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Abstract i i i  

ABSTRACT 

The persistency of red clover ( Trifolium pratense L. )  can be poor when g razed i n  

m ixed and pure stands,  but i t  is  sti l l  regarded as  a valuable source of h igh  quamy 

summer feed in some farming systems. Vegetatively reproductive red clover 

selections offer promise to solve this persistency problem .  The objectives of this 

research were to study the g rowth , perennation , reproductive abi l ity and 

productivity of vegetatively reproductive red clover selections. A series of n ine 

spaced p lant and mixed and pure sward experiments were conducted at 

Hastings, Dannevirke , AgResearch Grasslands and Massey U niversity, 

Pa lmerston North , New Zealand ( latitude 40023'S) from 1 995 to 1 998.  The 

vegetatively reproductive red clovers evaluated were cv. Astred,  F24 1 9 and cv. 

Gua ldo with Grasslands Pawera and Turoa used as controls. 

Pre l iminary i nvestigations i nto the incidence of rooted plantlet p roduction by 

prostrate red clover selections u nder grazing found 37,  1 6  and 5 rooted 

p lantlets per parent p lant for Astred , F24 1 9  and Turoa ,  respectively. Astred 

p rod uced larger rooted p lantlets which survived better than F24 1 9  and Turoa . 

Astred produced 57% of its p lantlets on primary stems, or branches off these 

stems, that g rew from the parent plant crown in September, whereas F24 1 9  

plantlets developed on a wider spread of stem ages. The majority of p lant lets 

formed on quaterna ry branches at a range of d istances (4cm - 55cm) from the 

parent p lant crown . Astred produced less rooted plantlets per parent p lant, had 

longer, wider leaves, thicker stems and was tal ler at 1 0  months of age than 

G ualdo. 

More rooted plantlets were estab l ished per Astred parent p lant u nder wet 

surface soi l  cond itions than d ry conditions (22 .2% and 3 .7% g ravimetric soi l  

surface water content, respectively) ,  but when the d ry soi l  surface was watered , 

there was a compensatory i ncrease in the number of rooted p lantlets. Removal 

or  retention of flowers d id  not affect rooted p lantlet formation .  
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There was no d ifference in the total herbage accumulated between Astred and 

Pawera i n  the first g rowing season ,  under 4 , 6 and 8 week g razing frequencies, 

and lax and hard g razing intensities, but Astred produced more (P<0 .00 1 )  

herbage at the first spring g razing .  Astred swards h ad sign ifi cantly h igher 

percentages of parent plants than Pawera in  al l treatments after two seasons 

g razing . Grazing intensity and frequency affected the n umber of rooted 

p lantlets prod uced which ranged from 29 to 66 per m2. The recommended 

g razing management for pure swards of Astred red clover is to g raze every 4 to 

6 weeks, or when p re g razing heig ht reaches 30cm, whichever is later, with a 

min imum post grazing residua l  of 1 0  cm over the whole g razing season for 

effective p lant/et p roduction .  

Pawera and Astred had contrasting total percentages of leaf and stem from 

20/9/96 to 6/1 /97 (P<0 . 00 1 )  with Pawera having th icker stems compared with 

Astred in  a l l  corresponding g razing treatments (P<0.00 1 ) . The total percentage 

of regrowth for Astred or Pawera was not sig n ificantly d ifferent.  

The pers istence of tagged parent p lants of Astred and Pawera i n  the 6 weeks 

hard g razed treatment was s imi lar  unti l  after 2 .5  years of age when (P<0 .00 1 ) 

more Astred parent p lants survived . G razing intensity and frequency affected 

the number of a l l  p lantlets (p lantlets with no roots, aeria l ly rooted or rooted) 

prod uced , wh ich ranged from 0 to 1 1  per m2 for rooted p lantlets after each 

g razing . In m ixed swards on three farm trials at Hastings ,  Dannevirke and 

Palmerston North , Astred parent p lant persistence decreased with increas ing 

g razing pressure ,  but S ign ificantly more parent plants survived than for Pawera . 

The vegetatively reproductive red clover selections performed at p roduct ive 

levels that could make a sign ificant contribution to New Zealand agricu lture as 

truly perenn ia l ,  taprooted forage legumes capable of increasing or  maintai n i ng 

their  parent plant popu lation over time u nder g razing .  

Key words:  Astred , F24 1 9, Gualdo, rooted p lantlet, vegetatively reproductive, 

Trifolium pratense 
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THESIS STRUCTURE 

Th is  thesis is based on a series of  papers eva luating vegetatively reprod uctive 

red clovers. All chapters, except Chapters One (General I ntroduction) and Two 

( Review of Literature) ,  have been structured as scientific papers and mod ified 

to thesis format. Chapters Three, Eight and parts of C hapter N i ne (see 

Append ix I) have been publ ished and Chapters Fou r  to Seven a re being 

prepared for submission to journals .  Chapters Three to Eight deal  with one or 

more specific experiments with a deta i led d iscussion,  conclusion and  l ist of 

references at the end of each Chapter. References for Chapter One a re 

merged i nto those at the end of Chapter Two. Chapter N ine contains  an  

i ntegrated genera l  discussion l ink ing the find ings of  a l l  chapters. A summa ry of 

the main findings from the research in  this thesis is a lso p resented at the end of 

Chapter N ine.  

Note: Al l  references contained with in  th is thesis referring  to two authors have 

been cited as the first author et al. , instead of referring to both authors .  



Table of Contents ix 

TABLE OF CONTENTS 

ABSTRACT . ........ ...... ... . .... .... ..... .. . . ....... . . . ...... . .... . ..... ............ . . ....... .. .. . . . .. "' .......... iii 
ACKNOWLEDGEMENTS ...... ............. .. . . .. . . . ........ ...... ..... . ..... ............. ... . ............ v 
THESIS STRUCTURE .................................................................................... viii 
TABLE OF CONTENTS ......... . .... . . ........... ... ... ............ ...... . ................ ................ ix 
LIST OF TABLES .. .... . ......... . ...... . .. . .... ............ . .... ..... .... . . . . . .. . ....... . ... .. ............ .. xv 
LIST OF FIGURES .. . ... . ... ... . ........ ....... ...... ................ ................ . ......... . . .......... xvii 
LIST OF PLATES .. . . ...... . ...... . ...... . ............ ...... . ................ . . . . ............. ... ...... .... . xxi 
1 .  INTRODUCTION 

2. LITERATURE REVIEW ..... .. . .. ..... . ....... . . ......... . .. ., ........................................... 5 

2.1 INTRODUCTION ........................................................... ........ . ................. . 6 

2.1.1 Definition of terms for vegetatively reproductive red clovers 

(Trifolium pratense L) .................................................. . ......... . . . ....... 7 

2.2 HISTORY AND PLANT PERSISTENCE ...................................... . . .. . . ...... 8 

2.2.1 The history, role and importance of red clover in New Zealand ....... 8 

2.2.2 Persistency of crown type red clover ............. ......................... ... ....... 9 

2.3 VEGETATIVEL Y REPRODUCTIVE PLANT STRATEGIES ...... ........ ..... 11 

2.3.1 Vegetative replacement ......... .... . ................................ . .. . . . . ............. 11 

2.3.2 Vegetative, reproductive strategies ....... . ........ .... .. .......... ... . ... ......... 12 

2.3.3 Types of temperate perennial forage legumes ............................... 15 

2.3.4 Demography of vegetatively reproductive plant populations .......... 16 

2.4 CROWN FORMED PLANTS AND VEGETATIVELY REPRODUCTIVE 

TYPES ................................................................................................... 19 

2.4.1 Taprooted legumes compared to clonal plants ...................... ......... 19 

2.4.2 Management and persistence of vegetatively reproductive forage 

pJants ......... . ....... . ...... . .. . ........ . ....... . . . .... . ... . . . . . . . . . ..... . . ....................... 20 

2.5 CONCLUSiONS . ..... . .............................. . ................................. . ...... ..... .. 23 

2.6 REFERENCES .. . .......... '" ....................................................................... 24 



Tab le  of Contents x 

3.  THE INCIDENCE OF NODAL ROOTING AND ROOTED PLANTLET 

S URVIVAL I N  SPREADING RED CLOVERS . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 

3.1 ABSTRACT .............................. . ............................................. . ............... 36 

3.2 INTRODUCTION ............................ ........................ . . ............... ............... 38 

3.3 MATERIALS AND METHODS ...... . ...................... . .......... . ...................... 39 

3.3.1 Morphological experiment . ............................................................. 39 

3.3.2 Tagged plantlets . ................ ....................................... ..................... 40 

3.3.3 Long term persistency trial . . ........................................................... 40 

3.4 RESULTS . .............................................................................................. 42 

3.4.1 Morphological experiment . ...................................... . . . . .... . .............. 42 

3.4.2 Tagged rooted plantlets .......................................................... . . . . . . . .  45 

3.4.3 Long term persistency trial ..... . ....................................................... 47 

3.5 DiSCUSSiON, .... ................. . ...... . . ........... . . . ...... .............. . ..... . . .. .. . . . ... . . . . . .  49 

3.6 REFERENCES ......................... . .................. . . . ........................................ 51 

4. THE MORPHOLOGY AND DEMOGRAPHY OF ASTRED, F2419 AND 

G UALDO VEGETATIVEL Y REPRODUCTIVE RED C LOVE R  S ELECTIONS 

(Trifolium pratense L.) . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 

4.1 ABSTRACT .............................. . ..................................................... ........ 53 

4.2 INTRODUCTION . . . . ........... . . ... . ....... . .................. . . .... . . .. . . . ..... ................... 54 

4.3 MATERIALS AND METHODS ........ .................... . . . . ....................... ........ 56 

4.3.1 Experimental sites . . . . . . ..... . . . . . . . . . . . . . . ............. . ........... ........................ 56 

4.3.2 Design and management ....... . ......... . . ............ . ..... . . . . ...................... 57 

4.3.2. t. Experiment 1 ........................................................................... 57 

4.3.2.2. Experiment 2 ........................................................................... 57 

4.3.3 Measurements .......... . . ....... .............................. . . ............................. 58 

4.3.3.1. Experiment 1 ........................................................................... 58 

4.3.3.2. Experiment 2 ........................................................................... 58 

4.3.4 Statistical analysis ..................... ............................................ . . ....... 59 

4.4 RESULTS ..................................... . . ............................... . . ............. ...... . . . .  60 

4.4.1 Experiment 1 .......... . .......... . ................. . ...................................... .... 60 



Table of Contents xi 

4.4.1.1. Parent plant primary stem production ..................................... 60 

4.4.1.2. Frequency of rooted plantlet production ................................. 60 

4.4.1.3. Rooted plantlets produced by stem age ................................. 63 

4.4.1.4. Rooted plantlets produced by branch type . . . . . ................... ..... 63 

4.4.1.5. Distribution of rooted plantlets by stem type ........................... 66 

4.4.1.6. Rooted plantlets distance from parent plant crown ................. 66 

4.4.2 Experiment 2 .................................................................................. 70 

4.5 DISCUSSION ............................ . .... . ............. . . ....... . . . . . . . . ........................ .  72 

4.6 REFERENCES ................. . ................ .................................. ........ . . . . . . . .... 75 

5. EFFECTS OF MOISTURE AND FLOWERING ON ROOTED PLANTLET 

FORMATION IN VEGETATIVELY REPRODUCTIVE RED CLOVER 

(Trifolium pratense L.) ................................................................................ 77 
5.1 ABSTRACT .... ' ........................................................................................ 78 

5.2 INTRODUCTION .................. . . . ................................... . .................. . ........ 79 

5.3 MATERIALS AND METHODS ........................................................ ....... 81 

5.3.1 Experimental sites ...... .......................................................... .......... 81 

5.3.2 Design and management ............................................................... 81 

5.3.2.1 Experiment 1 ........................................................................... 81 

5.3.2.2 Experiment 2 ........................................................................... 82 

5.3.3 Measurements ............ . . . . ......... '" ................... '" .............................. 83 

5.3.3.1 Experiment 1 ........................................................................... 83 

5.3.3.2 Experiment 2 ........................................................................... 84 

5.3.4 Statistical analysis ................ . ... . ... .. . ............................................... 84 

5.4 RESULTS .. . .............. . .................... . ........................................................ 85 

5.4.1.1 Experiment 1 ........................................................................... 85 

5.4.1.2 Experiment 2 ........................................................................... 91 

5.5 DiSCUSSION . . ...... .............. ..................... . ............................................. 95 

5.6 REFERENCES ... . . ........................................................... . . . . ................... 99 



Table of Contents 

6. HERBAGE PRODUCTION, PERSISTENCE AND MANAGEMENT OF 

ASTRED RED CLOVER (Trifolium pratense L.) COMPARED TO 

xii 

GRASSLANDS PAWERA . . . . .  "' . . . . . . . . . . . . . . .. . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .  101 

6.1 ABSTRACT ............................... ........................................................... 102 

6.2 INTRODUCTION ...................... . ........................................ . . ... .............. 103 

6.3 MATERIALS AND METHODS ....... ..................................... .................. 105 

6.3.1 Experimental site ............................... ...................................... . . . . .  105 

6.3.2 Design and Grazing management.. ........................... " ................. 105 

6.3.3 Measurements . . . ............................. '. .......................... " ................. 106 

6.3.4 Statistical analysis ...................................................... .................. 107 

6.4 RESULTS ..................... .................................... ..... . . ......... . . .......... . . ...... 108 

6.4.1 Parent plant persistence .......................................... ..................... 108 

6.4.2 Total herbage accumulation ...... . . . ....................... . . . . . . . .......... . . . ..... 108 

6.4.3 Seasonal herbage accumulation .......... ........... . ............................ 111 

6.4.4 Pre and Post grazing heights ........... . ................... . ....................... 113 

6.4.5 Pre grazing weed botanicals .... . . .................... . . ....... . . . . . ................ 113 

6.4.6 Rooted plantlet counts ............... . . . ....... . ................................ ........ 116 

6.5 DISCUSSION ............. . ........ . .................... . . . ..................... .................... 118 

6.6 REFERENCES ..................................................................................... 122 

7. BIOMASS ALLOCATION AND PERSISTENCE OF ASTRED, A 

VEGETATIVELY REPRODUCTIVE RED CLOVER, (Trifolium pratense L) 
UNDER DIFFERENT GRAZING INTENSITIES AND FREQUENCIES .••.. 125 
7.1 ABSTRACT ...... . ..... . . ....... . ............. . . . . ......... . ....................... ............. . . . . .  126 

7.2 INTRODUCTION ........ . . ... ........................ . ...................... . ............... . ..... 128 

7.3 MATERIALS AND METHODS ........... ................. .............. ................... 130 

7.3.1 Experimental site .............. ......... . .................................................. 130 

7.3.2 Design and Grazing management.. . . . ........................................... 130 

7.3.2.1 Experiment 1 ......................................................................... 130 

7.3.2.2 Experiment 2 ......................................................................... 130 

7.3.3 Measurements ...... ..... ... .... ....... .... ......................... .................... . ... 131 



Table of Contents xiii 

7.3.3.1 Experiment 1 ......................................................................... 131 

7.3.3.2 Experiment 2 ......................................................................... 133 

7.3.4 Statistical analysis . . . ... .. . . . . ... .. . . . . ... .. . . .... . . . . . . . . .. .......... ....... . . . . ....... . .  133 

7.4 RESUL TS . . .. . . . .. . .. . . . . .. . . . . . . . . . ... . . .. . . .. . . . . . . . . . . . . . . . . . . .. .. .. . ..... . . . ....... . . . . . . .. . . . . . . .  135 

7.4.1 Experiment 1 ................................................................................ 135 

7.4.1.1 Tissue allocation of stem to leaf ..... . . . . . . . . . . . . . . . .. .... . . . . ........ . . . . . .  135 

7.4.1.2 Regrowth after grazing . .. . . . . . ...... . . .. . . . . . ....... .... . .... . . ... . .. . . . . ....... 137 

7.4.1.3 Taproot measurements .. . .. . . . . ....... ... . . ... . ...... . . . . . .... . . .. ... . . .. ...... 137 

7.4.1.4 Parent plant life span . . . ... . . . . .. .. . . . ...... . . . . . . . ..... .. .. .......... . .. .. . . . .. . 138 

7.4.2 Experiment 2 ................................................................................ 146 

7.4.2.1 Pre grazing plantlet counts . . . .... . . . .. . . ...... ....... . . . ...... . . . . . ..... . ... . 146 

7.4.2.2 Post grazing plantlet counts . .. . . . . . . . . .... . . . . .... . .. . . . . ....... . . . ..... . . . . .  147 

7.4.2.3 Post grazing morphological components ..... . . . . .. . . . . . . ... . . . . .. . ... 148 

7.4.2.4 Pre and post grazing sward heights ........ . . ...... . . . . . . .. . .... ... ..... . 148 

7.5 DiSCUSSiON . . . .. .. . . . . . ... .. . .. .. . . . . . . . . . . . . .. . . . . .. . . . . . .... . . . .. . ..... .. .. . . ..... . ........ . . . .. 156 

7.6 REFERENCES . ... ... .. . .. .. . . . . . . . . . ... . . .. . ...... . .... . . .... .... . . . .. .. . . .. ..... ... . ........ . .. . . 160 

8. PRELIMINARY INVESTIGATIONS INTO THE PERSISTENCE OF A 

VEGETATIVELY REPRODUCTIVE RED CLOVER CV. ASTRED IN MIXED 

SWARDS AT HAWKES BAY AND MANAWATU ... .................................. 162 

8.1 ABSTRACT ..... .... . . .. .. .. .... .. . . . . ... ... . . . . .. . . .. . . ...... . .... . . .. . . .. . . ..... . ........ . ... .. . . .. 163 

8.2 INTRODUCTION . .. ....... .... . . .. ...... . . . . . . . . . . ...... . ............. . . . . . .. ... . . .. . . . . . .... . . ... 164 

8.3 MATERIALS AND METHODS . . . . . . . . . . . . ... . . . .... .... . . ..... . . . ..... .. . .. ........ . . .. .. . 166 

8.3.1 Experiment 1 ................................................................................ 166 

8.3.2 Experiment 2 ................................................................................ 167 

8.3.3 Experiment 3 ................................................................................ 168 

8.3.4 Statistical analysis ..... . .. . .. .. . . . . . .. .. ... . .. . . ... . .. .. .. . . . . . . .. . . . .. . .. ... . . . .. . . . .. ... 168 

8.4 RESULTS ...... . . ........ .... . .... . . . ..... ... . . . .. .. . . ...... . ... .. .. .... . . . . . . ... . . . . . .. . . . .. . . . ... . . .  169 

8.4.1 Plant population . . . . . ... . . . . .. .. . . . . .... . . . . .. . . . . . . . .. . .. . . .. . .. . . .. .. . . . . . . ...... . . .... . .. 169 

8.4.2 Grazing pressure . . . . .. . . .. .... . . .. . . . . . . . . .... . .. . . . .. . ....... . ..... . .. . . . . ..... . .. . . .... . 171 

8.4.3 Herbage accumulation . . .. . . . . ... . .. . . .. ... . . ...... . ... . . . .. ... ....... . . . ..... . . . . . . . ... 173 



Table of Contents xiv 

8.4.4 S i lage p roduction .... ........................ ............ . ............ .... . ............ .. . .  175 

8.5 D I SCUSSION ... .... .... . ......... . .... ..... .......... .. .. .. .. ..... . ...... .... ....... . ..... . ........ 177 

8.6 R EFERENCES ....... .... . . . . . ............ ... ... . ...... .... ............ ........ .. . . ...... ...... ... . 179 

9. DISCUSSION ............................................................................................. 180 

9.1 I NTRODUCTION .. ...... ........ . .............. . .. . ..... ...... . . . ..... .... ..... . ....... .. . .. ... . . .  181 

9.2 P LANTLET FORMATIO N ,  AND FACTORS AFFECTI N G  PLANTLET 

FORMATIO N  AND S URVIVAL ....... ... . ........ . .......... ........... ........... . ...... . 184 

9.3 PARENT P LANT PERSI STENCE AN D POPULATION DYNAM ICS . . .  189 

9.4 PRODUCTIO N  . ......... . .......... ....... ........ . .. .. .. .... . ... . ........... ............ ... . ...... 191 

9.5 APPLICATIO N  TO AGRICU LTURAL SySTEMS . ... . ... . . ... ...... . ...... . ... . .. 192 

9.6 CONCLU SiONS ................................................................................... 195 

9.7 R E FERENCES . ..... ......... ... . .... ...... . ... ...... . ... ...................... . ...... ............. 196 

APPEN D IX I: VEGETATIVELY REPRODUCTIVE RED CLOVERS ( Trifolium 

pratense L.): AN OVERViEW . ... . . ... ..... . ... ........ .. ... ......... . ..... . .. ... . ................ 199 

APPENDIX 11: RAI N FALL (mm)  FOR HAWKES BAY S ITE.  ......................... . 221 



List of Tables xv 

LIST OF TABLES 

Tab le 3.1 The number of rooted p lantlets and rooted nodes per p arent p l a nt at 

each harvest from 1 5/5/95 to 1 1 / 1 2/95 . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . .. . ... . . . ..... . . . . . . . . .  4 3  

Table 3 . 2  Total rooted plantlet m ass (g)  a n d  rooted p lantlet shoot root rati o  . .  4 4  

Table 3 . 3 The percentage o f  tagged rooted p lantlets o f  red clover selections  

rema in in g  after 48 weeks under  rotationa l  g razing by  mature ewes ... . . . . . .  46 

Table 4 . 1  The number of  rooted p lantlets p roduced on  d ifferent stem ages for 

Astred and  F 24 1 9  (rooted p lantlets per parent p lant) . (Expt 1 )  . . . . . . . . . . . . . . . .  64 

Table 4.2 The n umber of  rooted p lantlets p roduced on  d ifferent stem b ranches 

for Astred and F24 1 9  (rooted plantlets per  parent p lant) . (Expt 1 )  . . . . . . . . . . . .  6 5  

Table 4.3 Morpho log ical characteristics of the vegetatively reproductive red 

clover cu ltivars Gualdo and Astred after one g rowing season. (Expt 2) .... 7 1  

Table 5 . 1  The n um ber of rooted p lantlets produced by Astred red clover over 

1 59 d ays when flowers were removed or reta ined . (Expt 1 )  . . . . . . . . . . . . . . . . .. . . .  8 7  

Table 5.2 F lowers removed from parent p lants o f  Astred red clover over 1 09 

d ays. ( Expt 1 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 8  

Table 6 . 1 Persistence of parent p lants (%) over t ime u nder d ifferent g razin g  

intens it ies a nd frequencies . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . ... . . . . ... . . . . . . . . . . 1 09 

Table 6 . 2  Total seasona l  herbage accumulation (kg O M/ha) under  d iffe ren t  

g razing i nten sities and  frequencies . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . . . . . .. . . . . .  1 1 0  

Tab le 6 . 3  Rooted plantlets (number m 2) produced by Astred u nder  d iffere nt 

grazing i ntensities and frequencies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 7 

Tab le 7 . 1 Stem d iameters (mm) of Astred and  Pawera swards u nder 4 week, 6 

week and  8 week g razing frequencies a nd lax ( 1  Ocm residu al)  a n d  h a rd 

(5cm res idua l )  g razing i ntensities . ( Expt 1 )  . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .  1 4 1  



List of Tables xvi 

Table 7 .2  Percentag e  regrowth of shoot components after g razin g  in 2 yea r  o ld  

pu re sward s of  Astred and  Pawera g razed every 8 weeks to 5cm post 

g razin g  he ight .  (Expt 1 )  . .. . . ..... . ... .... . . . . . . . .. . . . ....... ..... . . . . . . ...... . .... . . . . . . . . . . ... . .. 1 42 

Table 7.3 Percentag e  regrowth of s hoot components after g razin g  in  2 yea r  o ld  

p u re swards of Astred and  Pawera g razed every 8 weeks to  10cm post 

g raz ing he ight. (Expt 1 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . ....... . .. . . . . . . . . . ..... .. .... .. . . . ... 1 42 

Tab le 7.4 The n u m ber  of ind ividua l  taproots m 2 harvested by d i g g ing o n  

2 5/3/98. (Expt 1 ) . . . . . . . .. . . ... . . . . . . .... . . . . . . ....... . . . . . .. . . . .. . .. . . . . . . ... .. . ... . . . .. . . . ........ . . . 1 43 

Tab le 7.5 Composition (OM) of Astred g razed hard or lax every 4 weeks. 

(Expt 2 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 53 

Table 7 .6  Composition (OM) o f  Astred g razed hard o r  l ax every 8 weeks. 
' 

(Expt 2 )  . . . .. . .. . . . . . . . . . . . . . . . . .... . .. . . . .. . . .. . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . . . . 1 53 

Table 8.1 Grazing  pressu re over t ime for the three experiments . . . . . . . . . . . . . . . . . . 1 72 

Table 8.2 S i lage p roduced (kg O M/ha)  over 1 02 days to 7/1 1 197 i n  Experiment 

1 and over 53 d ays to 2 1 / 1 1 /97 (Expt 2)  . . . .. .. .. . . . . . . . . . . . . . . . . . . . . . . . ..... . . . . .. ... . . .  1 76 



List of Figu res xvi i  

LIST OF FIGURES 
F igu re 2 . 1 Various forms of c lona l  structures categorised a ccord ing  to the i r  

capacity to spread and  t h e  longev ity of their connectio n .  Orig i n  of c lona l  

structure a n d  examples of species a re g iven for each of the fou r  cate gories 

(Van G roenendae l  e(al., 1 996) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

F i g u re 3 . 1 C ontr ibut ion to yield (%) for G rasslands Pawera, a crown-type 

cu lt ivar,  a n d  a spread ing  red c lover, "creeping selection" over 5 yea rs of 

contin uous  sheep g raz ing  in well-fertil ised h i l l  country pasture. Vert ica l  

ba rs rep resent s.e . m  . . . . . . . ......... . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . ... . . . . . . .... . . . . .  4 8  

F igu re 4 . 1 Pr imary stem s  p rodu ced per  parent  p lant from Ju ly to Februa ry for 

Astred a n d  F24 1 9  p lant types.  Vertica l  bars represent s .e .m .  (Expt 1 )  . .. .  6 1  

F i gu re 4 .2 F requency of rooted p l antlets produced from 1 5  parent p la nts of 

Astred and 1 5  p l ants of F 24 1 9  on stems generated from Ju ly to Febru ary. 

(Expt 1 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 

F i gure 4.3 D is tr ibut ion of Astred rooted p lant lets o n  d ifferent stem s ites 

p rodu ce d  from p rimary stems that g rew i n  August, September and  

October .  Vertica l  l i nes a re 95% confide nce i nterva ls .  (Expt 1 )  . . . . . .. . . . . . .. . .  6 7  

F i gu re 4 . 4  D istribut ion of F24 1 9  rooted p lant lets o n  d ifferent stem s ites 

p rodu ced from p rimary stems that g rew i n  July, August and September .  

Vert ical l i nes a re 95% confide n ce i ntervals .  (Expt 1 )  . . ... . . . . . ... . . . . . . . . . . . . . . . . . . .  6 8  

F i g u re 4 . 5  The d istan ce of rooted p lantlets from their  parent p lant crown (cm )  

b y  the age  of stem that rooted p lant lets g rew o n .  (Expt 1 )  . . . . . . . . . . . . . . . . . . . . . . . .  6 9  

F ig u re 5 . 1 The effect of flowers removed o n  p lant let p roduction. (Expt 1 )  . . . . . . 89 

F ig u re 5 .2  F reque n cy of  rooted p l antlets p roduced per  parent p lant  with the 

remova l and non  removal of  flowers. ( Expt 1 )  . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .  9 0  



List of Figu res xvi i i  

Figure 5 . 3  Total rooted p lantlets produced over t ime with d rylwet and wet/wet 

irr igat ion treatments. Surface of drylwet treatment watered from 314/98 

onwards.  Vertical bars represent s .e .m. (Expt 2)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  93 

Figure 5 .4  Fortn ig htly change i n  the n u m ber of rooted plantlets produced over 

time with dry/wet and  wet/wet irrigat ion treatments . Vertical b ars represent 

s.e. m .  (Expt 2)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 

Figure 6 . 1  Seasona l  herbage accumulat ion of Astred and Pawera u nder 4 

week and  6 week graz ing freq uencies to 5cm residual .  Vertical bars 

represent s .e . m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 1 2  

Figure 6.2 Pre grazing weed content (%) i n  Astred and  Pawera swards u nder 4 

week, 6 week a nd 8 week grazing frequencies and lax ( 1  Ocm resid ua l )  and  

hard (5cm res idual )  grazing  in tensit ies. Vert ical bars represent s.e.m . . . 1 1 4  

Fig ure 6.3 Pre grazing heights of Astred a n d  Pawera swards u nder 4 week, 6 

week a n d  8 week graz ing frequencies a nd lax ( 1  Ocm residua l) and h ard 

(5cm residua l )  grazing i ntens ities . Vertical b ars represent s.e.m . .. . . . . . . . . 1 1 5  

F igure 7 . 1 Pre grazing percentage  leaf i n  Astred and  Pawera swards under 4, 
6 and  8 week grazing frequencies and  lax ( 1  Ocm residual)  and  hard ( 5cm 

res idua l )  g razing in tensit ies. Vertical b ars represent s .e.m. ( Expt 1 )  . . . . .  1 39 

Figure 7 .2  Pre grazing percentage stem i n  Astred and  Pawera swards u nd er 4 ,  

6 a n d  8 week grazing frequencies and lax ( 1  Ocm residual)  and  hard (5cm 

res idua l )  grazing i ntensities . Vertical bars represent s.e.m. ( Expt 1 )  . . . . .  1 4 0  

Fig ure 7 . 3  Taproot mass per p lant (gO M/plant) o f  Astred and Pawera parent 

p lants 2 years from sowin g  u nder 4 , 6 or  8 week grazing frequency a n d  

hard o r  l a x  grazing i ntensity (5cm and  1 0cm post grazing height. 

respectively) . Vertical bars represent s .e .m .  ( Expt 1 ) . :  ..
. . . . . . . . . . . . . . . . . . . . . . . . . .  1 44 

Figure 7.4 Taproot mass per u n it area (g DM m 2) of Astred and Pawera parent 

p lants 2 years from sowing u nder 4, 6 or 8 week grazing freq uency a n d  

hard o r  lax grazing i ntens i ty (5cm a n d  1 0cm post grazing height, 

respectively) . Vertical bars represent s .e .m .  ( Expt 1 )  . . . .. . . . . . . ...... . .. . . .. . . . . .  1 44 



List of Figures xix 

F i gu re 7.5 Percentage of tagged parent p lants surviving in Astred and  Pawera 

pu re swards g razed every .six weeks between September and  M ay each 

year to 5cm residua l  sward height by sheep. Vert ical bars represent  s.e.m. 

