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ABSTRACT: Sorghum is a significant cereal crop in sub-Saharan Africa, but its production is hindered by challenges 
stemming from poor soil fertility, particularly low nitrogen levels. Low soil nitrogen (N) availability is a major constraint to 
sorghum (Sorghum bicolor [L.] Moench) productivity, particularly in sub-Saharan Africa. Eighty-one sorghum genotypes 
were screened across two locations: Samaru and Minjibir in 2022. A 9 x 9 lattice design with two replications was used 
for the experiment. Data collected on yield and agronomic traits were subjected to analysis of variance and analysed using 
R and SAS software. The results revealed substantial variations among the genotypes for traits such as plant height, leaf 
death, panicle weight, days to 50% flowering, days to maturity, lodging rating, desirability rating, and yield, both under 
optimal soil nitrogen levels and low soil nitrogen levels. Notably, there were significant genetic variances in all the traits 
except 100 seed weight. Yield had a phenotypic coefficient of variation (PCV) of 96.20% and a genotypic coefficient of 
variation (GCV) of 44.86% at Samaru under low soil nitrogen. While at Minjibir yield had a PCV value of 92% and a GCV 
value of 53% under low soil nitrogen. The study reveals substantial genetic variation among sorghum genotypes under 
low soil nitrogen, with grain yield exhibiting high GCV and heritability values, indicating its reliability for selecting tolerant 
genotypes. 
 
Keywords: Genotypic coefficient of variation (GCV), heritability, high soil nitrogen, low soil nitrogen, phenotypic coefficient 
of variation (PCV), Sub-Saharan Africa. 
 
 
INTRODUCTION 
 
Sorghum (Sorghum bicolor [L.] Moench) ranks fifth among 
the world cereals, following wheat, maize, rice and barley 
in production area and total production (Bakari et al., 
2023). The crop is important in many regions of the world 
where drought stress is common. Sorghum is a tropical 
cereal crop that grows in a wide range of environments, 
and it plays an important role as a staple food for many 
people. All of the species occurred in this region between 
5,000 and 7,000 years ago (Hossain et al., 2022). 
Sorghum is now widely cultivated in the drier areas of 
Africa, Asia, Australia, North, Central and South America 
(Dalton and Hodjo 2021). 

It is primarily a crop grown in hot, semi-arid tropical 
environments with an average rainfall of between 400–600 
mm, and it’s not tolerant to cool temperatures (Serba et al., 

2020). Sorghum can be successfully grown on a wide 
range of soil types. It is well-suited to heavy vertisols found 
commonly in the tropics, as well as light sandy soils. 
Ciampitti (2021). It is tolerant to salinity as compared to 
maize and does well in a range of soil pH of 5.0 – 8.5. 
Worldwide annual sorghum production ranges from 40 to 
45 million tons from approximately 40 million hectares 
(Rooney et al., 2007).  

The largest producers of sorghum are the United States of 
America, with an annual production of 17 million tons, and 
the largest sorghum-producing nation in Africa is Nigeria 
(FAOSTAT, 2017). In Nigeria, sorghum is mostly cultivated 
in the northern part of the country, covering the Sudan 
savannah, the Guinea savannah and the Sahel savannah. 
Production is done on a small scale in states located in the  
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Derived savannah. In Africa, sorghum is mostly cultivated 
and used as food by several households, and also as 
livestock feed, for industrial production of drinks, alcohol, 
sugar, and syrup (Bakari et al., 2023). 

Sorghum cultivation in Nigeria is faced with the problem 
of declining soil fertility, most importantly, low soil nitrogen 
being the most serious of them, because of its instability in 
the soil and the vital role it plays in plant growth and yield 
(Hossain et al., 2022). 

Nitrogen (N) is vital for the proper growth and 
development of many crops. Nitrogen is a crucial 
constituent of chlorophyll, protoplasm and enzymes 
(Yeshiwas, 2017). Nitrogen functions in several places, 
like playing a key role in plants' metabolism. It also 
participates in protein synthesis Kaur et al., 2020).  It is a 
structural part of Adenosine triphosphate (ATP), 
Nicotinamide adenine dinucleotide (NAD) + hydrogen (H) 
(NADH), Nicotinamide adenine dinucleotide phosphate 
(NADP) + hydrogen (H) NADPH, storage proteins, nucleic 
acids and enzymes (Omar et al., 2023).  Higher nitrogen 
levels have been reported to increase plant height, stem 
thickness, leaf area, leaf area index, dry matter 
accumulation, net assimilates ratio and as well as yield per 
hectare (Cheema et al., 2010). As such, nitrogen being the 
most limiting nutrient, its supply along with other nutrients 
becomes a matter of paramount importance in the 
maintenance of soil fertility for sustained high crop 
production.  

