	161.25b
	3.68c
	4.98
	2.54b
	3.43

	
	12.0 kgha-1 (SR3)
	2.67
	1.85b
	15.54
	12.75
	110.63a
	187.75ab
	4.96ab
	5.46
	3.28a
	3.59

	
	18.0 kgha-1 (SR4)
	2.26
	2.05ab
	14.69
	13.88
	125.50a
	211.75a
	5.36a
	4.85
	3.49a
	3.13

	
	Mean
	2.60
	2.09
	15.75
	13.55
	88.91
	161.63
	4.55
	4.94
	3.07
	3.33

	
	LSD  p =0.5
	NS
	0.27
	NS
	NS
	31.35
	39.96
	0.86
	NS
	0.66
	NS

	Sowing Method (SM)
	 Sarsaba (SM1)
	2.79
	2.28a
	16.23
	14.82a
	99.69
	148.31
	4.43
	4.78
	2.91
	3.15b

	
	Madrab (SM2)
	2.40
	1.91b
	15.27
	12.28b
	78.13
	174.94
	4.66
	5.10
	3.23
	3.52a

	
	Mean
	2.60
	2.09
	15.75
	13.55
	88.91
	161.63
	4.55
	4.94
	3.07
	3.33

	
	LSD  p =0.5
	NS
	0.19
	NS
	1.14
	NS
	NS
	NS
	NS  
	 NS
	0.33

	Interaction
(SR × SM)
	SR1 × SM1
	3.08
	2.55a
	17.50
	15.65
	59.00
	82.25
	4.39
	4.65
	3.03
	3.23

	
	SR1 × SM2
	2.69
	2.05c
	16.00
	12.80
	40.00
	89.25
	3.98
	4.28
	2.94
	3.15

	
	SR2 × SM1
	2.70
	2.18abc
	15.88
	14.05
	74.50
	149.00
	3.50
	4.96
	2.33
	3.33

	
	SR2 × SM2
	2.46
	2.15bc
	16.18
	12.63
	65.50
	173.50
	3.86
	5.00
	2.75
	3.54

	
	SR3 × SM1
	2.82
	1.90cd
	16.08
	13.25
	125.75
	186.00
	4.86
	4.98
	3.15
	3.19

	
	SR3 × SM2
	2.53
	1.80cd
	15.00
	12.25
	95.50
	189.50
	5.07
	5.95
	3.42
	4.00

	
	SR4 × SM1
	2.57
	2.48ab
	15.48
	16.33
	139.50
	176.00
	4.98
	4.53
	3.14
	2.85

	
	SR4 × SM2
	1.95
	1.63d
	13.90
	11.43
	111.50
	247.50
	5.74
	5.18
	3.84
	3.40

	
	Mean
	2.60
	2.09
	15.75
	13.55
	88.91
	161.63
	4.55
	4.94
	3.07
	3.33

	
	LSD  p =0.5
	NS
	0.39
	NS
	NS
	NS
	NS
	NS
	NS
	NS 
	NS





Values followed by different letters within a column are significantly different at P = 0.05; 'NS' indicates a non-significant difference.





Figure 1. Monthly Climatological Parameters for Atbara–Damar, River Nile State, Sudan (November 2019 – April 2021)

4. Conclusion

[This study demonstrated that both sowing method and seed rate significantly influence the growth and yield of carrot (Daucus carota L.) under the agroecological conditions of River Nile State, Sudan. Among the tested treatments, the highest seed rate of 18.0 kg ha⁻¹ (SR4) led to the greatest total and marketable root yields across both seasons. However, this yield increase came at the expense of reduced root length and diameter, highlighting a trade-off between yield quantity and root quality at high plant densities. Conversely, the moderate seed rate of 12.0 kg ha⁻¹ (SR3) provided a more favorable balance between yield and desirable root characteristics, suggesting its suitability for both commercial productivity and market quality.	Comment by Udit Joshi: Remove this bracket symbol
With respect to sowing methods, the precision-based “Madrab” method (SM2) enhanced marketable yield and improved root uniformity, particularly in the second season. This reflects the benefit of controlled seed spacing and depth in minimizing intra-specific competition and maximizing nutrient use efficiency. Although the “Sarsaba” method (SM1) showed advantages in root diameter and length, it was less consistent in delivering higher marketable yields.
The findings underscore the importance of optimizing both seed rate and sowing technique for carrot cultivation in semi-arid, irrigated environments. Specifically, the combination of the Madrab sowing method and a seed rate of 12.0 kg ha⁻¹ is recommended for achieving a favorable compromise between yield volume and marketable root quality. These recommendations provide practical value for extension services and farmers seeking to improve carrot production efficiency in similar agro-climatic zones of Sudan.



Ethical approval  
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