
i 
 

  

  

A  
 

 : قال تعالى

    بِّ زِدْنِي عِلْم ُل رَّ ً وَق   ا

  صدق الله العظیم   

 سورة طھ من  ١١٤الآیة 

 

 



ii 
 

DEDICATION 
 

 

To my parents souls 

To those who are sharing my life 

My dear wife and beloved children 

With faithful love 

 

F.  Suleiman 



iii 
 

ACKNOWLEDGEMENT 

 
 

The writer is indebted and wishes to express his 

deepest gratitude and sincere appreciation to Dr. 

Ahmed Ali Mohammed Osman, Associate Professor of 

Agronomy, Faculty of Agriculture, Sudan University 

of Science and Technology, for his supervision and 

guidance throughout the course of this study, his 

valuable comments, everlasting encouragement and 

valuable advices during the progress of the study and 

reviewing the manuscript. 

 Sincere appreciation and gratitude are due to Dr. 

Maarouf I. Mohammed, Associate Professor of 

Agronomy, Agricultural Research Corporation, 

Shambat, Forage Improvement Program, for his 

Supervision, valuable suggestions in the nature of the 

research, problems and plan of work, his helpful 



iv 
 

assistance in the statistical analysis of the study and 

reviewing of the manuscript. 

 To all members of Agricultural Research 

Corporation, he is also indebted and grateful to their 

assistance. 

 The writer also indebted to all colleagues of 

A.B.T. company in K.S.A and Sudan for their 

assistance and for supplying of some seeds varieties. 

 Finally the writer wishes to express his sincere 

thanks to his children and his wife for her personal 

sacrifice, patience and continuous encouragement. 

   



v 
 

Contents 
 

 Page 
 i الآیــة
Dedication Ii 
Acknowledgment  iv 
Contents v 
List of tables viii 
List of figures xii 
List of appendixes xiii 
Abstract xvi 
 xix  الملخص
CHAPTER ONE: 1 
INTRODUCTION 1 
Rhodes grass  1 
Forage Production in Sudan 1 
The Objectives of the Study 3 
CHAPTER TWO: 4 
REVIEW OF LITERATURE 4 
Origin and early history 4 
Taxonomy and morphology  6 
Cultivar development 9 
Environmental adaptation  10 
Rainfall 10 
Temperature requirements 11 
Soils 12 
Salinity tolerance 13 
Other ecological factors 15 
Roles in soil conservation, and reclamation 16 



vi 
 

Establishment    18 
Grazing and cutting management  22 
Dry matter production 23 
Rhodes grass Research in Sudan 25 
CHAPTER THREE 27 
MATERIALS AND METHODS 27 
Plant materials 27 
The experiments 27 
The first experiment 28 
The second experiment 29 
DATA COLLECTION 29 
Agronomic traits 29 
Statistical analysis 30 
CHAPTER FOUR 31 
RESULTS 31 
I. Agronomic Study 31 
1. Yield of Rhodes grass compared to forage sorghum (Abu70 and 

Garawi) 
 

31 
1.1 Performance of varieties average over cuts 31 

1.1.2 Performance of varieties across cuts 33 
1.2 Forage yield combined over seasons 38 

1.2.1 Performance of varieties averaged over cuts 38 
1.2.2 Performance of varieties combined across cuts 40 
1.2.3 Contrast study for Rhodes vs sorghum 42 

1.2.3.1 Contrast of Rhodes vs sorghum averaged over cuts 42 
1.2.3.2 Contrast of Rhodes vs sorghum across cuts 44 

1.3 Performance for days to 50% flowering and plant height 45 
2- Rhodes grass compared to Alfalfa and Clitoria 50 

2.1 Forage yield  50 



vii 
 

2.1.1 Performance of varieties averaged over cuts 50 
2.1.2 Performance of varieties across cuts 52 

2.2 Forage yield combined over seasons 58 
2.2.1 Performance of varieties average over cuts 58 
2.2.2 Performance of varieties combined across cuts 59 
2.2.3 Contrast study for Rhodes grass vs Alfalfa and Clitoria 63 

