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GENERAL ABSTRACT 69 

The study was carried out to evaluate the agronomic and morphological attributes, chemical 70 

composition, prediction of chemical estimates and the in-vitro DM degradability of grass 71 

species at different growth stages under a controlled environment. The study was conducted 72 

in. a greenhouse at the Molelwane University Farm 10 km outside of North-West University 73 

and Mahikeng city. The experimental site is situated in the semi-arid region with geographical 74 

coordinates of Molelwane being 25 7970° S, 25 6362° E. Seeds from nine selected grasses 75 

(Anthephora pubescens, Cenchrus ciliaris, Chloris gayana, Dactylis glomerata, Digitaria 76 

eriantha, Eragrostis curvula, Festuca arundinacea, Panicum maximum and Themeda triandra) 77 

were used for trial. The soil was collected from 10 km out of Mahikeng (Masutle, Tsetse, 78 

Lokaleng and Sunnyside) area. Soil samples were collected and analysed. Several phenological 79 

traits (germination, biomass yield, chlorophyll, root length, root mass, leaf number (LN), leaf 80 

width (LW) and tiller number (TN)) were studied. Analysis of variance was used to evaluate 81 

the data on germination, root length and yield parameters. A two-way analysis of variance was 82 

used to examine the data on the grass morphology, chlorophyll, biomass, chemical 83 

composition, chemical estimates (DE, ME, DMI) and in-vitro fermentation parameters. 84 

Anthephora pubescens (log10 0.87 and log10 0.95) and F. arundinacea (log10 0.81 and log10 0.90) 85 

had the highest (P < 0.05) tillers at 4-6 and 2-4 months when compared to the same species at 86 

their 0-2 months age (log10 0.30 and log10 0.27). Chloris gayana (log10 7.50) had the highest (P 87 

< 0.05) number of leaves per tiller than other grasses at the maturity stage. Eragrostis curvula 88 

(56.86 ± 2.30 CCI) grasses had the highest (P < 0.05) chlorophyll content when compared to 89 

all other grasses at the elongated growth stage. At the maturity stage, D. glomerata (33.67 g ± 90 

3.64) had the highest (P < 0.05) biomass yield when compared to F. arundinacea (21.73 g ± 91 

3.64) in the maturity stage. Cenchrus ciliaris (60.08 cm) had a longer (P < 0.05) root length 92 

than A. pubescens, C. gayana, D. eriantha, D. glomerata, E. curvula, F. arundinacea, P. 93 
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maximum and T. triandra grasses. Cenchrus ciliaris, C. gayana, E. curvula and P. maximum 94 

had better ranking values based on their agronomic and morphological characteristics across 95 

all growth stages and they can complement each other in a species establishment in favour of 96 

restoring deteriorated rangelands. The same grasses were ground and were analysed for CP, 97 

NDF, ADF and ADL in the Animal Science laboratory at Molelwane farm. Within each growth 98 

stage, A. pubescens (667.44 g/kg DM), C. ciliaris (665.57 g/kg DM), D. eriantha (644.78 g/kg 99 

DM), E. curvula (643.02 g/kg DM) and T. triandra (648.67 g/kg DM) had the highest (P < 100 

0.05) NDF content at the elongation stage. Anthephora pubescens (450.75 g/kg DM) and C. 101 

ciliaris (446.99 g/kg DM) had the highest (P < 0.05) ADF values than all other grasses at the 102 

elongation stage. Within species, A. pubescens, C. gayana, E. curvula, P. maximum and T. 103 

triandra had higher (P < 0.05) ADL values at maturity (191.56 g/kg DM) and elongation 104 

(164.43g/kg DM) stages, when compared to the same species in their vegetative (131.59 g/kg 105 

DM) stage. Dactylis glomerata (11.17 kg) and F. arundinacea (11.74 kg) had the highest (P < 106 

0.05) DMI prediction values than all other grasses at the elongation stage. Chloris gayana and 107 

D. eriantha had the highest (P < 0.05) DE at their vegetative and elongation stages than the 108 

same individual species in their maturity stage. Chloris gayana (2.42 Mcal/kg), F. arundinacea 109 

(2.42 Mcal/kg) and P. maximum (2.48 Mcal/kg) had the highest (P < 0.05) ME prediction 110 

values than all other grass species at the elongation stage. There was a strong relationship (P < 111 

0.05) between neutral detergent fibre (NDF and ADF) parameters and estimates. Within each 112 

growth stage, Festuca arundinacea (514.98 g/kg DM) had the highest (P < 0.05) in-vitro 113 

ruminal DM values at 36 hours post-incubation (DMD36) than all other grasses at the 114 

elongation stage. Festuca arundinacea (535.93 g/kg DM) had the highest (P < 0.05) in-vitro 115 

ruminal DM degradability (DMD48) values at maturity stage. Results stipulate that C. ciliaris, 116 

C. gayana, D. eriantha, D. glomerata, E. curvula, P. maximum and T. triandra are grass species 117 
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that were outperforming the other grasses in this study for most parameters that were evaluated 118 

in each objective. 119 

Keywords: livestock, rangelands, grasses, morphology, nutritive value 120 

  121 
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1 CHAPTER ONE: INTRODUCTION 608 

1.1 Background  609 

Grazing rangelands have long been recognized as the mainstay of agriculture especially for 610 

grazing animals worldwide (Beyene & Mlambo, 2012). In a time of increasingly high costs of 611 

animal feed, rangelands are highly regarded as the genesis of food security through the 612 

provision of primary animal feed requirements to produce agricultural commodities such as 613 

milk and meat (O’Mara, 2012). Additionally, rangelands provide secondary resources such as 614 

water, firewood, medicinal plants and wild food (Zerga, 2015). The rangelands ecosystems are 615 

of native vegetation which predominately includes grasses, grass-like plants, forbs and shrubs 616 

(Liebig et al., 2006). Grazing on rangelands mostly occurs in extreme aridity or marginal land 617 

(Mativavarira et al., 2011), which greatly decreases the production potential, increases 618 

overgrazing and leads to inadequate fodder availability during the dry season thereby risking 619 

widespread food and feed scarcity (Lenné & Thomas, 2005). Farmers rely mostly on these 620 

rangelands for feeding their livestock as financial constraints limit their ability to continuously 621 

nor consistently supply their animals with feed (Tavirimirwa et al., 2019). 622 

Rangeland in semi-arid regions constitutes the main dietary items for ruminants; therefore, 623 

grasses are considered to be the most essential source of nutrients for grazing ruminants during 624 

the year (Sterk et al., 2011; Beyene & Mlambo, 2012). Based on the seasons, soil fertility and 625 

phenological stage, grasses can be of unsatisfactory quantity and quality to meet the nutritional 626 

requirements of livestock (Rust & Rust, 2013). Salem and Smith (2008) indicated that the crude 627 

protein content in grasses is reduced to a low 10-20 g CP kg-1 dry matter, which lowers the 628 

quality of grass species during the drier season (Njarui et al., 2017). Therefore, lower 629 

productivity of ruminants during the months of drier seasons (Tavirimirwa et al., 2012). 630 
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D’Odorico et al. (2013) found that changes in vegetation regularly occur erratically within a 631 

shorter period in response to soil fertility, phenological stage, climatic changes, grazing 632 

pressure and other anthropogenic factors or a combination of these factors. Variation in 633 

morphology can assist plant response to abiotic and biotic stresses (Ravhuhali et al., 2018). In 634 

some rangeland areas of South Africa, natural vegetation has reached the threshold (Ravhuhali, 635 

2018). This threshold can result in reducing the productivity of the livestock in general 636 

(Snyman, 1999). In circumstances where rangeland deterioration has reached the threshold or 637 

irreversibility and where the regeneration of the ecosystem with simple protection is no longer 638 

possible, rehabilitation by reintroducing native perennial species (e.g., Anthephora pubescens, 639 

Cenchrus ciliaris and Chloris gayana) is required (Abdellatif et al., 2016). Therefore, the 640 

introduction of the restoration strategy to overcome the threshold in rangelands can be of 641 

paramount importance. Therefore, the phenological and nutritional evaluation of some grass 642 

species under controlled environments should be conducted in order to rank the species to be 643 

utilized in semi-arid regions in line with their adaptable superior accessions. 644 

1.2  Problem statement 645 

Grasslands in Sub-Saharan Africa are restricted by a shortage of quality and quantity forage 646 

that results in ruminants failing to satisfy their minimum daily dry matter intake and nutritional 647 

requirements (Moyo et al., 2019). Thus, grasslands may be the bottlenecks of livestock 648 

production. Lemaire et al. (2009) noted that herbage production is controlled by climatic 649 

factors, plant species morphogenesis and traits of pastures since plant tissues increase through 650 

leaf elongation, appearance and plant senescence. These factors affect the quality of forage 651 

plants grown in environments with varying degrees of different stresses, moreover, such 652 

stresses give a range of differences between seasons in forage yield and quality (Lascano et al., 653 

2001) which may not be ideal for plant growth.  654 
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Grass species have to be sufficiently robust to establish themselves easily in undesirable 655 

environments, to compete against other species and develop rapidly. Fay and Schultz (2009) 656 

stressed that the establishment of new plant pastures is dependent on raw materials, the 657 

ecological status of the species, the ability of the seed to germinate, seedling growth, and the 658 

type of grazing system to be followed. To ensure positive outcomes on rehabilitating degraded 659 

areas it is crucial to select the right grass species (Smith et al., 2008; Miranda et al., 2012) for 660 

a specific environment. 661 

However, few studies have been published on the establishment of forage plants while, a better 662 

understanding of rangelands, their forage requirements, nutritional content, restoration and 663 

adaption mechanisms of native plant species may be of added value to the local environments.  664 

As such, profound knowledge of the germination, phenology, agronomic and nutritive 665 

characteristics of the desirable plants is required. 666 

1.3 Justification 667 

Rangelands have deteriorated to a greater extent in that the use of veld management principles 668 

have not yielded the intended outcome on the density and rehabilitation of vegetation. This 669 

study seeks to determine key characteristics of prioritized (selected) grass species under 670 

controlled environmental conditions. Species germination, seedling survival, their agronomic, 671 

morphological, nutritional attributes, reproductive cycle and relative growth rates of grasses 672 

are vital in rehabilitating the degraded land. Therefore, knowledge of variation in the 673 

morphology, phenology and nutritive value of selected grass species in different growth stages 674 

under controlled environments is the basic starting point in the prediction of the sustainability 675 

of rangeland resources.  676 

 677 
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1.4 Aim 678 

The main objective of this study was to determine the agronomic, morphological and 679 

nutritional variation of the ecotypes of some selected grass species under controlled 680 

environments for veld restoration in a semi-arid area. 681 

1.5 Specific objectives 682 

1. To evaluate agronomic and morphological characteristics of selected grass species 683 

under a controlled environment. 684 

2. To evaluate the nutritive value of selected grass species at different stages of growth 685 

under a controlled environment. 686 

3. To predict chemical estimates from chemical composition parameters of grass species 687 

under different growth stages.  688 

4. To evaluate the in vitro dry matter degradability of selected grass species at different 689 

stages of growth under a controlled environment. 690 

1.6 Research questions 691 

The following questions were addressed in the study:  692 

1.  Is there a difference in the agronomic and morphological characteristics of selected 693 

grass species under a controlled environment? 694 

2.  Is there a difference in the nutritive value of selected grass species at different stages 695 

of growth under a controlled environment? 696 

3.  Is there any relationship between dry matter intake (DMI), dry matter digestibility 697 

(DMDigest), relative feeding value (RFV), total digestible nutrients (TDN), 698 

metabolizable energy (ME), digestible energy (DE) and chemical constituents? 699 
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4. Is there a difference in the in-vitro dry matter degradability of selected grass species at 700 

different stages of growth under a controlled environment? 701 
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2 CHAPTER TWO: LITERATURE REVIEW 772 

2.1 Introduction  773 

The exponential growth of the human population concerning food supply and likely shortages 774 

are some of the most threatening setbacks facing the future of food security in under-developed 775 

countries (Fróna et al., 2019). Mohajer et al. (2012) highlighted that the production of forage 776 

grasses has the capacity of feeding grazing animals and subsequently providing humans with 777 

animal commodities (meat and milk). Grasses are not only limited to extensively supplying 778 

ruminants with feed, but also of deteriorated rangelands (Rad et al., 2013). Approximately 80% 779 

of South African’ land is occupied by rangelands of which close to 69% belongs to semi-arid 780 

regions, where a majority of livestock productivity is suited (Schroeder et al., 2019). 781 

Furthermore, in sub-Saharan Africa, this country is generally known to be water-scarce with 782 

an annual rainfall mean of 450 mm (Amary, 2016; Swanepoel et al., 2016). Gxasheka et al. 783 

(2017) mentioned that ranching, commercial and communal rangeland production exist in the 784 

country and are grouped into three types. Semi-arid areas in the country are mostly located in 785 

communal rangelands where livestock farming is highly practiced. Overgrazing, increased 786 

runoff, reduced water infiltration, intense soil erosion, reduced vegetative cover and bush 787 

encroachment have been implicated in the frequent land deterioration problems faced by 788 

farmers in semi-arid areas (Hoffman et al, 1999).  However, poor vegetative cover, inadequate 789 

quality and quantity of forage, because of climatic fluctuations, overgrazing and poor veld 790 

management generally have led to dire consequences on livestock production, particularly for 791 

subsistence farmers. 792 

To combat these existing ruminant nutritional challenges and food scarcity the use of selected 793 

native grass species may be an option (Anele et al., 2009). Wassie et al. (2018) highlighted that 794 

native grass species are more accustomed to smallholder farmers. In different agro-ecological 795 
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climates, these grasses adapt and develop requiring minimal inputs. Hence, in semi-arid 796 

systems, the productivity of ruminants could be improved when these grasses are utilized as 797 

the main diet (Asmare et al., 2016). 798 

2.2 Description of common grass species found in arid and semi-arid lands 799 

 Anthephora pubescens (Wool grass) 800 

Anthephora pubescens is an appreciated planted grass in arid and semi-arid areas of Southern 801 

Africa with a precipitation rate of 250 to 650 mm (Gargano et al., 2007). They have tolerance 802 

to drought, high palatability, nutritive content and exceptional forage value (Mynhardt et al., 803 

1994). Moolman et al. (1996) stated that wool grass is generally recommended for use in 804 

pasture production systems in most rangelands of South Africa. Anthephora pubescens is 805 

commonly known as bottlebrush/wool grass. One of the main uses of wool grass is that it is 806 

highly palatable and is grazed by livestock and game. However, it should be carefully managed 807 

due to its high palatability, it may be over-utilized by livestock (van Oudtshoorn, 2014). 808 

 Cenchrus ciliaris (Blue buffalo) 809 

This grass species is indigenous to Africa’s rangelands, it is resistant to heavy grazing, drought-810 

tolerant and has fast growth features that makes it a desirable grass (Tinoco-Ojanguren et al., 811 

2016). This grass is known to be one of the best grasses for semi-arid areas in tropical and 812 

subtropical regions of Southern Africa, India, Mexico, the United States and Australia (Jorge 813 

et al., 2008). Buffalo grass is described as robust, C4 deep-rooted perennial grass naturally 814 

found in tropical and subtropical climates (Sharif-Zadeh & Murdoch, 2001). Some common 815 

features of Cenchrus ciliaris include a tufted, decumbent structure with swollen nodes that 816 

have roots attached to them (Isaiah & Tachenama, 2015). Blue buffalo grass is well distributed 817 

in most soil types however it prefers sandy to loam soils. As a pasture, it grows in clay soil 818 
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once established. Its high leaf yield classifies it as palatable and good grazing grass. 819 

Unfortunately, its palatability is compromised at maturity stage of the grass (van Oudtshoorn, 820 

2014). 821 

 Chloris gayana (Rhodes grass) 822 

Chloris gayana grass species are crucial in the tropics and subtropics. They are native to the 823 

grasslands of Africa and it is also distributed worldwide (Ponsens et al., 2010). This grass is 824 

traditionally known to withstand heavy grazing (Gherbin et al., 2007). Chloris gayana grass is 825 

a C4 grass that has been introduced in pastures of lowland areas of arid grasslands and 826 

cultivated pastures (Imaz et al., 2015). Rhodes grass has a leaf blade of 3–9 mm wide, 250–827 

500 mm long, also the leaf blade is smooth, leaf sheaths are compressed and this grass flowers 828 

from November to May (van Oudtshoorn, 2014). 829 

 Dactylis glomerata (Cocksfoot) 830 

Cocksfoot (Dactylis glomerata) a strong tufted cool-season long-lived perennial species with 831 

deep roots and it can grow up to 150 cm (Heuze & Tran, 2015). The cocksfoot grass has flat 832 

shoots at the early growth stage with either greyish to green leaves which are much longer and 833 

form a V–shape cross-section (Kabine, 2015). The translucent ligules are white with flattened 834 

and no hair leaf sheaths (Lamp et al., 2001). Dactylis glomerata leaf blades are 2–8 mm wide 835 

and 5–10 mm long. Cocksfoot grows in well-drained to dry soil such as clay and loamy soils 836 

(pH 4.5-8.2) (Duke, 1983). As a cool-season species, the grass performs best in winter rainfall 837 

conditions. It grows best in cool high summer rainfall areas, where the soils are moist in winter 838 

(irrigation) (Donaldson, 2001). Some of the advantages of cocksfoot grass are that the species 839 

produces fresh leaves continuously, it tolerates severe grazing (Cullen et al., 2006), it is 840 

palatable and has good animal production potential (Kabine, 2015). 841 
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 Digitaria eriantha (Common finger grass) 842 

This perennial species has fast-spreading stolons that do not give viable seeds when established 843 

(Tikam, 2014). Tropical zones like South Africa and some parts of the world are home to 844 

Digitaria eriantha grasses as it is well established (Tikam et al., 2013). Of the cultivated 845 

pastures in Southern Africa, common finger grass is one of the best natural pastures and is 846 

highly palatable. Digitaria eriantha grasses are the foremost naturally cultivated pastures of 847 

Southern Africa. It is highly dominant in velds of good condition and, it is used for grazing, 848 

hay, or standing hay (van Oudtshoorn, 2014). A deep root system makes Digitaria eriantha 849 

grass extremely drought tolerant (Mosebi et al., 2018). Some other features of common finger 850 

grass are that it grows well in sandy loam soil with good drainage. The inflorescence (3-15 851 

racemes), which are spread out is in a digitate form (Isaiah & Tachenama, 2015). Thin finger-852 

like racemes, a hairy lower part with long stolons and sometimes unbranched culms is how the 853 

grass looks like finger like racemes (Muller, 2014). 854 

 Eragrostis curvula (Weeping love grass) 855 

Eragrostis curvula is indigenous to Southern Africa and East Africa rangelands, however, it is 856 

now distributed in many other parts of the world as a weed and/or a fodder crop (Cougnon, 857 

2013). This grass is sometimes called African love grass and shows exceptional growth in 858 

severely grazed and trampled velds including regions with high precipitation. Weeping grass 859 

becomes well established and it is usually used to stabilize exposed and disrupted soil 860 

(Westcott, 2011). Eragrostis curvula establishes well in fertilisation, the quality of hay is good 861 

especially for early spring grazing, but in natural rangelands, it is not recommended for grazing 862 

because it is a semi-palatable grass (Mynhardt et al., 1994). The seed heads have an open 863 

panicle with dark grey to dark olive spikelets (Mapiye et al., 2006). Additionally, weeping 864 

grass flowers from August to June (van Oudtshoorn, 2014). 865 
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 Festuca arundinacea (Tall fescue) 866 

Tall fescue, Festuca arundinacea, is a deep-rooted grass originating from North Africa, 867 

Western Europe, West and Central Asia and was introduced in south and East Africa (Gibson 868 

& Newman, 2001). This grass species has dark green flat leaves, erect with a unique midrib 869 

(Kaufononga, 2015). Tall fescue can adapt to different environments and is known to be a 870 

highly productive species because it is a rhizomatous species (Lazenby & Lovett, 1997). 871 

Notable characteristics in tall fescue species include drought tolerance and good adaptation in 872 

arid to very wet areas. Festuca arundinacea is described as a short-day plant. Its stem 873 

elongation and ear emergence take place from April to May while, the first flowering stage is 874 

in early February to March (Chatterjee, 1961). 875 

 Panicum maximum (Guinea grass)  876 

Panicum maximum is a clump-forming perennial grass that performs exceptionally in warm 877 

frost-free areas (Asaolu et al., 2015). The species can withstand ongoing overgrazing over a 878 

prolonged time during plentiful annual precipitation and it grows better in the rotational grazing 879 

system (Aganga & Tshwenyane, 2009). The species is native to South Africa and one of the 880 

best grasses for its nutritive content and it is highly palatable (Ajayi & Babayemi, 2008) and 881 

again best species on its distribution due to its high leaf and seed production (Westcott, 2011; 882 

Adjolohoun et al., 2014). Since the grass gives high production of palatable fodder around 883 

warmer months, the however nutritional content of the grass decreases rapidly as the maturity 884 

stage increases (Van Niekerk et al., 2010). Panicum maximum grass grows best in sandy loam 885 

soil with good drainage and also in damp fertile soil along the river (Onyeonagu & Asiegbu, 886 

2012). The species can grow up to 100cm with hairy culms and sheaths accompanied by broad 887 

leaves with open panicle seed heads (Isaiah & Tachenama, 2015). Other characteristic of 888 
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guinea grass is that it remains green until late in the winter and it flowers from September to 889 

March in the Southern hemisphere (van Oudtshoorn, 2014). 890 

 Themeda triandra (Red oats grass) 891 

The red oats grass species is found in the African (Southern Africa), Asian and Australian 892 

continents. In Southern Africa, the species had been suggested as an ideal grass to be 893 

established for grassland restoration (Hendricks, 2003). Red grass is highly palatable and a 894 

decreaser species (Tainton, 1981). The presence of this species in the veld shows the good 895 

condition of the rangeland. Some other features of red grass include inflorescence comprising 896 

of clusters of spikelets which are often drooping.  Most parts of the plants have a red colour 897 

late in the season, and this grass flowers from October to July on each spikelet (van Oudtshoorn, 898 

2014). 899 

 Setaria sphacelata var. sphacelata (Common bristle grass) 900 

The common bristle grass is a perennial species with a stem that can grow up to 200 cm. The 901 

seed head is a spike, dense and cylindrical of length between 10 and 30 cm (van Wijk, 1980). 902 

This species is unique in its tolerance to heavy grazing and ease to establish by seeds as well 903 

as its adaptation to different soils and water-logging. The species is intolerant to drought and 904 

frost (Reyno et al., 2013). Setaria species can adapt to an area that has rainfall of 750mm (Jank 905 

et al., 2002). Ruminant productivity on Setaria grasses is restricted by low precipitation. 906 

According to Jank et al. (2007), common bristle grass is popularly known to be palatable, with 907 

an average to high leaf production which is reasonably well-utilised as hay or silage by game 908 

and livestock especially dairy and beef. 909 

 910 

2.3 Rangeland deterioration 911 
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There are three rangeland production systems that exist in South Africa; namely communal 912 

rangelands, commercial rangelands and wildlife (that includes game ranching). Communal 913 

production systems are known for their complex nature because resources are owned by several 914 

people, like farmers, community and government (Tokozwayo, 2016). Hence these rangelands 915 

are more vulnerable to experiencing deterioration over time. Rangelands have multiple 916 

functions, of which the most essential is the provision of vegetative cover for soil protection 917 

and to ensure financial security from ruminant feed including other secondary resources 918 

(Mannetje, 2002). South Africa’s semi-arid rangelands, which are essential for livestock 919 

production, have been gradually changing and are threatened by mismanagement. Hence, the 920 

production capacity of these communal rangelands is deteriorating (Moyo et al., 2013).  921 

Several definitions for rangeland deterioration can be found. Ndandani (2014) expressed that 922 

there is no one distinguishable definition for land deterioration but all these definitions describe 923 

how several land resources (soil, vegetation, water, rocks, air) have changed for the worse. 924 

Therefore, Wessels et al. (2004) state that land deterioration has a wide range of definitions. 925 

Han et al. (2008) defines rangeland deterioration as the reduction in forage grass diversity, 926 

plant height, vegetative protection and forage production in arid or semi-arid regions. 927 

Acknowledging that rangeland deterioration is not easily recognisable, farmers see that the land 928 

is progressively becoming degraded when certain grasses start to disappear (Snyman, 2003).  929 

Rangeland deterioration is still a common worry in every part of sub-Saharan Africa, with 930 

many induced human or abiotic factors that have resulted in a decline in productivity and 931 

environmental quality (Jama & Zeila, 2005). Further implications of deterioration have been 932 

increased poverty, food insecurity and increased aid (Al-bukhari et al., 2018). Deterioration of 933 

rangeland ecosystems severely threatens the livelihoods of African societies and economies, 934 

and the functioning of sustainable animal production (Kotzé, 2015). Well-known and major 935 

causes that initiate rangeland deterioration include but are not limited to climate change, 936 
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drought, bush encroachment, overgrazing, high human population and state policies (Mussa et 937 

al., 2016).  938 

A benchmark for rangeland deterioration is an alteration to the abundance of species, reduction 939 

in species diversity and biomass, more bare patches, a reduced animal production (ruminant 940 

activity), soil erosion and bareness (Zerga, 2015). Furthermore, degradation happens over time 941 

and changes in vegetation are gradually revealed over an increase in invasive plants also a 942 

reduction of woody plants (Wessels et al., 2004; Monaco et al., 2012). 943 

2.4  Causes of rangelands deterioration 944 

Generally, natural and human-induced activities are well known for inducing the deterioration 945 

of rangelands. Figure 2.1 shows these common factors and their consequences toward 946 

rangeland deterioration. These factors are recognized in South Africa and are discussed 947 

hereunder: 948 

 Overgrazing 949 

Animal grazing is regarded as one of the common causes for the deterioration of communal 950 

rangelands and extremely heavy grazing has often been given as a primary reason for the 951 

subsequent decrease in biodiversity around semi-arid areas (Jeddi & Chaieb, 2010). Saini et al. 952 

(2007) highlighted that the outcomes of grazing on the grass population are detrimental due to 953 

the reduced grass cover, production and litter accumulation, topsoil disturbance, and 954 

compaction of soil because of animal trampling (Saini et al., 2007). Various scholars (Di 955 

Tomaso et al., 2010; Taube et al., 2013; Tesfahunegn, 2018) mentioned that these tend to 956 

aggravate soil crusting, decrease infiltration, intensify the likelihood of soil erosion including 957 

a reduction in soil fertility. 958 

Magandana (2016) stated that in an erratic rainfall season grazing is severe and this puts stress 959 

on the growth of grass as compared to the growth of grass under a high rainfall. Hussain and 960 
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Durrani (2009) verified that the pressure of high grazing lessens the growth rate of individual 961 

grasses and also affects their reproductive potential and thus their competitive relationship 962 

among the different species is influenced. Additionally, artificial watering points can lead to 963 

expanding pastures and livestock populations (mainly cattle and sheep) and ultimately 964 

contribute to slowing the process of rangeland deterioration. 965 

 Bush encroachment 966 

Bush encroachment takes place when invasive shrubs or trees encroach previous grassland 967 

regions and modify them to different forms of shrubbed grasslands (Magandana, 2016) 968 

meanwhile, the tree and shrub densities might proliferate into shrubbed thickets. Mussa et al. 969 

(2016) highlight that the information on the immediate spread of encroachment and plant 970 

invasion throughout arid-semi-arid areas is well documented as a frequent type of rangeland 971 

deterioration. While encroachment of the bush is taking place, there is a shift in vegetation 972 

diversity from herbaceous plants to woody species, which leads to a reduction in the basal 973 

cover (Al-bukhari et al., 2018). Therefore, these processes have reduced the relative amount of 974 

forage grasses, decreasing the carrying capacity of natural pasture, and decreased the 975 

sustainable progression of animal productivity (Bedunah & Angerer, 2012). 976 

 Climate change 977 

According to Bloor et al. (2010), climate change is the main force that controls the dynamics 978 

of sub-Saharan rangelands. In rangelands, the obvious consequences of climate change include 979 

vegetation diversity, veld deterioration plus water scarcity (Fereja, 2017). According to 980 

Luscher et al. (2014), the depletion of biodiversity together with climate change are worldwide 981 

issues, their causes are complicated, and they differ in every part of the globe. Climate change 982 

affects land deterioration by changing vegetation, soils, hydrological cycle, soil properties, and 983 

rangeland water dynamics (Hopkins & Del Prado, 2007; Zerga, 2015). For arid to sub-humid 984 
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regions, this will result in the modification of grazing systems as a response to higher 985 

precipitation inconsistency, alterations in the drought and flood frequency (Mussa et al., 2016). 986 

2.5 Consequences of rangeland deterioration 987 

The following section deals with specific consequences that result in rangeland deterioration 988 

of arid/semi-arid zones on the African continent, and in the South African context: 989 

 Vegetation deterioration  990 

The major drivers leading to range deterioration have contributed immensely towards the 991 

reduction in vegetative production (Jama & Zeila, 2005). Jama and Zeila (2005) maintained 992 

that defoliation may change the vegetative structure of rangelands from perennial grasses to 993 

annual grasses, together with a decline in production (Snyman, 2004; Wiegand et al., 2004; 994 

Zimmermann et al., 2010) including a higher variability in the long run (Illius & O’Connor, 995 

1999). Heavy grazing might lessen the rangeland’s aerial and basal cover leading to more 996 

evaporation and runoff, including a malfunctioning land made up of water and nutrient 997 

deprivation by eliminating humus and the topsoil (Kassahun et al., 2012). Ecological 998 

responsiveness of semi-arid zones becomes gradually subjected to heavy grazing pressure, 999 

which results in deterioration (Rutherford & Powrie, 2009). The developing countries have not 1000 

yet fully addressed the problem of increased rangeland deterioration and urgent solutions need 1001 

to be implemented to have enough opportunities to reverse the deterioration. 1002 

 Soil deterioration 1003 

Deterioration processes usually begin with the degradation of vegetation including the extent 1004 

of soil deterioration which influences the basal cover. In various ways, soil deterioration gives 1005 

a reflection of the state of the vegetation (Hano, 2013). In South Africa’s rangelands soil 1006 

degrades with declining rangeland conditions meaning: soil compaction and surface 1007 

temperatures are increased, aggregate stability and infiltration rates decreased, and soil organic 1008 
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matter (SOM) and thus soil-inherent nutrient supply is reduced on the topsoil (Snyman, 2004; 1009 

Myburgh, 2013). When cattle remove the herbaceous cover, the aboveground phytomass that 1010 

protects the soil against splash erosion is also removed, and new carbon inputs from litter and 1011 

roots decrease. 1012 

The resulting losses of SOM are crucial in the semi-arid environments because the SOM 1013 

prevents soil erosion through aggregate stabilization. Pei et al. (2008) has shown that soil 1014 

deterioration can be improved or lessened by human actions which include veld management, 1015 

a reduction in severe grazing, and less deforestation. Again, overgrazing is a profound issue 1016 

for semi-arid areas that instigate soil to be compacted and soil loosening in regions with sandy 1017 

soils, resulting in wind erosion. 1018 
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 1019 

Figure 2.1: A summary diagram showing the process of rangeland deterioration (Al-bukhari 1020 

et al., 2018) 1021 

 1022 
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2.6 Restoration techniques 1024 

To ensure proper rehabilitation of deteriorated rangelands, information on the state of function 1025 

prior to degradation, and utilise this knowledge to assemble and restore its important processes 1026 

(Fayiah et al., 2020). The following are the common techniques used to rehabilitate degraded 1027 

rangelands (Figure 2.2): 1028 

 1029 

Figure 2.2 A diagram with the different rehabilitation methods of veld restoration  1030 

 Reseeding and revegetation 1031 

Tessema et al. (2011) stated that prolonged overgrazing pressures together with the frequent 1032 

droughts have altered large portions of rangelands to complete bare patches. These 1033 

circumstances subject rangelands to be more susceptible to wind and soil erosion, which 1034 

lessens the soil fertility and seed germination. In response to this problem several studies 1035 
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(Zucca et al., 2015; Mussa et al., 2016; Yirdaw et al., 2017) have documented that land 1036 

deterioration can be reversed through reseeding in the event of extremely deteriorated 1037 

rangelands, as the seedbanks are depleted and fall below the capacity of < 10-15%.  1038 

Reseeding technique needs an ongoing implementation for restoring deteriorated rangelands 1039 

(Mekuria & Aynekulu, 2013). Regions with a continuous decrease in grass cover are effectively 1040 

restored in a shorter time through introducing vegetation that is well acclimatized to serve 1041 

climates within the area (Opiyo et al., 2011). Preparing the land, adding fertilizers, continuous 1042 

nourishment, and persuading farmers to gather sufficient seeds in the growing season to plant 1043 

are necessary. Climate, weed management, preparing and pre-treatment of seeds all determine 1044 

the success of reseeding (Kinyua et al., 2010). In East Africa vegetative reseeding techniques 1045 

are successfully utilised as a way of restoring deteriorated rangelands (Tilahun et al., 2017) but 1046 

they demand more costs in pastoral systems (van den Berg & Kellner, 2005). 1047 

 Bush encroachment control 1048 

Mussa et al. (2016) described bush encroachment control as a manner of reducing and 1049 

suppressing the excessive spread or invasion of tree species at the expense of other herbaceous 1050 

species. Bassett & Zuéli, 2000; Briggs et al., 2005; Mussa et al., 2016 pointed out that, 1051 

encroachment proliferates in cover and thickness in a few biomes (savanna and grassland) 1052 

especially in African savannas. Briggs et al. (2005) further argued that such environments may 1053 

ignite the shifting of grassland to shrubland biomes, which is a concern for farmers and their 1054 

grazing ruminants due to the thickness of woody vegetation which competes highly with forage 1055 

material and decreases the stocking rate (Abule et al., 2007; Angassa & Oba, 2008). The 1056 

objective behind the suppression of the bush is to generate a quality rangeland for grazing 1057 

animals resulting in, forage yield is higher while reducing tree species (Angassa & Oba, 2008). 1058 

Different ways of controlling bush encroachment exist but there are three well-known 1059 
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techniques viz., mechanical, chemical and biological control. In controlling bush 1060 

encroachment, a one-way approach is not necessarily helpful in achieving a maintainable 1061 

control of a rangeland. Lesoli et al. (2013) recommended that it is more likely that a combined 1062 

approach can justify the restoration of deteriorated rangelands that were encroached by 1063 

merging various techniques. Also, the use of existing indigenous and/or traditional knowledge 1064 

of the local community can be used as part of the integrated approach to achieve a common 1065 

goal of controlling bush encroachment (Tessema et al., 2011). 1066 

 Rangeland enclosures 1067 

A popular method that has been effectively assessed in the restoration of deteriorated 1068 

rangelands is the utilization of enclosures, where for a particular period grazing is suspended. 1069 

Mussa et al. (2017), indicated that from experience in the different regions of Ethiopia 1070 

enclosures are a useful structure for deteriorated rangelands, on condition that they 1071 

comprehensively define their users, resource limits and realistic rules originating locally. 1072 

