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Guinea grass (Panicum maximum Jacq., renamed Megathyrsus maximus Jacq.) is a native forage plant in Africa of great

economic value, but it was introduced in almost all tropical countries as a source of animal forage.
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1. Introduction

Guinea grass was previously known as Panicum maximum Jacq. In 2003, the subgeneric name, Megathyrsus, was added

to generic rank and it was renamed Megathyrsus maximus (Jacq.) [1]. The grasses of Poaceae are ecologically dominant

and are by far the most economically important family in the world [2,3,4]. The guinea grass is a perennial forage species

belonging to this family. The guinea grass forms an agamic complex with Panicum infestum and Panicum
trichocladum (tribe of Paniceae) and belongs to the subfamily Panicoideae of the Poaceae [5]. It is native to Africa

(tropical origin), but this grass was distributed to almost all tropical countries as a source of animal forage due to its good

forage quality, particularly as feed for beef [6]. Due to its high forage production, nutritional value, and increased

adaptability to different ecological regions, guinea grass has been broadly introduced and exploited in most tropical and

subtropical zones, such as Brazil, Japan, the USA, and Australia [5,7,8,9,10]. After its introduction to the subtropical

rainfall zones (900 mm) in the last decade, it was cultivated in many subtropical arid and semiarid regions of North Africa

and the Mideast.

Guinea grass is one of the most well-known potentials for the production of dry yield in subtropical and tropical regions,

and it can reach annual production of 33 t/ha [11]. It presents high growth rates and biomass production, in part due to its

C4 photosynthetic pathway (a mechanism to build up high concentrations of carbon dioxide in the chloroplasts of leaf

cells) [12]. It is generally represented by autotetraploid biotypes (2n = 4x = 32) with facultative apomictic reproduction [13].

Among cultivars, there are vast variation in terms of yield potential, the forage quality, and the response to nutriments

fertilization. Despite the guinea grass germplasm having a high level of diversity [14], only a few cultivars are used in

North Africa. The cv. Mombaca from Brazil is the most commercialized and cultivated genotype in North African countries.

This could be explained by the adaptive traits of this variety in the arid and semiarid zones (North African climates),

characterized by drought, salinity, and winter hardiness. Hare et al. [15] reported that Mombaca and Tanzania cultivars

survived in drought conditions. These cultivars were selected primarily for production traits such as leaf size, regrowing

ability after harvest, and purity seed yield [16].

The Middle East and North African regions, where guinea grass is newly introduced, belong to Saharan, arid, and

semiarid climates (map of arid and semiarid regions: https://arcg.is/0D8LjD, accessed on 10 April 2021). The

agroecosystems of these regions are known by the oasis agriculture and the irrigated pastures. The North African oasis

agriculture has always been threatened because of small exploitations, high management costs, the deficit of water, and

high salinity levels. For that, the oasis agriculture in these regions has always been questionable. The most cultivated

trees are the date palm (Phoenix dactylifera L.) and olive (Olea europaea L.), which offer important economic resources.

For example, Tunisia is one of the world’s largest producers of olive oil [17] and date palm. Other fruit trees are cultivated

in the oasis and arid zones, such as pomegranate, figs, peaches, apricots, etc. Regarding the forage species, there are

many well-adapted species grown under the fruit trees, such as the perennial alfalfa (Medicago sativa L), the annual

barley (Hordeum vulgare L.), the oats (Avena sativa L.), the sorghum (Sorghum bicolor L.), and the maize (Zea mays L.).

In the last decade, the forage plant guinea grass was introduced to these agroecosystems and cultivated inside and

outside of the oasis. In Tunisia, it was introduced by farmers in 2018 and distributed in different continental and coastal

oases. In Libya, Egypt, Algeria, and Morocco, the introduction was prior to this date, with a license from the authorities. Up

to now, the adaptation and the impact of this species on the biodiversity and sustainability of arid and semiarid

agroecosystems as prospective studies are not well reported. However, guinea grass has a disadvantage in its ability to

quickly spread and its capacity to become a weed plant in unexploited lands with disturbed soil. It is the main weed in



sugarcane fields (similar to the oases ecosystems) because it grows well in shaded conditions [18]. It is also a colonizer of

disturbed sites, including roadsides, and particularly untended areas. This robust grass may foster soil erosion in invaded

areas [19,20]. Guinea grass is listed as invasive grass (Invasive Species

Compendium; https://www.cabi.org/isc/datasheet/38666, accessed on 12 April 2021).

The knowledge of the nutritional requirements, polyploidy levels, and allelopathy effects of this forage species are

extremely important for the best practice and the sustainability of both pasture and oasis agroecosystems in arid and

semiarid regions. In this paper, we review the most important traits of this plant that should be considered (production,

polyploidy, apomixis, allelopathy effect, drought resistance, and invasion).

