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ABSTRACT 
The rapid decline of natural resources, including nutrient resources, is a serious concern for the sustainable future of agriculture. Given rapid population growth and the predominance of rain-fed agriculture, improving crop yields through sustainable practices is imperative. The objective of this study was to evaluate the effects of three NPK (15-15-15) fertiliser micro-doses (0.0, 0.6, and 0.9 g/hole) on the productivity of four sorghum genotypes (Elwafir, Butana, Gurry, and Batania) under rain-fed conditions in South Kordofan, Sudan. Fertiliser micro-dosing has been identified as a cost-effective technology for addressing low soil fertility under resource-constrained conditions. An experiment was conducted under rain-fed conditions during the 2016/17 season at Abu Gebeha East, Southern Kordofan, Sudan. The aim of the study was to determine the effects of NPK (15-15-15) fertiliser micro-doses (0.9, 0.6, and 0.0 g/hole) on the yield of four sorghum genotypes (Elwafir, Butana, Gurry, and Batania). The treatments were arranged in a randomised complete block design (RCBD) with four replications. The results showed that the highest grain yield was obtained by the Gurry genotype (6.8 ton/ha), whereas Elwafir and Batania yielded 6.1 and 4.6 ton/ha, respectively. The 0.9 g NPK micro-dose gave the highest plant height (157.5 cm), number of seeds per panicle (2304.3), panicle weight (60.2 g), 100-seed weight, and grain yield (6.4 ton/ha) compared with the other doses. The results indicated that the 0.9 g micro-dose produced the highest grain yield among the treatments evaluated under rain-fed conditions in South Kordofan, Sudan. Furthermore, the study recommended the Gurry genotype and a 0.9 g NPK fertiliser micro-dose for sorghum growers in South Kordofan to attain the highest grain yield.
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1. Introduction

