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ABSTRACT 
 
 Five Rhodes grass cultivars and two forage legumes were sown in a randomized complete block design 
with three replications. Cultivars were evaluated for 19 and 9 cuts in the first and second seasons respectively. 
The data collected included fresh and dry weight. The proximate analysis was carried out for crude protein, 
neutral detergent fiber, and acid detergent fiber. Analysis of variance was performed as split plot considering the 
cuts as splits in time. The contrast analysis showed that Rhodes grass out yielded the two forage legumes over 
all cuts. Results obtained showed the validity of introducing Rhodes grass as a new forage crop in the Sudan that 
suits the mechanized system of forage crop production and by bringing a perennial fodder crop expected to 
bridge the gap in forage production.  
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Introduction 
 
 Rhodes grass (Chloris gayana Kunth) is grown 
widely in tropical and subtropical world where it 
remained one of the main C4 forage grasses. A part of 
its primary uses as pasture, hay or ley crop, it can be 
used as to stabilize disturbed sites. Rhodes grass is 
one of the salt tolerant forage grasses, [1].  
 Sudan ranks the first among Arab countries and 
the second in Africa in livestock population. 90% of 
livestock population relay on natural pasture and 
crop residues [10]. 
 Cameron, [3], Bogdan, [1] and Loch [5] reported 
that Rhodes grass is adapted to a wide range of soil 
types and conditions. It grows best on fertile barns, 
ranging from sandy textured and red volcanic soils to 
clay loams, but also reasonably tolerant of less fertile 
and poorly drained conditions. Chippendall [4] and 
Bogdan [2] reported that Rhodes grass is one of the 
more salt-tolerant C4 forage grasses. It occurs 
naturally on saline sites. 
 The natural distribution of Rhodes grass through 
much of Africa and the extensive sowing and 
naturalized stands elsewhere demonstrate the wide 
environmental adaptation of the species as a whole. It 
also reflects the tremendous intra-specific variation, 
such that different forms that can exploit different 
environments, Loch et al [6]. 
 Cameron [3] suggested that Rhodes grass is best 
suited to about 600 – 1200 mm rainfall belt. It was 

reported that Rhodes grass, like other tropical and 
sub tropical greases, grows best at high temperatures, 
Murata et al [8]. Skerman and Riveros [11] stated 
that Rhodes grass is tolerant of fire, a heavy fire may 
thin the stand by killing some of the smaller rooted 
stolon nodes, and also it is not shade tolerant, as it is 
expected from its origin in open woodland and 
grassland. 
 Forage crop production is gaining more 
importance due to the increasing demand for animal 
products for local consumption and for export. 90% 
of the area under forage production was occupied by 
Abu Sabein and alfalfa, (Statistics of the Ministry of 
Agriculture 2007). The expansions in forage crop 
production needs diversification in crop pattern with 
new improved cultivars. 
 The system of forage crop production adopted in 
the Sudan, the green chopping system, does not 
permit continuous supply of animal feed.  Forage 
crops suitable for hay making and grazing system are 
required for securing continuous supply of animal 
feed, NCS, [10]. Alfalfa is less appropriate in this 
respect due to its poor performance under direct 
grazing and mechanized hay making system in 
addition to that it is restricted to the irrigated sector. 
In this respect Rhodes grass lend itself to hay making 
and grazing system. The study revealed that Rhodes 
grass significantly out yielded forage legumes alfalfa 
and clitoria through all cuts. Quality wise, the results 
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obtained indicated the inferiority of Rhodes grass 
compared to alfalfa in protein percentage  
 Introduction of Rhodes grass to the Sudan was 
thought crucial in order to satisfy the increasing 
demand for fodder and securing continuous supply of 
animal feed all around the year. The objective of this 
study to evaluate some Rhodes grass cultivars under 
Sudan conditions in comparison to two local forage 
legumes. 
 
