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ABSTRACT 

 

The study assessed the performance of Axonopus compressus, Chysopogon aciculatus, Sporobolus pyramidalis, 

Eleusine indica and Dactyloctenium aegyptium in turf establishment. The five grass species planted in sole and 

mixed stands were varied with the legume - Desmodium triflorum. Ground cover differed significantly among 

grass species and their mixtures from 4 - 11 weeks after planting (WAP) but ground cover in the legume and 

no legume subplots were not significantly different from 4 – 6 WAP.  Eleusine, Axonopus and Dactyloctenium 

and their mixtures had higher ground cover than those of Sporobolus and Chrysopogon. There were significant 

differences in ground cover among grasses and mixtures at 3 and 6 weeks after clipping (WAC), and grass-

legume subplots and subplots without the legume were different at 3 and 4 WAC. Recovery weeks after 

trampling was faster in sole stands and mixtures with Axonopus and Eleusine, indicating they are better 

adapted to trampling. 
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INTRODUCTION 

Turfgrasses serve aesthetic, recreational and 

environmental purposes to most landscapes; providing 

recreational areas, erosion control and other ecological 

benefits (Kir et al., 2010). The durability of recreational 

turfs which is the function of adaptation to the abiotic and 

biotic environments and the suitability to specificities of 

usage like trampling intensities have been given little 

attention in Africa. Consequently, most sports fields tend 

to be excessively used and proper maintenance is often 

lacking. 

Research studies have demonstrated rapid germination 

and growth of turfgrass to be critical for successful 

establishment of athletic field turf (Murphy, 2004; 

Murphy and Park, 2005). Establishment and management 

of turf without adequate consideration of the adaptation of 

the sown grass to the environmental context often cause 

failure of the turf. Successful turf management often 

begins with proper selection of species that are adapted to 

the climatic conditions to be experienced (Busey, 2003).  

There are several studies on the performance of 

turfgrasses under Mediterranean (Volterrani et al., 2001; 

Geren et al., 2009; Demiroglu et al., 2010; Kir et al., 2010; 

Salman et al., 2011) and temperate climates (Gaussoin, 

1994; Steir and Koeritz, 2008) but far less is known about 

the performance and response of tropical turfgrasses to  

trampling. Although trampling-tolerant turfgrasses have 

been the focus of many research efforts over the past three 

decades (Shearman and Beard, 1975; Hacker, 1987; 

Taivalmaa et al., 1998; Park et al., 2005) and the 

performance of some tropical species and cultivars have 

been studied (Wood and Law, 1972; Evans, 1988; Minner 

et al., 1993), surprisingly none of these studies have 

investigated the performances of warm season turfgrasses 

and their response to trampling. Even in well-established 

turf, intensive use is a major factor which reduces turf 

density, particularly use in rainy weather in finer-textured 

soils with poor drainage (Murphy, 2004). 

Differences in trampling tolerance among plant species 

have been viewed by some authors from the 

morphological point of view (Bates, 1938; Tachibana, 

1976; Sun and Liddle, 1993). Species in trampled habitats 

are believed to have prostrate growth in which most of 

their growing point is in contact with the ground surface. 

The strength of aerial organs in some grass species has 

been reported to favour trampling tolerance (Kobayashi 

and Hori, 2000).  

In this study, the performance of five grasses; three 

creepers and two bunch- type (tussock) grasses, at 

different combinations under the low-mowing (clipping) 

and the trampling conditions in a tropical climate was 

assessed. 
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MATERIALS AND METHODS 

The study area 

The field study was carried out at the Teaching and 

Research Farm (T&RF), Obafemi Awolowo University 

Campus, Ile-Ife, Nigeria: latitude 7˚23' N and longitude 4˚ 

37' E. The vegetation of the area falls within the rain 

forest belt where there are two prominent seasons, the 

rainy season and the dry season. The dry season is short, 

usually from November to March while the rainy season 

lasts the remaining seven months. The rainfal1 pattern is 

bimodal with peaks in July and September/October, and 

total annual precipitation is between 1200 mm and 1500 

mm with over 1800 mm in some very rainy years. Daily 

temperatures do not fluctuate considerably with a 

maximum between 27 ˚C and 35 ˚C and a minimum 

between 18.9 ˚C and 23.3 °C.   