Angassa (2007) in contradiction, stated that at a later stage the increase of bush encroachment 1073 

is a vital threat for these enclosures in comparison to regular grazing on rangelands. As a result, 1074 

attention should be given to merging native knowledge and science in the management of 1075 

rangeland enclosures to hinder undesirable outcomes. 1076 

 Grazing management practices 1077 

Grazing management is the manipulation of animal grazing to achieve optimum and sustain 1078 

animal, plant, environment and economic outcomes while maintaining a continuous supply of 1079 

forages to grazing animals (Laca, 2009). In order to maintain the livestock numbers equivalent 1080 

to forage supply, rangeland management principles are required and this leads to the animals 1081 

being evenly distributed in the veld. This assists in maintaining the species diversity through 1082 

manipulation of grazing intensity and resting periods (Mussa et al., 2016). In the semi-arid 1083 
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areas, there is a problem of rangeland deterioration and the management of livestock 1084 

relationship, which warrants improvement of livestock management strategies for healthy and 1085 

sustainable rangelands (Ash et al., 2011). In an attempt to facilitate rehabilitation in 1086 

deteriorated rangelands, the implementation of controlled grazing and lowering livestock 1087 

numbers have been highly advised as ways of limiting grazing pressure (Wessels et al., 2007; 1088 

Li et al., 2013). The authors further indicated that the target of sustainable rangeland 1089 

management and maximization is to capture, infiltrate and to store rainwater into the soil, in 1090 

which plant cover, organic carbon of soil will enhance the favorable conditions of the area. 1091 

Mitchell et al. (2009) confirms that to sustain the health and production status of rangelands, 1092 

the number and class of the animals and the vegetative condition should be considered. The 1093 

application of a deferment system is enough in maintaining the composition of native grasses. 1094 

Meanwhile, grazing throughout the year may hinder the suppressive effects on the native 1095 

species to maintain high vegetative diversity (Ungar, 2019). 1096 

 Prescribed fires 1097 

Fire as a phenomenal force that influences the structure and function of the ecosystem, 1098 

especially in East African savanna biomes (Higgins et al., 2000). The main role of fire is to 1099 

maintain grassland ecosystems by creating the vegetative composition of rangelands (Angassa 1100 

& Oba, 2008). The use of the fire technique in rangelands assists in controlling and clearing 1101 

woody species, encourage grass regrowth and palatability, controlling of wildfires (Terefe et 1102 

al., 2010), and the removal of moribund vegetation, which is replaced by young regrowth of 1103 

grasses.  1104 

There is a high concentration of nutrients on plants after a veld fire and more animals gain 1105 

when compared to those animals exposed to unburnt vegetation (Van Langevelde et al., 2003; 1106 

Higgins et al., 2000). There was an increase of total basal cover from 18–40 % in Southern 1107 

Ethiopia rangeland by Themeda species with the use of fire (Coppock et al., 2007). This 1108 
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technique should be implemented properly, and together with other appropriate rangeland 1109 

management practices, it can effectively control woody species and enhance herbaceous 1110 

quantity and quality. Additionally, in the absence of managed fire, organic matter and litter 1111 

would build up thus increasing tree densities, leading eventually to forested areas. Some 1112 

desirable grasses can be favoured by fire and this may lead to the suppression of undesirable 1113 

grass species that normally reproduce through seeds as some of these seedlings may be 1114 

destroyed by fire if growing points are exposed to high temperatures. 1115 

2.7 Land restoration in semi-arid areas 1116 

Understanding the preservation of operational ecosystems is inadequate to securing the future 1117 

of the human population (Yirdaw et al., 2017), also the deteriorated grasslands often do not 1118 

improve over a natural exercise of succession in semi-arid areas within short periods to a 1119 

potential that can be utilised for crop and livestock production (Van den Berg, 2007). 1120 

Restoration is an option once transitions and range conditional states have crossed the threshold 1121 

for natural recovery (Tuffa et al., 2017). Many definitions exist for such rangeland 1122 

improvement actions, i.e., reclamation, reinforcement, restoration, rehabilitation and re-1123 

vegetation (Le Houerou, 2000). For the benefit of the current study using all of these above-1124 

mentioned terms would mean improving rangelands for sustainable use by land users 1125 

specifically for livestock production. Since there is an integrated effect of humans plus 1126 

environmental determinants, degradation spreads rapidly and lessens the productivity of 1127 

rangelands while decreasing their environmental quality (Teague et al., 2011). 1128 

Jun-qing and Guo-fa (2000) highlighted the fact that the outcome of rangeland restoration is 1129 

gradually showing to be an essential implementation in the society’s effort to preside over, 1130 

maintain and rehabilitate not necessarily the creation of above-ground biomass, but the native 1131 

grasses that were once dominant in that community (Guevara et al., 2008). Depending on the 1132 

extent of damage, two types of restoration methods exist viz., passive restoration and active 1133 
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restoration. The first method focuses on terminating anthropogenic determinants that cause 1134 

degradation as a means of restoring degraded habitats. Meanwhile the latter deals with biotic 1135 

manipulation that is done by reintroducing back animals or plants that may have been 1136 

eradicated from an area (Meroni et al., 2017). Additionally, the views of other scholars are that 1137 

deteriorated rangelands could be improved through revegetation with native forage species, 1138 

which will be acclimatized to local climates and normal functioning with other species in the 1139 

community (Kusler, 2009; Xulu, 2014; Zucca et al., 2015; Fenetahun et al., 2018). 1140 

2.8 Factors influencing plant response to defoliation 1141 

The most herbivory striking aspect is defoliation of plants which also affects the plant 1142 

performance, leading to reduced plant growth, reproductivity and strength. There is a broad 1143 

range of physiological and morphological processes on a temporal scale involved when a plant 1144 

responds to disturbances (Briske & Richards, 1996). 1145 

The photosynthetic activity, structural and non-structural carbohydrates together with mineral 1146 

nutrients distribution with delayed plant senescence are some of the physiological processes. 1147 

While changes in leaf-stem ratio, leaf area ratio and roots development are some of the 1148 

morphological processes. Plant compensation for degradation will also be viewed in the context 1149 

of biotic and abiotic environments (Prins & Verkaar, 1992). 1150 

 Chlorophyll 1151 

Chlorophyll, representing the green colour in plants is an important indicator of health in plants 1152 

due to its involvement in photosynthetic processes. Khaleghi et al. (2012), Ashraf and Harris 1153 

(2013) and Sheikh et al. (2017), stressed that photosynthetic processes are essential in plant 1154 

performance and it contributes heavily to plant productivity. During the photosynthetic 1155 

processes, the capacity of chlorophyll which is confined to the chloroplast in plants symbolises 1156 
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the plant’s ability to convert the radiation energy into chemical energy (Mishra et al., 2013; 1157 

Yin et al., 2016; Hughes et al., 2017).  1158 

Moreover, chlorophyll concentrations are higher in immature and highly digestible leaves 1159 

when compared to old and highly fibrous leaves (Gitelson et al., 2003) as influenced by 1160 

seasonal variations and growing conditions (Darvishzadeh et al., 2003). 1161 

 Morphological mechanism 1162 

2.8.2.1 Above ground production 1163 

The morphological and physiological attributes of plants are normally affected by defoliation 1164 

(Prins & Verkaar, 1992). Several animal grazing studies have reported that the reduction of the 1165 

above-ground part is influenced by intensity, frequency duration and most probably the species 1166 

response to defoliation. Other abiotic factors may include climatic conditions, edaphic, and 1167 

availability of soil moisture and fertility (Biligetu, 2009). The availability of meristem 1168 

differences for plant growth following disturbances alters the regrowth among plant 1169 

developmental stages (Rooney & Waller, 2001). The regrowth normally happens from the 1170 

apical meristems followed by leaf primordia from auxiliary buds (Fahnestock & Detling, 1171 

2007). Defoliation before the end of the early growth stage is good and at this stage, there is 1172 

less injury in plants (Irwin, 2000); while disturbed plants during the elongation stage exhibit 1173 

little growth (Briske & Richards, 1996).  1174 

2.8.2.2 Growth stages of grasses 1175 

Phenology is defined as the timing of the changes in the plant's growth cycle (George & Rice, 1176 

2016). The authors make an example of life cycle events that include vegetative, elongation, 1177 

flowering, seeding and dormancy (Figure 2.3) and it is affected by seasonal changes and 1178 

variations in the weather. The gradual conversion of vegetative bud to floral bud on apical 1179 

meristem is the plant response to the length of the day, high and low temperature and other 1180 
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environmental variables. This process is called the induction of flora which is a transitional 1181 

phase (Aanderud et al., 2003). During the elongation stage, the induction of the flora starts, 1182 

leaf sheaths begin to elongate, and the internode culms also elongate up to the grazeable height. 1183 

The success of the plant to regenerate depends on the strength of meristems or buds (Henneman 1184 

et al., 2014). Authors stated that a plant that develops many growing points is susceptible to 1185 

grazing when compared to those that have one culm with a growing point close to the ground.  1186 

 1187 

Figure 2.3: Grass plants in different growth stages (USDA, accessed 30 March 2021) 1188 

 1189 

2.8.2.3 Growing points 1190 

Depending on species, a grass plant has several growing points. The apical meristems in grasses 1191 

normally develop into flowers and are elevated during the process of flowering (Bell et al., 1192 

1994). The other growing points normally give rise to tillers, stolons and rhizomes. Following 1193 

grazing, intercalary meristems allow the leaves to grow except those shoots whose buds are 1194 
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located near the ground (George & Rice, 2016). Some of the buds elevate as the season 1195 

progresses and this makes the plant buds susceptible to defoliation. There will be a reduction 1196 

of risk if there is a delay in bud elevation. During springtime, the growing points are close to 1197 

the ground with little or no access by livestock because if accessible, the livestock will only 1198 

remove the leaf tips without interfering with the growing point of the plant (Figure 2.4). New 1199 

tiller can also develop from the dormant basal buds if the main growing point is removed 1200 

(Henneman et al., 2014).  1201 

Figure 2.4: Growing points of grasses (USDA, accessed 30 March 2021) 1202 

 1203 

2.8.2.4 Tiller development 1204 

Grasses have axillary buds that give rise to tillers (Hendriks et al., 2016). After 2-3 leaf growth, 1205 

the primary tillers usually produce secondary tillers at the stem base using auxiliary buds 1206 

(Briske & Noy-Meir, 1999). When defoliation is taking place at the three-leaf stage, the 1207 

removal of the tiller tip (apical meristem) is certain (Archer & Tieszen, 1980; Rooney & 1208 

Waller, 2001) and tiller development comes from axillary buds (Zhang & Romo, 1995). For 1209 
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most grasses, when the axillary bud has slow activity at the internode stage, it influences a 1210 

slower development of tillers (Briske & Richards, 1996). Several environmental factors (biotic 1211 

and abiotic) influence tiller initiation. Prins and Verkaar (1992) mention that the low 1212 

concentration of soluble carbohydrates and high rates of respiration as influenced by high 1213 

temperatures normally inhibit tillering.  1214 

As highlighted by Fahnestock and Detling (2007), changes in light intensity affect tiller 1215 

development. Guenni et al. (2002) stressed that tiller density is enhanced with higher light 1216 

intensity apical meristems following the elongation stage and more tillers can emerge in 1217 

response to disturbances (grazing/cutting) if the meristem is not removed. 1218 

2.9 The economic cost of rehabilitation of techniques 1219 

Rangeland provides resources required by humans globally, and their lives are always 1220 

threatened by ecosystem deterioration (Schmiedel et al., 2017). There is a growth in demand 1221 

for sustainable agriculture as influenced by high population and this requires more efforts to 1222 

curb rangeland degradation to address food security globally (Lal, 2001). This study shows the 1223 

costs of restoration measures and their overall economic impacts on different restoration 1224 

methods. 1225 

Various reasons are presented by farmers when restoring the degraded lands. These reasons are 1226 

from non-monetary to financial benefits for their lives (Weston et al., 2015). Factors such as 1227 

cost and time are always considered as they prevent communities from restoring the rangelands 1228 

(Boyd & Svejcar, 2009). Most of the farmers under the land care group sometimes have more 1229 

experience with the rehabilitation of rangelands (Jellinek et al., 2013).  1230 

Restoration has an economic challenge because it is a slow process activity that also has its low 1231 

productivity and financial returns (Matthee, 2015). Information on cost and financial gains is 1232 

poorly recorded in the literature, which creates difficulties in the evaluation of the economic 1233 
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loss when land is degraded or restored (Herling et al., 2009; Bullock et al., 2011). Since there 1234 

is a lack of economic data on land degradation, there is little or no mechanism to determine the 1235 

financial impact. In line with South Africa, Mills et al. (2013) and Mills and Cowling (2014) 1236 

have indicated that restoration measures can generate finance only if some of these provided 1237 

ecosystem restoration services are paid for by communities.  1238 

Some of the most frequent methods used in rangeland restoration are replanting and reseeding, 1239 

and these methods differ in costs and benefits (Cohn et al., 2013) Reseeding has been used 1240 

over the years for veld rehabilitated with the thought to increase plant diversity, controlling 1241 

invasive species and soil erosion (Pyke et al., 2013). It is known to be less time consuming 1242 

than replanting of seedlings or mature plants (Palmerlee & Young, 2010) with more success in 1243 

an area of high rainfall (Young & Evans, 2001) than semi-arid areas where the rainfall is erratic 1244 

(Del Cacho et al., 2013).  The success of rehabilitation/restoration methods can be checked on 1245 

specific sites but sometimes it can be assessed based on different environmental conditions 1246 

such as landscape, edaphic status and precipitation (Kinyua et al., 2010; Snyman, 2003).  1247 

2.10 The dependency of livestock on rangeland 1248 

Livestock production is the backbone of farming systems in most developing countries and 1249 

these animals are reared for different reasons such as milk production, meat, hides, manure, 1250 

security as well as cultural practices (Quirk, 2000). Ruminants are the most frequent users of 1251 

rangelands as a source of feed of which this livestock puts pressure on these natural resources 1252 

(FAO, 2009; Bati, 2013). Generally, plants contain nutrients that are vital for ruminants’ 1253 

grazing on extensive production systems. These rangelands have a compelling need to improve 1254 

the nutritional status of pastures to boost animal production, especially around places that 1255 

demand animal products the most and where their livelihoods may be disadvantaged. This is 1256 

mostly so in developing countries (Boval & Dixon, 2012). Therefore, natural rangelands are 1257 

usually severely grazed and thus they fail to supply nutrients that are enough for optimum 1258 
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livestock production. The grazing of animals on rangeland is considered the cheapest source of 1259 

forage, due to its ability to feed several livestock (Ismail et al., 2014).  1260 

2.11 Chemical composition 1261 

Species composition of pastures and plant growth stage at a particular time defines the 1262 

nutritional value of a plant (Coleman et al., 2010). Common factors that cause changes in 1263 

forage quality are the increase in plant maturity, the season, soil nutrient content, frequency 1264 

and intensity of grazing as well as the utilization system (Demanet et al., 2015). Tables (2.1 1265 

and 2.2) below compare the chemical composition and mineral concentration of common 1266 

grasses at various growing seasons. 1267 
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Table 2.1: Average content of the chemical composition of native grass species (g/kg DMD) 1268 

Species  DM OM CP NDF ADF CF References  

D.eriantha F 

H 

271 

895 

606 

- 

81 

43 

714 

695 

423 

351 

363 

- 

Tikam et al., 2013 

C. ciliaris  F 

H 

301 

- 

567 

- 

71 

- 

751 

- 

466 

- 

402 

- 

Jorge et al., 2008 

E. curvula F 

H 

382 

- 

533 

- 

90 

- 

733 

- 

445 

- 

383 

- 

Westcott, 2011 

C. gayana  

 

F 

H 

249 

864 

604 

- 

90 

101 

750 

757 

430 

412 

369 

353 

Gherbin et al., 2007 

D.glomerata F 

H 

207 

891 

694 

- 

163 

131 

599 

637 

323 

365 

297 

302 

Mills, 2007 

Njarui et al., 2015 

T. triandra F 

H 

470 

916 

621 

- 

57 

44 

690 

752 

394 

467 

337 

404 

Everson et al., 2009 

P. maximum F 

H 

227 

898 

592 

- 

112 

91 

723 

711 

434 

427 

313 

367 

Barbosa et al., 2012 

Note: F: Fresh; H: Hay; DM: Dry matter in a fresh and hay matter basis; OM: organic matter; CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent fiber; CF: crude fiber 1269 

 1270 

 1271 

 1272 

 1273 

 1274 

 1275 
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Table 2.2: Average content of the mineral composition of some native grasses 1276 

Species  C P K Na Mg Cu Zn Mn Fe Authors 

E. curvula F 

H 

2.0 

2.9 

1.2 

1.7 

11.6 

14.6 

- 

- 

0.9 

1.1 

- 

- 

- 

- 

- 

- 

- 

- 

Cougnon, 2013 

C. cilliaris F 2.6 1.7 195 0.9 2.2 14 179 33 167 Marshallet al., 2012 

C. gayana F 

H 

3.8 

3.1 

2.9 

2.6 

18.7 

16.9 

3.1 

4.1 

1.9 

1.4 

6 

5 

28 

22 

72 

107 

237 

31 

Van Niekerk & Hassen, 2009 

D.glomerata F 

H 

4.1 

3.9 

2.8 

2.7 

28.9 

38.6 

3.4 

0.3 

2.1 

1.7 

8 

7 

25 

31 

130 

113 

326 

- 

James et al., 2004 

 

T. triandra F 

 

2.7 

 

0.9 

 

6.9 

 

0.5 

 

1.8 

 

5 

 

21 

 

81 

 

- 

 

Cole & Lunt, 2005 

P. maximum F 

H 

6.66 

4.6 

0.62 

3.0 

10.59 

16.3 

0.1 

3.1 

1.9 

3.0 

3 

152 

14 

35 

81 

6 

- 

- 

Adjolohoun et al., 2013 

Adjolohoun et al., 2014 

Note F: Fresh; H: Hay 1277 
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2.12 In-vitro fermentation 1278 

Ozkan and Sahin (2006), highlighted that the thoroughness of fermentation in the rumen is a 1279 

crucial aspect for nutrient assimilation by animals. A diet fed to ruminants is then instantly 1280 

exposed to the degradation microbes in the rumen. Furthermore, Mohamed & Chaudhry (2008) 1281 

stated that the nature of the microbial biomass is facilitated by the final products of degradation 1282 

such as amino acids, ammonia, volatile fatty acids and peptides. Rymer and Givens (2002) 1283 

indicated that the supply of energy and other nutrients such as protein for the rumen tissues is 1284 

done by endogenous protein and the microbial biomass entering the small intestine. 1285 

Chaudhry and Webster (2001) also highlighted that the feed nutritive profile is directly 1286 

dependent on its contents, degree of ruminal degradation plus the digestibility of protein. The 1287 

supplementation of protein, structural and non-structural polysaccharides together with sugars 1288 

are important in prolongation and microbial biomass synthesis vital for animal productivity 1289 

(Chaudhry, 2007). For the nutritional status of the animals to be evaluated, ruminal 1290 

fermentation of the substrates fed to animals must be estimated so that there will be an 1291 

equivalent between the daily needs of the animal and the daily nutrient intake (Osuga et al., 1292 

2005; Rubanza et al., 2003). Rubanza et al. (2003) further stated that this routine method is 1293 

required in order to predict the degradation of nutrients in feeds to formulate the diet that will 1294 

supply the required amounts of nutrients to ruminant animals.  1295 

Research has shown that methods such as in sacco have been amongst the many techniques 1296 

used to study rumen degradation (Blummel et al., 2000; Makkar, 2004). However, this method 1297 

has proven to be undesirable because of its impact on the animal and cost implications 1298 

(Kulivand & Kafilzadeh, 2015). Meanwhile, an in vitro ruminal technique has been developed 1299 

as an alternative to ensure fast, humane and less labour intensive. This in vitro method is used 1300 
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(Krishnamoorthy et al., 2005; Chaudhry, 2008; Murillo et al., 2012).to simplify in sacco 1301 

method without having to use many live animals. 1302 

2.13 Summary  1303 

Most of the areas in the North West Province are under the semi-arid zone. These areas are 1304 

among the world’s most fragile ecosystems, influenced by increases in the misuse or 1305 

mismanagement of natural resources and erratic rainfall leading to periodic droughts. Grasses 1306 

are essential constituents that are the foundation of animal products since they are easily 1307 

accessible as the cheapest resources, especially in communal area rangelands. However, the 1308 

natural distribution of vegetation has long been altered by human activities leading to the 1309 

deterioration of many grazing lands. Excessive stocking rates in communal areas cause a 1310 

reduction of the herbaceous cover, followed by an alteration of the species structure and 1311 

diversity. Species overutilization can drastically make rangelands reach a threshold whereby 1312 

application of grazing management alone cannot be used to rehabilitate the degraded 1313 

rangelands. Several restoration methods can be introduced as the energy-intensive management 1314 

inputs, e.g., bush control, seeding, etc to restore the site to its original state. Livestock 1315 

production improvement in communal areas can be achieved by understanding the variation in 1316 

the morphology, phenology and nutritional profile of grass species in different growth stages. 1317 

This can assist in the prediction of the sustainability of rangeland resources. 1318 

  1319 
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3 CHAPTER THREE: EVALUATION OF AGRONOMIC AND 1833 

MORPHOLOGICAL CHARACTERISTICS OF SELECTED GRASS SPECIES 1834 

GROWN UNDER CONTROLLED ENVIRONMENT 1835 

Abstract 1836 

The analysis of attributes that contribute to the species variation might assist in identifying the 1837 

best species to improve productivity and quality of such forage grasses. The objective of the 1838 

study was to evaluate the agronomic and morphological characteristics of grass species at 1839 

different stages of growth under a controlled environment. The study was carried out in a 1840 

greenhouse at North-West University. Seeds of nine selected grass species (Anthephora 1841 

pubescens, Cenchrus ciliaris, Chloris gayana, Dactylis glomerata, Digitaria eriantha, 1842 

Eragrostis curvula, Festuca arundinacea, Panicum maximum and Themeda triandra) were 1843 

planted in 30 cm diameter and 22 cm deep plastic pots filled to identical weight with potting 1844 

media. Several phenological characteristics were recorded. The growth stages were determined 1845 

as 2-leaf (vegetative), 3-leaf (elongation) and 4-leaf (maturity). A one-way analysis of variance 1846 

was used to analyse the data on germination, erectness, nodes, roots weight and length, 1847 

flowering, and yield parameters. A two-way analysis of variance was used to analyse the data 1848 

on grass morphology, chlorophyll, and biomass parameter. Eragrostis curvula presented the 1849 

highest (P < 0.05) emergence (72%). Panicum maximum (5.82 mm) and C. gayana (5.35 mm) 1850 

had the thickest tiller diameter values (P < 0.05) at the elongation stage than all other grasses 1851 

in the same stage. The highest (P < 0.05) number of leaves per tiller was recorded for C. gayana 1852 

(log10 7.50) at the maturity stage. Eragrostis curvula (56.86 ± 2.30 CCI) grasses had the highest 1853 

(P < 0.05) chlorophyll content than all other grasses at the elongated growth stage. At maturity 1854 

(33.67 g ± 3.64), D. glomerata had the highest (P < 0.05) biomass yield than F. arundinacea 1855 

(21.73 g ± 3.64). Cenchrus ciliaris (60.08 cm) had a longer (P < 0.05) root length than A. 1856 

pubescens, C. gayana, D. eriantha, E. curvula, F. arundinacea, P. maximum and T. triandra. 1857 
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Cenchrus ciliaris, C. gayana, E. curvula and P. maximum had better ranking values based on 1858 

their agronomic and morphological traits across all growth stages. They can complement each 1859 

other in a species establishment in favour of restoring deteriorated rangelands. 1860 

Keywords: germination status, biomass yield, chlorophyll, species ranking, growth stage 1861 

3.1 Introduction  1862 

The germination status of grass plants has been profiled, but there is still a dearth of specific 1863 

information on germination and establishment requirement of important perennial grasses of 1864 

semi-arid rangelands of South Africa. Fay and Schultz (2009) and Zimmermann et al. (2008) 1865 

have indicated that germination time, plant growth stages, plant reproduction and seedling 1866 

establishment are crucial stages in the life cycle of grasses and they contribute to species 1867 

diversity and biomass. They can assist in rehabilitating degraded land. Moreover, the yield and 1868 

quality of forage grasses are strongly affected by their morphology (Gustavsson, 2011). Pasture 1869 

production should be a result of favourable conditions that stimulate tiller development because 1870 

without tiller development there is no production of pastures (Tainton, 2000). Furthermore, 1871 

Tainton (2000), agrees that grazing of forage grasses requires a high tillering rate. Fulkerson 1872 

and Donaghy (2001) state that tillering patterns are determined by the grass species, however, 1873 

it is also dependent on the following factors, namely stimulation of the tillering rate and 1874 

growing conditions, low temperatures, high light intensities and defoliation. When high-quality 1875 

forage is in demand, grazing should take place prior to stem development, the growth after will 1876 

be lacking the desired quality of the stem (Fulkerson & Donaghy, 2001; Tainton, 2000). 1877 

Kwesiga et al. (2003) highlighted that indigenous grass species are valuable for grazing 1878 

animals due to traits like adaptability, drought resistance, reliable forage production, extensive 1879 

root system, improved soil fertility and cheaper cost of inputs. In sustaining balanced grazing 1880 

systems, especially in areas where precipitation is erratic the inclusion of such grasses is 1881 
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preferable. Additionally, many grass species are well adapted in regions with heat stress and 1882 

moisture loss (Ramírez et al., 2004). Hassen (2006) noted that the analysis of traits that 1883 

contribute to the genetic variability could potentially help identify selection criteria to improve 1884 

productivity and quality of such forage grasses mentioned in this study. Therefore, the objective 1885 

of the study was to evaluate the agronomic and morphological characteristics of grass species 1886 

at different stages of growth under a controlled environment.  1887 

3.2 Methods and materials 1888 

3.2.1 Study site 1889 

The study was carried out at Molelwane, North-West University Experimental Farm (10 km 1890 

outside of Mahikeng) (25 85’’00’S, 25 63’’33’ E; at an altitude – 1500 m). The study site is 1891 

located in a semi-arid area with an average annual rainfall of 450 mm and temperature ranging 1892 

from 2º to 34ºC throughout the year. The vegetation type is described as Mahikeng bushveld 1893 

with Acacia dominant species (Mucina & Rutherford, 2006). The controlled environment was 1894 

a greenhouse net structure, with temperatures ranging from 28 to 30 degrees with very limited 1895 

access to birds. The controlled environment did imitate the semi-arid savanna in mostly the 1896 

summer season with temperatures  1897 

3.2.1 Greenhouse experiment 1898 

The experiment was carried out under a controlled environment (greenhouse) that had a 1899 

reflective roof, maintaining a temperature ranging from 20 and 30 °C. At least nine perennial 1900 

grass species (Anthephora pubescens, Cenchrus ciliaris, Chloris gayana, Dactylis glomerata, 1901 

Digitaria eriantha, Eragrostis curvula, Festuca arundinacea, Panicum maximum and Themeda 1902 

triandra) known to have very good forage values were selected. Seeds of selected grass species 1903 

were randomly planted in 30 cm diameter and 22 cm deep plastic pots filled to identical weight 1904 
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with clay-loamy soil. In the growth trial, there were 81 pots (nine pots per each grass species) 1905 

were used to plant the seeds so that each species would be replicated nine times. Seedlings 1906 

were further thinned to ten plants per pot. Plants were watered three times a week and weeds 1907 

were removed regularly by hand picking. 1908 

3.2.1.1 Soil collection 1909 

The soil used in the greenhouse was collected from the surrounding communal areas of 1910 

Mahikeng municipality. The selected perennial grasses were observed to be growing in this 1911 

particular soil type of clay-loamy soil. Areas such as Masutle, Tsetse, Lokaleng and Sunnyside 1912 

were considered for soil collection. Soil samples were collected, mixed and analysed. Soil 1913 

samples collected were in the form of a Clovelly and Hutton series. The sampling was done at 1914 

a depth of 25 cm and soil was dried, grounded and passed through a 2-mm sieve. Soil pH was 1915 

measured in a 1:2.5 soil water relation extraction method. The Kjedahl method was used to 1916 

determine percentage total nitrogen (N) (AOAC, 2012). Percentage organic carbon (OC) was 1917 

analysed using a colorimetric method (Baker, 1976). Sodium (Na) and potassium (K) were 1918 

determined using emission spectroscopy, while magnesium (Mg), calcium (Ca), zinc (Zn), 1919 

copper (Cu), manganese (Mn) and iron (Fe) were determined by atomic absorption 1920 

spectroscopy according to Agrilasa (1998). Phosphorus (P) was detected by an ultraviolet 1921 

spectrophotometer (Olsen & Sommers, 1982). 1922 

The chemical constituents of the soil used are outlined in Table 3.1 and the soil texture is sand 1923 

(74 %), slit (2 %) and clay (24 %). 1924 

Table 3.1: Chemical constituents (mg/kg) found in the soil from three villages around 1925 

Mahikeng, North West 1926 

pH N P K Ca Mg Na Fe Cu Zn Mn C 

4.38 1.9 % 1.4 169 335 86 0.004 3 0.5 1.43 77.4 1.2 

N: nitrogen; P: phosphorus: K: potassium; Ca: calcium; Mg: magnesium; Na: sodium; Fe: 1927 

iron; Cu: copper; Zn: zinc; Mn: magnesium; C: carbon 1928 
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3.3 Sourcing of seeds 1929 

Seeds were outsourced from Barenbrug seed company in Pretoria, Gauteng Province in South 1930 

Africa. 1931 

3.3.1 Data collection 1932 

3.3.1.1  Morphological and agronomic characteristics of the grass species 1933 

Several phenological characteristics were checked for each grass species. Germination 1934 

percentage (%) was obtained five days after planting.  1935 

Germination % = 
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑛𝑡𝑠 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠 𝑠𝑜𝑤𝑛
 1936 

Germination percentage was taken 5 days after planting. Planting was done in October 2019. 1937 

The growth stages were determined as 2 - leaf (vegetative), 3 – leaf (elongation) and 4 – leaf 1938 

(maturity).  1939 

The phenophases recorded: active vegetation growth, flowering, and seeding. Several 1940 

morphology descriptors (plant height (PH), leaf length (LL), leaf number (LN), leaf width 1941 

(LW), tiller number (TN) and tiller diameter (TD)) were assessed at different growth stages, as 1942 

outlined by Ravhuhali et al. (2019). PH and LL were measured using a ruler, the LW and TD 1943 

were measured with an electronic caliper on five mature leaves per plant or tillers randomly 1944 

selected within each pot. Every tiller was randomly selected, and results were taken for the 1945 

tallest leaves. The nodes were determined by counting the number of nodes on the culm and 1946 

visual observation of the erectness were also recorded at the maturity stage. Maturity stage was 1947 

determined by the emergence of the seed heads on grasses. Morphological attributes data were 1948 

collected from October 2019 to December 2019 (on a weekly basis) and for tiller development 1949 

data, plants were allowed to grow until March 2020. The score of erectness of the whole plant 1950 

was measured on a scale of 1= prostrate to 5= upright. Seed weight (fresh weight of 100 seeds 1951 

in gram), root length (cm) and root mass (g) were assessed at the maturity stages. Chlorophyll 1952 
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measurements were taken from each pot at different growth stages (vegetative, elongated and 1953 

maturity) with the Chlorophyll meter SPAD-502Plus (Spectrum Technologies, Aurora, IL, 1954 

USA). The average was recorded to represent the chlorophyll content of the pot. Biomass 1955 

weight values at different growth stages were obtained after drying the fresh weight of grasses. 1956 

Each grass species was scored based on agronomic and morphological traits being ranked 1 to 1957 

9 (1-unsuitable and 9- suitable). Through a combination of morphological and agronomic traits, 1958 

these grasses were ranked in terms of their potential to rehabilitate rangelands. Table 3.2 shows 1959 

the profiles of the grasses selected in this study. 1960 

Table 3.2: Common, scientific names, the life form, ecological status and the grazing value of 1961 

selected grasses 1962 

Common name Scientific name Life form Ecological 

status 

Palatability 

Wool grass  Anthephora pubescens Perennial  Decreaser HGV  

Blue buffalo  Cenchrus ciliaris Perennial Decreaser HGV  

Rhodes grass Chloris gayana Perennial Increaser II  AGV 

Cocksfoot  Dactylis glomerata Perennial Decreaser HGV  

Common finger grass Digitaria eriantha Perennial Decreaser HGV 

Weeping love grass Eragrostis curvula Perennial Increaser II AGV 

Tall fescue Festuca arundinacea Perennial Decreaser HGV 

Guinea grass Panicum maximum Perennial Decreaser HGV 

Red oats grass Themeda triandra Perennial Decreaser HGV 

HGV: High grazing value; AGV: Average grazing value 1963 

 1964 

3.4 Statistical analysis 1965 
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Data on germination, erectness, nodes, roots weight, root length and seed yield parameters were 1966 

analysed using one-way analysis of variance under the general linear model procedure of SAS 1967 

(2010). The following Mathematical Model: 1968 

Yij = µ + Si + Eij 1969 

Where; 1970 

Yij = response variable; µ = population mean; Si = the effect of grass species; Eij = random error 1971 

associated with observation ij, assumed to be normally and independently distributed. 1972 

Statistically significant differences were declared at P < 0.05. 1973 

Two-way analysis of variance was used to analyse the data on the grass morphology, 1974 

chlorophyll and biomass parameter using the general linear model procedure of SAS (2010) in 1975 

different growth stages under the following model: 1976 

Yijk = µ + Si +G j + (S×G) ij+ E ijk 1977 

Where; 1978 

Yijk = response variable; µ = population mean; Si = the effect of grass species; G j = the effect 1979 

of the growth stage; SxG = the effect of ‘interaction between grass species and growth stage; 1980 

Eijk = random error associated with observation ijk, assumed to be normally and independently 1981 

distributed. Statistically significant differences were declared at P < 0.05. 1982 

3.5 Results  1983 

3.5.1 Germination  1984 

Results on germination percentage of selected grass species after five days of planting under a 1985 

controlled environment are presented in Figure 3.1. The seedlings of E. curvula presented the 1986 

highest (P < 0.05) emergence (Mean ± SE; 72% ± 7.07) which was above 50% than C. ciliaris, 1987 

D. glomerata, P. maximum and D. eriantha seeds. Seedlings of D. glomerata, P. maximum had 1988 
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the same (P > 0.05) emergence percentage as F. arundinacea, A. pubescens, D. eriantha, C. 1989 

ciliaris, C. gayana and T. triandra. 1990 

 1991 

Figure 3.1: Germination percentage after five days of planting in nine selected grass species 1992 

grown under controlled conditions  1993 

 1994 

3.6 Agronomy and morphology 1995 

The statistical significance (p value) of the effect of grass species, growth stage and the grass 1996 

species*growth stage interaction on the morphological parameters of nine grass species is 1997 

presented in Table 3.3. There was a significant effect of grass species, growth stages and grass 1998 

species x growth stages interaction on PH, LL, LW, TD, TN, and LN. 1999 

 2000 

 2001 

 2002 

 2003 

 2004 

 2005 
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Table 3.3: The effect of grass species, stage and grass species stage interaction on the 2006 

morphological parameters of nine grass species found in different growth stages 2007 

