


Morphological characterization of guinea grass (Megathyrsus maximus) across a ploidy series in semi-arid conditions of Central India

ABSTRACT
Guinea grass (Megathyrsus maximus) is a vital tropical forage crop characterized by extensive genetic variability, particularly in ploidy levels. This study evaluated the morphological and growth characteristics of guinea grass across eight ploidy series (3x–9x, 11x) and a reference genotype (SRP75) to understand the impact of ploidy on phenotypic expression. Morphological descriptors such as growth habit, leaf hairiness, node and leaf base coloration, leaf orientation, and leaf color were recorded, along with quantitative traits including plant height, tiller number and diameter, leaf and node count, internode length, leaf dimensions, spike length, and number of florets per spikelet. All accessions displayed perennial growth. Notable variation was observed in traits like hairiness, pigmentation, and leaf orientation, indicating ploidy-dependent morphological shifts. Intermediate ploidy levels, particularly 5x, 6x, and 8x, demonstrated superior vegetative growth and reproductive traits, including greater plant height, tiller robustness, and spike length, suggesting enhanced biomass and seed production potential. Conversely, very low (3x) and high (11x) ploidy levels showed reduced growth and vigor. These findings underscore the influence of ploidy on phenotypic traits and provide valuable insights for breeding programs targeting high-yielding and stress-resilient guinea grass genotypes.
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Introduction 
Guinea grass (Megathyrsus maximus Jacq.), also known as green panic, is an important tropical forage species native to Africa but widely naturalized and cultivated in Asia, Latin America, and Australia. It is recognized for its vigorous growth, high biomass yield, and adaptability to diverse agro-climatic conditions, making it a preferred species in both cut-and-carry and grazing systems (Cook et al., 2005). In India, especially in semi-arid regions such as Bundelkhand, guinea grass plays a critical role in meeting the fodder demands of livestock due to its tolerance to drought, rapid regrowth, and compatibility with intercropping systems (Patil et al., 2013).
The genus Megathyrsus exhibits a high degree of genetic and cytological complexity, with reported ploidy levels ranging from diploid (2x = 16) to dodecaploid (12x = 96), though most cultivated types are polyploid (Valle & Pagliarini, 2009). Polyploidy, a prevalent phenomenon in forage grasses, contributes significantly to phenotypic variation, reproductive behavior, and environmental adaptability (Dwivedi et al., 2007 & Soltis et al., 2016). In guinea grass, polyploidy is associated with enhanced biomass accumulation, leaf area, tillering capacity, and reproductive performance, while also influencing morphological traits such as growth habit, pigmentation, and inflorescence structure (Jank et al., 2011; Boldrini et al., 2012).
Morphological characterization remains a foundational approach for assessing genetic diversity and ploidy-related variations, especially in forage crops where genomic tools are either underdeveloped or expensive to apply at scale. Traits such as growth habit, leaf blade width and orientation, node and leaf base pigmentation, stem hairiness, and spikelet morphology are routinely used for classification and varietal identification (Hanna & Ryley, 2004). However, these traits may express differently across environments and developmental stages, underscoring the need for standardized phenotyping—preferably at critical stages like 50% flowering, when maximum trait differentiation can be observed (Miles et al., 2004).
Despite the wide cultivation and breeding of guinea grass, limited studies have systematically compared morphological traits across the full ploidy series (3x-9x, 11x) in a single germplasm panel under uniform field conditions. Such characterization is crucial not only for understanding the morphological signatures of ploidy but also for selecting appropriate parents in ploidy-specific hybridization programs (Radhakrishna et al., 2018) and for maintaining purity in clonal propagation systems (Pagliarini et al., 2000).