2.2.3.1 Contrast of Rhodes vs Alfalfa and Clitoria averaged 
over cuts 63 

2.2.3.2 Contrast analysis for Rhodes grass vs Berseem and 
Clitoria across cuts. 73 

2.2.3.3 Days to 50% flowering and plant height: Yield 
related traits 67 

II QUALITY STUDY 70 
2.1 Approximate analysis for quality traits 70 
2.2 Mean squares from separate ANOVA for CP, NDF and 

ADF, for two Rhodes grass cultivars and Alfalfa (Appendix 
15) 71 

2.3 Contrast Study for chemical analysis of Rhodes grass group 
vs Alfalfa 71 

CHAPTER FIVE 75 
DISCUSSION 75 
CONCLUSIONS 80 
REFERENCES 81 
APPENDIXES 98 
  

 



viii 
 

List of tables 
 
 
Table Page 

Table 1: Mean values for green (GMY) and dry (DMY) matter 

yields of 5 Rhodes grass and 2 forage sorghum 

cultivars averaged over 4 cuts, (2006-2007). 33 

Table 2: Green (GMY) matter yield of 5 Rhodes grass and 2 

forage sorghum cultivars across 4 cuts, (2006). 35 

Table 3: Dry (DMY) matter yield of five Rhodes grass and 2 

forage sorghum cultivars across 4 cuts (2006). 36 

Table 4: Green (GMY) matter yield of 5 Rhodes grass and 2 

forage sorghum cultivars across 4 cuts, (2007). 37 

Table 5: Dry (DMY) matter yield of 5 Rhodes grass and 2 

forage sorghum cultivars across 4 cuts, (2007). 38 

Table 6: Average forage yield (GMY, and DMY) over 4 cuts 

for 5 Rhodes grass and 2 forage sorghum cultivars 

combined over 2 seasons, (2006-07). 40 

Table 7:  Green (GMY) matter yield of 5 Rhodes grass and 2 

forage sorghum cultivars across 4 cuts combined 

over 2 seasons, (2006-07). 41 

Table 8: Dry (DMY) matter yield of 5 Rhodes grass and 2 

forage sorghum cultivars evaluated across 4 cuts 

combined over 2 seasons, (2006-07). 42 



ix 
 

Table 9: Green (GMY) and dry (DMY) matter yields of 

Rhodes grass in contrast to sorghum group averaged 

over 4 cut combined over 2 seasons, (2006-07). 43 

Table 10: Green (GMY) matter yield of Rhodes grass in 

contrast to sorghum group across 4 cuts combined 

over 2 seasons, (2006-07). 44 

Table 11: Dry (DMY) matter yield of Rhodes grass in contrast 

to sorghum group across 4 cuts combined over 2 

seasons, (2006-07). 45 

Table 12:  Days to 50% flowering and plant height of 5 Rhodes 

grass and 2 forage sorghum cultivars average over 4 

cuts based on data combined over 2 seasons, (2006-

07). 46 

Table 13: Days to 50% flowering of 5 Rhodes grass and 2 

forage sorghum cultivars evaluated across 4 cuts and 

combined over 2 seasons, (2006-07). 48 

Table 14: Plant height of 5 Rhodes grass and 2 forage sorghum 

cultivars for evaluated across 4 cuts and combined 

over 2 seasons, (2006-07). 49 

Table 15: Mean values for green (GMY) and dry (DMY) 

matter yields of 5 Rhodes grass and 2 leguminous 

cultivars average over 19 cuts, (2006-07) and 9 cuts 

(2007). 51 

  



x 
 

Table 16: Green (GMY) matter yield of 5 Rhodes grass and 2 

leguminous cultivars evaluated across 19 cuts, 

(2006-07). 

 

 

54 

Table 17: Dry (DMY) matter yield of 5 Rhodes grass and 2 

leguminous cultivars evaluated across 19 cuts, 

(2006-07). 