Soil characteristics of the experimental site 

The study area is associated with rolling topography 

with slope range of 3-6 % and lies within the basement 

complex with the underlying rock consisting of granites, 

gneisses, and undifferentiated schists that were mapped 

and grouped as Iwo Association by Smyth and 

Montgomery (1962), and classified as ferruginous tropical 

soils.  

The experimental site has a slightly acidic (pH = 6.4), 

well-drained sandy-loam soil with the sand, silt and clay 

in the proportions 72.8: 15.1: 12.1. Soil organic carbon, 

total N and available P were 19.8 g/kg, 0.18 g/kg and 3.35 

mg/kg, respectively. The soil exchangeable cations Na+, 

K+, Ca2+ and Mg2+ were 0.09, 0.29, 1.65 and 0.11 cmol.kg-

1 respectively. 

Experimental design and protocol 

The five perennial turfgrasses, Axonopus compressus 

(Sw.) P. Beauv., Chrysopogon aciculatus (Retz.) Trin., 

Dactyloctenium aegyptium (L.) Willd., Eleusine indica 

(L.) Gaertn., and Sporobolus pyramidalis (P. Beauv.), 

with their mixtures tested, made fifteen entries. The 

former three grass species are creeping while the latter 

two species are tussocks. The entries were tested with and 

without the association with Desmodium triflorum (Linn.) 

DC. The fifteen entries of grass species and their mixtures 

are the whole-plot levels, whereas the legume versus no 

legume factor is the sub-plot factor. The set-up consisted 

of 90 subplots of 0.5 m × 0.5 m each separated by a 0.2 m 

alley and arranged in a 15 by 2 factorial treatment fitted in 

a split-plot design and was replicated three times. The 

grass species and Desmodium in all the treatments were 

established on 15th June by planting tillers. Grass ground 

cover was measured weekly, starting from 14th July using 

a 0.04 m2 quadrat with a regular 4 × 4 grid and placed at 

two different points selected using random numbers, each 

point corresponds to positions along x and y axis for each 

subplot. The grid nodes of the quadrats touching grass 

species in each sub-plot were counted from the two 

selected points weekly at the same points in all the 

subplots.  Percentage ground cover was calculated by 

dividing the number of points touching grass species by 

thirty-two (16 nodes x 2) and multiplied by 100. Eleven 

weeks after planting (11 WAP), the grasses in each 

subplot were clipped 2 cm above ground and left to re-

grow for another 3 weeks after which ground cover 

measurement resumed. Starting from seven weeks after 

clipping (7 WAC), the grasses were trampled daily by a 

66 kg man wearing soccer boots for two weeks. The 

trampling consisted of pressing the foot 30 times on top of 

the plants at different positions within each subplot. 

Weekly assessment of ground cover of green turfs in each 

subplot weeks after trampling (WAT) was done for 6 

weeks. 

Data processing and statistical analyses 

The effects of grass species or mixture and 

presence/absence of legume on percentage ground cover 

were examined using three-way ANOVA model 

performed with the Proc ANOVA in SAS for Windows 

(SAS, 2003). Means were separated  using least 

significant difference (LSD) at α = 0.05. The linear model 

for the ANOVA procedure is represented by: 

Yijk = μ + Ri + Gj + RG(ij) + Lk + (GL)jk + ℮(ijk) 

Where i = 1, 2, …, 3; j = 1, 2, …, 15; k = 1, 2 

Ri is the replicated block factor (random); Gj is the 

grass species/combinations effect or whole-plots factor 

(fixed); Lk is the legume effect or subplot factor (fixed); 

RG(ij) is the whole-plot error (random); (GL)jk is the grass 

species-legume interaction effect (fixed); and e(ijk) is the 

sub-plot error (random). 