Low soil nitrogen (low N) is a common occurrence in 
farmers’ fields in sub-Saharan Africa (SSA). During 
seasons with sufficient rainfall, soil nitrogen can be 
leached below the root zones (Pasley et al., 2021), thereby 
leaving the crop nitrogen deficient. Soil nitrogen deficiency 
is further worsened by the widespread removal of crop 
residues for use as animal feed and fuel (Chen et al., 
2014). Furthermore, the high cost of nitrogen fertiliser and 
poor weed control increase the incidence of nitrogen 
stress in many instances (Darko and Mensah, 2024). The 
heavy reliance on fertiliser has resulted in a greater need 
for environmental protection measures. This study aims to 
investigate the variation existing among sorghum 
genotypes under low and high soil nitrogen conditions. 
 
 

Hypothesis 
 
Null: There is no significant genetic variability among 
sorghum genotypes for tolerance to low soil nitrogen 
conditions. 
Alternate: There is significant genetic variability among 
sorghum genotypes for tolerance to low soil nitrogen 
conditions. 
 
 

MATERIALS AND METHODS 
 
The study was conducted at the Research Farm of the 
Institute for Agricultural Research/Ahmadu Bello University   
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(IAR/ABU), Samaru (11o11'N, 07o38' E and 686 m above 
sea level) in the northern Guinea savannah ecological 
zone of Nigeria. The second site was at the Agricultural 
Research Station (ARS) in Minjibir (12o 10’42’'N, 
08o39’33’'E and 620 m above sea level) in the Sudan 
savannah ecological zone of Nigeria. Eighty-one sorghum 
genotypes sourced from the Sorghum Improvement Unit 
of the Institute for Agricultural Research, ABU Zaria and 
ICRISAT Kano were used for the study. 

 
 
Soil sample collection/analysis 

 
At the field in each location, composite soil samples were 
taken twice before sowing, from a depth of 0-30 cm. 
Sampling was done using a hand probe, and samples 
were analysed at the Department of Soil Science Lab, 
Ahmadu Bello University, Zaria, for Nitrogen, Potassium 
and Phosphorus content of the soil. Soil nitrogen content 
analysis was determined by Kjeldahl digestion and 
colourimetric determination on Technicon AA11 
Autoanalyser (Bremner and Mulvaney, 1982). The fields 
were initially depleted of nitrogen in previous seasons by 
sowing of maize, and no fertiliser or manure was added to 
deplete the soil of nitrogen. 

 
 
Field evaluation 

 
The 81 sorghum genotypes were sown in IAR low-N fields 
in Samaru Zaria and ARS Minjibir station, Kano, during the 
2022 rainy season. The experimental fields were divided 
into low-N and high-N blocks separated far enough from 
each other to prevent the effect of nitrogen mobility from 
one field to another. The low-N field was located at the top 
of the gradient, while the high-N field was located down the 
gradient. The experiment was laid out using a 9 x 9 lattice 
design with 2 replications. Five seeds were manually sown 
per hole at a depth of 2 cm, which were later thinned to 2 
plants per hole at 2 weeks after sowing. Each plot 
consisted of four rows of 3 m long with an inter-row and 
intra-row spacing of 75 cm and 30 cm. Data was collected 
only from the two inner rows of each plot to avoid edge 
effect. Nitrogen and other macro nutrients such as 
potassium and phosphorus were applied to the plants 
using urea to supply N (90 kg/ha), single super phosphate 
to supply P2O5 (60kg/ha) and muriate of potash to supply 
K2O (60 kg/ha). The low-N block received 30 kg/ha 
quantity of nitrogen, 60 kg/ha of both Potassium and 
Phosphorus at both locations (Bollam et al., 2021). The 
nitrogen was applied in 2 splits, 15 kg /ha of nitrogen was 
applied as the first dose, together with 60 kg/ha of P2O5 
and K2O, two weeks after sowing, using urea.  