The present study was undertaken to characterize the morphological traits of a ploidy series of guinea grass genotypes maintained under field conditions in the Bundelkhand region of Uttar Pradesh. Morphological descriptors were recorded at the 50% flowering stage in 8 different ploidy series (3x to 11x) along with a standard reference genotype (SRP75) of guinea grass. The objective was to identify ploidy-associated phenotypic patterns that could aid in germplasm selection, and refinement of breeding strategies for forage improvement.
Experimental site and planting material
The study was performed at ICAR-Indian Grassland and Fodder Research Institute, Jhansi (geographically located at 25°30'43"N and 78°32'02"E and 244 m above mean sea level), Uttar Pradesh, India, during 2019-2021. The experimental plant materials consisted of guinea grass (M. maximus) seedlings of different ploidy series i.e. 3x, 4x, 5x, 6x, 7x, 8x, 9x and 11x developed from the single progenitor 4x by adopting the HAPA (Hybridization-supplemented apomixis components partitioning, Kaushal et al., 2018) approach as shown in the Figure 1 and one obligate sexual Guinea grass genotype SRP75 (4x). These plants were collected from existing field plots and then potted into 9 big pots (30 L capacity) for the purpose of research studies. All the pots were kept at sunny location in net house of IGFRI crop improvement division (Figure 2) 
[image: ]
Figure 1: Schematic representation of development of various ploidy levels 3x, 4x, 5x, 6x, 7x, 8x, 9x, and 11x from a singular 4x progenitor using HAPA approach, along with their respective pathways of formation, M1, BII, BIII and maternal (m) and paternal (p) genomic contributions in parentheses (Kaushal et al., 2018)
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Figure 2: Ploidy series of guinea grass grown in net-house conditions of ICAR-IGFRI, Jhansi
Morphological characterization
Morphological traits including leaf hairiness, node color, leaf base color, leaf color, leaf orientation, plant height, number of tillers per plant, and number of nodes per tiller, Internode length, leaf and spike characteristics were recorded at the 50% flowering stage across all ploidy series of guinea grass. Visual assessments were conducted for leaf hairiness, node color, leaf base color, and leaf color using standard color charts and scoring scales. Leaf orientation was observed based on leaf angle and direction relative to the stem and light source. Plant height was measured from the ground to the tip of the tallest leaf in ten randomly selected tillers per series. Tiller number was counted manually per tussock, while node count was determined by counting nodes on ten mature stems per ploidy series.
RESULTS AND DISCUSSION
All ploidy series of guinea grass, including the genotype SRP75, were found to be perennial (Table1). Guinea grass exhibits a perennial growth habit which belongs to family Poaceae (Benabderrahim and Elfalleh, 2021). 
Leaf hairiness
Data on the hairiness at nodes indicated that hair was consistently present at the nodes across most ploidy levels, except for the 9x plants, which were non-hairy (NH). This highlights a predominantly hairy characteristic at the node region (Table 1). Besides this, hairiness (H) at leaf bases was observed in 3x, 4x, 5x, 6x, 7x, 8x, 11x, and SRP75 plants. A non-hairy leaf base (NH) was observed on 9x plants. This indicates the similar pattern as observed with hairness of the nodes across the ploidy level. However, the hairiness in leaf sheath region of guinea grass demonstrated the most distinct variability. Hairiness (H) was present only in 3x, 7x, and SRP75 plants and non-hairy (NH) leaf sheaths were observed in 4x, 5x, 6x, 8x, 9x, and 11x plants indicating a shift toward non-hairy traits. Hair present in the nodes, leaf base and leaf sheath have the multiple function like protection to plants, minimizing the water loss etc. (Szilágyi et al., 2015) also reported the presence of hair at nodes of woolly cup grass. These morphological features are believed to play roles in reducing transpiration and deterring herbivores, contributing to the plant's adaptability in various environments. Humphreys (1991) also reported the hairy nodes and leaf sheath in guinea grass which helps in reducing the transpiration and deterring the herbivores. (Satish et al., 2009) studied the quantitative trait loci mapping in sorghum and reported that hairiness trait in sorghum may associated with the genetics and can be targeted for further breeding programs. 
Table 1: Habit and presence of hair on node, leaf base and leaf sheath in different ploidy plants of guinea grass at 50% flowering stage
	Plants
	Habit
	Hairiness
(Presence or Absence)

