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SUMMARY 


THE INFLUENCE OF NITROGEN FERTILIZATION, PHYSIOLOGICAL STAGE 


AND SEASON ON QUALITATIVE AND QUANTITATIVE CHARACTERISTICS 


OF PAN/CUM MAX/MUM CV GATTON FOR SHEEP. 


by 

A. Taute 

Supervisor Dr. W. A. van Niekerk 

Co-supervisor Prof. N. F. G. Rethman 

Department Animal and Wildlife Sciences 

Faculty Natural and Agricultural Sciences 

University of Pretoria 

Pretoria 

Degree MSc (Agric) 

The aim of this study was to evaluate the nutritional value of Panicum maximum 

cv Gatton for sheep under different levels of nitrogen fertilization during different 

stages of maturity and in different seasons. 

Four different experiments were conducted. The aim of the first experiment was 

to study the influence of nitrogen fertilization and stage of maturity on the dry 

matter yield and chemical composition of Panicum maximum cv Gatton. The 

experiment was conducted during autumn and repeated during the subsequent 

summer. The second part of the study was a partial digestibility study, aimed at 

the estimation of the influence of the fertilized grass at different stages of maturity 

on the animal. This experiment was conducted during autumn and repeated 

during the subsequent summer. 
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Seven levels of N were used, namely 0,25, 50, 75, 100, 125, and 150 kg N/ha, 

and three stages of maturity namely vegetative stage, early bloom and full bloom. 

Measurements included dry matter (DM) yield, nitrogen (N) content, total 

nonstructural carbohydrates (TNC), neutral detergent fibre (NDF), acid detergent 

lignin (ADL) and in vitro digestibility of organic matter (IVDOM). 

In this treatise no comparisons between seasons were made, only within 

seasons. 

Dry matter yield increased linearly in both seasons with increased level of N 

fertilization and with maturity. Nitrogen fertilization increased the N content of 

grass in both seasons, while N concentration decreased as the grass grew older. 

Total nonstructural carbohydrate content decreased as the N fertilization level 

increased, but as plants matured TNC showed, over all fertilization levels, a 

tendency to increase. Neutral detergent fibre and ADL seemed to decrease as N 

fertilization levels increased, but increased markedly with advancing stage of 

maturity. Organic matter digestibility showed no change with increasing levels of 

N fertilization, but decreased as grass matured. 

In the partial digestibility study it was found that N fertilization did not have a 

statistically meaningful influence on rumen pH, while stage of maturity increased 

rumen pH significantly in both autumn and summer. 

Nitrate nitrogen content in the rumen increased sharply shortly after N fertilization 

was applied to pastures, but it decreased as plants matured so that no 

differences could be observed between sheep grazing on pastures fertilized with 

oand 150 kg N/ha respectively. 

Total volatile fatty acids (VFA) were increased by level of N fertilization during the 

vegetative stage in summer, while no change was seen during early bloom or full 

bloom stages. Total volatile fatty acids were, however, significantly increased 

during all stages in the autumn. As grass pastures matured, the VFA 

concentration decreased in both seasons. 

Nitrogen fertilization did not appear to have a very strong influence on the flow of 

organic matter through the digestive tract of the sheep. 
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OPSOMMING 


DIE INVLOED VAN STIKSTOF BEMESTING, FISIOLOGIESE STADIUM EN 


SEISOEN OP DIE KWALITATIEWE EN KWANTITATIEWE EIENSKAPPE VAN 


PAN/CUM MAX/MUM CV. GATTON VIR SKAPE 


deur 


A. Taute 

Studie-Ieier Dr. W. A. van Niekerk 

Medeleier Prof. N. F. G. Rethman 

Departement Vee- en Wildkunde 

Fakulteit Natuur- en Landbouwetenskappe 

Universiteit van Pretoria 

Pretoria 

Graad MSc (Agric) 

Die doe I van hierdie studie was om die voedingswaarde van Panicum maximum 

cv Gatton onder verskillende vlakke van stikstof (N) bemesting, verskillende 

stadiums van volwassenheid en in verskillende seisoene, vir skape, te evalueer. 

Vier verskillende eksperimente is uitgevoer. Die doel van die eerste eksperiment 

was om die invloed van N-bemesting en stadium van volwassenheid op die droe 

materiaal opbrengs en die chemiese samestelling van P. maximum cv Gatton te 

bestudeer. Die eksperiment is gedurende die herfs uitgevoer en gedurende die 

daaropvolgende somer herhaal. Die tweede eksperiment is gedoen om die 

invloed van die bemeste gras, by verskillende stadiums van volwassenheid, op 

die dier is te bepaal. Hierdie eksperiment is gedurende die herfs gedoen en 

weer gedurende die daaropvolgende somer herhaal. 
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Sewe stikstof peile naamlik 0, 25, 50, 75, 100, 125 en 150kg N/ha, en drie 

stadiums van volwassenheid, naamlik vegetatiewe, vroee blom en laat blom 

stadiums is geevalueer. Droe materiaal (DM) opbrengs, stikstof (N) inhoud, 

totale nie-strukturele koolhidrate (TNC), neutraal bestande vesel (NDF), 

suurbestande lignien (ADL), nitraat-stikstof (N03-N) en verteerbaarheid van 

organiese materiaal (IVOMD) is bepaal. In hierdie verhandeling is daar nie 

tussen seisoen vergelykings gedoen nie, maar wei binne seisoen vergelykings. 