( Expt 1 )  . ............... . . . . . . . . . . . . . . . . . . . . . . . . ... . . ... . . ........... . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .  1 45 

F i gu re 7 .6 The pre g razing percentage of p lantlets with n o  roots , p lantlets with 

ae ri a l  roots , and rooted p lantlets under  4 weeks g raz ing frequency ,  with 

ha rd and  lax g razing i ntensities (5cm and 1 0cm)(s.e . m .±2.90 , 1 .54 , 2.1 2 ,  

respectively). (Expt 2 )  . .... . . . ....... . ......... . . ........... . ....... . . . .. ... . . .. . . . . ........ . ...... 1 49 

F i gu re 7 .7 The pre g razing perce ntage of p lantlets with n o  roots , p lant lets with 

aer ia l  roots , and rooted p lantlets u nder 8 weeks g razing frequency ,  with 

ha rd and lax g razing intensities (5cm and 1 0cm)(s .e .m .± 2.90 ,  1 .54, 2.1 2 , 

respectively). ( Expt 2) . ... .. . .... . ... . ...... . . . ........ .......... .. .. . . .. .. . . . . . . .. . . .............. 1 50 

F i gu re 7. 8 The post grazing percentage of  p lantlets with no  roots, p lantlets with 

aer ia l  roots , and rooted p lantlets under 4 weeks g razing frequency , with 

ha rd a n d  lax g razing intensities (5cm and 1 Ocm)(s .e .m.±4.9 1 ,  1 .92, 4.8 1 ,  

respectively). (Expt 2) . . ..... . .. .................... . .............. . . .. .. ... . ... . . . . . .......... . . .. 1 5 1 

F ig u re 7.9 The post g razing percentage of plantlets with no  roots , p lantlets with 

aer ia l  roots , and rooted p lantlets u nder  8 weeks g razing frequency ,  with 

h a rd and  lax g razing intensities (5cm and 1 0cm)(s.e .m .±4 .9 1 , 1 .92, 4.8 1 , 

respectively) .  (Expt 2) . . . . .. . . . . . . . . ... ...... . .. .... . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . 1 52 

F ig u re 7. 1 0  Apparent accumu lated n umber of rooted p lantlets of Astred under  

4 week and  8 week g razin g  frequencies, with ha rd and  lax g razing 

i nten sities (5cm and 1 0cm post g razing heights respectively) . Vert ica l  ba rs 

represent s.e .m. (Expt 2) . . . . . . . . .. . ... . . . . . ........... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . .. . .... 1 54 

F ig u re 7. 1 1 P re and post grazing  sward heights (cm) of Astred with hard and  

l ax g raz ing  intensities every 4 o r  8 weeks. (Expt 2 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 55 

F i g u re 8. 1  Astred and Pawera parent p lant popu lat ions i n  m ixed swards over 

t ime. Vertical bars represent s.e.m . . . . . . . ... . . .. .... . . . . .. . . . . . . . . . ..... ... . .. . . . . .... . .... 1 70 

F ig u re 8.2 H erbage d ry matter accumu lat ion of Astred i n  a m ixed sward at 

Pa lmerston North. Vertical bars represent s.e.m. (Expt 2.) . . . .. . .. . ...... .. .... 1 74 



List of F igures xx 

F igu re 9 . 1  Vegetatively reproductive red clover parent p lant population 

dynamics with particu lar reference to the vegetative reprodu ctive cycle.  1 83 



List of P lates xxi 

LIST OF P LATES 

Plate 1 . 1  One month old rooted p lantlets on  "Gualdo" vegetatively reproductive 

red c lover. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

P late 3 . 1 4 year o ld F24 1 9  parent p lant i n  hard g razed h i l l  country pasture . .  , 35 

P late 4 . 1  1 8  month old Astred parent p lant 2 m  i n  d iameter. . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 

P late 4 .2  P lantlets beg inn ing to form roots . Note root nod ules . . . . . . . . . . . . . . . . . . . . . . .  63 

P late 5. 1 Establ ish ing Astred p lants i n  the rainout shelter a rea .  Note bu ried 

steel tubes that p lants are g rowing in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 

P late 5.2 Wet/wet treatment p lants being surrounded by an impermeable 

membrane . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83 

P late 5 . 3  A parent plant remain ing vegetative when flowers have been 

removed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 

P late 5 .4 Senesced reproductive stems when flower heads were not removed 

and new regrowth from the crown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 

P late 5 .5  Aerial ly rooted plantlets forming in a moist micro-climate . . . . . . . . . . . . . . . .  9 1  

P late 6. 1 Sheep g razing the experimenta l s ite at the Pasture and Crop 

Research U nit, Massey U niversity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 06 

P late 6 .2  S heep g razing a six week ,  lax g razed Astred sward . . . . . . . . . . . . . . . . . . . . . .  1 1 0 

P late 7 . 1  Lax ( 1 0cm) and hard (5cm) post g razing h eights i n  a spl it  p lot 

rep l icate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3 1 

P late 7.2 Post g razing residua l  i n  Astred , 8 weeks, hard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 36 

P late 7 . 3  Post g razing res idua l  i n  Astred , 8 weeks, lax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 36 

P late 8 . 1 Winter break g razing of Experiment 1 at  Dannevirke . . . . . . . . . . . . . . . . . . . . .  1 7 1  

P late 8.2 Post g razing residua l  afte r  Winte r  b reak g razing of Experiment 1 .  1 72 



Chapter One 1 

1.  INTRODUCTION 

Plate 1.1 One month old rooted plantlets on "Gualdo" vegetatively 

reproductive red clover. 
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Red clover ( Trifolium pratense L . )  is widely regarded as a leg ume of major 

importance in temperate agricu ltu ra l  system�Ferg us et al. , 1 960;  Taylor et al. , 

1 979 ;  Smith , 1 993 ;  Hay et al. , 1 989 ;  Frame et al. , 1 998) and is second only in 

use to wh ite clover ( Trifolium repens L.) or lucerne (Medicago sativa L.) i n  m any 

temperate reg ions (Taylor et al. , 1 995; Frame, 1 990) . The excel lent nutritive 

qua l ity (Hay et al. , 1 978, Cosgrove et al. , 1 985 ;  Ussher 1 986 ; Hay et al. , 1 989) , 

hig h yield potentia l  (Hay et al. , 1 978; Taylor et al. , 1 979 ;  Cosgrove et al. , 1 985;  

Ussher 1 986; Laid law et al. 1 988; Hickey et al. , 1 989) and d roug ht to lerance of 

red clover make it an  important component in  short term h ig h qua l ity pastu res 

for fatten ing l ivestock and where herbage is conserved as si lage or hay (Fergus 

et al. , 1 960 ;  Taylor et al. , 1 979;  Bowley et al. , 1 984; Frame et al. , 1 998) .  Red 

clover is an important component of New Zea land pasture seed m ixes , despite 

its usual  lack of persistence beyond four  years ,  and a tendency to cause b loat 

in cattle (Waghorn et al. , 1 990 ;  Bush et al. , 1 994; Essig ,  1 985) and reprod uctive 

problems in sheep , especia l ly when g razed as pure swards (Newton et al. , 

1 973 ;  Thomson , 1 975;  Shackel l  et al. , 1 984 ; Keog h et al. , 1 996;  Kramer et al., 

1 996 ;  Frame et al. , 1 998). I ts main contribution is to summer feed , particu larly 

in d ry a reas (Rumbal l ,  1 983).  

All red clover cu ltivars currently i n  use (with the exception of cv. Astred and cv. 

Gua ldo) g row from woody crowns and predominantly reprod uce from seed. 

Crowns, however, a re susceptible to over grazing (Brougham 1 959 ;  B rougham 

1 960 ;  Cosgrove et al. , 1 985; Curl l  et al. , 1 989), treading d amage (Hay et al. , 

1 989) ,  and fungal i nfection (Leath , 1 989 ;  Smith et al. , 1 985 ;  Hay et al. , 1 989; 

Skipp et al. , 1 990), particularly in Winter (Hay et al. , 1 989) , resu lt ing i n  poor 

stand pers istence (Brougham 1 959 ;  Brougham 1 960; Cosg rove et al. , 1 985; 

Curl l  et al. , 1 989 ; Sheath et al. , 1 989;  Frame 1 990).  At best, red c lover is 

regarded as a short-l ived perenn ia l  and only persists for 1 to 4 years in m ixed 

and pure swards (Brougham 1 959; Brougham 1 960 ;  Ferg us et al. , 1 960 ;  Taylor 

et al. , 1 977 ;  Rumbal l ,  1 983; Cosg rove et al. , 1 985 ;  Bowley et al. , 1 988 ;  Sheath 

et al. , 1 989 ;  Frame 1 990) .  The reasons for the inevitable decl ine in the number 
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of adu lt p lant crowns has been the focus of much research (Fergus  et al. ,  1 960; 

Taylor et al. , 1 977;  Rufelt, 1 982; Bowley et al. , 1 984 ; Cosgrove et al. , 1 985; 

Lancashire , 1 985; Smith , 1 98 1 ; Smith et al. , 1 985; Smith et al. , 1 988; Skipp et 

al. , 1 990;  Montpetit, et al., 1 99 1 ;  Taylor et al. , 1 996).  Many of these p roblems 

have been solved by conventional  breed ing methods ,  but persistence still 

remains a prob lem. 

Red clover selections do  exist that have stems which make contact with the soil 

surface and prod uce clonal p lants (termed plantlets hereafter) at stem nodes 

(see Plate 1 . 1 ) . The first such cu ltivar, Astred ,  was released in  1 992 (Smith , 

1 992) by the Department of Agriculture ,  Tasmania and has shown an 

improvement i n  persistency (Smith , 1 993;  Smith et al. , 1 993) relative to current 

cu ltivars in g razed pastu res. Research with other taprooted perenn ia l  forage 

p lants (crown type red clover, lucerne and b i rdsfoot trefoi l )  has shown that the 

freq uency and intensity of g razing affects p lant development and hence 

persistence and prod uctivity (Nelson et al. , 1 968;  Leach 1 969,  Leach 1 979;  

Volenec et al. , 1 987;  Bowley et al., 1 988).  There is l ittle information in  the 

l iterature on plant development, the dynamics of vegetative reproduct ion ,  and 

the general g rowth of vegetatively reproductive red clovers with and without 

grazing . 

Therefore, the objectives of this thesis a re to : 

i) Compare the general persistence of vegetatively reprod uctive red clovers 

with "crown" type red clovers, under d ifferent g razing conditions.  
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i i )  Gain an understand ing of the morphology of the vegetative reprod uctive 

red clover plant, and develop management recommendations on how to 

graze vegetative reprod uctive red clovers to promote the formation of 

vegetative offspring . 

i i i )  Gain an understanding of what physical condit ions promote vegetative 

reproduction in some vegetatively reproductive red clover selections.  

iv) Gain an understand ing of the genera l  performance and usefu lness of 

vegetatively reprod uctive red clovers as a forage type. 



Chapter Two 

2. LITERATURE REVI EW 

2. 1 I NTROD UCTION 

2 . 1 . 1  Defin it ion of  terms for vegetatively reproductive red clovers 

( Trifolium pratense L . )  

2 .2  H ISTORY AND PLANT PERSISTENCE 

2 .2 . 1 The history, role and importance of red clover in  N ew Zealand 

2 .2 .2  Persistency of crown type red clover 

2 .3  VEGETATIVELY REPRODUCTIVE PLANT STRATEG I ES 

2 .3 . 1 Vegetative rep lacement 

2 .3 .2 Vegetative , reproductive strateg ies 

2 .3 .3  Types of temperate perennia l  forage leg umes 

2 .3 .4  Demography of vegetatively reproductive plant popu lat ions 

2.4 C ROWN FORMED PLANTS AND VEGETATIVELY REPRODUCTIVE 

TYPES 

2 .4 . 1  Taprooted legumes compared to c lona l  p lants 

2 .4 .2 Management and persistence of vegetatively reproductive forag e  

plants 

2 . 5  CONCLUSIONS 

2 .6  REFERENCES 

5 



Chapter Two 6 

2.1 INTRODUCTION 

Red clover in  New Zealand is less important than white clover as a forage 

legu me ,  it is less adaptable and less persistent in  our  pastures because it lacks 

the two main survival devices of white clover, vigorous stolons and the ability to 

p roduce seed even under frequent grazing condit ions. The niche for current 

red clovers is, therefore , in  systems for forage conservation and in short term 

pastures (Rumball , 1 983) .  

Red clover selections do  however exist that can vegetatively reprod uce (Smith 

1 993 ;  Smith et al., 1 993) .  Only a small number of experiments have been 

conducted using this plant type (Hamilton , 1 993; Smith , 1 993 ;  Smith et al. , 

1 993 ;  Orr et al. , 1 996) mainly due to the recent availability of commercial 

cultivars (Astred i n  1 992 and Gualdo in  1 998) . 

Because of the l im ited published research specifically based on vegetatively 

rep roductive red clover and the d istinctive d ifferences between vegetatively 

reprod uctive red clover and conventional crown type red clover, this Chapter 

provides a brief overview of red clover use in New Zealand , its persistence,  

production and adaptations, but will mainly focus on  vegetative reproduct ion in  

other comparable , tap rooted and non tap rooted forage plants , their 

management for pers istence, vegetative reproductive mechan isms and 

morphology.  

Several detailed comprehensive reviews of crown type (or conventional) red 

clovers have been published ( Fergus et al., 1 960;  Taylor et al. ,  1 979 ;  Bowley et 

al., 1 984 ; Smith et al., 1 985;  Smith, 1 993 ;  Taylor et al. , 1 996; F rame et al. , 

1 998) ,  and it is not the i ntention here to review or repeat any of these reviews in  
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detai l ,  but rather to present topics pert inent to vegetatively  rep roductive red 

clovers.  

2 . 1 . 1  Defin ition of terms for vegetatively reproductive red clovers 

(Trifol ium pratense L.) 

Due to the relatively recent release of vegetatively reproductive red clovers a nd 

some confusion associated with their taxonomy and morphology ( Mi rzaie­

Nodoushan ,  1 993) , a defi n it ion of p lant parts p recedes the review of l iterature. 

Stem: An elongation of a crown bud coming from the axi l  of the cotyledons ,  at 

or  above the soi l  surface (Frame et al. , 1 998) . Stems are always aeria l  i n  early 

g rowth with some becoming pos itively g eotrophic (bend ing)  a nd rest ing on the 

soi l  surface as they mature.  Some selections have stems which act m ore l ike 

stolons (e .g .  F24 1 9) ,  but these are a lways termed stems i n  th is study. 

Plantlet: A non-elongated axi l lary growth from a stem node meristem that 

remains i n  the rosette form for several months or more. These a re classified as 

either having no roots , roots but not in the soil (aerial ly rooted) ,  or  rooted a nd 

fixed firm ly in  the soi l  ( rooted p lantlets) . Plantlets in  genera l terms could a lso 

be termed ramets (Grime et al. , 1 986) , leaf-bud p ropagu les (Cummings et al. , 

1 96 1 ) , clonal  offspri ng, and daughter p lants (Smith et al. , 1 993) .  

Parent p lant: I n  most cases the o rig inal ly sown p lant  (gen et) ( Grim e  et al. , 

1 986) , or  a plant that has been generated by vegetative means  and is one year 

or more in age and capab le of vegetative reproduction .  That is, refers to a ny 

p lant that can generate p lantlets . Each parent plant may have several c rowns.  
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2.2 HISTORY AND PLANT PERSISTENCE 

2.2. 1 The h istory, role and importa nce of red c lover i n  New Zealand 

8 

Red clover ( Trifolium pratense L.)  has been utilised i n  many d ifferent ways and 

i n  a ll types of farming systems s ince its introduct ion into New Zealand by early 

European settlers. These have ranged from over-sowing i n  bush b urn 

mixtures , b ienn ial pastures sown with I talian ryeg rass, under-sown with g ra in 

crops and used as a stu bble crop, temporary pastures of 3 to 6 years d u ration ,  

and  permanent pasture (Campbell, 1 93 1 ) . 

I n itially (pre 1 900) all strains were the early flowering ,  rapid g rowin g ,  short lived , 

ta l l ,  open ,  stemmy types,  commonly known as "cow g rass" or  N ew Zealand 

broad red clover (H i lgendorf, 1 936) . By 1 94 1  the first select ion was made from 

locally p roduced seed , certified in 1 946 , and renamed Grasslands Hamua in  

1 964 (Rumball , 1 983) .  Because of the poor persistence of th is early flowering 

type wh ich was considered almost an  annual ,  a later flowering , dense ,  p rostrate 

and slower g rowing type was i ntroduced to New Zealand from Brita in  ( Rumba ll ,  

1 983) .  In the late 1 920s a breed ing programme started with th is later flowering 

type ,  and Montgomery red clover (Grasslands Turoa) was released in 1 937 

(Rumball , 1 983) .  The use of Turoa,  and later the tetraploid G rasslands Pawera 

( 1 972), became more common in  permanent pasture m ixtu res because of their 

increased pers istency a nd d isease res istance com pared to the early flowering 

types (Rumball , 1 983) .  

The two principal reasons for legume use i n  farming  systems that do  not 

extensively apply fert i l iser n itrogen ,  are the advantages in  the q uality and  b ulk 

of feed over the Spring and Summer period , and the a bility to fix atmospheric 

n itrogen (Suckling , 1 959; Levy, 1 970; Langer, 1 973; G rant et al. , 1 978) .  F ixed 
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n itrogen is immed iately avai lable for host plant g rowth and u lt imately avai lab le 

for associated g rass g rowth (Langer, 1 973 ; Taylor, 1 985) . Reported yields 

have ranged from 9-1 8 , 000 kg OM/ha (Taylor et al. , 1 979;  Cosgrove et al. , 

1 985 ;  Ussher, 1 986 ; Laid law et al. , 1 988;  H ickey et al. , 1 989) i n  pure swards to 

1 - 1 4 ,000 kg OMha i n  m ixed swards (Hay et al. , 1 978; Frame,  1 986;  H ickey et 

al. , 1 989;  Roberts et al. , 1 990) .  

Legumes contain low ratios of solub le carbohydrates to protein  (Aman et al. , 

1 983) ,  60-80% digestib le d ry matter (Taylor, 1 985) , and h ig her  levels of p rotein 

and minerals than g rasses (M i l ler ,  1 984) and , as a resu lt, an imal  g rowth rates 

a re h igh ( 1 966 ; Gibb et al. ,  1 976; Day et al. , 1 978; Thom as et al. ,  1 98 1 ; H u nt et  

al. , 1 990;  F isher et al. , 1 99 1 ; Niezen et al. , 1 991 ; Barry et al. ,  1 993 ;  N iezen et  

a/. 1 993) .  Swards with red and wh ite clovers do ,  however, p romote b loat ing in  

catt le and  sheep (Waghorn et al. , 1 990; Bush et al. ,  1 994; Essig , 1 985) . Red 

clovers of h igh formononetin content can a lso affect the reproductive 

performance of ovu lating  sheep and cattle if in h igh  proport ions of a m ixed 

sward or when g razed as a pure sward (Newton et aI. , 1 973;  Thomso n ,  1 975; 

Shackel l  et al. , 1 984; Keogh et al. , 1 996; Kramer et al. , 1 996; Frame et al. , 

1 998) .  

2 .2 .2 Pers istency of crown type red c lover 

There has been no evidence to suggest that the early importations of red clover 

(main ly from Brita in)  have g radual ly evolved or adapted i nto local ecotypes, 

even though our pastures in New Zealand a re of much longer d u ration than 

those of Europe (Rumbal l ,  1 983) .  No New Zealand l iterature reports 

vegetatively reproductive ecotypes being fou nd in  New Zea land from th is early 

i ntroduced materia l .  
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The lack of persistence of red clover ( Trifolium pratense L. )  is  a m ajor l imitation 

to the acceptance of this forage by farmers (Cosgrove et al. , 1 985; Lancash i re 

1 985 ;  Bowley et al. , 1 988; F rame et al. , 1 998). While it is the second most 

commonly sown legume in New Zealand , its content is generally low i n  

permanent m ixed pasture swards after 2 to 3 years ( Lancash i re ,  1 985) .  I t  

generally reaches maximum prod uction in  its fi rst or  second season from 

sowing and then declines thereafter (Langer, 1 973; Smith et al. , 1 985; F rame et 

al. , 1 998) .  Persistence is severely l imited in  areas of less than 500-800 mm 

annual ra i nfall (Greenwood et al. , 1 982; Gramshaw et al. , 1 989; S heath et al. , 

1 989) .  The loss of p roduction is from the death of plants which has been 

attr ibuted to d isease, primarily crown (Selerotinia trifoliorum) a nd root rots 

(Fusarium and Rhizoctonia spp.)  ( Fulton et al. , 1 959 ;  Leath , 1 989 ;  Smith et al. , 

1 985 ;  Hay et al. ,  1 989;  Skipp et al. , 1 990) , i nsect attack (Stem eelworm, 

Nematodes,  slugs, pea aphid , g rass g rub ,  porina and the lesser clover leaf 

weevil) (Graham et al. , 1 959; Leath , 1 985; Smith et al. , 1 985; Watson et al. , 

1 989; Via,  1 99 1 ;  Barratt et al. , 1 992) and i nternal breakdown , a physiolog ical 

d isorder degrading the centre of the taproot and crown area (Graham et al. , 

1 960; Newton et al. , 1 960; Cressman, 1 967). 

As plant numbers in the sward decrease , compensatory levels of p roduction per 

plant  have been measured for short periods of time (Frame et al. , 1 998) ,  sim ilar 

to that of lucerne before these plants deteriorate and d ie  (Pulli ,  1 980) . For th is 

reason , production loss can appear to happen in  a very short t ime period , when 

it has been occurring over a much longer period of stress. 

F requent and hard g razing can also p romote the death of larg e  numbers of 

plants from depletion of carbohyd rate reserves i n  the taproot ( Bowley et al. , 

1 984; H ay, 1 985; Curll et al. , 1 989; Hay et al. , 1 989) .  G razing when soil 

moisture levels a re h ig h ,  particularly i n  late Autum n ,  Winter and early Spri ng ,  

can cause plant death by burial and treading damage to crowns, allowin g  crown 

rott ing micro-organ isms to enter (Hay, 1 985; Hay et al. , 1 989) . 
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2.3 VEGETATIVELY REPRODUCTIVE PLANT STRATEGIES 

2.3.1 Vegetative replacement 

I t  was previously suggested (Rumbal l ,  1 983) that there was l ittle prospect of 

breed ing red clovers with sto lons as a way of improving persistence as th is 

wou ld offset the h igh  levels of production for which red clovers were main ly 

g rown . This assumption wou ld be true if p lant types were very p rostrate and 

partitioned a h igh proportion of  g rowth to stolon o r  root production . Erect and  

open plant types a re considered necessary to  achieve h igh  product ion levels 

and  a re considered. more su itable to the lax g razing systems of da i ry farms 

(Rumbal l ,  1 983 ;  Curl !  et al. , 1 989;  Smith , 1 993) .  

The two main  mechan isms p lants use to ensure the i r  genes are passed on  to 

future generations (and so their form of p lant persists in that envi ronment) a re 

sexual  reproduction (flowering) and asexual  reprod uction (clon ing o r  vegetative 

rep lacement) (Sarukhan ,  1 974 ; Jones et al. , 1 989) .  I n  a natura l ,  infrequently 

g razed environment the majority of red c lover types rely on sexual reproduction 

(Ferg us et al. , 1 960 ;  Frame et al. , 1 998) and hence the p roduction of la rge 

quantities of  seed , some of which is hard seed that w i l l  stay dormant for many 
�# 

years ( 80wley et al. , 1 984; Puri et al. , 1 984 ; Frame et al. , 1 998) .  In a g razed 

situation p lants either never g et a chance to mature and flower because of 

g razing freq uency and g razing intensity (Cur l l  et al. , 1 989;  Hay et al. , 1 989 ;  

Taylor et al. , 1 996) , or a re managed so they a re kept in  the vegetative state to 

maintain herbage qua l ity (F rame et al. , 1 998) .  Sexual  reprodu ction is 

unsu itable as a means for currently ava i lab le cultivars to maintain persistency in  

g razed swards. Very prostrate , low d ry matter p roducing selections of red 

clover may be ab le to mainta in populations though sexual reprodu ction (Smith , 

1 993) ,  but th is plant type is not widely used at present. 
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One concept to consider is whether  plants can be g rouped a s  having either an 

open or c losed reproductive systems. Development of red clover p lant types 

that could p roduce stems which g row rooted p lantlets at stem nodes (as found 

by Smith et al., 1 993) would change red clover from a closed to an  open p lant 

system. The advantage of an  open system is the possib i l ity of pare nt p lant 

replacement by cloned offspring , rather than the specified l ife cycle (or 

expectancy) of a c losed system g uaranteeing the decl ine of the parent p lant 

popu lation ,  un less there is recru itment from seed (Taylor et al. , 1 996) . 

Vegetative rep lacement by cloning of the parent p lant offers a feasib le solution 

to the persistency problems of red clover (Smith , 1 993 ;  Taylor  et al. , 1 996) . 

2.3.2 Vegetative, reproductive strategies 

Some species (e . g .  Rubus spp. )  rely equa l ly on  both seed and  vegetative 

reproduction to ma inta in  or increase their population s ize (Sarukhan ,  1 974), 

whereas others depend almost exclusively on vegetative reproduction (e .g .  

Pteridium spp . ) .  The type of vegetative, reproductive structures i nvolved (stem, 

rhizome, tuber, bulb or bud) affect the vegetative, reproductive strategy of the 

plant type (Van Groenendael et al., 1 996) . 
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Figure 2 . 1  Various forms of clonal structures categorised accord ing to 

their  capacity to s pread and the longevity of their connection.  Origin 

of c lonal  structure and examples of s pecies are g iven for each of the 

four  categories (Van G roenendael et a l . ,  1 996) 

The modes of vegetative reproduction a re many (see F igure 2 . 1 ) , but the red 

clover p lants with in  this study pr imari ly fal l  i nto one of two categories: 

• p lants w ith short l ived , above g round stems (cu ltivars Astred and Gua ldo)  

• long l ived , above g round creeping stems, b ut sti l l  with a central tap root 

(F241 9) .  
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Because there is n o  publ ished information o n  the vegetative reprod uctive hab it 

of Astred , Gualdo or F24 1 9 ,  or any vegetatively reproductive red clover 

selection ,  a brief description of the reproductive mechanisms of Ranunculus 

repens, Fragaria vesca and Rubus fruticosus is useful to review l ikely 

mechanisms. For exam ple: 

• With Ranunculus repens, there is l ittle inter-dependence of the daughter 

p lants a long stolons when they are being produced (Ginzo, 1 970) and the 

connecting stolons decay rapidly (within a month ) ,  p rovid ing fu l l  

i ndependence to the establ ished daughter p lants. Stolons a re p rod u ced 

from the end of May (Northern Hemisphere) with the h ighest number 

observed by mid-J uly and very few after. The physical l i nk  between the 

rooted nodes beg ins to b reak down from J uly onwards ,  with most new 

ramets fu l ly independent before the end of September (Sarukhan ,  1 974) . 

• Strawberry (Fragaria vesca) p lant regeneration is main ly from long ,  above 

g round stolons which a l low ram ification over large a reas. Vigorous clonal 

spread is frequently observed , but the production of above g round , p lantlet 

producing stolons a re h igh ly seasonal .  Turnover of the rosettes (parent 

p lants) is relatively slow (Angevine,  1 983) ,  and p lantlets detached as  a 

resu lt of d istu rbance may also play a role i n  the spread of the species 

(Grime et al. , 1 986). 

• During short d ays i n  Autumn,  Rubus fruticosus (blackberry) stem ap ices 

become positively geotrophic (bend to the g round) where they make contact 

with the soi l  and  p roduce roots and a resting bud , which later becomes 

active in the early Spring as the connection from the parent p lant 

degenerates. Seed li ngs appear to be more vu lnerab le to competition from 

estab lished p lants than new vegetatively produced offspring (Amor et al. , 

1 980) .  
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2.3.3  Types of tem perate perennial  forage legumes 

Tem perate perennial forage legumes can be classified i nto four  m ajor classes , 

woody subshrubs ,  taprooted herbs, rh izomatous herbs and stolon iferous herbs 

( Forde ,  et al. , 1 989) ,  and perhaps i nto three g roups with respect to their 

vegetative reproductive strateg ies which range from "barely clon al a nd fully, 

sexually reprod uctive" to "fully clonal". These are:  

• Those plants that form a deep taproot system and woody crown , and in  

some instances support g rowth by the d evelopment of adventitious roots 

from the crown as the taproot degenerates . The main  mechan ism of 

reproduction is by seed. This g roup includes most of the major  temperate 

forages, lucerne (Medicago sativa L . ) ,  red clover ( Trifolium pratense L . )  and 

b i rdsfoot trefoil (Lotus comiculatus L.) .  

