Mean Germination Time as a Functional Seed Vigour Test in Sorghum (Sorghum bicolor L.)

[bookmark: _GoBack]Abstract: Sorghum (Sorghum bicolor L. Moench) is a vital cereal crop cultivated extensively in arid and semi-arid regions due to its adaptability to harsh environmental conditions. Seed vigour is a crucial determinant of crop establishment, particularly in sorghum where standardized vigour testing protocols are yet to be established. The present study evaluated the relationship between mean germination time (MGT) and field emergence (FE) at 10 and 20 days after sowing (DAS) across 15 different sorghum seed lots which were stored for 12 months under ambient conditions, to assess the suitability of MGT as a seed vigour test. Correlation analysis revealed a strong and highly significant negative association between MGT and FE, indicating that seed lots with shorter germination times exhibited superior field emergence. Regression analysis further validated these findings, with extremely high coefficients of determination (R² = 0.99) for both FE 10 DAS and FE 20 DAS against MGT, demonstrating that variations in field emergence could be largely explained by differences in MGT. The low standard error of the regression models highlighted the robustness and reliability of these relationships. These results are consistent with earlier studies in cereals and legumes, which confirmed that rapid and uniform germination is closely linked with better seedling establishment and field performance. The findings suggest that MGT is not only a simple and cost-effective laboratory parameter but also a powerful predictor of field emergence in sorghum. Incorporating MGT into seed vigour testing protocols would enable seed producers, researchers, and quality analysts to make more accurate predictions of seed lot performance, thereby supporting improved crop establishment and seed quality assurance.
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Introduction
	Sorghum (Sorghum bicolor L. Moench) is a climate-resilient cereal belonging to the Poaceae family and ranks among the world’s five principal cereal crops, alongside wheat, rice, maize, and barley. Referred to as the “King of Millets,” sorghum is nutritionally rich, containing carbohydrates (73.10–79.12%) and protein (7.98–11.77%) (Widowati and Luna, 2022). It provides essential vitamins—B1 (0.09 mg), B2 (0.14 mg), and B3 (2.8 mg)—and key minerals including iron (4.4 mg), sodium (7 mg), potassium (249 mg), calcium (28 mg), and phosphorus (287 mg). Its starch is inherently gluten-free, rendering it a suitable alternative to wheat for individuals with celiac disease or gluten intolerance. In India, sorghum is cultivated on approximately 3.97 million hectares with an annual production of 4.4 million tonnes and an average productivity of 1.0 t/ha. Karnataka accounts for 22% of the national area (1.09 mha) and 22.9% of production (1.13 mT), achieving a productivity of 1040 kg/ha. Owing to its superior tolerance to drought and high temperatures, sorghum is well adapted to arid and semi-arid agro-ecologies, earning the epithet “Camel of the Desert.”
A seed, the mature fertilized ovule of angiosperms, comprises an embryo, storage tissues (endosperm or cotyledons) and a protective seed coat. It represents the fundamental unit of propagation and reproduction in higher plants and constitutes a critical input in agriculture, directly influencing crop establishment, productivity, and uniformity. Seed quality is largely determined by viability and vigour, traits governed by genetic constitution as well as environmental factors. Several laboratory tests are available to assess seed quality; however, no single method is universally applicable across all crop species (Powell and Matthews, 2005). The standard germination test remains the most widely used assay, but it primarily reflects the potential of seeds to produce normal seedlings under optimal conditions. This test does not reliably predict seedling performance under sub-optimal field environments, nor does it effectively detect early physiological deterioration (McDonald, 1980). Furthermore, it lacks sensitivity in differentiating vigourous from weak seedlings within highly viable seed lots, thereby limiting its utility in assessing true physiological vigour. 
Seed vigour is a critical determinant of crop establishment, uniform stand development, and ultimately, productivity. Unlike germination percentage, which reflects only the potential of seeds to germinate under optimal conditions, vigour tests provide insights into the physiological quality and field performance of seed lots under a wide range of environmental conditions. Among various indices, Mean Germination Time (MGT) has emerged as a valuable parameter, as it integrates both the speed and uniformity of germination (Lv et al., 2016). Seeds with lower MGT values germinate faster and more uniformly, which is particularly advantageous under sub-optimal field conditions where early establishment is crucial for competitiveness and resilience. In this context, evaluating MGT as a functional vigour test offers potential to complement existing parameters and provide a robust measure of seed lot quality. By reflecting the physiological efficiency of germination and seedling establishment, MGT can serve as a practical tool for seed quality assessment, storage evaluation and seed enhancement studies in sorghum. Establishing its utility will contribute to both scientific understanding and practical applications in seed technology and crop improvement.
Materials and methods: The research involved a series of laboratory and field experiments carried out at National Institute of Seed Science and Technology, Regional Station, GKVK, Bengaluru, AICRP on seed (crops), UAS, GKVK, Bangalore and Department of Seed Science and Technology, GKVK, Bengaluru.
Seed storage: Fifteen sorghum seed lots of acceptable germination percentage were procured from Indian Institute of Millet Research, Hyderabad were stored for about 12 months in cloth bags under ambient storage conditions. Mean germination time (MGT) and field emergence percentage (FE %) were recorded for every three months.
Table 1: Seed lot details
	1. CSV 15 R01(RABI 2023)
	9. CSV 15 R 12 (R 2023)