The second dose of 15 kg/ha of nitrogen was applied as 
top dressing four weeks after the first dose application 
using urea. Meanwhile, the high-N blocks received 90 
kg/ha  of  nitrogen, 60 kg/ha  of  potassium  (P2O5)  and  60   
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kg/ha of phosphorus (K2O) at the two locations (Buah and 
Mwinkaara, 2009; Bollam et al., 2021). The 90 kg/ha of 
nitrogen that was applied to the high-N blocks was applied 
in 2 splits. 45 kg/ha of N was applied as the first dose 
together with 60 kg/ha of P2O5 and K2O two weeks after 
sowing (using urea, single super phosphate and muriate of 
potash to supply N, P2O5 and K2O), while the second dose 
45 kg/ha of nitrogen was applied as top dressing four 
weeks after the first dose application using urea. Weed 
control was done manually by hoe weeding at two, six and 
ten weeks after sowing. The weeds were carefully packed 
outside (neatly swept) only from the low-N blocks to avoid 
decay and addition of nitrogen to the plots in the blocks. 
Insect pest control was also carried out according to 
standard agronomic practice. 
 
 
Data collection 

 
Plant Height was estimated as the average height in 
centimetres of six randomly selected plants, measured 
from the ground to the point of the flag leaf, which was 
taken 2 weeks after heading. Days to 50% flowering was 
measured as the duration in days from sowing until the 
majority of the panicles reached 50%. Days to maturity is 
the time in days from sowing until the majority of the plants 
in the plots have matured. Panicle weight was estimated 
as the average weight of six randomly selected plant 
panicles from each plot, which was taken after harvest. 

Leaf death, in each plot, was assessed and assigned 
scores at both 10 and 15 weeks after sowing, utilising a 
scale ranging from 1 to 5. A score of 1 corresponds to more 
than 80 % of chlorotic/dead leaves among the plants in the 
plot, 2 indicates 60 % of chlorotic/dead leaves, 3 signifies 
40% of chlorotic/dead leaves among the plants in the plot, 
4 denotes 20 % of chlorotic/dead leaves among the plants 
in the plot, and 5 represents less than 5 % of chlorotic/dead 
leaf area below the panicle of the plants in the plot. The 
overall ratings for desirability, adaptation, or breeding 
potential were assessed near or at maturity using a scale 
ranging from 1 to 5. A rating of 5 represented the highest 
level of desirability, adaptation, or breeding potential 
(considered "Best"), followed by 4 for "Good," 3 for "Fair," 
2 for "Poor," and 1 for Very Poor. The lodging of plants, 
which includes weak neck, stalk breakage, or damage 
from high winds, was assessed visually as a percentage 
estimate near maturity. 

The lodging was rated on a scale from 1 to 5, where 1 
indicated more than 80 % of plants in the plot have lodged, 
2 indicated 60 % of the plants in the plot have lodged, 3 
indicated 40 % of the plants in the plot have lodged, 4 
indicated 20 % of plants in plot have lodged, and 5 
indicated less than 10 % of plants in the plot have lodged. 
100 seeds were selected randomly from the threshed 
seeds of each plot, and the weight was taken. Grain yield 
was recorded as the weight of harvested grain expressed 
in t/ha with a moisture content of 13%. 

 
 
 
 
Statistical analysis 
 

Analysis of variance (ANOVA) for individual location was 
done. Random model was used for the analysis, and the 
ANOVA was done using Statistical Analysis System (SAS) 
version 9.13 (SAS Institute, 2011). Fisher’s least 
significant difference (LSD) test (α = 0.05) was used to 
separate the means. To test for homogeneity of variances 
for both locations, the Hartley test (Hartley 1950) of 
homogeneity was employed. The location was found not 
to be homogeneous, so the data were not pooled. The 
following random model was used for ANOVA. Genetic 
components were estimated to determine the source of the 
observed variations, as used by Sivasubramaniam and 
Madhava Menon (1973). 
 
