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Abstract

:

The establishment of complementary native grass species could be an ideal method of dealing with existing problems of veld degradation and inadequate forage quantity and quality of pastures. A greenhouse experiment was conducted to evaluate the effect of native grasses viz., Anthephora pubescens, Cenchrus ciliaris, Chloris gayana, Dactylis glomerata, Digitaria eriantha, Eragrostis curvula, Festuca arundinacea, Panicum maximum and Themeda triandra. Attributes at different growth stages on agronomy, morphology and chemical composition were checked. Panicum maximum had the broader (p < 0.05) leaves across all growth stages when compared to all other grass species. Festuca arundinacea had highest (p < 0.05) number of tillers than C. ciliaris, C. gayana, D. glomerata, D. eriantha, E. curvula, P. maximum and T. triandra at 2–4-months age. Within each species, all grasses had the highest (p < 0.05) number of leaves at maturity. Chloris gayana, D. glomerata and P. maximum had the highest (p < 0.05) biomass yield when compared to F. arundinacea at the elongation stage. Eragrostis curvula had the highest (p < 0.05) crude protein (CP) values when compared to all other grasses, except for D. glomerata, F. arundinacea and P. maximum at the elongation stage. Panicum maximum and T. triandra had the least (p < 0.05) acid detergent lignin (ADL) values when compared to all other grasses at both vegetative and the elongation stages. In the ranking, C. ciliaris, C. gayana, D. eriantha, E. curvula, P. maximum and A. pubescens outperformed the rest of the grasses on most parameters. With the low crude protein (CP) content of these grasses, protein supplementation is highly crucial for high performing ruminants, especially those animals that graze grasses as their sole diets.
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1. Introduction


During the times of high feed costs and financial limitations faced by farmers, grasses are still significantly recognized as the sole and most cost-effective and easily accessible natural resource found in semi-arid regions globally [1]. As part of animal nutrition, native perennial grasses contribute a lot in meeting the daily nutritional demands of ruminants [2]. Perennial grasses maybe regarded as dual-purpose resources since they feed ruminants and conserve degraded rangelands through vegetative cover to prevent soil and/or water erosion [3]. Regrettably, negative implications of overstocking and over utilization of rangelands leading to soil compaction, soil erosion, and run-off, a severe deterioration of vegetation and soil have been prevalent [4]. Selemani et al. [5] stressed that the product of over-utilization of rangelands will cause poor production of aboveground herbaceous biomass and a decline in the grazing capacity of the rangeland. Due to the biotic and abiotic stress that grass plants are subjected to [6], it is of significance that grasses can robustly establish in unfavorable environments like semi-arid areas, to be competitive and grow quickly. Seedling establishment and emergence time, and plant developmental stages are known to be of paramount importance in the production life cycle of grasses as they contribute to species diversity, biomass and rehabilitation of degraded land [7]. Koukolová et al. [8] noted that ruminant productivity is influenced by different stages in harvested grasses because the yield and nutritive value in grass species is interconnected to the grass stage of growth, the morphology [9] and other existing dissimilarities such as plant parts [10], season and genetic distinction [11]. Therefore, the study sought to assess the agronomic, morphological and nutritive traits at different growth stages as an important part of a restoration of degraded rangeland and forage quality in semi-arid areas.




2. Materials and Methods


2.1. Study Area


The study was conducted in a controlled environment at the North West University, Molelwane Experimental farm. The greenhouse had temperatures ranging from 20 to 30 °C with a light-reflective roof. The farm is located at an altitude of 1500 m above sea level. Coordinates of the farm are 25°85’00″ S, 25°63’33″ E. The area surrounding the farm is semi-arid with summer temperatures range between 22 and 34 °C and an above average rainfall of 300 to 700 mm annually. The soil samples were collected from different villages, mixed and samples were drawn for chemical analysis. The soil collected was categorized as a Clovelly and Hutton form. The following properties were found pertaining to the soil: pH 4.38; N 1.9%, P 1.4 mg/kg, K 169 mg/kg, Ca 335 mg/kg, Mg 86 mg/kg, Na 0.004 mg/kg, Fe 3 mg/kg, Cu 0.5 mg/kg, Zn 0.36 mg/kg, Mn 15.4 mg/kg, and 1.2 mg/kg C.




2.2. Sourcing of Seeds and Planting


Seeds of nine selected grass species (Anthephora pubescens, Cenchrus ciliaris, Chloris gayana, Dactylis glomerata, Digitaria eriantha, Eragrostis curvula, Festuca arundinacea and Panicum maximum were sourced from Barenbrug Seed company (Onderstepoort, Pretoria), whereas Themeda triandra seeds were outsourced around Mafikeng area. Approximately 20 seeds were randomly planted in individual plastic pots (30 cm diameter and 22 cm deep) and were filled to identical weight with a soil. The growth trial required 81 pots (experimental units) for planting seeds so that each grass species would be replicated 9 times. Post germination seedlings were further thinned out to 10 plants per pot. Plants were watered 3 times a week using a 750 mL container and weeds were removed regularly from the pots.