• Plants that perennate and spread by the formation of rh izomes ( nodal rooting 

stems) , which then degenerate the connection from the parent o r  from 

adventit ious shoots arising from the root system ,  all i n  add it ion to a n  i n it ial, 

sometimes taprooted crown . These include zigzag clover ( Trifolium medium 

L . ) ,  lotus (Lotus pedunculatus) , creeping lucerne (Medicago sativa L . ) ,  red 

clover ( Trifolium pratense L . )  "Astred" ,  ( Trifolium polymorphum) ,  and crown 

vetch ( Coronilia varia L. ) .  All also reproduce from seed to some extent. 

• Plants that perennate by forming clonal patches of rooted stolons wh ich can 

pers ist after the orig inal plant has d ied . I n  some instances the stolon g rows 

from one end and d ies at the other, su rviving  only from nodal roots, but  some 

plant species form small tap-like roots . This g roup includes plants such as 

white clover ( Trifolium repens L.) and strawberry clover ( Trifolium fragiferum) 

which a lso reproduce from seed . 
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Bare ly c lona l  red clovers rely on the production of adventit ious roots from the 

cotyledonal  area of the crown (Montpetit, et al. , 1 99 1 ) . This p rocess shou ld not 

be confused with that of vegetatively reproductive red clovers that form new 

offspring (p lantlets) at stem nodes. As the p lant ages, the deterio ration of the 

taproot beg ins by i nternal  breakdown (Graham et al. , 1 960 ;  Newton et al. , 

1 960 ;  Cressman ,  1 967;  Spedding et al. , 1 972;  M ontpetit et al. , 1 99 1 ) , even 

without the presence of pathogens and g razing (Taylor  et al. , 1 996) . Later,  

saprophytic or weakly pathogen ic organ isms i nvade these taproots and u n less 

adventit ious roots a re strongly developed , which is not usual ly the case in sown 

stands (Taylor et al. , 1 996) , p lant death occurs.  The surviving p lants may 

produce several new "pseudo crowns" a round the d is integrated taproot by yea r  

three or four  (Terekhova , 1 956).  Crop persistence in  4 year old swa rd s  was 

associated with adventitious rooting types of red clover p lants when assessed 

by measuring the levels of Spri ng vigour (Montpetit et al. , 1 99 1 ) . 

2.3.4 Demography of vegetatively reproductive plant populations 

The vegetative spread of a species with in its commun ity has many 

genecological impl ications (Harberd , 1 957) , with a s ing le genet (orig ina l ly one 

seed l ing) possib ly extend ing its ramets (or plantlets in  vegetatively reproductive 

red clovers) over a considerab le area . Perenn ia l  species which have the ab i l ity 

to both spread vegetatively and regenerate from seed , often shift away from 

reproduct ion by seed under certai n  management p ractices, such as contin ua l  

mowing or frequent g razing (Grime et  al. , 1 986).  

The most consistent feature i n  plants wh ich possess regenerative , vegetative 

expansion mechanisms, such as stolons, suckers or persistent rhizomes, is the 

relatively low risk of mortal ity to the offspring (Sarukhan et al. , 1 97 3 ;  Cal lag han ,  

1 984). This is  ach ieved through a pro longed attachment to  the  pare nt p lant 
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and the mobi l isation of resources from parent to offspring (Grime et al. , 1 986 ; 

H utchings et al. , 1 986).  In genera l ,  newly p rod uced daughter ramets a re strong 

sinks for assimi lates (Hutchings et al. , 1 986) .  There is  a d efin ite competitive 

advantage in h igh d istu rbance environments ( Kl imes et al. , 1 997) ,  (e . g .  g razing) 

where the parent p lants capacity to sustain clonal ramets often enab les them to 

out-compete and have a h igher p robabi l ity of survival (Sarukhan et al. , 1 973;  

Cal laghan ,  1 984) than offspring which have estab lished from an i ndependent 

propagu le (seed) ,  which is a lengthy and hazardous process. Once the 

connection from the parent p lant decl ines, risk of morta lity to the ramet 

i ncreases (Sarukhan et al. , 1 973;  Cal laghan ,  1 984) .  However, ramets from 

many clonal  perenn ia l  species exhibit a constant mortality risk through t ime, 

whereas seed l ings d isplay a d ecli n i ng mortal ity risk as they age,  especia l ly over 

the first few weeks of l ife (Harper, 1 977; Sarukhan et al. , 1 973) .  

However, vegetative offspring a re sti l l  comparatively smal l  compared to 

establ ished parents, and a re therefore often exposed to more severe and 

d ifferent hazards than those experienced by estab lished p lants (Grime et  al. , 

1 986).  Successfu l regeneration in  many species d epends on the exploitatio n  of 

loca l ly favou rable sites (Wi l l iams et al. , 1 965, Grubb ,  1 977) . Vegetative 

seasonal  regeneration , as with vegetatively reprod uctive red clovers is a 

mechanism of gap exploitation , and survival is usual ly l im ited to those 

individuals wh ich occur in gaps.  Successive regeneration over t ime d epends 

on the creation of su itab le gaps with in  the sward each year (Grime et al. , 1 986) 

at the time when seasonal  vegetative reproduction takes p lace.  Clonal  

rep roduction a lso a l lows the long-term occupation of a s ite which is  assumed to 

be an  advantage when resources a re scarce and need to be monopol ised (de 

Kroon et al. , 1 990) .  

When th is vegetatively reproductive mechan ism is present in a population , the 

dynamics of the popu lation can be very d ifferent to that when sexual 

reproduction is the on ly means of parent p lant replacement. The fluctuations in 
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net popu lation density of Ranunculus repens i n  grazed swards were smal l  when 

compared with the numbers of p lants wh ich were recruited (as p lantlets) a nd 

lost from the popu lation (Sarukhan et  al. , 1 973) ,  even though vegetative 

reproduction was seasonal .  There was a sequence of ga in-dominated and 

loss-dominated periods during the h istory of the populations b ut after two years 

the percentage survivorsh ip of plants compared to the orig ina l  populat ion was 

constant. 
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2.4 CROWN FORMED PLANTS AND VEGETATIVEL Y REPRODUCTIVE 

TYPES 

2.4. 1 Taprooted legumes compared to clonal plants 

The main advantage tap root forming legumes such as Medicago sativa, M. 

fa Icata, Trifolium hybridum, Hedysarum coronarium, Onobrychis viciifo/ia, 

Trifolium pratense, and Lotus coniculatus have over hig hly clonal plants (clone­

formers) such as Trifolium repens, T. burchellianum, T. africanum, T. 
semipilosum, T. fragiferum, and Lotus pedunculatus, is the taproot structure 

itself. It acts as qn u nderg round storage organ for water, starch ,  soluble 

carbohyd rate , and p rotein (80wley et al. , 1 984; Smith et al. , 1 985;  Taylor et al. , 

1 996), and can access moisture at g reat depth i n  d ry periods (an  exceptional 

39m for Medicago sativa , but more normally 2-4m,  Angeli n i  1 979) ,  confe rr ing 

d iffer ing degrees of d rought tolerance. In many cases the g rowin g  points a rise 

from the cotyledons at o r  below the soil surface (Forde et al. , 1 989) , and a re 

protected from g razing ( Fergus et al. , 1 960;  Thomas, 1 980) or  othe r  above 

g round hazards (e. g .  fi re) to some extent. Adventitious roots a re often formed 

from the cotyledonalltaproot a rea , and can form the majo r  a rea of the root 

system as the plant ages (Ferg us et al. , 1 960 ;  Spedd i ng et al. , 1 972; Forde et 

al. , 1 989 ;  Montpetit et al. , 1 99 1 ) .  

Pers istence of the orig inal plant (genet) i s  achieved most successfully b y  d eep 

taprooted crown-fo rmers which monopolise environmental resources in their  

surround ing neighbourhood with their long lived structures (Snaydon ,  1 985) . 

The taproot also p rovides g ood regrowth capabilities after g razing (Evans, 

1 973 ;  Bowley et al. ,  1 984; Taylor et al. ,  1 996) , and a h igh  degree of cold 

tolerance in some species ( Bula et al. , 1 954; Therrian et al. , 1 960 ;  B owley et 

al. , 1 984) . These taprooted crown-formers a re however "spot bound" and only 
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i ncrease i n  s ize s lowly by peripheral g rowth ( Ford e  et a/. , 1 989) which severely 

l imits their ab i l ity to inhab it new sites by vegetative means ,  via the prod uction of 

new independent p lants (ramets or p lantlets in vegetatively reproductive red 

clovers case) .  Having both a taproot and the ab i l ity to spread by the p roduction 

of ramets a l lows some tap rooted species to spread vegetatively, for example ,  

some selections of vegetatively reproductive red clovers ,  creeping lucerne, 

Lotus comiculatus and L. peduncu/atus. Breeding i n itiatives w ith Trifolium 

repens for true taprootedness has been in  p rogress for these very reasons 

(Caradus et a/. , 1 989) .  

2.4.2 Management and persistence of vegetatively reproductive forage 

p lants 

The management of other species of perennia l  forage leg umes and pastures 

must relate to the g rowth characteristics of the ind ivid ual  species concerned , 

which ind i rectly a lso governs their pers isten ce, p roduction and su itab i l ity for 

cutt ing or g razing (Haynes, 1 980; Marten ,  1 985) . As the establ ishment of new 

plants from seed occurs infreq uently i n  stab le ,  mature swards ,  mechanisms of 

perennation via vegetative reproduction a re of g reat importance under s uch 

cond itions (Snaydon ,  1 985) .  

Conventional  crown type forage legumes (e .g .  Trifolium pratense L . ,  Medicago 

sativa L . )  a lmost a lways rely on the persistence of the orig ina l ly estab l ished 

plants (Jones et aI. , 1 989) . Grazing or  cutt ing management of l ucerne cannot 

prevent the i nevitab le decl ine in  p lant density ,  b ut can improve pers istence 

(Leach, 1 978) . Forage plants that can recruit by vegetative means need to be 

managed so that asexual recruitment is maximised by t imely defo l iat ion at 

control led i ntensity . 
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Grasslands Maku lotus (Lotus peduncu/atus) i n itiates horizontal stems from an 

underg round rootstock comprising a crown and taproot ( MacDonald , 1 946) .  

These stems are predominantly underground , and for this reason a re genera l ly 

referred to as rhizomes (Barnard ,  1 969 ;  Levy, 1 970) .  However, such g rowth 

can a lso occur above g round , particu larly with in  dense vegetat io n ,  and  

therefore these stems are sometimes referred to  as stolons (Clapham et  al. , 

1 962;  Barnard ,  1 969 ;  Healy, 1 976) and runners ( MacDonald , 1 946) .  Axi l la ry 

shoot g rowth can occur at above g round nodal positions (Sheath , 1 980a) on  

these stems wh ich a lso produce roots (termed secondary crown and taproot) 

(Sheath , 1 980a) , and a structure s imi lar to that of a p lantlet found  in  

vegetatively reproductive Trifolium pratense selections.  H owever, m ost of 

these secondary crown structures i n itiate from a true rhizome (und erground 

stem) and therefore cannot be d i rectly compared to the p lantlets of vegetatively 

reproductive Trifolium pratense selections. 

Persistence of Lotus pedunculatus i s  d i rectly associated with rhizome g rowth 

and  spread (F rame et al. , 1 998) wh ich peaks in Summer and  Autumn u n der 

New Zealand cond it ions (Sheath , 1 980a) . Defol iation in mid-Summer reduces 

rhizome volume in Autumn (Sheath ,  1 980a; Sheath, 1 980b) whi le d efo l iat ion 

d u ring early Autum n  a lmost e l iminates rhizome g rowth (Wedderburn et al., 

1 985) .  When the stand density of Lotus pedunculatus is sparse, avo idance of 

g razing du ring late Summer and Autumn enab les a better plant density to 

develop ( Frame et al. , 1 998).  

Effective management of creeping lucerne requ i res maintenance of root 

reserves. Creeping lucerne vegetatively reproduces by producing adventitious 

shoots from latera l roots below g round (Murray, 1 957) ,  wh ich enab les 

persistence and competition with other species in the sward (Heinrichs ,  1 954; 

C lark ,  1 960) . Physiolog ical i nvestigations with cv. Rambler (Daday,  1 962) 

showed short day length and low temperatures were both needed for the 

expression of the creeping habit .  With in popu lat ions of creeping-rooted 
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selections , not a l l  p lants expressed the creeping habit (Bray, 1 97 0; Busbice et 

al. , 1 969; Oaday, 1 962; Oaday, 1 968) ,  however those that d id had much h ig her 

survival rates under close g razing than al l  conventiona l  control  cu ltivars and 

non-creeping p lants of the same selection (Oaday, 1 968) , with no a pparent 

association found between palatab i l ity preference and cultivar persistence. 

Another selection , cv. Alfagraze , selected for its g razing tolerance , better 

mainta ined its plant popu lat ion at h igh forage a l lowances under continuous 

stocking by mainta in ing high levels of total non-structural  carbohydrates and 

producing many stems and crown buds (Brummer et al. , 1 99 1 ; Brummer et al. , 

1 992 ;  Bates et  al. , 1 996) . 
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2.5 CONCLUSIONS 

Red clover has been wide ly used in  New Zealand due to its n itroge n  fixing 

ab i l ity, h ig h  yield , excel lent nutritive va lue and adaptab i l ity to d ifferent soi l  types, 

but its persistence past 2, 3 or 4 years in  mixed or pure swards continues to be 

a problem in many farming systems, eve n  with the later flowering types such as 

G rasslands Pawera . Research on other vegetatively reproductive forages 

suggests those species with taproots and  vegetatively reproductive 

mechanisms a re persistent, but not as productive as those without the means 

to vegetatively reproduce. Very l itt le information is ava ilab le on vegetatively 

reproductive red clover, its g rowth , production in New Zea land ,  or  its 

vegetatively reproductive mechan ism.  Red clover selections that can 

vegetatively reproduce would change red clover to an  open system of 

reproduction ,  so that it can rep lace ageing parent p lants and poss ib ly m aintai n  

a stable parent plant population .  

Some red clover selections capable of th is open reproduction or vegetative 

reproductive mechan ism are the focus of the resea rch in this thes is ,  which wi l l  

examine the g rowth , production ,  persistence ,  and vegetative, reproductive 

aspects of this plant type .  
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3.1 ABSTRACT 

Red clover ( Trifolium pratense L . )  can p rovide h igh q ua l ity Summer feed but 

has decl ined in popularity due to its poor persistency in temperate g razing 

systems. From 1 99 1  to 1 996 the incidence of noda l  rooting of prostrate 

selections of red clover was q uantified and the survival of the resu lt ing rooted 

p lantlets was tracked over t ime, under g razing conditions.  Three field 

experiments were conducted using Astred , G rasslands Pawera , F24 1 9  and 

G rasslands Turoa selections of red clover. The main experiment comprised 

three harvests (p lants and rooted p lantlets dug up) of three red c lover 

selections, in a randomised complete b lock des ign with no g razing .  The 

subsid iary rooted p li:mtlet survival experiment fol lowed the l ife and death of 1 60 

rooted p lantlets from the three selections under rotational  g razing to 5 cm,  over 

a period of 48 weeks. The n umbers of rooted p lantlets produced per parent 

plant of each selection , were 37 , 1 6  and 5 for Astred , F24 1 9  and Turoa, 

respectively (P<0 .00 1 ) .  Astred produced s ign ificantly larger rooted p lantlets 

(P<0 .00 1 , mean = 1 30 .6  g/OM/plantlet) over seven months compared to F24 1 9 

and Turoa (means = 3 1 .5  and 1 0  g OM/plantlet, respectively) . At week 48 

rooted p lantlet survival ranged from 84% (Astred) to 27% (Turoa) (P<0 .00 1 ) . 

The experiment at Bal lantrae consisted of oversowing 20 kg/ha of two clover 

selections (Pawera , creeping selection) i nto sprayed pasture in  1 99 1 . P lant 

density , pasture composition and herbage accumulation was measured u nti l  

1 995 with al l  treatments continuously stocked at 1 6  ewes/ha .  Pawera 

contributed on ly 1 . 1 % to herbage accumulation d u ring the second year when 

oversown on h i l l  country and d isappeared from the sward soon after. 



Chapter Three 37 

On average ,  the creeping selection made up 3 .2% of the total sward herbage 

accumulation from year 2 to year 5 .  It was concluded that the spread ing red 

clovers represented by Astred and F24 1 9  selections h ave the potential to be 

more pers istent than crown red clovers u nder g razing .  

Key words :  Astred , creeping,  nodal rooting , rooted p lantlet, spreading red clover, 

Trifolium pratense 
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3.2 INTRODUCTION 

Red clover ( Trifolium pratense L . )  is one of the least persistent clovers in 

temperate pastures, particularly where grazing pressure is high (Cosgrove et al. , 

1 985) , yet it is a valuable source of h igh qual ity Summer feed i n  some farming 

systems. All red clover cultivars used in  New Zealand grow from crowns a nd 

p redominantly reproduce from seed . The crowns are susceptib le to treading 

damage and fungal infection, particu larly in Winter, resulting i n  poor persistence 

(Hay et al. , 1 989). Pure stands of red clover usual ly only persist 3 to 4 years. 

Red clover selections exist that have prostrate stems that produce clonal  p lants 

at nodes which may improve persistency in grazed pastures. This red clover type 

is termed spread ing in th is chapter. A cultivar of a vegetatively spreading red 

clover, Astred , was more persistent than cultivars G rasslands Turoa ,  Grasslands 

Hamua and Redwest when g razed with sheep over a three year period in 

Tasmania (Smith et al. , 1 993).  Nevertheless, the perennation and productivity of 

spreading red clovers requ i res further evaluation to determine their potentia l  in 

New Zea land farming systems, and to develop appropriate management 

strategies. 

The objectives of this research were to quantify the incidence of nodal rooting of 

p rostrate selections of red clover (creeping and spreading ) ,  and to track the 

surv ival of the resu lting rooted plantlets over time, under g razing cond itions in  

New Zealand . 
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3.3 MATERIALS AND M ETHODS 

Three field experiments were conducted using selections of red clover, cv. 

Astred, cv. Grasslands Turoa and F24 1 9  (breeding materia l  from AgResearch 

Grasslands). All three red clover selections have a prostrate g rowth h abit and 

a re known to produce plantlets. Experiments on morphological development a nd 

rooted plantlet survival were u ndertaken on the Pasture and C rop Research U nit, 

Massey U niversity, Palmerston North , New Zealand ( latitude 40023'S) from M ay 

1 995 to May 1 996. The soi l type was a Tokomaru si lt loam, with pH 5 .7  and 

Olsen P 1 7  Jjg/g soi l .  The a rea has an  annual  rainfa l l  of 995 mm ( 1 0  year 

average) and mean annual soil temperature at 1 00 mm of 1 2 . 8°C ( 1 0  year 

average). The long-term persistency tria l  was conducted at Bal lantrae Hi l l  

Country Research Station ,  20 km North west of Palmerston North on a 5° west­

facing slope, from May 1 99 1  to May 1 996. The soi l type of this site was a 

Ngamoka si lt loam soi l type, pH 5 .5  and an Olsen P of 1 8  Jjg/g soi l .  

3.3.1 Morphological experiment 

The experiment comprised three red clover selections x three harvests in  factorial 

combination using a randomised complete block design with ten repl icates. 

B locks were 7 m x 5 m. Seed l ings were randomly planted out with in b locks in  

September 1 994 and g razed four  times to 1 0  cm over the Spring/Summer period 

by mature ewes. No g razing took p lace after February 1 995. Pare nt p lants and 

their surrounding rooted plantlets were dug up when the parent p lants were 9, 1 3  

and 1 6  months of age from sowing (Autumn,  late Winter and Summer 

respectively) and washed by hand.  Weeds and white clover between plants were 

controlled with Buster (200 g/l of g lufosinate-ammon ium as a water solub le 

concentrate), appl ied using a weed wiper at three parts water/one part herbicide. 
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Rooted p lantlets per parent plant ,  rooted plantlet weight, rooted plantlet root 

weight, rooted nodes per parent plant ,  nodal root weight, and parent plant weight 

( leaf, stem ,  taproot weight) were measured . All samples were oven-dried at 80°C 

for d ry mass. 

3.3.2 Tagged plantlets 

This experiment consisted of three selections of red clover compared using a 

completely randomised design .  Seed lings were planted in  September 1 994. 

Parent p lants were grazed by mature ewes four  times to 1 0  cm over the 

Spring/Summer period of 1 994 and then down to 5 cm in M ay, October, 

December, February and May 1 995 to 1 996 respectively . Fourteen parent p lants 

from each selection (Astred , F24 1 9 , Turoa) were randomly chosen and their 

rooted plantlets tagged with sheep ear tags on wire pegs .  Sixty-nine Astred , 48 

F24 1 9 and 43 Turoa rooted plantlets were tagged , and rooted p lantlet survival 

was recorded in May, September, December, February and May. Total 

experimental a rea was 1 4  m x 1 0  m .  

3.3.3 Long term pers istency trial  

There were three treatments (creeping selection ,  Grasslands Pawera ,  u ntreated 

resident pasture) in a randomised complete block design with fou r  repl icates. 

Plots were 2 m x 2 m. Red clover treatments were sprayed with 2 I Roundup 

(36% g lyphosate) in  300 I water per ha on 2/5/91 ,  and were either oversown with 

20 kg/ha of Pawera or a spreading red clover selection including F24 1 9  

(hereafter termed the creeping selection) .  Germination (standard test) was 

approximately 90%. The experimental area was cont inuously stocked with 1 6  

ewes/ha .  
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Red clover seed l ing density was measured at 37, 72,  and 98 d ays after sowing .  

Herbage accumulation was measured with a cut-and-trim techn ique using 0 .5  m2 

exclosure cages between 27/8/91 and 22/2/96. Pasture in the cage was cut to 

approximately 2 cm i n  height, six times per year, at an  average mass of 2800 kg 

OM/ha above cutting height. Cages were moved after each cut. Botanical 

composition was determined from subsamples dissected into red clover, white 

clover and other species. 
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3.4 RESULTS 

3.4. 1 Morphological experiment 

Tota l parent p lant weight at harvest 1 ( 1 5/5/95) was not sign ificantly d iffe rent 

among the three selections, with means of 1 99 .4 ,  1 48 .5 , 233 .9  g D M/parent p lant 

(s .e .m.  ± 38.5) for Astred , F24 1 9  and Turoa respectively. There were no 

sign ificant d ifferences between selections in  the ratio of stem (stolon) to total 

parent plant weight (Astred 56:44 ,  F241 9 65:35,  and Turoa 63 :37) .  

Table 3 . 1 shows the degree of rooting at the stem nodes for the three d ifferent 

selections and whether a rooted plantlet was produced a bove these nodal roots, 

over time. There was a significant d ifference (P<0. 001 ) i n  the number of rooted 

plantlets produced by each selection ,  the overal l  means being 37 , 1 6  and 5 for 

Astred , F24 1 9  and Turoa, respectively. Rooted nodes per parent p lant included 

rooted p lantlets and roots from nodes with no shoots above. Astred p roduced 

sign ificantly more (P<0 . 001 ) rooted nodes than the other two selections. 

Sign ificantly more rooted nodes (P<0.00 1 )  were p resent at the 1 5/5/95 harvest, 

(mean = 6 1 )  than at any other time . 

Astred p roduced s ign ificantly larger rooted p lantlets ove r  the assessment period 

of seven months when compared to the other two selections (P<0 .00 1 , means 

of 1 30 .6 ,  3 1 . 5  and 1 0  gDM/plantlet for Astred , F24 1 9, Turoa , respectively) (see 

Tab le 3 .2) .  Astred p lantlets were s ignificantly larger  (P< 0 .00 1 )  than F24 1 9  and 

Turoa.  There were no d ifferences i n  the shoot root ratio across the three 

selections, but there was a s ign ificant d ifference (P<0 .00 1 )  over the harvest 

times with means of 1 2 .2 : 1 ,  8 . 7 : 1 ,  5 .2 : 1  for Summer, Autum n  and Winter 

respectively (see Table 3 .2) . 
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Table 3.1 The number of rooted plantlets and rooted nodes per parent plant 

at each harvest from 15/5/95 to 11/12/95. 

Rooted plantlets per parent plant Rooted nodes per parent plant 

Harvests: May Sept Dec May Sept Dec 

Astred 43 25  42 1 07 36 42 

F24 1 9  1 6  1 4  1 6  25 40  37 

Turoa 5 5 6 50 53 22 

s .e .m. 5. 1 1 1 . 5  



Chapter Three 44 

Table 3.2 Total rooted plantlet mass (9) and rooted plantlet shoot:root ratio. 

Total rooted plantlet mass (g) Rooted plantlet shootroot ratio 

Harvests May Sept Dec May Sept Dec 

Astred 1 5 .9  28 .0  348.0 5 .8 : 1 4 .6 : 1 1 2.4: 1 

F24 1 9  6 .8  1 0.3  77.4 9 .5 : 1  6 . 9: 1 1 4.0 : 1 

Turoa 1 .6 2 .3  26.2 1 0.8 : 1  4 .0 : 1  1 0.2: 1 

s .e .m.  29.4 1 . 8  
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3.4.2 Tagged rooted plantlets 

Table 3 .3  shows the percentage of the orig inal ly tagged rooted p lantlets of the 

three red clover selections surviving at each assessment ,  under rotational  

g razing . At week 1 5  there were no significant d ifferences across selections, but 

by week 27 and 37 significantly more Astred rooted plantlets remained than for 

the other two selections, and by week 48 the percentage of remain ing rooted 

plantlets was g reatest for Astred and least for Turoa (P<O.05). 
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Table 3.3 The percentage of tagged rooted plantlets of red clover 

selections remaining after 48 weeks under rotational g razing by mature 

ewes. 

Recordings 

Astred 

F24 1 9  

Turoa 

s.e .m. 

Week 1 

1 00 

1 00 

1 00 

Week 1 5  

1 00 

86. 9  

87.8 

Week 27 

90.4 

64.6 

62.6 

7.9 

Week 37 

85.0 

52.4 

40. 1  

Week 48 

83.8 

52.4 

26. 9  
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3.4.3 Long term persistency trial 

There was no significant d ifference in seedl ing density, measured over three 

dates ,  which averaged 343 and 564 seedl ings m-2 for Pawera and creeping 

selection ,  respectively (mean s .e .m.  ±1 38 seedl ings m-2) .  The contribution of red 

clover to total herbage accumu lation was not significantly d ifferent between red 

clover treatments during the first year (8 and 1 1  % for Pawera a nd creeping,  

respectively, see Figure 3 . 1 ) .  However, Pawera contributed on ly 1 . 1 % to yield 

during the second year and d isappeared from the sward soon after. On average, 

the creeping selection made up 3 .2% of the yield from year 2 to year 5 .  There 

was seasonal variation i n  its contribution which was g reatest i n  late Summer 

(7 .5%) and least in  Winter (2. 1 %) .  

White clover yield was not sign ificantly d ifferent among the three treatments 

(P>0.05) ,  and averaged 9 .4, 9 .8 ,  and 9 .5% of yield over four  years for the control ,  

Pawera and creeping selection ,  respectively. Annual  total herbage accumulation 

of the control treatment ( resident pasture) was sign ificantly g reater than that of 

the red clover treatments in  year 1 (P<0.00 1 )  ( 1 6 , 000 vs 1 2 , 500 kg D M/ha/yr) . 

Ann ual total herbage accumulation of the Pawera treatment was sign ificantly 

g reater than for the other two treatments in year  2 (P<0.05) ( 1 5 , 000 vs 1 2,900 kg 

DM/ha/yr) . Annual yield d id not vary across treatments in years 3 and 4 (P>0.05) 

(mean = 1 5 200 kg DM/ha/yr) . 



Chapter Three 48 

Figure 3 .1  Contribution to yield (%) for Grasslands Pawera, a crown-type 

cultivar, and a spreading red clover, "creeping selection" over 5 years 

of continuous sheep grazing in well-ferti l ised hi l l  country pasture. 

Vertical bars represent s.e.m. 

25% 

,--... ':!2. 0 20% "-" 

'"0 
ID 

'5-
0 ...... .... 1 5% � 0 
() 

'"0 ID .... 
'+- 1 0% 0 
c 
0 
S ..0 'C 5% C 0 
U 

0% 
Oct-91 

· . 
· , 

· . 

, 

lr " . :i \ \ r. . .
. Lf··t, J. 1 t t · ·! I l L . . t I 

Apr-92 Oct-92 Apr-93 Oct-93 Apr-94 Oct-94 Apr-95 Oct-95 Apr-96 

__ Pawera red clover , . .•. . .  Creeping selection 



Chapter Three 49 

3.5 DISCUSSION 

All the spreading red clover selections, Astred,  F24 1 9, Turoa , and the creep ing 

selection, developed independent rooted plantlets on stem nodes. Astred was 

the most prol ific producer of rooted plantlets and these were larger and more 

l ike ly to survive than  those from F24 1 9  and Turoa. Astred a lso spread more than 

the other selections with rooted plantlets up to 900 mm from the parent p lant 

compared with 1 50 mm for Turoa rooted plantlets. It was observed in  the field 

that vegetatively p roduced Astred rooted plantlets themselves developed rooted 

p lantlets on their stems after one year. 