 

 

55 

Table 18: Green (GMY) matter yield of 5 Rhodes grass and 2 

leguminous cultivars evaluated across 9 cuts, (2007). 56 

Table 19: Dry (DMY) matter yield of 5 Rhodes grass and 2 

leguminous cultivars evaluated across 9 cuts, (2007). 57 

Table 20: Green (GMY) and dry (DMY) matter yields of 5 

Rhodes grass and 2 leguminous cultivars average 

over 9 cuts and combined for 2 seasons, (2006-07). 59 

Table 21: Green (GMY) matter yield of 5 Rhodes grass and 2 

leguminous cultivars for 9 cuts and combined for 2 

seasons, (2006-07). 61 

Table 22: Dry (DMY) matter yield of 5 Rhodes grass and 2 

leguminous cultivars for 9 cuts and combined for 2 

seasons, (2006-07). 62 

Table 23: Performance of Rhodes grass in contrast to Alfalfa 

and Clitoria for green (GMY) and dry (DMY) matter 

yields average over 9 cuts combined over 2 seasons, 

(2006-07). 64 

  



xi 
 

Table 24: Average performance of Rhodes grass in contrast to 

Alfalfa and Clitoria for green (GMY) matter yield 

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

 

 

65 

Table 25: Average performance of Rhodes grass in contrast to 

Alfalfa and Clitoria for dry (DMY) matter yield 

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

 

 

66 

Table 26: Chemical analysis for two Rhodes grass cultivars 

(Fine cut- Hay Maker) and Alfalfa, (2006-07). 70 

Table 27: Chemical analysis for Rhodes grass cultivars v s 

Alfalfa for CP, NDF, and ADF, (2006-07). 71 

 



xii 
 

List of figures 
 

 
Figure Page 

Fig 1. Days to flowering across age for Rhodes grass, Alfalfa 

and Clitoria  68 

Fig 2. Plant height across age for Rhodes grass, Alfalfa and 

Clitoria  69 

Fig 3. Crude protein % in Rhodes grass (Fine Cut - Hay 

Maker) and Alfalfa  72 

Fig 4. NDF % in Rhodes grass (Fine Cut - Hay Maker) and 

Alfalfa  73 

Fig 5. ADF %  in Rhodes grass (Fine Cut - Hay Maker) and 

Alfalfa  74 

 



xiii 
 

List of appendixes 
 

 
Appendix Page 

Appendix 1: Requirement and production for some important 

crops, Khartoum state (2003):  98 

Appendix 2: Settled and seasonal animals, Khartoum state 

(2003):  99 

Appendix 3: Soil Analysis for Shambat Experimental Farm 100 

Appendix 4:  The monthly meteorological data (Temperature, 

Rainfall and Relative Humidity) of Shambat 

Experimental Farm during the years 2006-2007 

and 2008. 101 

Appendix 5: Source of variations and degrees of freedom of 

single ANOVA 102 

Appendix 6: Source of variations and degrees of freedom of 

combined ANOVA 103 

Appendix 7: Mean Squares from single ANOVA for green 

(GMY) and dry (DMY) matter yields of 5 Rhodes 

grass and 2 forage sorghum cultivars evaluated up 

to the 4th cut, (2006-07). 104 

Appendix 8: Mean Squares from combined ANOVA for green 

(GMY)and dry (DMY) matter yields of 5 Rhodes 

grass and 2 forage sorghum cultivars evaluated up 

to the 4th cut, (2006-07). 105 



xiv 
 

Appendix 9: Mean Squares from contrast ANOVA between 

groups of Rhodes grass and forage sorghum 

cultivars evaluated up to the 4th cut for green 

(GMY) and dry (DMY) matter yields based on 

data combined over 2 seasons, (2006-07). 106 

Appendix 10: Mean Squares from single ANOVA of 5 Rhodes 

grass and 2 forage sorghum cultivars for days to 

flowering and plant height evaluated up to the 4th 

cut based on data combined over 2 seasons, 

(2006-07).   107 

Appendix 11: Mean Squares from single ANOVA for green 
(GMY) and dry (DMY) matter yields obtained by 
5 Rhodes grass and 2 leguminous cultivars tested 
across 19 cuts, (2006-07). 108 