2.3. Data Collection


Morphological and agronomic characteristics measurements: Several phenological traits (germination percentage (GM), biomass yield, chlorophyll content index (CCI), root length (RL), root mass (RM), plant height (PH), leaf width (LW), leaf number (LN) and tiller number (TN) were measured for each grass species. Germination percentage (%) was obtained five (5) days after planting. Planting was done in October 2019 and grasses were allowed to grow until March 2020. There was variation in the growth stages of all the grasses with time. The growth stage samples were in separate independent pots. The growth stages were determined as 2-leaf (vegetative), 3-leaf (elongation) and 4-leaf (maturity). The tallest tiller on each plant was used to measure the height of the shoot. The total number of leaves and tillers were estimated per shoot. The morphological attributes data was collected from October 2019 to December 2019 and for tiller development data, plants were allowed to grow until March 2020. Root length (cm) was assessed at the maturity stage. Chlorophyll meter SPAD-502Plus was used to measure chlorophyll at each growth stage. At all growth stages, each grass species was scored based on nutritive value, agronomic and morphological traits with the tallest plants composed of broad leaves, high tiller numbers and the high number of leaves being ranked high on a scale of 1–9 taken from their averages (1-unsuitable and 9-highly suitable) as outlined [12,13,14,15]. Based on the combination of nutritive value, agronomic and morphological traits, grass species were ranked according to their potential for restoring a degraded rangeland using their averages.




2.4. Chemical Analysis


All grass species samples were analysed for ash, organic matter (OM) and crude protein. (CP). Dried samples were placed in a muffle furnace set at 600 °C for 6 h to determine the ash content; and the loss in weight was measured as OM content [16]. Total nitrogen content was determined following the standard macro Kjeldahl method [16] and was converted to crude protein (CP) by multiplying the percentage of the N content by a factor of 6.25 and expressed in g/kg DM (dry matter). Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined using ANKOM2000 Fibre Analyser (ANKOM Technology, New York, NY, USA). A heat-stable bacterial α-amylase was used for neutral detergent fibre (NDF) analysis [17]. Acid detergent lignin (ADL) was determined by treating ADF residue bags with 72% sulphuric acid. The study was conducted according to guidelines provided by North-West University Research Ethics Committee, with an approval ethic number NWU-01886-19-A5.




2.5. Statistical Analysis


One-way analysis of variance (ANOVA) was used to analyse the data on germination and root length, parameters using the General Linear Model Procedure of [18] Statistical Software Version 10, under the following model:


Yij = µ + Si + Eij








where;



Yij = response variable; µ = population mean; Si = the effect of grass species; Eij = random error.



Data on grass morphology, chlorophyll, biomass and chemical composition parameters were analysed using two-way analysis of variance (ANOVA) to determine the significance of variation due to plant species and growth stage using SAS [18] Statistical Software Version 10, under the following model:


Yijk = µ + Si +G j + (S × G) ij+ E ijk








where;



Yijk = response variable; µ = population mean; Si = the effect of grass species; Gj = the effect of the growth stage; S × G = the effect of interaction between grass species and growth stage; Eijk = random error.





3. Results


The germination status for each of the grass species was indicated in a descending order; 72% for E. curvula, for A. pubescens, 56%, for C. gayana, 53%, for F. arundinacea 53%, T. triandra 50%, C. ciliaris 47%, D. glomerata 39%, P. maximum, 38% and 23% for D. eriantha. Results on plant height (PH) and leaf width (LW) at varying developmental stages of the selected grass species under the greenhouse experiment are presented in Table 1. There was a variation observed on morphological attributes across grass species, growth stage and their interaction. Within each growth stage, C. ciliaris (76.37 cm) had taller (p < 0.05) plant heights at the elongation stage when compared to C. gayana, D. eriantha, P. maximum, A. pubescens, F. arundinacea and D. glomerata grasses. Within each species, all grass tillers had taller (p < 0.05) plant height values at maturity when compared to the same individual grass species at their elongated and vegetative growth stage. Panicum maximum leaves (Table 1) had the highest (p < 0.05) LW value (12.53 mm) across all growth stages when compared to all other grass species. Within each species, A. pubescens, C. ciliaris, C. gayana, D. glomerata, E. curvula, F. arundinacea and P. maximum had higher (p < 0.05) leaf width value at the maturity stage when compared to the same species at the elongation and vegetative stages which did not differ significantly from each other.