	
	Annual
(A)
	Biennial
(B)
	Perennial
(P)
	Node
	Leaf base
	Leaf sheath

	
	
	
	
	Hairy
(H)
	Non-Hairy
(NH)
	Hairy
(H)
	Non-Hairy
(NH)
	Hairy
(H)
	Non-Hairy
(NH)

	3x
	-
	-
	P
	H
	-
	H
	-
	H
	-

	4x
	-
	-
	P
	H
	-
	H
	-
	-
	NH

	5x
	-
	-
	P
	H
	-
	H
	-
	-
	NH

	6x
	-
	-
	P
	H
	-
	H
	-
	-
	NH

	7x
	-
	-
	P
	H
	-
	H
	-
	H
	

	8x
	-
	-
	P
	H
	-
	H
	-
	-
	NH

	9x
	-
	-
	P
	-
	NH
	-
	NH
	-
	NH

	11x
	-
	-
	P
	H
	-
	H
	-
	-
	NH

	SRP75
	-
	-
	P
	H
	-
	H
	-
	H
	-



Node and leaf base coloration
Yellow nodes were mainly observed in 3x, 4x, and 6x plants, while light violet coloration was observed in 7x, 8x, and 9x plants (Table 2). Violet node coloration was particular to 5x plants, suggesting a distinct trait at this ploidy level. In lower ploidy levels, node coloration showed the change from yellow to darker violet in higher ploidy levels. Dark violet nodes were found in 11x plants, indicating a shift toward darker pigmentation in higher ploidy levels. Moreover, yellow coloration of the leaf base was observed in 5x, 7x and SRP75 plants, green leaf bases were the most consistent characteristic, found in 3x, 6x, and 9x plants and yellow+violet leaf base was found in 4x plants. Light violet leaf bases were present only in 8x plants and 11x, suggesting a unique characteristic. The variation in node color and leaf base color across different ploidy levels of guinea grass provides insights into the relationship between pigmentation and genomic composition. The results indicate a progressive shift in node coloration from yellow at lower ploidy levels (3x, 4x, and 6x) to darker violet hues in higher ploidy levels (11x). Similarly, the distribution of leaf base coloration across ploidy levels indicates ploidy-specific traits. The presence of yellow leaf bases in 5x, 7x, and SRP75 plants, along with green leaf bases as the predominant characteristic in 3x, 6x, and 9x plants, suggests that leaf pigmentation might be regulated by factors associated with chromosomal composition. The unique occurrence of light violet leaf bases in 8x and 11x plants indicates a potential genetic marker for these ploidy levels, which aligns with findings in other polyploid grasses where coloration serves as an indicator of genetic differentiation and adaptation (Rieseberg & Willis, 2007; Ramsey & Schemske, 1998). The observed trends align with previous studies on the effects of polyploidy on plant morphological traits, where increased ploidy levels have been associated with shifts in pigment intensity and distribution (Corneillie et al., 2019; Ramsey & Ramsey, 2014). 
Table 2: Node and leaf base colour characteristics in different ploidy plants of guinea grass at 50% flowering stage

	Plants
	Node colour
	Leaf base colour

	
	Yellow
(Y)
	Light Violet
(LV)
	Violet
(V)
	Dark Violet
(DV)
	Yellow
(Y)
	Green
(G)
	Light Violet
(LV)
	Violet
(V)
	Dark Violet
(DV)
	Yellow+Violet
(Y+V)