2. Morphology, Management, and Production

Guinea grass is a large tufted, fast-growing perennial species. It has a large phenotypic and agronomic variability, ranging

in length from 0.5 to 3.5 m and in stem diameter from 5 to 10 mm. Based on the entire plant size, there are two main

forms: a tall/medium tussock form, taller than 1.5 m at flowering, and a short tussock form [21]. It is characterized by short

roots with creeping rhizome, erected culms, and nodes with hirsute. The leaves, with blade shape, are glabrous to

pubescent (up to 35 mm in large). It has a panicle inflorescence (15 to 50 cm long). The spikelets are green to purple with

a length of 3–4 mm. The seed production of guinea grass is ~1.7 to 3.1 million seeds/kg [18].

Guinea grass is a forage plant appropriate for pasture, cut-and-carry, silage, and hay [22]. The “cut and carry” was

reported as the well-suited system, but it can be used as silage and hay as well. The long-term pasture guinea grass can

be managed if it is grazed under 35 cm in height [22]. For good animal performance, the ideal rest period is to wait for the

re-growth of 2.5 leaves/tiller [23]. Concerning the silage and hay managements, the best cutting should be between 60

and 90 cm in height, but for more acceptable quality it can be cut at up to 1.5 m [24]. The highest quality silage is

achieved if the cutting is performed during pre-anthesis or anthesis [25]. Cutting at the three-leaf stage at 25 cm would

offer maximum material yield and acceptable leaf/stem ratio [26].

The systems of forage production are often based on the forage mass [27]. Several studies reported higher rates of

forage production of the guinea grass [27,28]. The maximum yielding guinea grasses, fertilized with 150 to 200 kg/ha of

nitrogen, is around 18 to 21 t/ha per year [26,28,29]. The annual dry yield can reach 33 t/ha [30]. As with many other

plants, the quantity and quality of forage are affected by genotypes and grazing management. For example, the

insufficient crop systems management of these species induces an excessive stem growth that decreases the

acceptability rate and cattle development [31]. Furthermore, the high light intensity activates the growth and production

and increases the stem proportion [32]. Fernandes et al. [29] showed a high diversity of forage yield and nutritive value

between 24 genotypes and reported that “Milênio” cultivar was the most productive of matter yield during two successive

years. However, the most cultivated varieties (Mombaça and Tanzania) yielded 12.5 and 11 t/ha, respectively. The

introduced variety in the North African region, Mombaça, is often cited as more productive than Tanzania (20.5 vs. 14.4

t/ha per year; [33]), and it is capable of producing high levels of forage quality [16]. Feeding and digestion studies of

guinea grass reported the correlation between the neutral detergent fiber (NDF), the crude protein (CP), the blade size,

and the leaf area [12]. The total digestible nutrients (TDNs) vary from 40% to about 60% of dry matter in guinea grass

[34]. Table 1 summarizes the data collected from 15 papers referring to guinea grass and reported the ashes, CP, neutral

detergent fiber, acid detergent fiber, and acid detergent lignin.

Table 1. Range values of dry matter and chemical traits (% dry basis) of the guinea grass (leaves plus/or stems) collected

from 15 papers. DM: dry matter, CP: crude protein, NDF: neutral detergent fiber, ADF: acid detergent fiber, ADL: acid

detergent lignin.

DM CP Ashes NDF ADF ADL Main Characteristics Ref.

44.9 8.2 11.3 69.5 44.9 12 Stems and leaves [35]

25.6 16.8 12.3 33 60.4 - Early Maturity. Stem and leaves [36]

36.1 16.7 14.1 35.9 60.9 - Medium Maturity. stem and leaves [36]

- - - 61.2 32.5 - 1st Harvest. Stem and leaves. cv. Gatton [6]

- 10.4 - 65.5 38.1 - Leaf. cv. Purple [37]

- 6.7 - 69.7 42.6 - Stem. cv. Purple [37]

- 6.1 - 67.9 36.3 - Leaf. cv. Mombaca (20 kg N/ha) [38]



DM CP Ashes NDF ADF ADL Main Characteristics Ref.

- 2.8 - 69.3 41.6 - Stem. cv. Mombaca (20 kg N/ha) [38]

- - - 65.77 34.71 - Leaf. cv. Massai [39]

- - - 63.31 30.31 - Leaf. cv. Tanzania [39]

38.49 8.74 9.78 64.28 39.14 9.67 - [40]

- 14.4 - 74.3 37.1 - Leaf and Stem. cv. Mombaca. 1st Year [29]

- 12.4 - 73.1 36.9 - Leaf and Stem. cv. Mombaca. 2nd Year [29]

- 9.5 - 70.6 39.8 - cv. Mombaca. Summer. Without nitrogen fertilization [41]

- 12.1 - 68.2 34.8 - cv. Mombaca. Winter. Without nitrogen fertilization) [41]

- 9.7 - 65.44 47.63 13.89 Average of three harvest times (8. 10 and 12 weeks) [42]

- 4.3 - 75.5 48.9 10.6 Stem and leaves [43]

- - - 62.13 31.19 - Mean of three harvest of cv. Gatton [44]

32.80 5.3 3.3 66 - - - [45]

- 16.73 11.82 67.68 46.54 9.21 Stem and leaves. field trial under irrigation [46]

- 13.4 - 72.91 38.62 - Hybrid of guinea grass progenies. overall mean [47]

