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4.4 Materials and methods 

4.4.1 Study site 

The study was conducted in the Kamiesberg uplands of the Leliefontein communal area (30
°
 18’ 

18´ 51´´ S, 18° 10 04´ 58´´ E) which is situated in the semi-arid Namaqualand region of South 

Africa.  

 

4.4.2. Sample collection 

The sample collection procedure is comprehensively discussed in Chapter Three since the same 

plant samples were evaluated for nutritional and anti-nutritional content.  

 

4.4.3 Chemical analysis (TP and CT) 

Total phenolics and CT were analysed using the protocol suggested byHagerman (2002). Total 

phenolics were quantified using the Prussian blue assay for total phenolics (Price and Butler, 

1977) and the Acid Butanol method as modified by Hagerman (2002) was used to assess CTs 

(Hattas et al., 2005). Sorghum tannin that was previously extracted and purified as described in  

Hattas  and  Julkunen-Tiitto (2012) was used as a standard for CT. To standardise TP, Gallic acid 

was used (Hagerman, 2002). 

 

4.4.4 Silica 

The sulphuric-peroxide digestion method (Moore and Chapman, 1986) was used  to digest plant 

material. A 0.4 g sample of the dry, milled plant material was digested in 5 ml of sulphuric-

peroxide digestion mixture in a heating block, as described by Moore and Chapman (1986). 

After digestion, the samples were allowed to cool to room temperature after which they were 

filtered through Whatman No 1 filter paper into a 100 ml volumetric flask and diluted to volume 

with distilled water (dH2O).. After dilution, the samples were stored for further analyses. The 

digested samples were later analysed for Si. Silica concentrations were determined using 

Inductively Coupled Plasma Atomic Emission Spectrophotometry (ICP-AES). 
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4.5 Statistical analysis 

To test the data for normality the Shapiro-Willks test was used. Due to the data not being 

normally distributed, Kruskal-Wallis analysis was performed to determine whether there were 

statistical significances (P <0.05) in CT, TP and Si concentrations between the different forage 

growth forms in the wet and dry seasons. A t-test was used to determine whether growth forms 

between the wet and dry seasons were significantly different.  

To examine if there were any relationships between CP, NDF and ADF, and TP and CT the 

nonparametric Spearman’s correlation for the different forage growth forms in the wet and dry 

seasons were performed The Statistical Package for the Social Sciences 23 (SPSS Inc., Chicago 

IL) was used for data analysis. 

A principal component analysis (PCA) was used to examine forage quality of the species based 

on the information provided from the results. The Categorical Principal Component Analysis 

was used to investigate multivariate relationships among our variables and to explore the 

relationships among all traits simultaneously. This analysis allows the existence of a non-linear 

relationship between nutritional and anti-nutritional values of different forage growth forms in 

two seasons.  

 

4.6 Results  

4.6.1 Total phenolic, Condensed Tannins  and Silica concentration in the wet and dry 

season 

The results of this study showed high variation in the total phenolics and condensed tannin 

concentrations of different forage growth forms in the wet and dry seasons (Figure 4.1, 4.2). The 

results further revealed that silica concentrations were not significantly different among the 

forage growth forms in the wet and dry seasons (Figure 4.3). 
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4.6.1.1 Total phenolic (TP) 

There were significant differences in TP concentrations in the wet season (H(6,111) =31.546, 

p<0.001, Figure 4.1A), and the dry season (H (5,87) =34.526, p<0.001, Figure 4.1B). In the wet 

season, TP in leaf succulents was significantly higher than grasses and herbs (nine and two fold, 

respectively), whereas TP in trees was significantly higher (10 fold) than in grasses (p<0.05). No 

significant differences were found between grasses, herbs and reeds (p>0.05, Figure 4.1A). In the 

dry season, TP in leaf succulents was significantly higher than grasses and herbs (10 and four 

fold, respectively), whereas TP in trees was significantly higher (eight fold) than in grasses 

(p<0.05). However, in the dry season, no significant differences were observed between grasses, 

herbs and reeds, and also not between leaf succulents, trees and reeds (Figure 4.1B). 