	2. CSV 48(R 2024)
	10. CSH 43 MF (R 2024)

	3. CSH 24 MF (R 2024)
	11. CSV 32 F (R 2023)

	4. CSV 29 R (R 2024)
	12. 467 A (R 2024)

	5. CSV 38 F (R 2023)
	13. CSV 38 F (R 2024)

	6. CSV 41 (R 2024)
	14. PGPS 2 (R 2024)

	7. CSV 32 F (R 2024)
	15. COFS 29 (KHARIF 2024)

	8. CSV 21 F (R 2024)
	



Mean germination time 
The seeds were placed on top of paper media and four replications of 100 seeds from each seed lot taken randomly. Counts of germination were made every 2 h for 2 days after 18 hours of placing of seeds on top of paper at 25°C (it has been fixed based on the initial experiment observation). Counts were made of when a 2mm radicle had been produced. 
                       Mean germination time (MGT) = Σ (nt) / Σ n
 where n = number of seeds newly germinated at time t
[bookmark: _Hlk201227033]            t = days from when set to germinate
Field emergence test
 400 seeds in 4 replications from each seed lot had been sown in field and the RCBD design had been employed for the test in field. Field emergence % had been recorded after 10 and 20 DAS.
Field emergence percentage = × 100


Statistical analysis: The data collected from the experiment were analysed statistically by following the procedure suggested as by Panse and Sukhatme (1967). Whenever ‘F’ test was found significant, the critical difference (CD) values were calculated and the mean were compared at five per cent. Correlation was studied between MGT and FE using Pairwise Pearson’s correlation coefficient, Principle component analysis using statistical softwares.
Results and discussion: 
Mean germination time (MGT) and field emergence (FE) of the 15 sorghum seed lots were significantly influenced by genotype as well as the duration of storage, as revealed by the Table 2. At the beginning (0 month), MGT ranged from 18.90 h in CSV 41 to 33.89 h in COFS 29, with an overall mean of 22.38 h. A steady increase in MGT was observed with storage, reaching 25.22 h (CSV 48) to 47.48 h (467A) at 12 months, with the mean rising to 38.12 h. The significant rise in MGT with storage indicates progressive loss of vigour, wherein metabolic slowdown and membrane damage delayed germination. Among the genotypes, CSV 41, CSV 48, CSV 21F, and CSV 38F consistently recorded significantly lower MGT values across storage intervals, indicating faster germination and better physiological efficiency. In contrast, COFS 29, CSV 29R, and 467A showed consistently higher MGT values, reflecting their susceptibility to ageing and poor seed vigour.
	Field emergence percentage at 10 DAS also showed marked and significant genotypic differences across storage periods. At 0 month, FE (10 DAS) varied from 23.25% in 467A to 54.25% in CSV 48, with a mean of 35.38%. With storage, there was a sharp decline, and by 12 months, values dropped to 8.50% in CSV 29R while CSV 48 maintained the highest at 41.75%, the mean reducing to 19.72%. A similar trend was evident in FE at 20 DAS, where initial values ranged between 30.75% (CSV 38F) and 64.25% (CSV 48), but at 12 months, the range
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	Genotype
	MGT (h)
	FE (10 DAS)
	FE (20 DAS)
	MGT (h)
	FE (10 DAS)
	FE (20 DAS)
	MGT (h)
	FE (10 DAS)
	FE (20 DAS)
	MGT (h)
	FE (10 DAS)
	FE (20 DAS)
	MGT (h)
	FE 
(10 DAS)
	FE 
(20DAS)