RESULTS 

During the period of establishment of the turf (4 – 11 

WAP), there were significant differences in ground cover 

of the grass species and their mixtures (Table 1a). Sole 

stand of Eleusine had the highest ground cover except at 9 

WAP (96.35%) and 10 WAP (98.44%). Most grass 

species and their mixtures had 100% ground cover at 11 

WAP except the sole stands of Chrysopogon (88.54%), 

Sporobolus (95.31%), and grass mixture of Chrysopogon 

+ Sporobolus (93.75%) (Table 1b). There were significant 

differences due to the presence of the legume 

(Desmodium) from 7 - 11 WAP, but not from 4 - 6 WAP 

(Table 1a). The interaction between grass species/mixtures 

and Desmodium was significant from 7 - 11 WAP. 

Weeks after clipping (WAC), there were significant 

differences in ground cover in grass species and their 

mixtures at 3 WAC and 6 WAC (Table 2). Although, the 

sole stands Axonopus and Dactyloctenium, with Axonopus 

+ Dactyloctenium had 100% ground cover at 4 WAC, the 

ground cover in these sole stands were not consistent from 

our observations at 5 WAC. Ground-cover in subplots 

with Chrysopogon + Sporobolus and Chrysopogon + 

Dactyloctenium reduced by about 6.5% at 5 WAC.  All 

grass species with their mixtures had 100% ground cover 

at 7 WAC, except Chrysopogon + Sporobolus with 

99.48% ground cover (Table 2). There was significant 

difference in the ground cover of grass species and their 

mixtures between subplots with Desmodium and those 
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without the legume at 3 WAC and 4 WAC and average 

ground cover was 100% in subplots with legume at 7 

WAC (Table 3). The interaction between the grass 

species/mixtures and legume was significant only at 6 

WAC (Table 2). 

 

Table 1a. F-statistics to determine the effect of treatment and their interactions on ground cover (%) in grasses and their mixtures 

weeks after planting (WAP) 

  4 WAP  5 WAP  6 WAP  7 WAP 

Source df F P  F P  F P  F P 

Grass  14 2.25 0.0333  5.38 <.0001  6.18 <.0001  13.58 <.0001 

Grass × Rep. 28            

Legume 1 2.22 0.1470  0.39 0.5361  2.63 0.1152  6.95 0.0131 

Grass × Legume 14 1.48 0.1789  0.86 0.6073  1.36 0.2336  2.05 0.0489 

Grass × Legume × Rep.  30            

Total 89            

             

  8 WAP  9 WAP  10 WAP  11 WAP 

Grass  14 15.21 <.0001  9.70 <.0001  6.77 <.0001  10.36 <.0001 

Grass × Rep. 28            

Legume 1 22.15 <.0001  20.22 <.0001  10.67 0.0027  20.51 <.0001 

Grass × Legume 14 5.16 <.0001  4.71 0.0002  3.78 0.0011  8.23 <.0001 

Grass × Legume × Rep.  30            

Total 89            

 

Table 1b. Percentage ground cover in grass species and their mixtures weeks after planting (WAP) in trial plots. LSD0.05 is least 

significant difference at α=0.05 and means with the same letter(s) down the column are not significant. 

  Grass species/Grass 

combination 

4WAP 

(%) 

5WAP 

(%) 

6WAP 

(%) 

7WAP 

(%) 

8WAP 

(%) 

9WAP 

(%) 

10WAP 

(%) 

11WAP 

(%) 