Figure 4.1: Total phenolics (TP) concentrations of different forage growth forms in dry and 

wet seasons. The letters A and B indicate to the number of figures. Different letters above the 

bars indicate significant differences between different forage growth forms in each season. G: 

grasses; H: herbs; LS: leaf succulents; NS: non-succulents; R: reeds; and T: trees. 
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4.6.1.2 Condensed Tannins (CT) 

There were significant differences in CT concentrations in the wet season (H(6,111) =25.045, 

p<0.001, Figure 4.2A) and the dry season (H(5,87) =28.624, p<0.001,Figure 4.2B). In the wet 

season, CT in leaf succulents was significantly higher than grasses, herbs and non-succulents 

(34, 119 and nine fold, respectively) (Figure 4.2A). In the dry season, CT in leaf succulents was 

also significantly higher than grasses, herbs and non-succulents (139, 279 and 16 fold, 

respectively). Significant differences were also obtained between trees, grasses and herbs. There 

were no significant differences between grasses, herbs, reeds and non-succulents in the dry 

season (Figure 4.2B). 

Figure 4.2: Condensed tannin (CT) concentrations of different forage growth forms in dry and 

wet seasons. The letters A and B indicate to the number of figures. Different letters above the 

bars indicate significant differences between different forage growth forms in each season. G: 

grasses; H: herbs; LS: leaf succulents; NS: non-succulents; R: reeds; and T: trees. 
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4.6.1.3 Silica (Si) 

There were no significant differences in Si concentrations in the wet season between all growth 

forms in the both wet season (H(6,111) =12.926, p≥0.05,Figure 4.3A) and the dry season (H(5,87) 

=7.178, p≥0.05, Figure 4.3B) 

 

Figure 4.3: Silica concentrations of different forage growth forms in the wet and the dry 

season. The letters A and B indicate to the number of figures. Different letters above the bars 

indicate significant differences between different forage growth forms in each season. G: 

grasses; H: herbs; LS: leaf succulents; NS: non-succulents; R: reeds; and T: trees. 

The Principal Component Analysis (PCA) showed 84.48 % of the variation in secondary 

compounds is explained by the first two factors (Figure 4.4). According to the PCA, leaf 

succulents are low in forage quality due to the high concentrations of CT and TP. However, leaf 

succulents showed high variation between samples. Grasses and herbs are very low in defence 

compound concentrations. Non-succulents are intermediate in terms of chemical defence 

concentrations. 

 

 

 

 



 

68 

 

 

 

Figure 4.4: The Principal Component analysis biplot of secondary compounds (F1) and plant 

growth forms (F2).   

 

4.6.2 Effect of season on expression of TP, CT and Si within different growth forms 

4.6.2.1 Total phenolic 

There were no significant differences in TP concentrations between the two seasons for all 

different forage growth forms (p>0.05, Table 4.1). 
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4.6.2.2 Condensed tannin (CT) 

The CT concentrations in each forage growth forms were not significantly different (p>0.05) 

between the two seasons, with the exception of non-succulents, which were significantly 

different (t= 2.687, p<0.05) between the two seasons. In the wet season the CT concentrations in 

non-succulents were significantly higher than in the dry season (Table 4.1). 

 

4.6.2.3 Si concentration 

The results of Si concentrations showed no significant differences between the two seasons 

for grasses, herbs, reeds and trees (p>0.05). However, Si in NS and LS were significantly 

different (t=2.794, p<0.01 and t=2.412, p=0.029, respectively) between the two seasons, 

whereas Si concentrations in non-succulents were 1.6 fold higher in the wet season than the 

dry season. However, Si in leaf succulents was twofold higher in the dry season than in the 

wet season (Table 4.1). 
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Table 4.1: Total phenolics (TP), condensed tannin concentrations (CT) and Silica (Si) 

concentrations of different growth forms (mean ± SE) between the two seasons G: grasses; H: 

herbs; LS: leaf succulents; NS: non-succulents; R: reeds; and T: trees. Different letters (a and b) 

indicate significant differences between the two seasons for each forage growth form. 