The average number of tillers and leaves of grass species at different ages under greenhouse conditions are presented in Table 2. Festuca arundinacea had the highest (p < 0.05) number of tillers (log10 0.90) than C. ciliaris, C. gayana, D. glomerata, D. eriantha, E. curvula, P. maximum and T. triandra at 2–4-months of age. Cenchrus ciliaris, C. gayana, D. glomerata, D. eriantha, E. curvula, P. maximum and T. triandra had the highest (p < 0.05) number of tillers at 4–6 months of age when compared to the same species at their 0–2- months and 2–4-months ages. Chloris gayana (log10 1.11/shoot) had the highest (p < 0.05) number of leaves when compared to other grasses at 4–6 months of age. Within each species, all grasses had the highest (p < 0.05) number of leaves at 4–6 months when compared to the same species at their 0–2 months and 2–4 months ages.



Results on biomass at different developmental stages of the selected species under the greenhouse experiment are presented in Figure 1. Chloris gayana (Mean ± Standard Error = 30.58 g ± 3.64), D. glomerata (30.26 g ± 3.64) and P. maximum (Mean ± SE = 30.25 g ± 3.64) had the highest (p < 0.05) biomass yield when compared to F. arundinacea (17.06 g ± 3.64) at the elongation stage.



Results on chlorophyll, root length and root weight of the nine selected grass species at maturity stage are presented in Figure 2. Eragrostis curvula grasses had the highest (p < 0.05) chlorophyll (56.86 ± 2.30 CCI), at elongation stage, when compared to all other grasses. Anthephora pubescens, C. ciliaris, C. gayana, D. glomerata, D. eriantha, F. arundinacea and P. maximum had the highest (p < 0.05) chlorophyll at the vegetative stage when compared to the same species at maturity and elongated growth stage. Cenchrus ciliaris (60.08 ±5.17 cm) had a longer (p < 0.05) root length when compared to F. arundinacea and D. glomerata at the maturity stage. Digitaria eriantha (75.46 ± 19.57 g) had the highest (p < 0.05) root mass when compared to F. arundinacea, T. triandra and A. pubescens grasses at the maturity stage. Cenchrus ciliaris, C. gayana, D. glomerata and E. curvula had the same (p > 0.05) root mass as all other grass species.



Results of the effect of species and growth stage on the chemical composition (Ash, OM, CP, NDF, ADF, ADL) at different developmental stages of the nine selected kinds of grass are presented in Table 3 and Table 4. There was a variation observed in the chemical composition across grass species, growth stages and their interactions. Panicum maximum had a higher (p < 0.05) ash concentration than all other grasses at the elongation stage (143.72 g/kg DM) and maturity stage (148.92 g/kg DM). Eragrostis curvula with 864.60 g/kg DM (vegetative stage); 890.98 g/kg DM (elongation stage) and 881.76 g/kg DM (maturity stage) had the highest (p < 0.05) OM values when compared to all other grasses across all growth stages. Eragrostis curvula (65.01 g/kg DM) had the highest (p < 0.05) CP values when compared to all other grasses, except for D. glomerata, F. arundinacea and P. maximum at the elongation stage. At the maturity stage, D. glomerata (55.18 g/kg DM), E. curvula (58.12 g/kg DM) and F. arundinacea (55.19 g/kg DM) had the highest (p < 0.05) CP values when compared to all other grasses. Eragrostis curvula (890.98 g/kg DM) had the highest (p < 0.05) organic matter content than all other grasses at elongation stage.



Anthephora pubescens, C. ciliaris, D. eriantha, E. curvula and T. triandra had the highest (p < 0.05) NDF content at the elongation stage. Except for A. pubescens; C. ciliaris (471.09 g/kg DM) had the highest (p < 0.05) ADF values when compared to all other grasses at the maturity stage. Panicum maximum and T. triandra had the least (p < 0.05) ADL values when compared to all other grasses across all growth stages. Cenchrus ciliaris, C. gayana, E. curvula, D. eriantha, P. maximum and A. pubescens ranked better than all grasses (Table 5).




4. Discussion


4.1. Plant Height and Leaf Width


The plant height of a grass species is described as the shortest distance between the soil surface and the upper portion of the seed head (cm) [19]. The most common benefit of height in plants is their capability to acquire more sunlight [20], which then improves the photosynthesis process. Taller plants are generally more desirable simply because they show a competitive ability over shorter plants [21]. From this study, variation was not found between the grasses grown in a controlled environment and those reported in the literature in an open field. The current study recorded that T. triandra grass had significantly higher plant height value (135.59 cm) when compared to A. pubescens, C. ciliaris, E. curvula, C. gayana, F. arundinacea, P. maximum and D. glomerata grasses at maturity stage. The results for D. glomerata (57.10 cm) at elongation stage were in line with those reported by Zhouri et al. [22] (56.90 cm) and Vasileva et al. [23] (30–60 cm) in an open field. The A. pubescens, E. curvula, C. gayana, F. arundinacea, P. maximum, D. eriantha and T. triandra height values are within the range reported by van Oudtshoorn [24] in an open field. The results for P. maximum (80.35 cm) were slightly in line with those reported by Ojo et al. [25] (84.90 cm) in an open field experiment. Yigzaw [26] reported the comparable height value for C. ciliaris (114.68 cm) plants harvested at maturity stage.