Factor 

Morphological 

parameter 

Grass species Stage Grass species* stage 

interaction 

PH ** ** ** 

LL ** ** ** 

LW ** ** ** 

TD ** ** ** 

TN * ** * 

LN ** ** ** 

*= P < 0.05  **= P< 0.01 2008 

PH: plant height; LL: leaf length; LW: leaf width; TD: tiller diameter; TN: number of tillers; 2009 

LN: number of leaves 2010 

 2011 

3.6.1 The effect of grass species and growth stage on plant height of nine selected grass 2012 

species grown under controlled conditions  2013 

Results on tiller height at different developmental stages of some selected species under a 2014 

controlled environment are presented in Table 3.4. Cenchrus ciliaris had the taller (P < 0.05) 2015 

tiller heights (76.37 cm) at the elongation stage than C. gayana, D. eriantha, P. maximum, A. 2016 

pubescens, F. arundinacea and D. glomerata grasses. Dactylis glomerata A. pubescens, F. 2017 

arundinacea and P. maximum plants had shorter (P < 0.05) tiller heights (36.78, 47.33, 40.91 2018 

and 51.30 cm) when compared to E. curvula, T. triandra and C. ciliaris grasses in the 2019 

elongation stage. Dactylis glomerata (57.10 cm) grass tillers had the shortest (P < 0.05) tiller 2020 
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heights among all other grass species at the maturity stage. Apart from D. eriantha (118.00 2021 

cm), T. triandra (135.59 cm) grasses had taller (P < 0.05) tiller height among all other grasses 2022 

at the maturity growth stage. Within each species, all grass tillers had taller (P < 0.05) plant 2023 

height values at maturity than the same individual grass species at their elongated and 2024 

vegetative growth stage. 2025 

Table 3.4: Effect of grass species and growth stage on plant height (cm) of nine selected grass 2026 

species grown under controlled conditions 2027 

Growth stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 25.60aC 47.33cB 113.21bA 

Cenchrus ciliaris 34.52aC 76.37aB 107.28bcA 

Chloris gayana 25.61aC 54.94bcB 89.77eA 

Dactylis glomerata 23.96aC 36.78cB 57.10fA 

Digitaria eriantha 28.53aC 52.18bcB 118.00abA 

Eragrostis curvula 37.91aC 69.96abB 102.99bcdA 

Festuca arundinacea 25.07aC 40.91cdB 84.69deA 

Panicum maximum 27.48aC 51.30cB 80.35eA 

Themeda triandra 29.77aC 70.36abB 135.59aA 

SEM 3.50 

a,b,c,d,e,f means in column with different superscripts within each growth stage are significantly 2028 

different (P < 0.05)  2029 
A,B,C means in rows with different superscript within each species are significantly different (P 2030 

< 0.05) 2031 

SEM standard error of the mean 2032 

 2033 
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3.6.2 The effect of grass species and growth stage on leaf length of nine selected grass 2034 

species grown under controlled conditions 2035 

The leaf length (cm) of some grass species grown under a controlled environment are presented 2036 

in Table 3.5. Within each growth stage, all grasses had similar (P > 0.05) leaf length values at 2037 

the vegetative stage. Dactylis glomerata (35.81 cm) leaves had a higher (P < 0.05) leaf length 2038 

value at the elongated growth stage than T. triandra (25.50 cm), A. pubescens (24.96 cm) and 2039 

D. eriantha (22.57 cm) leaves. Anthephora pubescens had the same (P > 0.05) leaf length value 2040 

as C. ciliaris, C. gayana, D. eriantha, E. curvula, P. maximum and T. triandra at the elongated 2041 

growth stage. Festuca arundinacea (54.03 cm) and E. curvula (51.54 cm) leaves had the 2042 

highest (P < 0.05) leaf length than A. pubescens (27.79 cm), C. ciliaris (45.74 cm), P. maximum 2043 

(39.56 cm) and T. triandra (33.84 cm) at maturity stage. Anthephora pubescens (27.79 cm) and 2044 

T. triandra (33.84 cm) had the least (P < 0.05) leaf length at the maturity stage. 2045 

Within each species, A. pubescens had the (P > 0.05) same leaf length across all growth stages. 2046 

Cenchrus ciliaris, C. gayana, D. glomerata, F. arundinacea and P. maximum leaves had higher 2047 

(P < 0.05) leaf length at the maturity stage than the same species at their elongated and 2048 

vegetative stages. Digitaria eriantha, E. curvula and T. triandra had the highest (P < 0.05) leaf 2049 

length than the same species at the elongated and vegetative stage which did not differ 2050 

significantly from each other. 2051 

 2052 

 2053 

 2054 

 2055 

 2056 
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Table 3.5: Effect of grass species and growth stage on leaf length (cm) of nine selected grass 2057 

species grown under controlled conditions 2058 

Growth stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 20.90aA 24.96bcA 27.79eA 

Cenchrus ciliaris 23.56aC 31.39abB 45.74bcA 

Chloris gayana 21.73aC 31.00abB 51.71abA 

Dactylis glomerata 23.13aC 35.81aB 46.66abcA 

Digitaria eriantha 19.09aB 22.57cB 50.14abA 

Eragrostis curvula 23.04aB 29.69abcB 51.54aA 

Festuca arundinacea 18.79aC 32.21abB 54.03aA 

Panicum maximum 18.55aC 27.99abcB 39.56cdA 

Themeda triandra 19.54aB 25.50bcB 33.84eA 

SEM 1.53 

a,b,c,d,e means in column with different superscripts within each growth stage are significantly 2059 

different (P < 0.05)  2060 
ABC means in rows with different superscript within each species are significantly different (P 2061 

< 0.05) 2062 

SEM standard error of the mean 2063 

 2064 

3.6.3 The effect of grass species and growth stage on leaf width of nine selected grass 2065 

species grown under controlled conditions 2066 

The width (mm) of leaves of grass plants at different developmental stages under a controlled 2067 

environment are presented in Table 3.6. Panicum maximum (12.53 mm) had the widest (P < 2068 

0.05) leaf value across all growth stages than all other grass species. Themeda triandra and D. 2069 

glomerata had the same (P > 0.05) leaf width values as A. pubescens, C. ciliaris C. gayana, E. 2070 

curvula and F. arundinacea. Eragrostis curvula had the smallest (P < 0.05) value of leaf width 2071 

(3.65 mm) than the other grass species in the elongation growth stage. Themeda triandra had 2072 



72 
 

the same (P > 0.05) leaf width value as C. gayana, D. glomerata, E. curvula and F. arundinacea 2073 

at the maturity growth stage. Panicum maximum (17.88 mm) leaves had the highest (P < 0.05) 2074 

leaf width values than all other grasses at the maturity stage. 2075 

Within each species, A. pubescens, C. ciliaris, C. gayana, D. glomerata, E. curvula, F. 2076 

arundinacea and P. maximum had higher (P < 0.05) leaf width value than the same species at 2077 

the elongated and vegetative stage which did not differ significantly from each other. Digitaria 2078 

eriantha had the highest (P < 0.05) leaf width value at the maturity stage than the same species 2079 

at the elongated and vegetative stages which did not differ significantly from each other. 2080 

Themeda triandra had the highest (P < 0.05) leaf width value at maturity and elongated stages 2081 

when than the same species at the vegetative stage which did differ significantly from each 2082 

other. 2083 

 2084 

 2085 

 2086 

 2087 

 2088 

 2089 

 2090 

 2091 

 2092 

 2093 
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 2094 

Table 3.6: Effect of grass species and growth stage on leaf width (mm) of nine selected grass 2095 

species grown under controlled conditions 2096 

Growth stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 4.98cC 6.37cB 8.04cdA 

Cenchrus ciliaris 3.95cdC 7.86bcB 12.54bA 

Chloris gayana 5.55bcC 7.40bcB 8.49cA 

Dactylis glomerata 3.84cdeC 6.01cB 7.46cdA 

Digitaria eriantha 7.04bB 8.97bB 12.55bA 

Eragrostis curvula 1.89eC 3.65dB 4.76eA 

Festuca arundinacea 2.92deC 6.43cB 7.90cdA 

Panicum maximum 12.53aC 15.27aB 17.88aA 

Themeda triandra 4.02cdeB 6.11cA 6.27deA 

SEM 0.37 

a,b,c,d,e means in column with different superscripts within each growth stage are significantly 2097 

different (P < 0.05)  2098 
ABC means in rows with different superscript within each species are significantly different (P 2099 

< 0.05) 2100 

SEM standard error of the mean 2101 

 2102 

3.6.4 The effect of grass species and growth stage on tiller diameter of nine selected grass 2103 

species grown under controlled conditions 2104 

The tiller diameter (mm) of some grass species grown under a controlled environment are 2105 

presented in Table 3.7. Within each growth stage, P. maximum had a thicker (4.20 mm) tiller 2106 

diameter (P < 0.05) than all other grass species at the vegetative stage. At the vegetative stage, 2107 

E. curvula had a thinner (P < 0.05) (1.41 mm) tiller diameter when compared to A. pubescens 2108 
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(2.74 mm), C. ciliaris (3.21 mm), C. gayana (3.04 mm), D. glomerata (2.31 mm), D. eriantha 2109 

(2.79 mm), P. maximum (4.20 mm) and T. triandra (2.25 mm).  2110 

Panicum maximum (5.82 mm) and C. gayana (5.35 mm) had the thickest tiller diameters (P < 2111 

0.05) at the elongation stage when compared to all other grasses at the same stage. Eragrostis 2112 

curvula (2.05 mm) and F. arundinacea (2.25 mm) had the lowest (P < 0.05) values of tiller 2113 

diameter at the elongation stage. Digitaria eriantha and D. glomerata had the same (P > 0.05) 2114 

tiller diameter values than C. ciliaris, A. pubescens and T. triandra in the same growth stage. 2115 

Panicum maximum had the thickest (P < 0.05) tiller diameter at the elongation (5.82 mm) and 2116 

maturity stages (6.70 mm) when compared to other grasses in the same growth stages. 2117 

Eragrostis curvula and F. arundinacea had the thinnest (P < 0.05) tiller diameter in elongation 2118 

(2.05 mm and 2.25 mm) and maturity (2.93 mm and 3.08 mm) stages when compared to other 2119 

grasses in the same growth stages.  2120 

Within each species, all grass plants had thicker (P < 0.05) tiller diameter values at the maturity 2121 

stage than the same individual grass species at their elongation and vegetative stages. 2122 

Anthephora pubescens, D. eriantha, and D. glomerata had thicker (P < 0.05) tiller diameters 2123 

in elongation and maturity stages when compared to the same individual grasses at their 2124 

vegetative stage. 2125 

 2126 

 2127 

 2128 

 2129 

 2130 

 2131 
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 2132 

 2133 

Table 3.7: Effect of grass species and growth stage on tiller diameter (mm) of nine selected 2134 

grass species grown under controlled conditions 2135 

Growth stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 2.74bcB 3.72cA 3.96dA 

Cenchrus ciliaris 3.21bC 4.28bB 4.92cA 

Chloris gayana 3.04bC 5.35aB 5.89bA 

Dactylis glomerata 2.31cdB 3.82bcA 4.09dA 

Digitaria eriantha 2.79bcB 3.92bcA 4.09dA 

Eragrostis curvula 1.41eC 2.05dB 2.93eA 

Festuca arundinacea 1.84deB 2.25dB 3.08eA 

Panicum maximum 4.20aC 5.82aB 6.70aA 

Themeda triandra 2.25cdB 3.42cB 5.45bcA 

SEM 0.19 

a,b,c,d,e means in column with different superscripts within each growth stage are significantly 2136 

different (P < 0.05)  2137 
A,B,C means in rows with different superscript within each species are significantly different (P 2138 

< 0.05) 2139 

SEM standard error of the mean 2140 

 2141 

3.6.5 The effect of grass species and age on the average number of tillers of nine selected 2142 

grass species grown under controlled conditions  2143 

The average number of tillers of grass species at different ages under a controlled environment 2144 

are presented in Table 3.8. Within each age stage, D. eriantha had the highest (P < 0.05) number 2145 

of tillers (log10 0.30) than D. glomerata (log10 0.21) at 0-2 months. Anthephora pubescens had 2146 
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the same (P > 0.05) tillers as C. ciliaris, C. gayana, E. curvula, F. arundinacea, P. maximum 2147 

and T. triandra at 0 – 2-months age.  2148 

Festuca arundinacea had highest (P < 0.05) (log10 0.90) tillers than C. ciliaris (log10 0.65), C. 2149 

gayana (log10 0.68), D. glomerata (log10 0.65), D. eriantha (log10 0.48), E. curvula (log10 0.48), 2150 

P. maximum (log10 0.80) and T. triandra at (log10 0.56) 2-4-months age. Cenchrus ciliaris, C. 2151 

gayana, D. glomerata had the same (P > 0.05) tiller numbers of at 4–6-months of age. Also, D. 2152 

eriantha, E. curvula, and T. triandra had the same (P > 0.05) number of tillers at the same 2153 

growth age. Chloris gayana had the same (P > 0.05) tillers as P. maximum and E. curvula at 4-2154 

6 months old. Anthephora pubescens had the same (P > 0.05) number of tillers as C. ciliaris, 2155 

D. glomerata, D. eriantha, F. arundinacea and T. triandra at 4-6 months. 2156 

Within each species, C. ciliaris, C. gayana, D. glomerata, D. eriantha, E. curvula, P. maximum 2157 

and T. triandra had the highest (P < 0.05) number of tillers at 4-6 months age when compared 2158 

to the same species at 0-2 months and 2-4 months age. Anthephora pubescens and F. 2159 

arundinacea had the highest (P < 0.05) tillers at 4-6 months and 2-4 months than the same 2160 

species at their 0-2 months age.  2161 

 2162 

 2163 

 2164 

 2165 

 2166 

 2167 

 2168 



77 
 

 2169 

Table 3.8: Effect of grass species and age on the average number of tillers (log10) of nine 2170 

selected grass species grown under controlled conditions 2171 

Age of grass 

Grass species 0-2 months 2-4 months 4-6 months 

Anthephora pubescens 0.30abB 0.81abA 0.87cdeA 

Cenchrus ciliaris 0.25abC 0.65cB 0.80eA 

Chloris gayana 0.29abC 0.68cB 1.15abA 

Dactylis glomerata 0.21bC 0.65cB 0.92cdA 

Digitaria eriantha 0.30aC 0.48dB 0.85deA 

Eragrostis curvula 0.24abC 0.48dB 1.07bA 

Festuca arundinacea 0.27abB 0.90aA 0.95cA 

Panicum maximum 0.30abC 0.80bB 1.20aA 

Themeda triandra 0.27abC 0.56dB 0.79eA 

SEM 0.34 

a,b,c,d,e means in column with different superscripts within each age of the grass are significantly 2172 

different at (P < 0.05)  2173 
A,B,C means in rows with different superscript within each species are significantly different (P 2174 

< 0.05) 2175 

SEM standard error of the mean 2176 

 2177 

3.6.6 The effect of grass species and growth stage on the average number of leaves per shoot 2178 

of nine selected grass species grown under controlled conditions 2179 

The average number of leaves per shoot of grass species at different developmental stages 2180 

under a controlled environment are presented in Table 3.9. Within each growth stage, D. 2181 

glomerata (log10
 2.33) had the highest (P < 0.05) number of leaves per shoot when compared 2182 

to D. eriantha (log10
 1.77) at the vegetative stage. Chloris gayana, E. curvula, and P. maximum 2183 

had the same (P > 0.05) leaves per shoot as all other species at the vegetative stage. At the 2184 
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elongated growth stage all grasses had the same (P > 0.05) number of leaves per shoot. Chloris 2185 

gayana (log10 7.50) had the highest (P < 0.05) number of leaves per shoot when compared to 2186 

other grasses at the maturity stage. Anthephora pubescens and D. eriantha had the same (P > 2187 

0.05) leaves per shoot as C. ciliaris, E. curvula, F. arundinacea, and P. maximum at the 2188 

maturity stage. Dactylis glomerata (log10 4.05) and F. arundinacea (log10 3.94) had the least (P 2189 

< 0.05) number of leaves per shoot when compared to all other grasses at the same growth 2190 

stage. 2191 

Anthephora pubescens, C. ciliaris, C. gayana, D. eriantha, E. curvula, P. maximum and T. 2192 

triandra had the highest (P < 0.05) number of leaves per shoot at the maturity stage when 2193 

compared to the same species at vegetative and elongated growth stages. Dactylis glomerata 2194 

and F. arundinacea had the highest (P < 0.05) number of leaves per shoot at maturity and 2195 

elongation stages when compared to the same species at their vegetative stage. 2196 

 2197 

 2198 

 2199 

 2200 

 2201 

 2202 

 2203 

 2204 

 2205 

 2206 

 2207 
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Table 3.9: Effect of grass species and growth stage on the average number of leaves per shoot 2208 

of nine selected grass species grown under controlled conditions 2209 

Growth stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 2.16abC 4.05aB 5.50cdA 

Cenchrus ciliaris 1.94abC 3.83aB 5.94cA 

Chloris gayana 2.05abC 4.27aB 7.50aA 

Dactylis glomerata 2.33aB 4.16aA 4.05fA 

Digitaria eriantha 1.77bC 4.05aB 5.05deA 

Eragrostis curvula 2.05abC 3.88aB 5.88dA 

Festuca arundinacea 1.88abB 3.94aA 3.94fA 

Panicum maximum 2.05abC 4.05aB 4.88eA 

Themeda triandra 1.88abC 3.83aB 6.61bA 

SEM 0.19 

a,b,c,d,e,f means in column with different superscripts within each growth stage are significantly 2210 

different (P < 0.05)  2211 
A,B,C means in rows with different superscript within each species are significantly different (P 2212 

< 0.05) 2213 

SEM standard error of the mean 2214 

 2215 

3.6.7 The effect of grass species on the number of nodes and erectness of nine selected grass 2216 

species at maturity stage 2217 

Results on the number of nodes and erectness at the maturity growth stage of nine selected 2218 

grass species under a controlled environment are presented in Table 3.10. Within the growth 2219 

stage T. triandra had the highest (P < 0.05) number of nodes on the grass stem than all other 2220 

corresponding grasses in the same growth stage. Chloris gayana had the same (P > 0.05) 2221 

number of nodes as A. pubescens and P. maximum. All grass species have the same level of 2222 

erectness. 2223 
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Table 3.10: Effect of grass species on erectness and number of nodes of nine selected grass 2224 

species at maturity stage 2225 

Grass species  Erectness Nodes 

Anthephora pubescens 4.60a 2.00e 

Cenchrus ciliaris 4.20a 4.00bc 

Chloris gayana 3.20a 2.60de 

Dactylis glomerata 3.60a 3.80bc 

Digitaria eriantha 3.20a 4.40b 

Eragrostis curvula 4.20a 4.00bc 

Festuca arundinacea 4.60a 3.80bc 

Panicum maximum 3.20a 3.40cd 

Themeda triandra 3.60a 5.40a 

SEM 0.45 0.30 

a,b,c,d,e means in column with different superscripts within each growth stage are significantly 2226 

different (P < 0.05)  2227 
A,B,C means in rows with different superscript within each species are significantly different (P 2228 

< 0.05) 2229 

SEM standard error of the mean 2230 

3.6.8 The effect of species and growth stage on chlorophyll in chlorophyll content index 2231 

(CCI) in nine selected grass species grown under controlled conditions 2232 

Results of nine selected grasses at different developmental growth stages under a controlled 2233 

environment are presented in Figure 3.2. Within each growth stage, D. eriantha (Mean± SEM: 2234 

standard error of the mean); (49.24 ± 2.30 CCI) had a lower (P < 0.05) chlorophyll content than 2235 

A. pubescens, C. gayana, E. curvula, F. arundinacea, P. maximum and T. triandra at the 2236 

vegetative growth stage. Cenchrus ciliaris and D. glomerata had the same (P > 0.05) 2237 

chlorophyll content as all other grasses at the vegetative stage.  2238 

Eragrostis curvula (56.86 ± 2.30 CCI) grasses had the highest (P < 0.05) chlorophyll than all 2239 

other grasses at the elongated growth stage. Anthephora pubescens (37.47 ± 2.30 CCI) and P. 2240 

maximum (39.06 ± 2.30 CCI) had the same chlorophyll content as C. ciliaris, C. gayana, D. 2241 

glomerata, and D. eriantha, at the same growth stage. At the maturity stage, P. maximum 2242 
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(31.43 ± 2.30 CCI) grasses had the highest (P < 0.05) chlorophyll content when compared to 2243 

D. glomerata and F. arundinacea grasses had the lowest (P < 0.05) chlorophyll content than 2244 

all other grasses in the same growth stage. 2245 

Anthephora pubescens, C. ciliaris, C. gayana, D. glomerata, D. eriantha, F. arundinacea and 2246 

P. maximum had the highest chlorophyll content at the vegetative stage when compared to the 2247 

same species at maturity and elongated growth stage. Eragrostis curvula grasses had the 2248 

highest (P < 0.05) chlorophyll at elongated and vegetative stages when compared to the same 2249 

individual grass species at their maturity growth stage. Themeda triandra had the highest (P < 2250 

0.05) chlorophyll at the vegetative stage than the elongated and maturity stages which did not 2251 

differ significantly from each other. 2252 

 2253 

Figure 3-2: Effect of grass species and growth stage on chlorophyll (CCI) content of nine 2254 

selected grass species grown under controlled conditions. V- vegetative stage, E- elongation 2255 

stage, M- maturity stage. 2256 

 2257 

3.6.9 The effect of grass species and growth stage on biomass yield of nine selected grass 2258 

species grown under controlled conditions  2259 

Results on biomass yield at different developmental stages of some selected species under a 2260 

controlled environment are presented in Figure 3.3. Within each growth stage, all grasses had 2261 
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the same (P > 0.05) biomass yield at the vegetative stage. Chloris gayana (Mean± SEM; 30.58 2262 

g ± 3.64), D. glomerata (30.26 g ± 3.64), and P. maximum (30.25 g ± 3.64) had the highest (P 2263 

< 0.05) biomass yield when compared to F. arundinacea (17.06 g ± 3.64) at the elongation 2264 

stage. Anthephora pubescens, C. ciliaris, D. eriantha, E. curvula, and T. triandra had the same 2265 

(P > 0.05) biomass yield than C. gayana, D. glomerata, F. arundinacea, and P. maximum at 2266 

the same growth stage. At the maturity stage, D. glomerata had the highest (P < 0.05) biomass 2267 

yield when compared to F. arundinacea in the growth stage. 2268 

Within each species, all grasses had the same (P > 0.05) biomass yield at maturity and 2269 

elongation stages than the same individual species at their vegetative stages. 2270 

 2271 

Figure 3-3: Effect of grass species and growth stage on biomass yield (g/pot) of nine selected 2272 

grass species grown under controlled conditions. V-vegetative stage, E- elongation stage, M- 2273 

maturity stage 2274 

3.6.10 The effect of grass species on seeds weight, root length, and root mass of nine grass 2275 

species grown under controlled conditions 2276 

Results on seeds weight, root length, and root mass at the maturity growth stage of nine selected 2277 

grass species under a controlled environment are presented in Table 3.11. Seeds weight of A. 2278 

pubescens was observed to be the highest (P < 0.05) when compared to the weight of the seeds 2279 
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of all other grass species. Eragrostis curvula, D. eriantha, D. glomerata, and C. ciliaris had 2280 

the same seeds weight. Cenchrus ciliaris (60.08 cm) had a longer (P < 0.05) root length when 2281 

compared to root lengths of A. pubescens, D. glomerata, F. arundinacea and T. triandra. D. 2282 

glomerata and F. arundinacea had the shortest (P < 0.05) root length when comapared to C. 2283 

gayana, D. eriantha, P. maximum and C. ciliaris. Themeda triandra and A. pubescens had the 2284 

lowest (P < 0.05) root mass than D. eriantha and P. maximum. D. eriantha had the highest (P 2285 

< 0.05) rootmass than A. pubescens, F. arundinacea and T. triandra. Cenchrus ciliaris, C. 2286 

gayana, D. glomerata and E. curvula had the same (P > 0.05) rootmass as all other species at 2287 

the elongation. 2288 

Table 3.11: Effect of grass species on seed weight (100 seeds in grams), root length (cm) and 2289 

root mass (g) of nine selected grass species at maturity stage grown under controlled conditions 2290 

Grass species  Seed weight (g) Root length (cm) Root mass (g) 

Anthephora pubescens 0.406a 50.04d 8.52c 

Cenchrus ciliaris 0.188b 60.08a 25.72abc 

Chloris gayana 0.046c 53.26abc 32.25abc 

Dactylis glomerata 0.186b 38.32d 19.61abc 

Digitaria eriantha 0.124b 54.88ab 75.46a 

Eragrostis curvula 0.188b 52.24abcd 13.63abc 

Festuca arundinacea 0.050c 40.26cd 11.04bc 

Panicum maximum 0.048c 56.74ab 72.77ab 

Themeda triandra 0.044c 45.44bcd 7.45c 

SEM 0.025 5.17 19.57 

a,b,c,d means in column with different superscripts within each growth stage are significantly 2291 

different (P < 0.05)  2292 
A,B,C means in rows with different superscript within each species are significantly different (P 2293 

< 0.05) 2294 

SEM standard error of the mean 2295 

 2296 

 2297 

 2298 
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3.6.11 Summary of the rankings of selected grass species based on their agronomic and 2299 

morphological traits measured at all growth stages 2300 

The results on the summary of the ranking of the selected grass species based on their 2301 

agronomic and morphological traits measured at all growth stages using their averages are 2302 

presented in Table 3.12. In this study, C. ciliaris, C. gayana, D. eriantha, E. curvula and P. 2303 

maximum had the highest-ranking values of above 4.5 for all parameters. Anthephora 2304 

pubescens, D. glomerata, F. arundinacea and T. triandra had the least ranking values of < 4.5.2305 
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Table 3.12: Agronomic and morphological rankings and their averages of nine selected grass species at all growth stages  2306 

Parameters 

Grass species GM% PH LL LW TD LN TN CCI BY RL RM Erect Nodes SW Average 

A. pubescens 8 5 1 5 5 6 6 6 2 4 2 8 1 5 4 

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

C. gayana 6 4 7 6 8 9 8 7 9 6 7 1 2 2 6 

D. glomerata 3 1 9 4 4 2 4 2 7 1 5 4 4 7 4 

D. eriantha 1 6 4 8 3 3 2 4 4 7 9 2 8 6 5 

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

F. arundinacea  7 2 8 3 2 1 7 1 1 2 3 9 5 4 4 

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

T. triandra 5 9 2 2 6 8 1 3 6 3 1 5 9 1 4 

GM %: germination %; PH: plant height, LL: leaf length, LW: leaf width; TD: tiller diameter; LN: number of leaves; TN: number of tillers, CCI: 2307 

chlorophyll; BY: biomass yield; Erect: erectness; RT: root length; RM: root mass; SW: seed weight2308 
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3.7 Discussion  2309 

The findings of this project assessed morphological and agronomic characteristics of nine 2310 

selected grass species at different stages of growth under a controlled environment. 2311 

3.7.1 Germination 2312 

In pasture production, germination is an important developmental stage that plant seeds 2313 

undergo (Dürr et al., 2015). Seed size, seed coating and species are some factors known to 2314 

influence the germination of seeds. These may include the reduced time it takes for a seed to 2315 

emerge and a lower germination percentage (Parihar, 2010; Brevedan et al., 2013). Based on 2316 

the observation of this study there was a variation among the germination of the seeds, as some 2317 

seeds germinated slower than others after 5 days of planting. In this current study, E. curvula, 2318 

A. pubescens, C. gayana, F. arundinacea and T. triandra had a 50% germination rate. In this 2319 

study, the germination percentage of C. gayana (53%) was lower than that of Daba et al. (2019) 2320 

with a germination percentage of above 60% in a salinity level zero on C. gayana varieties. 2321 

Again, from this study, the germination percentage of T. triandra was much higher than the 2322 

result found by Saleem et al. (2009). The authors observed < 10% germination on T. triandra 2323 

trial conducted in a plastic tray. The results on E. curvula are in agreement with the findings of 2324 

Pretorius (2017) who recorded over 70 % seed emergence of coated E. curvula seeds compared 2325 

to an uncoated seed under different pH treatments. In this study, the lower germination rate 2326 

was reported in some of the grass species (C. ciliaris, D. eriantha, D. glomerata and P. 2327 

maximum). Some of the germination results may have been an influence of soil type and 2328 

nutrient composition of the soil. However, having a 50 % seed germination for various grass 2329 

species is desirable for their survival and rapid establishment (Koech et al., 2016). 2330 

According to these results if a seedling is growing in proximity it can and will compete for the 2331 

same resources, this could result in the non-survival of those seedlings or one seedling will 2332 

dominate over the other. However, a low germination percentage is not something unusual in 2333 
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perennial grass species. Similar variability in germination percentage studies of other perennial 2334 

grasses was confirmed by Everson et al. (2009), Gibson-Roy et al. (2007) along with Blank 2335 

and Young (1998). Gibson-Roy et al. (2007) reported that only two-thirds of the 64 grass 2336 

species showed less than 50 % germination. Blank and Young (1998) noted that only six out 2337 

of ten grass species recorded a germination percentage of less than 50%, while another two 2338 

species recorded below 60% germination rate. In another study, Everson et al. (2009) recorded 2339 

a generally low germination rate from T. triandra seeds from the montane grasslands in 2340 

KwaZulu-Natal, South Africa. These seeds were subjected to different treatments of light 2341 

conditions and had a germination percentage ranging between 20.8%, 28% and 36%. 2342 

The overall idea from these germination results is the importance of having an understanding 2343 

of external stressors that influence the ability of a seed to give higher or lower germination. 2344 

Therefore, knowing the germination percentage of these species will guide a cautious selection 2345 

of those species that may be used for establishment in degraded rangelands for veld restoration. 2346 

Selection of seeds with low germination may not be ideal for veld restoration as the 2347 

establishment of seedlings may take longer than expected which would mean that adaption and 2348 

survival chances of those seedlings would be poor. 2349 

3.7.2 Tiller height  2350 

Successful restoration of deteriorated rangelands involves the modification of the structure 2351 

(e.g., restoring plant cover) and the function (e.g., water and nutrient retention) of the 2352 

ecosystem to create conditions, in which new plants can establish and flourish (Kimiti et al., 2353 

2017). As the plant matures, other parts of the grass such as tillers, are expected to increase. 2354 

The most visible form of land deterioration is the reduction of vegetative cover and soil erosion 2355 

in any given area. This information gives a clear indication of the importance of selecting native 2356 
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grass species that are more capable of surviving in rather harsh environmental conditions that 2357 

are common around semiarid regions. 2358 

In this study C. ciliaris had significantly taller tiller height (76.37 cm) at the elongation stage 2359 

This was in contradiction to the results of Yigzaw (2019) who reported that tillers harvested at 2360 

mature stage had the tallest tillers for C. ciliaris (114.68 cm). Dactylis glomerata (57.10 cm) 2361 

grass plants had significantly shorter tiller height among all other grass species at the maturity 2362 

stage. The tiller height results for D. glomerata were within the range from 30 – 60 cm reported 2363 

by Vasileva et al. (2017), but lower than that of Ji et al. (2016) (88 cm). The short tiller height 2364 

in this study was expected due to the poor germination rate recorded for D. glomerata grass. 2365 

Also, the current study recorded that T. triandra grass had a significantly higher tiller height 2366 

(135.59 cm) value at the maturity stage. This height value is comparable as it falls within the 2367 

range of 30–150 cm reported by van Oudtshoorn (2014). Height has proved to significantly 2368 

give grasses a better competitive advantage in utilizing resources and surviving, with enhanced 2369 

performance in mixtures by being able to shade other plants as a way of reducing competition 2370 

for resources (Kanak et al., 2013). 2371 

Werner et al. (2019) emphasized that the inclusion of grass height measurements and quality 2372 

estimates is currently being utilized to supply enough forage for animals. Urrea (2019) stated 2373 

that livestock that grazed grasses of 20 cm and more had additional bites plus higher quality in 2374 

a shorter period as compared to Kikuyu grasses of 10 to 30 cm. Grasses at the vegetative stage 2375 

tend to be inaccessible due to their closeness to the ground surface due to the lips, teeth and 2376 

jaws of a cow that make it difficult to get close to the stem from the soil. The 3-leaf stage is the 2377 

most appropriate time to expose grasses to defoliation (Olson & Richards, 1988). 2378 

At this stage, the growth of secondary tillers is extended, and the leaf base is established for 2379 

the process of photosynthesis. According to Gittins et al. (2010) plants at the elongation stage 2380 

are at a better height to stimulate tiller development due to the high concentration of 2381 
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carbohydrate (CO) reserves before defoliation. Ribeiro et al. (2012) stressed that 50 cm height 2382 

can be maintained to allow grazing animals to capture grass efficiently. The same authors 2383 

further stated that at above 80 cm there was an increase in grazing time and a decrease in leisure 2384 

time.  2385 

 2386 

3.7.3 Leaf length 2387 

The leaf length of grasses is influenced by their constituent cells and length furthermore, from 2388 

the elongation process the number of cells and the length comes from cell division (Sugiyama, 2389 

2005). The division of cells is essential for leaf length variation within and among species 2390 

(Barre et al., 2015). Leaf length in forage grasses is a supreme characteristic that determines 2391 

its economic value and the ability of individual plants to survive within a sward (Humphreys, 2392 

2005). In this study, F. arundinacea (54.03 cm) and E. curvula (51.54 cm) leaves had the 2393 

highest leaf length at the maturity stage. This present study is opposite to the results of Cougnon 2394 

(2013) who reported an average of 40 cm leaf length on F. arundinacea. In this study, D. 2395 

glomerata (35.81 cm) had a similar leaf length to the one reported by Mir et al. (2018) (30–60 2396 

cm). Additionally, the leaf length of E. curvula (51. 54 cm) was within the range of 40–60 cm 2397 

reported by Dlamini (2018). 2398 

According to Demlew et al. (2019), these results also show that the leaf length increases as the 2399 

growth stage increases and that the differences in leaf length between these stages are a result 2400 

of physiological growth conditions of the grass. Gastal et al. (2010) stressed that leaf length 2401 

gives shape to the physical structure of the canopy which also gives the competitiveness for 2402 

the light within the sward. Grasses are vital when it comes to shaping the leaf canopy physical 2403 

structure, and its competitiveness for sunlight within the sward.    2404 



90 
 

3.7.4 Leaf width 2405 

When leaves reach maximum enlargement, that is when they would have been mostly 2406 

photosynthetically active. The production of leaves is best when there is an excess supply of 2407 

carbohydrates which speeds up the photosynthetic processes. Thus, photosynthates produced 2408 

are used efficiently in the growth and maintenance of plants (Trlica, 1992). Panicum maximum 2409 

(12.53 mm) leaves had significantly higher leaf width value across all growth stages than all 2410 

other grass species. In this study, the leaf width of C. ciliaris (12.54 mm) was higher than the 2411 

values reported by Bruno et al. (2017) (4.83 mm to 8.00 mm) and Jorge et al. (2008) (3.5 mm 2412 

to 8.17 mm) at maturity stage. In the current study, the leaf width of D. eriantha (12.55 mm) 2413 

was higher than the value (2 mm -7 mm) observed by Tikam et al. (2013) at the maturity stage. 2414 