Die DM opbrengs het in beide seisoene linier toegeneem soos wat N-peile 

verhoog is, asook met toenemende veroudering van die weiding. 

Stikstof bemesting het die N-inhoud van die gras in beide seisoene vehoog, 

terwyl N-inhoud verlaag het soos wat die gras verouder het. 

Die TNC-inhoud van die gras is verlaag met "n verhoging in N-vlakke, terwyl dit 

toegeneem het met veroudering van die gras. Die NDF- en ADL-inhoud van die 

gras is effens verlaag deur toenemende N-peile, maar met veroudering het dit tot 

"n groot mate verhoog. 

In die parsiele verteringstudie is gevind dat N-bemesting nie "n betekenisvolle 

invloed op rumen pH gehad het nie, terwyl stadium van volwassenheid in beide 

die herfs en somer die rumen pH betekenisvol verhoog het. 

Nitraat-stikstof is kort na die toediening van N-kunsmis in die rumen verhoog, 

maar het verlaag soos wat die gras verouder het, sodat daar later geen verskille 

was tussen die N03-N konsentrasie in die rumen van skape wat gras bewei het 

wat onderskeidelik met 0 en 150 kg N/ha bemes was nie. 

Totale vlugtige vetsure (WS) is gedurende die vegetatiewe stadium in die somer 

deur verhoogde peile van N-bemesting verhoog, terwyl geen verandering tydens 

vroee blom of vol blom waargeneem was nie. Totale vlugtige vetsure is 

betekenisvol verhoog gedurende al die groeistadiums in die herfs. Soos plante 

ouer geword het, het die totale WS konsentrasies in die rumen afgeneem. 

Dit blyk dat N-bemesting nie "n groot waarneembare invloed op die verdwyning 

van OM deur die spysverteringstelsel van die skape gehad het nie. 

 
 
 



VI 

LIST OF TABLES 

Table 1 Panicum species in order of dry matter digestibility and cell wall 

content ............... .. ................. ..... ........ ...... .................. ........ 8 

Tabel2 Components of different fractions in the proximate analysis of 

foods .. ................. ................ ........ ............. .. ................ .. ... 12 

Table 3 Nitrogen content (%) of different grass species at different stages of 

maturity (on dry matter basis) ..... .... ............... ... ......... ....... .. .. .21 

Tabel4 Dry matter yield (t/ha) of Anthephora ampuJaceas ..... ................24 

Table 5 Chemical composition (g/kg/DM) of Cenchrus ciJiaris as affected by 

level of N fertilization ..... .. ............................. ...... .. ............... 25 

Table 6 Water soluble carbohydrate concentration in the herbage of 

perennial ryegrass after 4 weeks growth in 3 different temperatures 

and light intensities ................ ........ ........... ................... .. ..... 29 

Table 7 Percentage of total water soluble carbohydrates in timothy 

plants at early anthesis following growth at 18/10 °c and 32/24 °c 
day/night temperatures with reversal of temperature regimes at 

inflorescence emergence ...... ........ ......... ....... .... .... ...............30 

Tabel8 Voluntary intake of leaf and stem fractions of tropical grasses, 

proportional breakdown of large particles during eating and time 

forage is retained in the rumen .. ............................................35 

 
 
 



VII 


Table 9 In vitro organic matter digestibility (%) of P. maximum cv Gatton as 

influenced by level of N fertilization and stage of maturity, during 

autumn ...........................................................................51 

Table 10 Acid detergent lignin (%) of P. maximum cv Gatton as affected by 

level of fertilization and stage of maturity during autumn ............53 

Table 11 NDF (%) concentration of P. maximum cv Gatton as influenced by 

level of N fertilization and stage of maturity during 

autumn ............................................................................54 

Table 12 Quality parameters of oesophageal samples of P. maximum cv 

Gatton during autumn .........................................................62 

Table 13 Dry matter and OM intake of sheep grazing P. maximum cv Gatton 

at three stages of growth and at different levels of N fertilization 

during autumn .................................... ..............................64 

Table 14 Rumen pH of animals which grazed fertilized P. maximum cv 

Gatton at different stages of maturity during autumn .................. 66 

Table 15 Rumen ammonia-N (mg/100 ml rumen fluid) levels of animals 

grazing P. maximum cv. Gatton fertilized with different levels of N 

during autumn ....................................................... ............. 67 