	1
	CSV 48 (R24)
	23.44
	54.25
	64.25
	24.37
	52.25
	61.25
	24.79
	49.50
	60.00
	24.96
	45.75
	55.50
	25.22
	41.75
	51.50

	2
	CSV 15 R01 (R23)
	19.70
	34.25
	45.25
	26.85
	31.25
	40.25
	27.35
	30.50
	36.50
	28.24
	26.75
	32.50
	28.97
	22.75
	28.50

	3
	CSH 24MF(R24)
	19.93
	46.25
	55.25
	32.07
	42.00
	50.75
	39.01
	39.75
	44.00
	44.83
	36.00
	39.75
	46.46
	32.00
	35.75

	4
	CSV 29R (R24)
	28.26
	23.50
	37.00
	35.33
	20.00
	28.25
	38.10
	14.50
	21.25
	42.48
	12.50
	15.50
	46.21
	8.50
	1.75

	5
	CSV 38 F (R23)
	22.43
	29.50
	30.75
	25.23
	22.00
	27.00
	28.95
	16.50
	13.75
	31.35
	15.25
	9.75
	35.43
	10.50
	5.75

	6
	CSV 41 (R24)
	18.90
	46.50
	48.00
	25.57
	43.25
	43.25
	28.23
	30.50
	41.75
	34.26
	26.50
	37.75
	37.35
	22.50
	33.75

	7
	CSV 32 F (R24)
	20.91
	27.25
	33.00
	27.45
	27.00
	32.25
	30.39
	21.25
	31.75
	37.38
	17.75
	27.75
	39.48
	13.75
	23.75

	8
	CSV 21F (R24)
	19.97
	42.50
	43.75
	25.82
	38.75
	43.00
	32.35
	33.75
	40.25
	39.26
	29.75
	36.25
	42.32
	25.75
	32.25

	9
	CSV 15 R12 (R23)
	20.05
	32.75
	37.50
	25.49
	29.00
	30.00
	32.85
	17.25
	26.50
	36.35
	14.00
	22.50
	38.41
	10.00
	18.50

	10
	CSH 43MF(R24)
	21.50
	44.75
	46.50
	25.11
	37.75
	42.75
	25.56
	32.00
	41.75
	26.37
	28.00
	37.50
	28.43
	24.00
	33.50

	11
	CSV 32 F (R23)
	21.68
	25.50
	34.50
	25.13
	21.50
	25.25
	29.62
	15.00
	17.50
	32.39
	12.25
	14.00
	34.48
	9.00
	12.00

	12
	467 A (R24)
	23.62
	23.25
	41.75
	25.32
	19.25
	23.75
	31.82
	15.00
	13.50
	39.32
	12.75
	9.50
	47.48
	11.50
	7.75

	13
	CSV 38F (R24)
	19.24
	38.00
	45.00
	26.17
	34.25
	41.00
	34.83
	32.00
	39.00
	38.43
	28.00
	35.00
	39.82
	24.00
	31.00

	14
	PGPS 2 (R24)
	22.10
	36.75
	48.50
	27.09
	35.50
	45.00
	33.77
	33.75
	44.50
	38.43
	29.75
	40.50
	40.27
	25.75
	36.50

	15
	COFS 29 (K24)
	33.89
	25.75
	38.75
	34.06
	23.25
	34.25
	34.95
	22.00
	30.50
	36.58
	18.00
	26.50
	41.47
	14.00
	22.50

	
	Mean
	22.38
	35.38
	43.32
	27.41
	31.80
	37.87
	31.51
	26.88
	33.50
	35.38
	23.53
	29.35
	38.12
	19.72
	24.98

	
	S.Em
	0.33
	2.38
	2.20
	0.51
	12.06
	1.78
	0.42
	3.22
	3.28
	0.70
	2.85
	3.15
	0.77
	2.83
	3.04