The simi lar mass of the parent p lants of Astred , F24 1 9  and Turoa and the s imi lar 

a l location of mass to stem tissue suggested that the g rowth potential of Astred 

was not d isadvantaged by its abundant rooted plantlet p roduction .  A key 

d ifference between the selections appeared to be the capacity to produce 

plantlets at rooted nodes rather than the development of rooted nodes (see Table 

3. 1 ) . A comparison of the morpholog ical (no g razing) and tagged rooted p lantlet 

(grazing) experiments suggested that g razing affects rooted plantlet surv ival ,  and 

the number of rooted nodes that develop rooted p lantlets . Field observations 

have suggested that Astred parent p lants are less persistent than those of some 

other  selections of red clover. A demographic study of the development and 

l ifespan of plantlets, rooted plantlets and parent plants is requ i red. 

Turoa has a long history of use in  New Zealand and has poor persistency despite 

being able to develop rooted plantlets (Hay et al. , 1 989) . Turoa rooted plantlets 

were formed close to the parent plant crown , were smal l  i n  size and number, 

short l ived and therefore ineffective. Simi larly, Smith et al. , ( 1 993) showed that 

under set stocking with sheep in Tasmania ,  Turoa declined to 5% g round cover 

after 1 5  years, whereas Astred retained 55% g round cover. 
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The creeping selection of red clover used at Bal lantrae (see Plate 3 . 1 )  was 

pers istent under h i l l  country g razing relative to Pawera. Although the contribution 

to herbage mass was highly seasonal , the creeping selection ,  based on F24 1 9, 

appeared to have establ ished a stable population after year 2 .  The persistence 

of the creeping red clover at Bal lantrae was not at the expense of white clover in  

the sward . White clover content in  the creeping treatment was s imi lar  to that of 

resident and Pawera treatments, and total legume content was g reatest i n  the 

creeping treatment. 

I n  conclusion , the Astred and the F24 1 9  selections, owing to their capacity to 

maintai n  a p lant population by vegetative reproduction, have the potential to be 

more persistent under g razing than red clovers restricted to g rowth from a crown . 

Nevertheless, further research on the performance u nder g razing of these 

spreading red clovers in pure and m ixed swards is requ i red. 
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Plate 4.1  18 month old Astred parent plant 2m in  diameter. 
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4.1 ABSTRACT 

Some u nderstanding of the demography and morphology of vegetatively 

reproductive red clovers is requ i red before g razing management 

recommendations can be made to enhance sward persistency though 

vegetative p lantlet production . Experiment 1 consisted of 1 5  p lants of Astred 

and 1 5  of F24 1 9, p lanted as spaced plants i n  a completely randomised design 

with no cutting or g razing, with the objective of quantifying the i ncidence and 

position ing of rooted p lantlet and stem formation in Astred and F24 1 9  u nder 

field cond it ions. Astred produced 57% of its rooted plantlets on primary stems 

that grew from the parent plant crown in September, or b ranches off these stems, 

whereas F24 1 9  rooted plantlets developed on a wider spread of stem ages. 

F24 1 9  produced sig n ificantly (P<0 .00 1 )  more rooted p lantlets than  Astred per 

parent p lant with no rooted p lantlets p roduced on stems that g rew from the 

crown after November for both cu ltivars . S ign ificantly more (P<0 . 00 1 )  rooted 

p lantlets formed on quaternary branches at a range of d istances (4cm - 55cm) 

from the parent p lant crown.  Experiment 2 compared morphological 

characteristics and vernalisation of Astred and Gualdo seedl ings in a completely 

randomised desig n with 30 plants of each cultivar. A destructive harvest took 

place when the plants were 1 0  months old . Astred produced sign ificantly 

(P<0. 00 1 )  less rooted p lantlets per parent p lant, had longer and wider leaves, 

th icker stems and was tal ler in height at 1 0  months of age than  G ualdo. There 

was no s ign ificant d ifference in  the n umber of rooted p lantlets formed in 

Autumn on verna l ised parent p lants.  

Key words:  Astred , demography, F24 1 9 , Gualdo, morphology, rooted plantlet, 

Trifolium pratense, verna l isation 
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4.2 INTRODUCTION 

Wild ecotypes of vegetatively reproductive red clovers have been g rowing in the 

g reater Med iterranean a rea for, perhaps, many centuries but have remained 

unstud ied unt i l  the chance d iscovery of vegetatively reproductive p lant materia l  

( Trifolium pratense L . )  by the Department of  Agriculture ,  Tasmania ,  i n  seed 

accessions gathered from Crato, Portugal in  1 968 by Or C.  N eale-Smith (Sm ith 

et al. , 1 993) .  The first commercia l  cu ltivar cv. Astred was released from th is 

materia l  i n  1 992. A second cultivar, Gualdo, was released i n  1 998 from Ita l ian 

based materia l .  Other wild accessions of Trifolium pratense L. that exhibited 

vegetative reproduction were col lected by Forde and Easton from south west 

Europe. F24 1 9  came from this materia l .  

A demograph ic understanding of where and on what stems rooted p lantlets 

occur on the parent p lant is requ i red (Jones et al. , 1 989) so that g razing 

management recommendations can be developed for vegetatively reproductive 

types of red clover to ensure the production of successive generations of rooted 

plantlets . The demographic g rowth analysis used in Experiment 1 focused on 

the rooted p lantlets as index un its (Hobbs et al. , 1 987) to obtain  specific 

information on rooted plantlet aspects , rather than on the demography of the 

parent p lant and its p lantlets . 

Smith et al. ,  ( 1 993) reported Astred produced strong sto lons ( here termed 

stems) i n  late Summer and daughter p lants (here termed rooted p lant lets) from 

nodes on these stems after flowering. The rooted p lantlets usua l ly appeared 

with in  1 00mm of the parent p lant and as these developed roots, the connection 

to the parent p lant degenerated . However, there has been some confusion in  

the l iterature (Mirzaie-Nodoushan 1 993) between adventitious roots, n odal  

roots and rooted p lantlets ar is ing from these vegetatively reproduc ing red 
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clovers. Adventitious roots orig inate from the upper part of the c rown or  

cotyledona l  area (Montpetit et al. , 1 99 1 ) , and cou ld be confused with noda l  

roots o r  roots from rooted p lantlets that are very close to the parent p lant crown,  

as a l arge mass of the three d ifferent root types can form. 

The morphology of Astred red clover has been described i n  detai l  by S mith 

( 1 992) under Tasmanian conditions where leaf s ize was both shorter  and  

narrower compared to  G rasslands Hamua,  G rasslands Colenso, Redqu in  and 

Redwest by 4-6mm and 2mm respectively. No d ata has been p ubl ished on 

Astred's morphological g rowth habit in New Zea land . It is u nclear whether 

there are d istinct morphological d ifferences between d ifferent selections of 

vegetatively reproductive red c lovers .  

The morphological development of the parent p lants a n d  rooted p lantlets of 

Astred ,  F24 1 9  and Gua ldo was examined i n  two experiments. The objective of 

Experiment 1 was to q uantify the incidence and positioning of rooted p lantlets 

in relation to stem age and type (primary,  secondary,  tertiary and quaternary) ,  

and when stem formation occurred in  Astred and F24 1 9  u nder  fie ld cond it ions. 

The objective of Experiment 2 was to compare the morphologica l  d ifferen ces 

between Astred and Gualdo u nder New Zealand conditions ,  and to see if 

vernalisation had an effect on the n umber of rooted p lantlets formed in  Autumn .  
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4.3 MATERIALS AND M ETHODS 

4 .3 . 1  Experimenta l  s ites 

Experiment 1 was conducted at the Pasture and Crop Research U n it ,  Campus 

b lock, M assey U nivers ity, Palmerston North New Zealand ( latitude 40023'S) 

from 23/5/96 to 20/5/98 .  The soi l  type was an  Ohakea si lt loam, with pH 6 . 1 

and O lsen P 1 6 .7IJg/g soi l .  Experiment 2 was at the Pasture and Crop 

Research Un it, Frewens b lock, Massey U niversity, Palmerston North , New 

Zea land ( latitude 40023'S) from 28/1 /98 to 5/5/98 .  The soi l  type was a 

Manawatu s i lt loam (Hewitt, 1 992) ,  with pH 5 .7  and O lsen P 1 7IJg/g soi l .  The 

a rea has an annual  ra infa l l  of 995 mm ( 1 0  year  average) and mean soi l 

tem perature of 1 2. 8°C at 1 00 mm ( 1 0 year average) .  

Both s ites were cultivated by conventional methods,  (p lough ,  rol l ,  power 

h arrow) to form a firm seed bed and 1 50kg/ha of d iammonium phosphate 

(O.A. P) was broadcast at p lanting and harrowed in .  Both s ites had been i n  

Summer crops (barley for Experiment 1 and  Pasja for Experiment 2)  so no pre 

cultivation spraying for weed control was requ i red . Seed for each experiment 

was germinated i n  the g lasshouse and plants g rown up  i n  root tra iners u nti l  

e ig ht weeks of age, then transplanted into the fie ld .  
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4.3.2 Design and management 

4 .3 .2 . 1 Experiment 1 

F ifteen p lants of Astred and 1 5  plants F24 1 9 were transplanted o n  23/5/96 at 3 

x 3m spacings in  a completely randomised design .  Strips of weed mat 1 .9m 

wide were p inned to  the soil between rows for weed control and  were rol led 

back as the p lants g rew out c lose to the mat edges (see Plate 4 . 1 ) . Al l  other 

weed control was by push hoe when requ i red . Weed seed l ings were a l l  

removed by hand as they appeared after the first Summer ( 1 996/97) .  

4 .3 .2 .2  Experiment 2 

F ifteen p lants of each cultivar were verna l ised over a six week period (total 

chi l l i ng of 235hr) at a n ight temperature of 4°C from when they were two weeks 

of age,  and each morn ing returned to the g lasshouse for the d ay. The 1 5  

remain ing p lants of each cultivar were left i n  the g lasshouse 24h r  a day with a 

min imum night temperature of 1 4°C .  Both verna l isation treatments had the 

same photo period . Al l 30 p lants (eight weeks of age) of each cu ltivar (Astred 

and Gua ldo) were transplanted on 28/1/98 at 1 .5m spacings with i n  and 

between rows, in  a comp letely randomised design .  P lants were hand i rrigated 

every day for three weeks u nti l  establ ished, and a l l  weed control was by push 

hoe when requ i red . No g razin g  or cutting  took place on either experiment. 
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4.3.3 Measurements 

4. 3 . 3 . 1  Experiment 1 

A d ifferent coloured wire was twisted on  each new stem that came from the 

crown (pr imary stems) at the beginn ing of each month from J uly 1 996 to 

February 1 997 ,  after which no more new stems g rew from crown buds .  On 

616/97, rooted p lantlets were counted per parent p lant and their posit ion 

categorised as on a primary (stem from crown),  secondary (branch off stem 

from crown),  tertiary (branch off secondary stem) or quaternary branch (branch 

off tert iary stem) and then traced back to the crown to record what age pr imary 

stem (d istinguished by coloured wire tag )  they in it iated from. The d istance from 

the crown of each rooted p lantlet was a lso measured . Where parent p lants 

were large ,  random sample a reas (% area of each p lant) were measu red 

i nstead of the whole plant. 

4 .3 .3 .2 Experiment 2 

P lant d iameter measurements were taken on 1 9/2/98 by measuring the length 

of the longest stem from crown to growing t ip .  A l l  other measu rements were 

taken on 5/5/98 ( 1 58 days from sowing) and i ncluded p lant height, longest stem 

length , stem d iameter, stem n umber per p lant ,  n umber of rooted p lantlets per 

p lant, n umber of n odes per 300mm of stem,  leaf length , leaf width , taproot 

mass , total leaf weight ,  total stem weight, and if p lants had flowered . Al l  

measurements had one sample taken per parent plant (30 rep l icates/cultivar) 

except for stem length , stem d iameter, leaf length and leaf width , which had two 

samples (60 repl icates/cultiva r) .  Taproot mass, total leaf weight and total stem 

weight were obtained by d igg ing and d issecting each whole parent p lant. Al l 



Chapter Four 59 

samples were oven d ried at 80°C for 48 hours .  Parent p lant he ight 

measurements were made at the h ighest point of each plant us ing a sward 

stick. He ight was recorded when the first contact was m ade with the p lant .  

In both experime nts rooted plantlets were defined as p lantlets that had 

produced roots that were firmly attached to the soi l ,  but were sti l l  attached to 

thei r  parent p lant by a degrading stem and with a g rowing shoot d i rectly above 

the noda l  roots . 

4.3.4 Statistical ana lysis 

Due to the skewed d istribution of the rooted plantlet d ata i n  Experiment 1 ,  a 

genera l ised l i near mode l  with a Poisson d istribution and log l i nk-funct ion was 

used to ana lyse it .  Experiment 1 was treated as a com pletely ba lanced 

randomised design ,  and analysed using SAS/STAT Proc Genmod (SAS/STAT 

Institute I nc .  1 998). Because of the log l i nk-function ,  the standard errors for the 

means a re symmetric on  the log scale ,  but when transformed back to the 

orig ina l  scale they a re asymmetric ,  so the variation is p resented as confidence 

i ntervals .  The product ion of stems from parent plant crowns was ana lysed 

us ing the Genera l  L inear Model GLM procedure of SAS (SAS I nstitute I nc .  1 988) 

for a balanced completely randomised des ign as this d ata set was norma l ly 

d istributed . 

Al l  d ata for Experiment 2 were evaluated by analysis of variance us ing the 

Genera l  L inear Model GLM procedu re of SAS (SAS I nstitute I nc .  1 990)  for a 

ba lanced completely randomised design .  
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4.4 RESULTS 

4.4.1 Experiment 1 

4 .4 . 1 . 1 Parent plant pr imary stem production 

60 

Astred g rew s ign ificantly more primary stems in  September (P<O .00 1 ) ,  October 

and November (P<0.05) than F24 1 9 ,  which on ly p roduced more p rimary stems 

(2 .7/parent p lant, s .e .m .  ± 0 .37) than Astred 's ( 1 . 1 /parent p lant ,  s .e .m .  ± 0 .29) 

in  August. The average total number of primary stems produced per parent 

plant from J une to February (after which no more primary stems came from 

pare nt p lant crowns) was 38 .9 (s .e . m .  ± 2.6) and 29 .6 (s .e .m .  ± 2 . 8) for Astred 

and F24 1 9, respectively (P<0 .05) .  The main months for p rimary stem 

prod uction were September, October and November (see F ig u re 4 . 1 ) . 

4 .4 . 1 .2 F requency of rooted p lantlet prod uction 

F24 1 9  produced sig n ificantly (P<0.001 ) more rooted p lantlets tha n  Astred per 

1 5  parent plants on stems of every age, and branches off those stems that 

rooted p lantlets were fou nd on .  D ifferences in the number of rooted p lantlets 

produced by stem age,  per 1 5  parent p la nts , ranged from 26-330 i n  Ju ly to 2 1 3-

392 in  September for Astred and F24 1 9 , respectively (see F ig u re 4 .2) .  No 

rooted p lantlets were produced on stems or branches off those stems,  that 

g rew from the crown after November for both Astred and F24 1 9  (see Plate 4 .2 ) .  
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Figure 4.1 Primary stems produced per parent plant from July to 

February for Astred and F241 9 plant types. Vertical  bars represent 

s.e.m .  (Expt 1 ) . 
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Figure 4.2 Frequency of rooted plantlets produced from 1 5  parent plants 

of Astred and 1 5  p lants of F241 9 on stems generated from July to 

February. (Expt 1 ). 

450 

400 

350 

>. 300 
u c � 250 
0-m 200 ..... 

u. 
1 50 

1 00 

50 

0 
July-96 Aug-96 Sep-96 Oct-96 Nov-96 Dec-96 Jan-97 Feb-97 

Date 

III Astred o F241 9 



Chapter Four 63 

4.4 . 1 .3 Rooted plantlets prod uced by stem age 

Astred produced 57% of its rooted plantlets on primary stems or b ranches off 

these stems that g rew from the parent plant crown i n  September, whereas F24 1 9  

rooted plantlets mostly came from a wider spread of stem ages: Ju ly ,  August and 

September (see Table 4 . 1 ) . F24 1 9  produced sign ificantly (P<0 .00 1 )  more 

rooted p lantlets per parent plant on d ifferent stem ages than Astred , but there 

was no interaction between cultivar and stem age (P<0. 1 2 1 ) . 

4 .4 . 1 .4 Rooted plantlets produced by branch type 

Astred and F24 1 9  produced sign ificantly (P<0.00 1 )  d ifferent numbers of rooted 

p lantlets on a l l  fou r  d ifferent branch types. Both cu ltivars g rew the majority 

(P<0 .00 1 )  of their rooted plantlets on branches off tertiary stems, 40% and 74% 

for Astred and F24 1 9 respectively (see Tab le 4.2) .  There was a s ignificant 

interaction between cultivar and branch type where rooted p lantlets were 

produced (P<0 .00 1 ) . 

Plate 4.2 Plantlets beginning to form roots. Note root nodules. 



Chapter Four 64 

Table 4 .1  The number of rooted plantlets produced on  different stem ages 

for Astred and F241 9 (rooted plantlets per parent plant). (Expt 1 ) . 

Plant Month stems g rew Lower confidence Mean Upper confidence 

selection from crown level level 

Astred July 0. 3 1 .7 8.2 

F24 1 9  July 14 .0  22.0 34. 5  

Astred August 1 .8 4.8 1 2.2  

F24 1 9  August 1 5.2  23.5 36.4 

Astred September 8.2 14.2 24. 4  

F24 1 9  September 1 7.2  26.1 39. 5  

Astred October 1 .4 3.9 1 1 .0 

F24 1 9  October 5 .3  1 0.2  1 9. 9  

Astred November 0 0.2 1 9. 4  

F24 1 9  November 0.03 0.5 9.4 

95% upper and lower confidence levels 
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Table 4.2 The numbe r  of rooted plantlets produced on  different stem 

branches for Astred and F241 9 (rooted plantlets per parent plant). 

(Expt 1 ) . 

Plant Stem order Lower confidence Mean Upper confidence 

selection level level 

Astred Primary stems 0 .5  2.0 7.2 

F24 1 9  Primary stems 0 .04 0.5 6.8 

Astred Secondary stems 1 . 9 4.5 1 0.6  

F24 1 9  Secondary stems 2.2 5.1 1 1 .7 

Astred Tertiary stems 4.4 8.2 1 5.5  

F24 1 9  Tertiary stems 9 .3 1 5.1 24. 5 

Astred Quaternary + 5.6 1 0.0 1 7. 7  

F241 9  Quaternary + 48.6 61 .7 78 .3  

95% upper and lower confidence levels 
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4 .4 . 1 .5 D istribution of rooted p lantlets by stem type 

F ig u res 4 . 3  and 4 .4  show the d istribution of rooted p lantlets p rodu ced per 

parent p lant, by stem type (either primary ,  seconda ry,  tertiary or  q u aternary) on 

the stem ages where each cultivar produced most rooted p lantlets (see Tab le 

4 . 1 ) .  There was a consistent trend for Astred and F24 1 9 to p rodu ce h ig h  

n umbers o f  rooted plantlets from quaternary branch s ites. F24 1 9 p roduced 

over 75% of rooted p lantlets at the quaternary branch site compare d  to Astred 's 

45% . There was a h igh variation (see 95% confidence i ntervals) i n  the number 

of rooted p lantlets p roduced between stem types . 

4 .4 . 1 .6 Rooted plantlets d istance from parent p lant crown 

Both Astred and F24 1 9  rooted p lantlets formed at s imi lar  d istan ce extremes 

from their respective parent p lant crowns (average min imum d istance 4cm, 

average maximum d istance 55cm) .  At al l  p rimary stem ages, except 

November, (shown by upper and lower qua l ities , F igu re 4 . 5) Astred rooted 

p lant lets were formed at g reater d istances from their parent p la nt crowns than 

F24 1 9  rooted plantlets . F24 1 9  rooted plantlets were formed at a g reater 

d istance from their parent plant crowns ( 1 7 . 9cm and 29 .5  cm for Astred and 

F24 1 9 , respectively) across a l l  stem ages.  
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Figu re 4.3 Distribution of Astred rooted p lantlets on different stem sites 

prod uced from primary stems that g rew in  August, September and 

October. Vertical l ines are 95% confidence intervals. (Expt 1 ) . 
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Figure 4.4 D istribution of F241 9 rooted plantlets on different stem sites 

produced from primary stems that grew i n  J uly, August and 

September. Vertical l ines are 95% confidence intervals. ( Expt 1 ) . 
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Figure 4.5 The d istance of rooted plantlets from their  parent plant crown 

(cm) by the age of stem that rooted p lantlets g rew on.  (Expt 1 ). 
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4.4.2 Experiment 2 

Astred and Gualdo had simi lar morphological characteristics, however Astred 

produced less rooted plantlets per parent plant, had longer and wider leaves, 

thicker stems and was tal ler at 1 0  months of age. There were no other 

s ign ificant d ifferences in  the other morphological characteristics measured (see 

Table 4 .3) . 

When the morphological characteristics (see Table 4 .3) were analysed by the 

vernalisation g roupings, there were no significant d ifferences between species or 

vernal isation treatments for any of the characteristics measured . 
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Table 4.3 Morphological characteristics of the vegetatively reproductive 

red clover cultivars Gualdo and Astred after one g rowing season. 

(Expt 2) .  

Character Astred Gualdo s .e .m.  P 

Plant height 1 5. 5  1 2 . 1  0 .59 0 .001  

Longest stem length 1 9/2/98 1 2.4 1 3  2 . 1 9  0 .859 

Longest stem length 5/5/98 58. 9 55 3.49 0 .440 

Stem d iameter 5 . 1  4 . 1 0 . 1 1  0 .00 1 

Stem number per plant 5 1  54.7 2 . 89 0. 369 

Rooted plantlet number per plant 23.5 32 2 .87 0 .040 

Leaf length 46.6 40.4 0. 90 0. 0 0 1  

Leaf width 28.6 26.2  0.60 0.008 

Taproot mass 22 24.2 1 .28  0.245 

Total leaf weight 35 .4 34 1 .4 1  0.479 

Total stem weight 42.4 4 1 . 7  1 .4 9  0 .748 

Total p lant weight 254.8 222 .3  25.7 0. 376 

% of plants that flowered 53 33 9 . 0 1  0 . 1 22 

Number of nodes per 1 m of stem 39.4 42. 5  4 .35 0.61 4  
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4.5 DISCUSSION 

Rooted p lantlets of Astred and F24 1 9  were main ly formed on quaterna ry stems 

that orig inated from pr imary stems produced in J uly, August and September, 

but this was u nder cond itions without g razing or cutt ing . Under g razing , rooted 

p lantlets a re formed close to the parent p lant (Smith et al., 1 993) and except i n  

l ax  g razed swards ,  i t  i s  un l ikely that they a re formed o n  quaternary or  tertia ry 

stems. I t  is  more probable that rooted p lantlets form on primary or  secondary 

stems due to the h igher order stems being removed by the g razing an ima l .  The 

positioning  and dynamics of plantlet and rooted p lantlet p roduction u nder 

g razing wou ld therefore be d ifferent from the findings of Experiment 1 because 

the s ites avai lab le for p lantlets to form would not be the same. Formation of 

plantlets is primari ly l im ited by the number of v iable nodes (axi l lary buds) on the 

stems that are near, or touching the ground.  Removal of ap ica l  dominance of 

any stem (pr imary,  secondary,  tertia ry or  quaterna ry) may induce axil l a ry b uds 

to form into p lantlets , or a combination of other  factors such as l i ght levels and 

photoperiod may be responsible (Newton et al. , 1 990) .  

Crown type red clovers have been d ivided i nto two categories, either early 

(produce several successions of flowering stems from crown buds) or  late 

(produce a s ingle heavy flush of flowering stems from crown buds) flowering 

types ( Forde  et al. , 1 989) .  Astred and F24 1 9's main months of pr imary stem 

in it iation were September, October and November, and both cultivars would  fit 

somewhere between the early and late flowering  categories, even though 

Astred is Winter active compared to  Grasslands Pawera (Hyslop et a/. ,  1 998) .  

F24 1 9 parent p lants and some plants with in the Astred population d id n ot fol low 

the standard model of Wintering  over as a rosette (Christie et al. , 1 99 1 ) ,  instead 

Spring and Summer produced primary stems were sti l l  a l ive and e longat ing i n  
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J une.  Mean flowering  date for one year  o ld ,  Autumn sown Astred spaced 

p lants was 20th February.  

Stems g rown after November (unt i l  February) d id not produce any rooted 

p lantlets and ,  from field observation ,  the majority of these stems produced 

flowers. F241 9 produced sign ificantly (P<O.05) less pr imary stems (29 .6 ,  s .e .m .  

± 2 .8  and 38 .9 ,  s .e .m .  ± 2.6 ,  F241 9 and Astred respectively) , but g rew a dense 

mat of secondary,  tert iary and quaternary b ranches off the pr imary stems. 

F24 1 9  would be more sensitive to a decrease in  rooted plantlet p roduction if 

some pr imary stems were lost by g razing because less c rown buds were 

i n itiated as primary stems from each parent p lant crown per g rowing season .  

H owever, th is mechanism of dormant crown buds has been associated with 

better pare nt p lant persistence in crown type red clovers (Hay et al., 1 989 ;  

Frame et al. , 1 998) .  The lower order stems (tertiary and q uaternary) i n  both 

Astred and F24 1 9  produced rooted plantlets at a g reater d istance from the 

parent p lant crown. 

F lowering  i n  crown type red clovers is in itiated by long d ay length , without prior 

exposu re to low tem peratures (p lants have no verna l isation requ i rement ,  Taylor 

et al. , 1 996 ;  Aitken ,  1 964) .  No d ifference was fou nd in the n um ber of rooted 

p lantlets produced by Astred or Gualdo after 235hr ch i l l ing at 4°C . It is possib le 

that p lantlet formation from stem buds is triggered by short periods of exposu re 

to temperatures below 4°C i n  the Autumn (frosts) ,  but it is un l ikely that any long 

period of ch i l l ing is requ i red as the plantlets form on Spring g rown stems in the 

p roceeding Autum n  and hence there is  l imited t ime for this ch i l l i ng to take 

p lace .  

Even though there was n o  d ifference (P<O.61 4) i n  the n umber  of nodes per 

metre of stem between cultivars, the n umber of rooted p lantlets produced from 

those nodes was s ignificantly (P<O .040) d ifferent. It is not known why some 

nodes in vegetatively reproductive red clovers remain dormant whi le others 
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become activated to produce a p lantlet. Comparable studies in white c lover on 

axi l lary stem buds found two states of dormancy ,  a combination of ap ical and 

environmental factors and a "Spring  dormancy" which was temporary and not 

fu l ly understood (Newton et al. , 1 990) ,  but thought to be associated with 

fragmentation of p lants (Hay et al. , 1 988) , a sharp d ecl ine in stem starch 

content (Hay et al. , 1 989) and vigorous root g rowth (8 rock et al. , 1 988) .  

Genera l ly there were few d ifferences i n  morpholog ical characteristics between 

Astred and  Gualdo when g rown as spaced plants with no cuttin g  or g razing .  

H owever, cultivars should a lso be sown i n  pure swards before conclusive 

comparisons can be made (McWi l l iam et al. , 1 970) .  This s imi larity in  

morpholog ical characteristics cou ld  be seen as encourag ing from the s uccess 

point of view of this plant type (vegetatively reproductive red clover populations 

have been maintained over time in d ifferent agricultural systems) ,  as Astred 

and Gua ldo orig inated from wi ld accessions from opposite sides of the 

European continent (Portugal  and I ta ly) . 

An understand ing of vegetatively reproductive red c lover pare nt p lant g rowth as 

a complete u nit is requ i red before th is p lant type can be ful ly understood . I t  is 

clear from this research that vegetatively reproductive red clover p lant types a re 

d istinctly d ifferent from crown type red clover selections , not j ust i n  the 

formation of p lantlets and rooted p lantlets , but also in  p rimary stem production ,  

pr imary stem tissue turnover and flowering ,  when compared to l iterature 

descriptions of crown type red c lover plants ( Fe rgus et al. , 1 960 ;  Taylor et 

a/. , 1 979; 80wley et al. , 1 984 ; Smith et al. , 1 985; Taylor et a/. , 1 996; F rame et 

a/. , 1 998) . Due to the majority of rooted p lantlets being found to form o n  Spring 

g rown stems (5 to 6 months old)  in  the fol lowing Autumn ,  g razing management 

wil l have to be lax over the Spring and Summer periods .  This should ensure 

some stems remain a l ive to provide possib le s ites for p lantlets to form if 

vegetatively reproductive red clovers a re to mainta i n  a popu lation through 

clona l  propagation . 
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Plate 5.1  Establ ishing Astred plants in  the rainout shelter area. Note 

buried steel tubes that plants are growing in .  
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5.1 ABSTRACT 

I t  is not clear what triggers and encourages p lantlets to be produ ced by 

vegetatively reproductive red clover under d ifferent physical and e nvironmental 

cond it ions. Two ungrazed fie ld experiments were conducted using transplanted 

Astred red clover seed l ings from September 1 997 to M ay 1 998 .  One 

experiment investigated what effect d ry (dry/wet) o r  wet (wet/wet) surface soi l  

moisture levels had on rooted p lantlet formation over t ime under a rai nout 

shelter with irr igation , in a com pletely randomised design with 30 pare nt p lants 

per treatment. S ignificantly more (P<0 .00 1 )  rooted plantlets were p roduced per 

parent p lant u nder the wet/wet i rr igation treatment (22 .2% g ravimetric surface 

soi l  water content) compared to the drylwet (3 .7% g ravimetric surface so i l  water 

content) treatment imposed from 25/2/98 to 26/3/98. There was no d ifference 

in  the total number of rooted p lantlets p roduced when the i rr igation  treatments 

had been the same for two months .  The other experiment examined the effect 

of removal and non-removal of early developing flower heads on rooted p lantlet 

formation i n  a completely randomised design with 25 parent p lants per 

treatment at 2 x 2m spacings. There was no s ign ificant d ifference (P<O .958) in  

the n umber  or  frequency (P<O. 1 85) of rooted p lantlets produced per parent 

plant between treatments . Surface soil moisture was critica l for rooted p lantlet 

formation to take p lace, whereas flowering d id  not affect the number of rooted 

p lantlets produced . 