The high leaf width values (C. ciliaris, D. eriantha, P. maximum) recorded in this current study 2415 

is because this study was carried out in a controlled environment, unlike the earlier authors that 2416 

planted in the open field. Bhattarai et al. (2008) posited that moisture evaporation from the soil 2417 

is prevented by leaves via the shade created on the surface. The authors further highlighted that 2418 

broad leaves possess a larger surface area which increases photosynthesis, thereby, 2419 

carbohydrate production will stimulate regrowth after grazing or drought. An apical meristem 2420 

is responsible for the leaf formation while the expansion of leaves is done at the intercalary. 2421 

Gratani and Bonito (2009) described leaf expansion as a determinant of the function and 2422 

development of the canopy which will also determine the shoot-volume, and the start of 2423 

reproduction. The authors further stated that the maximum leaf expansion rate may be 2424 

considered a stable parameter, and it is genetically controlled.  2425 

Briske (1996) mentioned that the expansion of leaves occurs rapidly at the intercalary 2426 

meristems, due to the division of cells that happened within the leaf primordia and growth 2427 

happens from cell expansion. 2428 
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Varone and Gratani (2009), reported that leaf expansion is a result of the available energy, 2429 

which is the carbohydrate supply that is used in producing new leaf tissues. Armstrong et al. 2430 

(2006) highlighted that at the beginning of leaf expansion, the respiration rates are more than 2431 

those of CO2 assimilation assisting in the construction process of leaf structural compounds. 2432 

Ruminants use their biting mechanism to feed on wider leaves, therefore leaves that are grazed 2433 

at the elongation growth stage are of better quality (Laca et al., 1992; Mcgilloway et al., 1999). 2434 

3.7.5  Tiller Diameter 2435 

Evans et al. (2007) opined that grass stems (culms) give support for leaves, flowers, and seeds, 2436 

to store and supply nutrients to and from the roots. These authors further argued that grass 2437 

stems can overcome the mechanical stress of the weight of branches, leaves and seeds during 2438 

harsh climate. In the current study, C. gayana and P. maximum had significantly thicker tiller 2439 

diameters at the elongated and maturity stage than the other grasses in the same growth stages. 2440 

The result of C. gayana and P. maximum from this study had thick, rigid stems and a high 2441 

number of tillers. The result of C. ciliaris (4.28 mm and 4.92 mm) from this study was 2442 

significantly higher than that of Marshall et al. (2012) (3 mm). The stem diameter values for 2443 

P. maximum (5.82 mm and 6.70 mm) in this study were lower than the values reported by 2444 

Castagnara et al. (2011) (11.7 mm). Chloris gayana (5.35 mm) was significantly higher than 2445 

the value reported by Idris et al. (2012) (1.14 mm). According to dos Santos Oliveira et al. 2446 

(2019), the development of the stem happens as a result of the growth of the canopy, to give 2447 

the plant better mechanical support. Jordan et al. (2012) indicated that lignin is a significant 2448 

chemical component of the grass cell wall as the developmental stage advances so does the 2449 

lignin content increase. In the current study, there is a clear interrelation between tiller diameter 2450 

and lignin concentration of these grass species throughout the whole growth stages. There is a 2451 

simultaneous increment in tiller growth, lignin and tiller diameter. 2452 
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3.7.6 Tiller numbers 2453 

The final yield of forage established in semi-arid regions is termed tillering. Tillering is the key 2454 

characteristic of grasses and it makes certain that post-defoliation the grass is still persistent 2455 

(Bruno et al., 2017). The initiation of tillers is usually regulated by abiotic and biotic factors. 2456 

Laidlaw (2005) highlights that the number of tillers is a crucial adaptability trait in grasses as 2457 

it also enhances the survival chances of the grass under heavy or intense grazing, including the 2458 

accessibility of reserves for photosynthesis. The author further stressed that the establishment 2459 

of more tillers suggests a greater canopy cover, protection from soil erosion and surviving 2460 

grazing. Mganga et al. (2016) stated the quantity and resilience of grass forge during 2461 

defoliation is supplemented by the high number of tillers produced. The number of tillers 2462 

produced simply explains the efficient utilization of resources by grasses and the mass of the 2463 

tillers (Montagner et al., 2012). 2464 

Results of this study show that tiller numbers of C. gayana (log101.15) were significantly higher 2465 

at 4–6 months growth stage. Based on observation of creeping grass such as C. gayana in this 2466 

study, the development of more tillers at 4 to 6 months was expected and thus creating more 2467 

vegetative cover. Nguku (2015) also indicated that C. gayana has an excellent natural ability 2468 

to spread since it produces stolons that creep over the ground and gave roots at the nodes. 2469 

Results from this study suggest that F. arundinacea (log10 0.90) at 2 to 4 months and P. 2470 

maximum (log10 1.20) at 4 to 6 months had higher tillering abilities than the rest of the other 2471 

grasses. However, the findings of Mganga et al. (2010) concurred with the results of this study 2472 

where tiller numbers varied with species growth. The genetic variation existing among the 2473 

grass species is an expected contribution to the differences in the number of leaves and tiller in 2474 

the current study since grasses were not subjected to any other factors such as grazing intensity 2475 

or climate.  2476 
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Nie and Zollinger (2012) and de Moura Zanine et al. (2013) mentioned that under deferred 2477 

grazing system the increase in grasses can be a valuable strategy towards restoring deteriorated 2478 

rangelands because this can encourage the performance and persistence of pastures. de Lima 2479 

Veras et al. (2020) conclusively suggested that grasses with more tillers provide more resources 2480 

for the replenishment of reproductive tillers. Therefore, this would be more of an advantage to 2481 

using C. ciliaris, C. gayana, F. arundinacea and P. maximum grass. 2482 

3.7.7 Number of leaves 2483 

The leaf is the site for photosynthesis in a grass. The leaf base of grasses is an area for 2484 

photosynthetic processes to take place. Yigzaw (2019) observe a higher number of leaves that 2485 

increased with a gradual increase in the development stage of the grass. The findings of this 2486 

author agree with this current study. Leaves produced in high quantity were influenced by the 2487 

elongation of different plant parts (tiller height, number of tillers, number of nodes) of the grass 2488 

at advancing growth stages. The expansion of the nodes is usually accompanied by an 2489 

equivalent yield of grass leaves that have been defoliated at the reproductive stage instead of 2490 

the immature leaves (Demlew et al., 2019). Chloris gayana (log10 7.50) had the highest number 2491 

of leaves per shoot than all other grasses at the maturity stage. In this current study, D. 2492 

glomerata (log10 4.05) and F. arundinacea (log10 3.94) had significantly the least number of 2493 

leaves per shoot than all other grasses at the maturity stage.  2494 

This study observed that differences were existing among the grass species yet, a positive 2495 

relationship was seen between the number of tillers and the number of leaves, a case in C. 2496 

gayana species. These findings are likely to be the reason behind the survival techniques of 2497 

grasses because the site of the leaf is key for the photosynthetic process to happen, to increase 2498 

forage grass. As expected, the capability of grass to grow swiftly is noticed by its high number 2499 

of leaves. The forage yield is directly proportional to the forage quantity and its growth stage 2500 
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(Nasiru, 2017). Also, the high pigment concentration in leaves results in a more improved 2501 

ability to photosynthesize, thus producing more leaves (de Moura Zanine et al., 2013; Nasiru, 2502 

2017). 2503 

The broadness of leaves allows for photosynthesis to take place, and it is likely to be a 2504 

consequence of the high transpiration rate. The genotype and environment of the grass are 2505 

responsible for the new growth of leaves and the wilting of old grasses (Bos & Neuteboom, 2506 

1998). The high crude protein content is an outcome of the high forage yield at the vegetative 2507 

stage (Schleip et al., 2013; Ren et al., 2018). The leaf: stem ratio of a grass determines its 2508 

forage quantity, and grass species with more leaves per tiller and fewer stems are usually 2509 

greater biomass (Rad et al., 2013). Conclusively, based on the result C. ciliaris and C. gayana 2510 

performed best on the number of leaves when compared to other grass species in this study 2511 

thus these grasses have the potential to restore deteriorated rangelands. 2512 

3.7.8 Root length and root mass 2513 

The growth of roots and their dynamics are a vital part of the ecology of perennial grasses 2514 

found in rangelands. Research on root growth and dynamics is a vital aspect of the ecology of 2515 

rangeland perennial grasses. Based on their root system the scarcity of water and nutrients in 2516 

semi-arid areas are a hindrance, hence the many survival strategies that semi-arid grasses have 2517 

developed (Pontes et al., 2015; Bayala & Prieto, 2020). Generally, roots are more useful during 2518 

dormancy in the uptake of water and soil nutrients from the soil to the stem and leaves, 2519 

anchoring the plant, storing carbohydrates, (Ryan et al., 2016) and providing stability to the 2520 

plant shoots (Dorval et al., 2016). Furthermore, it was observed that C. ciliaris (60.08 cm) 2521 

recorded a significantly longer root length than all other grasses at the maturity stage. This 2522 

result is concurrent with the report of Mnif and Chaieb (2009), who reported a maximum 2523 

average root length of 60 cm of C. ciliaris. Marshall et al. (2012) posited that the grass species 2524 

with longer roots grew more vigorously due to increased water, nutrient and utilization 2525 



95 
 

capacity. Cenchrus ciliaris can perform well under both rainfed and erratic conditions. Bruno 2526 

et al. (2017) stressed that this grass would be suitable in controlling soil erosion and can be 2527 

utilized for the restoration of deteriorated rangelands. Its long roots allow it to be tolerant to 2528 

water stress and heavy grazing. The root length of T. triandra (44.45 cm) in this study was 2529 

much higher than the range (20 – 30 cm) reported on by Snyman et al. (2013). In this study, D. 2530 

glomerata (38.32 cm) had a significantly shorter root length than all other grasses at the same 2531 

growth stage. This result was higher than the one reported by Vasileva et al. (2017) (14.55 cm) 2532 

at the same growth stage. Poorter et al. (2012) mentioned that even at a vegetative stage most 2533 

grass species can produce roots that exceed the dimensions of the pot. Busso et al. (2016) 2534 

highlight that the development and role of roots are subject to the energy supplied by 2535 

photosynthesis, and after grazing takes place the roots continue working as a carbon sink based 2536 

on a consistent supply from photosynthetic active shoots.  2537 

The root growth is depressed when there is a depletion of photosynthetic tissue following 2538 

defoliation and insufficient reserves to sustain root respiration and growth (Allsopp, 1998). In 2539 

this current study, D. eriantha (75.46 g) had a significantly higher root mass which may be due 2540 

to regular irrigation, prompting it to elongate more thereby distributing its roots efficiently 2541 

(Mosebi et al., 2018). The use of this grass for veld restoration is desirable because of its thick 2542 

root system which can bind and stabilize disturbed soils (Chen et al., 2014).  2543 

Additionally, the thickness of the stem diameter is related to the root system of the grass. Even 2544 

though this experiment did not give an in-depth study of morphological characteristics of the 2545 

grass roots, however, the thickness of the stem has mostly been associated with the root system 2546 

for the transportation of food from the roots and throughout the plant using the xylem and 2547 

phloem. Kato et al. (2007) found that among the aboveground characteristics of the grass 2548 

species, stem diameter had a relatively high correlation with root diameter. The authors stressed 2549 

that indeed the thickness of the roots can be a possible indicator of how vigorous the root 2550 
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development is. In this study, A. pubescens and T. triandra had significantly lower root mass 2551 

values. A possible explanation for this result is that both grasses, being stoloniferous and 2552 

rhizomatous grass, any greater rooting depth might have been unable to possibly provide the 2553 

plants with more access to penetrate deeper into the soil layers for nutrients and water 2554 

absorption.  2555 

Adjolohoun et al. (2010) found that the deep root development and exploitation of soil is the 2556 

one that gives grasses an ability to give high forage yield in infertile soil. Therefore, it can be 2557 

revealed that a morphological characteristic such as a deep roots system is of great importance 2558 

when it comes to the persistence of grasses in the drier seasons. Flemmer et al. (2002) noted 2559 

that available soil moisture and defoliation influence the development of roots in a certain soil 2560 

profile. The authors further stated that during water stress, there is a reduction of root length 2561 

on perennial species than those in an irrigated area. Thornton and Millard (1996) found that 2562 

defoliated plants reduce their root growth which is apparent in the reduced number of roots. 2563 

The authors further outlined that such a reduction can influence root uptake and storage 2564 

proficiency. Asseng et al. (1998) highlight that since arid and semi-arid rangelands are known 2565 

for irregular rainfall patterns when a grass species is tolerant to water stress, this encourages 2566 

the roots of the grass to exploit the soil horizons with more water. 2567 

3.7.9 Seeds weight 2568 

The future survival of grasses is determined by their ability to produce seeds and other 2569 

reproductive organs like tillers. Seed production is a function of the genotype and the 2570 

environmental conditions prevailing during the growth period. Thus, grasses with high 2571 

numbers of reproductive tillers will produce more seeds. There was a variation of seeds weight 2572 

among species, according to Hare et al. (2009) the different quantities of seeds produced by 2573 

these grasses is prompted by the hormones produced in the plant as well as species interaction 2574 

with the environmental conditions. For instance, A. pubescens and C. ciliaris had bigger seed 2575 
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sizes. Ndathi et al. (2019) also stated that the size of the seed (large) controls the establishment 2576 

of the grass.  2577 

Seeds weight of A. pubescens, C. ciliaris and E. curvula were observed to be significantly 2578 

higher than the weight of the seed of all other grass species. Similar seed weight was observed 2579 

in E. curvula, D. eriantha, D. glomerata and C. ciliaris. In this study, the low seed weight of 2580 

some grasses may be attributed to the late seeding characteristics of those species. Similar 2581 

findings from Bulle et al. (2010) were in line with the results of this study. The above authors 2582 

observed that the low seed yield in C. ciliaris was attributed to the morphological nature of the 2583 

inflorescence and seeds. Additionally, based on the observation, P. maximum seed production 2584 

was much of a challenge because it took a longer period for the grass to flower, hence the 2585 

lighter seeds weight recorded in this study. This was in agreement with the findings of van De 2586 

Wouw et al. (2008) who further noted the branching of the main culm as the partial reason for 2587 

the staggered flowering of P. maximum. By the time the grass has reached the maturity stage, 2588 

it would have produced fewer leaves and expanded the seed head, with the little carbohydrate 2589 

reserves stored in the roots going towards the seed yield (Trlica, 2013). Therefore, the 2590 

production of seeds may be halted if the grass is defoliated at the reproductive stage, due to the 2591 

removal of the apical meristem at this stage. Also, Tilley et al. (2019) mentioned that the 2592 

number of tillers can easily influence a higher production of seeds in each tiller.  2593 

3.7.10 Erectness and number of nodes 2594 

The score of erectness of the whole plant was measured on a scale of 1 = prostrate to 5 = upright 2595 

based on observation of the plants. Ozkose and Tamkoc (2014) explain that the erectness of 2596 

the grass plant is important for seed production. From this study, all grass species displayed 2597 

the same level of erectness. Growth habits of grasses are observed as upright and decumbent 2598 

growth. Upright growth is attributed to the tallness of the grass, while the shortness of the grass 2599 

represents a decumbent growth. Themeda triandra and C. ciliaris tillers from this study, exhibit 2600 
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traits of tallness, whereas C. gayana, D. glomerata and F. arundinacea tillers were shorter at 2601 

various maturing stages.  2602 

Usually, taller tiller heights are common in grasses that germinate and grow rapidly (erect) as 2603 

opposed to those that are lower in germination and growth (decumbent). Culms are made up 2604 

of nodes and internodes. At the vegetative growth stage, meristematic zones produce nodes, 2605 

which also initiate the development of leaves, buds and sometimes roots (Yamaji & Ma, 2014). 2606 

Kraehmer (2017) highlights that the function of the nodes is key in linking the leaf and stem, 2607 

with vital parts that assist in transporting water and assimilates within the plant. Themeda 2608 

triandra had a significantly high number of nodes (5.40) on its grass stem when compared to 2609 

all other corresponding grasses in the maturity stage. Creeping grass-like C. gayana (4.0) is 2610 

also justified because it develops roots at the node, thus spreading more once established. Even 2611 

the branching of tillers and stem growth attests to that, the results of this are seen from the high 2612 

number of tillers in C. gayana.  2613 

3.7.11 Chlorophyll 2614 

Chlorophyll is a green colour found in plants and it plays a significant part of photosynthesis 2615 

which contributes towards the overall functioning and growth of the grass (Khaleghi et al., 2616 

2012; Ashraf & Harris, 2013). Being the principal photoreceptor in the process of 2617 

photosynthesis, chlorophyll transitions radiant energy into chemical energy in plant green 2618 

tissues (Hughes et al., 2017). Chlorophyll content in leaves are indicators of vegetative 2619 

production and how grasses respond to the biotic stresses, thus the likelihood is that healthier 2620 

plants will develop better and produce more chlorophyll than the unhealthy plants (Elisante et 2621 

al., 2013). Also, the chlorophyll content of grasses is going to decrease with an increase in the 2622 

stress of plants (Almond, 2009), including the advancing stage of the grasses. Photosynthetic 2623 

efficiency is enhanced by the chlorophyll content within green grass which shows its capacity 2624 

to absorb radiant energy (Mishra et al., 2013). Differences in the leaf pigment are usually 2625 
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controlled by climatic factors and that water stress inhibits chlorophyll synthesis (Aien et al., 2626 

2011; Filimon et al., 2016). It was noted in this study that the following grasses had high 2627 

chlorophyll content A. pubescens, C. gayana, E. curvula, F. arundinacea, P. maximum and T. 2628 

triandra with 58.79 ± 2.30 CCI, 58.07 ± 2.30 CCI, 57.71 ± 2.30 CCI, 58.20 ± 2.30 CCI and 2629 

56.80 ± 2.30 CCI, respectively. Chlorophyll, significant in the formation of sugars, starch, 2630 

proteins and other foods, is dependent on the photosynthetic processes of young leaves.  2631 

In this present study, D. eriantha (49.24 ± 2.30 CCI) had a significantly lower chlorophyll 2632 

content at the vegetative stage. A study by Netto et al. (2005) shows that chlorophyll loss is 2633 

related to external stressors and that the dissimilarities in the chlorophyll amount may be a 2634 

good indicator of stress in plants. This is in line with the low chlorophyll value that was 2635 

recorded for D. eriantha at the vegetative stage. This also means that as the growth stage 2636 

progressed these grasses were losing their ability to photosynthesize at the maturity stage. 2637 

Eragrostis curvula (56.86 ± 2.30 CCI) grasses had significantly high chlorophyll when 2638 

compared to all other grasses at the elongated growth stage. The results in this study show that 2639 

C. ciliaris and D. glomerata had similar chlorophyll content as all other grasses at the 2640 

vegetative stage. Chapman and Barreto (1997) stated that the possible explanation to the 2641 

variation trend of chlorophyll content might be the observed differences in the thickness of the 2642 

leaves. Thus, the thickness of the leaves may differ with the grass species, stage of growth and 2643 

the cultivar (Pettigrew et al., 1993). 2644 

Filimon et al. (2016) explain that in a majority of species, the photosynthetic pigment 2645 

concentration of the leaves provides good information into the physiological performance of 2646 

plants. The authors mentioned that leaf senescence is best indicated through the evaluation of 2647 

photosynthetic pigments, and consequently their relationships. Also, high chlorophyll values 2648 

are usually attributed to a better photosynthesis rate and a high DM yield (Daba et al., 2019).  2649 
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3.7.12 Biomass 2650 

Ground cover is an important attribute of any vegetation, especially concerning soil and water 2651 

conservation. It is also an important parameter in the restoration of degraded areas, where 2652 

moisture is the main limiting factor. Machogu (2013) and Demlew et al. (2019) stated that 2653 

species that spread rapidly on the ground are more desirable than those which have a more 2654 

vertical growth. In some instances, plant height is a possible important factor that contributes 2655 

towards biomass yield in grasses (Ndathi et al., 2019). However, the authors further stressed 2656 

that tillers can assist grasses in producing high biomass yield. An overall increasing trend of 2657 

biomass production in this current study, clearly proves that the continuous development of 2658 

grasses is an automatic extension to the branching of tillers, leaves and stem elongation. The 2659 

findings of Tessema and Feleke (2018) were in agreement with this explanation.  2660 

High biomass yield in some of these grasses can help in the accumulation of organic matter 2661 

post grazing (Bot & Benites, 2005). In this study C. gayana (30.58 g), D. glomerata (30.26 g) 2662 

and P. maximum (30.25 g) had significantly high biomass yield at the elongation stage. 2663 

Edwards et al. (2012) noticed that the high biomass potential of these three kinds of grass is a 2664 

consequence of their ability to harness nutrients for vigorous roots and photosynthesize to 2665 

stimulate the production of more leaves. Since C. gayana is a C4 grass it can use solar energy 2666 

and soil nutrients to photosynthesize efficiently, and rapidly accumulate very high biomass 2667 

yield (Patil et al., 2016). Upon observation C. gayana and P. maximum had thick, rigid, and a 2668 

high number of tillers. The biomass result of C. gayana from this study was significantly higher 2669 

than that of Marshall et al. (2012). 2670 

Additionally, C. gayana is said to be water efficient and less likely to suffer from water stress, 2671 

with its long roots it can absorb water and nutrients to produce more shoot biomass (Eneji et 2672 

al., 2008). This concurs with Tedder et al. (2011) who highlighted that tall plants such as P. 2673 
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maximum and T. triandra are most likely going to be more efficient in producing higher 2674 

biomass with the assistance of their longer roots. Biomass production is crucial in enhancing 2675 

animal performance, because of the high quality and quantity that can be offered to ruminants, 2676 

which can meet their daily nutritional demands. 2677 

3.8 Conclusion 2678 

Cenchrus ciliaris, C. gayana, D. eriantha, E. curvula and P. maximum are grass species that 2679 

were the most suitable and found to be outperforming the other grasses in this study due to 2680 

their plant morphological and agronomic attributes in all growth stages. These grass species 2681 

can complement each other in a species establishment in favour of restoring deteriorated 2682 

rangelands. However, the next studies from this dissertation will be focusing on ranking the 2683 

species according to their nutritive value.  2684 

 2685 

  2686 
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4 CHAPTER FOUR: ASSESSMENT OF GRASS SPECIES CHEMICIAL 3014 

COMPOSITION AT DIFFERENT GROWTH STAGES GROWN UNDER 3015 

CONTROLLED ENVIRONMENT 3016 

Abstract 3017 

The study was carried out in a greenhouse at Molelwane University Farm, North-West 3018 

University, Mahikeng city. The study aimed to determine the grass species’ nutritive value at 3019 

different stages of growth under a controlled environment. Ground grass samples from nine 3020 

grasses mentioned in Chapter 3 were analysed for DM, OM, CP, NDF, ADF and ADL in the 3021 

Animal Science laboratory at Molelwane farm. Two-way analysis of variance was used to 3022 

analyse the data on chemical composition. Within each species, D. eriantha had the highest (P 3023 

< 0.05) dry matter content at their maturity stage, followed by the same species in their 3024 

elongation and vegetative stage. Within each growth stage, P. maximum (143.72 g/kg DM) had 3025 

the highest (P < 0.05) ash concentration than all other grasses at the elongation stage. Eragrostis 3026 

curvula (890.98 g/kg DM) had the highest (P < 0.05) organic matter content than all other 3027 

grasses at the elongation stage. Anthephora pubescens (667.44 g/kg DM), C. ciliaris (665.57 3028 

g/kg DM), D. eriantha (644.78 g/kg DM), E. curvula (643.02 g/kg DM) and T. triandra (648.67 3029 

g/kg DM) had the highest (P < 0.05) NDF content at the elongation stage. Anthephora 3030 

pubescens (450.75 g/kg DM) and C. ciliaris (446.99 g/kg DM) had the highest (P < 0.05) ADF 3031 

values than all other grasses at the elongation stage. Within species, A. pubescens, C. gayana, 3032 

E. curvula, P. maximum and T. triandra had higher (P < 0.05) ADL values at maturity and 3033 

elongation stages, when compared to the same species in their vegetative (131.59 g/kg DM) 3034 

stage. Dactylis glomerata, F. arundinacea and P. maximum had lower (P < 0.05) NDF 3035 

concentration at the advanced stage. Themeda triandra and P. maximum had a lower (P < 0.05) 3036 

ADL concentration at the elongation and maturity stages. This enhances the degradability of 3037 
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these fibres in the rumen of the animals thus decreasing the feed intake. Grass species should 3038 

be exposed to grazing at the elongation stage for animals to access the maximum nutrients 3039 

available for optimum production. There is a need to supplement animals that are exposed to 3040 

these grasses. 3041 

Keywords: crude protein, ruminants, rangelands, forage, growth stages, fibres 3042 

4.1  Introduction 3043 

According to Deyoung et al. (2000) as well as Briske et al. (2008), grazing around rangelands 3044 

is normally supported by native grass species, and therefore the nutritional attributes of these 3045 

grasses significantly contribute towards animal nutrition and additionally the conservation of 3046 

rangeland production systems. Ruminants on natural rangelands are presented with a variety 3047 

of forage types of which the nutritional quality is inconsistent (Njidda, 2010). The combination 3048 

of grasses on rangelands is characterized by differences in their nutritional content due to the 3049 

dissimilarities of areas, genotypes, plant parts and seasons (Amiri et al., 2012; Pinkerton, 2005) 3050 

and stage of growth (Ravhuhali et al., 2019). Arzani et al. (2006) believe that chemical analysis 3051 

of grasses gives a comparable estimation of the variation that exists among the species 3052 

including the changes with season and growth stages. Tavirimirwa et al. (2012) verified that 3053 

most grasses have fibre fractions (NDF, ADF) which are less soluble and digestible when 3054 

compared to starch. The authors stated that the number of proteins and digestible carbohydrates 3055 

influences the chemical composition of grasses. Also, chemical composition and their estimates 3056 

are used to assess forage quality. Capstaff and Miller (2018) noted that improving forage intake 3057 

and livestock productivity as well as understanding the factors affecting forage quality, may 3058 

assist farmers in making decisions that will enhance the nutritive value of grasses. Therefore, 3059 

this study aimed to determine the grass species nutritional value at different stages of growth 3060 

under a controlled environment. 3061 
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4.2 Material and methods 3062 

4.2.1 Study site 3063 

The study description was as described in section 3.2.1. 3064 

4.2.2 Chemical analyses 3065 

Ground grass samples from nine grass species were analysed for dry matter (DM) and organic 3066 

matter (OM) in the Animal Science laboratory at Molelwane farm and the Animal Health 3067 

laboratory at the Centre for Animal Health Studies, based on the chemical composition crude 3068 

protein (CP), fibres (NDF, ADF) and lignin (ADL) content of the grasses were ranked 3069 

according to their feeding value on a scale of 1 = unsuitable to 9 = suitable using their averages. 3070 

About 1 g of each sample was placed into pre-weighed crucibles and placed in an oven set at 3071 

105 oC for 12 hours to estimate the dry matter (DM). The loss in weight was measured as 3072 

moisture content and DM was calculated as the difference between initial sample weight and 3073 

moisture weight. Organic matter (OM) content was determined by ashing the dried samples in 3074 

a muffle furnace set at 600 oC for 6 hours, and the loss in weight was measured as OM content. 3075 

Total nitrogen content was determined following the standard macro Kjeldahl method (AOAC, 3076 

2005, method no 984.13) and was converted to crude protein (CP) by multiplying the 3077 

percentage of the N content by a factor of 6.25 and expressed in g/kg DM. Neutral detergent 3078 

fibre (NDF) and acid detergent fibre (ADF) was determined using ANKOM2000 Fibre Analyser 3079 

(M/s ANKOM Technology, New York), according to van Soest et al. (1991). A heat-stable 3080 

bacterial α-amylase was used for the NDF analysis. Acid detergent lignin (ADL) was 3081 

determined by treating ADF residue in ANKOM F57 bags with 72% sulphuric acid and 3082 

estimated after drying (105 oC) the ADF residue for 12 hours. Mineral content was analysed 3083 

following the guidelines from the Agri-Laboratory Association of Southern Africa 3084 
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(AgriLASA, 1998). Samples were also checked for cellulose and hemicellulose (Cellulose = 3085 

ADF-ADL; Hemicelulose = NDF-ADF). 3086 

4.3 Statistical analysis 3087 

Two-way analysis of variance was used to analyse the data on chemical composition using the 3088 

General Linear Model Procedure of SAS (2010). The following model was used: 3089 

Yijk = µ + Si +G j + (S×G) ij+ E ijk 3090 

Where; 3091 

Yijk = response variable; µ = population mean; Si = the effect of grass species; G j = the effect 3092 

of the growth stage; SxG = the effect of ‘interaction between grass species and growth stage; 3093 

Eijk = random error associated with observation ijk, assumed to be normally and independently 3094 

distributed. Statistically significant differences were declared at P < 0.05. 3095 

 3096 

4.4 Results 3097 

Results on statistical significance (P-value) of the effects of the main factors on chemical 3098 

components (DM, ASH, OM, CP, ADF, ADL, NDF, Cellulose, Hemicellulose) of different 3099 

grass species planted in a controlled environment are presented in Table 4.1. Differences (P < 3100 

0.05) were observed on chemical components across grass species, growth stage and their 3101 

interaction.  3102 

 3103 

 3104 

 3105 
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Table 4.1: Statistical significance of the effect of grass species and growth stage on chemical 3106 

components in nine selected grasses grown under a controlled environment 3107 

Factor 

Components Grass species Stage Grass species* stage 

interaction 

DM ** ** ** 

ASH ** ** ** 

OM ** ** ** 

CP ** ** ** 

ADF ** ** ** 

ADL ** ** * 

NDF ** ** * 

Cellulose ** * * 

Hemicellulose ** * * 

*=P<0.05  **=P<0.01 3108 

DM: dry matter; OM: organic matter; CP: crude protein; NDF: neutral detergent fibre; ADF: 3109 

acid detergent fibre; ADL: acid detergent lignin. 3110 

 3111 

4.4.1 The effect of species and growth stage on dry matter (DM in g/kg) in nine selected 3112 

grass species grown under controlled conditions 3113 

Results of the effect of species and growth stage on the dry matter (DM) at different 3114 

developmental stages of nine selected grasses are presented in Table 4.2. Within each growth 3115 

stage, all the grasses had the same (P > 0.05) dry matter content with an exception of F. 3116 

arundinacea at the vegetative stage. Panicum maximum (970.51 g/kg DM) had a higher (P < 3117 

0.05) dry matter content than A. pubescens (942.56 g/kg DM), D. glomerata (950.42 g/kg DM), 3118 

D. eriantha (944.92 g/kg DM) and F. arundinacea (936.89 g/kg DM) at elongation stage. 3119 
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Chloris gayana and D. glomerata had the same (P > 0.05) dry matter content as all other grasses 3120 

with an exception of P. maximum at the elongation stage. Digitaria eriantha (990.98 g/kg DM) 3121 

had the highest (P < 0.05) dry matter content than all other grasses at the maturity stage. 3122 

Dactylis glomerata and T. triandra had the same (P > 0.05) dry matter content as C. ciliaris, 3123 

C. gayana, E. curvula, F. arundinacea and P. maximum at maturity stage. Anthephora 3124 

pubescens (928.15 g/kg DM) had the lowest (P < 0.05) dry matter content than all other grasses 3125 

at the same stage. 3126 

Within each species, C. ciliaris, D. glomerata, E. curvula, P. maximum and T. triandra had the 3127 

same (P > 0.05) dry matter content across all growth stages. Chloris gayana, and F. 3128 

arundinacea had the highest (P < 0.05) dry matter at their elongation and maturity stage than 3129 

the same species in the vegetative stage. Digitaria eriantha had the highest (P < 0.05) dry 3130 

matter content at their maturity stage followed by the same species in their elongation and 3131 

vegetative stage. 3132 

 3133 

 3134 

 3135 

 3136 

 3137 

 3138 

 3139 

 3140 

 3141 

 3142 
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Table 4.2: Effect of species and growth stage on dry matter (DM in g/kg) in nine selected grass 3143 

species grown under controlled conditions  3144 

Growth Stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 953.09aA 942.56deA 928.15dB 

Cenchrus ciliaris 954.67aA 960.41abcA 964.00bA 

Chloris gayana 943.27aB 955.37abcdA 962.88bA 

Dactylis glomerata 944.37aA 950.42bcdeA 959.70bcA 

Digitaria eriantha 947.17aB 944.92cdeB 990.98aA 

Eragrostis curvula 955.43aA 966.22abA 965.44bA 

Festuca arundinacea 899.88bB 936.89eA 946.24cA 

Panicum maximum 958.69aA 970.51aA 970.16bA 

Themeda triandra 954.51aA 955.64abcdA 962.28bcA 

SEM 5.74 

a,b,c,d,e means in column with different superscripts within each growth stage are significantly 3145 

different (P < 0.05)  3146 
A,B,C means in rows with different superscript within each species are significantly different (P 3147 

< 0.05) 3148 

SEM standard error of the mean 3149 

4.4.2 The effect of species and growth stage on Ash (g/kg) in nine selected grass species 3150 

grown under controlled conditions 3151 

Results of the effect of species and growth stage on Ash at different developmental stages of 3152 

nine selected grasses are presented in Table 4.3. Within each growth stage, F. arundinacea 3153 

(142.76 g/kg DM) had a higher (P < 0.05) ash concentration when compared to all other grasses 3154 

at the vegetative stage. Eragrostis curvula (90.83 g/kg DM) had the least (P < 0.05) ash 3155 

concentration than to all other grasses at the same growth stage. Panicum maximum (143.72 3156 

g/kg DM) had the highest (P < 0.05) ash concentration than all other grasses at the elongation 3157 

stage. Eragrostis curvula (75.24 g/kg DM) had the least (P < 0.05) ash concentration than other 3158 



123 
 

grasses at the elongation stage. Festuca arundinacea had the same (P > 0.05) ash concentration 3159 

as A. pubescens at the elongation stage. Panicum maximum (148.92 g/kg DM) had the highest 3160 

(P < 0.05) ash concentration than all other grasses at the maturity stage. Anthephora pubescens 3161 

(78.27 g/kg DM) and E. curvula (83.69 g/kg DM) had the least (P < 0.05) ash concentration 3162 

than all other grasses at the same stage.  3163 

Within each species, C. gayana had the highest (P < 0.05) ash concentration when compared 3164 

to the same species at vegetative and maturity stages, which did not differ significantly from 3165 

each other. Cenchrus ciliaris had the same (P > 0.05) ash concentration across all growth 3166 

stages. Digitaria eriantha and E. curvula had the highest (P < 0.05) ash concentration at their 3167 

vegetative stage followed by maturity and elongation stages of the same species. Panicum 3168 

maximum had the highest (P < 0.05) ash at maturity stage followed by the same species in 3169 

elongated and vegetative stages.  3170 

 3171 

 3172 

 3173 

 3174 

 3175 

 3176 

 3177 

 3178 

 3179 

 3180 

 3181 
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Table 4.3: Effect of species and growth stage on Ash (g/kg DM) in nine selected grass species 3182 

grown under controlled conditions 3183 

Growth Stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 116.68dA 107.45eB 78.27fC 