1 Axonopus compressus 15.63bcde 23.44cdef 53.65bcd 76.56bcde 87.50bcd 90.62abc 100.00a 100.00a 

2 Chrysopogon aciculatus 11.46bcde 13.54ef 23.44f 38.54f 54.17e 68.23d 88.02cd 88.54c 

3 Sporobolus pyramidalis 5.21e 15.10ef 26.04ef 50.52f 61.46e 65.10d 93.23bc 95.31b 

4 Eleusine indica 29.69a 53.65a 75.00a 93.23a 98.44a 96.35ab 98.44ab 100.00a 

5 Dactyloctenium aegyptium 13.02bcde 29.17bcde 58.85abc 84.90abcd 94.27abc 95.83abc 100.00a 100.00a 

6 Axonopus + Chrysopogon 10.42bcde 19.27def 38.54cdef 72.40de 84.37cd 94.79abc 100.00a 100.00a 

7 Axonopus + Sporobolus 8.85cde 15.10ef 34.90def 66.15e 82.29d 84.90c 98.96a 100.00a 

8 Axonopus + Eleusine 20.31abc 44.79ab 67.52ab 89.58ab 92.19abcd 96.87a 100.00a 100.00a 

9 Axonopus + Dactyloctenium 9.90bcde 22.92cdef 45.31cde 75.00cde 87.00bcd 87.50abc 100.00a 100.00a 

10 Chrysopogon + Sporobolus 12.50bcde 12.50f 20.83f 43.23f 58.33e 60.94d 84.90d 93.75b 

11 Chrysopogon + Eleusine 21.87ab 38.54abc 56.25abc 82.29abcd 90.62abcd 93.23abc 96.87ab 99.48a 

12 Chrysopogon + 

Dactyloctenium 

9.37cde 22.40def 40.10cdef 65.62e 84.37cd 89.06abc 100.00a 99.48a 

13 Sporobolus + Eleusine 17.71abcd 41.15ab 67.71ab 85.94abc 92.71abcd 93.23abc 100.00a 100.00a 

14 Sporobolus + Dactyloctenium 7.81de 18.23def 44.79cde 66.67e 86.46cd 85.42bc 100.00a 100.00a 

15 Eleusine + Dactyloctenium 18.23abcd 33.33bcd 75.52a 91.15a 97.40ab 97.92a 100.00a 100.00a 

 LSD0.05 12.49 15.89 21.19 13.51 10.43 11.27 5.38 3.00 

 

There were significant differences in ground cover 

among the grass species and their mixtures in all the 

weeks after trampling (1 – 6 WAT). Subplots with 

Desmodium had significantly higher ground cover of grass 

species/mixtures except at 1 WAT. There were no 

significant interactions between grass species/mixtures 

and presence or absence of Desmodium at 1, 2 and 6 WAT 

(Table 4a). Sole stand of Dactyloctenium and 

Chrysopogon + Dactyloctenium had below 50% ground 

cover after trampling. Regrowth was fast in stands of 

Axonopus (sole and mixed) but only the sole stand had 

100% cover at 6 WAT (Table 4b). Ground cover of 

grasses and their mixtures in both subplots with 

Desmodium and those without were below 100% at 6 

WAT (Table 2). 

 

DISCUSSION 

The consistent dominance of Eleusine during the 

establishment period could be ascribed to its high tiller 

density, combined with higher leaf conductance and 

greater net photosynthesis especially in areas with 

abundant rainfall (Kobayashi and Hori, 2000). Increased 

tillering will not only favour ground cover but also 

enhances the visual quality and the overall performance of 

the turf (Park et al., 2005). This is achieved as increase in 

aboveground parts cover up the bare ground rapidly. 

Murphy and Park (2005) emphasized fast germination and 

rapid establishment in turfgrass species, as necessary to 

provide a dense turf within the shortest period. The other 

tussock species (Sporobolus) as well as the three creeping 
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species (Chrysopogon, Axonopus and Dactyloctenium) 

had low ground cover. The tall slender stems, narrower 

leaves and fewer tillers in Sporobolus probably accounted 

for the lower ground cover. This is in conformity with the 

report by Sharma (1984). The low ground cover in 

Chrysopogon was due to its uneven spread resulting from 

the continued apical dominance. By contrast, the other 

creepers (Axonopus and Dactyloctenium) lost apical 

dominance sooner and their axillary buds spread out and 

covered the ground fast. The lower ground cover in the 

Chrysopogon and Sporobolus also affected the ground 

cover of their mixed stands were poorest among the mixed 

grass species. This corroborates Austin’s (1982) report 

that performance of species in mixed stands can be 

modelled from their individual performance in 

monoculture. 