Key words :  flowering ,  g ravimetric surface soi l  water content,  rooted p lantlet 

formation .  
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5.2 INTRODUCTION 

I t  is  clear (see Chapters 3 and 4, Smith 1 993 ;  Smith et al. , 1 993; )  that rooted 

p lantlets a re produced in varying numbers in vegetatively reprodu ctive red 

clovers, with d ifferences between selections under the same e nvironmental 

cond it ions (see Chapter 3), but there are no l iterature reports of the numbe r  of 

rooted p lantlets p roduced when d ifferent environmental cond it ions exist. It is 

not clear what triggers vegetative rooting ,  whether  it is cl imatic condit ions or a 

combination of physiolog ical and morpholog ical aspects . 

For efficient use and production of vegetatively reproductive red clovers, there 

is a need to u nderstand detai led p lantlet and rooted p lantlet formation ( Hyslop 

et al. , 1 998) so that timely and correct g razing/environmental management 

strateg ies can be implemented to ensure long term sward persistency. Many 

selections of vegetatively reproductive red clover h ave been observed to 

produce p lantlets that do not form roots (see Chapters 3 and 4) ,  but whether 

th is is due to management req ui res further clarificat ion.  

Past observations (see Chapters 3 and 4) have found that larg e  numbers of 

rooted p lantlets form on  stems that are in a dense sward environment, and 

hence have a moist micro cl imate. Soi l  surface moisture levels have been 

reported to be i mportant in the growth of wh ite clover ( Trifolium repens) nodal  

roots (Ueno,  1 982; Stevenson et al. , 1 985 ;  Thomas, 1 987a) ,  and i n  the 

germination of oversown seed and seed l ing estab l ishment (Campbel l ,  1 968 ;  

Campbel l  et al. , 1 973;  Barley, 1 976; Chapman et al. , 1 985) . The rel iance on 

adequate surface soi l  moistu re for rooted p lantlet p roduction may contribute to 

the h igh ly seasonal production of rooted p lantlets which has been reported i n  

white clover (Chapman,  1 983) . 
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Smith et al. , ( 1 993) reported that Astred g rew strong stems in late Summer which 

rooted plantlets later formed on after flowering .  This observation suggested that 

plantlet production may be determined by the relative degree of flowering or 

con nected to flowering in some way by resource a llocation with in  the plant. The 

removal of seed heads to e l iminate apical dominance in S pring sown,  crown 

type red clover p romotes the development of strong rosettes and vegetative 

g rowth before the onset of Winter through the red istribut ion of ass imi late. 

Fa i lu re to remove heads may resu lt i n  loss of stands (Smith et al., 1 985) . As 

p lantlets a re formed from latera l stem buds (see Chapter 4) , the removal of 

newly developing flower heads may affect the i n itiation and development of 

p lant lets on these stems. The removal of white clover flower heads or stem 

apices stimulated the development of lateral axi l lary buds and noda l  roots 

(Cur l l ,  1 980 ;  Thomas 1 987b) . 

The objectives of this research were to examine the effect of the removal of 

early developing flower heads on the number of rooted p lantlets formed i n  

Astred ,  a vegetatively reproductive red clover, and  to examine whether surface 

soi l  moisture levels affect the number and rate of rooted plantlet formation .  
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5.3 MATERIALS A N D  METHODS 

5.3.1 Experimental sites 

Two field experiments were conducted using Astred red clover seed l ings from 

September 1 997 to May 1 998.  Experiment 1 was conducted at the Pasture 

and Crop Research Un it, Massey U niversity, Palmerston North ,  New Zealand 

( latitude 40023'S) .  The soi l  type was an Ohakea s i lt loam ,  with pH 6 . 1 and 

Olsen P 1 6 .7JJg/g soi l .  Experiment 2 was conducted under a rai nout shelter at 

AgResearch ,  Palmerston North ,  N ew Zealand ( latitude 40023'S) . This structure 

automatical ly covered the complete experimental a rea when rai nfa l l  started , 

a l lowing soi l  moisture levels to be manipulated (see P lates 5 . 1  and 5 .2 ) .  The 

soi l  type was a Manawatu s i lt loam,  with pH 6 .2  and O lsen P 50JJ9/g soi l .  The 

a rea has an annua l  ra infa l l  of 995 mm ( 1 0 year average) and mean soi l 

temperature of 1 2 . 8°C at 1 00 mm ( 1 0  year  average) . 

5.3.2 Design and management 

5 .3 .2 . 1 Experiment 1 

Seeds were sown i n  root tra iners i n  the g lasshouse on 3/4/97 and transplanted 

to the field on 9/7/97 ,  with 25 p lants randomly p laced at 2 x 2 metre spacings 

for each treatment i n  a completely randomised design .  The p la nt ing a rea was 

p repared by spraying with 411ha of Gal lant® ( 1 00g/l ha loxyfop as an  

emuls ifiab le concentrate) and  15  glha of Granstar™ (750 glkg tribenu ron methyl 

as a water d ispersible g ra in)  in 200llha of water by boom spraye r  on 25/6/97 to 

control g rass and broad leaf weeds respectively. 1 50 kglha of d iammonium 
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phosphate (O .A .P) was b roadcast at p lant ing with 1 0  kglha of Mesuro l® (20 

glkg methiocarb) slug and snai l  bait. Weeds between p lants were removed by 

push hoe but no hoeing took p lace under the spread ing  stems of each p lant .  

Al l  p lants were i rrigated to fie ld capacity using vari-flow d rippers ,  once weekly 

from 1 / 1 /98 for the remainder of the experiment. No cutt ing or g razing took 

place in this experiment. 

5 . 3 .2 .2  Experiment 2 

The area was sprayed with 6 Ilha Rou ndup (36% g lyphosate) i n  200 llha of 

water on 25/8/97 before rotary hoe cultivation on 9/9/97 .  Plants were raised as 

for Experiment 1 ,  and transplanted on 1 0/9/97 i nto 250mm d iameter x 350mm 

deep, bottomless , ' galvanised steel tubes sunk into the soi l  with 40mm 

protrud ing (see Plate 5 . 1 ) , i n  a completely randomised design .  This ensured 

the taproots of parent p lants could be watered whi le sti l l  mainta in ing a d ry soi l  

surface surround ing  the pare nt p lant. 1 50kg/ha of d iammonium p hosphate 

(O .A .P) was b roadcast at p lant ing . 30 p lants from each treatment (dry/wet or 

wet/wet) were random ly p laced u nder the rainout shelter at 1 . 5 x 1 .5m 

spacings, and plants i n  the wet/wet treatment were surrounded by an 

impermeable membrane (see Plate 5 .2) ,  1 m i n  d iameter ,  to a depth of 300mm. 

Water cou ld then be applied to the soi l  i n  a 1 m d ia meter c irc le s urround ing  the 

wet/wet treatment parent p lants whi le the d ry/wet parent p lant surround ings 

remained d ry .  The automated rai nout cover was turned on from 1 /1 0/97 so the 

soi l  a round the parent p lants had t ime to d ry out before the irr igation treatments 

began in February 1 998 .  

Al l  parent p lant taproots i n  both treatments were i rr igated by d rip tubes (0 .5mm 

diameter) with 450ml  of water per  parent p lant ,  once every d ay from p lant ing . 

Alternative watering treatments for areas surrounding the parent p lant started 

on 25/2/98 .  M icro spri nklers were used to apply 600ml of water per  parent 
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p lant i n  the wet/wet treatment surroundings ( 1  m d iameter) , morn ing and n ig ht ,  

every day. The d ry/wet treatment had no water appl ied into its surrounding 

a reas unti l  26/3/98 ,  from then on both treatments received 600ml of water per 

parent p lant morn ing and n ig ht, every day unti l the end of the experiment 

( 1 0/6/98) .  P lants were cut  with hand shears when they reached 400mm in  

heig ht, to  a residual  heig ht of 200mm. Weeds were control led as for 

Experiment 1 . 

Plate 5.2 WetJwet treatment plants being surrounded by an impermeable 

membrane 

5.3.3 Measu rements 

5 .3 . 3 . 1 Experiment 1 

Treatment 1 i nvolved removing a l l  the flower heads from each p lant at weekly 

intervals from 1 9/1 /98 to 1 /5/98 .  In treatment 2 the flower heads remained on 

the plants u nti l  the end of the experiment. The flower heads were removed 

before the florets opened , and counted . A destructive harvest of each parent 
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plant took place on 22/6/98 where rooted p lantlets were counted . P lantlets 

were defined as nodal shoots with roots firmly embedded in the soi l .  

5 . 3 . 3 .2 Experiment 2 

Rooted p lantlets were counted on each pare nt p lant i n  both treatments every 

two weeks from 25/2/98 to 1 0/6/98 .  A destructive harvest at which each parent 

p lant was dug  up was conducted on 1 0/6/98 and the rooted p lantlets counted . 

Rooted p lantlets were defined as i n  Experiment 1 .  Samples for g ravimetric soi l  

water content were taken every fou r  weeks with a 25mm cork borer to a depth 

of 30mm and then oven d ried for 72 hours at 80°C from 3/3/98 to 1 0/6/98. 

Herbage was cut on 1 312/98 a nd samples were oven d ried at 80°C for 48 hours 

for d ry matter determinat ion .  

5.3.4 Statistical analysis 

Means for a l l  treatments were ana lysed by analysis of variance us ing the 

General L inear Model GLM procedure of SAS (SAS I nstitute I nc .  1 990)  for a 

balanced completely randomised des ign (see Tables 5 . 1 and 5 .2 ) .  The 

relationshi p  between flowers removed and rooted p lantlets p roduced was 

analysed by using a regression ana lysis (SAS I n stitute I nc .  1 988) . A Ch i­

square (X2) test was performed on rooted plantlets/pare nt p lant frequency d ata 

(see F igure 5 .2) .  A repeated measures ana lysis was used for rooted p lantlets 

p roduced over time , and d ifferences based on the Wilks Lambda sign ificance 

test (see F igure 5 . 3  and 5 .4) . 
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5 .4 RESULTS 

5 .4 . 1 . 1  Experiment 1 

There was no  s ign ificant d ifference (P<0. 958) i n  the number of rooted p lantlets 

p roduced on  parent p lants that had a l l  flower buds removed before the florets 

had opened , compared to parent p lants that went to fu l l  reprodu ctive m aturity. 

The coefficient of variation for the numbers of rooted p lantlets p roduced was a 

h igh 1 40 %  (see Table 5 . 1 ) .  The number of rooted p lantlets p rodu ced per 

parent p lant varied from 0 to 48 with flowers removed , and 0 to 1 9  with no 

flowers removed . . No  relationsh ip (P<0.4 1 0) was found by simple l inear 

regression ( r2 = 0 .0344) between the n umber of flowers removed and the 

number of rooted p lantlets produced per parent p lant (see F ig u re 5 . 1 ) . The 

frequency of the n umber of rooted plantlets p roduced per parent p lant under 

the two treatments was not s ignificantly d ifferent (P<0 . 1 85) ,  see F igure 5 .2 .  

Peak flowering occurred from late February to  early March. The overal l  mean 

n umber of flowers removed per parent plant was 1 1 23 ,  with a coeffic ient of 

variat ion of 76 . 1  % (range 1 22-4298) (see Table 5 .2) .  Coefficients of variation 

for the n umber of flowers p roduced per parent plant were h igh  across a l l  

harvest d ates (see Table 5 . 1 ) . 
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Plate 5.3 A parent plant remaining vegetative when flowers have been 

removed. 

Plate 5.4 Senesced reproductive stems when flower heads were not 

removed and new regrowth from the crown. 
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Table 5 . 1  The number of rooted plantlets produced by Astred red c lover 

over 1 59 days when flowers were removed or retained. (Expt 1 ) . 

Treatment Flowers removed Flowers not removed 

rooted plantlets per parent plant (mean) 5 . 72 5 .84 

s .e .m.  1 .62 1 .62 

Coefficient of variation (%) 1 40 1 40 

Median 2 5 

Mode 0 
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Table 5 .2 Flowers removed from parent p lants of Astred red c lover over 

1 09 days. (Expt 1 ) . 

Date Flowers removed ( mean) Maximum Minimum s .e .m.  

1 9/1 /98 5 . 9  2 5  0 2 .0  

23/1 /98 2 1 . 7  68 0 4.4 

27/1/98 70.9 251  0 1 6. 2  

2/2198 1 2 1 . 5  725 0 30 .8 

9/2/98 1 39 .6  544 0 24. 7  

1 3/2/98 95 .9 3 1 5 0 1 3. 8  

23/2/98 1 93.6 8 1 7  8 32. 1  

2/3/98 1 1 0 .3 527 3 22.9 

9/3/98 1 01 . 8  464 2 2 1 . 2  

1 6/3/98 85 288 0 14 .9  

24/3/98 62.2 1 88 0 1 1 .2  

3 1 /3/98 4 1  1 74 0 9 .2 

6/4198 1 9. 8  1 02 0 5 .6 

1 5/4/98 24. 5  1 54 0 8 .0  

24/4/98 1 8 . 1 1 1 2 0 5 .8  

1 /5198 1 1 .6 7 1  0 3.4 
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Figure 5.1 The effect of flowers removed on plantlet production .  ( Expt 1 ) . 
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F igure 5.2 Frequency of rooted plantlets prod uced per parent plant with 

the removal and non removal of flowers. (Expt 1 ) . 
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5 .4 . 1 .2 Experiment 2 

S ig n ificantly more (P<0 .00 1 ) rooted plantlets were produced per parent p lant 

over time in  the wet/wet than the d ry/wet i rrigation treatment (see Figu re 5 .3 ) .  

The number of  rooted plantlets was sign ificantly lower (P<0 .00 1 )  in  the  d ry/wet 

than  the wet/wet treatment prior to implementation of surface watering ,  but 

there was no d ifference in the number of rooted p lantlets produced when the 

i rrigation treatments were the same after 26/3/98 .  There was a s ignificant 

(P<0 .00 1 ) t ime and time by irrigation (P<0.008) effect. Rooted p lantlets were 

formed at sign ificantly (P<0. 05) g reater rates for two weeks in the d ry/wet 

treatment once irrigation in the surrounding areas began on 26/3/98 (see F igure 

5 .4) .  

The destructive harvest of parent plants on 1 0/6/98 showed previous non­

destructive rooted p lantlet counts per parent p lant had under estimated the 

number of rooted p lantlets by 1 3 .5%.  

Plate 5.5 Aerial ly rooted plantlets forming in a moist m icro-cl imate. 
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Gravimetric soi l  water contents of the treatments were s ignificantly d ifferent 

(see F igures 5 .3  and 5 .4) on a l l  d ates .  The gravimetric soi l  water content of 

d rylwet and wet/wet i rrigation treatments had a d ifference of 1 8 . 5% (s .e . m .  ± 

0 .53)  on 3/3/98 .  When treatments were i rrigated the same (a l l  wet/wet) for one 

month , there was sti l l  a s ign ificant d ifference (P<0 . 00 1 )  i n  g ravimetric soi l  water 

contents .  However the d ifferences were smal l ,  ( 1 . 2% and 1 . 9%) for 1 2/5/98 

and 1 2/6/98 ,  respectively.  

Dry matter cut per parent plant with i n  and across treatments was h ig hly variable 

(coefficient of variation 73 .3%) and ranged from 2 .7g to 540 .5g over the five 

month period . Dry matter accumulation was sign ificantly d ifferent (P<0 .004) 

between treatments with 1 2 1 .6g and 220.0 g (s .e .m .  22 .8 g) for dry/wet and  

wet/wet treatments, respectively. 
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F igure 5.3 Total rooted plantlets produced over time with d rylwet and 

wet/wet i rrigation treatments .  Surface of d rylwet treatment watered 

from 314/98 onwards.  Vertical  bars represent s.e.m. ( Expt 2) .  

25 30 

.. .. .. � _ .. .. ..  '" R .. 25 
20 "'" :::R 0 --

c . c , . 
� , , . 20 (\) " 0.. " . c . ..... 1 5  ," 0 c (.) (\) , 
"- "-
co 1 5  (\) 
0.. ,r -

""'- co (j) , 3: ..... . 
(\) 1 0  , 0 0 (.) :p . ";:: c , -
� 1 0  (\) , E 0.. , . . , "5 , . � 5 . 

5 <.9 

.f , - " 
" "  " , -0 "  

0 0 
24/02/98 1 6/03/98 05/04/98 25/04/98 1 5/05/98 04/06/98 

Date 
_ _ _  A- _ _  Dry Iwet plantlets � Wet/wet plantlets 

_ _ _ _ _ _ _  Dry/wet i rrigation treatment __ Wet/wet irrigation t reatment 



Chapter Five 94 

Figure 5 .4 Fortn ightly change in the number of rooted plantlets p roduced 

over time with d ry/wet and wet/wet i rrigation treatme nts. Vertical  bars 

represent s.e.m. (Expt 2) .  
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5.5 DISCUSSION 

The seasonal  p roduction (Autumn/early Winter) of rooted p lantlets i n  

vegetatively reproductive red clovers is partly related to  morpholog ical aspects 

of the parent plant (see Chapter 4) ,  but is a lso i nfluenced by e nvironmental 

cond itions .  Surface soi l  moisture levels are particu larly important  in the 

successful formation of a rooted p lantlet (see F igure 5 .3 ) .  

Adequate surface so i l  moisture was essentia l  for rooted p lantlet formation ,  and 

under d ry cond it ions there was no noda l  rooting (see Figu res 5 . 3  and 5 .4). 

Simi lar  cond it ions a re requ i red for white clover noda l  root ing (Ueno,  1 982;  

Thomas, 1 984 ; Stevenson et al. , 1 985) .  Plantlets were formed on the lower 

stems of Astred parent p lants growing over d ry soi l ,  but d id not develop roots 

u nt i l  irr igation commenced in the d ry/wet treatment. Response to i rr igation was 

immediate, with p lantlets p roducing roots after two days (see F igures 5 . 3  a nd 

5.4) .  A h igh p roportion of p lantlet roots were in it ia l ly not i n  d i rect contact with 

the soi l  su rface and had to extend down to contact the soi l .  A moist m icro­

cl imate (Ueno,  1 982; Stevenson et al. , 1 985) withi n  the sward wou ld benefit th is 

p rocess (Hyslop unpub) as p lantlet roots g rew up to 60mm though the a i r  

before reaching the so i l  (see P late 5 .5) .  

The degree of flowering  played no s ign ificant role i n  the number o f  rooted 

p lantlets p roduced per parent p lant .  There was no relationsh ip between the 

number  of flowers removed and the n umber of rooted p lantlets (see F ig u re 5 . 1 ) . 

Nevertheless , a lthough flower heads were removed before the florets opened, 

this cou ld have been too late to p revent a l location away from p lantlet 

p roduction .  Parent p lants may p roduce more rooted p lantlets if a lways kept 

vegetative , whi le sti l l  ma inta i n i ng l ive m ature stems, as fou nd i n  white c lover 

(Grant et al. , 1 991 ; Good ing ,  1 993) . I t  was not the objective here to ma intain 
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completely vegetative red clover parent p lants . But the rooted p lantlet 

p roduction by such parent p lants wou ld be worthy of investigat ion . 

Some red clover p lants senesced a l l  leaf and stem material on  stems that 

terminated in a seed head after seed set (see P lates 5 . 3  and 5 .4 ) ,  which has 

a lso been reported in  lucerne ( Buxton et  al. , 1 985) .  The lower port ion of these 

stems is where most p lantlets a re produced (see Chapter 4) ,  hence l ittle  o r  no 

rooted p lantlets were produced on such stems. These parent p lants then 

regrow stems from crown buds (see Plate 5 .4) as do crown type red clovers 

( Ferg us et al. , 1 960;  Bowley et al. , 1 984; Frame et al. , 1 998) .  Other  red c lover 

p lants had stems which remained a l ive even when they went to fu l l  seed head 

maturity, and therefore had a g reater chance of producing rooted p lantlets (see 

F igure 5.2) .  

Even though only one d ry/wet period treatment could to be i mposed over time 

in this experiment, it cou ld be concluded from other  p lantlet counts (see 

Chapters 3 and 4, and Experiment 1 )  that the development of p lantlet roots can 

take place at any t ime with i n  the Autumn or early Winter period , p rovided 

adequate surface soil water is avai lable .  Plantlets d isplay a compensatory 

rooting ab i l ity once moist conditions exist (see F igures 5 .3  and 5.4) , but a 

longer period of wet soi l  surface wou ld resu lt i n  more p lantlets developing i nto 

rooted p lantlets before Winter. Early Autumn rai nfa l ls would create th is 

s ituation .  

How long adequate surface so i l  moisture levels would need to be ma intained 

for p lantlets to develop a root system capable of surviving a d ry period is 

unknown. If the first set of roots on a p lantlet d ied from lack of moisture it is not 

known whether more would be produced when rai nfa l l  occurs.  Rooted p la nt lets 

a re sti l l  connected to their parent plant for some period , therefore on ly part of 

their requ i rements need to come from the developing nodal  root system .  A 

more deta i led study is  needed to explore this relationship between the rooted , 
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developing p lantlet and its parent plant. The formation of the non-rooted 

plantlet early in the season seems to be more critical to the effectiveness of the 

vegetative reprod uction process,  as long as adequate soi l  moisture is ava i lable 

for plantlets to produce roots sometime in  the Autumn and early Winter period . 

Part of the variation i n  the number of rooted plantlets prod uced in  both 

experiments came from the inherent genetic abi l ity of Astred red clover to 

vegetatively reprod uce. Noda l  rooting has a heritabi l ity of h2 = 0 .531  (Mi rzaie­

Nodoushan 1 993) , but the variab i l ity within Astred seed l ings to express this 

vegetatively reproductive trait was high (see Fig u res 5 . 1  and 5 .2) .  M i rzaie­

Nodoushan ( 1 993) reported coefficients of variation of 20 .2% in noda l  rooting 

within a selection ,  which is a function of rooted plantlets produced, as  some 

selections develop noda l  roots without a plantlet above. 

The under estimation of rooted plantlets by non-destructive counting shown by 

the destructive harvest of parent p lants , i l lustrated the d ifficu lty in detecting  if 

roots have developed on the base of some plantlets , without risking damage to 

the young root structures by l ifting them from the soi l surface . As Autumn 

prog resses , and with moist soil cond itions, worm casts can completely bury 

some of the lower stems, as found by Hay ( 1 983) with wh ite clover, making 

accurate counting even more d ifficu lt. Simi lar prob lems were found in counting 

chicory g rowing points, with destructive harvesting  by d igg ing being the only 

accu rate method (L i  1 997) . 

The d ry matter accumulation per parent p lant was not an  accurate estimation of 

parent p lant s ize or health . The cut was made 200mm above g round and did 

not account for variation in the degree of prostrate g rowth of each parent p lant. 

Cutting height was at 200mm so that the plants were not in  contact with the 

ra inout shelter when it moved over the experiment during rai n .  
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Plantlet and rooted p lantlet formation are critica l  to the effective use of 

vegetatively reproductive red clovers, with moist Autumn/early Winter su rface 

soi l  cond it ions being one of the requ i rements for vegetative rep rodu ction to take 

place .  F lowering status of the parent p lant was not one of the factors i nvolved 

in rooted p lantlet production in th is study. Other  e nvironmental and 

physiological factors such as temperature (chi l l i ng ) ,  l ig ht levels ,  non-rooted 

p lantlet i n itiation ,  vegetative g rowth ,  and the relationsh ip between a rooted 

p lantlet and its parent p lant need to be investigated . 
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6.1 ABSTRACT 

Spread ing red clovers such as Astred a re ab le to vegetatively rep roduce 

through the production of daughte r  p lantlets at stem nodes as wel l  as  though 

the production of seed . A g razing management experiment compared the 

herbage p roduction and parent p lant persistence of Astred ( Trifolium pratense 

L . )  to G rasslands Pawera, with the objective of developing g razing 

management recommendations for swards of Astred red clover. The twelve 

treatments consisted of two cultivars (Astred ,  Pawera) ;  two g razing  i n tensities 

(hard ,  lax) ; three g razing frequencies (4, 6 and 8 weeks) over a three year 

period in a randomised complete b lock design  (48 x 1 1 8 m2 p lots) g razed by 

sheep. There was no d ifference in  the total  herbage accumulated between 

Astred and Pawera over the first g rowing season, across a l l  g razin g  treatments, 

b ut Astred produced sign ificantly more (extra 2538 kgDM/ha for 8 weeks, ha rd)  

herbage at  the first Spring g razing .  Astred swards had s ign ificantly h igher 

(P<O .  00 1 )  percentages of parent p lants surviving a cross al l  treatments after two 

seasons g razing .  G razing i ntensity and  frequency affected (P<0 .05) the 

number  of rooted p lantlets produced which ranged from 29 to 66 m2 . The 

recommended g razing management for pure swards of Astred red clover is  to 

either g raze every 4 to 6 weeks, or when p re-grazing  height reaches 30cm , 

whichever occurs latest. A min imum post g razing height of 1 0cm throughout 

the whole g razing season is also critica l for effective rooted p lantlet p roduction .  

Key words:  Astred ,  g razing management, rooted p lantlets, Trifolium pratense L.  
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6.2 INTRODUCTION 

With the release of cultivars Astred in 1 992 and G ualdo in 1 997, vegetatively 

reproductive red clovers are becoming commercia l ly avai lab le to farmers and 

wi l l  possi bly be included i n  pasture mixtures. These clovers have the ab i l ity to 

vegetatively reproduce through the production of daughter p lant lets at stem 

nodes as wel l  as through the p roduction of seed , (see C hapter 3, Smith ,  1 992; 

Smith, 1 993 ;  Smith et al. , 1 993 ;  Baresel et al. , 1 997) , and a re a imed at  offering 

better perSistence and simi lar  p roduction when compared to red clovers 

currently ava i lable .  There has been considerab le speculation (Smith  et al., 

1 988) over the means of increasing or maintain ing legumes i n  m ixed p astu res, 

and the p roduction of rooted p lantlets may be one effective method to do this 

for red clovers . 

Research has main ly concentrated on the pers istence of th is type of red clover  

i n  m ixed swards. In New Zealand , Orr et al. , ( 1 9 96) reported Astred was the 

most prevalent of five i ntroduced legumes (Adesmia bic% r, Trifolium pratense, 

Trifolium repens, Trifolium fragiferum and Trifolium semipilosum) o n  easy 

slopes, and  contributed in excess of 30% to d ry matter i n  Spring .  Astred 

conti nued to persist under 40 day rotationa l  g razing with sheep over a three 

year  period . I n  Tasman ia ,  under three years set stocking with sheep  g razing 

d own to a 5cm residual ,  Astred retained 55% ground cover compared to 5%,  

2% ,  0% for G rasslands Turoa,  Grasslands Hamua and  Redwest respectively, 

(Sm ith et al. , 1 993) .  Hyslop et al. , ( 1 998) concluded the pers istency of Astred in 

m ixed swards was d i rectly related to g razing  management and its a bi l ity to 

effectively vegetatively reprod uce . Astred p resented s imi lar  persistency 

problems to Grasslands Pawera under the same management i n  a m ixed 

sward . Vegetative replacement by Astred main ly occurs d u ring Autum n ,  (see 
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Chapter 3) ,  but is related to previous Spring and Summer manag ement (see 

Chapter 4) .  

Recommended g razing management for conventiona l  red clover to maintain its 

productivity and persistence is lenient (5-1 0cm residual ) ,  i nfrequent g razings of 

approximately 45 day i ntervals (8rougham 1 959; Hay et al. , 1 989;  Curl l  et al. , 

1 989;  Taylor et al. , 1 996).  When g razing pressure is hard (3-5cm post heig ht) 

and frequent (every 30 days or less) parent p lant density decreases lead ing to 

tota l stand loss by year 2 ,3  or 4, (8rougham 1 959;  8rougham 1 960 ;  H arris et 

al. , 1 980; Cosgrove et al. , 1 985;  Sheath et al. , 1 989;  Frame 1 990; H ume et al. , 

1 995) .  

I n  a mixed sward , grazing management decisions often relate more to the other 

sward components · than to red clover (8rougham 1 959;  Curl l  et al. , 1 989) 

compromising known positive grazing management pol icies for red clover, 

particu larly in the late Autumn and Winter, (Hay et al. , 1 989) .  For this reason i t  

would be usefu l to g row vegetatively reprod uctive red clover as a pure sward so 

i t  could be managed for maximum persistency and yield . It could then be 

considered a truly perenn ia l ,  seasonal forage crop,  capable of prod ucing h igh 

qual ity d ry matter in early Spring and Summer (Hyslop et al. , 1 998) .  

There has been insufficient information publ ished to determine the effects of 

g razing management on vegetatively reproductive red clovers (see Chapter 3) .  

A field experiment was establ ished with the objective of providing information 

on vegetatively reprod uctive red clover parent plant persistence, rooted p lantlet 

formation ,  yield and seasonal g rowth ,  when sown and g razed as a pure sward 

and compared to a crown type red clover, Grasslands Pawera . 
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6.3 MATERIALS AND M ETHODS 

6.3.1  Experimental site 

The experiment was conducted at the Pasture and Crop Research U n it ,  

M assey U nivers ity, Palmerston North , New Zealand ( latitude 40023'S) from 

September 1 996 to May 1 998 (see Plate 6 . 1 ) . The soi l  type was a Manawatu 

silt loam (Hewitt ,  1 992) , with pH 5 .7  and Olsen P 1 71-1g/gsoi l .  The a rea has an  

annua l  ra i nfa l l  of 995  m m  ( 1 0 year  average) and  mean  soi l  temperature of 

1 2 .8°C at 1 00 mm ( 1 0  year average) .  