Cenchrus ciliaris 127.58bA 130.03bA 131.41bA 

Chloris gayana 119.05dB 132.69bA 120.66cB 

Dactylis glomerata 121.88cdA 115.28cdB 123.56cA 

Digitaria eriantha 125.64bcA 89.02fC 113.39dB 

Eragrostis curvula 90.83eA 75.24gC 83.69fB 

Festuca arundinacea 142.76aA 111.37deC 118.13cdB 

Panicum maximum 130.60bC 143.72aB 148.92aA 

Themeda triandra 116.48dA 117.40cA 106.41eB 

SEM 1.92 

a,b,c,d,e,f,g means in column with different superscripts within each growth stage are significantly 3184 

different (P < 0.05)  3185 
A,B,C means in rows with different superscript within each species are significantly different (P 3186 

< 0.05) 3187 

SEM standard error of the mean 3188 

4.4.3 The effect of species and growth stage on organic matter (DM in g/kg) in nine 3189 

selected grass species grown under controlled conditions 3190 

Results of the effect of species and growth stage on organic matter (OM g/kg DM) at different 3191 

developmental stages of nine selected of grass are presented in Table 4.4. Within each growth 3192 

stage, E. curvula (864.60 g/kg DM) had the highest (P < 0.05) organic matter content when 3193 

compared to all other grasses at vegetative stage. Festuca arundinacea (757.12 g/kg DM) had 3194 

the least (P < 0.05) organic matter content than all other grasses in the same stage. Anthephora 3195 

pubescens, C. ciliaris, C. gayana, D. glomerata, D. eriantha, P. maximum and T. triandra had 3196 

the same (P > 0.05) organic matter content at the vegetative stage. 3197 
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Eragrostis curvula (890.98 g/kg DM) had the highest (P < 0.05) organic matter content than 3198 

all other grasses at the elongation stage. With the exception of D. eriantha and E. curvula, all 3199 

grasses had the least (P < 0.05) organic matter concentration at the elongation stage. Digitaria 3200 

eriantha (877.59 g/kg DM) and E. curvula (881.76 g/kg DM) had the highest (P < 0.05) organic 3201 

matter content than all other grasses at maturity stage. Panicum maximum (821.24 g/kg DM) 3202 

had the least (P < 0.05) organic matter concentration than A. pubescens (849.88 g/kg DM), C. 3203 

gayana (842.22 g/kg DM), D. eriantha (877.59 g/kg DM), E. curvula (881.76 g/kg DM) and 3204 

T. triandra (855.87 g/kg DM) at maturity stage. 3205 

Within each species, A. pubescens, C. ciliaris, D. glomerata and P. maximum had the same (P 3206 

> 0.05) organic matter content across all growth stages. Chloris gayana and T. triandra had the 3207 

highest (P < 0.05) organic matter value at the maturity stage when compared to the same species 3208 

in their elongated and vegetative stages. Eragrostis curvula had the highest (P < 0.05) organic 3209 

matter content at maturity and elongation stages when compared to the same species in the 3210 

vegetative stage. 3211 

 3212 

 3213 

 3214 

 3215 

 3216 

 3217 

 3218 

 3219 
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Table 4.4: Effect of species and growth stage on Organic Matter (OM g/kg DM) in nine 3220 

selected grass species grown under controlled conditions 3221 

Growth Stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 836.41bA 835.11cA 849.88bcA 

Cenchrus ciliaris 827.10bA 830.38cA 832.59deA 

Chloris gayana 824.22bB 822.68cB 842.22bcdA 

Dactylis glomerata 822.50bA 835.15cA 836.15cdeA 

Digitaria eriantha 821.53bC 855.91bB 877.59aA 

Eragrostis curvula 864.60aB 890.98aA 881.76aA 

Festuca arundinacea 757.12cB 825.52cA 828.11deA 

Panicum maximum 828.09bA 826.80cA 821.24eA 

Themeda triandra 838.03bB 838.24cB 855.87bA 

SEM 5.89 

a,b,c,d,e means in column with different superscripts within each growth stage are significantly 3222 

different (P < 0.05)  3223 
A,B,C means in rows with different superscript within each species are significantly different (P 3224 

< 0.05) 3225 

SEM standard error of the mean 3226 

4.4.4 The effect of species and growth stage on crude protein (CP in g/kg DM) in nine 3227 

selected grass species grown under controlled conditions 3228 

Results of the effect of species and growth stage on crude protein (CP) (g/kg DM) at different 3229 

developmental stages are presented in Table 4.5. Within each growth stage, F. arundinacea 3230 

(120.14 g/kg DM) had the highest (P < 0.05) CP values when compared to all other grasses. 3231 

Panicum maximum had the same (P > 0.05) CP values as C. gayana, C. ciliaris and E. curvula 3232 

at the vegetative stage. Themeda triandra (35.79 g/kg DM) had the least (P < 0.05) CP values 3233 

at the vegetative stage. E. curvula (65.01 g/kg DM) had the highest (P < 0.05) CP values than 3234 

all other grasses at the elongation stage. Cenchrus ciliaris (133.98 g/kg DM) and T. triandra 3235 
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(79.39 g/kg DM) had the lowest (P < 0.05) CP values than to D. eriantha, C. gayana other 3236 

grasses at the same elongation stage. At the maturity stage, D. glomerata (61.38 g/kg DM), E. 3237 

curvula (163.69 g/kg DM) and F. arundinacea (60.31 g/kg DM) had the highest (P < 0.05) CP 3238 

values than all other grasses. C. ciliaris (133.98 g/kg DM) had the lowest (P < 0.05) CP values 3239 

than all other grasses at the same stage. Anthephora pubescens, C. gayana, D. eriantha, and T. 3240 

triandra grasses had the same (P > 0.05) CP values as P. maximum and C. ciliaris at maturity 3241 

stage.  3242 

Within each growth species, C. ciliaris C. gayana, D. glomerata, D. eriantha, E. curvula, F. 3243 

arundinacea had higher (P < 0.05) CP values at the vegetative stage, when compared to the 3244 

same species in their elongation and maturity stages. Anthephora pubescens had the highest (P 3245 

< 0.05) CP values at the vegetative and elongation stage when compared to the same species 3246 

at its maturity stage. Panicum maximum had the highest (P < 0.05) CP values at vegetative and 3247 

the same species had the lowest (P < 0.05) CP value at the maturity stage. Themeda triandra 3248 

had the same (P > 0.05) CP values across all the growth stages. 3249 

 3250 

 3251 

 3252 

 3253 

 3254 

 3255 

 3256 

 3257 
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Table 4.5: Effect of species and growth stage on Crude protein (g/kg DM) in nine selected 3258 

grass species grown under controlled conditions 3259 

Growth stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 55.39eA 51.63bcA 40.68bcB 

Cenchrus ciliaris 87.27cA 35.01dB 30.32dB 

Chloris gayana 87.63cA 40.00dB 37.10bcdB 

Dactylis glomerata 75.94dA 61.38abB 59.18aB 

Digitaria eriantha 64.52eA 42.12cdB 39.01bcdB 

Eragrostis curvula 102.29bA 65.01aB 58.12aB 

Festuca arundinacea 120.14aA 60.31abB 55.19aB 

Panicum maximum 97.07bcA 56.41abB 45.07bC 

Themeda triandra 35.79fA 34.84dA 33.27cdA 

SEM  3.49  

a,b,c,d,e,f means in column with different superscripts within each growth stage are significantly 3260 

different (P < 0.05)  3261 
A,B,C means in rows with different superscript within each species are significantly different (P 3262 

< 0.05) 3263 

SEM standard error of the mean 3264 

4.4.5 The effect of species and growth stage on NDF (g/kg DM) in nine selected grass 3265 

species grown under controlled conditions 3266 

Results of the effect of species and growth stage neutral detergent fibre (NDF) (g/kg DM) at 3267 

different developmental stages of nine selected grasses are presented in Table 4.6. Eragrostis 3268 

curvula (627.01 g/kg DM) had the highest (P < 0.05) NDF value when compared to A. 3269 

pubescens (553.71 g/kg DM), C. ciliaris (581.03 g/kg DM), C. gayana (557.14 g/kg DM), D. 3270 
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glomerata (470.27 g/kg DM), F. arundinacea (410.70 g/kg DM) and P. maximum (507.95 g/kg 3271 

DM) at vegetative stage. Festuca arundinacea (410.69g/kg DM) had the least (P < 0.05) NDF 3272 

value when compared to all other grasses in the same stage. Cenchrus ciliaris had the same (P 3273 

> 0.05) NDF content as A. pubescens, C. gayana and T. triandra at the vegetative stage. 3274 

Anthephora pubescens (667.44 g/kg DM), C. ciliaris (665.57 g/kg DM), D. eriantha (644.78 3275 

g/kg DM), E. curvula (643.02 g/kg DM) and T. triandra (648.67 g/kg DM) had the highest (P 3276 

< 0.05) NDF content at the elongation stage. At the same growth stage, D. glomerata (483.37 3277 

g/kg DM) and F. arundinacea (460.71 g/kg DM) had the least (P < 0.05) NDF content than all 3278 

other grasses at elongation stage. Anthephora pubescens (687.94 g/kg) and T. triandra (688.01 3279 

g/kg) had the highest (P < 0.05) NDF content than C. gayana (638.85 g/kg DM), D. glomerata 3280 

(493.82 g/kg DM), F. arundinacea (487.79 g/kg DM) and P. maximum (629.01 g/kg DM) at 3281 

maturity stage. Dactylis glomerata (493.82 g/kg DM) and F. arundinacea (487.79 g/kg DM) 3282 

had the least (P < 0.05) NDF content compared to all other grasses in the same stage.  3283 

Within each species, A. pubescens, C. ciliaris, C. gayana, D. eriantha, F. arundinacea and T. 3284 

triandra had a higher (P < 0.05) NDF content at maturity and elongation stages, when 3285 

compared to the same species in their vegetative stage. Panicum maximum had the highest (P 3286 

< 0.05) NDF content at maturity when compared to the same species in their elongation and 3287 

vegetative stages which also differ significantly from each other. Dactylis glomerata and E. 3288 

curvula had the same (P > 0.05) NDF values across all growth stages. 3289 

 3290 

 3291 

 3292 

 3293 
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Table 4.6: Effect of species and growth stage on NDF (g/kg) in nine selected grass species 3294 

grown under controlled conditions  3295 

Growth stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 553.71cB 667.44aA 687.94aA 

Cenchrus ciliaris 581.03bcB 665.57aA 678.43abA 

Chloris gayana 557.14cB 599.89bA 638.85bcA 

Dactylis glomerata 470.27dA 483.37dA 493.82dA 

Digitaria eriantha 620.97abB 644.78aA 665.05abcA 

Eragrostis curvula 627.01aA 643.02aA 667.10abcA 

Festuca arundinacea 410.70eB 460.71dA 487.79dA 

Panicum maximum 507.95dC 556.01cB 629.01cA 

Themeda triandra 613.12abB 648.67aA 688.01aA 

SEM 15.01 

a,b,c,d,e means in column with different superscripts within each growth stage are significantly 3296 

different (P < 0.05)  3297 
A,B,C means in rows with different superscript within each species are significantly different (P 3298 

< 0.05) 3299 

SEM standard error of the mean 3300 

4.4.6 The effect of species and growth stage of ADF (DM in g/kg) in nine selected grass 3301 

species grown under controlled conditions 3302 

Results of the effect of species and growth stage acid detergent fibre (ADF in g/kg) DM at 3303 

different developmental stages of nine selected grasses are presented in Table 4.7. Anthephora 3304 

pubescens (418.04 g/kg DM) had a higher (P < 0.05) ADF value than C. ciliaris (390.62 g/kg 3305 

DM), C. gayana (324.68 g/kg DM), D. glomerata (32541 g/kg DM), E. curvula (341.06 g/kg 3306 

DM), F. arundinacea (293.48 g/kg DM) and P. maximum (292.79 g/kg DM) at vegetative 3307 

stage. Festuca arundinacea (293.48 g/kg DM) and P. maximum (292.7 g/kg DM) had the least 3308 

(P < 0.05) ADF values than all other grasses at the vegetative stage. Digitaria eriantha and T. 3309 
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triandra had the same (P > 0.05) ADF values as A. pubescens and C. ciliaris at vegetative 3310 

stage. Anthephora pubescens (450.75 g/kg DM) and C. ciliaris (446.99 g/kg DM) had the 3311 

highest (P < 0.05) ADF values than all other grasses at elongation stage. Chloris gayana 3312 

(338.00 g/kg DM), F. arundinacea (339.06 g/kg DM) and P. maximum (318.02 g/kg DM) had 3313 

the least (P < 0.05) ADF values than all other grass species in the elongated stage. Cenchrus 3314 

ciliaris (471.09 g/kg DM) had the highest (P < 0.05) ADF values than C. gayana (384.34 g/kg 3315 

DM), D. glomerata (375.63g/kg DM), D. eriantha (436.90 g/kg DM), E. curvula (426.58 g/kg 3316 

DM), F. arundinacea (374.45 g/kg DM), P. maximum (374.09 g/kg DM) and T. triandra 3317 

(413.77 g/kg DM) at maturity stage. Chloris gayana (384.34 g/kg DM), D. glomerata (375.63 3318 

g/kg DM), F. arundinacea (374.45 g/kg DM) and P. maximum (374.45 g/kg DM) had the least 3319 

(P < 0.05) ADF values at maturity stage. Eragrostis curvula had the same (P > 0.05) ADF 3320 

value as A. pubescens, D. eriantha and T. Triandra at the maturity stage. 3321 

Within each species, A. pubescens, D. glomerata, and D. eriantha had the highest (P < 0.05) 3322 

ADF values at maturity and elongation stages, when compared to the same species in their 3323 

vegetative stage. Themeda triandra had the same (P > 0.05) ADF values across all growth 3324 

stages. Cenchrus ciliaris, E. curvula, F. arundinacea and P. maximum had the highest (P < 3325 

0.05) ADF values at the maturity stage when compared to the same species in their vegetative 3326 

and elongation stages. Chloris gayana had higher (P < 0.05) ADF values at the maturity stage 3327 

when compared to the same species in their vegetative and elongated stages which did not 3328 

differ significantly from each other. 3329 

 3330 

 3331 

 3332 

 3333 
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Table 4.7: Effect of species and growth stage on ADF (g/kg) in nine selected grass species 3334 

grown under controlled conditions  3335 

Growth stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 418.04aB 450.75aA 449.17abA 

Cenchrus ciliaris 390.62bC 446.99aB 471.09aA 

Chloris gayana 324.68cB 338.00dB 384.34dA 

Dactylis glomerata 325.41cB 363.17cA 375.63dA 

Digitaria eriantha 406.54abB 415.09bA 436.90bA 

Eragrostis curvula 341.06cC 365.68cB 426.58bcA 

Festuca arundinacea 293.48dC 339.06dB 374.45dA 

Panicum maximum 292.79dC 318.02dB 374.09dA 

Themeda triandra 397.88abA 405.15bA 413.77cA 

SEM 8.04 

a,b,c,d means in column with different superscripts within each growth stage are significantly 3336 

different (P < 0.05)  3337 
A,B,C means in rows with different superscript within each species are significantly different (P 3338 

< 0.05) 3339 

SEM standard error of the mean 3340 

4.4.7 The effect of species and growth stage on acid detergent lignin (g/kg DM) in nine 3341 

selected grass species grown under controlled conditions 3342 

Results of the effect of species and growth stage on acid detergent lignin (ADL) at different 3343 

developmental stages of nine selected grasses are presented in Table 4.8. Anthephora 3344 

pubescens (131.59 g/kg DM), C. ciliaris (133.98 g/kg DM), C. gayana (168.07 g/kg DM), D. 3345 

glomerata (167.66 g/kg DM), D. eriantha (162.27 g/kg DM), E. curvula (163.69 g/kg DM) 3346 

and F. arundinacea (148.73 g/kg DM) had the highest (P < 0.05) ADL values than P. maximum 3347 

(72.87 g/kg DM) and T. triandra (79.39 g/kg DM) at both vegetative and elongation stages. 3348 

Panicum maximum (72.87 g/kg DM) and T. triandra (79.39 g/kg DM) had the least (P < 0.05) 3349 
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ADL values at both vegetative and elongation stage. Digitaria eriantha (240.45 g/kg) had 3350 

higher (P < 0.05) ADL values than A. pubescens (191.56 g/kg DM), D. glomerata (201.35 g/kg 3351 

DM), P. maximum (113.38 g/kg DM) and T. triandra (130.89 g/kg DM) at maturity stage. 3352 

Panicum maximum (113.38 g/kg DM) and T. triandra (130.89 g/kg DM) had lowest (P < 0.05) 3353 

ADL values than A. pubescens (191.56 g/kg DM), C. ciliaris (217.21 g/kg DM), C. gayana 3354 

(206.06 g/kg DM), D. glomerata (201.35 g/kg DM), D. eriantha (240.45 g/kg DM), E. curvula 3355 

(213.42 g/kg DM) and F. arundinacea (216.50 g/kg DM) at maturity stage.  3356 

Within species, A. pubescens, C. gayana, E. curvula, P. maximum and T. triandra had higher 3357 

(P < 0.05) ADL values at maturity and elongation stages, when compared to the same species 3358 

in their vegetative stage. Cenchrus ciliaris, D. eriantha, and F. arundinacea had higher (P < 3359 

0.05) ADL values at maturity stage, when compared to the same species in their vegetative and 3360 

elongation stage which did not differ significantly. Dactylis glomerata had the same (P > 0.05) 3361 

ADL values across all growth stages. 3362 

 3363 

 3364 

 3365 

 3366 

 3367 

 3368 

 3369 

 3370 

 3371 
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Table 4.8: Effect of species and growth stage on ADL (g/kg) in nine selected grass species 3372 

grown under controlled conditions  3373 

Growth stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 131.59aB 164.43aA 191.56bA 

Cenchrus ciliaris 133.98aB 163.06aB 217.21abA 

Chloris gayana 168.07aB 185.62aA 206.06abA 

Dactylis glomerata 167.66aA 177.00aA 201.35bA 

Digitaria eriantha 162.27aB 194.91aB 240.45aA 

Eragrostis curvula 163.69aB 194.19aA 213.42abA 

Festuca arundinacea 148.73aB 166.91aB 216.50abA 

Panicum maximum 72.87bB 91.78bA 113.38cA 

Themeda triandra 79.39bB 95.18bA 130.89cA 

SEM 13.09 

a,b,c means in column with different superscripts within each growth stage are significantly 3374 

different (P < 0.05)  3375 
A,B,C means in rows with different superscript within each species are significantly different (P 3376 

< 0.05) 3377 

SEM standard error of the mean 3378 

 3379 

4.4.8 The effect of species and growth stage on Cellulose (g/kg DM) in nine selected grass 3380 

species grown under controlled conditions 3381 

Results of the effect of species and growth stage on cellulose at different developmental stages 3382 

of nine selected grasses are presented in Table 4.9. Themeda triandra (318.49 g/kg DM) had a 3383 

higher (P < 0.05) cellulose content than C. ciliaris (256.64 g/kg DM), C. gayana (156.62 g/kg 3384 

DM), D. glomerata (157.76 g/kg DM), D. eriantha (244.27 g/kg DM), E. curvula (177.37 g/kg 3385 

DM), F. arundinacea (144.76 g/kg DM) and P. maximum (219.92 g/kg DM) at vegetative 3386 

stage. Festuca arundinacea (219.92 g/kg DM) had the least (P < 0.05) cellulose content than 3387 
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A. pubescens (286.45 g/kg DM), C. ciliaris (256.64 g/kg DM), D. eriantha (244.27 g/kg DM), 3388 

E. curvula (177.37 g/kg DM), P. maximum (219.92 g/kg DM) and T. triandra (318.49 g/kg 3389 

DM) at vegetative stage. Dactylis glomerata and C. gayana had the same (P > 0.05) cellulose 3390 

content as E. curvula and F. arundinacea at vegetative stage. Festuca arundinacea (157.95 3391 

g/kg DM) had a lower (P < 0.05) cellulose content than A. pubescens (257.60 g/kg DM), C. 3392 

ciliaris (253.88 g/kg DM), D. eriantha (196.45 g/kg DM), E. curvula (213.16 g/kg DM), P. 3393 

maximum (260.71 g/kg DM) and T. triandra (282.88 g/kg DM) at the maturity stage. Chloris 3394 

gayana and D. glomerata had the same (P > 0.05) cellulose content than D. eriantha and F. 3395 

arundinacea at maturity stage. 3396 

Within each species, A. pubescens, C. ciliaris, C. gayana, D. glomerata and F. arundinacea 3397 

had the same (P > 0.05) cellulose content across all growth stages. Digitaria eriantha and T. 3398 

triandra had higher (P < 0.05) cellulose content at vegetative and elongation stages when 3399 

compared to the same species in their maturity stage. Eragrostis curvula had the highest (P < 3400 

0.05) cellulose content at maturity stage when compared to the same species in their vegetative 3401 

and elongation stages which did not differ significantly from each other. 3402 

 3403 

 3404 

 3405 

 3406 

 3407 

 3408 

 3409 

 3410 



136 
 

Table 4.9: Effect of species and growth stage on Cellulose (g/kg DM) in nine selected grass 3411 

species grown under controlled conditions  3412 

Growth stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 286.45abA 286.32aA 257.60aA 

Cenchrus ciliaris 256.64bcA 283.93aA 253.88aA 

Chloris gayana 156.62efA 152.38dA 178.28cdA 

Dactylis glomerata 157.76efA 186.17cA 174.28cdA 

Digitaria eriantha 244.27cdA 220.18bA 196.45bcB 

Eragrostis curvula 177.37eB 171.49cdB 213.16bA 

Festuca arundinacea 144.76fA 172.15cdA 157.95dA 

Panicum maximum 219.92dB 226.24bB 260.71aA 

Themeda triandra 318.49aA 309.96aA 282.88aB 

SEM 11.45 

a,b,c,d,e,f means in column with different superscripts within each growth stage are significantly 3413 

different (P < 0.05)  3414 
A,B,C means in rows with different superscript within each species are significantly different (P 3415 

< 0.05) 3416 

SEM standard error of the mean 3417 

4.4.9 The effect of species and growth stage of hemicellulose (g/kg DM) in nine selected 3418 

grass species grown under controlled conditions 3419 

Results of the effect of species and growth stage on hemicellulose at different developmental 3420 

stages of nine selected grasses are presented in Table 4.10 Eragrostis curvula (285.95 g/kg) 3421 

had a higher (P < 0.05) hemicellulose value than all other grasses except C. gayana in the 3422 

vegetative stage. Anthephora pubescens (135.66 g/kg DM), D. glomerata (144.86 g/kg DM), 3423 

and F. arundinacea (117.21 g/kg DM), had the lowest (P< 0.05) hemicellulose values than all 3424 

other grasses in the vegetative stage. Eragrostis curvula (277.34 g/kg DM) had higher (P < 3425 

0.05) cellulose values than A. pubescens (216.69 g/kg DM), C. ciliaris (218.58 g/kg DM), D. 3426 
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glomerata (120.19 g/kg DM), D. eriantha (229.69 g/kg DM), F. arundinacea (121.64 g/kg 3427 

DM) and P. maximum (237.99 g/kg DM) at the elongation stage. Dactylis glomerata and F. 3428 

arundinacea had the lowest (P < 0.05) hemicellulose values than all other grasses in the 3429 

elongated stage. With an exception of F. arundinacea, T. triandra had the same (P > 0.05) 3430 

hemicellulose values as all other grasses at the elongation stage. Themeda triandra (274.24 3431 

g/kg DM) had higher (P < 0.05) hemicellulose values than C. ciliaris (207.34 g/kg DM), D. 3432 

glomerata (118.18 g/kg DM), D. eriantha (228.14 g/kg DM) and F. arundinacea (113.33 g/kg 3433 

DM) at maturity stage. Dactylis glomerata (118.18 g/kg DM) and F. arundinacea (113.33 g/kg 3434 

DM) had the lowest (P < 0.05) hemicellulose values than all other grasses in the maturity stage. 3435 

Anthephora pubescens and E. curvula had the same (P > 0.05) hemicellulose values as C. 3436 

ciliaris, C. gayana, D. eriantha, P. maximum and T. triandra at the maturity stage. 3437 

Within each species, A. pubescens, D. eriantha, P. maximum and T. triandra had higher (P < 3438 

0.05) hemicellulose values at elongation and maturity stages when compared to the same 3439 

species in their vegetative stage. Cenchrus ciliaris, C. gayana, D. glomerata and F. 3440 

arundinacea had the same (P > 0.05) hemicellulose values across all growth stages. Eragrostis 3441 

curvula had higher (P < 0.05) hemicellulose values at vegetative and elongation stages when 3442 

compared to the same species in their maturity stage. 3443 

 3444 

 3445 

 3446 

 3447 

 3448 

Table 4.10: Effect of species and growth stage on Hemicellulose (DM g/kg) in nine selected 3449 

grass species grown under controlled conditions 3450 
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Growth stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 135.67dB 216.69cA 238.78abcA 

Cenchrus ciliaris 190.4cC 218.59cA 207.35cA 

Chloris gayana 232.46abA 261.89abA 254.51abA 

Dactylis glomerata 144.86dA 120.20dA 118.18dA 

Digitaria eriantha 214.43bcB 229.69bcA 228.15bcA 

Eragrostis curvula 285.95aA 277.34aA 240.52abcB 

Festuca arundinacea 117.21dA 121.65dA 113.33dA 

Panicum maximum 215.16bcB 238.00bcA 254.91abA 

Themeda triandra 215.24bcB 243.52abcA 274.25aA 

SEM 13.41 

a,b,c,d means in column with different superscripts within each growth stage are significantly 3451 

different (P < 0.05)  3452 
A,B,C means in rows with different superscript within each species are significantly different (P 3453 

< 0.05) 3454 

SEM standard error mean 3455 

4.4.10 Summary of the rankings of selected grass species based on their chemical 3456 

composition evaluated at all growth stages 3457 

A summary of the ranking of the selected grass species based on their chemical composition 3458 

was placed according to their feeding value (1-unsuitable and 9-highly suitable) using the 3459 

averages presented in Table 4.11. In this study, C. ciliaris, C. gayana. D. eriantha, E. curvula, 3460 

P. maximum and T. triandra had the highest-ranking values above 4.5 for all parameters. 3461 

Anthephora pubescens, D. glomerata and F. arundinacea had the least ranking values of < 4.5. 3462 

for all parameters.  3463 
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Table 4.11: Chemical composition (in g/kg DM) rankings and their averages of nine selected grass species at different growth stages 3464 

Parameters 

Grass species DM ASH OM NDF ADF ADL CP CEL HEMI Average 

A. pubescens 2 1 6 5 9 3 3 8 3 4 

C. ciliaris 6 8 4 6 8 4 4 7 4 6 

C. gayana 4 7 3 4 3 7 5 2 8 5 

D. glomerata 3 5 5 2 4 6 6 3 2 4 

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

E. curvula 8 2 9 8 5 8 8 4 9 7 

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

P. maximum 9 9 2 3 1 1 7 6 6 5 

T. triandra 5 4 7 9 6 2 1 9 7 6 

DM: dry matter; ASH: ash; OM: organic matter; NDF: neutral detergent fibre; ADF: acid detergent lignin; ADL: acid detergent fibre; CP: crude 3465 

protein, CEL: cellulose; HEMI: hemicellulose 3466 

 3467 

 3468 
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4.5 Discussion 3469 

The objective of this study was to evaluate the chemical composition of grass species at 3470 

different stages of growth under a controlled environment. 3471 

4.5.1 Dry matter (DM) 3472 

Abdullah et al. (2017) describe dry matter (DM) as the true quantity of feedstuff once the water 3473 

has been extracted, volatile acids, and bases if they are existing. In the present study, DM 3474 

content showed variation among the grass species in their different growth stages. There was a 3475 

general increase as the grasses were maturing and a higher DM was observed at the maturity 3476 

stage. The results from this current study show that P. maximum (970.51 g/kg) had a 3477 

significantly higher dry matter content than A. pubescens, D. glomerata, D. eriantha and F. 3478 

arundinacea at the elongation stage. At the maturity stage, D. eriantha (990.98 g/kg) was 3479 

significantly higher in dry matter content than all other grasses. The DM content obtained in 3480 

this present study was higher than the results of Ravhuhali et al. (2018), who reported the DM 3481 

content of 961.9 g/kg and Omotoso et al. (2016) who reported 890.3 g/kg. Also, it was slightly 3482 

similar to a study by de Deus et al. (2015), however, it was much lower in the findings of 3483 

Odedire & Babayemi (2008) (260 g/kg). Information on the DM content of forage grasses is 3484 

crucial since it gives a measure of the specific feed quantity and amount of nutrients that are 3485 

needed for a particular feed, evaluates feed intakes, and improves animal production 3486 

(Kokkonen et al., 2000). In the current study, the differences may have been influenced by the 3487 

genotype of the grasses, sufficient soil moisture and time it took to reach maturity (Rajora et 3488 

al., 2017) because it may have contributed to the high levels of lignin (Daba et al., 2019).  3489 
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4.5.2 Ash content 3490 

The ash content found in grasses plays an important role in promoting a balanced growth of 3491 

animals (Ahmed et al., 2013). Grasses showed a variation in their ash content as the growth 3492 

stage progressed. Panicum maximum (143.72 g/kg DM and 148.92 g/kg DM) significantly had 3493 

the highest ash content than all other grasses at the elongation and maturity stages. The ash 3494 

content values obtained for this grass were much higher than the findings of Odedire & 3495 

Babayemi (2008), who reported ash content at 120 g/kg DM during the maturity stage and also 3496 

Omotoso et al. (2016) who reported ash content at 121.6 g/kg DM. The ash value of D. eriantha 3497 

(113 g/kg DM) from this study is higher than one reported by Tikam et al. (2013) (84.6 g/kg 3498 

DM). The ash value of E. curvula (83.69 g/kg DM) from this study is similar to the one reported 3499 

by Berhane et al. (2006) (82 g/kg DM) and higher than that reported by Adejoro and Hassen 3500 

(2017) (30.4 g/kg DM). Rambau et al. (2016), explain that mineral matter which is the 3501 

inorganic matter concentration available in an animal diet is the one regarded as ash. The 3502 

effectiveness of this ash is measured by the proportion of calcium, phosphorus, or potassium 3503 

including a larger fraction of silica. For this study, a delayed harvesting date (maturity) may 3504 

have influenced the high amount of ash content found in P. maximum grass because of the loss 3505 

of organic matter (Bakker & Elbersen, 2005). Contrary to this study Abraham et al. (2014) 3506 

indicated that ash content was decreasing with grass maturation. The variation in ash 3507 

concentrations in grasses may be due to the difference in species. Normally, the ash 3508 

concentrations for most grass forages are found within the range of 30 to 120 g/kg DM (Wassie 3509 

et al., 2018). Most values of the current study were within this range and for some grass species, 3510 

the values were above the reported range. 3511 
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4.5.3 Organic matter (OM)  3512 

Organic matter is described as the fraction of the dry matter that is not ash (mineral) (Ball et 3513 

al., 2001), while Al-Arif et al. (2017) defines OM as the weight loss of dry matter when 3514 

combusted (dry matter subtract ash concentration). The organic matter falls under carbon 3515 

compounds which improves the soil quality and is an ecosystem health determinant (Shukala 3516 

et al., 2006). In this current study, E. curvula (881.76 g/kg DM) had a significantly higher 3517 

organic matter content than all other grasses at the maturity stage. The organic matter value of 3518 

C. ciliaris (832.59 g/kg DM) from this study is lower than the one reported by Ramírez et al. 3519 

(1995) (860 g/kg DM). In this study C. gayana (842.22 g/kg DM) OM value is slightly higher 3520 

than that reported by Ondiek et al. (2018) (823 g/kg DM), Semwogerere et al. (2016) (810 g/kg 3521 

DM) and Tefera et al. (2015) (826 g/kg DM) at maturity and lower than that reported by 3522 

Kemboi et al. (2017) (921 g/kg DM). Grass species usually have a mineral content ranging 3523 

between >1 % to 12 %. 3524 

4.5.4 Crude protein (CP) 3525 

Proteins form a significant portion in the forage diet of a ruminant. Proteins originate from 3526 

amino acids and they (proteins) are an essential part of the body which is calculated as a crude 3527 

protein percentage (Kubkomawa et al., 2015; Daba et al., 2019). Kubkomawa et al. (2015) and 3528 

Daba et al. (2019) expressed that a sufficient quantity of protein in the feed is primary for the 3529 

development, maintenance, productivity and reproduction of animals. Lack of or insufficient 3530 

amounts of protein in ruminant diets may cause protein deficiency-related illnesses such as 3531 

poor feed efficiency, reduced growth, anorexia, lower conception rate and low milk yield 3532 

(Amary, 2016). Except for D. glomerata, F. arundinacea and P. maximum, E. curvula (65.01 3533 

g/kg DM) had the highest CP content than other grasses at the elongation stage. The CP content 3534 

from this current study on E. curvula (65.01 g/kg DM) was significantly lower than the one 3535 
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reported by Berhane et al. (2006) (93 g/kg DM) and Erasmus et al. (1994) (156 g/kg DM) and 3536 

higher than the one reported by Adejoro and Hassen (2017) (48.9 g/kg DM). The CP value for 3537 

P. maximum (56.41 g/kg DM) in this study at elongation was lower than that of Omotoso et al. 3538 

(2016) who reported 114.0 g/kg DM on the same species. In this study, CP values of C. gayana 3539 

(40.00 g/kg DM) were in line with the one reported by Kemboi et al. (2017) (41.4 g/kg DM), 3540 

lower than the one reported by Osuga et al. (2012) (50.9 g/kg DM) and higher than that of 3541 

Gebregiorgis et al. (2012) (37.5 g/kg DM). The CP content from all grasses in this study was 3542 

below the minimum requirement (85 g/kg DM/day) as recommended by NRC (1995, 2000) on 3543 

cattle and sheep. Soliva et al. (2015) mentioned that CP of > 120 to 180 g/kg DM is more than 3544 

enough to supplement ruminants for their growth and production stages as it is above the 3545 

critical 8% CP that is needed by ruminants for maximum microorganism action in the rumen. 3546 

4.5.5 Neutral detergent fibre (NDF) 3547 

Neutral detergent fibre is a representation of the cell content that constituents (carbohydrates, 3548 

organic acids, pectin, protein) a forage grass (Amary, 2016). The author points out that these 3549 

components are grouped as NDF because they are soluble in neutral detergents. The 3550 

improvement of the nutritional value of forages is related to the neutral detergent fibre and it 3551 

is an essential factor of giving meaning to forage quality. More fibrous pasture is associated 3552 

with longer ruminal retention and limits the intake rate (Allison, 2007). According to Schroeder 3553 

(2012), grasses have different NDF% scores that are used, which include less than 46% (very 3554 

good), medium to good (47%-60%), and as low (above 61%). Grasses with an above 72% NDF 3555 

content will be the reason for a low forage intake (Lima et al., 2002). Although there was an 3556 

NDF content variation among the grasses, there was an increasing trend in the NDF content as 3557 

the grasses grew with time. Grasses tend to produce more stems that are accompanied by an 3558 

increment of fibrous material, making it different to other types of forages (Amiri & Mohamed 3559 
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Shariff, 2012). Anthephora pubescens (667.44 g/kg DM and 687.94 g/kg) and T. triandra 3560 