Materials and Methods 
 
 The material used in this trial consisted of five 
cultivars of Rhodes grass namely Fine Cut, Top Cut 
(from Australia Selected Seed Co. via their local 
agent Ayna'at), Hay Maker, Katambora (of 
Australian Blue Ribbon Seed Co.) and Katambora 
Zimbabwe (via K.S.A) in addition to two forage 
legumes alfalfa (Medicago sativa L.) and clitoria 
(Clitoria ternata  L.). The local cultivar seeds were 
obtained from Forage Improvement Program of 
Shambat Research Station. 
 Cultivars were arranged in a randomized 
complete block design with three replications. Plots 
were of three ridges each. Ridges were six meters 
long and 0.75 m apart. Seeds were drilled in furrows 
in both sides of the ridge using 10, 48 and 12 kg/ha 
for Rhodes grass, alfalfa and clitoria, respectively.  
 The plot received 86 kg/ha of P2O5 before 
sowing and 55 kg/ha of nitrogen at the second 
irrigation. Irrigation water was applied at intervals of 
7-10 days. Weeds were kept minimum using hand 
tools. The whole plot was harvested to get green 
matter yield (GMY). The first cut was at the 50% 
flowering stage for all treatments. The subsequent 
cuts were done at intervals of 35, 40 and 23 days for 
Rhodes grass, clitoria and alfalfa respectively. The 
forage was evaluated across 19 cuts for all 
treatments.  
 Data were collected green matter yield, dry 
matter and proximate analysis for forage quality 
traits. The neutral detergent fiber (NTF), acid 
detergent fiber (ADF) and crude protein (CP) was 
made over seven cuts using bulk samples of dry 
matter yield taken from Fine Cut, Hay Maker and 
alfalfa. Analysis was done on dry matter basis 
following the standard procedure of the A.O.A.C. 
1980. Kjeldahl method was used to determine the 
crude protein. The crude protein was estimated from 
the total nitrogen (the numerical converter = 6.25). 
 Analysis of variance was performed for all traits. 
The cuts were considered split in time according to 
Steel and Torrie [12]. The replicates and 
environment were considered as random effects 
while the varieties and cuts as fixed effects. 
 
Results: 
 
Forage yield: 
 

 Highly significant differences were reported 
between cultivars in forage yield, combined for the 
two seasons. Rhodes grass significantly out yielded 
alfalfa and clitoria in the combined average yield 
over the two seasons, Table 1. Green matter yield of 
Rhodes grass ranged between 20.75 and 22.39 t/ha 
whereas the green matter yield of alfalfa and clitoria 
were 10.20 and 10.70 t/ha, respectively. Differences 
between Rhodes grass varieties were insignificant. 
The varieties kept the same trend in dry matter yield 
as in green matter yield, Table 1.  
 Analysis of variance detected highly significant 
difference between varieties in   forage yield. The 
interaction between seasons and varieties was 
significant for green matter yield but not sizable in 
dry matter yield Appendix 1. 
 The performance of varieties combined across 
nine 9 cuts was significant for both green matter 
yield and dry matter yield. The interaction of season 
and varieties with cuts for forage yield was also 
significant. The second order interaction was also 
significant, Appendix 1 
 Forage from the first cut up to thru sixth cut was 
significant higher in Rhodes grass than that of alfalfa 
and clitoria. From the seventh cut to ninth cut forage 
yield of alfalfa and clitoria were comparable to those 
of some Rhodes grass cultivars, Table 2.  
 Forage yield of Rhodes grass varieties tended to 
decrease after the sixth cut while those of alfalfa and 
clitoria were more or less consistent. This clearly 
observed in green matter yield of Hay Maker from 
the first to the sixth cut were 30.08, 27.81, 31.54, 
30.42, 30.02 and 21.65 t/ha, dropped to 10.84 and 
9.05 t/ha in the seventh and ninth cut respectively, 
Table 2. On the other hand the respective green 
matter yield of alfalfa from the first to the ninth cut 
were 14.86, 13.68, 14.14, 12.47, 8.74, 7.86, 7.64, 
8.00 and 4.42, Table 2. For dry matter yield both 
Rhodes and forage legume cultivars kept the same 
trend as for, green matter yield Table 3. 
 The contrast of Rhodes grass vs. alfalfa and 
clitoria was highly significant for green matter yield 
and dry matter yield.  Rhodes grass group 
significantly over yielded alfalfa and clitoria varieties 
with green matter yield averaging 21.48,  10.20 and 
10.70 t/ha respectively , Table 4, while dry matter 
yield averaging 5.88, 2.55 and 2.66 t/ha respectively, 
Table 4. 
 The interaction of seasons with Rhodes grass vs. 
alfalfa was highly significant for green matter yield 
and non significant for dry matter yield. The 
respective performance was non significant for both 
green matter yield and dry matter yield. On the other 
hand the interaction of Rhodes grass vs. alfalfa and 
clitoria with cuts was highly significant, Appendix 2.  
 The contrast of Rhodes grass vs. alfalfa and 
clitoria green matter yield for and dry matter yield 
were highly significant up to the seventh cut. The 
green matter yield obtained in the first cut as 27.39, 
14.86 and 12.22 t/ha for Rhodes grass, grass, alfalfa 
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and clitoria respectively, Table 5. Where the 
respective performance in the eighth cut 6.79, 8.00 
and 9.39 for Rhodes grass, alfalfa and clitoria. The 

performance of  Rhodes grass vs. alfalfa and clitoria 
kept the same trend as green matter yield, Table 6. 