Besides being feed material for livestock, rangelands are symbolic for most communal homelands because grass height is of supreme importance to livestock grazing. Werner et al. [27] stated that incorporating grass height measurements and quality estimates are presently being used to supply sufficient forage for animals. Urrea [28] and Olson & Richards [29] stated that ruminants grazing 3-leaf stage plants of a height above 20 cm had more bites as these plants are accessible due to their distance from the surface. The lips, teeth and jaws of a cow make it simple to get close to the ground surface. Furthermore, at this 3-leaf stage, there is a higher build-up of secondary tillers and plant leaf area initiation for photosynthetic activity [30] due to a high concentration of carbohydrate (CO) reserves before defoliation.



Leaves are most photosynthetically active when they reach expansion. The excess carbohydrate produced through photosynthesis helps produce leaves. Thus, photosynthate produced by the plant is used efficiently in growth and maintenance [31]. Panicum maximum leaves had significantly higher leaf width value (12.53 mm) across all growth stages when compared to all other grass species. Grasses with broad leaves have a bigger surface area that enhances the photosynthetic activity, thereby, producing more carbohydrates that will stimulate regrowth post defoliation or drought [32].




4.2. Number of Tillers and Leaves per Shoot


Tiller numbers are significantly important for plant adaptability and they increase the chance of survival under grazing pressure since they determine photosynthetic rates and ultimately, the availability of forage reserves for grass [33]. Mganga et al. [34] indicated that grass with more tillers would be a complement to the yield and resilience of a grass stand under defoliation. Tiller numbers are an indicator of resource use efficiency by different grass species and that the weight of a plant’s tiller determines its productivity [35].



Within each species C. ciliaris, C. gayana, D. glomerata, D. eriantha, E. curvula, P. maximum and T. triandra significantly had a higher number of tillers that developed at 4–6 months of age when compared to the same species at 0–2 months and 2–4 months of age. Nguku [36] indicated that C. gayana, like a creeping grass, has an excellent natural ability to spread since it produces stolons that creep over the ground and give roots at the nodes. de Lima Veras et al. [37] concluded that grass plants with a higher number of tillers are more persistent and contribute more resources to the next generation of reproductive tillers in the sward. For grasses like A. pubescens that did not necessarily show a higher tillering ability at the elongated nor maturity stages as compared to the previously mentioned grasses, this could be attributed to its growth habit. However, this trait might not completely be a disadvantage. Moolman et al. [38] stated that A. pubescens is classified a short grass with short internodes. Therefore, short grasses, with a large number of tillers are well adapted to regions with low, erratic precipitation, because it is advantageous to divide growth between meristems to ensure rapid regrowth after a period of drought stress. An increase in the number of nodes is followed by a production of an equal number of leaves in grass cut at maturity as compared to the harvesting of younger plants revealed that in pastures the usual number of leaves ranges between 2.2 to 4.7 leaves. This study shows that all grass species had the same number of leaves at the elongation stage. Also, C. gayana had a significantly higher number of leaves/shoot (7.50) per tiller when compared to other grasses at the maturity stage.



According to Opiyo et al. [39], when a pasture has a high number of leaves it is considered an important criterion because it suggests a high growth rate. The authors further reported that pastures with more leaves and better pigmentation are likely to achieve a greater photosynthetic capacity that will enable the grasses to grow rapidly [40]. Pasture leaves determine the quality of forage for livestock with green immature leaves contributing more to the increase in crude protein [41]. Higher leaf numbers in C. gayana and C. ciliaris may suggest better quality forage grasses that can be utilized for veld restoration of deteriorated rangelands. Also, C. ciliaris was observed in both the results of tiller numbers and leaf numbers as an outperforming grass. Therefore, this observation shows a close relationship between the number of leaves and the number of tillers.




4.3. Chlorophyll


Being the principal photoreceptor in the process of photosynthesis, chlorophyll is responsible for the transitioning of radiant energy into chemical energy in plant green tissues [42]. The concentration of chlorophyll within green plants indicates its capacity to absorb radiant energy and hence its photosynthetic efficiency [43,44]. At the maturity stage, P. maximum (31.43 CCI) grasses had significantly higher chlorophyll content than D. glomerata (24.29 CCI) and F. arundinacea (17.68 CCI). Our findings were in line with those of Biber [45] who observed chlorophyll content values in three species ranging from 11.98 CCI in Juncus roemerianus, 29.87 CCI in Spartina alterniflora and 30.68 CCI in Rhizophora mangle. With maturity, grasses tend to lose their vigor to photosynthesize at the 4-leaf stage of growth.