Sorghum (Sorghum bicolor L. Moench) is the fifth most important cereal crop worldwide and a dietary staple for more than 500 million people; it also ranks as the fourth food grain in the world (El Naim et al., 2012b; Ahmed et al., 2016; Jabereldar et al., 2017). In Sudan, sorghum is the main staple food crop and comprises 80% by weight of the cereal crops grown in the country. Sudan is self-sufficient in sorghum production and is able to export some in years of good production. Grain sorghum is well adapted to central Sudan and is grown extensively under irrigated and dryland conditions. Grain sorghum is cultivated annually on around 5.6 and 40.5 million hectares in Sudan and worldwide, respectively. Grain sorghum has many local names, including Durra, Sudan grass, Feterita, Daza, Sorgo, Gonia corn, Jowar, and Kaffir (Ahmed et al., 2016; Jabereldar et al., 2017).
In Sudan, flour from the grain can be used to make kisra, porridge, gruel, local beer, and snack meals such as Balleela (El Naim et al., 2013; Jabereldar et al., 2017). Global sorghum production was 58.8 million tonnes in 2023/24. In 2024, production rose to about 59–60 million tonnes, with the global average yield reaching 1.5 tonnes/ha, a 2.9% increase from 2023. The yield has remained relatively flat since 2016, after peaking at 1.6 tonnes/ha in 2015. Sudan's sorghum production is highly variable because of its dependence on rain-fed agriculture and conflict (Food and Agriculture Organization of the United Nations, 2023). Despite its importance, yields remain low because of poor crop establishment, low soil fertility, and limited use of improved agronomic practices. The efficiency of fertiliser application varies significantly depending on soil and climatic conditions (Okebalama et al., 2017; Yan et al., 2010). A field study in northern Ethiopia examined sorghum yield responses to fertiliser micro-dosing with mineral and organic nutrient inputs, demonstrating the relevance of evaluating nutrient application methods under local conditions (Berhe et al., 2024). Several studies have examined the effects of fertilisers on crop yields under irrigated and rain-fed conditions (Holman et al., 2024; Obour et al., 2025; Sultan & Tadesse, 2025; Zhou et al., 2024). Appropriate nutrient-management tools and application methods can reduce nutrient losses, increase nutrient availability to plants, and enhance nutrient uptake (Bi et al., 2013; Sharma & Bali, 2018; Salim & Raza, 2020). Efficient use of mineral fertilisers increases crop yield and biomass by increasing soil nutrient availability (Bationo et al., 2003; Somda et al., 2017; Mahaman Sanoussi et al., 2020). Fertiliser micro-dosing optimises inputs by applying fertiliser directly to the root zone, thereby enhancing nutrient extraction by the crop (Ibrahim et al., 2016a; Ibrahim et al., 2016b). This technique has advantages under conditions in Niger, where organic amendments are needed to improve crop yields. A multi-site on-farm investigation in Burkina Faso found that sorghum responses to fertiliser micro-dosing differed across soil conditions and fertiliser formulations (Ouedraogo et al., 2026). Fertiliser micro-dosing has been identified as a cost-effective technology for addressing low soil fertility under resource-constrained conditions. It involves applying small quantities of mineral fertiliser directly to the planting hole at sowing, thereby reducing input costs and increasing nutrient-use efficiency (Naroua et al., 2020). Genotype is another critical factor influencing crop performance under semi-arid conditions. Recent work on grain sorghum improvement also emphasises the evaluation of cultivar adaptation and yield-related traits when identifying suitable genotypes (Sharma et al., 2025). This study aimed to facilitate the adoption of the micro-dose technique by resource-constrained farmers to improve rain-fed cropping systems. It was undertaken to assess the beneficial effects of sorghum genotypes and NPK fertiliser micro-doses on productivity under rain-fed conditions in South Kordofan, Sudan. The findings are expected to provide practical recommendations for farmers and policymakers to enhance productivity, resource-use efficiency, and food security in the region. Recent field studies further indicate that localised or rate-specific fertiliser management can alter sorghum productivity. Sultan and Tadesse (2025) reported that irrigated sorghum grain yield responded to blended fertiliser rates under lowland conditions in Ethiopia. Broader fertiliser-management studies also show that sorghum yield responses can vary with nitrogen rate, placement, application timing, genotype, and growing environment. Field comparisons of sorghum inbred lines have shown genotype-related differences in nitrogen-use efficiency and grain yield under contrasting nitrogen supplies (Liu et al., 2024). These findings support evaluating fertiliser dose together with genotype under the specific rain-fed conditions represented in the present experiment. Cultivar-level field research has likewise observed variation in sorghum growth and yield components under different nitrogen supplies (Altaf et al., 2026). The available background does not establish specific evidence on the combined response of the four sorghum genotypes used in this study to the three NPK micro-dose levels under the rain-fed conditions of South Kordofan. This leaves a local evidence gap in identifying the genotype and micro-dose combination associated with improved sorghum productivity in the study environment. The objective of this study was to evaluate the effects of three NPK (15-15-15) fertiliser micro-doses (0.0, 0.6, and 0.9 g/hole) on the productivity of four sorghum genotypes (Elwafir, Butana, Gurry, and Batania) under rain-fed conditions in South Kordofan, Sudan.