 

4.6.3 Relationships between chemical defenses (TP andCT), crude protein and fiber 

(NDFandADF) in different forage growth forms 

There was a strong negative correlation of CP with NDF in grasses and herbs in the wet season, 

whereas no correlation was found in the dry season (Table 4.2). CP showed a strong negative 

Growth forms 

 

Wet season 

 

 

Dry season 

 

P-value 

 

 

 

TP 

(mg/g) 

G 6.68 ± 2.69
a 

5.9 ± 1.34
a 

0.912 

H 26.10 ± 16.40
a 

14.03 ± 5.75
a 

0.44 

LS 63.00 ± 11.50
a 

62.49 ± 9.20
a 

0.677 

NS 22.04 ± 1.97
a 

21.3 ± 1.95
a 

0.987 

R 10.50 ± 3.40
a 

16.5 ± 4.6
a 

0.374 

T 78. 41 ± 28.65
a 

41.67 ± 11.60
a 

0.194 

G 7.02 ± 3.99
a
 2.13 ± 1.34

a
 0.267 

 

 

 

CT 

(mg/g) 

H 2.75 ± 1.46
a 

0.90 ± 0.55
a 

0.139 

LS 238.95 ± 67.86
a 

279.52 ± 67.00
a 

0.677 

NS 24.23 ± 5.06
a 

17.8 ± 5.25
b 

0.02 

R 16.61 ± 8.12
a 

61.7 ± 13.90
a 

0.052 

T 37.64 ± 34.45
a 

61.99 ± 23.40
a 

0.613 

G 0.046±0.016
a 

0.039±0.009
a 0.708 

 

 

 

Si 

(mg/kg) 

H 0.054±0.015
a
 0.044±0.01

a
 

0.604 

 

LS 0.016±0.004
a 

0.033±0.005
b 

0.029 

NS 0.052±0.008
a 

0.032±0.001
b 

0.004 

R 0.007±0.003
a 

0.02±0.007
a 

0.141 

T 0.025±0.025
a 

0.023±0.003
a 

0.904 

 

 

 

 



 

71 

 

correlation with ADF in herbs in the wet season and in grasses in the dry season. However, CP 

showed a weak correlation with ADF in non-succulents in the wet season and the correlation was 

positively weak in the dry season for non-succulents (Table 4.2). We observed a weak negative 

correlation between CP and TP contents in non-succulents in the wet season. TP showed a strong 

negative relationship with NDF and ADF in reeds in the dry season. A strong negative 

relationship was also found between TP and ADF in herbs and with NDF in grasses in the wet 

season, but was weak in non-succulents in the dry season. A strong negative correlation of CT 

was found with NDF and ADF in leaf succulents in the dry and wet seasons. A significant 

negative correlation was also evident between TP and CT, and NDF in grasses (Table 4.2). 
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Table 4.2: Spearman’s correlation coefficients between TP and CT, crude protein, NDF and 

ADF in different forage growth forms in the wet and dry seasons. 

** P< 0.01,     *P< 0.05, note: replication in tree samples were inadequate (only 2) in the wet season. 

Growth 

Forms 
Wet season Dry season 

Grasses 

 
TP CT NDF ADF TP CT NDF ADF 

CP 0.464NS 
0.321NS 

-0.786
* 

-0.643NS 
0.452NS 

0.119NS 
-0.619NS 

-0.762
* 

TP  0.964
**

 -0.821
* 

-0.714NS 
 0.429NS -0.667NS 

-0.190NS 

CT 
 

 
-0.786

* 
-0.643NS  

 0.048NS 
-0.024NS 

NDF  
  

0.857
* 

   0.667NS 

 

 

Herbs 
 

 

CP 0.285NS 
-0.115NS 

-0.915
**

 -0.733
*
 0.600NS 

0.700NS 
-0.700NS 

-0.700NS 

TP  -0.176NS -0.115NS 
-0.152NS  0.500NS -0.900

* 
-0.900

* 

CT 
 

 
0.285NS 

0.042NS  
 -0.800NS 

-0.800NS 

NDF  
  

0.855
**

    0.950
**

 

Leaf 

succulents 

 

CP -0.238NS 
0.119NS 

-0.619NS 
-0.619NS 

0.050NS 
-0.083NS 

0.317NS 
0.333NS 

TP  0.738
*
 -0.524NS 

-0.524NS 
 0.617NS -0.417NS 

-0.350NS 

CT 
 

 -0.833
*
 -0.833

*
  

 -0.883
** 

-0.900
**

 

NDF    0.984
**

    0.983
** 

 

Non- 

succulents 
 

 

CP -0.293
**

 -0.173NS 
-0.189NS 

-0.265
*
 -0.259NS 

-0.164NS 
-0.275

* 
0.287

*
 

TP  0.650
** 

0.312
** 

-0.271
* 

 0.562
** 

-0.388
** 

0.352
**

 