	
	CV
	2.10
	13.15
	10.82
	3.76
	12.00
	12.94
	2.77
	13.47
	14.79
	4.11
	11.45
	10.00
	4.15
	10.55
	13.26

	
	CD (5%)
	1.00
	6.79
	6.27
	1.48
	14.93
	5.14
	1.22
	9.33
	9.51
	2.03
	8.25
	9.11
	2.23
	8.21
	8.81


Table 2: Mean germination time (hours) and Field emergence % at 10 and 20 DAS of 15 sorghum seed lots during 12 months storage

narrowed to 1.75% (CSV 29R) to 51.50% (CSV 48), with the mean declining from 43.32% to 24.98%. This decline in emergence percentage clearly illustrates the detrimental effects of seed ageing on seedling establishment under field conditions.
	Interestingly, certain genotypes maintained relative superiority across storage intervals. CSV 48 consistently outperformed others, combining lower MGT with higher field emergence percentages, thereby exhibiting strong vigour and resilience to deterioration. CSV 41 and CSV 21F also performed well, showing relatively lower increases in MGT and moderate FE retention, indicating good seed quality. Conversely, genotypes such as CSV 29R, COFS 29, and 467A showed poor performance, with high MGT values coupled with steep reductions in field emergence, especially after 9 and 12 months, indicating their sensitivity to deterioration and limited storability. The results clearly establish a strong inverse relationship between MGT and FE; seed lots with lower MGT invariably recorded higher emergence percentages, both at 10 and 20 DAS. This validates the utility of MGT as a functional vigour parameter in sorghum, as it not only reflects speed of germination but also serves as a reliable predictor of field establishment. Moreover, the observed genotypic differences highlight the role of inherent genetic constitution in determining vigour expression and storability. Matthews and Hosseini (2006) observed that deterioration was the cause of higher MJGT, MGT, MET (i.e. slower rates) and differences in soil in final emergence, seedling size and variation.
Correlation analysis of MGT and Field emergence at 10 and 20 DAS
	The correlation analysis revealed highly significant associations among storage duration, mean germination time (MGT), and field emergence (FE at 10 and 20 DAS) (Table 3). Storage duration was strongly and positively correlated with MGT (r = 0.9946), indicating that prolongation of storage led to a progressive increase in germination time. In contrast, duration showed a strong negative correlation with field emergence both at 10 DAS (r = –0.9983) and 20 DAS (r = –0.9986), confirming that longer storage reduced the emergence potential of sorghum seeds. Similarly, MGT was negatively associated with FE at 10 DAS (r = –0.9948) and FE at 20 DAS (r = –0.9977), suggesting that higher germination time directly translated to poor field establishment. A very strong positive correlation was observed between FE at 10 DAS and FE at 20 DAS (r = 0.9972), indicating that genotypes with rapid and higher early emergence maintained better seedling establishment at later stages as well.

These results clearly demonstrate that MGT can be considered a robust indicator of seed vigour in sorghum. The inverse relationship between MGT and FE highlights that genotypes with lower germination time are more likely to establish rapidly in the field, while those with delayed germination show reduced emergence. This finding is in line with the results of Hampton (2020) who emphasized that vigour tests that measure the rate of germination are closely associated with field emergence and seedling performance. Similarly, Matthews and Khajeh-Hosseini (2006) reported that seed lots with faster germination (lower MGT) consistently produced more vigourous seedlings and higher field emergence under both optimal and stress conditions.
Table 3: Correlation of MGT with FE 10 and 20 DAS 
	
	Duration
	MGT(h)
	FE 10 DAS
	FE 20 DAS

	Duration
	1
	
	
	

	MGT
	0.994628
	1
	
	

	FE 10
	-0.99838
	-0.99481
	1
	

	FE 20
	-0.99859
	-0.99769
	0.997217
	1



The observed positive correlation between FE at 10 and 20 DAS aligns with the concept that early vigour traits contribute to sustained seedling establishment, a key factor for crop competitiveness and yield. Similar results were reported by Krishnaswamy and Seshu (1990) in rice, where rapid germination was associated with uniform and higher seedling establishment. In sorghum, Baskin and Baskin (2014) also highlighted that early emergence under field conditions provides an adaptive advantage, especially under sub-optimal moisture and temperature regimes.
Regression analysis 
The regression analysis between Mean Germination Time (MGT) and Field Emergence (FE) at both 10 and 20 DAS revealed a strong linear association. For FE at 10 DAS versus MGT, the regression showed a multiple correlation coefficient (R) of 0.9968, with an R² value of 0.9937, indicating that 99.37% of the variability in FE could be explained by MGT. Similarly, for FE at 20 DAS versus MGT, the R was 0.9958 with an R² of 0.9917, demonstrating that 99.17% of the variation in FE was accounted for by MGT. The adjusted R² values were 0.9906 (10 DAS) and 0.9876 (20 DAS), further confirming the robustness of the models. The standard error of estimate was relatively low (0.45 and 0.52, respectively)  suggesting a high degree of precision in the prediction of FE using MGT.
Table 4: Regression analysis of MGT with FE 10 and 20 DAS
	