4.4. Root and Biomass Yield


Roots strength is a vital aspect of the ecology of rangeland perennial grass species. Many of the survival strategies of grass species from arid and semiarid areas, where rainfall is erratic and nutrients are generally low, depend on the root system [46]. Cenchrus ciliaris (60.08 ± 5.17 cm) had a longer root length when compared to F. arundinacea and D. glomerata at the maturity stage. Digitaria eriantha (75.46 ± 19.57 g) had the highest root mass than A. pubescens, F. arundinacea and T. triandra. Root depth provides the plants with penetration deeper into the soil layers for nutrient absorption and assists the plant to overcome the dormancy season. Adjolohoun et al. [47] found that the ability of all grass accessions to stand both biotic and abiotic stresses and be able to produce as much forage in less nutritive soils can be ascribed to their deep root development. Even though the morphological characteristics of the grass roots were not studied in this study, the thickness of the stem is always associated with thick roots system to function in high translocation from the roots to the whole plant through the xylem and phloem [14].



Basal cover plays a fundamental role concerning soil and water conservation. It contributes in the restoration of degraded lands especially in the areas where rainfall is erratic. Compared to vertical growth, decumbent species are more desirable in preventing land degradation [48] Basal cover also provides the quantity of biomass required by livestock and some of the main contributing factors contributing to biomass are plant height and number of tillers [49]. From our study, C. gayana, D. glomerata and P. maximum had the highest biomass yield at the 3-leaf stage. This is following the findings on morphological properties of these species, which might have been influenced by the fact that P. maximum and C. gayana from this study had thick and rigid tillers and have a high number of tillers. Previous findings of Marshall et al. [50] outline lower values when compared to those of this study. Tedder et al. [51] confirm that P. maximum height can contribute to yielding more biomass when compared with those species of lower height.




4.5. Chemical Composition


Ash: Forage quality is generally determined by the stage of growth which influences the nutritional composition of grass. Ash content in the forage diet is a representation of minerals (phosphorus, calcium, potassium, silica) that is critical in enhancing ruminant growth [52]. With the maturation of grasses, there was an observable variation in the ash content. In the present study, the P. maximum grass had a higher ash content (143.72 g/kg) than all other grasses at the elongation stage. This value was much higher than the findings of Odedire & Babayemi [53], of 120 g/kg at the maturity stage. Except for C. gayana and C. ciliaris, the overall ash values for all grasses from this study were found to be within the range from 30 to 120 g/kg DM as reported earlier by Wassie et al. [54].



Crude protein: Grasses are the mainstay in animal nutrition because their nutritive profile like protein has the primary responsibility to meet the nutritional demands of ruminants for their improved growth, maintenance and production [55]. It is generally known that a minimum > 120 to 180 g/kg DM CP in forage material is sufficient for optimum growth and performance of ruminants [56]. Some crude protein values from these investigated grasses in our current study do fall within this range. Our results indicate that with the aging of the grass species comes a decrease in the crude protein concentration, which is consistent with the findings of Keba et al. [57]. Eragrostis curvula CP content was highest followed by D. glomerata, F. arundinacea and P. maximum when compared to other grasses at the elongation stage. From this current study E. curvula (65.01 g/kg DM) had significantly lower CP content than the earlier report by Berhane et al. [58] (93 g/kg DM) and Erasmus et al. [59] (156 g/kg DM) while being higher than the one reported by Adejoro & Hassen [60] (48.9 g/kg DM). The CP value for P. maximum (56.41 g/kg DM) in this study at the elongation was lower than that of Omotoso et al. [61] who reported 114.0 g/kg DM on the same species. The variation of CP concentration in these grasses may be potentially justified by their genetic dissimilarities of grass species and their respective advancing age. The CP content from all grasses in this study was below the critical threshold level (85 g/kg DM/day) as recommended by NRC [62,63] on livestock and sheep.



Neutral and acid detergent fibres; and acid detergent lignin: Neutral detergent fibre (NDF) is a symbol of fibrous tissues found in grasses [64], of which more fibrous pasture correlated to extensive ruminal retention and restricts the intake rate. NDF content showed variation among the grasses, with an increasing trend in the NDF content with growing grass. Amiri & Shariff [65] justify that it is common for grasses to have more fibrous tissues as opposed to other forage types. Lima et al. [66] explained that a low forage intake is a consequence of NDF exceeding 72%. Our NDF values were within the range of 47%–60% (medium–good forage intake) and < 61% (low forage intake) [67]. Anthephora pubescens and T. triandra had the highest NDF content at the elongation and maturity stages. These observations are lower to those reported by Matlebyane et al. [68] in T. triandra of (723 g/kg DM), from three different chief areas of the Capricorn region in Limpopo province and again higher (653 g/kg DM) to the ones reported by van Niekerk & Hassen [69]. Based on observation the low NDF content (493.82 g/kg DM) of D. glomerata may have been a result of its thin stems and the high number of leaves. Coêlho et al. [70] also indicated that the stem diameter (thin) and the number of leaves (high number) can influence the low content of NDF.