Seed was sown on 8/3/96 at 5 .4kg/ha and 1 3 .3kg/ha for Astred and Pawera 

(coated) respectively,  to ensure 200 seeds were p laced per square metre 

(germination 96% and 97%) using a V ring rol ler dr i l l  into a conventional ly 

cultivated seed bed . 1 50kg/ha of d iammonium p hosphate (O .A .P) was 

b roadcast at sowing and harrowed in with 311ha of Treflan® (400g/l triflura l in  in  

the form of a n  emuls ifiab le concentrate) in  300llha of water for p re emergent 

weed contro l .  4 1/ha of MCPB (385g/l MCPB as the sodium salt i n  the form of a 

solub le concentrate) was applied by boom sprayer on 1 8/4/96 i n  200llha of 

water for selective control of broad leaf weeds and 4 1/ha of Ga l la ntNF® ( 1 00g/l 

ha loxyfop as an emuls ifiable concentrate) in 200llha of water for control of 

g rasses. 

6.3.2 Design and Grazing  management 

Al l  g razing was by mature Romney ewes at a stockin g  density equ ivalent to 

1 30 0- 1 700 sheep/ha for 1 or 2 days per p lot ( 1 1 8m2). Two g razing i ntensities, 

hard and lax, (post g razing heights of 5cm and 1 0cm respectively) and  three 
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g razing frequencies (4 , 6 and 8 week intervals) were appl ied over both 

cu ltivars , Astred and Pawera to a randomised complete block design with fou r  

b locks . This eq uated t o  n ine,  4 week;  six, 6 week; a n d  five, 8 week g razings 

over the 34 week season .  Grazing started on 1 6/9/96 so that a l l  g razing 

freq uencies coincided on 24/2/97 wh ich left "spel l ing" periods of 4, 6, and 8 

weeks for plantlet prod uction from 1 /3/97 onwards.  All plots were g razed on 

5/5/97 to even out sward post g razing heights before Winter. Sheep were 

removed from each plot as the desired post g razing height was reached . 

Plate 6 .1  Sheep grazing the experimental  s ite at the Pasture and Crop 

Research Unit, Massey University. 

6.3.3 Measurements 

Pre and post g razed herbage masses were measured by cutt ing two randomly 

a l located repl icates from each plot to g round level using a 0 .25m-2 q uadrat. 

Botan ical composition measurements were obtained by d issecting one of these 
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rep l icates i nto red clover and other sward components . Al l  samples were oven 

d ried at 80°C for 48 hours .  

Twenty sward height measurements were randomly taken per p lot us ing  a 

sward stick at both pre and post g razings. Height was recorded when the first 

contact was made with the sward canopy. 

P lant estab l ishment counts were taken every two weeks from sowin g  for six 

weeks using a 0 .5m2 q uadrat, with two samples taken per p lot .  Parent p lant 

dens ities were measured every two months from 5/1 2/96 to 1 2/5/98 ,  by 

cou nt ing parent plant crowns i n  three samples per p lot using a 0 .25m2 q uadrat 

after g razing . Rooted p lantlets (which only occur in Astred) were cou nted as 

pare nt p lant crowns on ly when they became detached from their parent. 

Rooted p lantlets were counted before g razing in two fixed 0 .25m2 quadrats per 

p lot on  23/3/97 ,  2 1 /4/97 and 1 0/6/97.  

6 .3.4 Statistical analysis 

Al l  d ata presented were eval uated by ana lysis of variance using the Genera l  

L inear Model GLM procedure of SAS (SAS Institute I nc. 1 990)  for a ba lan ced 

randomised complete b lock design .  
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6.4 RESULTS 

6.4.1 Parent plant persistence 

Astred swards had sign ifica ntly h ig her (P<0. 001 )  percentages of parent p lants 

rema ining across a l l  treatments after two seasons g razing  compared to Pawera 

(see Table 6 . 1 ) . By year 3 ,  there were sign ificant d ifferences i n  the 

percentages of parent p lants rema in ing between g razing  intensit ies (P<0 .00 1 ) , 

except for Pawera 8 weeks and Astred 6 weeks. Grazing frequency was a lso 

s ign ificant (P<0 .05) by this d ate across both cultivars .  There was a marg ina l  

i nteract ion (P<0.06) between g razing  intensity and frequency (see Table 6 . 1 ) . 

The g reatest parent p lant death was over Winter and early Spring , particu larly 

in the hard grazed , 4 week treatments of both cultivars.  

6.4.2 Total herbage accumulation 

There was no d ifference in the total herbage accum ulated by Astred and 

Pawera over the first g rowing season across a l l  g razing treatments (see Tab le 

6 .2) .  No s ignificant d ifferences resulted between g razing intensities or  g razing 

frequencies, nor were there s ign ificant i nteractions between cultivar, g razing 

frequency and g razing i ntensity (P<0.067) .  H owever, there was a d iffe rence of 

336 1 kgD M/ha between the h ighest producing treatment (Astred , 6 weeks, lax) 

(see P late 6 .2) and the lowest produ cing treatment (Astred , 8 weeks, lax) . 
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Table 6.1 Persistence of parent plants (%) over time under d ifferent 

grazing intensities and frequencies. 

Cultivar Astred 

Grazing frequency 4 weeks 6 weeks 8 weeks 

Grazing intensity hard lax hard lax hard lax s.e. m.  

Date 

5/1 2/96 1 00 1 00 1 00 1 00 1 00 1 00 

1 5/6/97 68 78 78 90 69 87 4.55 

1 0/ 1 /98 51 77 69 73 65 76 6.26 

1 2/5/98 4 1  70 64 65 5 1  69 4 .52 

2/1 1 /98 26 59 52 58 47 66 6 .32 

Cultivar Pawera 

Grazing frequency 4 weeks 6 weeks 8 weeks 

Grazing intensity hard lax hard lax hard lax s .e .m.  

Date 

5/1 2/96 1 00 1 00 1 00 1 00 1 00 1 00 

1 5/6/97 83 86 90 84 86 77 4 .55 

1 0/ 1 /98 67 57 74 64 6 1  5 3  6.26 

1 2/5/98 52 57 66 59 52 47 4.52 

2/1 1 /98 1 3  48 30 43 39 34 6.32 
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Table 6.2 Total seasonal herbage accumulation (kg OM/ha) u nder 

different grazing intensities and frequencies. 

Grazing frequency 

Grazing i ntensity 

Astred 

Pawera 

4 weeks 6 weeks 8 weeks 

hard lax hard lax hard lax 

1 5027 1 4038 1 3592 1 5358 1 4782 1 1 997 

1 4847 1 4482 1 3624 1 32 1 4  1 4383 1 4353 

Plate 6.2 Sheep grazing a s ix week, lax grazed Astred sward. 

s.e .m. 

722.6 

722.6 
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6.4.3 Seasonal herbage accumu lation 

All Astred g razing treatments accumu lated sign ificantly (P<0 .00 1 )  more 

herbage from sowing to the first Spring g razing on 20/9/96 when compared to 

Pawera (see Figure 6 . 1 ) . The d ifferences ranged from an  extra 2538 kg OM/ha 

for Astred , 8 weeks , hard treatment, to 1 9 1 4  kg OM/ha for Astred , 6 weeks, hard 

g razed treatment. There were no other sign ificant d ifferences between species 

at all other harvests, and in all treatments , except for Pawera yield ing more 

than Astred on 1 4/1 0/96 with 4 week hard and lax g razing ,  on 3/1 1 /96 with 6 

week hard and lax g razing ,  and on 1 4/1 1 /96 with 8 weeks hard and lax g razing . 

These d ifferences were partly due to Pawera 4 ,  6 and 8 week,  lax g razed p lots 

not being g razed on. 20/9/96 because they were under the min imum lax g razing 

height of 1 0cm. 
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Figure 6.1 Seasonal herbage accumulation of Astred and Pawera u nder 4 

week and 6 week grazing frequencies to 5cm residual .  Vertical bars 

represent s.e.m. 
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6.4.4 Pre and Post grazing heights 

Pre g razing sward heights varied over the season d ue to changes i n  plant 

g rowth rates between g razings ,  and peaked for both cultivars i n  January 1 997 

(see F igure 6 .2) .  S ign ificant d ifferences (P<0. 00 1 ) in he ight resulted from hard 

(5cm residual)  and lax ( 1 0cm residual )  g razin g  i ntensities across a l l  treatments 

on a l l  harvest d ates. Pawera g rew s ign ificantly (P<0.00 1 )  ta l ler than Astred at 

each harvest from 3/1 1 /96 to 20/1 /97 . However, for the first harvest on 20/9/96, 

Astred was on average three times the height (P<0 .00 1 )  of Pawera . Al l  post 

g razing harvest heights had s ign ificant d ifferences in g razing i ntensity 

(P<0 .001 )  at a l l  harvest dates, across a l l  treatments. No other effects were 

s ignificant. 

6.4.5 Pre grazing weed botanicals 

I n  Spring (grazings from 20/9/96 to 911 2/96) there were d ifferences i n  the 

amount of weeds present i n  Astred (P<O. 001 )  and Pawera (P<0.05)  swards ,  but 

thereafter weed content was s imi la r  i n  both (see Figure 6 . 3) .  G razing 

frequ ency and g razing i ntensity had a marked effect on the amount of weeds 

that estab l ished and g rew in  each treatment. Eight weeks g razing frequency 

had s ignifi cantly (P<0.00 1 )  less weeds than the 4 week g razing rotation at a l l  

harvests that  coincided.  Lax g razing i ntensity a lso decreased weed content 

s ign ificantly (P<0 .05) in a l l  treatments after 1 4/ 1 1 /96 harvest, except the 4 week 

g razing frequency. 
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Figure 6.2 Pre grazing heights of Astred and Pawera swards u nder 4 

week, 6 week and 8 week grazing frequencies and lax (1 0cm residual)  

and hard (5cm residual)  grazing intensities. Vertica l bars represent 

s.e.m. 
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F igure 6.3 P re g razing  weed content (%) in  Astred and Pawera swards 

under 4 week, 6 week and 8 week grazing frequencies and lax ( 1 0cm 

residual)  and hard (5cm residual )  grazing i ntensities . Vertical bars 

represent s.e.m. 
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6.4.6 Rooted plantlet counts 

There was a sig n ificant (P<O .05) interaction between g razing freq uency and 

g razing intensity for the n umber of rooted p lant lets formed (see Tab le 6 . 3) .  The 

Astred 6 weeks, hard produced the least rooted plantlets, with 44% of the 

p lantlets prod uced by Astred , 8 weeks lax and 8 1  % of Astred 8 weeks hard .  

Grazing intensity at  4 weeks, hard d id not affect the number of  rooted p lantlets 

prod uced relative to 4 weeks , lax g razed plots . However, th is was not the case 

for 6 and 8 week grazing frequencies, where more rooted p lantlets were 

prod uced when the g razing intensity was lax. The least number of rooted 

p lantlets were produced from g razing hard (5cm post g razing height) every 6 

weeks. Note, Pawera had no p lantlets. 
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Table 6.3 Rooted plantlets (number m-2) produced by Astred under 

different grazing intensities and frequencies. 

Cultivar 

Grazing frequency 

Grazing intensity 

Date 

1 0/06/97 

4 weeks 

hard lax 

43 42 

Astred 

6 weeks 

Hard lax 

29 46 

8 weeks 

hard lax 

36 66 

Prob>F 

0.0641 

0 .0025 

s.e .m . .  

5. 1 
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6.5 DISCUSSION 

Regard less of g razing management, there is an inevitable decl ine i n  parent 

plant density over time in red clover stands ( Ferg us et al., 1 960; Taylor et al. , 

1 977;  Bowley et al. , 1 988) ,  therefore it is important to promote the formation 

and surviva l of rooted plantlets to counteract this in  vegetatively reprod uctive 

red clover cu ltivars (Hyslop et al. , 1 998) .  All g razing management conclusions 

are based on maximising parent p lant and rooted plantlet numbers,  not 

herbage accumu lation , however total annual  herbage accumulation between 

treatments was not found to be d ifferent (see Table 6 .2) .  

I t  is clear from other. stud ies with taprooted forage plants that sward persistence 

is decreased by i ntensive grazing pressure and increased g razing  freq uency 

(Brougham 1 959; Brougham 1 960; Harris et al. , 1 980; Cosg rove et al. , 1 985;  

Sheath et al. , 1 989;  Frame 1 990; H ume et al. , 1 995) .  Parent plants per square 

metre decl ined over t ime in  a l l  Astred and Pawera g razing management 

treatments (see Table 6 . 1 ) , but the rate of decl ine was less for Astred swards ,  

particu larly in  the th ird Winter ( 1 998) . Th is g reater plant density of Astred could 

have been due to the add ition of rooted plantlets to the Astred swa rd s  each 

Autumn .  I t  may take time for parent p lant popu lations to reach an eq u i l ibr ium 

under g razing cond itions from the t ime of sowing.  This lag t ime unt i l  eq u i l i b rium 

parent p lant n umbers are reached , occurs in  lucerne (Tesar 1 979) ,  crown type 

red clovers (Westoby 1 984) and many other grazed p lant species. Further 

research is being cond ucted on the popu lation dynamics of Astred under 

g razing . 

The g razing management treatments imposed were based on set t ime periods 

and i ntensit ies, rather than morpholog ical changes of the parent p lants, as 

plantlets were formed and became rooted plantlets. The rotations were 
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calculated back from 1 /3/97 when rooted plantlets were known to start to form 

(see Chapter 3) ,  so that "spel l ing" periods from g razing  of 4 ,  6 and 8 weeks 

were set up to a l low rooted p lantlets establ ishment. These periods of "spell i ng" 

may be better imposed when the right environmental cond it ions exist rather 

than by a date basis (see C ha pter 5). I mproved management decisions for the 

increased production of rooted plant/ets may a/so be better based on parent 

plant morphology, as fou nd with lucerne management (B ib bey, 1 960 ;  Leach ,  

1 970 ;  S ingh et al. ,  1 974; Johnson , 1 984), now that know/edge of where and 

what affects rooted p lantlet formation has improved (see Chapters 3 ,4 a nd 5) .  

The percentages of  parent p lants remaining i n  the Astred swards after three 

years of g razing are not on ly a function of the grazing treatments imposed , b ut 

a lso a function of rooted p lantlet production and survival .  Because rooted 

p lantlets were not counted as parent p lants u nti l  the first Spring g razin g  in the 

next season (one year from when they were first formed ) ,  parent p lant n umbers 

recorded i n  the Autum n  and Winter d id not reflect any new vegetative 

rep lacement that had taken place. 

Rooted p lantlets a re p redominately produced on stems that g row i n  the 

p reced ing Spring (see C hapter 4) ,  which supports the find ing of less rooted 

p lantlets being produced under the hard g razing (5cm residual )  treatments (see 

Table 6 . 3) .  However, even under hard g razing when only 5- 1 0cm of stem 

remained , rooted p lantlets were sti l l  ab le to be p roduced (29-43 m·2), b ut they 

were very close to the parent crown,  smal ler in  size , and less l i kely to reach 

maturity (see Chapter 3)  than rooted p lantlets p roduced at a g reater  d istance 

from the parent p lant i n  open gaps i n  the sward (see Chapter 4) .  I t  should be 

emphasised that sign ificant n umbers of rooted plantlets can form u nder  g razing 

condit ions (see Table 6 .3) .  

Even though total herbage accumulation between cultiva rs was not sign ificantly 

d iffe rent across a l l  g razin g  treatments (see Table 6 .2) , i t  was on ly measured 
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over the first g razing season ( 1 996- 1 997) when parent plant numbers had not 

s ign ificantly decl ined in either cu ltivar. By 1 998- 1 999,  when Astred averaged 

38 p lants m2 (52% of orig ina l  popu lation) and Pawera 1 5  plants m2 (28% of 

orig ina l  population) over a l l  treatments, yield d ifferences may have become 

apparent between cu ltivars.  Herbage accumulation measurements were not 

conducted in years 2 and 3 because of confounding with other measurements. 

I t  is possible that a p lant size, density compensation could red uce this yield 

d ifference in  the short term (Sheaffer et al. , 1 988),  but Smith et al. , ( 1 993) 

found Astred produced s ignificantly h igher yields by year  3 when compared to 

Grasslands Hamua and Redwest u nder sheep g razing .  

Astred ,  when g rown as a spaced p lant, is  classified as semi-prostrate i n  g rowth 

habit (Smith , 1 992 ; Smith , 1 993) ,  but when sown as a pure sward , it can reach 

over 50cm in height under an 8 week g razing rotation (see F igure 6 .2) .  A 

d istinct loss of herbage qual ity was noted at the bottom of these tal l  swards as 

lower leaves senesced and d ied .  A loss in yield was a lso apparent (see Table 

6 .2) .  The best weed suppression was ach ieved under the 8 week rotation ,  but 

it was s imi lar to the 6 weeks, lax g razing treatment (see F igu re 6 .3) .  

Astred had a clear seasonal yield advantage in  the late Winter/early Spring over 

the later flowering Pawera (Hyslop et al. , 1 998) ,  (see F ig u re 6 . 1 ) . 

U nfortunately, at the t ime of sowing this Winter activity was not reported i n  the 

l iteratu re as it would have been usefu l to compare Astred with a s imi larly Winter 

active cu ltivar such as Grasslands Colenso. Areas in New Zealand to take 

advantage of this late Winter/early Spring prod uction need to be Med iterranean 

i n  cl imate , and have free d rain ing , fert i le soi l  with adeq uate soi l moisture levels. 

In conclusion , the recommended grazing management for pure swards of 

Astred ,  vegetatively reprod uctive red clover, would be to g raze every 4 to 6 

weeks, or when pre g razing heig ht reaches 30cm, whichever is later. A 

min imum post g razing heig ht of 1 0cm over the whole g razing season is a lso 
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crit ical for effective rooted plantlet prod uction .  Swards should be spel led for 6 

to 8 weeks in  the Autumn after plantlets beg in  to take root, to increase p lantlet 

surviva l .  This wou ld not s ign ificantly affect annua l  herbage accumulation or 

farm management g razing options because this is near the end of the seasonal  

growth phase for red clover swards. Animals should be removed if soi l  

cond it ions become wet u nder foot. Such a management strategy d id not cause 

a sig n ificant loss in  total herbage accumu lation wh ile p roducing h igh numbers 

of rooted plantlets and suppressing weeds. The on ly d ifference between these 

management recommendations and those for crown type red clovers is the 

greater post g razing  or post cutting  residual  of 1 0cm instead of 5cm . These 

increased levels of residual  may decrease annua l  herbage accumulation and 

uti l isation in  some situations, but th is was not the case in  th is experiment. A 

detai led morpholog ical study of when vegetatively reprod uctive red clovers 

should be grazed i n  relation to p lantlet formation is requ i red to "fine tu ne" 

g razing management recommendations. 
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7.1 ABSTRACT 

The b iomass a llocation and the dynamics of vegetative rep roduction i n  Astred 

( Trifloium pratense L . )  a re important in the understand ing of sward pers istency. 

Experiment 1 consisted of 1 2  treatments (two cultivars (Astred , Pawera) ;  two 

g razing i ntensities (hard ,  lax); three g razing frequencies (4 ,6 a nd 8 weeks) , and 

compared aspects of stem to leaf ratio, taproot mass, regrowth after g razing and 

parent p lant-l ife span of Astred to Grasslands Pawera under rotat ional  g razing by 

sheep. Experiment 2 studied plantlet dynamics u nder two g razing i ntensities, 

hard and lax, and  2 g razing frequencies, 4 and 8 weeks in pure Astred swards i n  

a randomised sp l it p lot d esign for s ix  months under rotationa l  g razing by sheep. 

In Experiment 1 ,  Pawera and Astred had contrast ing (P<0 .00 1 )  components of 

leaf and  stem from 20/9/96 to 611 /97.  Pawera had significantly (P<0 .00 1 )  th icker 

stems than Astred in all corresponding g razing treatments. The percentage of 

regrowth for Astred or Pawera was not s ign ificantly d ifferent at two of the three 

harvest d ates, for either crown leaf/stem regrowth or for leaf/stem regrowth from 

stem nodes . Over a l l  g razing t reatments, Astred p lots h ad h igher  taproot 

popu lations than Pawera (72 vs 44, s .e .m .  ±4 . 8 1 , roots m·2 , P<0 .00 1 ) , but  Pawera 

had heavier (P<0.00 1 )  ind ividua l  taproots in a l l  correspond ing g razing treatments. 

The percentages of tagged parent p lants remain ing in 6 weekly hard g razed p lots 

decreased at s imi lar rates, except on the last measurement d ate ( P<0 . 00 1 ) .  

G razing i ntensity a n d  frequency affected (P<0.00 1 )  the number of a l l  p lantlets 

(p lantlets with no roots, aeria l ly rooted or rooted) p roduced ,  wh ich ranged from 0 

to 1 1  m·2 for rooted p lantlets at monthly and b i-month ly post g razing 

measurements. Morpholog ical ly, Astred and Pawera parent p lants a re not 

d isti nctly d ifferent in many ways, but grazing management needs to be l ax ( 1 0cm 

post g razing height) and infrequent (every 4 to 6 weeks) for Astred 's vegetative 

reproductive mechan ism to function effectively. 
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7.2 INTRODUCTION 

An u nderstand ing of the g rowth and development of pare nt p lants and  the p lantlet 

dynamics of Astred (a vegetatively reproductive red clover) in a g razed , pure 

sward is requ i red if sward persistency and productivity a re to be m aximised (see 

Chapter 3, Hyslop et al. , 1 998) .  Currently, there is no pub l ished l iterature on the 

effect of g razing intensity and frequency on the g rowth and  d evelopment of 

Astred in pure swards and how this extrapolates to the n umber of p lantlets 

p roduced , and hence long term persistency of Astred swards .  I t  is  a l so  u nclear 

whether there is  a sign ificant "cost" to vegetative reproduction i n  Astred red clover 

to the detriment of annua l  p roduction or sward qua l ity (h igher proport ion of 

stemlleaf) when compared with crown type red clovers . 

There has been a lack of g razing experiments a imed at devis ing the best g razing 

reg imes based on growth characteristics, such as the seasona l  p attern of 

development of crown buds for crown type red clovers (Frame et al. , 1 998) . 

I nfrequent and lax g razing has been widely reported (Brougham 1 959;  Hay et  al. , 

1 989 ;  Curl !  et al. , 1 989; Taylor et al. , 1 996) as the best method of management 

for maximum production and persistence of crown type red clovers , but these 

management recommendations have al l  been based on rotation  lengths and post 

g razing heights , not parent plant g rowth a nd d evelopment state. Crown type red 

clovers do  not produce the numbers of d istinct crown bud "flushes" (normal ly two 

with double cut cultivars) (Bowley, 1 984) produced by lucerne (Leach , 1 969; 

Leach , 1 970; Singh et al. , 1 974) ,  which have been found to be the best indication 

of the correct time to graze (Marble et al. , 1 985) . Such understand ing wou ld be 

useful to the management of both crown type and p rostrate red c lover dominant 

swards used for cutt ing and g razing Frame et al. , ( 1 998) .  

The morphology of Astred as a s ingle spaced parent plant has been described in 

detai l  by Smith ( 1 992) under Tasmanian cond itions where leaf s ize was both 
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shorter and  narrower by 4-6mm and 2mm respectively, and stems were th inner  

compared to  G rasslands Hamua ,  Grasslands Colenso, Redqu in  and Redwest. 

However, Astred has larger leaves and th icker stems than cv. Gualdo (see 

Chapter 4). The morphology of plantlets and the dynamics of their p roduction 

were not p resented by Smith ( 1 992) .  In  Chapter 3 it was found that  spaced 

parent p lants of Astred produced a total p lantlet mass per parent p la nt of 1 5 . 9g in 

M ay, increasing to 348g by December, compared to G rasslands Turoa's 1 .6-

26.2g respectively, over the same period . Chapter 3 a lso reported g reater 

survival rates of Astred rooted plantlets than F24 1 9 and Turoa rooted p lantlets 

when managed under hard and lax (5cm and 1 0cm post g razing heights 

respectively) rotational  grazing by sheep over a 48 week period . This pre l iminary 

i nvestigation  concl ud ed that the total mass of s ing le parent p lants was not 

s ign ificantly d ifferent between Astred , F24 1 9  and  Turoa and  that the a l location of 

mass to stem tissue was also simi lar ,  suggesting that the g rowth potentia l  of 

Astred was not d isadvantaged by its obviously g reater production of rooted 

p lantlets on stems. 

An objective of this research was to determine the biomass a llocation of parent 

p lants in a pure sward of a vegetatively rep roductive red clover (Astred) and 

Grasslands Pawera u nder d ifferent g razing intensities and frequencies. A second 

objective was to ga in  an understand ing of the population dynamics of p lantlet 

p roduction with i n  an Astred red clover sward under d iffe rent g razing i ntensities 

and frequencies that wi l l  assist in the development of a ppropriate g razing 

management decisions to maintain sward persistency.  



Chapter Seven 1 30 

7.3 MATERIALS AND METHODS 

7.3.1 Experimental site 

Both Experiments 1 and 2 were conducted at the Pasture and Crop Research 

Un it ,  Massey Un iversity, Palmerston North ,  New Zealand . The information on the 

s ite , establ ishment and agronomic management relevant to both experiments a re 

i n  Chapter 6 .  The red clover swards were i n  their  second year  of g rowth i n  

Experiment 2 .  

7.3.2 Design and Grazing management 

7 .3 .2 . 1 Experiment 1 

Design and  g razing management are detai led i n  6 .3 .2  as this experiment was 

overlaid on the g razing frequency by intensity experiment (see Chapter 6 ) .  

7 .3 .2 .2  Experiment 2 

Two year  o ld p lots of Astred which had been hard g razed (post g razing height of 

5cm) at g razing frequencies of 4 or  8 weeks by mature Romney ewes at a 

stocking density equ ivalent to 1 300- 1 700 sheep/ha for 1 or  2 d ays i n  the p revious 

season ( 1 996/97) .  These plots were d iv ided into half (spl it p lot design )  by an 

electric fence to g ive 1 6, 59m2 plots in  a randomised complete block design with 

fou r  b locks as repl icates. Each split p lot was g razed to a post g razing height of 

either 5cm (hard)  or  1 0cm ( lax) at the same g razing frequency as the p revious 34 
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as the previous 34 week season (either every 4 or 8 weeks, see Chapter 6) .  

Sheep were removed from each p lot when the desired post g razing height was 

reached (see Plate 7 . 1 ) . 

Plate 7.1  Lax ( 1 0cm) and hard (5cm) post grazing heights in  a sp l it plot 

rep l icate. 

7.3.3 Measurements 

7 .3 .3 . 1 Experiment 1 

Leaf and stem ratios were obtained by d issecting one randomly selected 

0 .25m-2 q uadrat cut to g round level at pre and post g razing from each p lot of 

Astred and Pawera for the complete 34 week g razing season .  The q uadrat 

samples were d ivided into red clover ( leaf and stem) and other (weeds) and 

oven d ried at  80°C for 48 hours .  One set of stem d iameter measurements were 

taken on 26/2/98 by randomly selecting 1 0  stems per p lot (48 plots) and 
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The a llocation of regrowth after g razing between remain ing stem buds and  crown 

buds was measured for Astred and Pawera g razed hard (see Plate 7 .2)  and lax 

(see Plate 7 .3)  with 5cm and 1 0cm post g razing heights respectively, every 8 

weeks. Successive dry matter cuts (two randomly chosen q uadrats (0 .25m2) per 

p lot) were made to g round level 1 ,  2 and 3 weeks after the g razing on 5/1 /98. 

Guts were d issected i nto red clover parent p lant stem , regrowth from the crown , 

and regrowth from stem nodes, and oven d ried at 800G for 48 hours .  

Root measurements were taken i n  a l l  s ix  g razing treatments for both Astred and 

Pawera on 25/3/98,  two years from sowing ,  by d igg ing two random ly chosen,  

0 .25m2 q uadrats per plot (48 p lots) ,  and separating the roots from the so i l  so the 

complete root was extracted . Above g round p lant  parts were cut  off i n  the 

cotyledona l  a rea . The roots were washed by hand and oven d ried at  800G for 72 

hours .  The number of taproots per q uad rat was counted . If  there was no  obvious 

taproot, the bunch of adventit ious roots were counted as one taproot per parent 

p lant .  I nd iv idua l  root mass was calculated by d ivid ing the taproot mass per m2 by 

the n umber of taproots per m2. 

Two hundred parent p lants were tagged using wire stakes p ushed into the soi l  

near the p lant one year after sowing (3/1 1 /96) in  the Astred and Pawe ra , 6 week,  

hard g razed treatment (4 rep l icates) . Each p lant was recorded as a l ive or  d ead , 

post g razing u nt i l  27/1 0/98 .  These tagged p lants enabled the parent p lant l ife 

span of a selection of ind ividua l  parent p lants under standard recommended red 

clover g razing management (every 6 weeks to 5cm post g razing height) to be 

monitored . 
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7 . 3 .3 .2  Experiment 2 

Pre and post g razing  p lantlet counts were taken from 8/1 /98 to 1 /5/98 at  4 and 8 

weekly i ntervals (depend ing on g razing frequency) by counting p lantlets w ith no  

roots, p lantlets with roots not embedded i n  the soi l  (aeria l ly rooted) ,  and  p lantlets 

with roots fi rmly fixed in the soil (rooted p lant let) i nside three fixed 0 . 25m2 

q uadrats with in  each spl it plot. Plantlets that had roots fi rmly fixed i n  the soi l  were 

tagged p re g razing with a twist of coloured wire so they cou ld  be d istinguished 

from previously rooted p lantlets. 