 
Table 1: Green matter yield and dry matter yield  of Rhodes grass and leguminous cultivars Averaged over green matter yield 9 cuts and 

combined for two seasons (2006-07). 
Varieties Green matter yield (t/h) Dry matter yield  (t/h) 
Alfalfa 10.20 2.55 
Clitoria 10.70 2.66 
Fine Cut 21.99 5.95 
Hay Maker 22.06 6.08 
Katambora Australia 20.23 5.75 
Katambora Zimbabwe 22.39 6.05 
Top Cut 20.75 5.60 
Grand mean 18.33 4.95 
Sig. ** ** 
S.E 0.79 0.55 
L.S.D. (0.05) 20.29 0.66 
C.V. (%) 20.4 26.2 

 
Table 2: Green matter yield  of five Rhodes grass and two leguminous cultivars for nine cuts and combined for two seasons (2006/07). 

Varieties green matter yield t/ha 
Cut 1 Cut 2 Cut 3 Cut 4 Cut 5 Cut 6 Cut 7 Cut 8 Cut 9 Total Mean 

Alfalfa 14.86 13.68 14.14 12.47 87.4 7.86 7.64 8.00 4.42 91.81 10.20 
Clitoria 12.22 8.01 9.62 15.73 10.58 17.36 7.57 9.39 5.84 96.32 10.70 
Fine Cut 30.79 28.22 31.54 29.08 29.49 21.36 11.04 6.49 8.29 197.96 22.00 
Hay Maker   30.08 27.81 31.49 30.42 30.02 21.65 10.84 7.09 9.05 198.50 22.06 
Katambora 
Australia 

27.59 26.52 25.42 27.98 25.47 20.45 9.22 5.84 7.9 182.02 20.22 

Katambora 
Zimbabwe 

22.66 24.56 25.42 35.45 28.29 31.63 8.20 8.91 6.42 201.54 22.39 

Top Cut 25.82 22.70 31.2 29.50 27.39 21.25 9.83 5.60 8.43 181.73 20.19 
Grand mean         18.33  18.33 
Sig.         **  ** 
S.E           0.97 
L.S.D. (0.05)         2.29  2.29 
C.V. (%)         20.4  20.4 

 
Table 3: Dry matter yield of five Rhodes grass and two leguminous cultivars for nine cuts and combined for two seasons (2006/07). 

Varieties GMY t/ha 
Cut Cut Cut Cut Cut Cut Cut Cut Cut Total Mean 

Alfalfa 3.49 3.33 3.38 2.98 2.23 2.16 1.93 2.20 1.22 21.70 2.71 
Clitoria 2.63 1.98 2.51 3.95 2.81 5.54 1.97 2.17 1.39 23.56 2.95 
Fine Cut 8.45 7.25 8.11 8.05 7.89 6.27 3.47 2.00 2.10 51.49 6.44 
Hay Maker   8.17 7.39 7.83 8.41 8.14 6.38 3.60 2.29 2.47 52.21 6.53 
Katambora 
Australia 

7.33 6.83 8.54 8.25 7.41 6.47 2.89 2.02 2.02 49.74 6.22 

Katambora 
Zimbabwe 

5.00 5.85 6.62 9.98 7.45 9.19 5.42 3.14 1.77 71.46 8.93 

Top Cut 6.39 6.89 8.28 8.12 7.41 6.23 3.10 1.74 2.21 48.16 6.02 
Grand mean         4.95   
Sig.         **   
S.E         0.55   
L.S.D. (0.05)         1.53  6. 
C.V. (%)         26.2  2.62 

 
Table 4: Performance of Rhodes grass in contrast to alfalfa and clitoria for green matter yield and dry matter yield  average over 9 cuts 

combined over 2 seasons (2006-07). 
Group Green matter yield (t/h) Dry matter yield (t/h) 
Rhodes  grass 21.48 5.88 
Alfalfa 0.20 2.55 
Clitoria 10.70 2.66 
Grand mean 18.33 4.95 
Sig. ** ** 
S.E 0.42 0.11 
L.S.D. (0.05) 2.39 0.34 
C.V. (%) 25.6 31.9 
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Table 5: Average performance of Rhodes grass in contrast to alfalfa and clitoria for green matter yield across nine cuts combined over two 
seasons (06/07). 