Acid detergent fibre is a part of the fibre fraction of forage composed of cellulose and lignin. Cellulose and lignin are important as they influence forage digestibility and degradability by ruminants [63]. There was an increasing trend in the ADF content as the grasses were aging [71] with a decrease of the number of leaves on stems. Cenchrus ciliaris showed higher ADF values than all other grasses at elongation and maturity stages. A low acid detergent fibre is desirable because it gives more chance for ruminant to have better feed conversion efficiency to induce higher digestibility of forages [72,73]. Lignin is known for providing mechanical support for the tillers to impart strength and rigidity to plant cell walls and also provides resistance to disease and other biotic and abiotic stresses [74]. Older leaves are known to be more lignified than younger leaves [75].



Lignin deposits increase with plant growth (cellulose, hemicelluloses and lignin) [76], of which this negatively affects the degradability of substrates. The ADL value of C. ciliaris (217.21 g/kg DM) from this study was much higher than that reported by Ramirez et al. [77] and lower than that noted by Aganga & Autlwetse [78] (647 g/kg DM). Compared to small stock, cattle have a high concentration of microflora in the digestive tract that can able to properly breakdown the highly lignified grass since this lignin is highly resistant to chemical and enzymatic degradation [79].





5. Conclusions


Our results of the native grass species studied have shown dissimilarities in their agronomic, morphological and nutritional profile with A. pubescens, C. ciliaris, C. gayana, D. eriantha, E. curvula and P. maximum outperforming the rest of the grasses on most parameters (biomass yield; high chlorophyll content, number of leaves and tillers; long roots, root mass, crude protein and lignin). These grass properties show that these grasses can be of dual purpose in semi-arid regions, in that they can potentially establish rapidly, are resource competitive, their contribution towards veld restoration and also a potential feed source is essential, as compared to D. glomerata, F. arundinacea and T. triandra. Secondly, the application of grazing management principles is needed in order to avoid further land deterioration. Despite the outstanding individual nutritional status from these grasses, it is highly recommended that ruminants grazing these grasses as their sole diet should be given protein supplementation.
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Figure 1. Effect of grass species and growth stage on biomass (g/pot) of nine selected grass species grown under controlled conditions. V = vegetative stage; E = elongated stage; M = maturity stage. SEB = standard error bar. 
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Figure 2. Effect of grass species on root length (cm) and root weight (g) (a) and chlorophyll content index (CCI) (b), of nine selected grass species at maturity stage. V = vegetative stage; E = elongated stage; M = maturity stage. SEB = standard error bar. 
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Table 1. Effect of grass species and growth stage on plant height (cm) and leaf width (mm) of nine selected grass species grown under controlled conditions.
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Plant Height (cm)

	
Leaf Width (mm)




	
Grass Species

	
V

	
E

	
M

	
V

	
E

	
M






	
A. pubescens

	
25.60 aC

	
47.33 cB

	
113.21 bA

	
4.98 cC

	
6.37 cB

	
8.04 cdA




	
C. ciliaris

	
34.52 aC

	
76.37 aB

	
107.28 bcA

	
3.95 cdC

	
7.86 bcB

	
12.54 bA




	
C. gayana

	
25.61 aC

	
54.94 bcB

	
89.77 eA

	
5.55 bcC

	
7.40 bcB

	
8.49 cA




	
D. glomerata

	
23.96 aC

	
36.78 cB

	
57.10 fA

	
3.84 cdeC

	
6.01 cB

	
7.46 cdA




	
D. eriantha

	
28.53 aC

	
52.18 bcB

	
118.00 abA

	
7.04 bB

	
8.97 bB

	
12.55 bA




	
E. curvula

	
37.91 aC

	
69.96 abB

	
102.99 bcdA

	
1.89 eC

	
3.65 dB

	
4.76 eA




	
F. arundinacea

	
25.07 aC

	
40.91 cdB

	
84.69 deA

	
2.92 deC

	
6.43 cB

	
7.90 cdA




	
P. maximum

	
27.48 aC

	
51.30 cB

	
80.35 eA

	
12.53 aC

	
15.27 aB

	
17.88 aA




	
T. triandra

	
29.77 aC

	
70.36 abB

	
135.59 aA

	
4.02 cdeB

	
6.11 cA

	
6.27 deA




	
SE

	
3.508

	
0.371








a,b,c,d,e,f = Means with different superscripts within each growth stage are significantly different (p < 0.05); ABC = Means with different superscripts within each species are significantly different (p < 0.05); SE = Standard error; V= vegetative stage; E= elongated stage; M = maturity.
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Table 2. Effect of grass species and age on the average number of tillers and leaves (LN/shoot) and tillers (log10) of nine selected grass species grown under controlled conditions.
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Average Number of Tillers (log10)