	FE 10 DAS v/s MGT
	FE 20 DAS v/s MGT

	Multiple R
	0.996874
	0.995872

	R Square
	0.993758
	0.991761

	Adjusted R Square
	0.990637
	0.987641

	Standard Error
	0.451613
	0.518861

	Observations
	4
	4



	The regression results clearly demonstrate that Mean Germination Time is strongly associated with Field Emergence, both at 10 and 20 DAS. The high R² values (>0.99) indicate that MGT serves as a reliable predictor of seedling establishment under field conditions. These findings are consistent with the concept that seed vigour tests based on germination dynamics provide valuable insights into field performance (Hampton and TeKrony, 1995). Earlier studies have highlighted that faster germination, reflected in lower MGT values, is often linked to higher seed vigour and improved field emergence (Matthews and Powell, 2011; Soltani et al., 2015). The close association observed here supports the use of MGT as a functional vigour test in sorghum. 
	The experimental data illustrate the response of MGT and FE percentages at 10 and 20 DAS (Figure 1).  Linear regression trendlines were fitted to the data points for each dependent variable to model the observed relationships. The application of the independent variable, performance, as evidenced by the concurrent increase in Mean Germination Time (MGT) and scaled from 0 to 12, resulted in a clear, detrimental impact on seed vigour and field decline in FE at both 10 and 20 DAS. Specifically, MGT, a measure inversely related to germination speed and vigour, demonstrated a positive linear correlation, rising significantly from approximately 22.0 hours at the lowest factor level to 38.5 hours at the highest. This 75% increase in MGT is a direct physiological indicator that the increasing intensity of the factor delayed the onset of successful germination, suggesting cellular damage or metabolic impairment within the seed population. Simultaneously, both FE metrics showed a negative linear correlation, confirming the reduced capacity for successful seedling establishment. 

Figure 1: Linear regression model
FE (10 DAS) fell from an initial 35.0% to 19.5%, while FE (20 DAS) exhibited an even steeper absolute decline, dropping from 44.0% to 25.0%. This pronounced reduction in FE (20 DAS) is particularly significant; it indicates that the factor disproportionately affected the lower-vigour seeds that typically germinate later, thus eliminating the potential for delayed emergence. Collectively, these results establish a strong inverse relationship: as the experimental factor increases, germination speed decreases (MGT increases), and the percentage of successful seedlings decreases (FE decreases). This pattern confirms that the factor acts as a severe physiological stressor, leading to a direct and profound compromise of overall seed quality and its field performance potential.
Principal Component Analysis (PCA)
	The Principal Component Analysis (PCA) provided a highly effective means of summarizing the complex relationships between the three seed vigour parameters (MGT, FE 10 DAS, and FE 20 DAS) and the performance of the tested sorghum seed lots (Figure 2). The analysis revealed that the first two principal components, F1 and F2, successfully captured 98.04% of the total variance in the data, indicating that the biplot offers an almost complete representation of the underlying vigour structure.