Varieties green matter yield  t/ha 
Cut 1 Cut 2 Cut 3 Cut 4 Cut 5 Cut 6 Cut 7 Cut 8 Cut 9 Total Mean 

Rhodes  grass 27.39 26.96 30.57 30.49 28.8 23.27 11.82 6.79 7.88 193.35 21.48 
Alfalfa 14.86 3.68 14.14 12.47 8.74 7.86 7.64 8.00 4.42 91.81 10.20 
Clitoria 2.22 8.01 9.62 15.73 10.58 7.36 5.57 9.39 5.84 94.32 10.48 
Grand mean         18.33   
Sig.         **   
S.E         0.79   
L.S.D. (0.05)         2.39   
C.V. (%)         25.6   

 
Table 6: Average performance of Rhodes grass in contrast to alfalfa and clitoria for dry matter yield across nine cuts combined over two 

seasons (06/07). 
Varieties dry matter yield MY t/ha 

Cut 1 Cut 2 Cut 3 Cut 4 Cut 5 Cut 6 Cut 7 Cut 8 Cut 9 Total Mean 
Rhodes grass 7.07 6.84 7.88 8.56 7.66 6.91 3.70 2.24 2.11 52.97 5.89 
Alfalfa 3.49 3.33 3.38 2.98 2.23 2.16 1.93 2.20 .21 22.9 2.55 
Clitoria 2.63 1.98 2.51 3.95 2.81 4.54 1.97 2.117 1.39 23.95 2.66 
Grand mean         4.95   
Sig.         **   
S.E         0.25   
L.S.D. (0.05)         0.59   
C.V. (%)         31.9   

 
Appendix 1: Mean squares from single ANOVA for green matter yield and dry matter yield obtained by five Rhodes grass and two 

leguminous cultivars, combined up to cut 9, over 2 seasons, (2006-07). 

Source of variation 
Mean squares 

d.f. Green matter yield t/h Dry matter yield t/h 
Reps 2 81.43 11.98 
Environment (E) 1 4196.57* 205.37* 
Residual 2 313.29 12.89 
Variety (v) 6 1579.86* 140.00** 
E x V 6 75.02* 3.34 n.s. 
Residual 24 33.27 2.74 
Cut (C) 8 2503.60** 161.34** 
E x C 8 119.05** 6.26** 
V x C 48 124.29** 9.03** 
E x V x C 48 29.94** 3.60** 
Residual 224 14.03 1.68 
Total 377   

 
Appendix 2: Mean squares from contrast analysis for Rhodes grass vs. alfalfa and clitoria group for green matter yield and dry matter yield 

across 9  cuts, combined over 2 seasons, (2006-07). 

Source of variation 
Mean squares 

d.f. Green matter yield t/h Dry matter yield t/h 
Reps 2 81.43 11.98 
Environment (E) 1 4196.57** 205.37** 
Residual 2 313.29 12.90 
Group (G) 2 4698.04** 415.44** 
Rhodes vs. alfalfa 1 5728.07** 50.69** 
Rhodes vs. clitoria 1 5231.78** 467.55** 
E x G 2 203.93** 6.80 n.s. 
E x Rhodes vs. alfalfa 1 298.71** 10.09 n.s. 
E x Rhodes vs. clitoria 1 171.77 n.s. 5.63 n.s. 
Residual 8 48.23 2.98 
Cut (C) 8 2503.60** 161.34** 
E x C 8 119.05** 6.26 
G x C 16 277.51** 17.85** 
Rhodes vs. alfalfa x C 8 268.02 20.05** 
Rhodes vs. clitoria x C 8 358.81** 20.32** 
E x G x C 16 33.21** 3.44** 
E x Rhodes vs. alfalfa x C 8 24.23 n.s. 2.56 n.s. 
E x Rhodes vs. clitoria x C 8 40.48** 4.81** 
Residual 90 15.06 1.73 
Reps. x E x G x C unit stratum 216 22.11 2.49 
Total 377   
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Forage quality: 
 
 The proximate analysis of quality traits showed 
that there were significant differences detected 
between varieties in crude protein, neutral detergent 
fiber and acid detergent fiber. Alfalfa was highly 
significantly higher in crude protein than Fine Cut 
and Hay Maker averaging 22.46 %, 10.58 and 11.36 
% respectively. Neutral detergent fiber was 
significantly lower in alfalfa compared to Fine Cut 
and Hay Maker averaging 39.52 %, 70.34 % and 
68.49 % respectively. The same is true for acid 

detergent fiber with respective values of 24.6 %, 42.4 
% and 45. Table 7. 
 The contrast study for chemical analysis of 
Rhodes grass group against alfalfa showed that 
alfalfa significant higher in crude protein content 
than Rhodes grass cultivar average, averaging 22.46 
% and 10.97 % respectively. Also, Alfalfa was 
significantly lower in neutral detergent fiber than 
Rhodes grass cultivar average, averaging 39.52 % 
and 69.41 % respectively. The same was true for acid 
detergent fiber with respective values of 29.6 % and 
44.2 %, Table 8. 
 