CT 
 

 -0.080NS 
-0.039NS

 
 

 -0.169NS 
-0.122NS 

NDF    0.945
** 

   0.988
**

 

 

Reeds 
 

 

CP -0.500NS 
-0.988

**
 -0.500NS 

0.557NS 

0.800NS 
0.800NS 

-0.400NS 
-0.800NS 

TP  0.500
NS

 0.987
** 

0.116NS 
 1.000

**
 -0.800NS 

-0.833
**

 

CT 
 

 0.500
NS 

-0.500NS  
 -0.800NS 

-0.888
**

 

NDF    0.850NS 
   0.800NS 

 

Trees 
 

 

CP 

 

-0.486NS 
-0.429

NS 
-0.143NS 

-0.143NS 

TP  0.771
NS

 -0.371NS 
-0.371NS 

CT 
 

 -0.257NS 
-0.257NS 

NDF    0.985
**
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4.6.4 Relationships between all the variables measured during the study 

The first axis explained 47.07% of the variation. The second axes explained 13.28% of the 

variation. It shows that grasses are more associated with higher fibre contents whereas leaf 

succulents have high secondary compound concentrations. Non-succulent shrubs have the 

highest relative forage values during the wet season (Figure 4.5).  

 

 

Figure 4.5: The principal component analysis biplot of the variables measured during the study 

(F1) and plant growth forms (F2).  
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4.7 Discussion 

Plant secondary compounds greatly influence food selection and nutritional value of plants 

because they reduce digestibility (Palo et al., 2012). More information on forage quality is 

provided by measuring TP and CT concentrations in forage plants rather than CT alone 

(Waghorn, 2008).  

 

Hypothesis 1  

Hypothesis 1 could be accepted since the present study showed that TP and CT concentrations 

showed high variations among the different forage growth forms in the two seasons. Slow-

growing leaf succulents and trees had significantly more TP and CT than faster growing grasses, 

reeds and herbs. Non-succulent TP and CT concentrations were mixed because the growth form 

include both slow and fast  growing  plants.  

Some forage plants such as grasses and herbs are fast-growing and therefore, allocate most of 

their resources to rapid growth and as a result, may have a lower capacity to produce chemical  

defences (Nykänen and Koricheva, 2004). Grasses generally use a strategy of increased growth  

rate, rather than investments in anti-herbivore defences to cope with herbivory (Massey et al., 

2007). Herbivores thus prefer to consume fast-growing species (Blumenthal,  2006). Samuels et 

al., (2015) who used direct observations of livestock grazing in the field of the current study area 

found that livestock prefer to consume grasses and herbs rather than other forage growth forms, 

which might be due to low secondary compound concentrations in these forage species as this 

study also indicates. However, herbivores need to consume a diversity of plant species that 

contain different kinds of compounds. Thus, Samuels et al., (2015) observed that livestock (goats 

and sheep) fed on non-succulent shrubs in the dry season. 

Slow-growing plants such as leaf succulents and trees after growth may allocate resources to 

defence compounds to reduce the risk of loss by herbivores (Stock et al., 1993; Coley et al., 

2006). Thus, because the inherent growth rate determines the opportunity of defence produced 

(Endara and Coley, 2011), this could be one of the major reasons for the significant variation 

between different forage growth forms in chemical defence in the current study.  
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However, the observed concentrations of CT in grasses, herbs, non-succulents and reeds were 

lower than the tolerable limit of 5.5% of dry matter in the wet and the dry season. Thus it could 

generally be considered unlikely to have a significant effect on digestion of nutrients by the 

ruminants (Frutos et al., 2002; Basha et al., 2012).In the leaf succulents however the levels of TP 

and CT concentrations were excessively high relative to other growth forms. These extremely 

high concentrations may suppress feed intake and growth of the livestock due to decreased 

palatability of forage. Condensed tannins  may also decrease digestive efficiency and animal 

productivity (Makkar, 2003; Berard et al., 2011). This might be the reason why leaf succulents 

were rarely consumed by livestock in the Leliefontein communal area (Samuels et al., 2015). 