 

Formular used for calculating variance components  
 
Genotypic Coefficient of Variation (GCV): The 
genotypic coefficient of variation was estimated using the 
formula described by Singh and Chaudhary (1985) as: 
 

𝐺𝐶𝑉 =  
√𝜎𝑔

2

𝑥̅
× 100 

 

Where: GCV = Genotypic Coefficient of Variation, 𝜎𝑔
2 = 

Estimate of genetic variance, 𝑋̅ =  Grand mean of the 
respective character 
 
 Phenotypic Coefficient of Variation: The phenotypic 
coefficient of variation was estimated using the formula 
described by Sivasubramaniam and Madhava Menon 
(1973) as: 
 

𝑃𝐶𝑉 =
√𝜎𝑝

2

𝑥̅
× 100 

 

Where: PCV = Phenotypic coefficient of variation, 𝜎𝑝
2  = 

estimate of phenotypic variance, 𝑋̅ = grand mean of the 
respective character. 
 
 

RESULTS AND DISCUSSION 
 

Soil nitrogen content before the experiment 
 

Soil nitrogen content analyses, conducted using the 
Kjeldahl digestion and colourimetric method on a 
Technicon AA11 Autoanalyser, revealed that both 
locations exhibited very low nitrogen content (Table 1). 
The soil from Minjibir recorded a nitrogen concentration of 
0.0553%, while that from Samaru had a slightly higher 
value of 0.0744%. Despite this marginal difference, both 
values fall within the range categorised as very low 
nitrogen content, indicating that the soils in both 
experimental fields were nitrogen-deficient prior to 
treatment. 
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Table 1. Soil test result for nitrogen content for Samaru and Minjibir. 
 

Location Nitrogen content Remark 

Minjibir 0.0553% Very low on nitrogen content 

Samaru 0.0744% Very low on nitrogen content 
 
 
 

Table 2. Mean Squares from ANOVA for agronomic traits of 81 sorghum genotypes screened under low soil nitrogen environment at Samaru and Minjibir in 2022. 
 

Source of 
Variation 

Df 
Plant 

Height 

Leaf 

Death 

Days to 
Flowering 

Lodging 
Rating 

Desirability 
Rating 

Days to 
Maturity 

Panicle 
Weight 

100 Seed 

weight 

Grain 

Yield 

Samaru           

Rep 1 2325.62 6.70 2.72 5.93 9.39 193.39 840.50 0.01 200399.21 

Genotype 80 1629.39* 6.70* 123.20* 2.23* 2.19* 201.20* 861.50* 0.01 164787.85* 

Block (Rep) 16 148.43 0.83 15.21 2.23 0.75 24.31 416.58 0.01 54724.70 

Error 64 335.24 0.51 13.66 1.06 0.60 120.46 389.93 0.01 22564.40 

           

Minjibir          

Rep 1 14792 7.56 8.00 2.23 2.23 140.75 595.12 0.01 341484.80 

Genotype 80 4591.77* 2.01* 55.26* 2.37* 2.90* 190.42* 3035.70* 0.01 410546.42* 

Block (Rep) 16 2867.90 1.60 7.42 1.60 0.79 31.76 1643.88 0.01 159588 

Error 64 1361.89 0.80 7.86 1.07 0.62 106.57 1993.72 0.20 88350.83 
 
 
 

Analysis of variance (ANOVA) for agronomic 
traits of sorghum genotypes screened under 
low and high soil nitrogen environments at 
Samaru and Minjibir in 2022 
 
Tables 2 and 3 present the results of the analysis 
of variance (ANOVA) from the experiments 
conducted under low soil nitrogen and high soil 
nitrogen environments at Samaru and Minjibir in 
2022. The results revealed significant mean 
squares among the genotypes under both low soil 
nitrogen and high soil nitrogen environments. The 
findings revealed significant variations (p ≤ 0.05) in 
grain yield and other measured traits, excluding 
100-seed weight, which exhibited non-significance 
under low soil nitrogen in both environments. The 

findings also revealed significant variation (p≤0.05) 
in grain yield and other measured traits, excluding 
100-seed weight (100 SW), which exhibited non-
significant differences under high soil nitrogen in 
both environments (Table 3).  