Figure 2: Principal Component Analysis (PCA)
F1 is the dominant component and is clearly associated with field emergence potential. Both Field Emergence metrics, FE 10 DAS and FE 20 DAS, exhibited strong positive correlation with F1, demonstrated by their vectors pointing into the positive F1 direction (right half of the biplot). Seed lots positioned further to the right on the biplot, such as CSV 48 (R24), CSV 15 R01 (R2B) and CSH 43MF (R24), are thus characterized by superior final stand establishment under field conditions. F2 (31.37% of variance) - The Germination Speed/Vigour Contrast Axis: F2 is primarily defined by the Mean Germination Time (MGT) vector, which projects strongly into the positive F2 direction (upper half of the biplot). The vector for MGT is positioned nearly 1800 opposite to the FE vectors. This orientation confirms the well-established inverse relationship in seed physiology: high FE (good performance) is associated with low MGT (fast germination), and vice versa. Seed lots with high MGT (low vigour/slow germination) are thus located towards the upper-left quadrant (negative F1, positive F2), exemplified by CSV 29R (R24) and 467 A (R24). Studies by Adebisi et al. (2013) highlighted that PCA efficiently reduces multiple vigour measurements (like MGT and emergence indices) into fewer, interpretable dimensions, making it easier to select superior genotypes based on a combined vigour index. Furthermore, the strong inverse angle between MGT and FE vectors is a universally accepted finding in seed science, reflecting the principle that faster germination (low MGT) contributes directly to higher field emergence (high FE) by reducing the duration of exposure to environmental stressors (Rao et al., 2017).
Genotype Grouping and Vigour Classification
The biplot (Figure 2) effectively serves as a genotype selection tool, clustering the observations based on their overall vigour profiles:
· High-Vigour seed lots (Right Side): Genotypes located on the positive side of F1 (e.g., CSH 24 MF (R24), CSV 48 (R24), CSV 15 R01 (R23)) possess the most desirable traits: high field Emergence and by implication of the MGT vector, fast germination.
· Low-Vigour seed lots (Upper-Left Side): Genotypes in the upper-left quadrant (e.g., 467 A (R24), CSV 29R (R24), COFS 29 (K24)) are characterized by the undesirable combination of high MGT and low FE, indicating poor establishment potential.

Conclusion:
	The present study demonstrated that mean germination time (MGT) and field emergence (FE) are strongly interrelated parameters of seed vigour in sorghum. Correlation analysis revealed a highly significant and negative association between MGT and FE at both 10 and 20 DAS, indicating that seed lots with lower MGT values germinated faster and more uniformly, resulting in higher field emergence. This highlights the physiological advantage of rapid germination in enabling better seedling establishment under variable conditions (Hampton and Tekrony, 1995). Regression analysis further confirmed this relationship, with extremely high coefficients of determination (R² > 0.99) showing that most of the variation in FE could be explained by differences in MGT. The low standard error of the regression models underlines the reliability of MGT as a predictive tool for field performance. These findings agree with previous reports in cereals and legumes, where lower MGT was closely linked with superior field establishment (Powell, 2006; Demir et al., 2008; Matthews and Khajeh-Hosseini, 2007).
	In sorghum, where standardized vigour testing protocols are lacking under ISTA rules, this study provides evidence that MGT can serve as a simple, cost-effective, and reproducible vigour test. Its strong correlation with FE demonstrates that it can reliably predict field emergence, reducing the need for resource-intensive field trials and improving decision-making in seed quality assurance (ISTA, 2023; Baalbaki et al., 2009). From a practical perspective, incorporating MGT into vigour testing would help seed producers, researchers, and farmers identify high-quality seed lots with better storability and establishment potential. MGT is a robust and efficient indicator of sorghum seed vigour, with strong predictive value for field emergence. Future research should validate its effectiveness under stress conditions, across more genotypes, and in conjunction with seed enhancement treatments to strengthen its role in sorghum seed vigour testing and crop improvement.
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Biplot (axes F1 and F2: 98.04 %)
Active variables	MGT (h)
FE (10 DAS)
FE (20 DAS)
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2.6322270056347183	0.29826362397815298	1.5403618787107602	-2.1646735623148321	-1.5541140872560235	1.3848242679142913	-0.47223085235405282	0.9950396299926404	-0.80922211054291082	1.3070554625160571	-1.3432876237212643	-2.1368891266670689	0.25672697978512671	0.92135467809450833	-0.8554361637701049	-0.96414772541722982	-1.1103693319392172	1.8384740605822101	1.1467450505142549	-1.1861728324306544	-0.1067938246055873	-0.1452042520748662	0.68324279289128698	-0.46335294651032616	-1.0794277671994861	-1.3099878507639977	0.38226460329622469	0.30641234343036855	1.017495878345605	0.99082180188141755	0	-0.78321216027121598	0	2.9157251949393599	0	2.1057816045077749	0	0.30791022534651624	0	2.0462521124803965	0	0.79913893812866943	F1 (66.67 %)

F2 (31.37 %)