- 11.11 - 58.57 29.1 - Irrigated with saline water (3 dSm-1) [48]

- 7.17 - 62.38 41.42 - Unfertilized (Mg) at 3 weeks cutting interval [49]

3. Guinea Grass and Drought

The populations in North African countries live under water stress, and the groundwater (depth > 500 m) is the only

source of water supply for most of the local demand (agricultural, industry, tourism, and domestic) [67]. Considering the

effect of water stress on guinea grass, several studies have been conducted on the subject, a great majority of which

reported the potential resistance of this plant [68,69,70,71,72]. They focused on leaf elongation, biomass production,

growth, forage quality, and antioxidant responses and other traits under the deficit of water. The net photosynthesis of

guinea grass could decrease to zero due to water stress application during the vegetative and reproductive stages [68].

The water stress decreased biomass production affects the stoichiometric homeostasis in Panicum maximum up to 16%

[73]. Furthermore, the water stress could delay the elongation of stem and flowering [70]. In response to water stress,

guinea grass clipped at larger heights showed a greater reduction in leaf and biomass compared to plants clipped at lower

heights [74]. Stressed plants of three guinea grass populations showed a significant reduction in leaf water potentials and

relative water contents compared to normally watered plants [75]. Water deficit also reduces seasonal production of

guinea grass (cv. Mombaça) [76,77], though little is recognized about the critical values required for its development and

the effect of water availability for yearly production [78]. Guinea grass mainly grows in tropical and subtropical areas with

more than 900 mm of rainfall on a wide range of soils or in irrigated regions. It is also affected by the seasonality, as are

other forage plants. When it is irrigated, the guinea grass attains high production in the spring and summer seasons [79].

To sustain agriculture in arid and semiarid zones, some studies indicated that the antioxidant system of drought resistance

could be stimulated in guinea grass by inoculating with PGPB (plant-growth promoting bacteria) [20] or macro-polymeric

inoculants of Bacillus strains [80].

When water stress increased, there was a variation in the diverse morphological and physiological traits of guinea grass

(e.g., leaf size and stomatal conductance) [52]. As a physiological mechanism of resistance, the guinea grass increased

the leaf stomata resistance in order to decrease the transpiration rate [60]. At the plant morphology level, some reports

consider that the guinea grass is well adapted to drought stress and presents high adaptation to the most varied

edaphoclimatic conditions due to the created clumps and the strong root system [81]. Additionally, under water stress

associated with warming, guinea grass increases some biochemical compounds such as photosynthetic pigments, the

enzymatic compounds SOD (superoxide dismutase) and APX (ascorbate peroxidase) [72], glutathione, and the osmo-

regulator proline [20]. The increase in SOD and APX under abiotic stresses such as drought is a mechanism to prevent

the damage from the increased reactive oxygen species (ROS) levels produced due to the stress. As well, the

accumulation of PS II activity of guinea grass under water stress preserves membrane stability [72]. In addition, the non-

enzymatic, antioxidant-like proline is accumulated by the plants to maintain cellular water homeostasis and to prevent the



damage from ROS interaction with plant key molecules, such as DNA, proteins, and lipids. Therefore, shorter period of

drought will not affect the survival of guinea grass under a future scenario of climate change [72]. However, the effect of

water deficit depends on the growth stage of the plant.

4. Guinea Grass and Salinity

As are most of the arid regions in the world, the cultivated lands in North Africa and the Mideast are affected by

progressive and consecutive development of soil salinity and irrigation water. A detailed understanding of the effects of

salinity on guinea grass is needed. In fact, the salinity of soil imposes ionic (ion toxicity and imbalance) and osmotic stress

(water deficiency) by lowering the soil water potential [82]. Few studies have been designed to elucidate the impacts of

salt stress on nutritive, physiological, and morphological traits of this forage plant. Panicum species are known to be

tolerant to salt stress. At the germination stage, it seems that a low or moderate salinity (EC 12 and 16) showed a

stimulating effect on guinea grass [83]. As an adaptive strategy, plants improve water use efficiency (WUE) and reduce

transpiration rate (stomatal limitation) under salt stress, which reflects the elevated water maintenance ability

of Panicum [82]. However, the photosynthetic performance is reduced due to the stomata and other biochemical

limitations [84]. This forage plant can support salinity when it is planted in a mixture of soil and sand (soil 70%, sand 30%)

[85]. A high hemicellulose level was observed in the salinity level of 3.0 dS m  [86]. As an alternative to the salt water, the

magnetized seawater showed encouraging results in the irrigation on guinea grass [87]. Guinea grass is clustered with the

tolerant plants that could be used in saline soils for appropriate management [88]. In saline soil with an electrical

conductivity of 11 dS m  and among five forage species (Panicum maximum, Setaria sphacelata, Euchlaena mexicana,
Brachiaria brizantha and Cynodon plectostachyus), the guinea grass showed the highest level of tolerance. Yet, in saline

soil, the application of 20 t/ha manure increased the production, the CP, and the digestible nutrient of guinea grass. Based

on this previous data, the guinea grass could be an alternative solution, particularly in high salt cultivated lands.
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