The observed genetic variability is a critical 
foundation for selection in breeding programs 
targeting nitrogen-use efficiency. The identification 
of genotypes that maintained superior grain yield 
under low nitrogen conditions highlights their 
potential as donor lines in low-input agricultural 
systems. These findings are in line with Dembele 
et al. (2020), who reported significant genotypic 
variation for nitrogen-efficiency-related traits in 
sorghum. Similarly, Kimani et al. (2009) 
emphasised that such diversity is essential for 

meaningful crop improvement. The variations are 
likely driven by both inherent genetic differences 
and genotype-by-environment interactions, as 
noted by Buah and Mwinkara (2009). Therefore, 
the alternate hypothesis is accepted while the null 
hypothesis is rejected. Overall, this study 
underscores the feasibility of selecting nitrogen-
efficient sorghum genotypes for sustainable 
production under varying nitrogen regimes. 
 
 
Selection of best-performing genotypes among 
the eighty-one sorghum genotypes 
 
Final selection of best-performing genotypes under 
low soil nitrogen was based on a linear base index.  
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Table 3. Mean squares from ANOVA for agronomic traits of 81 sorghum genotypes screened under high soil nitrogen environment at Samaru and Minjibir in 2022. 
 

Source of 
Variation 

Df 
Plant 

Height 
Leaf Death 

Days to 
Flowering 

Lodging 
Rating 

Desirability 
Rating 

Days to 
Maturity 

Panicle 
Weight 

100 Seed 
Weight 

Grain Yield 

Samaru           

Rep 1 5100.50 0.30 277.43 0.02 10.89 2473.39 388.90 0.01 1273292.70 

Genotype 80 918.62* 1.21* 110.69* 1.49* 1.68* 628.46* 178.26* 0.01 179855.80* 

Block (Rep) 16 345.44 1.23 54.83 1.05 0.72 256.16 117.00 0.01 85718.56 

Error 64 345.00 0.54 32.66 0.83 0.76 261.13 91.84 0.01 67551.12 

Minjibir           

Rep 1 5315.95 1.58 28.54 4.17 7.14 140.75 674.67 0.01 766505.42 

Genotype 80 751.97* 3.03* 23.07* 2.32* 2.93* 190.42* 4731.90* 0.01 922696.59* 

Block (Rep) 16 239.38 1.65 17.66 1.92 1.27 31.76 2698.19 0.01 358628.70 

Error 64 360.06 0.95 10.61 1.00 0.81 106.57 2931.90 0.01 198928.42 
 
 
 

Table 4. Best performing genotypes among the eighty-one genotypes screened under low soil-N at Samaru 2022. 
 

Genotypes Base index Ranking GYD (kg/ha) PHT (cm) LDT (score) PWT  (g) DRT (score) LRT (score) DTF DTM 

Icsg_1980736 9.64 1 817.78 133.00 4.00 70.00 5.00 4.50 71.00 118.00 

Samsorg_44 9.39 2 2191.11 117.00 3.00 76.50 5.00 5.00 89.00 138.00 

Germplasm2021-2 7.94 3 743.33 169.50 4.00 78.00 5.00 5.00 84.00 138.00 

ICSG_1980308 5.54 4 857.78 222.00 2.00 69.00 4.50 4.00 89.00 138.00 

Samsorg_49 5.51 5 805.56 87.50 2.50 46.00 4.50 5.00 76.00 130.00 

ICSG_1981294 5.42 6 795.56 76.50 4.50 62.50 4.50 5.00 77.00 134.00 

ICSG_1980223 4.91 7 612.22 101.50 4.50 38.00 4.00 5.00 82.00 118.00 
 

PHT=Plant height, GYD= Grain yield, LDT= Leaf death, PWT=Panicle weight, DRT= Desirability rating, LRT=lodging rating, DTF= Days to flowering, DTM= Days to maturity. 
 
 
 

The base index (BI) was adopted from the 
modification of that described by Badu‐Apraku et 
al. (2011b) that combined standardised trait values 
with breeder-defined weights reflecting the low-N 
breeding objective. The formular used from 
calculating BI is given as: 
 
BI = YDLwN+PHT+LDT+PWT+DRT+LRT-DTF-DTM 
 
Where: YDLwN = grain yield under low soil nitrogen, 
PHT=plant height, LDT = leaf death, PWT=panicle 
weight, DRT = desirability rating, LRT = lodging 

rating, DTF = days to flowering, DTM = days to 
maturity. Each parameter of the BI was 
standardised (with mean = 0 and standard 
deviation = 1) to minimise the effects of different 
scales of measurement. 
 