(648.67 g/kg DM and 688.01 g/kg DM) had a significantly higher NDF content at the 3561 

elongation and at maturity stage. The neutral detergent fibre values of grasses in this study 3562 

were slightly higher than the findings of Van Niekerk & Hassen (2009), who reported NDF 3563 

content at 653 g/kg DM during the elongation stage. The observation in the present study does 3564 

not agree with the findings of Matlebyane et al. (2009), who reported a much higher NDF 3565 

content in T. triandra of 772 g/kg DM, 735 g/kg DM and 663 g/kg DM, in three different chief 3566 

areas of the Capricorn region in Limpopo province all at elongation stage. A high amount of 3567 

NDF of all grasses was relatively close to the results reported by Vendramini (2010), who 3568 

evaluated different species in various environments. Indeed, in addition to species variation 3569 

and plant age, environmental differences such as greenhouse and open field can influence the 3570 

NDF concentration grown in different areas and harvested at the same time of growth stage 3571 

(Ibrahim et al., 1995; Teferedegne, 2000). At maturity, the NDF value of D. glomerata (493.82 3572 

g/kg DM) from this study is much lower than the one reported by Godlewska and Ciepiela 3573 

(2016) (514 g/kg DM) and further reinforces the similarity to the one reported by Fulkerson et 3574 

al. (2007) (485 g/kg DM) in the winter season and the lower value than the one reported by the 3575 

same authors (586 g/kg DM) in the spring season at maturity stage. Based on observation the 3576 

low NDF content of D. glomerata may have been a result of its thin stems and a high number 3577 

of leaves. This was in agreement with Coêlho et al. (2018). 3578 

Additionally, Nahar et al. (2015) highlighted that the growth and development of grass species 3579 

are hindered by temperature stress to a point that during that stressful period, tissues would be 3580 

highly concentrated with nutrients. Therefore, the findings of this current study show that they 3581 

were within the range of 47%-60% being medium to good forage intake and above 61% as low 3582 

forage intake. Since NDF concentration increases with the advance in age of the plant there 3583 
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would be more fibrous material by the time the grasses reach maturity, and this would 3584 

negatively influence the intake, thus limiting animal performance (Agza et al., 2013). 3585 

4.5.6 Acid detergent fibre (ADF) 3586 

Cellulose and lignin (excluding hemicellulose) are constituents of the cell wall portion of the 3587 

grass and are called acid detergent fibre (ADF) (Obregon-Cano et al., 2019). Cenchrus ciliaris 3588 

had significantly higher ADF values than all other grasses at elongation (446.99 g/kg DM) and 3589 

maturity (471.09 g/kg DM) stages. The ADF content values obtained for this grass were much 3590 

lower than the one reported by Avilés-Nieto et al. (2013) (524 g/kg DM) in hay. The study of 3591 

Hassan et al. (2015) reported a higher ADF value (455.80 g/kg DM) at the elongation stage. 3592 

The ADF value of C. gayana (384.34 g/kg DM) from this study is similar to the one reported 3593 

by Osuga et al. (2012) (382.70 g/kg DM) and lower than the one reported by Kemboi et al. 3594 

(2017) (503 g.kg DM). In this study, F. arundinacea (374.45 g/kg DM) at maturity had a higher 3595 

ADF value than the one reported by Johnson et al. (2019) (356.80 g/kg DM). Upon observation, 3596 

in this current study and in agreement with the decrease in ADF content in these grasses may 3597 

be associated with the age of the plant becoming progressively older with the decrease of the 3598 

number of leaves to stem ratio while the number of stems to leaf ratio was increasing (Galindo 3599 

et al., 2019). In most cases, stems have a greater concentration of fibres (NDF, ADF) when 3600 

compared to leaves because of the formation of parenchyma tissues. Vegetative leaves are 3601 

made up of a primary wall which gives its outer layer, also as the leaves get older it then forms 3602 

another secondary cell wall (Arzani et al., 2004). 3603 

A low acid detergent fibre is desirable because it gives more chance for ruminant microbes to 3604 

facilitate and utilize the feed efficiently to induce higher fermentation rates and give a better 3605 

digestibility (Aung et al., 2019). Abdullah et al. (2017) noted that a higher content in ADF may 3606 

have a poor digestibility since it can influence a negative correlation between digestibility of 3607 
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the grass and ADF contents. Generally, the fiber concentration of grass increases as the quality 3608 

and digestibility decrease due to prolonged growth (Temel et al., 2015). 3609 

4.5.7 Acid detergent lignin (ADL) 3610 

Mature leaves are well known to have higher lignified tissues as compared to fresh leaves 3611 

(Limenih, 2016). Lignin provides firmness to the stem, by imparting rigidity to cell walls of 3612 

leaves, impede disease, cold temperatures, transports water and responds to external biotic and 3613 

abiotic pressures (Ndozi, 2019; Wang et al., 2019). The ADL content from this current study 3614 

in D. eriantha (240.45 g/kg) was significantly higher than the one reported by Tikam et al. 3615 

(2015) (49.3 g/kg DM) and Deutschmann et al. (2017) (50.0 g/kg DM) as a hay form. The 3616 

ADL value of C. gayana (206.06 g/kg DM) obtained in the current study is higher than that 3617 

reported by Worknesh & Getachew (2018) (106 g/kg DM) but lower than that of Kemboi et al. 3618 

(2017) (478 g/kg DM) at the maturity stage. The ADL value of C. ciliaris (217.21 g/kg DM) 3619 

from this study was much lower than that noted by Aganga & Autlwetse (2000) (647 g/kg DM) 3620 

but higher than the results of Ramírez et al. (2007) (100 g/kg DM). However, much lower ADL 3621 

content from this study was reported. The lignin increases with increasing days of harvest. This 3622 

is based on the maturation of grasses that require a considerable advancement of structural 3623 

carbohydrates (cellulose, hemicellulose, lignin). According to Agza et al. (2013), the 3624 

advancing age of the grass results in a deposition of lignin in the cell walls thus more stems are 3625 

less digestible for the ruminant as compared to the number of leaves on that grass. In the 3626 

digestive tract of the ruminant, the microflora is unable to properly break down the highly 3627 

lignified grass because it is very resistant to chemical and enzymatic degradation (Bayble et 3628 

al., 2007). Therefore, all these grasses with higher lignin will lessen the feed intake. 3629 
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4.5.8 Cellulose  3630 

Cellulose makes up the major fiber component because it is the building block of the plant cell 3631 

wall (Billman, 2015). French (2017) explains that chemical bonds of lignin and cellulose make 3632 

it difficult for rumen microbial digestion to occur, thus reducing digestibility. In the current 3633 

study, C. ciliaris (253.88 g/kg DM) and P. maximum (260.71 g/kg DM) had significantly higher 3634 

cellulose content than all other grasses in the maturity stage. The cellulose content for P. 3635 

maximum (260.71 g/kg DM) observed in this study was lower than the findings of Yusuf et al. 3636 

(2010) (315 g/kg DM) and Melesse et al. (2017) (317 g/kg DM). Furthermore, the cellulose 3637 

content for C. ciliaris (253.88 g/kg DM) in this study was lower than that of Melesse et al. 3638 

(2017) (346 g/kg DM) at the maturity stage. The cellulose value of D. glomerata (174.28 g/kg 3639 

DM) from this study is lower than the one reported by Butkute et al. (2014) (411 g/kg DM) 3640 

and Truba et al. (2017) (252.4 g/kg DM). This may have been influenced by the advancing 3641 

growth stages because the cellular walls became thicker and the number of structural 3642 

carbohydrates increased (Temel et al., 2015). 3643 

4.5.9 Hemicellulose  3644 

Hemicellulose is a polysaccharide that is not too different from cellulose, however, it is not as 3645 

strong as cellulose in terms of its ability to resist degradation (Buxton & Redfearn, 1997). The 3646 

amount of hemicellulose and lignin is largely dependent on the maturity of the plant, leaf: stem 3647 

ratio, and individual variation between species and cultivars at the time of grazing or harvesting 3648 

(Billman, 2015). The content of hemicellulose in this study for C. ciliaris (207.35 g/kg DM) is 3649 

lower than that reported by Ramírez et al. (2007) (289 g/kg DM). The hemicellulose value 3650 

obtained in this study for P. maximum (254.91 g/kg DM) is lower than that reported by Oni et 3651 

al. (2011) (293 g/kg DM). The lower hemicellulose content in these grasses may have been 3652 

attributed to the advancing of the grass to reach the maturity stage. 3653 
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4.6 Conclusion  3654 

The results from this chapter conclude that the extended time given to grasses to grow more 3655 

longer it will affect the nutritive value of those grasses because of the stem-leaves ratio at 3656 

maturity stage. Dactylis glomerata, E. curvula, F. arundinacea and P. maximum had better CP 3657 

values and lower NDF concentration at the advanced stage. Themeda triandra and P. maximum 3658 

had lower ADL concentration at the elongation and maturity stages. Grass species should be 3659 

exposed to grazing at the elongation stage for animals to access the maximum nutrients 3660 

available for optimum intake and substrates degradation. There is a need to supplement animals 3661 

that are exposed to these grasses due to low crude protein content.  3662 
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5 CHAPTER FIVE: PREDICTION OF CHEMICAL ESTIMATES FROM 3904 

CHEMICAL COMPOSITION PARAMETERS OF SELECTED GRASS SPECIES 3905 

UNDER DIFFERENT GROWTH STAGES GROWN UNDER CONTROLLED 3906 

ENVIRONMENT  3907 

Abstract 3908 

The objective of this study was to predict metabolizable energy, digestible energy, dry matter 3909 

intake, total digestible nutrients, dry matter digestibility and relative feeding value from 3910 

chemical constituents of grass under different growth stages. Grass samples mentioned in 3911 

Chapter 3 were analysed for chemical composition and values were used to predict ME, DE, 3912 

DMDigest, DMI, TDN and RFV of grass species under different growth stages. A two-way 3913 

analysis of variance was used to analyse the data on estimated ME, DE, DMDigest, DMI, TDN 3914 

and RFV.  Digitaria glomerata (11.17 kg) and F. arundinacea (11.74 kg) had the highest (P < 3915 

0.05) DMI prediction values than all other grasses at the elongation stage. Within each species, 3916 

C. ciliaris, E. curvula, F. arundinacea and P. maximum had the highest (P < 0.05) DMD% 3917 

prediction values at their vegetative stage when compared to the same species in elongation 3918 

and maturity stages. D. eriantha and T. triandra had the same (P > 0.05) RFV prediction values 3919 

as A. pubescens and C. ciliaris at elongation stage. Chloris gayana (56.98 g/kg DM), F. 3920 

arundinacea (56.90 g/kg DM) and P. maximum (58.48 g/kg DM) had the highest (P < 0.05) 3921 

TDN values than all other grass species at the elongation stage. Within each species, C. gayana 3922 

and D. eriantha had the highest (P < 0.05) DE at their vegetative and elongation stages when 3923 

compared to the same individual species in their maturity stage. Chloris gayana (2.42 3924 

Mcal/kg), F. arundinacea (2.42 Mcal/kg) and P. maximum (2.48 Mcal/kg) had the highest (P 3925 

< 0.05) ME prediction values than all other grass species at the elongation stage. There was a 3926 

strong relationship (P < 0.05) between fibres (NDF and ADF) parameters and estimates. The 3927 

results indicate that F. arundinacea, P. maximum, D. glomerata and C. gayana had the better-3928 
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estimated values and they can complement each other in providing the nutrient requirement for 3929 

ruminants to enhance animal productivity in semi-arid regions. The results show that both NDF 3930 

and ADF had a high capacity to predict the chemical estimates of grass species. 3931 

Keywords: metabolizable energy, digestible energy; drymatter intake, ruminants, forage 3932 

quality, digestibility 3933 

5.1 Introduction 3934 

Grasses are ranked as the primary feed resource of ruminant diets (Jančík et al., 2011), and are 3935 

considered the mainstay in animal nutrition because of their ability to meet the nutritional 3936 

demands of ruminants. Aregheore (2004) mentions that the most common setback about 3937 

ruminants feeding on pastures as the only resource is that there is a need for an assessment on 3938 

whether or not the grass can provide ample nutrients for the growth, maintenance and 3939 

production. Rad et al. (2013) explain that insight on the nutritional content of grasses at 3940 

different developmental stages can be helpful for farmers to select the most appropriate times 3941 

for grazing and keeping stock rates to extract maximum performance to avoid damaging the 3942 

remaining grasses. Since forage quality declines with an advancing growth stage, harvesting at 3943 

the maturity stage would be a significant determinant of forage quality (Eshetu et al., 2018). 3944 

The mature grasses control digestibility and intake of forage materials by ruminants. Forage 3945 

grass digestibility is of significant importance for dry matter intake (DMI) and optimum rumen 3946 

function including energy and microbial yield (Raffrenato et al., 2017). According to Amiri 3947 

and Mohamed Shariff (2012), there are three most commonly used parameters to define forage 3948 

quality. These are crude protein (CP), metabolizable energy (ME) and total digestible nutrients 3949 

(TDN). Information on the relative feed value (RFV) gives an overall estimation of the value 3950 

of grasses and is considered a significant quality trait as well. Mut et al. (2010) confirm that 3951 

high RFV content in grasses clearly signifies a better palatable and digestible grass, hence this 3952 
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parameter can be used to differentiate the quality of the grasses based on the grass’s maturity 3953 

stage at harvest. The objective of this study was to predict metabolizable energy, digestible 3954 

energy, dry matter intake, total digestible nutrients and relative feeding value from chemical 3955 

constituents of grass under different growth stages.  3956 

5.2. Materials and methods 3957 

5.2.1 Chemical analysis 3958 

The chemical analysis was done as described in section 4.2.1. 3959 

5.2.2  Prediction of ME, DE, DMDigest, DMI, TDN and RFV from chemical constituents of 3960 

grass species under different growth stages 3961 

The formula used to predict total digestible nutrients (TDN) was 82.38 – (0.7515 × ADF) as 3962 

described by (Bath & Marble, 1989). The formula for dry matter digestibility was DMDigest% 3963 

= 88.9 – (0.779 × % ADF). DMI was calculated using the NDF concentration and 2.5% of 3964 

animal body weight as described by Mertens (2002). Relative feed value (RFV) was calculated 3965 

from the estimates of dry matter digestibility (DMDigest) and dry matter intake (DMI), RFV 3966 

= (%DMDigest ×%DMI)/1.29 (Jeranyama & Garcia, 2004). Dry matter digestibility values 3967 

were used to estimate digestible energy (DE, kcal/kg) using the regression equation reported 3968 

by Fonnesbeck et al. (1984), DE (Mcal/kg) = 0.27 + 0.0428 (DMDigest%). DE values were 3969 

converted to ME using the formula reported by Khalil et al. (1986), ME (Mcal/kg) = 0.821 × 3970 

DE (Mcal/kg). Estimated predicted potential daily DMI was calculated using the body weight 3971 

intake percentage.  3972 

Estimated predicted potential daily DMI was calculated according to (Mertens, 2002) using the 3973 

formula 3974 

DMI = 
1.2 ×𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

𝑁𝐷𝐹%
 3975 
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where body weight is equivalent to an estimated livestock unit metabolic weight 450 kg. 3976 

5.3 Statistical analysis 3977 

A two-way analysis of variance was used to analyse the data on estimated ME, DMDigest, 3978 

DMI, TDN and RFV using the GLM procedure, as described in 4.3. Statistically significant 3979 

differences were declared at P < 0.05. 3980 

5.4 Results  3981 

Results on statistical significance (P-value) of the effects of the main factors on predicted 3982 

chemical estimates (ME, DE, DMI, DMDigest, TDN, RFV) of different grass species planted 3983 

in a controlled environment are tabulated in Table 5.1. Differences (P < 0.05) were observed 3984 

on chemical estimates across grass species, growth stage and the grass species*growth stage 3985 

interaction.  3986 

 3987 

 3988 

 3989 

 3990 

 3991 

 3992 

 3993 

 3994 

 3995 

 3996 
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Table 5.1: The effect of grass species and growth stage on estimated constituents in nine 3997 

selected grasses grown under a controlled environment 3998 

Factor 

Constituents  Grass species Stage Grass species* stage 

interaction 

ME ** ** ** 

DE ** ** ** 

DMI ** ** * 

DMDigest ** ** ** 

TDN ** ** ** 

RFV ** ** ** 

*= P < 0.05  **= P < 0.01 3999 

ME: metabolizable energy; DE: digestible energy; DMI: dry matter intake; DMDigest: dry 4000 

matter digestibility; TDN: total digestible nutrients; RFV: relative feed value  4001 

 4002 

5.4.1 The effect of species and growth stage on dry matter intake (DMI)(kg) prediction in nine 4003 

selected grass species grown under controlled conditions 4004 

The results on the effect of species and growth stage on dry matter intake (kg/day) prediction 4005 

in nine selected grass species are presented in Table 5.2. Festuca arundinacea (13.17 kg) had 4006 

the highest (P < 0.05) dry matter intake prediction value than all other grasses at vegetative 4007 

stage. Digitaria eriantha (8.70 kg), E. curvula (8.61 kg) and T. triandra (8.81 kg) had lower 4008 

(P < 0.05) dry matter intake prediction values when compared to C. gayana (9.71 kg), D. 4009 

glomerata (11.49 kg), F. arundinacea (13.17 kg) and P. maximum (10.63 kg) at the vegetative 4010 

stage.  4011 
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Dactylis glomerata (11.17 kg) and F. arundinacea (11.74 kg) had the highest (P < 0.05) DMI 4012 

prediction values than all other grasses at the elongation stage. Digitaria eriantha, E. curvula 4013 

and T. triandra had the same (P > 0.05) DMI prediction values as A. pubescens and C. ciliaris 4014 

at the elongation stage. Dactylis glomerata (10.94 kg) and F. arundinacea (11.07 kg) had the 4015 

highest (P < 0.05) DMI intake prediction values, whereas A. pubescens (7.85 kg), C. ciliaris 4016 

(7.96 kg), C. gayana (8.46 kg), D. eriantha (8.12 kg), E. curvula (8.10 kg), P. maximum (8.59 4017 

kg) and T. triandra (7.85 kg) had the same (P > 0.05) DMI intake values which did not (P > 4018 

0.05) differ from each other at maturity stage.  4019 

Within each species, A. pubescens, C. ciliaris, C. gayana, T. triandra had the highest (P < 0.05) 4020 

DMI prediction values at their vegetative stage when compared to the same species in 4021 

elongation and maturity stages which did not differ (P > 0.05) from each other. Dactylis 4022 

glomerata and D. eriantha had the same (P > 0.05) DMI prediction values across all growth 4023 

stages. Panicum maximum had the highest (P < 0.05) DMI prediction value at the vegetative 4024 

(10.63 kg) stage, followed by the same species in elongation and maturity stages. 4025 

 4026 

 4027 

 4028 

 4029 

 4030 

 4031 

 4032 

 4033 

 4034 
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Table 5.2: Effect of species and growth stage on dry matter intake (kg/day) prediction in nine 4035 

selected grass species grown under controlled conditions  4036 

Growth stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 10.03cdA 8.09dB 7.85bB 

Cenchrus ciliaris 9.30deA 8.12dB 7.96bB 

Chloris gayana 9.71dA 9.00bcB 8.46bB 

Dactylis glomerata 11.49bA 11.17aA 10.94aA 

Digitaria eriantha 8.70eA 8.37cdA 8.12bA 

Eragrostis curvula 8.61eA 8.40cdA 8.10bA 

Festuca arundinacea 13.17aA 11.74aB 11.07aB 

Panicum maximum 10.63cA 9.76bB 8.59bC 

Themeda triandra 8.81eA 8.33cdB 7.85bB 

SEM  0.29  

a,b,c,d,e means in column with different superscripts within each growth stage are significantly 4037 

different (P < 0.05)  4038 
A,B,C means in rows with different superscript within each species are significantly different (P 4039 

< 0.05) 4040 

SEM standard error of the mean 4041 

5.4.2 The effect of species and growth stage on dry matter digestibility (DMDigest %) 4042 

prediction in nine selected grass species grown under controlled 4043 

The results on the effect of species and growth stage on dry matter digestibility (%) prediction 4044 

in nine selected grass species are presented in Table 5.3. Within each growth stage, F. 4045 

arundinacea (66.04%) and P. maximum (66.09%) had the highest (P < 0.05) DMDigest % than 4046 

all other grasses at the vegetative stage. Anthephora pubescens (56.33%) had a lower (P < 0.05) 4047 

DMDigest % than C. ciliaris (58.47%), C. gayana (63.61%), D. glomerata (63.55%), E. 4048 

curvula (62.33%), F. arundinacea (66.04%) and P. maximum (66.09%) at the vegetative stage. 4049 

Digitaria eriantha and T. triandra had the same (P > 0.05) DMDigest % values when compared 4050 
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to A. pubescens and C. ciliaris at the same stage. Chloris gayana (62.57%), F. arundinacea 4051 

(62.49%) and P. maximum (64.13%) had the highest (P < 0.05) DMDigest % prediction values 4052 

than all other grasses at the elongation stage. Anthephora pubescens (53.79%) and C. ciliaris 4053 

(54.08%) had the lowest DMDigest % prediction values when compared to all other grasses in 4054 

the same stage. At the maturity stage, C. gayana (58.96%), D. glomerata (59.64%), F. 4055 

arundinacea (59.73%) and P. maximum (59.76%) had the highest (P < 0.05) DMDigest % 4056 

prediction values than all other grasses. Cenchrus ciliaris (52.20%) had the lowest (P < 0.05) 4057 

DMDigest % prediction values when compared to C. gayana (58.96%), D. glomerata 4058 

(59.64%), D. eriantha (54.87%), E. curvula (55.66%), F. arundinacea (59.73%), P. maximum 4059 

(59.75%) and T. triandra (56.67%), at the maturity stage. Eragrostis curvula had the same (P 4060 

> 0.05) DMDigest % prediction values as A. pubescens, D. eriantha and T. triandra at the 4061 

maturity stage. Within each species A. pubescens and D. glomerata had the highest (P < 0.05) 4062 

DMDigest % prediction values at their vegetative stage when compared to the same individual 4063 

species in elongation and maturity stage. Cenchrus ciliaris, E. curvula, F. arundinacea and P. 4064 

maximum had the highest (P < 0.05) DMDigest % prediction values at their vegetative stage 4065 

when compared to the same species in elongation and maturity stages. Themeda triandra had 4066 

the same (P > 0.05) DMDigest % prediction values across all growth stages. 4067 

 4068 

 4069 

 4070 

 4071 

 4072 

\ 4073 
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Table 5.3: Effect of species and growth stage on dry matter digestibility (DMDigest %) 4074 

prediction in nine selected grass species grown under controlled  4075 

Growth stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 56.33dA 53.79dB 53.91cdB 

Cenchrus ciliaris 58.47cA 54.08dB 52.20dC 

Chloris gayana 63.61bA 62.57aA 58.96aB 

Dactylis glomerata 63.55bA 60.61bB 59.64aB 

Digitaria eriantha 57.23cdA 56.56cA 54.87cB 

Eragrostis curvula 62.33bA 60.41bB 55.67bcC 

Festuca arundinacea 66.04aA 62.49aB 59.73aC 

Panicum maximum 66.09aA 64.13aB 59.76aC 

Themeda triandra 57.91cdA 57.34cA 56.67bA 

SEM  0.63  

a,b,c,d means in column with different superscripts within each growth stage are significantly 4076 

different (P < 0.05)  4077 
A,B,C means in rows with different superscript within each species are significantly different (P 4078 

< 0.05) 4079 

SEM standard error of the mean 4080 

5.4.3 The effect of species and growth stage of relative feed value (RFV) (g/kg DM) 4081 

prediction in nine selected grass species 4082 

The results on the effect of species and growth stage on relative feed value (g/kg DM) 4083 

prediction in nine selected grass species under a controlled environment are presented in Table 4084 

5.4. Within each growth stage, F. arundinacea (674.31 g/kg DM), at the vegetative stage, had 4085 

the highest (P < 0.05) RFV prediction value than all other grasses. Digitaria eriantha (386.09 4086 

g/kg DM) had a lower (P < 0.05) RFV value than A. pubescens (439.65 g/kg DM), C. gayana 4087 

(478.62 g/kg DM), D. glomerata (565.90 g/kg DM), F. arundinacea (674.31 g/kg DM) and P. 4088 

maximum (544.78 g/kg DM) at the vegetative stage. Cenchrus ciliaris, E. curvula and T. 4089 
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triandra had the same (P > 0.05) RFV values than A. pubescens and D. eriantha at vegetative 4090 

stage. 4091 

Festuca arundinacea (568.82 g/kg DM) had a higher (P < 0.05) RFV prediction value than A. 4092 

pubescens (337.35 g/kg DM), C. ciliaris (340.36 g/kg DM), C. gayana (436.80 g/kg DM), D. 4093 

eriantha (367.23 g/kg DM), E. curvula (393.31 g/kg DM), P. maximum (485.10 g/kg DM) and 4094 

T. triandra (370.17 g/kg DM) at the elongation stage. Anthephora pubescens (337.35 g/kg DM) 4095 

and C. ciliaris (340.36 g/kg DM) had the lowest (P < 0.05) RFV prediction values when 4096 

compared to C. gayana (436.80 g/kg DM), D. glomerata (524.89 g/kg DM), E. curvula (393.31 4097 

g/kg DM), F. arundinacea (568.83 g/kg DM) and P. maximum (485.10 g/kg DM) at the 4098 

elongation stage. Digitaria eriantha and T. triandra had the same (P > 0.05) RFV prediction 4099 

values as A. pubescens and C. ciliaris at the elongation stage.  4100 

At the maturity stage, D. glomerata (505.61 g/kg DM) and F arundinacea (512.93 g/kg DM) 4101 

had higher (P < 0.05) RFV prediction value than all the grasses. Anthephora pubescens (328.06 4102 

g/kg DM) and C. ciliaris (322.10 g/kg DM) had the lowest (P < 0.05) RFV prediction values 4103 

when compared to C. gayana (386.83 g/kg DM), D. glomerata (505.61 g/kg DM), F. 4104 

arundinacea (512.93 g/kg DM) and P. maximum (397.97 g/kg DM). Digitaria eriantha, E. 4105 

curvula and T. triandra had the same (P > 0.05) RFV prediction values as A. pubescens, C. 4106 

gayana and C. ciliaris at the maturity stage. 4107 

Within each species, F. arundinacea had the highest (P < 0.05) RFV at the vegetative stage 4108 

followed by its elongation and maturity stages. Anthephora pubescens and C. ciliaris had the 4109 

highest (P < 0.05) relative feed value prediction values at their vegetative stage when compared 4110 

to the same species in the elongation and maturity which did not differ significantly from each 4111 

other. Digitaria eriantha had the same (P > 0.05) RFV prediction values in all growth stages. 4112 

Chloris gayana, D. glomerata, E. curvula and P. maximum and T. triandra had the highest (P 4113 

< 0.05) RFV prediction values at vegetative and elongated stages. 4114 
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Table 5.4: Effect species and growth stage on relative feed value (g/kg DM) in nine selected 4115 

grass species grown under controlled conditions 4116 

Growth stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 439.65cdA 337.35eB 328.06dB 

Cenchrus ciliaris 421.61deA 340.36eB 322.10dB 

Chloris gayana 478.62cA 436.80cA 386.83bcB 

Dactylis glomerata 565.90bA 524.89abA 505.61aB 

Digitaria eriantha 386.09eA 367.23deA 345.52cdA 

Eragrostis curvula 416.21deA 393.31cdA 349.45cdB 

Festuca arundinacea 674.31aA 568.83aB 512.93aC 

Panicum maximum 544.78bA 485.10bA 397.97bB 

Themeda triandra 395.47deA 370.17deA 344.92cdB 

SE  15.94  

a,b,c,d,e means in column with different superscripts within each growth stage are significantly 4117 

different at (P < 0.05)  4118 
A,B,C means in rows with different superscript within each species are significantly different at 4119 

(P < 0.05) 4120 

SE ± Mean standard error ± mean 4121 

5.4.4 The effect of species and growth stage on total digestible nutrients (TDN) in g/kg DM 4122 

in nine selected grass species  4123 

The results on the effect of species and growth stage on total digestible nutrients prediction in 4124 

nine selected grass species are presented in Table 5.5. Within each growth stage, F. 4125 

arundinacea (60.33 g/kg DM) and P. maximum (60.38 g/kg DM) had the highest (P < 0.05) 4126 

TDN prediction values than all other grasses at vegetative stage. Digitaria eriantha and T. 4127 

triandra had the same (P > 0.05) TDN values as A. pubescens and C. ciliaris at the same stage.  4128 
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Anthephora pubescens (50.96 g/kg DM) had the lowest (P < 0.05) TDN values as compared to 4129 

C. ciliaris (53.02 g/kg DM), C. gayana (57.98 g/kg DM), D. glomerata (57.93 g/kg DM), E. 4130 

curvula (56.75 g/kg DM), F arundinacea (60.33 g/kg DM) and P. maximum (60.38 g/kg DM) 4131 

at the vegetative stage. Chloris gayana (56.98 g/kg DM), F. arundinacea (56.90 g/kg DM) and 4132 

P. maximum (58.48 g/kg DM) had the highest (P < 0.05) TDN values than all other grass 4133 

species at the elongation stage. Anthephora pubescens (48.50 g/kg DM) and C. ciliaris (48.79 4134 

g/kg DM) had the lowest (P < 0.05) TDN prediction values than all other grasses in the 4135 

elongation stage.  4136 

At the maturity stage, C. gayana (53.50 g/kg DM), D. glomerata (54.15 g/kg DM), F. 4137 

arundinacea (54.24 g/kg DM) and P. maximum (54.27 g/kg DM) had the highest (P < 0.05) 4138 

TDN values than all other grasses. Cenchrus ciliaris (46.98 g/kg DM) had the lowest (P < 0.05) 4139 

TDN value than the other grasses at the maturity stage.  4140 

Within each species, C. ciliaris, D, glomerata, F. arundinacea and P. maximum had the highest 4141 

(P < 0.05) TDN values at their vegetative stage when compared to the same individual species 4142 

in their elongation and maturity stages. Chloris gayana and D. eriantha had higher (P < 0.05) 4143 

TDN values at the vegetative and elongation stages when compared to the same species at their 4144 

maturity stage. Themeda triandra had the same (P > 0.05) TDN prediction values across all 4145 

growth stages. 4146 

 4147 

 4148 

 4149 

 4150 

 4151 

 4152 

 4153 
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Table 5.5: Effect of species and growth stage on total digestible nutrients (TDN g/kg DM) in 4154 

nine selected grass species grown under a controlled environment 4155 

Growth stages 

Grass species Vegetative Elongation Maturity 

Anthephora pubescens 50.96dA 48.51dB 48.63cdB 

Cenchrus ciliaris 53.02cA 48.79dB 46.98dC 

Chloris gayana 57.98bA 56.98aA 53.50aB 

Dactylis glomerata 57.93bA 55.09bB 54.15aC 

Digitaria eriantha 51.83cdA 51.19cA 49.55cB 

Eragrostis curvula 56.75bA 54.90bA 50.32bcB 

Festuca arundinacea 60.33aA 56.90aB 54.24aC 

Panicum maximum 60.38aA 58.48aB 54.27aC 

Themeda triandra 52.48cdA 51.93cA 51.29bA 

SEM  0.60  

a,b,c,d means in column with different superscripts within each growth stage are significantly 4156 

different (P < 0.05)  4157 
A,B,C means in rows with different superscript within each species are significantly different (P 4158 

< 0.05) 4159 

SEM standard error of the mean 4160 

5.4.5 The effect of species and growth stage on digestible energy (DE) (Mcal/kg) prediction 4161 

in selected grass species  4162 

The results on the effect of species and growth stage on digestible energy prediction in nine 4163 

selected grass species are presented in Table 5.6. Within each growth stage, F. arundinacea 4164 

(3.10 Mcal/kg) and P. maximum (3.10 Mcal/kg) had the highest (P < 0.05) DE prediction values 4165 

than all other grasses at vegetative stage. Anthephora pubescens (2.68 Mcal/kg) had a lower (P 4166 

< 0.05) DE, than C. ciliaris (2.77 Mcal/kg), C. gayana (3.00 Mcal/kg), D. glomerata (2.10 4167 

Mcal/kg), E. curvula (2.94 Mcal/kg), F arundinacea (3.10 Mcal/kg) and P. maximum (3.10 4168 

Mcal/kg) at vegetative stage. Digitaria eriantha and T. triandra had the same (P > 0.05) DE 4169 
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prediction values as A. pubescens and C. ciliaris at the same stage. Chloris gayana (2.95 4170 

Mcal/kg), F. arundinacea (2.94 Mcal/kg) and P. maximum (3.01 Mcal/kg) had the highest (P 4171 

< 0.05) DE prediction values than all other grasses at elongation stage. Anthephora pubescens 4172 

(2.58 Mcal/kg), C. ciliaris (2.58 Mcal/kg) and E. curvula (2.86 Mcal/kg) had the lowest (P < 4173 

0.05) DE prediction in the same elongation stage. At the maturity stage, D. glomerata (2.82 4174 

Mcal/kg), F arundinacea (2.83 Mcal/kg) and P. maximum (2.83 Mcal/kg) had the highest (P < 4175 

0.05) DE prediction values than all other grasses. Cenchrus ciliaris (2.50 Mcal/kg) had lower 4176 

(P < 0.05) DE value than C. gayana (2.50 Mcal/kg), D. glomerata (2.82 Mcal/kg), D. eriantha 4177 

(2.62 Mcal/kg), E. curvula (2.65 Mcal/kg), F. arundinacea (2.83 Mcal/kg), P. maximum (2.83 4178 

Mcal/kg) and T. triandra (2.70 Mcal/kg) at maturity stage. 4179 

Themeda triandra had the same (P > 0.05) DE value across all the growth stages. Chloris 4180 

gayana and D. eriantha had the highest (P < 0.05) DE at their vegetative and elongation stages 4181 

when compared to the same individual species in their maturity stage. Cenchrus ciliaris, E. 4182 

curvula, F. arundinacea and P. maximum had the highest (P < 0.05) DE values at their 4183 

vegetative stage when compared to the same species in their elongation and maturity stages. 4184 

 4185 

 4186 

 4187 

 4188 

 4189 

 4190 

Table 5.6: Effect of species and growth stage on digestible energy (DE) (Mcal/kg) in nine 4191 

selected grass species grown under controlled conditions 4192 

Growth stages 
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Grass species Vegetative Elongation Maturity 

Anthephora pubescens 2.68dA 2.58dB 2.58dB 

Cenchrus ciliaris 2.77cA 2.58dB 2.50dC 

Chloris gayana 3.00bA 2.95aA 2.79bB 

Dactylis glomerata 2.99bA 2.86bB 2.82aB 

Digitaria eriantha 2.72cdA 2.69cA 2.62cB 

Eragrostis curvula 2.94bA 2.86dB 2.65bcC 

Festuca arundinacea 3.10aA 2.94aB 2.83aC 

Panicum maximum 3.10A 3.01aB 2.83aC 

Themeda triandra 2.75cdA 2.72cA 2.70bA 

SEM  0.027  

a,b,c,d means in column with different superscripts within each growth stage are significantly 4193 

different (P < 0.05)  4194 
A,B,C means in rows with different superscript within each species are significantly different (P 4195 