Table 7: Chemical analysis of two Rhodes grass cultivars (Fine Cut and Hay Maker) and Alfalfa. 
Varieties CP NDF ADF 
Fine Cut 10.58 70.34 42.4 
Hay Maker 11.36 68.49 45.0 
Alfalfa 22.46 39.52 24.6 
Grand mean 14.80 59.45 39.3 
Sig. ** ** ** 
S.E 1.50 4.22 6.20 
L.S.D. (0.05) 1.69 4.76 6.97 
C.V. (%) 10.2 7.10 15.8 

 
Table 8: Chemical analysis of two Rhodes grass cultivars and Alfalfa for CP, NDF and ADF, (2006 – 07). 

Varieties CP NDF ADF 
Rhodes grass 10.97 69.41 44.2 
Alfalfa 22.4 39.52 29.6 
Grand mean 14.80 59.52 39.3 
Sig. ** ** ** 
S.E 4.01 1.11 2.35 
L.S.D. (0.05) 1.46 4.06 1.66 
C.V. (%) 10.1 7.0 15.8 

 
 
Appendix 3: Mean squares for crude protein, neutral detergent fiber and acid detergent fiber for two Rhodes grass cultivars (Fine Cut and 

Hay Maker) and alfalfa for two seasons (2006-07). 

Source of variations 
Mean squares 

d.f. CP NDF ADF 
Varieties 2 309.19** 2091.73** 516.38** 
Residual 18 2.26 17.78 38.50 
Total 20    

** Significant at 1 % probability level 
 
Appendix 4: Mean squares for crude protein, neutral detergent fiber and acid detergent fiber as contrast for two Rhodes grass group vs. 

alfalfa for two seasons (2006-07). 

Source of variations 
Mean squares 

d.f. CP NDF ADF 
Group 1 616.25** 4171.26** 989.89** 
Contrast 1 616.25** 4171.26** 989.89** 
Residual 18 2.26 7.46 38.73 
Total 20    

** Significant at 1 % probability level 

 
Discussion: 
 
 Analysis of variance showed the significant 
difference in forage yield between cultivars 
indicating the existence of variability among the 
studied genotypes. It also showed the insignificant 
difference among Rhodes grass which indicated that 
they were of the same genetic background. Due to 
the lack of significance among Rhodes grass 
cultivars in contrast analysis they were considered as 
one group and the two legumes as one group. The 
contrast analysis indicated that the Rhodes grass 

group significantly over yielded the legume group in 
forage yield through all cuts. 
 Also, the study showed from the contrast 
analysis the interaction of Rhodes grass vs. clitoria 
with seasons was insignificant pointing to the 
consistency of Rhodes grass superiority over clitoria 
across seasons. On the other hand from the contrast 
analysis for the interaction of Rhodes grass vs. alfalfa 
with seasons was highly significant with green matter 
yield ting the consistency of Rhodes grass superiority 
over alfalfa across seasons. 
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 Quality wise the result obtained indicated the 
inferiority of Rhodes grass compared to alfalfa. This 
was expected due to inherited superiority in quality 
attributes than the grasses.  
 The CP percentage encountered for Rhodes 
grass in this study was fairly within the range of that 
reported in the literature (3-20 %) by Loch et al [6]. 
To upgrade the forage quality, Rhodes grass can be 
sown within the forage legume i.e. alfalfa, Egyptian 
clover (Trifolium alexandrium L.) and various 
tropical legume, [6]. 
 The study showed that the Rhodes grass gave 
NDF and ADF values of 69.4 % and 44.2 %, 
respectively. These results were similar to that 
obtained for NDF but lower than that for ADF 
reported by Loch et al [6]. The NDF measures the 
intake potential while ADF predicts digestibility. 
These results indicated the inferiority of Rhodes 
grass to alfalfa. They were quite comparable to those 
reported for forage sorghum in the Sudan, [9]. 
 
Conclusion: 
 
  In spite of the inferior quality of Rhodes grass, 
it is expected to play a key-role in boosting fodder 
production in the Sudan through large scale 
mechanized production. 
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