Table 16 Volatile fatty acid (mg/100 ml rumen fluid) production in the rumen 

of sheep grazing P. maximum cv Gatton at three stages of maturity 

and different levels of N fertilization ........................................69 

 
 
 



VIII 


Table 17 OM disappearance in the stomach of sheep grazing P. maximum 

cv Gatton at three stages of maturity and three different levels of N 

fertilization .. .................. ............................ ....... .............. ... 71 

Table 18 OM disappearance in the small intestine of sheep grazing P. 

maximum cv Gatton fertilized with N at different stages of 

maturity.............. ...................... ....... ............................ ..... 73 

Table 19 In vitro organic matter digestibility of P. maximum cv Gatton 

as influenced by N fertilization and stage of maturity during 

summer............. .......... ........... ........ ................... .. ............85 

Table 20 Acid detergent lignin concentration of P. maximum cv Gatton 

as influenced by N fertilization and stage of maturity during 

summer. ... ....... ....... .............. ...................... ................ .. ... 87 

Table 21 Neutral detergent fibre concentration of P. maximum cv Gatton as 

influenced by N fertilization and stage of maturity during 

summer. ........................................................... .......... .. ... 88 

Table 22 Quality parameters of P. maximum cv Gatton fertilized with N 

during different stages of maturity, collected from oesophageal 

fistulated animals during summer. ....... ... ...... .. ..... ....... ...... .. ... 96 

Table 23 Rumen pH of animals which grazed P. maximum cv Gatton at three 

stages of maturity that was fertilized with three levels of N during 

the summer ........ , ..... , ...... " ............ .. ...... .... .............. ,.. .. .. ,..99 

Table 24 Rumen ammonia concentration (mg/100 ml) of animals grazing P. 

maximum cv Gatton fertilized with different levels of N and grazed 

at different stages of maturity during summer. .......... . ........ ..... 1 00 

 
 
 



IX 


Table 25 Different volatile fatty acids (mg/100 ml rumen fluid) produced in the 

rumen of sheep grazing P. maximum cv Gatton fertilized with 

different levels of N, and at different stages of maturity, during the 

summer................ ................. ..................................... .. 102 

Table 26 OM disappearance in the stomach and small intestine of sheep 

grazing P. maximum cv Gatton fertilized with N at different stages 

of maturity .. ................. .. ............... ..................................1 04 

 
 
 



x 

LIST OF FIGURES 

Figure 1 


Figure 2 


Figure 3 


Figure 4 


Figure 5 


Figure 6: 

Figure 7 


Figure 8 


Figure 9 


Figure 10 


Simple schematic scheme of the C3 pathway ..... ...... ...... .......... .4 


A schematic scheme of the C4 photosynthetic assimilation cycle ...5 


Cross section of leaves showing the anatomic difference between 


C3 and C4 plants: a) a C4 monocot, Zea mays; b) a C3 monocot, 


Avena sativa ............... .......... .................. ... ...... ...... .... ......... 6 


Effect of light intensity on the nett photosynthetic rates of a C4 plant 


(corn) and a C3 plant (barley) ....... .. .......................... .. ...........9 


A schematic scheme of the changes in chemical composition of 


plants as it goes through different stages of maturity.................. 14 


General form of the response of grassland to nitrogen 


fertilization ............. .. ... ...... ......... .... " .... ...... ..... " ..... .. ........ .23 


Mean voluntary intake by sheep and proportion of leaf in four 


grasses cut at different stages of growth ........ .. .......................36 


OM yield (t/ha) of P. maximum cv Gatton, as affected by level of N 


fertilization and stage of maturity during autumn ................ .. .... .45 


The relationship between OM yield and N level of P. maximum cv 


Gatton (Y = 0.016x + 0.94, r = 0.71) ................................... .46 


Nitrogen concentration of P. maximum cv Gatton during three 


stages of maturity as influenced by level of N fertilization .. .. ...... .47 


 
 
 



XI 


Figure 11 	 The TNC content of P. maximum cv Gatton during three stages of 


maturity as influenced by level of N fertilization ........................ .48 


Figure 12 	 The N03-N content of P. maximum cv Gatton at three stages of 


maturity as influenced by level of N fertilization ......... '" ............ .49 


Figure 13 	 The influence of three N treatments on the OM yield of P. maximum 


cv Gatton during three stages of maturity in summer. .... .......... . 79 


Figure 14 	 The influence of N fertilization on the N content of P. maximum cv 


Gatton during three stages of maturity in the summer months ......80 


Figure 15 	 The influence of N fertilization on the TNC concentration of P. 


maximum cv Gatton in the summer growing period ............ ........ 82 


Figure 16 	 The influence of N fertilization on the nitrate concentration of P. 


maximum cv Gatton during the summer months .......................83 


 
 
 


	FRONT
	Title page
	Declaration
	Contents
	Acknowledgements
	Summary
	Opsomming
	List of tables
	List of figures

	Chapter 1-2
	Chapter 3-6
	Back