This high anti-nutritional content found in leaf succulents have most likely evolved as a defence 

mechanism against herbivores (Pizarro and Bisigato, 2010). In addition, reduced consumption 

and avoidance of bitter compounds of forage is also a behavioural strategy herbivores use to 

cope with CTs (Estell, 2010). 

Herbivores consume a variety of plant species in rangelands, even those that contain different 

forms and quantities of secondary compounds in order for them to meet  their nutritional needs  

(Lyman et al., 2008). Therefore, livestock could  select forages with a higher ratio of protein to 

energy after they consume forages that contain  high concentrations of CT which is widespread 

in the plants (Baraza et al., 2005).Furthermore, livestock have the ability to detoxify or tolerate 

consumed toxins. Therefore, livestock could better meet their requirements for nutrients and 

regulate their intake of toxins (Papachristou et al., 2005).  

 

Hypothesis 2  

Hypothesis 2 could not be accepted for all the growth forms with the exception of non-succulent 

shrubs. This is because the concentrations of TP and CT in grasses, herbs, leaf succulents, trees 

and reeds were similar between seasons for each of the growths. However, non-succulents 

showed a significant difference in CT concentrations between the two seasons. The significant 

difference might be because of the plants’  growing conditions from season to season (Li et al.,  

2014). Seasonal variation in rainfall and resources is also linked with the phenological stage due 

to the different demands for nutrients by plants (Milla et al., 2004). 
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In the wet season with an abundance of rainfall, forage plants generally have  high nutrient 

concentrations and low secondary metabolite concentrations (Scogings et al., 2015). However, in 

the dry season there is a reduction in rainfall and this could significantly affect the TP and CT 

concentrations in plants and the responses of secondary metabolites to resource availability could 

cause the significant difference of the non-succulents (Scogings et al., 2015). Furthermore, the  

difference of CT concentrations in non-succulents between seasons could be  explained by the 

growth-differentiation balance hypothesis, which proposes that there is a physiological trade-off 

between growth and secondary compounds in plants and predicts  effect of resource availability 

such as water or nutrients on  production of secondary metabolites such as CT (Pizarro and 

Bisigato, 2010). This study thus supports these two  hypotheses that predict increased carbon 

allocations to secondary compounds under low nutrient conditions, but for non-succulents only 

(Ferwerda et al., 2006; Zhang et al., 2009). 

During their growth period, plants produce a lot of biomass; thus, few resources are available for 

the synthesis of phenolic compounds. However, during flowering, excess carbon might be 

obtainable for condensed tannin production (Frutos et al., 2004). Furthermore, Salem et al., 

(2006) and Njidda et al., (2012) also found high amounts of phenolics and condensed tannins in 

browsed tree foliage native to the semi-arid region of northern Egypt in the dry season and in the 

semi-arid regions of northern Nigeria respectively. However, comparisons are very complicated 

with other published CT concentration studies for similar growth forms due to variations in 

methods, procedures and standards used for the analysis.  

 

Hypothesis 3 

Grasses have the ability to take up large amounts of Si from the soil where it contributes to their 

mechanical strength (Heckman, 2013). Therefore, grasses should contain high concentrations of 

Si, about 1.5% (15 g /kg) (Smis et al., 2014).  

In the present study, Si concentrations in grasses did not support our hypotheses that grasses 

contain high silica. The highest amount of Si in the present study was less than 0.1 mg/kg 

measured in herbs. Significant differences in the Si concentrations between the wet and the dry 

seasons were observed in non-succulents which were higher in the wet than the dry seasons and 
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leaf succulents, where the Si concentrations were higher in the dry season than the wet season. 

However, there was no seasonal effect on the other forage growth forms. The significant 

differences in the Si concentrations observed in non-succulents and leaf succulents between the 

wet and the dry seasons could be due to variations in precipitation which cause differences in the 

soluble Si concentrations of the soil in which they are grown. Accumulation of Si also differs 

greatly between plant species because of differences in the plants Si uptake ability  (Ma and 

Yamaji,  2006). Silica concentrations differ with the growth stages of plants; older plants contain 

higher Si concentration in their tissues. Some species of grasses contain low concentrations of 

silica: that was unpredicted in the study   (Labun et al., 2013). 

The beneficial effect of Si is that Si protects plants from multiple abiotic and biotic stresses (Ma 

and Yamaji, 2006). However, numerous plants are not able to accumulate high concentrations of 

Si to be beneficial. 