A positive BI, therefore, indicated that a genotype 
possessed tolerance to low soil nitrogen, while 
genotypes with negative BI values were non-
tolerant to low soil nitrogen. A genotype by trait 
biplot (GT biplot) was used to visualise multi-trait 
profiles and corroborate index-based rankings. 

Tables 4 and 5 present the best-performing 
genotypes at Samaru and Minjibri. 
 
 

Variance components and heritability 
estimates for agronomic traits of 81 sorghum 
genotypes screened under low soil nitrogen 
environments at Samaru and Minjibir 
 

The phenotypic (PCV) and genotypic (GCV) 
coefficients of variation shown on Tables 6 and 7 
demonstrated substantial variability among traits, 
underscoring  considerable  potential  for  selection.   
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Table 5. Best performing genotypes among the eighty-one genotypes screened under low soil-N at Minjibir in 2022. 
 

Genotypes Base index Ranking GYD (kg/ha) PHT (cm) LDT (score) PWT (g) DRT (score) LRT (score) DTF DTM 

ICSG_1980305 14.51 1 1766.67 204.00 4.50 79.50 5.00 4.50 82.00 124.00 

ICSG_1980287 14.26 2 2387.78 109.00 4.50 193.50 4.50 4.50 86.00 138.00 

Soumba 13.28 3 1961.11 144.50 4.50 101.50 5.00 4.50 82.00 134.00 

KSV15 12.91 4 1194.44 246.50 3.00 202.50 4.00 4.50 85.00 138.00 

ICSV400 11.53 5 947.78 171.00 4.50 103.50 4.50 4.50 77.00 139.50 

ICSG_1980315 11.17 6 1100.00 110.00 4.50 100.00 4.50 4.00 73.00 122.50 

ICSG_1980736 9.10 7 744.44 123.50 4.00 103.50 4.50 4.00 89.00 118.00 

ICSG_1981294 9.04 8 1207.78 114.00 4.50 86.50 4.50 4.50 88.00 134.00 

ICSG_1980296 6.10 9 1058.89 148.00 3.00 101 3.00 4.50 81.00 150.00 
 

PHT=Plant height, GYD= Grain yield, LDT= Leaf death, PWT=Panicle weight, DRT= Desirability rating, LRT=lodging rating, DTF= Days to flowering, DTM= Days to maturity. 
 
 
 

Table 6. Variance components for agronomic traits of 81 sorghum genotypes screened under low soil nitrogen environment at 
Samaru in 2022. 
 

TRAITS Mean PCV (%) GCV (%) 𝝈𝒈
𝟐  𝝈𝒑

𝟐 𝝈𝒆
𝟐 hb

2 (%) 

Days to flowering 78.75 10.91 7.71 36.82 73.86 37.04 49.85 

Days to maturity 133.46 8.79 4.78 40.69 137.56 96.87 29.58 

Panicle weight 33.1 4.64 3.31 1.20 2.36 1.16 50.87 

Lodging rating 3.90 25.69 13.23 0.31 1.17 0.86 26.50 

100 seed weight 0.69 96.03 30.93 1.08 10.41 9.33 10.37 

Desirability rating 2.77 39.71 24.48 0.46 1.21 0.75 38.02 

Leaf death 3.92 24.73 13.26 0.27 0.94 0.67 28.72 

Plant height 104.96 0.53 0.25 0.07 0.31 0.24 22.58 

Grain yield 338.16 11.45 10.24 1200 1500 1.76 80.00 
 
 
 