2. Materials and Methods

2.1 Experiment and Treatments
This experiment was conducted under rain-fed conditions during the 2016/17 season at Abu Gebeha East (11.46° N latitude and 31.23° E longitude), Southern Kordofan, Sudan. The soil at the study site was silty clay. Annual rainfall ranges between 600 and 700 mm. Average maximum daily temperatures varied between 21 and 30 °C throughout the year (El Naim et al., 2012a). Total annual rainfall, its distribution during the study period, and the general soil properties of the study area are presented in Tables 1 and 2.
The treatments consisted of three NPK (15-15-15) micro-dose applications (0.0, 0.6, and 0.9 g/hole). Four sorghum genotypes (cultivars), Elwafir, Butana, Gurry, and Batania, were used in the study. The two genotypes, Elwafir and Butana, were obtained from the Arab Sudanese Seed Company (Elobied Research Station). The local sorghum varieties (genotypes), Gurry and Batania, were obtained from the Abu Gebeha local market.
The experiment consisted of a total of twelve treatments, as follows:
1- Elwafir sorghum genotype grown with a 0.9 g NPK micro-dose
2- Elwafir sorghum genotype grown with a 0.6 g NPK micro-dose
3- Elwafir sorghum genotype grown with a 0.0 g NPK micro-dose
4- Butana sorghum genotype grown with a 0.9 g NPK micro-dose
5- Butana sorghum genotype grown with a 0.6 g NPK micro-dose
6- Butana sorghum genotype grown with a 0.0 g NPK micro-dose
7- Gurry sorghum genotype grown with a 0.9 g NPK micro-dose
8- Gurry sorghum genotype grown with a 0.6 g NPK micro-dose
9- Gurry sorghum genotype grown with a 0.0 g NPK micro-dose
10- Batania sorghum genotype grown with a 0.9 g NPK micro-dose
11- Batania sorghum genotype grown with a 0.6 g NPK micro-dose
12- Batania sorghum genotype grown with a 0.0 g NPK micro-dose
The treatments were arranged in a randomised complete block design (RCBD) with four replications. Each plot measured 4 m × 4 m (six rows spaced 60 cm apart). The spacing between plots was 40 cm.
2.2 Cultural practices.
The seeds of the selected varieties were treated with furisan-D at a rate of 3.5 g/kg seed before sowing. The soil was ploughed using a wide-level disc. The seeds were sown on 1 August. The crop was sown in rows 70 cm apart, with holes spaced 40 cm apart. Five seeds were placed in each hole. Fertiliser micro-doses were applied per planting pocket (hole). Three weeks after sowing, the seedlings were thinned to three plants per hole. Total plant population was 107142 plants ha-1. The plots were weeded twice. The crop was harvested on 1 November.
2.3  Data Collection.
1. Plant height (cm) was measured from the soil surface to the tip of the main head as the average of ten randomly selected plants immediately before harvesting.
2. Days to 50% flowering were recorded as the number of days from the effective sowing date to the day on which 50% of the plants in a plot reached anthesis at least halfway down the panicle.
3. Yield components and yield parameters:
      - Panicle grain weight (g) was estimated from panicles of five plants selected from the two central rows of each plot. The harvested panicles were sun-dried and threshed. Seed moisture content was measured using a moisture meter (DRAMINSKI SN: 10-860 Olsztyn), after which grain weight was adjusted to a moisture content of 12.5%.
      - The number of grains per panicle was determined by counting the seeds from three randomly selected panicles taken from each plot.
       - The 100-grain weight (g) was determined by counting and weighing 100 seeds four times from the grain yield of each plot using a digital balance.
      - Grain yield (kg/ha): Grain yield per plot was measured using a digital balance and then converted to tonnes/ha.
Grain yield was calculated using the following formula:
  

2.4 Statistical Analysis.
Analysis of variance was conducted according to a randomised complete block design (RCBD) with four replications for all traits, as described by Gomez and Gomez (1984), using the MSTAT-C computer programme.

Table 1. Meteorological record during the study period (2015/16). 
	Month
	Rainfall (mm)
	Mean maximum temperature (°C)
	Mean minimum temperature (°C)

	June
	87.3
	33.0
	20.5

	July
	298.1
	31.3
	20.4

	August
	161.1
	30.4
	20.5

	September
	124.1
	32.4
	20.6

	October
	29.8
	35.5
	21.05

	Tota.
	700.4
	
	



Table 2.  General soil properties at 5-40 cm depth in the experimental site at Abugebiha in south Kordofan Sudan.
	Properties 
	Unit