In this study, very low concentrations of Si were observed for all forages, which might be due to 

low Si availability in the soil (Heckman, 2013). However, soil concentrations were not evaluated 

in this study. Indications of low Si are not usually observed in the field (Heckman, 2013).   

 

4.7.1 Relationships between TP and CT, and crude protein, NDF and ADF 

The negative correlation between CP and ADF in herbs indicates that the quality of herbs 

decreases with a decrease in CP (Teka et al.,  2012).  The results of this study also showed a 

negative correlation between  CP and CT contents in reeds, which contrasts  with a previous 

study done  by Zhang et al., (2009), but is consistent with a study conducted by Kraus et al. 

(2004). The negative correlation between chemical defences and fibre might be due to the fact 

that, for example, grasses contain high fibre concentrations and low CT concentrations. This is 

similar to the findings of Zhang et al. (2009) who also found a negative correlation between CP 

and  TP which supported the hypotheses  that predicted  increased C allocation to secondary C 

compounds under low nutrient conditions (Zhang et al., 2009).  Therefore, it is common to find a  

negative correlation between CP and secondary compound contents such as phenolics and tannin 

(Mansfield et al., 1999). 
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4.8 Conclusion 

In this study, non-succulents have good quality in terms of low concentrations of CT. The 

different TP and CT concentrations of different forage growth forms can thus affect the quality 

of forage and forage intake. From the results of the forage plants, it was found out that the leaf 

succulents had the highest concentrations of CT indicating that they may have low forage quality 

and low palatability.  However, grasses and herbs showed good quality for livestock in terms of a 

low amount of secondary compounds. The results revealed that grasses and non-succulents are 

similar in terms of the concentration of anti-nutritional compounds  

The low concentrations of Si found for all forages, might be due to low Si availability in the soil. 

However, a limitation of this study was that we did not test the soil for Si and further studies 

need to analyse Si in soil. By studying the correlations between the different variables of 

different forages in the current study, it gives us an indication of the extent of the differences in 

the nutritive values and secondary compounds that affect the quality of forage. Animal selection 

could favour different levels of defences in plant species with different inherent growth rates.  
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CHAPTER FIVE 

GENERAL CONCLUSION 

 

5.1 Introduction 

The study was conducted in Namaqualand Renosterveld vegetation in the Leliefontein 

communal area, where the predominant land uses in this area is extensive livestock grazing. 

Namaqualand is part of the Succulent Karoo Biome (Todd and Hoffman, 1999) which is semi-

arid and has a Mediterranean type climate. Knowledge of the nutritional quality of the forage 

plants available to grazing animals will help identify potential mineral nutrient deficiencies, and 

also aid in the development of strategies to supplement the required elements (Arzani et al., 

2006). 

Moreover, the information obtained on the quality of the available forages could help rangeland 

managers to strike a balance between animal requirements and available forages to reach 

maximum animal performance (Arzani et al., 2011). The nutritive values of different plant 

growth forms (grasses, reeds, herbs, leaf succulents, non-succulents and trees) were evaluated by 

analysing the quantities of mineral nutrients, crude protein, fibre and energy of plant materials as 

these are good indicators of forage quality (see Chapters 3 and 4; Arzani et al., 2006). Livestock 

production is related to the amount of nutrients in the forage. Hence, determining the nutritional 

value of forages is important for livestock production and the subsequent management of 

livestock (Schut et al., 2010). However, doing chemical analysis for the nutritional value of 

plants needs to go hand in hand with determining the anti-nutritional quality such as the 

secondary compound composition of the plants as this will lead to a better understanding of the 

overall quality of the available forage plants. 

 

5.2 Study conclusions 

Complex interactions exist between the nutritional and anti-nutritional values of different forage 

plants as indicated by the literature. Very little information exists regarding the quality of 
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available forage plants to livestock in the wet and dry seasons in the Namaqualand Granite 

Renosterveld vegetation type. The aims of the current study were, therefore, to determine the 

mineral nutrient, crude protein and fibre (ADF and NDF) content, as well as the anti-nutritional 

quality in terms of condensed tannin, total phenolics and silicon concentrations of the different 

forages available to the livestock in the wet and dry seasons in the Leliefontein Communal 

Rangeland.  