The consistently higher PCV relative to GCV 
across environments indicates that environmental 
factors substantially influence trait expression 
(Amare et al., 2015, Fasahat et al., 2016; Ngidi et 
al., 2024). For instance, 100-seed weight at 
Samaru exhibited very high PCV (96.03 %) but 
much lower GCV (30.93 %), reflecting wide 
phenotypic variation with limited genetic control. 
Such traits are unreliable for direct selection unless 
evaluated across multiple environments or under 

controlled stress conditions to reduce 
environmental effect (Ndukauba et al., 2018). 
Furthermore, grain yield displayed moderate PCV 
and GCV values (PCV: 11.45–12.03 %; GCV: 
10.24–11.05 %) with a narrow PCV–GCV gap, 
suggesting a strong genetic component. Its 
consistently high heritability (80–84 %) confirms 
that yield is reliable to direct selection, even in early 
breeding generations, making it an efficient target 
for genetic gain (Badu-Apraku et al., 2011a; Adu et  

al., 2021). 
Heritability (Broad sense) estimates (Tables 6 

and 7) varied considerably across traits and 
locations, reflecting differences in genetic control 
and environmental sensitivity. Traits such as 
panicle weight and days to flowering (50–61 %) 
exhibited moderate to high heritability, indicating 
balanced genetic and environmental influence, 
thus suitable for targeted selection under defined 
conditions  (Leiser  et  al., 2012). Traits  like  lodging 
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Table 7. Variance components for agronomic traits of 81 sorghum genotypes screened under low soil nitrogen environment at 
Minjibir in 2022.  
 

Traits Mean PCV (%) GCV (%) 𝝈𝒈
𝟐  𝝈𝒑

𝟐 𝝈𝒆
𝟐 hb

2 (%) 

Days to flowering 85.35 4.91 2.76 5.53 17.55 12.02 31.51 

Days to maturity 133.35 8.90 5.27 49.40 141.01 91.61 35.03 

Panicle weight 38.16 4.23 3.31 1.60 2.60 1.00 61.54 

Lodging rating 2.70 49.14 27.96 0.57 1.76 1.19 32.39 

100 seed weight 0.72 48.11 39.28 0.08 0.12 0.04 66.67 

Desirability rating 2.12 65.36 47.64 1.02 1.92 0.90 53.13 

Leaf death 2.41 59.55 40.87 0.97 2.06 1.09 47.09 

Plant height 80.47 1.05 0.53 0.18 0.72 0.54 25.00 

Grainl 319.88 12.03 11.05 1250 1480 0.49 84.46 
 
 
 

rating and plant height showed low GCV and heritability, 
implying that environmental variation masks genetic 
potential. These traits are unlikely to respond effectively to 
direct selection and may be better addressed through 
indirect selection or rigorous multi-environment evaluation 
(Chauhan et al., 2020). 

Remarkably, the relatively high heritability value of 
desirability rating (53 %) and 100-seed weight (67%) at 
Minjibir suggests greater genetic stability in specific 
environments, highlighting the potential for location-
specific breeding programs. However, the variability in 
heritability across sites reinforces the necessity of G × E 
interaction studies and emphasises the importance of 
breeding strategies tailored to particular agro-ecological 
zones (Teressa et al., 2021; Des Marais et al., 2013). 
 
 

Implications for selection and breeding 
 

High heritability + high GCV (e.g., grain yield) priority traits 
are reliable for direct selection, which is expected to deliver 
rapid genetic progress. The presence of significant GCV 
for key traits such as grain yield and panicle weight, 
coupled with high heritability values, indicates promising 
potential for genetic gain under selection. These findings 
corroborate earlier reports by Bello et al. (2021), who 
highlighted wide genetic diversity in sorghum traits 
associated with nitrogen use efficiency. 

High PCV but low GCV, which was recorded for the trait 
(e.g., 100-seed weight at Samaru), strongly suggest 
environmental influence. And multi-environment trials to 
ensure reliable selection are recommended. Also, low 
heritability + low GCV (e.g., plant height) indicated limited 
genetic gain potential, which can be improved through 
indirect selection or enhanced agronomic management. 
Meanwhile, traits with variable heritability (e.g., desirability 
rating) can be improved through location-specific or multi-
location breeding strategies. 
 
 

Conclusion 
 
In summary, traits with high heritability  and  strong  genetic  

determination, particularly grain yield, represent the most 
promising targets for direct selection to accelerate genetic 
improvement. Traits heavily influenced by the environment 
necessitate multi-environment testing to identify stable 
genotypes, while low-heritability traits may be more 
effectively improved indirectly or through optimised crop 
management. Collectively, these findings provide a robust 
framework for designing environment-tailored breeding 
strategies that enhance both genetic gain and yield 
stability. 
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