 

Table 2. F-statistics to determine the effect of treatment and their interactions on ground cover (%) in grasses and their mixtures 

weeks after clipping (WAC). Bottom part table shows ground cover (%) in grasses and their mixtures from 3 – 7 WAC in trial plots. 

LSD0.05 is least significant difference at α=0.05 and means with the same letter(s) down the column are not significant. 

  3 WAC  4 WAC  5 WAC  6 WAC  7 WAC 

Source df F P  F P  F P  F P  F P 

Grass  14 2.70 0.0123  1.64 0.1275  1.63 0.1308  2.10 0.0459  1.00 0.4793 

Grass × Rep. 28               
Legume 1 10.81 0.0026  6.99 0.0129  0.84 0.3674  1.47 0.2347  1.00 0.3253 

Grass × Legume 14 0.92 0.5535  1.15 0.3627  1.18 0.3415  2.95 0.0063  1.00 0.4777 

Grass × Legume × Rep. 30               
Total 89               

                              Ground cover (%) 

Grasses and mixtures      
Axonopus compressus 98.96a 100.00a 98.96a 100.00a 100.00a 

Chrysopogon aciculatus 86.98de 83.85c 88.54ab 97.40a 100.00a 

Sporobolus pyramidalis 85.94e 89.06bc 90.10ab 95.83ab 100.00a 
Eleusine indica 89.06bcde 97.40ab 99.48a 98.44a 100.00a 

Dactyloctenium aegyptium 95.83abc 100.00a 99.48a 100.00a 100.00a 

Axonopus + Chrysopogon 94.79abcd 97.92ab 99.48a 100.00a 100.00a 
Axonopus + Sporobolus 98.44a 96.87ab 91.15ab 100.00a 100.00a 

Axonopus + Eleusine 98.44a 98.96ab 95.83a 98.96a 100.00a 

Axonopus + Dactyloctenium 97.92a 100.00a 100.00a 100.00a 100.00a 
Chrysopogon + Sporobolus 92.71abcde 90.10abc 83.85b 92.19b 99.48b 

Chrysopogon + Eleusine 88.90bcde 96.87ab 98.95a 98.44a 100.00a 

Chrysopogon + Dactyloctenium 96.35ab 95.83ab 89.06ab 96.35ab 100.00a 
Sporobolus + Eleusine 92.19abcde 92.19abc 96.35a 97.92a 100.00a 

Sporobolus + Dactyloctenium 96.35ab 97.92ab 97.92a 100.00a 100.00a 

Eleusine + Dactyloctenium 88.02cde 96.35ab 97.92a 99.48a 100.00a 
LSD0.05 8.09 10.62 11.69 4.38 0.39 

 
Table 3. Ground cover (%) of grasses and their mixtures in subplots with Desmodium (Legume) and without the legume (No 

Legume) weeks after planting, clipping and trampling. LSD0.05 is least significant difference at α=0.05 and means with the same 

letter(s) down the column at WAP, WAC and WAT are not significant.  

  Ground Cover of Grass (%) 

Subplot 4 WAP 5 WAP 6 WAP 7 WAP 8 WAP 9 WAP 10 WAP 11 WAP 
Legume 15.07 ± 1.67a 26.18 ± 2.42a 50.95 ± 3.34a 75.00 ± 2.66a 87.15 ± 1.72a 90.07 ± 1.50a 98.75 ± 0.47a 99.44 ± 0.23a 

No Legume 13.19 ± 1.59a 27.57 ± 2.56a 46.18 ± 3.65a 69.24 ± 3.28b 79.72 ± 3.07b 83.26 ± 2.79b 95.97 ± 1.33b 97.43 ± 0.93b 