	3x
	Y
	-
	-
	-
	-
	G
	-
	-
	-
	-

	4x
	Y
	-
	-
	-
	-
	-
	-
	-
	-
	Y+V

	5x
	-
	-
	V
	-
	Y
	-
	-
	-
	-
	-

	6x
	Y
	-
	-
	-
	-
	G
	-
	-
	-
	-

	7x
	-
	LV
	-
	-
	Y
	-
	-
	-
	-
	-

	8x
	-
	LV
	-
	-
	-
	-
	LV
	-
	-
	-

	9x
	-
	LV
	-
	-
	-
	G
	-
	-
	-
	-

	11x
	-
	-
	-
	DV
	-
	-
	LV
	-
	-
	-

	SRP75
	Y
	-
	-
	
	Y
	-
	-
	-
	-
	-


Leaf orientation and leaf color
Leaf orientation in the plants with 4x and 11x ploidy levels exhibited an erect leaf orientation. While, semi-drooping leaf orientation was observed predominantly in 3x, 5x, 6x, 7x, 9x ploidy levels and SRP75 plants and drooping leaf orientation was found in 8x plants, signifying a distinct orientation expression at this ploidy level (Table 3). Additionally, light green leaf colour was common across a wide range of ploidy levels, including 3x, 4x, 7x, 9x and SRP75 plants. Green leaf colour was observed in 5x, 6x and 8x. Notably, dark green leaf colour was restricted to plants with 6x and 11x ploidy. 
The variation in leaf orientation and leaf color across different ploidy levels of guinea grass provides valuable insights into the morphological adaptations associated with polyploidy. The observed erect leaf orientation in 4x and 11x plants suggests a potential structural adaptation that may enhance light capture efficiency, a trait commonly associated with increased biomass accumulation in polyploid plants (Levin, 2002; Stebbins, 1971). In contrast, the prevalence of semi-drooping leaf orientation in 3x, 5x, 6x, 7x, 9x, and SRP75 plants, along with the distinct drooping orientation in 8x plants, indicates that leaf architecture may be influenced by ploidy-related changes in cellular composition and mechanical properties (Ramsey & Schemske, 1998). The distinct distribution of leaf orientation and leaf color traits among different ploidy levels aligns with previous research on the morphological effects of polyploidy, where genome doubling has been associated with altered growth forms and pigment expression (Soltis & Soltis, 2012; Corneillie et al., 2019). 
Table 3: Leaf orientation and leaf colour characteristics in different ploidy plants of guinea grass at 50% flowering stage
	Plants
	Leaf orientation
	Leaf colour

	
	Erect
(E)
	Semi-Drooping (SD)
	Drooping
(D)
	Light Green
(LG)
	Green
(G)
	Dark Green
(DG)