< 0.05) 4196 

SEM standard error of the mean 4197 

5.4.6 The effect of species and growth stage on metabolizable energy (ME) (Mcal/kg) 4198 

prediction in nine selected grass species 4199 

The results on the effect of species and growth stage on metabolizable energy (Mcal/kg) 4200 

prediction in nine selected grass species are presented in Table 5.7. Within each growth stage, 4201 

P. maximum and F. arundinacea, at vegetative stage, had the highest (P<0.05) ME values than 4202 

all other grasses. Digitaria eriantha and T. triandra had the same (P>0.05) ME value as A. 4203 

pubescens and C. ciliaris at the vegetative stage.  4204 

Chloris gayana (2.42 Mcal/kg), F. arundinacea (2.42 Mcal/kg) and P. maximum (2.48 4205 

Mcal/kg) had the highest (P < 0.05) ME prediction values than all other grass species at the 4206 

elongation stage. Anthephora pubescens (2.11 Mcal/kg) had lower (P < 0.05) ME than C. 4207 

gayana, D. glomerata, D. eriantha, E. curvula, F. arundinacea, P. maximum and T. triandra 4208 
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at the elongation stage. Chloris gayana (2.29 Mcal/kg), D. glomerata (2.32 Mcal/kg), F. 4209 

arundinacea (2.32 Mcal/kg) and P. maximum (2.32 Mcal/kg), had the highest (P < 0.05) ME 4210 

values compared to all grass species at maturity stage. Cenchrus ciliaris (2.06 Mcal/kg) had 4211 

the lowest (P < 0.05) ME compared to C. gayana (2.29 Mcal/kg), D. glomerata (2.32 Mcal/kg), 4212 

D. eriantha (2.15 Mcal/kg), E. curvula (2.18 Mcal/kg), F. arundinacea (2.32 Mcal/kg), P. 4213 

maximum (2.32 Mcal/kg) and T. triandra (2.21 Mcal/kg) at the same stage. Anthephora 4214 

pubescens had the same (P > 0.05) ME prediction values as, C. ciliaris, and D. eriantha at the 4215 

maturity stage. 4216 

Within each species, D. eriantha and T. triandra had the same (P > 0.05) ME across all the 4217 

growth stages. Chloris gayana had the highest (P < 0.05) ME at their vegetative and elongation 4218 

stages when compared to the same individual species in the maturity stage. Cenchrus ciliaris, 4219 

E. curvula, F. arundinacea and P. maximum had the highest (P < 0.05) ME at their vegetative 4220 

stage when compared to the same species in their elongation and maturity stages. Dactylis 4221 

glomerata and A. pubescens had the highest (P < 0.05) ME values at the vegetative stage when 4222 

compared to the same species in their elongation and maturity stages, which did not differ 4223 

significantly from each other. 4224 

 4225 

 4226 

 4227 

 4228 

Table 5.7: Effect of species and growth stage on metabolizable energy (ME) (Mcal/kg) 4229 

prediction in nine selected grass species grown under controlled conditions 4230 

Growth stages 

Grass species Vegetative Elongation Maturity 



175 
 

Anthephora pubescens 2.20dA 2.11eB 2.12cdB 

Cenchrus ciliaris 2.28cA 2.12deB 2.06dC 

Chloris gayana 2.46bA 2.42aA 2.29aB 

Dactylis glomerata 2.45bA 2.35bB 2.32aB 

Digitaria eriantha 2.23cdA 2.21cA 2.15cA 

Eragrostis curvula 2.41bA 2.34bB 2.18bcC 

Festuca arundinacea 2.54aA 2.42aB 2.32aC 

Panicum maximum 2.54aA 2.48aB 2.32aC 

Themeda triandra 2.26cdA 2.24cA 2.21bA 

SEM  0.02  

a,b,c,d,e means in column with different superscripts within each growth stage are significantly 4231 

different (P < 0.05)  4232 
A,B,C means in rows with different superscript within each species are significantly different (P 4233 

< 0.05) 4234 

SEM standard error of the mean 4235 

5.4.7 Regression equations tables predicting chemical estimates (DMI, DMD, RFV, TDN, 4236 

DE, ME) from the chemical composition (OM, CP, NDF, ADF, ADL) of nine selected 4237 

grasses at the elongation stage  4238 

Results of the regression equation predicting chemical estimates (DMI, DMDigest, RFV, TDN, 4239 

DE, ME) from the organic matter (OM) of nine selected grasses at the elongation stage are 4240 

presented in Table 5.8. There was no relationship (P > 0.05) between estimates (DMI, 4241 

DMDigest, RFV, TDN, DE and ME) and organic matter parameter. 4242 

Table 5.8: Regression equations predicting chemical estimates (DMI, DMDigest, RFV, TDN, 4243 

DE, ME) from organic matter (OM) of nine selected grasses at the elongation stage 4244 

Factor Y - variable Formula R2 P-value 

OM DMI Y = -0.024OM + 29.067 0.135 0.330 

OM DMDigest Y = -0.22OM + 77.191 0.015 0.756 

OM RFV Y =-1.294OM + 1511.839 0.109 0.386 
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OM TDN Y = -0.021OM + 70.988 0.015 0.757 

OM DE Y = -0.001OM + 3.494 0.012 0.778 

OM ME Y = -0.001OM + 2.998 0.017 0.734 

R2 = regression co-efficient; P-value = probability value. 4245 

OM = organic matter; DMI; dry matter intake; DMDigest; dry matter digestibility RFV: 4246 

relative feeding value; TDN: total digestible nutrients; DE: digestible energy; ME: 4247 

metabolizable energy  4248 

Results of the regression equation predicting chemical estimates (DMI, DMDigest, RFV, TDN, 4249 

DE, ME) from the crude protein (CP) parameter of nine grasses at elongation stage are 4250 

presented in Table 5.9. There was no relationship (P > 0.05) between crude protein parameter 4251 

and estimates. 4252 

 4253 

 4254 

 4255 

 4256 

 4257 

Table 5.9: Regression equations predicting chemical estimates (DMI, DMDigest, RFV, 4258 

TDN, DE, ME) from crude protein (CP) of nine selected grassesat the elongation stage 4259 

Factor Y - variable Formulae R2 P-value 

CP DMI Y =-0.068CP + 5.837 0.343 0.097 

CP DMDigest Y =-0.163CP + 51.016 0.257 0.163 

CP RFV Y =-4.305CP + 211.197 0.367 0.084 

CP TDN Y =-0.157CP + 45.833 0.257 0.163 

CP DE Y =-0.007CP + 2.449 0.266 0.155 



177 
 

CP ME Y =-0.006CP + 2.017 0.248 0.172 

R2 = regression co-efficient; P-value = probability value. OM = organic matter; DMI; dry 4260 

matter intake; DMDigest; dry matter digestibility RFV: relative feeding value; TDN: total 4261 

digestible nutrients; DE: digestible energy; ME: metabolizable energy  4262 

 4263 

Results of the regression equation predicting chemical estimates (DMI, DMDigest, RFV, TDN, 4264 

DE, ME) from the neutral detergent fibre (NDF) parameter of nine grasses at the elongation 4265 

stage are presented in Table 5.10. There was a strong relationship (P < 0.05) between neutral 4266 

detergent fibre parameter and the estimates [DMI (R2 = 0.993; P = 0.0001), DMDigest (R2 = 4267 

0.500; P = 0.033), RFV (R2 = 0.972; P = 0.0001), TDN (R2 = 0.500; P = 0.033), DE (R2 = 4268 

0.488; P = 0.036) and ME (R2 = 0.502; P = 0.033)]. 4269 

Table 5.10: Regression equations predicting chemical estimates (DMI, DMDigest; RFV; 4270 

TDN; DE; ME) from neutral detergent fibre (NDF) of nine selected grasses at the elongation 4271 

stage 4272 

Factor Y - variable Formulae R2 P - value 

NDF DMI Y =-0.017NDF + 19.586 0.993 0.0001 

NDF DMDigest Y =-0.034NDF + 79.431 0.500 0.033 

NDF RFV Y =-1.050NDF + 1051.437 0.972 0.0001 

NDF TDN Y =-0.033NDF + 73.236 0.500 0.033 

NDF DE Y =-0.001NDF + 3.651 0.488 0.036 

NDF ME Y =-0.001NDF + 3.020 0.502 0.033 

R2 = regression co-efficient; P-value = probability value 4273 

NDF: neutral detergent fibre; DMI: dry matter intake; DMDigest: dry matter digestibility RFV: 4274 

relative feeding value; TDN: total digestible nutrients; DE: digestible energy; ME: 4275 

metabolizable energy 4276 

Results of the regression equation predicting chemical estimates (DMI, DMDigest, RFV, TDN, 4277 

DE, ME) from the acid detergent fibre (ADF) parameter of nine grasses at elongation stage are 4278 

presented in Table 5.11. There was a extremely strong relationship (P < 0.05) between acid 4279 

detergent fibre parameter and DMDigest (R2 =1.000; P = 0.0001), RFV (R2 = 0.656; P = 0.008), 4280 

TDN (R2 = 1.000; P = 0.0001), DE (R2 = 0.999; P = 0.0001), and ME (R2 = 1.000; P = 0.0001). 4281 

There was no strong relationship (P > 0.05) between DMI and acid detergent fibre parameter.  4282 
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Table 5.11: Regression equations predicting chemical estimates (DMI, DMDigest, RFV, TDN, 4283 

DE, ME) from acid detergent fibre (ADF) of nine grasses at elongation stage 4284 

Factor Y - variable Formulae R2 P - value 

ADF DMI Y =-0.019ADF + 16.3211 0.434 0.054 

ADF DMDigest Y =-0.078ADF + 88.904 1.000 0.0001 

ADF RFV Y =-1.395ADF + 958.463 0.656 0.008 

ADF TDN Y =-0.075ADF + 82.374 1.000 0.0001 

ADF DE Y =-0.003ADF + 4.063 0.999 0.0001 

ADF ME Y =-0.003ADF + 3.355 1.000 0.0001 

R2 = regression co-efficient; P-value = probability value. 4285 

ADF: acid detergent fibre; DMI: dry matter intake; DMDigest: dry matter digestibility; RFV: 4286 

relative feeding value; TDN: total digestible nutrients; DE: digestible energy; ME: 4287 

metabolizable energy  4288 

 4289 

Results of the regression equation predicting chemical estimates (DMI, DMDigest, RFV, TDN, 4290 

DE, ME) from the acid detergent fibre (ADL) parameter of nine selected grasses at the 4291 

elongation stage are presented in Table 5.12. There was no strong relationship (P > 0.05) 4292 

between estimates (DMI, DMD, RFV, TDN, DE and ME) and acid detergent lignin parameter. 4293 

 4294 

 4295 

 4296 

Table 5.12: Regression equations predicting chemical estimates (DMI, DMDigest, RFV, TDN, 4297 

DE, ME) from acid detergent lignin (ADL) of the nine selected grasses at the elongation stage 4298 

Factor Y - variable Formulae R2 P-value 

ADL DMI Y =-2.475ADL + 9.224 0.0001 0.999 

ADL DMDigest Y =-0.014ADL + 61.366 0.021 0.708 

ADL RFV Y =-0.106ADL + 441.776 0.002 0.900 

ADL TDN Y =-0.014ADL + 55.805 0.021 0.710 

ADL DE Y =-0.001ADL + 2.887 0.018 0.732 

ADL ME Y =-0.001ADL + 2.387 0.026 0.678 

R2 = regression co-efficient; P-value = probability value. 4299 
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ADL: acid detergent lignin; DMI: dry matter intake; DMDigest: dry matter digestibility; RFV: 4300 

relative feeding value; TDN: total digestible nutrients; DE: digestible energy; ME: 4301 

metabolizable energy 4302 

 4303 

5.4.8 Summary of the rankings of selected grass species based on their prediction chemical 4304 

estimates evaluated at all growth stages 4305 

Results on the summary of the ranking of selected grass species based on their prediction 4306 

chemical estimates (DMI, DMDigest, TDN, RFV, DE, ME) were ranked according to their 4307 

feeding value (1-unsuitable and 9-highly suitable) using their averages are presented in Table 4308 

5.13. In this study, C. gayana. D. glomerata, E. curvula, F. arundinacea and P. maximum had 4309 

the highest-ranking values above 4.5 for all parameters. Anthephora pubescens, C. ciliaris, D. 4310 

eriantha and T. triandra had the least ranking values scoring < 4.5. 4311 

 4312 

 4313 
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Table 5.13: Prediction estimates (in g/kg DM) rankings of nine selected grass species at all growth stages 4314 

Parameters 

Grass species DMI (kg) DMDigest (%) TDN RFV DE (Mcal/kg) ME (Mcal/kg) Average 

A. pubescens 5 1 1 3 1 1 2 

C. ciliaris 4 2 2 1 2 2 2 

C. gayana 6 7 7 6 7 7 7 

D. glomerata 8 6 6 8 6 6 7 

D. eriantha 3 3 3 2 3 3 3 

E. curvula 2 5 5 5 5 5 5 

F. arundinacea 9 8 8 9 8 8 8 

P. maximum 7 9 9 7 9 9 8 

T. triandra 1 4 4 4 4 4 4 

DMI: dry matter intake; DMDigest: dry matter digestibility, TDN: total digestible nutrients; RFV: relative feeding value; DE: digestible energy; 4315 

ME: metabolizable energy 4316 

 4317 

 4318 

 4319 

 4320 
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5.5 Discussion 4321 

The objective of this study was to predict metabolizable energy, digestible energy, dry matter 4322 

intake, dry matter digestibility, total digestible nutrients, and relative feed value from chemical 4323 

constituents of grass under different growth stages.  4324 

5.5.1 Dry matter intake 4325 

Animal productivity is associated with different elements such as its production stage, body 4326 

condition, weight, forage type, and external conditions. Dry matter intake is also the main 4327 

component influencing ruminant productivity and it is beneficial in assessing the feed 4328 

efficiency (Shetty et al., 2017). Devant et al. (2000) explained that the significance of dry 4329 

matter intake lies in the utilization of forage by the animal and it is a determining factor of 4330 

energy and performance in small stock. Weiss (2015) explains that the DM intake is generally 4331 

determined by numerous factors such as the animal, diet, environment, management and fibre 4332 

concentration. NDF is known to enhance the nutritional status of the grass, thus affirming its 4333 

quality. The high fibre content in grasses is responsible for the extended retention of feed in 4334 

the gastrointestinal tract and the reduced dry matter intake rate (Castro-González et al., 2008; 4335 

Kang et al., 2012). For instance, when NDF concentration is high at the 3 to 4-leaf growth stage 4336 

there is a suppression of dry matter intake. In the present study, all the grasses had a 4337 

significantly higher DMI intake prediction (kg) value at the vegetative stage.  4338 

In the current study, D. eriantha had a significantly higher dry matter intake at the elongation 4339 

(8.37 kg) and maturity (8.12 kg) stages. From this study, P. maximum (9.76 kg) had a 4340 

significantly high DMI at the elongation stage. This result was higher than that of Taye et al. 4341 

(2017) (7.7 kg/ day). The results for D. eriantha were slightly higher than those reported by 4342 

Archimède et al. (1999) (5.32 kg) and Archimede et al. (2001) (4.27 kg) at the elongation and 4343 

maturity stages. According to NRC (2000) the daily DMI nutrient requirements for a beef cow 4344 

of a mature weight (385.9 kg- 430.4 kg body weight) lactating at 90 days after calving is 9.5 -4345 
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11.8 kg/day; a pregnant replacement heifer (431 kg body weight) at her last trimester is 8.63-4346 

9.53 kg/day); and a cow at gestation period (454-590.2 kg body weight) is 10-11.4 kg/day. This 4347 

is within the range of 9.5 -11.8 kg which is within that reported in this study on P. maximum 4348 

species and higher than the D. eriantha (8,37 and 8,12 kg) at elongation and maturity growth 4349 

stages. The results from this study on species DMI intake values were higher than those of 4350 

nutritional requirements for doelings and castrated goats (0.825 to 0.95 kg) at 25 kg body 4351 

weight (NRC, 2007). This means that the grasses in this study can accommodate the DM intake 4352 

requirements benchmark of these ruminants.  4353 

5.5.2 Dry matter digestibility  4354 

Bumb et al. (2016) highlight that as an essential part of its nutritional value, the dry matter 4355 

digestibility (DMDigest) gives an estimation of the energy that a grass carries for the use of 4356 

animals. Digestibility is a very important parameter in grass simply because it is related to 4357 

animal performance (Lazzarini et al., 2009). Digestibility is relatable to most nutritional 4358 

components in ruminant diets (Rastilantie et al., 2005). Chloris gayana (62.57%), F. 4359 

arundinacea (62.49%) and P. maximum (64.13%) had the highest DMD% prediction values 4360 

than all other grasses at the elongation stage. In this current study, D. glomerata (59.64%) and 4361 

F. arundinacea (59.73%) had significantly higher DMDig % prediction values than all other 4362 

grasses at the maturity stage. Dry matter digestibility % values of F. arundinacea in elongation 4363 

and maturity stages were lower than that reported by King et al. (2012) who observed a higher 4364 

DMDigest of 70.30%. Hence, D. glomerata (67.60%) was lower than that observed by King et 4365 

al (2012) an open field. The DMD percentage value for D. eriantha (56.56 %) at elongation is 4366 

comparable to that of De Vega and Poppi (1997) who recorded a DMD % value between 51.0 4367 

and 55.9% on D. eriantha hay. The DMD percentage value for A. pubescens at elongation 4368 

(53.79%) and maturity (53.91%) were slightly higher than the findings of PANESA (1988) 4369 

who reported a DMD % of 44% at the elongation stage. In this current study, for all the grasses 4370 
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the results observed show that as the growth of the grass advanced, a 50% and above DMDig 4371 

% was maintained. According to González-Hernández & Silva-Pando (1999) approximately 4372 

50% digestibility is regarded as acceptable for the maintenance of ruminants, especially for dry 4373 

mature cows in their third trimester of pregnancy.  4374 

5.5.3 Total digestible nutrients  4375 

Total digestible nutrients are an approximated energy content available in the ruminant diet 4376 

(proteins, carbohydrates, fats) and it is measured as a percentage of the diet (Martinez-Marin 4377 

et al., 2012). Acid detergent fibre is normally used to calculate the total digestible nutrients and 4378 

the results express differences in the digestible material among grasses. According to NRC 4379 

(1985), the nutrient requirement (TDN) for a mature ewe is explained as follows; maintenance 4380 

at a body weight of 49.9-89.9 kg is 54.55 to 54.84%, and flushing ewe at the same body weight 4381 

is 60-59.09%. According to NRC (2007) the nutrient requirement (total nutrients digestible) 4382 

for mature a doe is explained as follows; maintenance, early gestation, late gestation as 53.0% 4383 

while a lactating doe is 53 – 66%. For maintenance TDN of ewe lambs is 26.20 %, and ewe at 4384 

the last trimester is 95%. 4385 

In the current study, C. gayana (56.98 g/kg DM), F. arundinacea (56.90 g/kg DM) and P. 4386 

maximum (58.48 g/kg DM) had a significantly higher TDN value than all other grass species 4387 

at the elongation and maturity stages. The TDN values of C. gayana, F. arundinacea and P. 4388 

maximum in this study are within the range of the nutrient requirements for goats in various 4389 

production stages. For the maintenance of mature lactating cows, the TDN requirements are 4390 

4.43 g/kg DM (NRC, 2007). As noted by Aung et al. (2019), legumes generally have a higher 4391 

TDN than grasses. This may have been attributed to the high digestible materials in legumes 4392 

when compared to grass species (Rawnsley et al., 2006; Pontes et al., 2007). 4393 
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5.5.4 Digestible energy  4394 

In most forage grasses digestible energy is considered the second most limiting factor after 4395 

protein. A relatively large amount of energy for ruminants is obtained from the rumen digestion 4396 

of grasses (Mevlüt et al., 2014). The rumen can extract sufficient energy from different forages 4397 

that have enough protein and minerals (Buxton et al., 1995). According to NRC (1985) the 4398 

required digestible energy amount for ruminants ranges at 2.4 – 3.4 Mcal/kg for maintenance, 4399 

pregnancy and gestation. In this current study, the digestible energy across all growth stages 4400 

ranges from 2.50 to 3.10 Mcal/kg for all the grasses and is within the range specificed by NRC 4401 

(1985). Also, it has been noted that the presence of lignin in grasses has direct and critical 4402 

importance on digestible energy (Moore & Jung, 2001). This is correct because based on the 4403 

results of ADL and DE, it is evident that as the ADL increases with the age of the grasses, the 4404 

digestible energy decreases. Therefore, lignin influences the nutritive value of the grass by 4405 

reducing digestible energy while restricting DM intake (Moore & Moser, 1995). 4406 

5.5.5 Metabolizable energy  4407 

The animal feed is made up of many chemical components like fats, proteins and 4408 

carbohydrates, of which each is metabolizable to the ruminant and provides energy content in 4409 

the feed diet. The estimated energy available to an animal from the digestion of that feed is 4410 

termed metabolizable energy (ME) (Stergiadis et al., 2015). Knowledge is vital in 4411 

understanding how ruminants utilize ME for their metabolizable functions because their 4412 

efficiency differs based on their nutritional needs or their physiological stage, for instance 4413 

pregnancy, gestation, growth and general maintenance (Filho et al., 2011).  4414 

In the current study, the observation is that there is a general trend of decreasing metabolizable 4415 

energy of the grasses with a later stage of harvesting. This is concurrent with Bogale et al. 4416 

(2008). Metabolizable energy values in this study for all grass species in all developmental 4417 
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stages are within the range between 2.06 – 2.54 Mcal/kg. These ME values were within the one 4418 

reported by Aregheore (2001) (2.25 Mcal/kg) and higher than those reported by Mlay et al. 4419 

(2006) (1.72 Mcal/kg) and Adekeye (2012) (1.32 Mcal/kg) on P. maximum. According to Salah 4420 

et al. (2014). the ME requirements of mature goats for maintenance with low to medium 4421 

activity range between 0.57–2.78 Mcal/kg. Indeed, based on the results of this study the grasses 4422 

can be able to maintain these ruminants with the given requirements, however, it may not be 4423 

able to support the maintenance and high activity of the goats and other livestock such as dairy 4424 

and beef cattle. 4425 

5.5.6 Relative feed value 4426 

Mut et al. (2010) describe relative feeding value as a key trait of measuring the total feed value 4427 

of forage grasses. The relative feeding value is a tool used in the comparison of the quality of 4428 

grass in terms of its growth stage when harvesting. Meaning that the more the relative feeding 4429 

value, the greater the digestibility and palatability. Results from this study show that even 4430 

though there was no significant variation in some grass species in different growth stages, there 4431 

was a general trend among grasses with a decrease in the relative feeding value as the grasses 4432 

became more matured. This was in agreement with Uzun (2010) who further mentioned that 4433 

relative feeding value, intake and digestibility values can be used to differentiate the hay quality 4434 

of many kinds of grass across all growth stages. From this study, it may be assumed that at 4435 

vegetative and elongation stages grasses are more suitable for utilization than at the maturity 4436 

stage. 4437 

5.5.7 Regression analysis 4438 

There was a strong relationship between DMI and the neutral detergent fibre (NDF) parameter. 4439 

Indeed, when the NDF content increases the DMI normally decreases. The results are in 4440 

agreement with Buxton et al. (1996) and Oba & Allen (1999) who also showed a positive 4441 
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relationship between these parameters in the milk yield of dairy cows. Indeed, it is expected 4442 

that the NDF content will vary based on the developmental stages of grass species. 4443 

There was a strong relationship between the NDF parameter and ME. Bogale et al. (2008) also 4444 

observed a similar relationship. The ME content normally decreases as grass growth advances. 4445 

There was generally no relationship between crude protein (CP) and estimates (DMI, 4446 

DMDigest, TDN, RFV, DE, ME). Indeed, forage material of various chemical estimates has 4447 

different crude protein (CP) concentration. These results show that crude protein (CP) 4448 

concentration of grasses has a poor capacity to predict chemical estimates. This might be due 4449 

to the contrasting genetic make-up of grass species that advance CP and lignin concentrations 4450 

rather than cell wall (Ravhuhali et al., 2010). In solidarity with studies reported by Givens et 4451 

al. (1988); Ng’ambi (1995) and Ravhuhali et al. (2010), further highlighted that crude protein 4452 

(CP) assessment gave no evidence of chemical estimates. 4453 

There was no strong relationship between acid detergent fibre (ADF) and DMI parameter, of 4454 

which this was in agreement with Phuong et al. (2013). This is because ADF normally 4455 

influences the digestibility as opposed to dry matter intake. Both NDF and ADF have positive 4456 

relationships with estimates and these results are opposite to the results reported by Mokoboki 4457 

et al. (2019) who found a negative relationship between fibres and estimates on legumes. There 4458 

was a negative relationship between ADL and all estimated parameters. Stergiadis et al. (2015) 4459 

also found a poor relationship between ADL and DE. The negative relationship may be due to 4460 

the fact that ADL is always associated with the degradability of substrates in the rumen (Du et 4461 

al., 2016; Yuan et al., 2017), as opposed to feed digestibility. 4462 

5.6 Conclusion 4463 

Based on the results, C. gayana, D. glomerata, E. curvula, F. arundinacea and P. maximum 4464 

had the better-estimated values, and they can complement each other in providing nutrients 4465 
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however supplementation might be required to meet the minimum nutrient requirements for 4466 

livestock. There was a positive correlation existing between fibres and the estimates. The 4467 

results show that chemical constituents had a high capacity to predict the chemical estimates 4468 

of grass species. However, future studies, after this dissertation, will be focusing on ranking 4469 

species according to their in-vitro ruminal degradability. 4470 

  4471 
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6 CHAPTER SIX: IN-VITRO RUMINAL DRY MATTER DEGRADABILITY OF 4636 

GRASS SPECIES AT DIFFERENT STAGES OF GROWTH UNDER 4637 

CONTROLLED ENVIRONMENT 4638 

Abstract 4639 

The objective of this study was to evaluate the in-vitro ruminal DM degradability of grass 4640 

species at different stages of growth under a controlled environment. Grass samples mentioned 4641 

in Chapter 3 were analysed for in-vitro ruminal degradation under different growth stages. A 4642 

two-way analysis of variance was used to analyse the data on in-vitro fermentation parameters. 4643 

Dactylis glomerata (426.48 g/kg DM) and F. arundinacea (416.14 g/kg DM) had the highest 4644 

(P < 0.05) in-vitro ruminal DMD12 when compared to all other grasses at the elongation stage. 4645 

Within each growth stage, D. glomerata (483.14 g/kg DM and 415.59 g/kg DM) and F. 4646 

arundinacea (452.64 g/kg DM and 428.36 g/kg DM) had the highest (P < 0.05) in-vitro ruminal 4647 

DMD24 values than all other grasses at both elongation and maturity stages. Festuca 4648 

arundinacea (514.98 g/kg DM) had the highest (P < 0.05) in-vitro ruminal DM values at 36 4649 

hours post incubation (DMD36) than all other grasses at the elongation stage. Within each 4650 

species, D. eriantha and F. arundinacea had the highest (P < 0.05) in-vitro ruminal DM 4651 

degradability values at 48 hours post incubation (DMD48) at the vegetative stage when 4652 

compared to the same species in elongation and maturity stages, which did not differ 4653 

significantly from each other. Panicum maximum (756.30 g/kg DM, 656.15 g/kg DM and 4654 

611.42 g/kg DM) had the highest (P < 0.05) in-vitro ruminal DMD72 value than all other 4655 

grasses across all growth stages. Results stipulate that degradation of substrates were better for 4656 

D. glomerata, F. arundinacea, P. maximum and T. triandra grasses at 36 and 48 hours (DMD36 4657 

and DMD48) at the elongation and maturity stages. High degradability rates of these grasses 4658 

result to a low dry matter intake (DMI) and digestibility. Ruminants should be allowed to graze 4659 

at a stage that will give them access and assimilation to nutrients for maximum production. 4660 
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Keywords: fermentation, rumen fluid, incubation, lignin, crude protein, ruminants 4661 

6.1 Introduction 4662 

The in-vitro technique has been long utilized for estimating the degradability of animal 4663 

substrates during incubation (Cone et al., 1999). This method involves mostly the end-point 4664 

measurements (Anele et al., 2009). The degradability of forage can easily be estimated from 4665 

the in-vitro gas production method by quantifying recovered residues after fermentation (Baba 4666 

et al., 2002). According to Castillo-Gonzalez et al. (2014) volatile fatty acids (VFAs) and 4667 

microbial biomass form part of the final end products of fermentation as they are utilized by 4668 

the animal. Castillo-Gonzalez et al. (2014) further state that the relationship between microbes 4669 

and the ruminant enables the animal to digest high fibre content feed with low protein 4670 

concentration. Burns (2008) highlighted that animals have the capacity of changing poor 4671 

fibrous diets into agricultural commodities which include milk and meat for human 4672 

consumption. The capability of the rumen microbes to supply essential enzymes for 4673 

fermentation activity gives animals an opportunity to efficiently derive energy from grasses. 4674 

Singh et al. (2012) reported that grasses are usually adequate in meeting the nutritional 4675 

demands for animal production and moderate production levels. Arthington & Brown (2001) 4676 

confirm that the maturation of grass, generally reduces the nitrogen (N) concentration and its 4677 

digestibility, while inceasing the fibre and lignin concentration. Information provided the data 4678 

produced from the in-vitro ruminal fermentation methods can be utilized in selecting species 4679 

that are able to digest and degrade faster so that animal productivity can be maximised. 4680 

Therefore, the objective of the study was to evaluate the in-vitro DM degradability of grass 4681 

species at different stages of growth under controlled environment. 4682 

6.2 Methods and materials 4683 
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6.2.1 Study site 4684 

The study site description is the same as described in section 3.2.1. 4685 

6.2.2 In vitro ruminal DM degradability  4686 

The in vitro ruminal DMD of the samples were determined using the ANKOM Daisyll incubator 4687 

set at 39 oC with four rotating jars according to the ANKOM Technology, method 3 for in vitro 4688 

true digestibility. The samples were weighed into ANKOM F57 bags (0.45 – 0.5 g) heat-sealed 4689 

and placed in the digestion jars. Two buffer solutions were prepared and combined at a ratio of 4690 

1:5, and 1600 ml of the combined buffer was added to each of the jars and was warmed (39 4691 

oC). Rumen inoculum was collected from a cannulated Bonsmara cow with a live body weight 4692 

of approximately 550 kg. The donor cow was allowed to graze with other animals and had free 4693 

access ad libitum to water. The species diversity exposed to it were ranging from Acacia species 4694 

to some grass species such Eragrostis bicolor, Panicum maximum, Themeda triandra and un 4695 

palatable Aristida species. The animal was cared for according to Institutional Animal Research 4696 

Ethics Committee (Ethical approval no. NWU-01886-19-A5) and Federation of Animal 4697 

Science Societies guidelines (FASS, 2010). Rumen fluid was collected into three pre-warmed 4698 

thermos flasks and immediately taken to the laboratory where it was blended and strained 4699 

through two layers of warm muslin cloth. Subsequently, 400 ml of rumen inoculum was added 4700 

to each of the four jars, each of which contained 1600 ml of buffer and grass samples. 4701 

Throughout the collection period, the digestion jars and rumen fluid were continuously purged 4702 

with CO2 before being closed and placed in the incubation chamber. Filter bags were withdrawn 4703 

at 6, 12, 24, 36, 48 and 72 hours after inoculation and were washed with tap water for 20 4704 

minutes using the ANKOM2000 Fibre Analyser machine. The washed samples were then dried 4705 

at 105 oC for 12 hours before being weighed for in vitro ruminal DMD. In vitro ruminal dry 4706 

matter degradability was determined using the following formula: 4707 
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% IVDMD = 
100−(𝑊3−(𝑊1×𝐶1))

𝑊2×𝐷𝑀
× 100 4708 

Where, W1: bag tare weight, W2: sample weight, W3: final bag weight after in vitro treatment, 4709 

and C1: blank bag correlation factor (final oven-dried weight / original blank weight 4710 

6.3 Statistical analysis 4711 

A two-way analysis of variance was used to analyse the data on in-vitro fermentation 4712 

parameters using the General Linear Model Procedure of (SAS., 2010). Statistically significant 4713 

differences were declared at P < 0.05. The factors that were considered are the stage of growth 4714 

and species under the following model: 4715 

Yijk = µ + Si +G j + (S×G) ij+ E ijk 4716 

Where; 4717 

Yijk = response variable; µ = population mean; Si = the effect of grass species; G j = the effect 4718 

of the growth stage; SxG = the effect of interaction between grass specie and growth stage;  Eijk 4719 

= random error associated with observation ijk, assumed to be normally and independently 4720 

distributed.  4721 

6.4 Results 4722 

The statistical significance of the effect of grass species, growth stage and the grass 4723 

species*growth stage interaction on the in vitro ruminal dry matter degradability (DMD) at 4724 

different intervals 6, 12, 24, 36, 48 and 72 hours (DMD6, DMD12, DMD24, DMD36 DMD48 4725 

and DMD72 g/kg) is presented in Table 6.1. There was a significant (P<0.05) effect of grass 4726 

species, growth stages and grass species x growth stages interaction on DMD6, DMD12, 4727 

DMD24, DMD36 and DMD48 and DMD72. 4728 
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Table 6.1: The effect of grass species, stage and grass species and stage interaction on the in 4729 

vitro ruminal dry matter degradability (DMD) of nine grass species found in different growth 4730 

stages  4731 

Factor 

Incubation time Grass species Stage Grass species* stage 

interaction 

DMD6 ** ** ** 

DMD12 ** ** ** 

DMD24 ** ** * 

DMD36 ** ** ** 

DMD48 ** ** ** 

DMD72 ** ** ** 

*= P < 0.05  **= P < 0.01 4732 

DMD6: dry matter degradability at 6 hours; DMD12: dry matter degradability at 12 hours; 4733 

DMD24: dry matter degradability at 24 hours; DMD36: dry matter degradability at 36 hours; 4734 

DMD48: dry matter degradability at 48 hours; DMD72: dry matter degradability at 72 hours 4735 

6.4.1 The effect of grass species and growth stage on the in vitro ruminal dry matter 4736 

degradability (DMD) (g/kg) at intervals 6 and 12 hours of nine selected grass species under 4737 

controlled conditions 4738 

Results on the in vitro ruminal degradation at different growth stages of some selected species 4739 

are presented in Table 6.2 and Figure 6.1. Within each growth stage, except for D. glomerata 4740 

(354.82 g/kg DM), F. arundinacea (378.06 g/kg DM) had the highest (P < 0.05) in-vitro 4741 

ruminal DMD6 values among all other grasses at the vegetative stage. Anthephora pubescens 4742 

(135.55 g/kg DM, 102.67 g/kg DM and 68.97 g/kg DM) had the least (P < 0.05) in-vitro 4743 

ruminal DMD6 values across all growth stages. Except for D. glomerata (310.60 g/kg DM), 4744 