LSD0.05 4.56 5.80 7.74 4.93 3.81 4.11 1.96 1.09 
  

 3 WAC 4 WAC 5 WAC 6 WAC 7 WAC    

Legume 96.89 ± 0.70a 97.36 ± 0.96 a 95.76 ± 1.36 a 98.68 ± 0.58 a 100.00 ± 0.00 a    
No Legume 89.91 ± 1.84b 93.75 ± 1.51 a 94.44 ± 1.36 a 97.99 ± 0.57 a 99.93 ± 0.07 a    

LSD0.05 8.09 3.88 4.27 1.60 0.14    

         
 1 WAT 2 WAT 3 WAT 4 WAT 5 WAT 6 WAT   

Legume 61.11 ± 2.87a 85.62 ± 1.25a 88.18 ± 1.02a 93.20 ± 0.70a 96.46 ± 0.59a 95.90 ± 0.79a   

No Legume 60.62 ± 3.21a 81.62 ± 1.81b 85.21 ± 1.61b 88.82 ± 1.40b 92.15 ± 1.45b 93.40 ± 1.19b   
LSD0.05 2.05 3.40 2.82 1.25 1.58 1.64   

 

The mixed stand of Axonopus with either Eleusine or 

Sporobolus had the highest ground cover (98.44%) at 

3WAC despite the low value in the sole stand of Eleusine 

and Sporobolus (Table 3), because clipping did not have 

much effect on ground cover of Axonopus unlike tussock 

species which were quite affected by clipping. The long 

sub-crown internodes and coarse nature of the leaves in 

Eleusine and Sporobolus contributed to the losses of 

ground cover after clipping. This reduction in 

aboveground growth over time with regular clippings has 

previously been documented by other defoliation studies 

(Savelle and Heady, 1970; Heady, 1975) which is in 

agreement with Hawes’ (1980) report, that creeping 

grasses are better adapted to low mowing. This explains 

why combinations of either Axonopus or Dactyloctenium 

with Sporobolus resulted in a high ground cover. 

Although Chrysopogon possesses some features such as 

fine short leaf blades and short internodes that enhance 



105 

adaptability to low mowing, its slow growth and uneven 

spread of the aerial parts accounted for the fluctuations in 

ground cover at 5 WAC in mixtures with Sporobolus and 

Dactyloctenium, and the low performance during this 

experiment. Unlike sole Axonopus and Dactyloctenium 

which reached 100% ground cover at 4 WAC, the turf of 

sole Chrysopogon require about 7 weeks to reach full 

ground-cover if mowed low to about 2 cm to the ground. 

 

Table 4a. F-statistics to determine the effect of treatment and their interactions on ground cover (%) in grasses and their mixtures 

weeks after trampling (WAT). 

  1 WAT  2 WAT  3 WAT 

Source df F P  F P  F P 

Grass  14 9.88 <0.0001  5.84 <0.0001  6.21 <0.0001 

Grass × Rep. 28         

Legume 1 0.04 0.8376  6.36 0.0172  6.47 0.0163 

Grass × Legume 14 1.56 0.1490  1.19 0.3302  2.91 0.0068 

Grass × Legume × Rep.  30         

Total 89         

 4 WAT  5 WAT  6 WAT 

Grass  14 25.67 <0.0001  17.09 <0.0001  14.56 <0.0001 

Grass × Rep. 28         

Legume 1 24.85 <0.0001  30.27 <0.0001  8.53 0.0066 

Grass × Legume 14 4.22 0.0005  4.30 0.0004  0.72 0.7419 

Grass × Legume × Rep.  30         

Total 89         

 

Table 4b Ground cover (%) in grass species and their mixtures weeks after trampling (WAT) in trial plots. LSD0.05 is least 

significant difference at α = 0.05 and means with the same letter(s) down the column are not significant.  