	Coarse sand
	2 %

	Fine
	7 %

	Silt 
	32 %

	Clay 
	59 %

	CaCO3
	1.2 %

	Saturation
	70 %

	CEC
	46 Meq / 100 g soil

	PH (H2O)
	8

	N
	0.055 %

	OC
	0.702 %

	C/N
	13 %




3. results and discussion

Table 3 shows the effect of NPK micro-dosing and genotypes on plant height.
The 0.9 g micro-dose produced the greatest plant height (157.5 cm) compared with the other treatments. Significant (p ≤ 0.05) differences among genotypes were observed for plant height and days to 50% anthesis. The Gurry cultivar produced the greatest plant height (168.7 cm). Batania flowered earliest (40.6 days to 50% anthesis), whereas Gurry flowered latest (72.1 days to 50% anthesis).
Yield and yield components of the tested genotypes and NPK treatments are shown in Tables 5, 6, 7, and 8. Significant (p ≤ 0.05) varietal differences were observed for the number of seeds per panicle, 100-seed weight, and grain yield (ton/ha) (Table 9). The highest mean grain yield was obtained from the Gurry genotype (6.8 ton/ha), whereas Elwafir and Batania yielded 6.1 and 5.3 ton/ha, respectively. The 0.9 g NPK micro-dose produced the greatest plant height (157.5 cm), number of seeds per panicle (2304.3), panicle weight (60.2 g), 100-seed weight, and grain yield (6.4 ton/ha) compared with the other doses. The highest yield was obtained with the application of the 0.8 g micro-dose, which was associated with the highest number of seeds and greater seed weight. Similar results were obtained by Naroua et al. (2020). This increase in crop yield can be attributed to improved soil nutrient status following localised fertiliser application, which favoured crop-root proliferation and, consequently, nutrient and water absorption, consistent with earlier studies (Ibrahim et al., 2016a; Ibrahim et al., 2016b; Ibrahim et al., 2015), although these values were lower than those reported by Mahaman Sanoussi et al. (2020). Nevertheless, using lower fertiliser micro-doses, Abdalla et al. (2015) obtained higher grain yields for sorghum, consistent with the findings of Saba et al. (2017) and Mahaman Sanoussi et al. (2020).

3.1 Plant height and flowering response
Plant height and days to 50% anthesis are presented in Tables 3 and 4, respectively. The genotype-dependent differences observed for plant height and flowering are consistent with evidence that sorghum genotypes differ in crop development and their response to nutrient supply. Mahama et al. (2014) reported significant effects of genotype and nitrogen regime on days to flowering and grain yield, while Zhang et al. (2023) found that sorghum groups differing in shoot height also differed in yield, grain number, and nutrient accumulation under nitrogen fertilisation. Under rain-fed conditions in western Sudan, localised NPK micro-dosing also improved sorghum performance, supporting the relevance of targeted nutrient placement in water-limited production systems (Aune & Ousman, 2011). These comparisons support the interpretation of the present plant-height and phenology responses as outcomes of both genetic differences and nutrient availability, while recognising that the magnitude of response remains environment-specific.
3.2 Yield-component response
Grain weight per panicle, number of grains per panicle, and 100-grain weight are presented in Tables 5, 6, and 7, respectively. The higher values for several yield components under the larger NPK micro-dose are consistent with the role of nutrient availability in supporting reproductive growth and assimilate supply. Mahama et al. (2014) observed that nitrogen fertilisation increased sorghum grain yield and seed number, whereas Zhang et al. (2023) showed that nitrogen effects on grain number and grain weight can differ among sorghum height groups. Long-term field evidence also indicates that sorghum yield and nutrient uptake respond substantially to nitrogen and phosphorus supply, although the magnitude of response depends on the nutrient combination and production environment (Schlegel & Havlin, 2021). Accordingly, the present yield-component differences are most appropriately interpreted as combined genotype and nutrient responses rather than as a uniform fertiliser effect across all cultivars.
3.3 Grain yield response to fertiliser micro-dosing
Grain yield responses are summarised in Table 8. The higher mean grain yield at the 0.9 g NPK micro-dose and the superior mean yield of the Gurry genotype are broadly consistent with peer-reviewed field evidence showing that localised fertiliser micro-dosing can improve sorghum productivity under semi-arid and rain-fed conditions. In western Sudan, Aune and Ousman (2011) reported increasing sorghum yield responses across 0.3, 0.6, and 0.9 g NPK per planting pocket, while Sebnie et al. (2020) found substantial grain-yield gains from micro-dosed nitrogen and phosphorus under moisture-limited Ethiopian conditions. However, multi-site on-farm research in Burkina Faso demonstrated that sorghum response to micro-dosing varies with soil type, field history, and management (Ouedraogo et al., 2022). Therefore, the positive response observed in the present experiment supports the agronomic potential of micro-dosing, but extrapolation of the absolute yield advantage beyond South Kordofan should account for local soil, rainfall, and genotype conditions.
Table 3. The effect of genotypes and micro-doses of NPK on plant height (cm) of sorghum (Sorghum bicolor L. Moench) grown during season (2016/17)
	Mean
	0.0 g
	0.6 g
	0.9 g
	Micro dose