	3x
	-
	SD
	-
	LG
	-
	-

	4x
	E
	-
	-
	LG
	-
	-

	5x
	-
	SD
	-
	-
	G
	-

	6x
	-
	SD
	-
	-
	G
	DG

	7x
	-
	SD
	-
	LG
	-
	-

	8x
	-
	-
	D
	-
	G
	-

	9x
	-
	SD
	-
	LG
	-
	-

	11x
	E
	-
	-
	-
	-
	DG

	SRP75
	-
	SD
	-
	LG
	-
	-



Plant growth attributes
Various growth attributes like plant height (cm), no. of tillers/plant, average tiller diameter (mm), no. of leaves/tillers, no. of nodes/tillers and internode length (cm) of guinea grass plants with eight ploidy levels (3x to 11x) and SRP75 genotype are presented in Table 4. The results demonstrated a clear influence of different ploidy level on plant growth attributes.  The tallest plants were observed in 5x ploidy plants (139 cm), followed by 4x plants (120 cm) and plants at 6x, 7x, 8x, 9x and 11x ploidy levels showed comparable heights, ranging from 110 to 118 cm. Lower heights were recorded in 3x and SRP75 plants, which measured 63 cm and 85 cm respectively. Furthermore, the highest number of tillers were recorded in 8x plants (7 tillers/plant). Plants with 3x, 5x, 6x, 7x ploidy levels and SRP 75 genotype exhibited tiller counts ranging from 5 to 6, while 4x, 9x, and 11x plants showed comparatively fewer tillers (4 tillers/plant). Additionally, the average tiller diameter was recorded highest at 4.89 mm in 8x plants. Plants with 4x, 5x, 6x, 7x, 9x, 11x and SRP75 ploidy levels exhibited moderate tiller diameter ranging from 3.45 mm to 4.44 mm. However, it was observed lowest in 3x plants (2 mm). The number of leaves per tiller was ranged from 3 to 6, with 3x plants showing higher leaf count (9 leaves/tiller) compared to all other ploidy levels. Plants with 4x, 5x, 7x, 8x, 9x, 11x and SRP75 were observed with much lower number of leaves per tiller ranging from 4-6 while 6x plant had lowest number of leaves per tiller. Similarly, observations on the number of nodes per tiller revealed variation with 5x, and 3x plants having the maximum (8) nodes per tiller, followed by the plants with 4x, 8x,11x and SRP75ploidy levels showed moderate (6–7) number of nodes per tiller, while, 6x, 7x and 9x plants exhibited 5 nodes per tiller. Length of internode varied greatly across the ploidy levels, with the longest internodes observed in 5x plants (18 cm), followed by the 4x plants (14 cm). However, 6x, 7x, 8x, 9x, 11x and SRP75 plants, displayed moderate length of internode (8.50 to 11.50 cm), while 3x exhibited shorter internodes (3.0 cm).
The growth attributes of guinea grass across different ploidy levels demonstrate the significant influence of polyploidy on plant morphology and vigor (Kaushal et al., 2015). Plant height, tiller number, tiller diameter, leaf count, node count, and internode length exhibited distinct trends associated with ploidy variation, highlighting the complex interaction between genome duplication and plant growth dynamics. The variation in plant height observed across ploidy levels suggests that genome duplication affects cell expansion and elongation, as noted in previous studies on polyploid plants (Levin, 2002; Corneillie et al., 2019). The variation in tiller no. in plants suggest a possible trade-off between tiller production and individual tiller robustness (Soltis & Soltis, 2012). Similarly, the highest tiller diameter was recorded in 8x plants (4.89 mm), indicating potential structural adaptations linked to increased cell size, a common characteristic of polyploids (D’Amato, 1989). The lowest tiller diameter in 3x plants (2 mm) reflects the reduced vigor often observed in lower ploidy levels.
The reduced leaf number at higher ploidy levels may influence resource allocation, potentially favoring fewer but more robust leaves (Rieseberg & Willis, 2007). Internode length variation further reinforces the impact of ploidy on plant architecture. The longest internodes were recorded in 5x plants (18 cm), followed by 4x plants (14 cm), suggesting enhanced elongation growth in these ploidy levels. Moderate internode lengths in 6x, 7x, 8x, 9x, 11x and SRP75 plants indicate a potential stabilizing effect of increased ploidy, whereas 3x plants with the shortest internodes (3.0 cm) exhibit limited elongation capacity. These results are consistent with studies on polyploid plants where increased cell size and elongation potential are key determinants of growth performance (Ramsey & Ramsey, 2014; Parisod et al., 2010). Overall, the observed trends in growth attributes emphasize the complex interplay between genome duplication and morphological adaptations in guinea grass. Intermediate ploidy levels, particularly 5x and 8x, appear to exhibit advantageous growth characteristics, while extreme low and high ploidy levels may experience growth limitations due to altered genetic regulation.
Table 4: Growth attributes of different ploidy plants of guinea grass at 50% flowering stage
	Plants
	Plant height
(cm)
	No. of Tillers/plant
	Average tiller diameter
(mm)
	No. of Leaves/
tillers
	No. of Nodes/
tillers
	Internode length
(cm)