Appendix 12: Mean Squares from single ANOVA for green 
(GMY) and dry (DMY) matter yields obtained by 
5 Rhodes grass and 2 leguminous cultivars 
evaluated across 9 cuts, (2007). 109 

Appendix 13: Mean Squares from single ANOVA for green 

(GMY) and dry (DMY) matter yields obtained by 

5 Rhodes grass and 2 leguminous cultivars, 

combined up to cut 9, over 2 seasons, (2006-07). 110 

Appendix 14: Mean Squares from contrast analysis of Rhodes 

grass v s Alfalfa and Clitoria group for green 

(GMY) and dry (DMY) matter yields across 9 

cuts combined over 2 seasons, (2006-07). 111 



xv 
 

Appendix 15: Mean Squares for CP, NDF, and ADF for two 

Rhodes grass cultivars (Fine Cut – HayMaker) 

and Alfalfa, (2006-07). 112 

Appendix 16: Mean Squares for CP, NDF and ADF as contrast 

analysis for Rhodes grass group VS Alfalfa, 

(2006-07). 112 

 



xvi 
 

ABSTRACT 
 

 Two experiments were conducted during the period 

2006-08 at the Experimental Farm of Shambat Research 

Station. The first experiment continued for two years (2006-

08) whereas the second one covered one year (2008). The 

objectives were to investigate the performance of five 

Rhodes grass cultivars (Fine Cut, HayMaker, Katambora 

Australia, Katambora Zimbabwe and Top Cut) in 

comparison with four local cultivars comprising two 

perennial forage legumes: 'Alfalfa' (Medicago sativa L.); 

Clitoria (Clitoria ternatea L.) and two annuals forage 

sorghum (Sorghum bicolor L. Moench) 'Abu 70' and 

‘Garawi’ (Sorghum sudanense “piper” stapf). The materials 

were arranged in RCBD with 3 replicates. The Rhodes and 

forage legumes cultivars were evaluated across 19 and 9 cuts 

in the first and the second experiment, respectively.  The 

forage sorghum cultivars were evaluated for 4 cuts in both 

experiments. 

The data collected include fresh and dry forage yield, 

days to 50 percent flowering and plant height. The 

proximate analysis was carried out for crude protein (CP), 

neutral detergent fiber (NDF) and acid detergent fiber 

(ADF).  
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The statistical analysis was performed as split plot 

considering the cuts as split in time imposed over the 

genotypes (main units) in a Randomized Complete Block 

Designed (RCBD). The Contrast analysis was performed for 

Rhodes cultivars as group vs each of forage legume and 

forage sorghum groups. 

Mean squares from combined ANOVA indicated that 

differences between genotypes in forage yield were 

significant pointing to genetic variability existing among the 

studied materials 

The contrast analysis indicated that Rhodes grass 

group significantly outyielded that of forage sorghum group 

(Abu 70 and Garawi) in all cuts other than the first cut.  

The Rhodes grass group significantly outyielded ‘Alfalfa 

and Clitoria throughout all cuts. 

Quality wise, the results obtained indicated the 

inferiority of Rhodes grass compared to Alfalfa. However, 

compared to forage sorghums, percentages of protein shown 

by Rhodes grass in this study (11% - 13%) were quite 

comparable, if not better than those reported in the Sudan 

and elsewhere (6-10%).  

The results obtained in this study, suggested the 

validity of introducing Rhodes grass as a new forage crop in 
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the Sudan as it lends itself to modernized systems of forage 

production (mechanized hay-making system) that help 

greatly in boosting fodder production. Being a perennial 

crop with high yielding capacity, good storability and 

transportability, Rhodes grass is expected to help in bridging 

the accidental gaps in forage production.  