	
	
	
	
	Gene type

	162.34 B
	159.20
	160.03
	167.80
	Elwafer

	129.44 D
	125.50
	129.83
	133.00
	Butane

	168.72 A
	166.15
	169.25
	170.75
	Gurry

	156.22 C
	155.40
	154.95
	158.30
	Batania

	154.18
	151.56  b
	153.51 b
	157.46 a
	Mean


SE  for A=0.948  , SE for B=0.821  SE for interaction (A*B)=1.642
                               
Table 4. The effect of genotypes and micro-doses of NPK on number of days to 50% anthesis  of sorghum (Sorghum bicolor L. Moench) grown during season (2016/17)
	Mean
	0.0 g
	0.6 g
	0.9 g
	Micro dose

	
	
	
	
	Gene type

	64.17 B
	69.75 a
	61.75 b
	61.00 b
	Elwafer

	45.42 C
	44.50 cd
	48.25 c
	43.50 cd
	Butane

	72.08 A
	71.00 a
	71.50 a
	73.75 a
	Gurry

	40.58 D
	40.75 d
	40.25 d
	40.75 d
	Batania

	55.56
	56.50
	55.44
	54.75
	Mean


SE  for A= 0.917 , SE for B=0.794  SE for interaction (A*B)=1.588
Table 5. The effect of genotypes and micro-doses of NPK on grain weight /panicle (g) of sorghum (Sorghum bicolor L. Moench) grown during season (2016/17)
	Mean
	0.0 g
	0.6 g
	0.9 g
	Micro dose

	
	
	
	
	Gene type

	57.09 B
	50.98 de
	59.78 bc
	60.16 b
	Elwafer

	49.60 C
	45.98 e
	50.55 de
	52.28 d
	Butana

	64.59 A
	54.48 cd
	63.40 b
	75.90 a
	Gurry

	43.23 D
	37.30 f
	40.43 f
	51.95 d
	Batania

	53.63
	47.18 c
	53.54 b
	60.16 a
	Mean


SE  for A=1.070  , SE for B=0.926  SE for interaction (A*B)=1.853



Table 6. The effect of genotypes and micro-doses of NPK on number of grains/panicle of sorghum (Sorghum bicolor L. Moench) 
	Mean
	0.0 g
	0.6 g
	0.9 g
	Micro dose

	
	
	
	
	Gene type

	2376.17 B
	1820.7 d
	3135.0 bcd
	2074.5 cd
	Elwafer

	1605.75 C
	1345.50 f
	1191.75 f
	2280.00 d
	Butana

	2751.33 A
	2639.25 abc
	2888.50 a
	2726.25 ab
	Gurry

	1594 C
	1167.50 f
	1804.00 e
	1812.50 e
	Batania

	2081.98
	1853.81 c
	2087.88 b
	2304.25 a
	Mean


SE  for A= 54.736 , SE for B=47.403  SE for interaction (A*B)=94.805

Table 7. The effect of genotypes and micro-doses of NPK on 100-grain weight (g) of sorghum (Sorghum bicolor L. Moench) grown during season (2016/17)
	Mean
	0.0 g
	0.6 g
	0.9 g
	Micro dose