Forages have a combination of physical, chemical, and structural characteristics that determine 

the quality of forage in rangelands and indicate the nutritive value of it to animals (Corson et al., 

1999). We concluded that forage quality varies greatly among the different forage growth forms 

within each season. Results of this study revealed that non-succulent plants are better quality 

compared to other types due to the amount of high nutrition concentrations which can meet the 

needs of livestock in the study area, and they also contain low levels of anti-nutritional 

compounds. However, trees and herbs have good forage quality due to high crude protein 

concentration and minerals. Grasses could also be considered good forage due to their low levels 

of secondary compounds.      

 

5.3 Answering the overall study questions 

The objective of this chapter was to answer the following research questions set out in the 

introduction by using the knowledge gained through this study: 

1. Are there variations in nutritional values between different forage growth forms within 

and between the dry and wet seasons? 

2. Are there variations in secondary compounds between different forage growth forms 

within and between the dry and wet seasons? 

3. Is there a relationship between plant chemical defences and forage nutrition in 

Renosterveld vegetation? 
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5.3.1 Are there variations in nutritional values between different forage growth forms 

within and between two seasons? 

The present study showed that mineral nutrient concentrations, fibre, crude protein content and 

digestibility varied between the different forage growth forms in the dry and wet seasons. 

Chapter Three showed that the nutritional quality of the different forage growth forms showed 

significant differences within each sampling season. Some forage plants, especially leaf 

succulents, had high digestibility and contained large amounts of mineral nutrients in both the 

wet and dry sampling periods. The mineral concentrations in relation to livestock requirements 

were generally adequate to satisfy the requirements of the livestock in both seasons.  

However, in certain forage types, Na and P concentrations were below the critical levels. 

Phosphorous concentrations were deficient in all forage growth forms in this study as none of the 

forages met the daily requirements of phosphorus by livestock in the two seasons. There were no 

significant differences between the two seasons within each forage type in most minerals. In this 

study, we also confirmed that the CP content of most growth forms is very low in the dry season. 

Leaf succulent plants in this study area showed the highest mineral nutrient concentrations, 

DMD and ME. Leaf succulents were also low in fibre, which indicates good quality and 

desirable forage.  

 

5.3.2 Are there variations in secondary compounds between different forage growth forms 

within and between two seasons? 

In this study, secondary compounds, TP and CT concentrations of forages varied to a great 

extent between forage growth forms within the two seasons. We also found that leaf succulents 

in the study area contained the highest level of chemical defences which is considered as an 

indicator of lower quality of the forage. Silica concentrations of all growth forms were very low 

in the wet and dry seasons.    
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5.3.3 Is there a relationship between chemical defences and forage nutrition? 

The results of this study indicate that there are significant relationships between nutrition and 

anti-nutrition compounds in forage plants. Thus, the quality of forage plants in rangelands is 

reflected by both the concentration of nutrients and secondary compounds in available forage 

plants. This suggests that both of these quality parameters are essential in order to draw 

meaningful conclusions regarding forage quality of these rangeland plants. Forage quality 

information will help the rangeland managers to determine grazing capacity, balance the animal 

requirements with available forage and achieve optimum livestock performance in the study 

area. Understanding forage quality and the factors that affect its constituents will help improve 

livestock production by making decisions that optimise forage nutritive value and intake. 

It can also be concluded that knowledge of the relationship between nutritive and anti-nutritive 

factors which affects the quality of forage could give us a better understanding of how livestock 

select vegetation for consumption and will further allow us to develop an appropriate grazing 

management of rangelands. 

 

5.4 Recommendations and future studies 

There is variation in forage quality among species within each growth form. Further research is 

needed at species level in order to determine which plant species are the most nutritious in terms 

of both nutritional quality and anti-nutritional quality. It is recommended that the plant species 

and the stage of maturity of the forage plants should be covered in future studies to gain a better 

understanding of the correlation between plant quality and anti-quality factors over the life cycle 

of the plants.  

This study only tested NDF and ADF to determine fibre, but did not investigate the content of 

lignin and it is thus suggested that further research be conducted on this as a forage quality 

indicator. Another contributing factor to forage quality is soil composition and soil analysis is 

proposed for future studies. This will give more information about the variation in mineral 

nutrients and Si content of different growth forms during different seasons. Finally, the most 

important study to be conducted within this study area is the correlation between chemical 

composition of forages and animals’ preference for a specific plant. 
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