Two randomly selected 0 .25m2 quadrats were cut to g round level after each 

g razing in each spl it p lot and d issected i nto red clover ( leaf and  stem) and  other 

(weeds) , then oven dried at 80°C for 48 hours to obtain  kgDMlha of each post 

g razing component. 

Sward height was measured post g razing with twenty randomly taken heights per 

spl it p lot with a sward stick, with the height recorded at the first contact w ith the 

sward canopy. 

7.3.4 Statistical analysis 

The model for repeated measures was used to analyse the parent p lant 

measurements conducted in  Experiment 1 with i n  the SAS GLM procedure (SAS 

I nstitute I nc. 1 990) 

Data sets i n  Experiment 2 were evaluated by ana lysis of variance using the 

Genera l  Linear Model GLM procedu re of SAS (SAS I nstitute I nc .  1 990) for a 

balanced spl it plot design .  
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Al l  other data presented were evaluated by ana lysis of variance us ing the 

General Linear Model  GLM procedu re of SAS (SAS I nstitute I nc .  1 990) for a 

balanced randomised complete b lock design .  
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7.4 RESULTS 

7.4.1 Experiment 1 

7 .4 . 1 . 1  Tissue a l location of stem to leaf 

1 35 

Astred swards had less leaf and stem dry matter (P<0.00 1 )  than Pawera swards ,  

57% and 72% respectively, from 20/9/96 to  6/1 /97 (Tables 7 .2  and 7 .3 ,  F igures 

7 . 1 and 7 .2) .  There were also sig n ificant d ifferences (P<0.05)  between Astred 

and Pawera at two later harvest dates (24/2/97 and 2 1 /4/97) (see F igures 7 . 1  and 

7 .2) .  Grazing intensity sign ificantly (P<0.00 1 )  affected the percentages of leaf 

and stem at a l l  harvests, except for 3/1 1 /96, 6/1 /96 and 24/3/96 .  The percentage 

of leaf was g reater in hard than lax g razed swards,  but g razing freq uency had no 

effect on the percentage of leaf or stem at any harvest date (F igures 7 . 1  and 7 .2) .  

Stem d iameter increased (P<0. 001 ) with lengthening g razing frequency, and as 

g razing i ntensity decreased from 5cm to 1 0cm post g razing height. Pawera had 

s ign ificantly (P<0 .00 1 )  thicker stems compared with Astred in al l  corresponding 

g razing treatments (see Table 7 . 1 ) . 
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Plate 7.2 Post g razing residual in Astred, 8 weeks, hard. 

Plate 7.3 Post grazing residual in  Astred, 8 weeks, lax. 
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7 .4 . 1 .2 Regrowth after g razing 

There was no sign ificant d ifference between Astred and Pawera for e ithe r  leaf 

p l us stem regrowth from the crown, o r  for leaf regrowth from stem nodes ,  except 

on 1 2/ 1 /98 when leaf p lus stem regrowth from the crown was s ign ificantly h igher 

(P<0 . 05) for Astred (see Tab les 7 .2  and 7 . 3) .  

G razing i ntensity had the most effect on regrowth .  There were sign ificant 

d ifferences (P<0.05 to P<0 .00 1 )  between hard and l ax g razing for the percentage 

of regrowth from the crown and the stem nodes at a l l  harvests . Proportional ly 

less (P<0 .00 1 )  regrowth came from the crown than the stem nodes u nder lax 

g razing ( 1 0cm post g razing height) , but th is was compensated for by 

proportional ly less regrowth from stem nodes (see Tables 7 .2  and 7 . 3) .  Orig ina l  

parent p lant stem percentage decreased at each harvest due to senescence .  

7 .4 . 1 . 3 Taproot measurements 

Over a l l  g razing treatments , Astred plots had h igher taproot popu lat ions than 

Pawera (72 vs 44, s .e .m .  ±4 . 8 1 , roots m-2 , P<0 .00 1 ) (see Table 7.4) .  There was 

no sign ificant d ifference (P<0 .407) in the number of roots m-2 at the d ifferent 

g razing i ntensities, except between Astred 4 weeks hard and 4 weeks lax. 

Pawera had heavier (P<0 .00 1 )  i nd iv idual  taproots than Astred in  a l l  

corresponding g razing treatments (see F igure 7 .3) with an  average root mass of 

2 .40 g DM/root to Astred's 1 .60  g DM/root. As grazing i ntensity and frequency 

decreased , taproot mass increased (P<0 .00 1 )  i n  both cu ltivars (see F igure 7 .4) .  

There was a sign ificant (P<0 .00 1 )  interaction between g razing i ntensity , 

frequency and cu ltiva r  on root mass m-2 (see F ig u re 7 . 3) .  I ncreased g razing 
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i ntensity (from 1 0cm to 5cm post g razing sward height) decreased root m ass 

m-2 (gOM m-2) in both Astred and Pawera with the largest d ifferences being 

between Astred 4 weeks hard and 4 weeks lax (60 . 8  and 1 36 .2  g O M  m-2 

respectively) , and Pawera 4 weeks hard and 4 weeks lax (60 . 8  and 1 25 .4 g O M  m-

2 respectively). Astred had a s ign ificantly (P<0.00 1 )  g reater root mass m-2 in  the 6 

week lax g razing treatment than Pawera , but not i n  a ny other g razin g  treatment. 

7 .4 . 1 .4 Parent plant l ife span 

The percentage of tagged parent p lants that survived in  the Astred and Pawera , 6 

week hard g razed treatment d iffered on ly on the last measurement date 

(27/1 0/98) at 3 1  months of age, when 35% of tagged Pawera p lants were 

surviving compared with Astred's 55% (P<0. 039) (see F ig u re 7 .5) .  
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Figure 7 .1  Pre grazing percentage leaf in  Astred and Pawera swards u nder 

4,  6 and 8 week grazing frequencies and lax ( 1 0cm residual)  and hard 

(5cm residual)  g razing intensities. Vertical bars represent s.e.m .  (Expt 
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Figure 7.2 Pre grazing percentage stem in  Astred and Pawera swards u nder 

4, 6 and 8 week grazing frequencies and lax ( 1 0cm residual)  and hard 

(5cm residual)  g razing i ntensities. Vertical bars represent s.e.m .  (Expt 

1 ) .  
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Table 7.1  Stem diameters (mm) of Astred and Pawera swards under 4 week, 

6 week and 8 week grazing frequencies and lax (1 0cm residual )  and 

hard (5cm residual) grazing intensities. (Expt 1 ) . 

Grazing frequency 

Grazing intensity 

Astred 

Pawera 

4 weeks 

hard 

3 .04 

4. 1 1  

lax 

3 .97 

5 . 1 6  

6 weeks 

hard 

3 .52 

4 .55 

lax 

3 .96 

5.46 

8 weeks 

hard 

3 .77 

4.87 

lax 

4. 1 0  

5.49 

s .e .m.  

0 . 1 6  

0 . 1 6  
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Table 7.2 Percentage regrowth of shoot components after grazing i n  2 year 

old pure swards of Astred and Pawera grazed every 8 weeks to 5cm 

post g razing height. (Expt 1 ). 

Grazing Hard (post g razing height of 5em) 
intensity 

Component Stem from crown Leaf from crown Leaf from node 

Cultivar Astred Pawera s.e.m. Astred Pawera s.e.m. Astred Pawera s.e.m. 

Date 

1 2/ 1 /98 75.8 76.5 3 . 39 1 2 3 7.0 1 .29 1 1 . 8  1 6. 3  2.87 

1 911198 61 . 3  63.0 2.86 2 5 6 2 1 . 3  3.33 1 3. 0  1 5. 5  2.08 

26/1/98 46.6 40.7 2.4 4 1 .6 44.8 2.29 1 1 . 6  1 4. 3  2.26 

Table 7.3 Percentage regrowth of shoot components after g razing i n  2 year 

old pure swards of Astred and Pawera grazed every 8 weeks to 1 0cm 

post grazing  height. (Expt 1 ) . 

Grazing Lax (post g razing height of 1 0em) 
intensity 

Component Stem from crown Leaf from crown Leaf from node 

Cultivar Astred Pawera s.e.m. Astred Pawera s.e.m. Astred Pawera s.e.m. 

Date 

1 2/ 1 /98 77 8  73.7 3.39 3.6 3.7 1 .29 1 8. 5  22.5 2 .87 

1 9/ 1 /98 74. 1  69.1  2.86 9.0 6.1  3.33 1 6 . 8  24.6 2 08 

26/ 1 /98 61 . 1  58.3 2.4 1 3,7 1 7 . 1  2.29 25.0 24.5 2.26 
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Table 7.4 The number of ind ividual taproots m-2 harvested by d igging on 

2513/98. (Expt 1 ) . 

Grazing frequency 

Grazing intensity 

Astred 

Pawera 

4 weeks 

hard 

62 

38 

lax 

88 

5 1  

6 weeks 

hard 

80 

54 

lax 

78 

37 

8 weeks 

hard 

5 9  

5 0  

lax 

66 

37 

s .e .m.  

4 .81  

4 .8 1  
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Figure 7.3 Taproot mass per plant (gDM/plant) of Astred and Pawera parent 

plants 2 years from sowing under 4, 6 or 8 week g razi ng frequency and 

hard or  lax grazing intensity (5cm and 1 0cm post g razing height, 

respectively). Vertical bars represent s.e.m. (Expt 1 ) . 
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Figure 7.S Percentage of tagged parent plants surviving in Astred and 

Pawera pure swards grazed every six weeks between September and May 

each year to Scm residual sward height by sheep. Vertical bars 

represent s.e.m. (Expt 1 ) . 
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7.4.2 Experiment 2 

7.4 .2 . 1  Pre g razing p lantlet counts 

1 46 

The percentage of p lantlets with no roots peaked i n  early M arch ( rang ing from 90-

1 30 p lantlets m-2) for a l l  g razing treatments , except for the 4 week, hard g razed 

(5cm post g razing height) treatment in which the percentage of unrooted p lant lets 

d ecl ined from the first measurement (see Figu res 7 .6  and 7 .7) .  There were 

s ign ificant (P<0. 001 ) d ifferences in a l l  treatments i n  the percentage of p lantlets 

with no roots at d ifferent measurement dates and g razing intensities ,  decl in ing to 

an average of 30 p lantlets m-2 across a l l  treatments by June.  

Aeria l ly rooted p lantlet percentages were s ign ificantly d ifferent (P<0 .00 1 )  between 

g razing frequencies and intensities and at d ifferent measurement d ates, but  were 

relatively constant withi n  each g razing treatment u nti l  30/4/98 ,  and thereafter 

d ecl ined i n  every treatment (see Figures 7 .6  and 7 .7) .  

A smal ler  p roport ion of rooted p lantlets compared to p lantlets w ith no roots or  with 

aeria l  roots existed at any one time in all g razing treatments, except after 30/4/98 

when rooted p lantlets increased (P<0.00 1 )  in n umber over a l l  g razing treatments, 

but especial ly (P<0 . 00 1 )  in 4 and 8 weeks lax ( 1 0cm post g razing height) . 

However, the effect of g razing frequency was a lso sign ificant (P<0 . 00 1 ) ,  with a 

g reater n umber of rooted p lantlets i n  the 8 week g razin g  treatment than the 4 

week g razing treatment. 



Chapter Seven 1 47 

7 .4 .2 .2  Post g razing p lantlet counts 

Grazing intensity and measu rement date had s ignificant (P<0 .00 1 )  effects on  the 

percentage of plantlets with no roots after grazing , but a l l  treatments had more 

than 80% of the total population of p lantlets consisting  of p lantlets with no  roots at 

any one t ime. Grazing frequency (either 4 or 8 weeks) made no d ifference 

(P<0.457) to the n umber of surviving p lantlets with no roots. 

The proportion of aerial ly rooted p lantlets i ncreased (P<0 .00 1 )  over t ime i n  a l l  

g razing treatments and ranged from 0%- 1 7% of  the total popu lation . The 4 and 8 

weeks lax ( 1 0cm post grazing  height) treatments had the h ighest percentage of 

aeria l ly rooted p lantlets, but as with plantlets with no  roots, g razing frequency d id 

not have a s ign ificant effect (P<0 .600) (see F igures 7 .8 and 7. 9) .  

The overal l  trend for the percentage of rooted p lantlets rema in ing after g razing 

was that the lax g razed ( 1 0cm post g razing height) treatments g razed either every 

4 or 8 weeks had significantly (P<0.00 1 )  more rooted p lantlets than the hard 

g razed (5cm post g razing height) treatments g razed either every 4 o r  8 weeks. 

There was a margina l  effect (P<0. 07) of g razing frequency, with more rooted 

p lantlets surviving when g razed every 8 weeks than every 4 weeks. Treatments 

g razed every 8 weeks to 5cm post g razing height (hard )  had the h ighest 

percentage of surviving rooted plantlets at any one t ime. Lax g razing every 4 

weeks had the h ighest apparent, accumulated rooted p lantlets (see F igure 7 . 1 0) .  
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7 .4 .2 . 3  Post g razing morphological components 

Morpholog ical components varied sign ificantly (P<0 .00 1 )  between g razing 

frequencies and intensities (see Tables 7.5 and 7 .6) .  As g razing frequency 

decreased from 4 to 8 weeks, percentages of post g razing leaf and  stem 

i ncreased . The weed component was particu larly h ig h  (average of 65% over a l l  

harvests) i n  the  4 week g razed treatment, bu t  decreased with decreased g razing 

frequency (8 weeks) . 

7 .4 .2 .4 Pre and post g razing sward heights 

G razing i ntensity affected (P<0 .00 1 )  pre g razing sward heights at a l l  harvests and 

i n  both g razing frequencies, except for the 4 weeks hard and lax on  2/2/98 and 

the 8 weeks hard and lax g razing treatments on 8/1 /98 and 30/4/98 .  All pre 

g razing heights decl ined as the season p rogressed (see F ig u re 7 . 1 1 ) . There was 

a sign ificant (P<0.00 1 )  i nteraction between harvest date , grazing frequency and 

g razing i ntensity. 

Al l  post g razing sward heights were s ign ificantly d ifferent (P<0 . 00 1 ) between hard 

and lax (5cm and 1 0cm post g razing sward heights) g razin g  treatments at a l l  

harvest d ates. 
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Figure 7.6 The pre g razing percentage of plantlets with n o  roots, plantlets 

with aerial roots, and rooted plantlets u nder 4 weeks g razing  frequency, 

with hard and lax grazing intensities (5cm and 1 0cm) (s.e.m .  2.90, 1 .54, 

2 . 1 2, respectively). (Expt 2) .  
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Figure 7 .7 The pre grazing percentage of plantlets with no  roots, plantlets 

with aerial roots , and rooted plantlets u nder 8 weeks g razing frequency,  

with hard and lax grazing  intensities (5cm and 1 0cm) (s.e .m.  2 .90 ,  1 .54, 

2 . 1 2, respectively). (Expt 2) .  
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Figure 7.8 The post grazing percentage of plantlets with no  roots, pJantlets 

with aerial roots, and rooted plantlets u nder 4 weeks g razin g  frequency, 

with hard and lax g razing intensities (5cm and 1 0cm) (s.e.m. 4.9 1 ,  1 .92, 

4.81 , respectively). (Expt 2). 
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Figure 7.9 The post grazing percentage of plantlets with no roots, plantlets 

with aerial roots, and rooted plantlets u nder 8 weeks g razin g  frequency, 

with hard and lax g razing intensities (5cm and 1 0cm) (s.e .m.  4.91 , 1 .92,  

4.81 , respectively). (Expt 2) .  
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Table 7.5 Composition (OM) of Astred grazed hard or lax every 4 weeks.  

(Expt 2) .  

Grazing i ntensity Hard (5em post g razing height) Lax ( 1 Oem post g razing height) 

Component Leaf Stem Weeds Leaf Stem Weeds 

Date 

1 3/ 1 /98 4.9 28.6 66.4 1 7. 5  3 1 . 1  5 1 .2 

5/2/98 9. 1 25.6 65.2 2 1 .5 33.2 45. 1 

9/3/98 1 1 .8 26. 5  6 1 . 5  27.8 34. 9  37.2 

3/4/98 1 3. 0  1 6. 1 70. 8 26.4 29.7 43.8 

5/5/98 1 3.8  2 1 .4 64.6  29.8 37.5 32. 7  

s .e .m.  3 .62 3.43 5.53 3.62 3 .43 5 .53 

Table 7.6 Composition (OM) of Astred grazed hard or lax every 8 weeks.  

(Expt 2) .  

Grazing intensity Hard (5em post g razing height) Lax ( 1 Oem post g razing height) 

Component Leaf Stem Weeds Leaf Stem Weeds 

Date 

1 3/1 /98 8 .0 64. 7  27.2 27.4 37. 1 35.4 

9/3/98 1 9. 1  52. 3  28.5 33.3 52.5 1 4.0 

5/5/98 29.0 39. 1 3 1 .8 42.2 49.8 7.8 

s .e .m.  3.62 3.43 5.53 3.62 3.43 5 .53 
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Figure 7. 1 0  Apparent accumulated n umber of rooted plantlets of Astred 

under 4 week and 8 week grazing frequencies, with hard and lax g razing 

intensities (5cm and 1 0c m  post g razing heights respectively). Vertical 

bars represent s.e.m. (Expt 2). 
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Figure 7 . 1 1 Pre and post g razing sward heights (cm) of Astred with hard 

and lax g razing i ntensities every 4 or 8 weeks 
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7.5 DISCUSSION 

The b iomass a llocation of mature plants of Astred d id not d iffer s ignificantly from 

that of Pawera i n  a g razed pure sward . Astred and Pawera had s imi lar  responses 

to g razing i ntensity and frequency with respect to leaf and stem ratios over the 

g rowing season .  The contrasting p roduction of leaf and stem from 2 0/9/96 to 

6/1 /97 between Astred and Pawera were due to the d ifferent seasonal  g rowth 

pattern of each cultivar (see F igu res 7 . 1  and 7 .2 ,  Chapter 6) .  Pawera remained 

as a rosette later i nto the Spring than Astred and consequently stem elongation 

occurred later. Not unti l  6/1 /97 were there no s ign ificant d ifferences in the 

morpholog ical a l location of the two cultivars under comparab le g razing 

treatments. F rom February onwards ,  Astred swards u nder lax g razing ( i Dem 

post g razing sward height) and 8 week g razing frequency produced s ignificantly 

more stem and less leaf than Pawera , possibly as a consequence of developing 

p lantlets on the stems or from leaf senescence i n  the lower canopy of the sward 

(Col l ins et al. ,  1 984; Sheehan et al. , 1 985) .  This d ifference was n ot p resent i n  

any of the other g razing treatments. If Astred swards are managed for m aximum 

rooted p lantlet production , i ncreased ratios of stem to  leaf w i l l  result as the  Spring 

and Summer p rogress, because plantlets a re main ly p roduced on Spring g rown 

stems (see Chapter 4) which wi l l  accumulate in the bottom of the sward . 

More ass imi late is possibly partit ioned to stems and developing plantlets i n  Astred 

than Pawera , i nstead of going to new crown buds because less a re i n it iated , 

which would have an  effect on yield (Taylor et al. , 1 996) when left u nt i l  seed set. 

Plantlets , l i ke seed l ings and red clover parent p lants, do not u nderg o  stem 

elongation u nt i l  the i ncreasing photoperiod i n  the fol lowing Spring (Bowley et al. , 

1 987) , therefore they add to the h igh q ua l ity, leaf fract ion of the sward . 

Despite Astred having s ignificantly (P<0 . 00 1 )  th inner stems than Pawera i n  a l l  

correspondi ng g razing treatments, i t  was sti l l  ab le to  reach a p re g razing height of  
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4 0-50cm. Red clover stem d iameter appears not to be correlated with l ign in  

content and  in vitro d igest ib le d ry matter (Aman et al. , 1 983) ,  possib ly because as 

stem d iameter increases, so does the d iameter of the ho l low centre. However, 

i ncreased l ign in  content is h igh ly correlated with stem maturity (Taylor et al. , 

1 996) . 

Astred parent p lants g rown from the sown seed persisted for as long ,  and  longer 

u nder 6 weekly hard grazing , than d id sown Pawera parent p lants (see F igure 

7 . 5) .  This contrasts with the ecolog ical theory (Franco et al. , 1 996) that c lonal 

parent p lants would be expected to have reduced l ife spans d ue to the h ig h  cost 

of reproducing by vegetative means. Astred production levels (kgO M/ha) in the 

first year were comparable to Pawera (see Chapter 6) which suggested there was 

s imi lar  partition ing of assimi late to above ground parts by the two d ifferent red 

c lover p lant types. I t  is possible that Astred is less susceptib le to one or  more of 

the causes of poor p lant persistence in red clovers, for example i ncreased 

tolerance to g razing , insect or d isease resistance (Smith et al. , 1 973) ,  and a 

decreased susceptib i l ity to i nternal b reak down (Cressman ,  1 967) due to having 

mult iple taproots (Montpetit et al. ,  1 99 1 ) . However control led stud ies of Astred 

parent p lant longevity need to be conducted over a longer t ime to fu l ly d etermine 

longevity. 

Another reason for the better persistence of Astred u nder g razing (see F igure 7 .5 ,  

C hapters 3 ,  6 ,  7 ,  and 8,  Smith , 1 993 ;  Smith , et  al. , 1 993 ;  Hyslop et al. , 1 998) i s  

that i t  tends to have h igher p lant densities than Pawera (see Table 7 .4) . Parent 

p lant s ize-density compensation wou ld  p lay a lesser role i n  the annua l  p roduction 

of Astred swards than  in Pawera swards ,  because the pare nt p lant popul ation 

remains at a h igh  dens ity d ue to new p lantlets being p rodu ced each Autumn .  

These p lantlets successful ly occupy vacant spaces with i n  the sward , s im i la r  to 

Ranunculus repens (Sarukhan 1 974 ; Sarukhan et al. , 1 973) .  
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I nd ividua l  taproot mass (see F igu re 7 . 3) ,  taproots m-2 after two years g razing (see 

F igure 7 .5 ) ,  and parent p la nt density (see Chapter 6) ,  at either 4 weeks , 6 weeks 

or 8 weeks g razing frequency and under either lax ( 1 0cm post g razing sward 

height) o r  hard g razing (5cm post g razing sward height) , confi rm a h igher  

population of  smal ler taproots for Astred compared to  Pawera . However, taproot 

mass m-2 was s imi lar in a l l  comparable g razing treatments and both cu ltivars 

demonstrated a s imi lar  trend with decreased i nd ividua l  taproot mass as g razing 

i ntensity and frequency increased . This i ndicated that the smal ler taproot mass of 

Astred is an i nherent character and related to p lant density rather than an 

ind icator of sward i l l  health .  

Fewer rooted p lantlets were produced that  survived to post g razing compared to 

the n umber of aeria l ly rooted plantlets produced per square metre with the 

potential  to become 
'
rooted p lantlets (see Figu res 7 .6 ,  7 .7 ,  7 . 8  and 7 . 9) .  Even 

under lax g razing ( 1 0cm post g razing  sward height) every 8 weeks , the number of 

rooted p lantlets post g razing were only 1 0. 5% (or 1 1  p lantlets m-2) of total p lantlet 

n umbers (Le .  p lantlets with no roots, p lantlets with roots but not in the soi l  and 

rooted p lantlets) i n  the period (May) with g reatest p lantlet numbers .  

As  rooted p lantlet measurements were not cumulative over measurement d ates ,  

the seasona l  total o f  surviving rooted p lantlets was not recorded. H owever, the 

apparent accumulated , rooted plantlet n umber post g razing g ave some indication 

of the possible number of surviving rooted plantlets and supported the find ing that 

lax g razing is i mportant if establ ished , rooted p lantlets a re to be p roduced (see 

F ig ure 7 . 1 0) _  H i g h  (up t o  7 0  p lantlets m-2) n umbers of rooted p lantlets can be 

produced i n  m ixed swards (Hyslop et  al. , 1 998) ,  i n  pure swards (see F ig u re 7 . 1 0 , 

Chapter 6 ) ,  and from sing le p lants (Chapters 3 to 6)  under suitable e nv i ronmental 

and management cond itions .  

The dynamics of plantlet p roduction i n  pure swards with g razing frequencies of 4 

and 8 weeks and hard and lax grazing i ntens ities (5cm and 1 0cm post g razing 
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heights) suggested that g razing removes (see F igures 7 .6 ,  7 .7 ,  7 . 8 ,  and 7 .9) 

p lantlets that have yet to p roduce roots, damages p lantlets with roots which a re 

not yet i n  the soi l ,  and a lso damages and removes some a l ready rooted p lantlets . 

Part of this damage is  caused by the desiccation of roots (see Chapter 5)  as the 

moist m icro cl imate with i n  the sward is destroyed by the removal of herbage by 

the g razing an imal .  On ly a smal l  percentage (0-2 1 %) of plantlets had roots that 

were not a nchored i n  the soi l  at any one time, which wou ld  ind icate that i nd ividua l  

p lantlet rooting takes place over a short period of t ime ( less than 4 weeks) , but 

p lantlets remain vulnerab le to a n imal  damage (pu l l ing)  for a longer period of t ime 

after they have roots i n  the soil .  This period of vulnerabi l ity requ i res further study 

so the opt imum g razing management for rooted plantlets (spe l l i ng periods) can be 

defined.  I n  Chapter 3, 83% of tagged plantlets produced by spaced parent p lants 

were surviving after 48 weeks when rotational ly grazed by mature ewes. 

Long term stud ies are requ i red to trace the surv ival of plantlets in  pure a nd mixed 

swards u nder d ifferent g razing managements .  Experi ment 2 ind icated that an  

Astred sward of lower density can  be partly restored by  the successful p roduction 

of rooted p lantlets through lax, infrequent grazing (at least 1 0cm post g razing 

height and 4 to 8 week grazing frequency) for one season (see Figu re 7 . 1 0) .  
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8 .1  ABSTRACT 

All red clover ( Trifolium pratense L. )  cu ltivars currently used in New Zealand 

g row from crowns and predominantly reproduce from seed , but lack persistence 

i n  temperate pastu res, particu larly where g razing p ressure is h ig h .  Veg etatively 

reproductive red clover selections that have prostrate stems that produce clonal 

rep lacement plants at nodes (p lantlets) are avai lable.  A vegetatively 

rep roductive red clover, cv. Astred was sown in m ixed swards on three farm 

trials at H astings,  Dannevirke, and Palmerston North in 1 996.  Each experiment 

had contrasting g razing p ressure over time with a l l  g razing management 

decisions made by each farmer. Astred parent p lant persistence d ecreased 

from 30 p lants m-2 to 4 p lants m-2 at Palmerston North ;  however s ign ificantly 

more (P<0 .00 1 )  survived at Dannevi rke after two seasons than for cv. 

G rassJands Pawera , a crown type red clover, used as a comparison .  Astred 

out yielded Pawera from September to November by 997kgDM/ha (s .e .m .  ± 

296) at the Dannevirke site and contributed 55% of p asture yield i n  the first 

summer at Palmerston North . The Hastings tria l  d id n ot persist d ue to a d ry 

Winter after sowing , followed by a dry S ummer, which showed that the d rought 

tolerance of Astred and Pawera was s imi lar. Vegetatively rep roductive red 

c lovers appear  to have the potential i n  m ixed swards to maintai n  a stable 

population through p lant rep lacement by vegetative reproduction ,  b ut on ly 

under  su itable environmental and management condit ions. 

Add it iona l  key words :  Astred ,  pers istence, plantlet, Trifolium pratense L. , 

vegetatively reproductive 
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8.2 INTRODUCTION 

Red clover ( Trifolium pratense L.) can p rovide h igh qual ity summer feed in New 

Zea land's temperate g razing systems ( Hay et al. , 1 978;  Cosgrove et al. ,  1 985 ;  

Ussher 1 986; Hay et  al. , 1 989) . However, its use by farmers i n  pasture 

m ixtures and for pu re specia l ist swards has decl ined i n  recent yea rs ,  d ue 

ma in ly to poor persistency. 

Lancash i re ( 1 985) reported that red clover is one of the least pers istent clovers 

i n  temperate pastures ,  particu larly where g razing p ressu re is h igh (Cosgrove et 

al. , 1 985) .  Al l  red c lover cultivars currently avai lab le in  N ew Zealand g row from 

crowns and predominantly reproduce from seed . The crowns are s usceptible to 

tread ing damage and fungal  i nfection ,  particularly in Winter, resu lt ing in poor 

pers istence ( Hay et al. , 1 989) .  Pure stands of red clover usual ly only pers ist 

three to four years with no vegetative rep lacement. 

Red clover selections exist that have prostrate stems produc ing c lonal  p lants at 

stem nodes. The only cultivar with seed ava ilable in commercia l  quantities i n  

New Zea land a t  p resent is Astred , which has  s hown improved persistency 

relative to crown type red clovers i n  g razed pastures in  Tasmania (Smith,  et al. , 

1 993) .  Astred red clover has a p rostrate g rowth habit and has the abi l ity to 

vegetatively reproduce (see Chapter 3 ,  Smith , 1 992 ; Smith , 1 993;  Smith ,  et al. , 

1 993 ;  O rr et al. , 1 996) . Astred produced both the la rgest and the g reatest 

number of rooted plantlets per parent p lant when compared with other 

vegetatively reproductive selections in spaced plant tria ls (see Chapter 3) .  

A g razing tria l  with sheep i n  Tasmania which compared cultivars Astred , 

Grasslands Turoa , Grasslands Hamua and Redwest, showed Astred retained 

55% g round cover after three years , compared to 5%,  2% , 0% for cv . 
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G rass lands Turoa , Grasslands Hamua and Redwest respectively (Smith et al. ,  

1 993) .  The perennation and productivity of vegetatively reproductive red 

clovers requ i res evaluation to determine their potential i n  New Zealand farming 

systems, and to develop appropriate management strateg ies to ensure clona l ,  

rooted p lantlets develop and establ ish .  