	3x
	63.00
	5
	2.00
	6
	8
	3.00

	4x
	120.00
	4
	3.96
	6
	7
	14.00

	5x
	139.00
	6
	4.00
	6
	8
	18.00

	6x
	117.00
	5
	4.44
	3
	5
	9.50

	7x
	106.00
	6
	3.76
	6
	5
	8.50

	8x
	112.00
	7
	4.89
	4
	6
	11.50

	9x
	118.00
	4
	4.18
	5
	5
	10.50

	11x
	110.00
	4
	3.45
	5
	7
	10.10

	SRP75
	109.00
	5
	3.63
	5
	6
	11.00



Leaf and spike characterization
Leaf characters (length and width of flag leaf and 3rd leaf), and spike characters (length and number of florets per spikelets) are significantly influenced by the varied ploidy levels of guinea grass plants (Table 5). The flag leaf length varied significantly across the ploidy levels of guinea grass. Longest flag leaf of length 16 cm was observed in 7x plants, followed by SRP75 genotype (11.5 cm), whereas, the flag leaf length in the remaining ploidy plants (3x, 4x, 5x, 6x, 9x and 11x) was nearly consistent ranging from 7.0 to 9.5 cm. Similarly, the flag leaf width also varied greatly, with the highest width (1.10 cm) recorded in 6x plants, indicating a larger leaf surface area followed by 1.0 cm in 4x, 5x, 7x and SRP75 plants, while the narrowest flag leaves (0.45 to 0.90 cm) were observed in 3x, 8x, 9x, and 11x plants. Similar variation has also been observed in length and width of third leaf of guinea grass. 
The spike length in different ploidy plants in guinea grass varied notably, with the longest spike of 28.0 cm in 6x plants, followed by 5x and 11x plants (both 24.0 cm). The spike length in other remaining ploidy plants ranged between 13.0-22.0 cm while the shortest spike length was observed in 3x plants at 13.0 cm. The observations revealed the significant variation in no. of florets/spikelet across the different ploidy levels of guinea grass. The 6x ploidy plants had the most florets per spikelet (695 florets/spike), followed by SRP75 genotype (423 florets/spike) and 5x plants (416 florets/spike). On the contrary, the fewest florets per spike with only 73 florets were noted in 3x ploidy plants while the other remaining ploidy plants, i.e., 4x, 7x, 8x, 9x and 11x, exhibited floret counts ranging from 206 to 337 florets per spike. These variations in flag leaf size, third leaf dimensions, spike length, and floret number suggest that genome duplication influences both vegetative and reproductive traits, potentially impacting photosynthetic efficiency, biomass accumulation, and reproductive output (Levin, 2002; Corneillie et al., 2019). The variation in leaf width may reflect differences in cell expansion and leaf architecture, which are often influenced by ploidy level (D’Amato, 1989; Parisod et al., 2010). Variations in spike length and no. of florets/spike suggest that polyploidy influences reproductive development, with intermediate ploidy levels often exhibiting superior spike characteristics, possibly due to enhanced genetic expression and metabolic efficiency (Ramsey & Ramsey, 2014; Rieseberg & Willis, 2007). Overall, the observed variations in leaf and spike traits across different ploidy levels of guinea grass underscore the complex effects of genome duplication on plant morphology. Intermediate ploidy levels, particularly 5x and 6x, appear to optimize both vegetative and reproductive traits, while lower and higher ploidy levels may experience trade-offs in growth and reproductive performance.




Table 5: Leaf and spike characterization of different ploidy plants of guinea grass at 50% flowering stage
	Plants
	Leaf 
	Spike

	
	Flag leaf length (cm)
	Flag leaf width
(cm)
	3rd Leaf length
(cm)
	3rd Leaf width
(cm)
	Length
(cm)
	No. of
florets/spikelet

	3x
	7.00
	0.45
	10.00
	0.55
	13.00
	73

	4x
	8.50
	1.00
	45.00
	1.70
	21.00
	328

	5x
	8.00
	1.00
	38.00
	1.80
	24.00
	416

	6x
	9.00
	1.10
	46.00
	1.80
	28.00
	695

	7x
	16.00
	1.00
	21.00
	1.00
	18.00
	206

	8x
	11.00
	0.90
	40.00
	1.20
	22.00
	337

	9x
	12.10
	0.60
	38.50
	0.80
	15.00
	218

	11x
	9.50
	0.90
	40.00
	1.00
	24.00
	304

	SRP75
	11.50
	1.00
	29.50
	1.20
	22.00
	423



CONCLUSION
The present study highlights the significant role of ploidy level in shaping the morphological and growth characteristics of guinea grass. While all genotypes maintained a perennial habit, traits such as node and sheath hairiness, pigmentation, and leaf architecture varied notably across ploidy series. Intermediate ploidy levels, particularly 5x, 6x, and 8x, were associated with favorable agronomic traits, including increased plant height, tiller diameter, leaf area, spike length, and floret number—traits indicative of enhanced forage yield and reproductive efficiency. In contrast, extremes of ploidy (3x and 11x) tended to show reduced growth and less desirable morphological features. These findings suggest that moderate polyploidy may offer optimal genetic and physiological balance for superior performance, making these accessions promising candidates for inclusion in breeding programs aimed at improving biomass productivity, adaptability, and seed quality in guinea grass. Guinea grass is mostly tetraploid and heterozygous at the different combinations of genes/alleles at different loci maintained through apomixis. The present ploidy series is developed through BIII & I hybridization. So, the effect of polyploidy on morpho-agronomic trait through auto-polyploids will be helpful to confirm the findings of present study in future. 
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