 

 
   Grasses and mixtures 1WAT 

(%) 

2WAT 

(%) 

3WAT 

(%) 

4WAT 

(%) 

5WAT 

(%) 

6WAT 

(%) 

1 Axonopus compressus 76.04ab 89.58ab 94.79a 97.92a 100.00a 100.00a 

2 Chrysopogon aciculatus 51.56d 82.29bcd 84.37cde 88.02fg 93.75bcd 94.27cdef 

3 Sporobolus pyramidalis 70.31abc 87.58ab 91.67abc 94.79abc 97.92ab 95.83abcde 

4 Eleusine indica 66.15abcd 77.77cd 89.06abcd 93.23bcd 98.44a 96.87abcde 

5 Dactyloctenium aegyptium 13.02f 61.46e 67.62f 72.92h 76.56f 75.00g 

6 Axonopus + Chrysopogon 64.06bcd 90.10ab 89.58abcd 94.79abc 97.40ab 96.87abcde 

7 Axonopus + Sporobolus 80.21a 93.23a 88.54abcd 93.75bc 96.87ab 96.87abcde 

8 Axonopus + Eleusine 75.00ab 87.00abc 89.58abcd 95.33ab 98.96a 98.96ab 

9 Axonopus + Dactyloctenium 67.19abcd 85.94abc 87.50abcd 90.10def 91.15d 92.71ef 

10 Chrysopogon + Sporobolus 68.75abc 82.29bcd 82.29de 88.54efg 92.19cd 93.75def 

11 Chrysopogon + Eleusine 57.29cd 85.42abc 89.06abcd 94.27bc 98.96a 98.44ab 

12 Chrysopogon + 

Dactyloctenium 

34.37e 73.96d 78.65e 85.42g 86.46e 91.15f 

13 Sporobolus + Eleusine 65.10abcd 84.38abc 86.98bcd 91.68def 96.35abc 96.87abcde 

14 Sporobolus + Dactyloctenium 66.67abcd 86.98abc 87.50abcd 90.10def 91.67d 94.79bcdef 

15 Eleusine + Dactyloctenium 57.29cd 85.94abc 93.23ab 94.27bc 97.92ab 97.40abcd 

 LSD0.05 15.94 2.05 7.73 1.25 4.34 4.51 

 

The percentage ground cover one week after trampling 

(1 WAT) was an indication of resistance of the turfgrass 

species to trampling pressure as suggested by Minner and 

Valverde (2005) for cool-season turfgrasses. Subsequent 

weeks were used to assess the grass’ inherent recuperative 

potential. The greatest reduction in cover due to trampling 

was in the sole stand of Dactyloctenium due to its soft 

tender stems and leaves (i.e. low tensile strength). There 

was loss of verdure in the other grasses but their recovery 

rate (recuperative potential) was high. Despite its increase 

in ground cover from 13.02% to 61.46% at 2 WAT (Table 

4b), Dactyloctenium would not be recommended for use 

in athletic turf or heavily trampled sites since it will result 

to bare ground if intensive trampling, such as in this 

experiment, would last for three weeks or more. 

Apart from wear and divots removal on the grasses, 

other impacts of trampling include soil compaction and 

soil displacement (Park et al., 2010). Wear injury, defined 

by the immediate result of the crushing, tearing, and 

shearing actions of foot and vehicular traffic (Park et al., 

2007), affects aboveground plant parts (stems, leaves, 

inflorescences). Only the sole Axonopus had 100% cover 

at 6 WAT but the performance of other grasses and their 

mixtures was also high except for sole stand of 

Dactyloctenium (Table 4b). The performance of mixed 

stands of Dactyloctenium with Eleusine and Sporobolus 
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was better possibly due to positive interactions of these 

tussock species with Dactyloctenium. The tall and flexible 

stems of the tussocks, could enable cushioning of 

Dactyloctenium, potentially reducing direct trampling 

impacts such as bruising and shearing of the vegetative 

parts in the mixed stands.  