	
	
	
	
	Gene type

	2.8
	2.7 
	2.8 
	2.9 
	Elwafer

	2.8
	2.7 
	2.8 
	2.9 
	Butana

	2.9
	2.8  
	2.9 
	2.9 
	Gurry

	2.9
	2.8 
	2.9 
	3.0 
	Batania

	2.9
	2.75b
	2.9a
	2.9a
	Mean


SE  for A=0.03  , SE for B=0.05  SE for interaction (A*B)=0.12

Table 8. The effect of genotypes and micro-doses of NPK on Grain yield (ton/ha) of sorghum (Sorghum bicolor L. Moench) grown during season (2016/17)
	Mean
	0.0 g
	0.6 g
	0.9 g
	Micro dose

	
	
	
	
	Gene type

	6.1 C
	5.4 e
	6.3 d
	6.4 d
	Elwafer

	5.3 B
	4.9 d
	5.31 c
	5.6 b
	Butana

	6.8 A
	5.7 a
	6.7 a
	8.0 a
	Gurry

	4.6 D
	4.0 f
	4.3 ef
	5.6 d
	Batania

	5.7
	5.0 c
	5.7 b
	6.4 a
	Mean


SE  for A=0.146   , SE for B= 0.126 SE for interaction (A*B)=0.253 

Table 9. Mean squares analysis of variance for panicle grain weight, number of grains per panicle, 100-grain weight and grain yield (ton/ha) of sorghum as affected by genotype and micro-dosing of NPK
	S of V.
	d. f.
	Grain weight/panicle (g)
	Number of grains/panicle
	100-grain weight (g)
	Grain yield (ton/ha)

	Rep.
	3
	7.936
	6907.521
	2.130
	0.254

	Genotype
	3
	1026.585*
	3995395.910*
	2.090
	185.968*

	Micro-dose
	2
	674.148*
	811992.896*
	4.519*
	15.990*

	Genotype X Micro-dose
	6
	60.829*
	410055.285*
	0.375
	2.358*

	Error
	33
	13.728
	35952.157
	1.372
	0.256

	C.V%
	
	6.91
	9.11
	4.04
	3.90




4. Conclusion

The study demonstrated clear variation in sorghum performance among the four genotypes and among the three NPK (15-15-15) micro-dose levels under the rain-fed conditions of South Kordofan. Gurry produced the highest mean grain yield at 6.8 ton/ha, while Batania had the lowest mean yield at 4.6 ton/ha. Across genotypes, application of 0.9 g NPK per planting hole produced the highest mean grain yield of 6.4 ton/ha, compared with 5.7 ton/ha at 0.6 g/hole and 5.0 ton/ha without fertiliser. The 0.9 g micro-dose also produced the highest mean values for plant height, number of grains per panicle, 100-grain weight, and grain weight per panicle. These results indicate that both genotype and fertiliser micro-dosing influenced sorghum productivity in the study environment. Within the tested treatments and season, the combination of an adapted high-yielding genotype and a small, localised NPK dose appears suitable for improving grain yield while limiting fertiliser quantity. The findings should be applied primarily to conditions comparable with those of the present experiment. In this experiment, 0.9 g/hole should be described as the highest tested dose rather than an established optimum. Further studies are needed to test NPK doses higher than 0.9 g/hole to establish the optimum micro-dose.

5. Limitation
This study was limited to determining the effects of three NPK (15-15-15) fertiliser micro-doses (0.9, 0.6, and 0.0 g/hole) on the yield of four sorghum genotypes (Elwafir, Butana, Gurry, and Batania). Further validation using different doses and additional sorghum cultivars is required to strengthen the evidence for the effects of fertiliser micro-dosing on sorghum grain yield.
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