D. eriantha (319.12 g/kg DM) and F. arundinacea (325.03 g/kg DM) had the highest (P < 4745 

0.05) in-vitro ruminal DMD6 values when compared to all other grasses at the elongation stage. 4746 
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With an exception of F. arundinacea (269.15 g/kg DM), D. eriantha (295.39 g/kg DM) had 4747 

the highest (P < 0.05) in-vitro ruminal DMD6 value than all other grasses at the maturity stage.  4748 

Within each species, A, pubescens, D. glomerata, F. arundinacea and P. maximum had higher 4749 

(P < 0.05) in-vitro ruminal DMD6 values at the vegetative stage when compared to the same 4750 

species at their elongation and maturity stages. Digitaria eriantha, E. curvula and T. triandra 4751 

had the highest (P < 0.05) in-vitro ruminal DMD values at 6 hours post-incubation (DMD6) at 4752 

vegetative and elongation stages when compared to the same species at the maturity stage 4753 

which did differ significantly from each other. 4754 

Within each growth stage, D. glomerata (472.30 g/kg DM) and F. arundinacea (482.22 g/kg 4755 

DM) had the highest (P < 0.05) in-vitro ruminal DMD12 values and when compared to all 4756 

other grasses at the vegetative stage. At the same stage, A. pubescens, C. ciliaris, C. gayana 4757 

and T. triandra had the same (P > 0.05) in-vitro ruminal DMD12 values. Eragrostis curvula 4758 

had the lowest (P < 0.05) in-vitro ruminal DMD12 values (253.70 g/kg DM, 234.38 g/kg DM 4759 

and 215.53 g/kg DM) when compared to all other grasses across all growth stages. Dactylis 4760 

glomerata (426.48 g/kg DM) and F. arundinacea (416.14 g/kg DM) had the highest (P < 0.05) 4761 

in-vitro ruminal DMD12 when compared to all other grasses at the elongation stage. Dactylis 4762 

glomerata (401.76 g/kg DM) and F. arundinacea (398.79 g/kg DM) had the highest (P < 0.05) 4763 

in-vitro ruminal DMD12 values when compared to all other grasses at the maturity stage. 4764 

Within each species, F. arundinacea had the highest (P < 0.05) in-vitro ruminal DMD value at 4765 

12 hours after incubation (DMD12) at the vegetative stage when compared to the same species 4766 

at elongation and maturity stages which did not differ significantly from each other. Dactylis 4767 

glomerata, E. curvula, P. maximum and T. triandra had higher (P < 0.05) in-vitro ruminal 4768 

DMD values at 12 hours after incubation (DMD12) at the vegetative stage when compared to 4769 

the same species at their elongated and maturity stages.  4770 
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Anthephora pubescens, C. ciliaris, C. gayana and D. eriantha had the highest (P < 0.05) in-4771 

vitro ruminal DMD12 values at vegetative and elongation stages when compared to the same 4772 

species at the maturity stages which did differ significantly from each other.  4773 

 4774 

 4775 

 4776 
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Table 6.2: Effect of grass species and growth stage on the in vitro ruminal dry matter degradability (DMD) (g/kg) at intervals 6 and 12 hours of 4777 

nine selected grass species under controlled conditions 4778 

DMD6  DMD12  

Grass species Vegetative Elongation Maturity  Vegetative Elongation Maturity  

A. pubescens 135.55eA 102.67fB 68.97fC  291.28dA 279.45cA 255.12cB  

C. ciliaris 273.45cA 266.79cdA 256.35bcA  288.50dA 277.15cA 261.38cB  

C. gayana 255.61cdA 250.69deA 235.61cdA  281.31dA 269.85cdA 246.90cdB   

D. glomerata 354.82aA 310.60abB 267.86bC  472.30aA 426.48aB 401.76aC  

D. eriantha 341.13bA 319.12aA 295.39aB  333.23cA 319.91bA 230.17dB  

E. curvula 244.59dA 231.44eA 205.37eB  253.70eA 234.38eB 215.53eC  

F. arundinacea 378.06aA 325.03aB 269.15abC  482.22aA 416.14aB 398.79aB  

P. maximum 346.58bA 289.17bcB 245.13bcC  368.70bA 311.14bB 292.92bC  

T. triandra 251.01cdA 231.70eA 214.18deB  283.13dA 254.57dB 232.08dC  

SEM 9.55  6.19  

a,b,c,d,e,f means in column with different superscripts within each growth stage are significantly different (P < 0.05)  4779 
A,B,C means in rows with different superscript within each species are significantly different (P < 0.05) 4780 

SEM standard error of the mean 4781 

DMD6: dry matter degradability at 6 hours; DMD12: dry matter degradability at 12 hours 4782 
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 4783 

Figure 6.1: Effect of grass species and growth stage on the in vitro ruminal dry matter degradability (DMD6 and DMD12) (g/kg) of selected grass 4784 

species under controlled conditions 4785 

 4786 

 4787 

 4788 

 4789 

 4790 
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6.4.2 The effect of grass species and growth stage on the in vitro ruminal dry matter 4791 

degradability (DMD) (g/kg) at intervals 24 and 36 hours of nine selected grass 4792 

species under controlled conditions 4793 

Results on the in vitro ruminal degradation at different growth stages of some selected species 4794 

are presented in Table 6.3 and Figure 6.2. Within each growth stage, F. arundinacea (518.98 4795 

g/kg DM), at the vegetative stage, had the highest (P < 0.05) in-vitro ruminal DMD24 than all 4796 

other grasses. Digitaria eriantha had the same (P > 0.05) in-vitro ruminal DM degradability 4797 

values as C. ciliaris and T. triandra at 24 hours post-incubation (DMD24) at the vegetative 4798 

stage. Eragrostis curvula (257.88 g/kg DM, 238.38 g/kg DM and 213.90 g/kg DM) had the 4799 

lowest (P < 0.05) in-vitro ruminal DM degradability (DMD24) values than all other grasses 4800 

across all growth stages. In both elongation and maturity, D. glomerata (483.14 g/kg DM and 4801 

415.59 g/kg DM) and F. arundinacea (452.64 g/kg DM and 428.36 g/kg DM) had the highest 4802 

(P < 0.05) in-vitro ruminal DMD24 values when compared to all other grasses.  4803 

Within each species, A. pubescens had the same (P > 0.05) in-vitro ruminal DM degradability 4804 

values at 24 hours post-incubation across all growth stages. Cenchrus ciliaris, D. glomerata 4805 

and F. arundinacea had the highest (P < 0.05) in-vitro ruminal DM degradability values at 24 4806 

hours post-incubation (DMD24) at the vegetative stage when compared to the same individual 4807 

species at their elongation and maturity stages which did not differ significantly from each 4808 

other. Chloris gayana, D. eriantha and E. curvula had the highest (P < 0.05) in-vitro ruminal 4809 

DMD24 values at vegetative and elongation stages when compared to the same species at their 4810 

maturity stage which did differ significantly from each other. Panicum maximum and T. 4811 

triandra had higher (P < 0.05) in-vitro ruminal DMD values at 24 hours post-incubation 4812 

(DMD24) at the vegetative stage when compared to the same species at their elongation and 4813 

maturity stages. 4814 
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Within each growth stage, D. glomerata (547.55 g/kg DM) and F. arundinacea (570.78 g/kg 4815 

DM), at the vegetative stage. had the highest (P < 0.05) in-vitro ruminal DMD36 values 4816 

(DMD36) when compared to all other grasses. In the same stage, C. gayana and D. eriantha 4817 

had the same (P > 0.05) in-vitro ruminal DMD36 values as C. ciliaris and T. triandra. 4818 

Eragrostis curvula (273.58 g/kg DM, 248.93 g/kg DM and 227.27 g/kg DM) had the lowest (P 4819 

< 0.05) in-vitro ruminal DM value at 36 hours following incubation (DMD36) when compared 4820 

to all other grasses across all growth stages. Festuca arundinacea (514.98 g/kg DM) had the 4821 

highest (P < 0.05) in-vitro ruminal DM values at 36 hours post-incubation (DMD36) when 4822 

compared to all other grasses at the elongation stage. In the same stage, A. pubescens had a 4823 

similar (P > 0.05) in-vitro ruminal DMD36 value as C. gayana. Dactylis glomerata (433.05 4824 

g/kg DM), P. maximum (436.20 g/kg DM) and F. arundinacea (447.71 g/kg DM) had the 4825 

highest (P < 0.05) in-vitro ruminal DMD36 values than all other grasses at the maturity stage.  4826 

Within each species, A. pubescens, E. curvula and T. triandra had higher (P < 0.05) in-vitro 4827 

ruminal DM degradability values at 36 hours post-incubation (DMD36) at their vegetative and 4828 

elongation stages when compared to the same individual species at their maturity stage. 4829 

Cenchrus ciliaris, D. glomerata and F. arundinacea had higher (P < 0.05) in-vitro ruminal DM 4830 

degradability values at 36 hours after incubation (DMD36) at their vegetative (348.68 g/kg 4831 

DM, 547.55 g/kg DM, 570.98 g/kg DM) stage than the same species at their elongation (311.90 4832 

g/kg DM, 486.01 g/kg DM, 514.98 g/kg DM) and maturity (284.04 g/kg DM, 433.05 g/kg DM, 4833 

447.71 g/kg DM) stages. Chloris gayana, D. eriantha and P. maximum had the highest (P < 4834 

0.05) in-vitro ruminal DM degradability values at 36 hours after incubation (DMD36) at their 4835 

vegetative stage when compared to the same species at the elongation and maturity stages 4836 

which did not differ significantly from each other. 4837 
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Table 6.3: Effect of grass species and growth stage on the in vitro ruminal dry matter degradability (DMD) (g/kg) at intervals 24 and 36 hours of 4838 

nine selected grass species under controlled conditions 4839 

DMD24   DMD36  

Grass species Vegetative Elongation Maturity  Vegetative Elongation Maturity  

A. pubescens 293.92eA 283.47deA 270.19cdA  301.96eA 280.19gA 266.58cB  

C. ciliaris 328.60dA 287.59deB 280.20cdB  348.68dA 311.90efB 284.04bcC  

C. gayana 283.09eA 274.34eA 255.65dB  358.81cdA 290.07fgB 272.96cB  

D. glomerata 482.52bA 438.14aB 415.59aB  547.55aA 486.01bB 433.05aC  

D. eriantha 353.29cdA 327.83cA 296.90cB  363.69cdA 333.39deB 309.70bB  

E. curvula 257.88fA 238.38fA 213.90eB  273.58fA 248.93hA 227.27dB  

F. arundinacea 518.98aA 452.64aB 428.36aB  570.78aA 514.98aB 447.71aC  

P. maximum 482.39bA 408.31bB 334.49bC  514.23bA 452.81cB 436.20aB  

T. triandra 360.25cA 310.15cdB 268.19dC  378.74cA 355.58dA 303.85bB  

SEM 9.46  9.32  

a,b,c,d,e,f,g,h means in column with different superscripts within each growth stage are significantly different (P < 0.05)  4840 
A,B,C means in rows with different superscript within each species are significantly different (P < 0.05) 4841 

SEM standard error of the mean 4842 

 4843 
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DMD24: dry matter degradability at 24 hours; DMD36: dry matter degradability at 36 hours  4844 

 4845 

Figure 6.2: Effect of grass species and growth stage on the in vitro ruminal dry matter degradability (DMD24 and DMD36) (g/kg) of selected 4846 

grass species under controlled conditions 4847 

 4848 

 4849 
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6.4.3 The effect of grass species and growth stage on the in vitro ruminal dry matter 4850 

degradability (DMD) (g/kg) at 48 hours and 72 hours of nine selected grass species 4851 

under controlled conditions 4852 

Results on the in vitro ruminal degradation at different growth stages of some selected species 4853 

are presented in Table 6.4 and Figure 6.3. Within each growth stage, D. glomerata (636.20 4854 

g/kg DM), F. arundinacea (620.39 g/kg DM) and P. maximum (635.54 g/kg DM), at the 4855 

vegetative stage, had the highest (P < 0.05) in-vitro ruminal DMD48 values than all other 4856 

grasses. Anthephora pubescens (308.10 g/kg DM, 294.72 g/kg DM, 288.41 g/kg DM) had the 4857 

lowest (P < 0.05) in-vitro ruminal DMD48 values post-incubation (DMD48) when compared 4858 

to all other grasses across all growth stages. Dactylis glomerata (582.52 g/kg DM) and F. 4859 

arundinacea (561.76 g/kg DM) had the highest (P < 0.05) in-vitro ruminal DMD values at 48 4860 

hours post-incubation (DMD48) at the elongation stage. At the maturity stage, F. arundinacea 4861 

(535.93 g/kg DM) had the highest (P < 0.05) in-vitro ruminal DM degradability (DMD48) 4862 

values. Chloris gayana, E. curvula and C. ciliaris had the same (P > 0.05) in-vitro ruminal 4863 

DMD48 values as A. pubescens and D. eriantha. 4864 

Within each species, A. pubescens had the same (P > 0.05) in-vitro ruminal DMD48 values 4865 

across all growth stages. Cenchrus ciliaris, D. glomerata, P. maximum and T. triandra had 4866 

higher (P < 0.05) in-vitro ruminal DMD48 values at the vegetative stage than the same species 4867 

at their elongation and maturity stages. Chloris gayana and E. curvula had higher (P < 0.05) 4868 

in-vitro ruminal DMD48 at the vegetative and elongated stages when compared to the same 4869 

species at the maturity stage which did differ significantly from each other. 4870 

Digitaria eriantha and F. arundinacea had the highest (P < 0.05) in-vitro ruminal DM 4871 

degradability values at 48 hours post incubation (DMD48) at vegetative stage than the same 4872 

species in elongation and maturity stages, which did not differ significantly from each other.  4873 
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Within each growth stage, P. maximum (756.30 g/kg DM, 656.15 g/kg DM and 611.42 g/kg 4874 

DM) had the highest (P < 0.05) in-vitro ruminal DMD72 value when compared to all other 4875 

grasses across all growth stages. Anthephora pubescens (391.24 g/kg DM) and D. eriantha 4876 

(371.36 g/kg DM) had the least (P < 0.05) in-vitro ruminal DMD72 values than all other grasses 4877 

at the vegetative growth stage. Anthephora pubescens (340.93 g/kg DM), C. ciliaris (358.06 4878 

g/kg DM), C. gayana (345.61 g/kg DM), D. eriantha (358.01 g/kg DM), E. curvula (334.02 4879 

g/kg DM) had the least (P < 0.05) in-vitro ruminal DMD72 values when compared to all other 4880 

grasses at the elongation stage. Eragrostis curvula (272.40 g/kg DM) had the least (P < 0.05) 4881 

in-vitro ruminal DMD72 values than all other grasses at the maturity stage. 4882 

Within each species, D. eriantha (371.36 g/kg DM, 358.01 g/kg DM and 341.71 g/kg DM) and 4883 

T. triandra (554.62 g/kg DM, 517.09 g/kg DM and 341.71 g/kg DM) had the highest (P < 0.05) 4884 

in-vitro ruminal DMD72 values at vegetative and elongation stages when compared to the same 4885 

species at the maturity stage which did differ significantly from each other. E. curvula, F. 4886 

arundinacea and P. maximum had the highest (P < 0.05) in-vitro ruminal DMD72 values at the 4887 

vegetative stage than the same species at their elongation and maturity stages. Anthephora 4888 

pubescens, C. ciliaris, C. gayana and D. glomerata, had the highest (P < 0.05) in-vitro ruminal 4889 

DMD72 values at the vegetative stage than the same species at their elongation and maturity 4890 

stages which did not differ significantly from each other. 4891 

 4892 

 4893 
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Table 6.4: Effect of grass species and growth stage on the in vitro ruminal dry matter degradability (g/kg DM) at 48 and 72 hours of nine selected 4894 

grass species under controlled conditions 4895 

DMD48   DMD72  

Grass species Vegetative Elongation Maturity  Vegetative  Elongation  Maturity 

A. pubescens 308.10eA 294.72fA 288.41eA  391.24eA 340.93eB 326.64dB 

C. ciliaris 387.13cA 324.87eB 291.29deC  453.56dA 358.06eB 348.46dB 

C. gayana 373.11cdA 360.64dA 316.81deB  430.30dA 345.61eB 330.18dB 

D. glomerata 636.20aA 582.52aB 466.13bC  680.14bA 568.21cB 572.34bB 

D. eriantha 379.79cdA 340.63deB 317.78dB  371.36eA 358.01eA 341.71dB 

E. curvula 354.86dA 333.56deA 309.29deB  460.62dA 334.02eB 272.40eC 

F. arundinacea 620.39aA 561.76aB 535.93aB  688.59bA 615.88bB 542.59bC 

P. maximum 635.54aA 517.91bB 489.78bC  756.30aA 656.15aB 611.42aC 

T. triandra 474.38bA 433.50cB 384.90cC  554.62cA 517.09dA 408.58cB 

SEM 10.34   13.71  

a,b,c,d,e,f means in column with different superscripts within each growth stage are significantly different (P < 0.05)  4896 
A,B,C means in rows with different superscript within each species are significantly different (P < 0.05) 4897 

SE ± Mean standard error ± mean 4898 

DMD48: dry matter degradability at 48 hours; DMD72: dry matter degradability at 72 hours 4899 
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 4900 

Figure 6-3: Effect of grass species and growth stage on the in vitro ruminal dry matter degradability (DMD48 and DMD72) (g/kg) of selected 4901 

grass species under controlled conditions 4902 
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6.4.4 Regression analysis 4903 

Results of the regression equation predicting in-vitro ruminal dry matter degradability 4904 

(DMD36 and DMD48) from crude protein (CP) parameter of nine grasses at the elongation 4905 

stage are presented in Table 6.5. There was no relationship (P > 0.05) between crude protein 4906 

parameter and in-vitro ruminal DM degradability (DMD36 and DMD48). 4907 

Table 6.5: Regression equations predicting in-vitro ruminal DM degradability (DMD36 and 4908 

DMD48) from crude protein (CP) of nine selected grasses at the elongation stage  4909 

Factor Y - variable Formulae R2 P - value 

CP DMD36 Y =-0.019CP + 16.3211 0.434 0.054 

CP DMD48 Y =-4.344CP + 201.068 0.215 0.208 

R2 = regression co-efficient; P-value = probability value. 4910 

DMD36: dry matter degradability at 36h; DMD48: dry matter degradability at 48h  4911 

 4912 

Results of the regression equation predicting the chemical estimates (DMI, DMD, RFV, TDN, 4913 

DE, ME) from the crude protein (CP) parameter of nine grasses at the elongation stage are 4914 

presented in Table 6.5. There was no relationship (P > 0.05) between crude protein parameter 4915 

and estimates. 4916 

6.4.5 Summary of the rankings of selected grass species based on their prediction 4917 

chemical estimates evaluated at all growth stages 4918 

Results on the summary of the ranking of selected grass species based on the in-vitro ruminal 4919 

DM degradation values at various incubation hours (6–72) were ranked according to their 4920 

degradation rate (1-unsuitable and 9-highly suitable) using their averages are presented in 4921 

Table 6.5. In this study, D. eriantha, D. glomerata, F. arundinacea, P. maximum and T. 4922 

triandra had the highest-ranking values above 4.5 for all parameters. A. pubescens C. ciliaris, 4923 

C. gayana and E. curvula had the least ranking values < 4.5. for all parameters.   4924 
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Table 6.6: In-vitro ruminal dry matter degradability (DMD) (g/kg DM) at intervals 6 and 72 hours rankings and their averages of nine selected 4925 

grass species at all growth stages 4926 

   Incubation time     

Grass species DMD6 DMD12 DMD24 DMD36 DMD48 DMD72 Average 

A. pubescens 1 4 3 2 1 1 2 

C. ciliaris 5 5 4 4 3 5 4 

C. gayana 4 3 2 3 5 4 4 

D. glomerata 7 9 8 8 8 7 8 

D. eriantha 8 6 6 5 4 3 5 

E. curvula 2 1 1 1 2 2 2 

F. arundinacea 9 8 9 9 9 8 9 

P. maximum 6 7 7 7 7 9 7 

T. triandra 3 2 5 6 6 6 5 

DMD6: dry matter degradability at 6 hours; DMD12: dry matter degradability at 12 hours; DMD24: dry matter degradability at 24 hours; DMD36: 4927 

dry matter degradability at 36 hours; DMD48: dry matter degradability at 48 hours; DMD72: dry matter degradability at 72 hours 4928 

 4929 

 4930 
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6.5 Discussion 4931 

The objective of the study was to evaluate the in-vitro fermentation of grass species at different 4932 

stages of growth under a controlled environment. Cone et al. (1999) describe in-vitro ruminal 4933 

DM degradability (DMD) as an estimation technique used to evaluate the disappearance of 4934 

forages incubated in filter bags within the rumen. This is to determine the rate and magnitude 4935 

of the degradation which is a key factor for nutrient assimilation by animals (Birgit, 2017). 4936 

Moreover, this method is of significance because it provides ruminant nutritionists with 4937 

information on the digestibility and quality of substrates in the rumen (Ikhimioya et al., 2005). 4938 

There was a variation among the grasses at different developmental stages at 6 to 48 hours 4939 

post-incubation. A general trend was observed that the in-vitro ruminal DM degradation of all 4940 

grasses in this study was decreasing with advancing age. Dactylis glomerata (582.52 g/kg DM) 4941 

and F. arundinacea (561.76 g/kg DM) significantly had the highest in-vitro ruminal DM 4942 

degradability at 48 hours (DMD48) when compared to all other grass species at the elongation 4943 

stage. In this study, F. arundinacea, D. glomerata and P. maximum had high lignin and high 4944 

degradability. 4945 

Festuca arundinacea at the elongation (561.76 g/kg DM) and maturity (535.93 g/kg DM) 4946 

stages had the highest in-vitro ruminal DM degradability at 48 hours (DMD48). This result 4947 

was higher than that reported by Elizalde et al. (1999) who reported in-vitro ruminal DMD of 4948 

F. arundinacea at elongation (603 g/kg DM) and flowering (381 g/kg DM) stages. Several 4949 

pieces of literature have described the species degradability and nutritive value (Mnisi & 4950 

Mlambo, 2017; Ravhuhali et al., 2018; Ramantsi et al., 2020; Ravhuhali et al., 2020). The 4951 

authors stressed that rumen degradability tends to increase up to >600 g/kg when there is high 4952 

crude protein and low fibres in the diet. Buxton & Redfearn (1997) mentioned that ruminants 4953 

are capable of digesting 400 to 500 g/kg of legumes and 600 to 700 g/kg of grass species. Oh 4954 

et al. (2008) stressed that high crude protein in the rumen is normally exposed to microbial 4955 
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attack in order to produce peptides, amino acids and ammonia. Indeed, the extent to which 4956 

these grasses degrade in the rumen is linked to the age of the grass and the concentration levels 4957 

of fibres and CP (Elizalde et al., 1999; Ma et al., 2019). Also, according to Tefera et al. (2009) 4958 

fully matue tropical grasses have an overall low nutritional content because of the high fibrous 4959 

content and low CP concentration. Nevertheless, the opposite was true to the above statements 4960 

in that only three species; D. glomerata, F. aundineaca and P. maximum which had higher CP 4961 

content which influenced high degradability rates. Meanwhile, species such as T. triandra and 4962 

C. ciliaris which had low CP content had a higher DM degradability percentage than A. 4963 

pubescens, E. curvula, D. eriantha which had higher CP concentrations and lower DM 4964 

degradability. A possible reason is due to the genotype dissimilarities existing among grasses. 4965 

Higher degradatibility of T. triandra might have been due to its low ADL content. Cerrillo et 4966 

al. (2006) also highlighted that the nutritional status of grasses negatively affects dry matter 4967 

intake degradability and digestibility. Temperate grass species are generally characterized by 4968 

a thick-walled parenchyma bundle sheath cells surrounding vascular bundles of grass that are 4969 

linked to the build-up of lignin polymers in their cell walls (Giordano et al., 2014; Kraehmer, 4970 

2017). 4971 

Apart from influencing the digestibility of additional fibre elements, lignin as a fibre does not 4972 

serve any energy benefit for ruminants (Wang et al., 2017). Therefore, lower fibre/lignin 4973 

content in grass species is always preferred. The lignin material interfers with microbial 4974 

degradation of fibre polysaccharides. Lignin is known to hinder the ruminal microbes from 4975 

penetrating the grass cell wall tissues thus restricting the cellulose and hemicellulose 4976 

degradation activity and controlling the digestible energy (DE) that should be accessible to 4977 

animals (Buxton & Redfearn 1997; Moore & Jung, 2001; Bruinenberg et al., 2004; Habermann 4978 

et al., 2019). 4979 
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In reality, lignin is a non-carbohydrate substance that has a dual purpose for both grasses and 4980 

animals. The lignin material in the cell wall of grass plants keeps the stem rigid, while reducing 4981 

the ruminant’s ability to break down and digest forage material (Fulgueira et al., 2007; 4982 

Guadayo et al., 2019). However, contrary to this study, it was observed that regardless of a 4983 

high lignin content recorded in this study, both D. glomerata and F. arundinacea grasses 4984 

showed to have high degradability values from the 6 to 48-hour period post incubation. The 4985 

increasing amount of fibre fraction and lignin did not have the negative influence on the 4986 

degradation of substrates. This is true because as the F. arundinacea grasses were maturing so 4987 

were the fibre (NDF and ADF) and lignin concentration levels increasing. The D. glomerata 4988 

NDF concentration level at maturity stage is known to be at 500 g/kg DM leaves and 700 g/kg 4989 

DM on stems (Buxton & Redfearn, 1997). Even though D. glomerata grass species has a 4990 

significantly high biomass production than other grasses, it is generally known to have a 4991 

digestibility ranging from 41-70% thus its yield can really be translated to its ability to enhance 4992 

animal productivity (INRA, 2007; Kemp et al., 2013). 4993 

When considering all other grasses in this present study, A. pubescens, C. ciliaris, E. curvula 4994 

and T. triandra in-vitro ruminal DMD values of were significantly the lowest across all growth 4995 

stages at 24 hours to 72 hours post incubation. Eragrostis curvula in-vitro ruminal DMD value 4996 

ranged from 213.90 g/kg DM to 294 g/kg DM at both elongation and maturity stages at 24 to 4997 

48 hours. These results are in line with a study by van Niekerk (2019) who observed that E. 4998 

curvula DMD values within DMD24 (273.5 g/kg DM) and slightly higher than this study 4999 

values at DMD36 (344.6 g/kg DM).  5000 

The in-vitro ruminal DMD value results for A. pubescens were expected due to the high lignin 5001 

content recorded in this study for this grass though opposite was true to other grasses that had 5002 

higher lignin concentration and had higher DMD. Anthephora pubescens grass has a high 5003 

grazing value, is exceptionally palatable, and its dominance indicates that the veld is in good 5004 
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condition (Roodt, 2011). But it cannot be fully exploited by livestock in semi-arid environment 5005 

due to its high fibre concentration from vegetative stage to maturity.  5006 

In this study, D. eriantha and T. triandra grasses had DMD36 values ranging from 303.85 – 5007 

378.74 g/kg and DMD48 values ranging from 317.78 – 474.38 g/kg. The 48h DMD of T. 5008 

triandra grass (433.50 g/kg DM and 384.90 g/kg DM) was within and higher than the one 5009 

reported by Kwaza (2013) who at DMD 48h reported mature T. triandra (393.3 and 391.3 g/kg 5010 

DM) grasses in Highveld and Lowveld communal areas. Though palatable and mostly favoured 5011 

by livestock, T. triandra as a sole feed source cannot sustain the requirements of livestock, 5012 

hence supplementation might be required to improve the productivity of animals (Almeida et 5013 

al., 2006) more than leaves. In this study, at 36 h (DMD36) and 48hours (DMD48), P. 5014 

maximum grasses had a significantly high degradability rate at the elongation stage (452.81 5015 

g/kg DM and 517.91 g/kg DM) and maturity (436.20 g/kg DM and 469.78 g/kg DM) stages. 5016 

These values are less than those reported by Ravhuhali et al. (2018) at the maturity stage. The 5017 

authors reported the DMD ranging from 303 to 385 g/kg DM after 48hour post-incubation. 5018 

Petruzzi et al. (2003) and Rahim et al. (2008) reported a degradation rate higher than the one 5019 

reported in this study (580 - 620 g/kg DM) on the Panicum species. Crude protein is always 5020 

associated with the degradability of substrates in the rumen (Du et al., 2016; Yuan et al., 2017), 5021 

as opposed to the literature that has described the positive relationship between CP and DMD 5022 

(Oh et al., 2008; Mnisi & Mlambo, 2016). The results from this study show a negative 5023 

relationship between CP and DMD36 and DMD48 which could be influenced by the genetic 5024 

variation of the species. These results are similar to those reported by Ravhuhail et al. (2010) 5025 

and Mokoboki et al. (2019). 5026 

  5027 
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6.6 Conclusion 5028 

Conclusively, based on the results, D. glomerata, D. eriantha, F. arundinacea, P. maximum 5029 

and T. triandra grasses had better ranking (> 5) on ruminal DM degradability at 36 and 48 5030 

hours at the elongation stage. Panicum maximum and T. triandra had low ADL concentration 5031 

which justifies that the high degradation (DMD36 and DMD48) of these grasses was increased 5032 

in the rumen thus a high feed efficiency. However, the high fibre and lignin content in D. 5033 

glomerata and F. arundinacea did not negatively affect the degradation of substrates. There is 5034 

a need to supplement grasses with high protein legume species in order to maximise the 5035 

fermentation of these grasses 5036 

  5037 
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7  CHAPTER SEVEN: GENERAL DISCUSSION, CONCLUSIONS AND 5154 

RECOMMENDATIONS 5155 

A comparative analysis was undertaken to establish key attributes of selected grass species 5156 

under controlled environmental conditions. This included the species germination and seedling 5157 

survival, their agronomic, morphological, developmental cycle, chemical and feeding value 5158 

which are crucial in restoring a degraded piece of land. In most arid and semi-arid zones 5159 

pastures are essentially a remunerative resource because they are of a dual purpose that is, 5160 

feeding ruminants while restoring degraded rangelands and maintaining the health condition 5161 

of the grasses (Rad et al., 2013). Findings from chapter three generally showed that all grass 5162 

species had diverse agronomic and morphological attributes of which C. ciliaris, C. gayana, 5163 

D. eriantha, E. curvula and P. maximum proved to have outperformed other grasses in the 5164 

current study. These grasses were ranked the highest concerning the overall agronomic and 5165 

morphological parameters. Therefore, they are most preferred for their ability to restore 5166 

degraded rangelands in arid and semi-arid areas globally (Heitschmidt & Stuth, 1991; Duru et 5167 

al., 2004; Ravhuhali et al., 2019) than A. pubescens, D. glomerata, F. arundineacea and T. 5168 

triandra which had the lowest ranking. These grasses are more likely a better option to utilise 5169 

for rapid species establishment and veld restoration as they present traits of species that can 5170 

recover post defoliation due to their competitiveness and efficient utilisation of above-ground 5171 

resources to stimulate regrowth. 5172 

Ruminants can change forage material into animal commodities thus the analysis of proximates 5173 

can be a good indication of the nutritional value that is offered in the bulk of the diet. In 5174 

solidarity with other authors (Bumb et al., 2016; Albores-Moreno et al., 2018; Santana Neto et 5175 

al., 2019) the developmental changes that grass species undergo from the vegetative to maturity 5176 

stage cause a great alteration to the nutrient composition, feeding value and degradation of 5177 

grass material. Results obtained from chapters four and five that the maturation of grasses' 5178 
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photosynthetic activity decreases therefore leaves and stems tend to have more structural and 5179 

fibrous components (Buxton, 1996) (Saylor, 2008). Cenchrus ciliaris, C. gayana, D. eriantha, 5180 

D. glomerata, E. curvula, F. arundinacea, P. maximum and T. triandra species were ranked 5181 

highest based on chemical composition and the prediction of their estimates. The highest crude 5182 

protein (CP) concentration was observed from C. gayana, D. glomerata, E. curvula, F. 5183 

arundinacea and P. maximum species. 5184 

Results from chapter six showed that the ranking of D. eriantha, D. glomerata, F. arundinacea, 5185 

P. maximum and T. triandra confirmed that the rate and magnitude of degradation of these 5186 

grasses was better and highly desirable. Immature leaves had a higher CP concentration and 5187 

degradability rate which decreases with an increase in the age of grass. Mature grasses result 5188 

in an increase in fibres and a decline in the voluntary intake, of which the decline is an 5189 

explanation of the gut fill effect in the animal (Nyameasem et al., 2018). Lastly, the findings 5190 

of this current study highlighted that in all chapters, there are important relationships that exist 5191 

among species and the various parameters studied. In that at various growth stages, the 5192 

increment of agronomic and morphological performance (forage quantity) of grasses increases 5193 

the fibre (NDF, CP) and lignin fractions, decrease CP fractions, reduce digestibility, intake and 5194 

degradation (forage quality) (Buxton, 1996; Cone et al., 1999).  5195 

As an outcome of their agronomic, morphological and nutritional variation, these grass species 5196 

(Table 7.1) can potentially complement one another to rehabilitate and restore communal 5197 

rangelands that are impacted by overgrazing. Results on the summary of the ranking of selected 5198 

grass species based on their in-vitro ruminal DM degradation at various incubation hours (6 – 5199 

72) were ranked according to their degradation rate (1-unsuitable and 9-highly suitable) using 5200 

their averages are presented in Table 6.5. In this study, D. eriantha, D. glomerata, F. 5201 

arundinacea, P. maximum and T. triandra had the highest-ranking values above 4.5 for all 5202 

parameters. A. pubescens C. ciliaris, C. gayana and E. curvula had the least ranking values of 5203 
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< 4.5. for all parameters. The study generally revealed that these selected grasses have the 5204 

potential to restore deteriorated communal rangelands and with protein supplementation, the 5205 

productivity of animals exposed to these grasses can be improved.  5206 

It would be recommended that at the elongation stage the identified grasses may be harvested 5207 

and fed to animals as hay during the drier months of the year. If ruminants are allowed to graze 5208 

at a much-advanced growth stage (4-5 leaf) then other protein supplements have to be provided 5209 

to balance the nutrient demands and supply. More research can be done to look at the 5210 

production potential of all species exposed to the outside environment. Also, research can be 5211 

further done in the use of complementary forages such as planting grasses and legumes to 5212 

supplement the nutritional elements that may have not been sufficient in the best performing 5213 

grasses in the current study. 5214 

 5215 
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Table 7.1: Summary of veld restoration prospects average rankings of the selected grasses in reference to their agronomic, morophological, 5216 

nutritional and DM degradability traits measured across all developmental stages 5217 

Parameters 

Grass species Agron. & Morpho Chem.composition Chemical estimates DM degradation Average 

A. pubescens 4 4 2 2 3 

C. ciliaris 6 6 2 4 5 

C. gayana 6 5 7 4 6 

D. glomerata 4 4 7 8 6 

D. eriantha 5 6 3 5 5 

E. curvula 6 7 5 2 5 

F. arundinacea 4 3 8 9 6 

P. maximum 6 5 8 7 7 

T. triandra 4 6 4 5 5 

Agron. & Morpho: agronomic and morophology; Chem.composition: chemical composition; DM degradation: in vitro dry matter degradation5218 
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