The lack of significant effect of the legume species 

(Desmodium) on ground cover of the grasses and their 

mixtures during the early stages (4 - 6 WAP) could be due 

to abundance of soil nutrients, such as nitrogen and 

phosphorus, required for carbon uptake in both grass and 

legume during this period. However at 7 WAP when most 

of the grasses and their mixtures have covered above 50% 

of the ground, the demand for mineral nutrients to sustain 

this vegetative cover increases with enhanced competition 

for soil N up to 11 WAP. It is possible that the grass-

legume subplots had significantly higher ground cover 

than the no legume grass subplots from 7 - 11 WAP due to 

the contribution from the legume. Most species of 

Desmodium have been reported to fix nitrogen (Dzowela, 

1986; Amudavi et al., 2007) thus reducing the dependence 

of grass fields on inorganic fertilizers (Vendramini et al., 

2010; Caddel et al., 2012). Biological nitrogen fixation is 

a symbiotic process in which rhizobium bacteria change 

inert atmospheric N2 to NH3 biologically useful to the 

legume species. Legume nitrogen fixation starts with the 

formation of nodule, which can be seen 2 - 3 weeks after 

planting, depending on the legume species and 

germination conditions (Lindermann and Glover, 2011). 

Some legume species are inoculated with Rhizobium to 

stimulate nodulation. But an uninoculated legume such as 

Leucaena leucocephala is able to form as much as 36 

nodules per plant at 12 WAP (Khonje, 2012). The number 

of nodules per plant varies among species and their shapes 

depend on the life cycle of the legume (Caddel et al., 

2012; Lindermann and Glover, 2012).  

The clipping in the grasses resulted in active 

meristematic growth which induces an increase in nutrient 

demand. The grass-legume subplots will benefit from soil 

nitrogen enrichment from the legume and reduced 

evaporative loss of water due to closed mat formed by the 

legume underneath the grasses at early stage after 

clipping. Conversely, in pure grass stands, clipping will 

uncover more soil surface. Since growth is sigmoidal in 

nature, this difference in ground cover at later stages (4 – 

7 WAC) between the subplots with legume and those 

without the legume were insignificant. Response of plants 

to defoliation, even within a single species, is a variable 

that is sensitive to timing, nutrient availability, and plant 

associations (Maschinski and Whitham, 1989).  

The presence of Desmodium did not confer additional 

strength on the grasses thus grasses grown with or without 

the legume were recuperating from the same effect at 1 

WAT and ground cover were not significantly different. 

This observation in ground cover at 1 WAT could also 

result from that fact that the non-exclusive nature of the 

trampling affected both grasses and the legume in the 

grass-legume subplots, thereby reducing their activity. 

Lindermann and Glover (2011) asserted that any stress 

that reduces legume activity will ultimately reduce 

nitrogen fixation. This is because nitrogen fixation is a 

symbiotic process that requires the plant to contribute 

some amount of photosynthates and other nutritional 

factors to the bacteria and this contribution is often 

compromised when the plant (legume) is stressed. 

However, when such stress is corrected the legume 

responds directly and normal physiological process is 

resumed (Lindermann and Glover, 2011) as observed 

from 2 – 6 WAT in our result. 

CONCLUSION 

Fast establishment and high ground cover in turf 

grasses does not necessarily express resistance to 

trampling. Tough aerial organs with increased growth 

have proved a better tool to adjudging resistance to 

trampling than increased ground cover alone. The 

individual performance of the grasses in the sole stands 

correlated with their performances in the mixed stands. 

Fast recovery after trampling, a function of the growth of 

the grass species, was facilitated by the presence of 

Desmodium. We recommend the use of grass mixes in 

turfs composed of species that should have been 

previously identified to perform well in sole stands (e.g. 

Axonopus and Eleusine). Features like rapid leaf 

elongation, fast growth and leaf toughness in Axonopus 

and Eleusine should be used to breed trampling-resistant 

turfgrass cultivars. Inconspicuous legumes such as 

Desmodium should be planted in turfs to reduce 

dependence on organic fertilizers and to improve technical 

quality of the turf swards. 
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