	
Average Number of Leaves (LN/shoot) (log10)




	
Grass Species

	
0–2 Months

	
2–4 Month

	
4–6 Months

	
0–2 Months

	
2–4 Months

	
4–6 Months






	
A. pubescens

	
0.30 abB

	
0.81 abA

	
0.87 cdeA

	
0.32 abC

	
0.60 aB

	
0.92 bcdA




	
C. ciliaris

	
0.25 abC

	
0.65 cB

	
0.80 eA

	
0.28 bcC

	
0.58 aB

	
0.98 bA




	
C. gayana

	
0.29 abC

	
0.68 cB

	
1.15 abA

	
0.30 abcC

	
0.63 aB

	
1.11 aA




	
D. glomerata

	
0.21 bC

	
0.65 cB

	
0.92 cdA

	
0.37 aC

	
0.62 aB

	
0.92 bcdA




	
D. eriantha

	
0.30 aC

	
0.48 dB

	
0.85 deA

	
0.23 cC

	
0.60 aB

	
0.90 cdA




	
E. curvula

	
0.24 abC

	
0.48 dB

	
1.07 bA

	
0.300 abcC

	
0.58 aB

	
0.88 dA




	
F. arundinacea

	
0.27 abB

	
0.90 aA

	
0.95 cA

	
0.27 bcC

	
0.59 aB

	
0.95 bcA




	
P. maximum

	
0.30 abC

	
0.80 bB

	
1.20 aA

	
0.300 abcC

	
0.61 aB

	
0.92 bcdA




	
T. triandra

	
0.27 abC

	
0.56 dB

	
0.79 eA

	
0.27 bcC

	
0.58 aB

	
0.99 bA




	
SE

	
0.03

	
0.35








a,b,c,d,e = Means with different superscripts within each growth stage are significantly different (p < 0.05); ABC = Means with different superscripts within each species are significantly different (p < 0.05); SE = Standard error.
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Table 3. Effect of species and growth stage on ash, organic matter (OM) and crude protein (CP) (DM in g/kg) in nine selected grass species grown under controlled conditions.
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Ash (g/kg DM)

	
OM (g/kg DM)

	
CP (g/kg DM)




	
Grass Species

	
V

	
E

	
M

	
V

	
E

	
M

	
V

	
E

	
M






	
A. pubescens

	
116.68 dA

	
107.45 eB

	
78.27 fC

	
836.41 bA

	
835.11 cA

	
849.88 bcA

	
55.39 eA

	
51.63 bcA

	
40.68 bcB




	
C. ciliaris

	
127.58 bA

	
130.03 bA

	
131.41 bA

	
827.10 bA

	
830.38 cA

	
832.59 deA

	
87.27 cA

	
35.01 dB

	
30.32 dB




	
C. gayana

	
119.05 dB

	
132.69 bA

	
120.66 cB

	
824.22 bB

	
822.68 cB

	
842.22 bcdA

	
87.63 cA

	
40.00 dB

	
37.10 bcdB




	
D. glomerata

	
121.88 cdA

	
115.28 cdB

	
123.56 cA

	
822.50 bA

	
835.15 cA

	
836.15 cdeA

	
75.95 dA

	
61.38 abB

	
59.18 aB




	
D. eriantha

	
125.64 bcA

	
89.02 fC

	
113.39 dB

	
821.53 bC

	
855.91 bB

	
877.59 aA

	
64.52 eA

	
42.12 cdB

	
39.01 bcdB




	
E. curvula

	
90.83 eA

	
75.24 gC

	
83.69 fB

	
864.60 aB

	
890.98 aA

	
881.76 aA

	
102.29 bA

	
65.01 aB

	
58.12 aB




	
F. arundinacea

	
142.76 aA

	
111.37 deC

	
118.13 cdB

	
757.12 cB

	
825.52 cA

	
828.11 deA

	
120.14 aA

	
60.31 abB

	
55.19 aB




	
P. maximum

	
130.60 bC

	
143.72 aB

	
148.92 aA

	
828.09 bA

	
826.80 cA

	
821.24 eA

	
97.07 bcA

	
56.41 abB

	
45.07 bC




	
T. triandra

	
116.48 dA

	
117.40 cA

	
106.41 eB

	
838.03 bB

	
838.24 cB

	
855.87 bA

	
35.79 fA

	
34.84 dA

	
33.27 cdA




	
SE

	
1.92

	
5.89

	
3.49








a,b,c,d,e,f = Means with different superscripts within each growth stage are significantly different at (p < 0.05) with each parameter; ABC = Means with different superscripts within each species are significantly different at (p < 0.05) with each parameter; SE = Standard error; DM = dry matter; V = vegetative stage; E = elongated stage; M = maturity stage.
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Table 4. Effect of species and growth stage on fibre fraction and lignin (DM in g/kg) in nine selected grass species grown under controlled conditions.
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NDF