More studies are needed to evaluate Rhodes grass 

under rain-fed or at least partial rain-fed (with 

supplementary irrigation) conditions with the objectives of 

reducing cost of production.  
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 الملخص
 

الزراعیة  بمحطة البحوث ٢٠٠٨-٢٠٠٦ خلال الفترةجراء تجربتین إتم   
بینما استمرت ) ٢٠٠٨- ٢٠٠٦(التجربة الأولى استمرت لمدة عامین  بشمبات

من  أصنافة خمسبهدف تقییم أداء ) ٢٠٠٨(التجربة الثانیة لمدة عام واحد 
 ,Fine Cut , HayMaker , Katambora Australia(الرودس حشیشة 

Katambora Zimbabwe and Top Cut)  أصنافربعة أتها مع ومقارن 
أعلاف الذرة الرفیعة مجموعة  :قسمت لمجموعتین ،من محاصیل العلف المحلیة

)Sorghum(  بو سبعین والجراوي ومجموعة أمحصولى والتي أحتوت على
احتوت على محصولي البرسیم الحجازي والكلایتوریا والتي البقولیات أعلاف 

 ذو ثلاثة مكررات) RCBD(ة استخدم نظام القطاعات العشوائیة الكاملحیث 
  .في تنفیذ التجربة

قطعات لتقییم حشیشیة الرودس والبقولیات في التجربتین  ٩و ١٩تم أخذ   
بینما تم تقییم حشیشة الرودس وعلف الذرة الرفیعة . الأولى والثانیة على التوالي

  .التجربتین تاقطعات فى كل ٤بأخذ 
البیانات التي تم دراستها بالنسبة للصفات الحقلیة هي إنتاج العلف   

زهار إ% 50وعدد الأیام لـ  – )DMY(والعلف الجاف ) GMY(الاخضر 
لتقدیر ) proximate analysis(تم إجراء التحلیل التقریبي . وطول النبات

وألیاف ) NDF(ألیاف المذیبات المتعادلة  –) CP(نسبة البروتین الخام 
  ).ADF(مذیبات الحمضیة ال

 Spilt(التحلیل الإحصائي تم باستخدام القطعات العشوائیة المنشقة  

plot ( باعتبار القطعات كوحدات منشقة زمنیاً منسوبة على الأصناف كوحدات
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مجموعة مقابل الرودس  تم إجراء تحلیل المقابلة بین مجموعة حشیشة. أساسیة
  .أعلاف البقولیات ومجموعة أعلاف الذرة

أوضح تحلیل التبیان أن الاختلافات بین الطرز الوراثیة كانت معنویة   
  .مشیراً إلى وجود اختلافات وراثیة بین الأصناف قید الدراسة

أوضح بأن مجموعة أعلاف حشیشة الرودس تفوقت  تحلیل المقابلة  
معنویاً في إنتاج الأعلاف على مجموعة أعلاف الذرة الرفیعة في كل القطعات 

لقطعة الأولى بینما تفوقت معنویاً على مجموعة أعلاف البقولیات في كل عدا ا
  .القطعات
أوضحت الدراسة تفوق البرسیم الحجازي في نسبة البروتین الخام   

% ١٣إلى % ١١على حشیشة الرودس والتي تراوحت بین %) ٢٢.٥(
من  وبمقارنتها مع الذرة الرفیعة تعتبر هذه النسبة متساویة إن لم تكون أفضل

  .%)١٠- ٦( تلك المذكورة في المرجعیات السودانیة والعالمیة
النتائج المتحصل علیها في هذه الدراسة تؤكد أهمیة إدخال حشیشة       

السودان لما یمتاز به من خواص وقابلیة في الرودس كمحصول علفي جدید 
ثیراً والتي سوف تساهم ك) میكنة صناعة الدریس(للنظم الحدیثة لإنتاج الأعلاف 

ن حشیشة الرودس محصول م  عمرفي نهضة إنتاج الأعلاف في السودان، وإ
ذو إنتاجیة عالیة یسهل تخزینه ونقله، علیه فإن علف الرودس یساعد على 

  .تخطى الفجوات الطارئة في إنتاج الأعلاف
هنالك حاجة لدراسات أخرى لتقییم إنتاج أعلاف حشیشة الرودس تحت   

  .لكاملة أو المدعومة بالري بهدف تقلیل تكلفة الإنتاجظروف الزراعة المطریة ا
 