	
ADF

	
ADL




	
Grass Species

	
V

	
E

	
M

	
V

	
E

	
M

	
V

	
E

	
M






	
A. pubescens

	
553.71 cB

	
667.44 aA

	
687.94 aA

	
418.04 aB

	
450.75 aA

	
449.17 abA

	
131.59 aB

	
164.43 aA

	
191.56 bA




	
C. ciliaris

	
581.03 bcB

	
665.57 aA

	
678.43 abA

	
390.62 bC

	
446.99 aB

	
471.09 aA

	
133.98 aB

	
163.06 aB

	
217.21 abA




	
C. gayana

	
557.14 cB

	
599.89 bA

	
638.85 bcA

	
324.68 cB

	
338.00 dB

	
384.34 dA

	
168.07 aB

	
185.62 aA

	
206.06 abA




	
D. glomerata

	
470.27 dA

	
483.37 dA

	
493.82 dA

	
325.41 cB

	
363.17 cA

	
375.63 dA

	
167.66 aA

	
177.00 aA

	
201.35 bA




	
D. eriantha

	
620.97 abB

	
644.78 aA

	
665.05 abcA

	
406.54 abB

	
415.09 bA

	
436.90 bA

	
162.27 aB

	
194.91 aB

	
240.45 aA




	
E. curvula

	
627.01 aA

	
643.02 aA

	
667.10 abcA

	
341.06 cC

	
365.68 cB

	
426.58 bcA

	
163.69 aB

	
194.19 aA

	
213.42 abA




	
F. arundinacea

	
410.70 eB

	
460.71 dA

	
487.79 dA

	
293.48 dC

	
339.06 dB

	
374.45 dA

	
148.73 aB

	
166.91 aB

	
216.50 abA




	
P. maximum

	
507.95 dC

	
556.01 cB

	
629.01 cA

	
292.79 dC

	
318.02 dB

	
374.09 dA

	
72.87 bB

	
91.78 bA

	
113.38 cA




	
T. triandra

	
613.12 abB

	
648.67 aA

	
688.01 aA

	
397.88 abA

	
405.15 bA

	
413.77 cA

	
79.39 bB

	
95.18 bA

	
130.89 cA




	
SE

	
15.01

	
8.04

	
13.09








a,b,c,d,e = Means with different superscripts within each growth stage are significantly different (p < 0.05); ABC = Means with different superscripts within each species are significantly different at (p < 0.05); SE = Standard error; DM = dry matter; V = vegetative stage; E = elongated stage; M = maturity stage.
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Table 5. Veld restoration potential rankings of some selected grass species based on their agronomic, morphological and nutritional value parameters assessed at various growth stages.
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	Grass Species
	PH
	LW
	TN
	NL
	CCI
	RL
	RM
	BIO
	ASH
	OM
	NDF
	ADF
	ADL
	CP
	Average





	A. pubescens
	5
	5
	6
	6
	6
	4
	2
	2
	1
	6
	5
	9
	3
	3
	5



	C. ciliaris
	8
	7
	3
	5
	5
	9
	6
	5
	8
	4
	6
	8
	4
	4
	6



	C. gayana
	4
	6
	8
	9
	7
	6
	7
	9
	7
	3
	4
	3
	7
	5
	6



	D. glomerata
	1
	4
	4
	2
	2
	1
	5
	7
	5
	5
	2
	4
	6
	6
	4



	D. eriantha
	6
	8
	2
	3
	4
	7
	9
	4
	3
	8
	7
	7
	9
	2
	5



	E. curvula
	7
	1
	5
	7
	9
	5
	4
	3
	2
	9
	8
	5
	8
	8
	6



	F. arundinacea
	2
	3
	7
	1
	1
	2
	3
	1
	6
	1
	1
	2
	5
	9
	4



	P. maximum
	3
	9
	9
	4
	8
	8
	8
	8
	9
	2
	3
	1
	1
	7
	6



	T. triandra
	9
	2
	1
	8
	3
	3
	1
	6
	4
	7
	9
	6
	2
	1
	4







PH = plant height; LW = leaf width; TN = tiller numbers; NL = number of leaves; CCI = chlorophyll; RL = root length; RM = root mass; BIO = biomass; Ash, CP = crude protein; OM = organic matter; NDF = neutral detergent fibre; ADF = acid detergent fibre; ADL = acid detergent lignin.
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