The objective of th is research was, therefore, to evaluate the p lant survival and 

p roductivity of  Astred red clover when sown i n  pasture m ixtu res on farms with 

contrasting  g razing management and environmental cond it ions. 
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8.3 MATERIALS AND METHODS 

Three field  experiments were conducted using the red clover cu lt ivars , Astred 

and Grasslands Pawera with i n  pasture mixtures at three d ist inct meteorologi ca l  

sites. Pawera was used as a comparison because i t  is widely considered the 

most persistent red c lover avai lable at p resent with i n  N ew Zealand .  At each 

s ite the cultivars were sown in 0 .2ha strips at a rate of 5 .4kg/ha for Astred and 

1 3 .3kg/ha for Pawera which was coated.  These sowing rates ensured that for 

both cult ivars 250 viable seeds were p lanted per square metre .  Red c lover 

seed was sown in add it ion to the other  herbage species used at each s ite (see 

ind ividua l  experiments). Each 0 .2ha strip was d ivided i nto four  strata for non 

b iased sampl ing and measurement. Parent plants were counted every three 

months over a l l  experiments using a 0 .5m2 quadrat. Rooted p lantlets were on ly 

cou nted i n  Autumn when they were identifiable with i n  the sward . Herbage 

samples were oven dried at 80°C .  Al l  g razing management decisions were 

made by each farmer with g razing t ime and the number and type of animal  

recorded.  Experiment 1 was grazed with young rep lacement da i ry stock, 

Experiment 2 with a mi lk ing herd ,  and Experiment 3 with beef steers, lambs, 

hoggets and ewes. 

8.3 .1  Experiment 1 

Experiment 1 was conducted at Kiritaki Road , Dannevirke,  New Zea land 

( latitude 4001 5'S ) from September 1 996 to J une 1 998 (see P late 8 . 1 ) . Ann ua l  

rai nfa l l  is 1 329mm ( 1 0yr avg . ) .  The so i l  type is a Kopua s i lt loam ,  with pH 5 .5  

and Olsen P 2 1 jJg/g soi l .  The paddock was ploughed, h arrowed and  rol led after 

being i n  Winter g reen feed oats, then sown with the red clovers i n  a m ix w ith 

1 2kg/ha perenn ia l  ryegrass (Lolium perenne L .) , Yatsyn 1 ,  4kg/ha white c lover 
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( Trifolium repens L. ) ,  cv. Aran and 4kg/ha cocksfoot (Dactylis glomerata L. ) ,  cv. 

Sorborto on 27/9/96 with a V ring rol ler dri l l .  Potassic 1 5% superphosphate 

320kg/ha was applied in  Spring and 75kg/ha of urea was appl ied i n  Autum n  of 

both years .  Establ ishment counts were taken on 4/1 1 /96 and  3/1 2/96 us ing a 
2 

0 .5m q uadrat, and one set of rooted p lantlet counts was taken on 27/5/98 

using a 0 .25m2 quadrat with 1 2  rep l icates.  

8.3.2 Experiment 2 

Experi ment 2 was conducted on No. 1 Dairy Farm, M assey U niversity, 

Pa lmerston N orth ,  N ew Zealand ( latitude 40023'S) from February 1 995 to J u ne 

1 998 .  Annua l  ra infa l l  is 1 03 1 mm ( 1 0yr avg . ) .  The soi l  type is  a Manawatu s i lt 

loam ,  with pH 6 .2  a nd O/sen P 50 1-'9lg soi l .  The paddock was sprayed with 6 

IIha Roundup (36% g lyphosate) and 200gm/ha Lorsban (9 .9% chloropicrin) i n  

300  I water ha-1 e ight days before d ri l l i ng on 28/2/95 .  Astred was sown i n  a 

0 .2ha strip with 1 2kg/ha perenn ia l  ryegrass cv. Embassy, 3kg/ha white clover 

cv. G rasslands Kopu and 2kg/ha of wh ite clover cv. G rasslands Tahora .  

Pawera was not sown at  th is  s ite . D iammonium phosphate (D.A. P ,  1 50kg/ha)  

was d ri l led with the seed , 300kg/ha of 50% potassic superphosphate, 200kg/ha 

D .A.P + selen ium and 1 20kg/ha u rea were appl ied d u ring 1 996 and 1 997 .  

Estab l ishment counts were taken on 5/3/96,  1 1 13/96, 1 8/3/96 , 26/3/96 and 

414196 by measuring 2 0  randomly selected,  1 m row sections. H erbage 

accumulation was measured from 8 pre- and post-grazing dry matter cuts using 
2 

0 . 1  m quadrats, and botan ica l  composition was d etermined from e ight 

subsamples d issected i nto red clover and other  species at each g razing .  

Rooted p lantlets were counted on  6/6/97 using a 0 .5  m2 quadrat and  1 2  

repl icates.  



Chapter E ight 1 68 

8.3.3 Experiment 3 

Experiment 3 was s ited at "Turamoe", Hawkes Bay, New Zealand (latitude 

39042'S ) from May 1 996 to June 1 998.  Annua l  rainfa l l  is 7 1 0mm ( 1 0yr avg . ) ,  

(see Appendix I f ) .  The so i l  type is  a No i  " sandy loam o n  clay pan , with p H  5 .4  

and O lsen P 1 5  I-Ig/g soi l .  The paddock was sprayed with 6 IIha Roundup  (36% 

g lyphosate) i n  300 I water/ha ,  two weeks before sowing ,  then g razed down to 

400kgDMha res idual  at dr i l l ing .  The red clovers were sown on 5/5/96 in a 

mixture of 25kg/ha g razing brome (Bromus inermis cv. Grasslands Gala)  and 

5kg/ha white clover cv. G rasslands Prop us ing a B ioblade cross s lot d i rect dr i l l  

with 1 20kg/ha of Cropmaster 20 (20N - 1 0P - OK) d ri l led with the seed. 

Establ ishment counts were made on 1 2/6/96 and 20/7/96 by measuring 20 ,  1 m  

row sections. 1 25kg/ha of Cropmaster 20 was app l ied i n  late Autumn of 1 997 

and 1 998.  

8.3.4 Statistical a na lysis 

Al l  d ata p resented from Experiments 1 ,  2 and 3 were evaluated by ana lysis of 

variance using the Genera l  Linear Model GLM procedu re of SAS (SAS Institute 

I nc. 1 990) for a balanced completely randomised design .  
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8.4 RESULTS 

8.4.1 Plant population 

Estab l ished p lant popu lations varied substantia l ly between s ites (from 7-37 

p lants m-2) , even though sowing rates of viab le seed d id not d iffer (see F ig u re 

8 . 1 ) . S ign ificant d ifferences (P<O. 05) between Astred and Pawera populations 

d id not start to become a pparent u nt i l  the Spring of 1 997  for Experiment 1 .  The 

last measurement of plant population in Experiment 1 on 27/5/98 showed a 

s ign ificant (P<O.00 1 ) d ifference between cultivars with Astred and Pawera 

having 36 and 30 plants m-2 (s.e .m .  ± 0 .87) ,  respectively. Rooted p lantlet 

density i n  Astred on 27/5/98 was 64 rooted p lantlets m-2 (s .e .m .  ± 1 .7) .  Pawera 

d id not p roduce p lantlets. 

In Experiment 2, parent p lant numbers of Astred steadi ly d ec l ined from 30 

p lants m-2 ( 1 996) to 4 p lants m-2 ( 1 998) , except for an i ncrease in Winter/Spring 

-2 1 997 when rooted p lantlets that were formed i n  Autumn ( 1 4  rooted plantlets m 

s .e .m .  ± 2 .4) were counted as independent parent p lants (see F ig u re 8 . 1 ) . 

Late sowing i n  Autumn (May) led to a poor establ ishment (7- 1 7  p lants m-2) i n  

Experi ment 3 (see F igure 8 . 1 )  and  a very d ry Spri ng i n  1 996 meant that p lant 

numbers did not recover. Rainfa l ls of 29mm (92mm) ,  1 5mm (83mm) and 

1 5m m  (79mm) were recorded for August, September and  October respectively 

at this s ite (normal  monthly average in brackets) ,  (see Append ix 1 1 ) .  Complete 

parent p lant population d eath occurred in the Summer of 1 998 d ue to lack of 

soi l  moisture (see F igure 8 . 1 ) .  
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Fig u re 8 .1  Astred and Pawera parent plant populations i n  m ixed swards 

over time. Vertical bars represent s.e.m. 
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8.4.2 Grazing pressure 

G razing pressure was calculated as average stock un its per hectare (SU/ha) 

with g razing days for each season recorded for each experimental paddock. 

Average S U/ha were used because of the variety of stock across experiments 

and the d ifferent frequencies of g razing events. Total stock u nit/g razing days 

per hectare (SUgd/ha) ind icates the overal l  total g razing pressu re received by 

each experiment from sowing (see Table 8 . 1 ) . Experiment 2 had three times 

more g razing pressure than Experiment 3 and 3 .5  times the g razing pressure of 

Experiment 1 ,  after al lowing for the d ifferent sowing dates. 

Plate 8.1 Winter break g razing of Experiment 1 at Dannevirke. 
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Table 8.1  Grazing pressure over time for the three experiments. 

1 72 

Year Season Experiment 1 Experiment 2 Experiment 3 

1 996 Autumn 904(2) 

Winter 904( 1 )  53(2) 

S pring 904(4) 1 1 3(5)  

Summer 1 1 0( 1 3) 904(2) 1 4(22) 

1 997 Autumn 1 1 0(6) 904(3) 57(1 8) 

Winter 78(25) 294(4) 6 1  ( 1 7) 

Spring cut 1 35(9) 

Summer 78(25) 294(8) 1 32 ( 1 0) 

1 998 Autumn 78( 1 5) 294(6) 

Total SU g razing days/ha 7 1 60 1 6735 5577 

Units : stock un its/ha(days g razed) Stock un its based on; ewe 1 .0 ,  hogget 0 .8 ,  lamb 0 .6 ,  beef 

steer 4.7 ,  cow 7 .5 ,  dairy yearl ing 3 .5 ,  dairy weaner 2 .5  

Plate 8.2 Post grazing residual after Winter break g razing of Experiment 

1 .  
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8 .4.3 Herbage accumulation 

In  Experiment 2 the Astred red clover component produced 1 483 (s .e .m .  ± 

46.4)  and 241 0  (s.e .m .  ± 25 .0) kgDM/ha i n  Spring and Summer of 1 996/1 997,  

compared to 4446 (s .e .m. ± 239. 1 )  and 1 995 (s.e .m .  ± 1 59 . 1 )  kgDM/ha for the 

rest of the sward components (see F ig u re 8 .2) .  This equated to 55% of the 

p rodu ction coming from the red clover for that summer period . Total p roduction 

over the experimental period of 26 months comprised 2 1 9 1 7kgDM/ha 

ryegrass/white clover (s.e .m .  ± 2232.4) and 6338kg DM/ha of red c lover (s .e .m .  

± 607 . 5) ,  with 4038kgDM/ha of  red clover being produced in  the first year. 
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Figure 8 .2 Herbage dry matter accumulation of Astred i n  a m ixed sward at 

Palmerston North. Vertical bars represent s.e.m. (Expt 2 . )  
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8.4.4 Si lage production 

I n  Experiment 1 with a conservation period of 1 02 d ays, Astred p roduced 

997kg OM/ha more than Pawera and contributed 43% of the total yield 

compared to 34% for Pawera (see Table 8 .2) .  This cut was taken on 7/1 1 /97 , 

one year from sowing and with respective parent p lant densities of 35m2 and 

30m2 for Astred and Pawera . In  contrast, Astred contributed only 7 .7% of the 

si lage yield in Experiment 2 when cut 1 .75 years from sowing w ith a 

conservation period of 53 days (see Table 8 .2) .  Parent p lant density had 

decl ined to 1 5m2. The mean d ry matter production per p lant per d ay for Astred 

was 0 .96kg in Experiment 1 and O . 55kg in Experiment 2 .  
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Table 8.2 S i lage produced (kgDM/ha) over 1 02 days to 7/1 1 197 in  

Experiment 1 and over 53 days to 2 1 /1 1 /97 (Expt 2).  

Experiment Cultivar Plants m-2 Rye/white Red clover Total s .e .m.  

clover 

1 .  Astred 35 4477 3425 7902 296 

1 .  Pawera 30 4525 2380 6905 296 

2.  Astred 1 5  5 1 92 435 5627 240 
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8.5 DISCUSSION 

Astred red clover appears to have s imi lar  susceptib i l ity to d rought ( Experiment 

3) and i ntensive g razing p ressu re (Experiment 2) as Pawera .  H owever, the 

increase in p lant density in Astred in its second g rowing season in Experiment 

1 ,  where the g razing p ressu re was less than in Experiment 2, and the i ncrease 

in p lant density du ring Spring in Experiment 2, suggested that Astred has the 

potent ia l  for g reater pers istence than Pawera when condit ions a re su itab le for 

rooted p lantlet production and survival (see F igure 8 . 1 , Table 8 . 1 ) . Simi lar  

results were reported by Smith et al. , ( 1 993) i n  Tasman ia .  Therefore ,  l ike 

Pawera the persistency of Astred wi l l  be dependent on the i ntensity , frequency 

and t iming of g razing (Cosgrove et al. , 1 985) .  

When g razing pressure was high,  and sometimes very h igh in  the case of 

Winte r  b reak g razing (see P lates 8 . 1 and 8 .2) ,  parent p lant density of Astred 

decl ined over t ime, despite evidence that some rooted p lantlets were p roduced 

in Autumn and su rvived into Spring (see Figu re 8 . 1 ) . This decl ine in plant 

density demonstrated that management based on what a m ixed pasture can 

withstand ,  but not taking i nto accou nt the requ i rements of red c lover, is  as 

detrimental to Astred as it is to crown type red clovers (Cosgrove et al. , 1 985;  

Hay et al. , 1 989) . Although both Astred and Pawera maintained a n  effective 

plant population of g reater than 30 p lants m-2 (Hay et al. , 1 989) u nder the 

g razing management in  Experiment 1 ,  the increase in p lant density of Astred i n  

the second g rowing season showed that this cult ivar can  p roduce new 

vegetative p lants in a grazed pastu re .  Further monitor ing of the Experiment wi l l  

be requ i red before the capacity of Astred to maintain an  effective p lant density 

i n  a pasture beyond the 2 to 3 years usual ly achieved by Pawera can be 

d etermined . G razing management that ensures Astred p rodu ces rooted 

p lantlets wh ich pers ist wi l l  need to be developed .  
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When g rown as spaced p lants, Astred has produced up to 1 50 rooted p lantlets 

per p lant so it has the potential to develop a self-sustain ing p lant population 

(see Chapter 3) .  The dynamics of plant let and rooted p lantlet i n itiation and 

development a re poorly understood at present, but  plantlets and rooted 

p lantlets main ly develop in Autumn on branches of old stems (see C hapter 4) .  

Astred is an  early season ,  early flowering type of  red clover (see C hapter 5) of 

Mediterra nean o rig ins ,  and has a comparable g rowth pattern to cv. Grasslands 

Colenso a nd cv. G rasslands Hamua,  whereas cv. Grasslands Pawera peaks 

and flowers later i n  the g rowing season (Rumba l l ,  1 983) .  The h ig her Winter 

activity of Astred could be useful in a m ixed forage for calving cows or for 

adding qua l ity and bu lk to the first s i lage cut of the season (see Table 8 .2 ) .  The 

making of s i lage had no serious adverse effect on the n umber of rooted 

p lantlets p roduced . 
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9.1  INTRODUCTION 

Red c lover has proven to be an excel lent forage species in  terms of yield and 

forage qua l ity (see Chapter 2) ,  but long term persistency,  particu larly i n  g razed 

swards has a lways been a problem with crown forming cultivars (see Chapters 

2 ,  6 and 8 ) .  Selections exist that have the abi l ity to vegetatively reproduce 

(Smith ,  1 992; Smith , 1 993;  Smith et al. ,  1 993) and these could improve the 

persistency problem (see Plate 1 . 1 ) . However, there is l ittle i nformation on 

vegetative reproduction in Trifolium pratense and the mechanisms i nvolved 

have not been previously stud ied . 

A series of n ine field and spaced p lant trials were conducted to study the 

growth , productivity, perennation ,  and vegetative reproduction of Astred , Gualdo 

and F24 1 9, vegetatively reproductive red clover cultivars and selection . Results 

are d iscussed in detai l  in Chapters 3 to 8. This Chapter contains an  integrated 

general d iscussion of the results from those Chapters. 

The abi l ity of vegetatively reproductive red clover to produce rooted p lantlets wi l l  

resu lt in the re-consideration of the use of red clover i n  New Zealand pastoral 

systems if su itable cultivars are released . The main reason that has l imited the 

use of crown type red clovers has been poor persistence,  which vegetatively 

reproductive red clovers overcome. This d iscussion begins with a d iagrammatic 

representation (see Figure 9 . 1 )  of the main factors involved with vegetatively 

reproductive red clover population dynamics and p lant/et formation ,  which 

provides a framework for the overal l  d iscussion. Proceeding sections focus on 

some of the aspects that i nfluence the reproductive ab i l ity of these red clover 

types and how thei r  reproductive mechanism works. The possible uses of 

vegetatively reproductive red clover types i n  New Zealand and p ractical 
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management recommendations wil l  a lso be d iscussed , fol lowed by the main 

conclusions from th is evaluation .  
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Figure 9.1  Vegetatively reproductive red clover parent plant population 

dynamics with particular reference to the vegetative reproductive 

cycle. 
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9.2 PlANTlET FORMATION,  AND FACTORS AFFECTING PlANTlET 

FORMATION AND SURVIVAL 

1 84 

There was a large morphological variation with in  and  between the selections of 

the red clovers stud ied , which affected the capabi l ity of each select ion to 

vegetatively reproduce (see Chapters 3,  4 and 5 ) . However, the same g enera l  

mechan isms of  plantlet p roduction were found to  a pply to a" selections a nd wi l l  

be d iscussed as such , except where specific d ifferences exist. 

Astred and Gualdo plant types produced aerial stems from crown buds in the 

Spring that g rew up to 500mm in height when sown as a pu re sward , and  i n  

Autumn bent to  touch the  soi l  surface. Plantlets were i n it iated from buds on 

these stems. Plantlets then produced roots and g rew i nto smal l  i ndependent 

p lants as the stem connection to the parent p lant d is integrated . F24 1 9 stems 

crept a long the g round and produced nodal roots as they g rew, p rovided the 

surface soi l  was moist. Plantlets main ly formed at b ranch points above an 

a l ready exist ing nodal root, then the connection  to the parent p lant d ecayed . 

The year to year production of rooted plantlets was h igh ly variable between and 

with in a l l  experiments and was g reatly influenced by a combination of secondary 

factors such as g razing h istory and environmental conditions. Despite this,  there 

is clear evidence that rooted plantlet production is h igh ly seasonal and occurs 

main ly in  the Autumn/early Winter (see Chapters 5 and 7) .  The reasons for this 

seasonality a re l ikely to be a combination of complex chemical switches with in  

the plant (possib ly related to maturity and dayfength) ,  and e nvironmental 

infl uences such as soi l  moisture and temperature. 

More rooted p lantlets were produced per parent p lant when the surface soi l  

moisture content was h igh (22 . 2% g ravimetric surface soi l  water content) .  The 
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evidence s uggests that not on ly is  a moist soi l  surface requ i red for effective 

rooted p lantlet production but, more importantly, a humid micro c l imate in the 

lower strata of the sward is a lso needed , as a high proportion of p lantlets form 

roots out of contact with the soi l (aeria l ly rooted) (see P late 5 . 5) which leaves 

the new roots vu lnerable to desiccation .  Simi lar cond it ions a re requ i red for 

nodal root ing in white clover (Ueno, 1 982; Thomas, 1 984; Stevenson et al., 

1 985) .  Very few p lantlets formed roots when the soi l  moisture content was low 

(0 .3  rooted p lantlets/pa rent plant at 3 . 7 1 % gravimetric surface soi l  water 

content) . 

Spaced p lants of Astred produced the same n umber of rooted p lant lets by early 

Winter after ha lf had been subjected to a d ry Autumn and  then i rrigated , 

compared to the rema inder which had been a lways been under moist 

condit ions (see Chapter 5). There was a strong compensatory increase i n  

rooted p lantlets once moist soi l  surface cond itions were p resent. P lantlets with 

no roots rapidly p roduced roots to a nchor the new p lantlet to the soi l  surface i n  

two weeks or less once the  soi l  was moist (see Chapter 5 ) .  Provided moist soi l  

cond it ions exist for a long enough du ration at some stage du ring the 

Autumn/early Winter period rooted p lantlet production can occur. If  a d ry period 

fol lows a wet period , only rooted p lantlets with well developed root systems a re 

l i kely to survive. Even though plantlets a re able to produce roots i n  less than 

two weeks under ideal envi ronmental conditions (h igh moisture ,  no cutt ing or 

g razing) ,  often in  a grazed sward the p rocess takes longer (4 to 8 weeks) 

because a new plantlet has to be g rown from a stem bud due to the removal of 

p lantlets without roots by the g razing an imal .  

Smith et al. ,  ( 1 993) concluded that Astred g rew strong stems i n  late Summer and 

rooted plantlets formed on these stems after flowering. This observation 

suggested that the relative degree of flowering and plantlet p roduction m ight be 

determined by resource a l location with in  the plant. H owever, when Astred parent 

p lants were left to mature to either fu l l  flower or had their flowers removed before 
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the florets opened , there was no d ifference i n  the number of rooted plantlets 

produced , but the number of rooted plantlets per parent plant was h ig hly variable 

(see Chapter 5). Sexual reproduction (flowering)  appeared not to be connected 

to rooted plantlet p roduction ,  but it is a lso possible that the flower heads were 

removed too late to affect resource a l location and ,  therefore , l ittle or no 

treatment d ifference existed . It is p robable that some i nteraction exists 

between plantlets forming at the stem nodes (as found with white clover b ranch 

i n it iation ,  Sackvi l le Hami lton ,  1 982) and the developing flower head at the stem 

apex, such as assimi late partition ing (see Plates 5 . 3  and  5 .4) or auxin 

d istribution or concentration .  Where the plantlets form along stems,  or  on 

branches off them ,  may a lso be affected by the n u mber and  position of 

ind iv idual  flower heads. 

Under conditions without g razing or  cutting ,  Astred produced most of its rooted 

plantlets on primary stems, or branches off these stems (main ly q uaternary 

branches) , that g rew from the parent plant crown in  September. In contrast, 

F24 1 9 produced rooted plantlets equal ly on stems orig inating from J uly through 

to September (see Chapter 4) .  Morpholog ica l  factors such as stem length, 

stems per p lant and viable nodes per metre of stem may a lso be important, but 

s ignificant d ifferences in rooted plantlet n umbers were measured between Astred 

and Gualdo (see Chapter 4) when these factors were simi lar. It is u nclear why at 

a g iven time some nodes remain dormant, some produce p lantlets and some 

produce g rowth that elongates into a branch , all from simi lar parent mate ria l .  

Some factors found with white clover nodal  development (Newton et al. , 1 990) 

may apply. 

P lantlets are formed closer (with in  1 00mm) to the parent p la nt u nder g razing 

than when ungrazed (Chapter 4 ,  Smith et al. , 1 993) . Except in lax g razed 

swards ,  it is un l ikely that they are formed on quaternary or  tert iary stems, 

because very few of these stem types a re present in hard g razed swards .  With 

no g razing ,  p lantlets form anywhere between 50-600mm from the parent p lant 
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crown (mean d istance of 300mm), poss ib ly in  response to i ncreased l ight  levels 

(as found with white clover, 8einhart ,  1 963;  Sanderson,  1 966) at the extremities 

of the parent plant ,  activating  otherwise dormant nodal buds,  and l im it ing 

competition  between the parent plant and offspring ( rooted p lantlets) .  

The seasonal nature of rooted plantlet production and the location of  rooted 

plantlets on main ly stems of a specific age, or branches off them ,  means the 

g razing management of these vegetatively reproductive red clovers wil l have a 

d i rect effect on the formation and production of plantlets and rooted p lantlets (see 

F igu re 9 . 1 ) . 

Grazing intensity had more effect on the number of p lant lets and rooted 

p lantlets p roduced than d id g razing frequency, with i nteractions between these 

variables at some g razing events (see Chapters 6 and 7). I ntense (down to 

5cm post g razing height, see Plate 7 .2) g razing removed a h ig h  p roportion of 

the Spring  g rown stems that would have p roduced b ranches where the maj ority 

of p lantlets are formed i n  the fol lowing Autumn .  Even i f  these Spr ing g rown 

stems are left in  the lower strata of the sward , they m ust remain  a l ive and 

u nd amaged (e.g .  by tread ing)  to be ab le to effectively produce p lantlets i n  the 

Autumn/early Winter .  G razing , particu larly i ntense g razing ,  either removed or 

damaged and pul led out p lantlets and rooted p lantlets, or  d estroyed, by 

removal of herbage, the moist micro-cl imate that p lantlets requ i re for effective 

rooting to take place (see Chapter 7) .  Rooted p lantlets were p roduced closer to 

the parent plant on short lengths of primary or secondary stem as g razing 

i ntensity increased , and these had less l i ke l ihood of being damaged or 

removed by the g razing an imal .  However, larger rooted p lantlets su rvived 

g razing better than smal l  rooted p lantlets (see Chapter 3). As with many p lants 

(Curl l ,  1 980;  Thomas 1 987) , the removal of apical dominance of these pr imary 

or secondary stems may increase the number of nodes that p roduce a p lantlet, 

but if this is done by g razing ,  a net loss of potential p lantlet sites wi l l  resu lt from 

excessive stem removal by the animal ,  even under lax g razing (see Chapter 7) .  
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I ncreased l ight levels in the lower strata of the sward from herbage removal by 

g razing could a lso i ncrease the n umber of stem nodes that i nitiate plantlets. 

Grazing frequency was most i mportant i n  Autumn/early Winter when p lantlets 

were producing noda l  roots to anchor the newly rooted plantiet i nto the soi l  

surface. Spel l ing from 1 /3/97 for 8 weeks may have been partly responsib le for 

the h igher n umber of rooted p lantlets establ ished at the 8 week frequency (66 

rooted p lantlets m-2) than when the spel l ing period was 4 or 6 weeks (see 

Chapter 6) , as s imi lar  n umbers of potential p lantlets (either with no roots or 

aeria l ly rooted) were present i n  the 4 and 6 week g razing frequencies (see 

Chapter 7 ) .  Production of rooted p lantlets in  g razed swards main ly took place 

over d istinct periods of t ime. For exa mple,  3 1 %  of the total rooted p lantlets 

produced from January to June, rooted in May under the 8 week g razing 

frequency and lax g razing .  Large numbers of  plantlets with no roots, aerial ly 

rooted p lantlets, and rooted plantlets were produced but d id not survive g razing 

(see Chapter 7) .  

In  m ixed swards,  rooted p lantlet n umbers decreased (from 64 to 1 4  rooted 

p lantlets m-2) with increasing g razing p ressure ( intensity and du ration ) ,  and 

were affected by u ntimely, i ntensive grazings,  particularly d u ring  Winter and 

Spring (see P lates 8 . 1  and 8 .2)  when the management of  the companion 

species compromised the ideal management of the red c lover (see Chapter 8) .  

Rooted p lantlets sti l l  formed i n  very competitive sward environments ( i . e .  with 

Lolium perenne and Trifolium repens) and some selections ( F24 1 9  types) 

wou ld be more suited to this type of environment because of their ab i l ity to 

vegetatively reproduce at lower post-grazing res idual  heights than Astred (see 

Chapters 3 and 4, P late 3 . 1 ) . 

A g reater understanding of which factors a re i nvolved i n  the formation of 

p lantlets is requ i red . For example, the effects of temperature ,  photoperiod , l ight 

intensity, assimi late partitioning and biochemical g rowth regu lators need to be 
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establ ished . A complete demographic study of a vegetatively reproductive red 

clover popu lation needs to be conducted under g razing to trace the vegetative 

reproductive mechan ism into at least its second generation .  

9.3 PARENT PLANT PERSISTENCE AND POPULATION DYNAMICS 

Astred parent plant populations tended to have more parent p lants per square 

metre than Pawera , and these ind ividua l  parent plants were s ignificantly smal ler  

i n  above g round mass and taproot mass after two seasons of  g razing (see 

Chapter 7 ) .  On an  area basis, Astred had s imi lar taproot mass to Pawera 

u nder comparable g razing managements (see Chapter 7). With the possib le 

addition each year of new parent plants of red clover to the overal l  p lant 

population via the introduction of mature (one year  old) rooted plantlets, 

presumably over t ime, even with the cyclic  nature of replacement (Autumn) and 

death (main ly i n  the Winter) , parent plant populations in Astred swards would 

reach an equ i l ibr ium (see F igure 9 . 1 ) . New rooted p lantlets would on ly become 

establ ished where competition for resources with existing  parent p lants a l lowed . 

Astred swards had consistently g reater persistence than Pawera after 2 or  3 

years i n  terms of the number of parent p lants per square metre when 

independent rooted plantlets were counted as parent plants after one year of age 

(see Chapters 6 and 7). Astred and Pawera showed a simi lar decrease in parent 

p lant density i n  response to g razing intensity and frequency for two years, but by 

year  three there was a s ign ificantly g reater percentage of Astred parent p lants 

surviving in the g razing managements that encouraged rooted plantlet 

formation .  This demonstrated that rooted p lantlet p roduction was able to 

maintain the parent p lant popu lation of Astred though  the appl ication of 

favourab le g razing management methods. The g reatest rate of pare nt p lant 

death was over Winter and early Spring , particularly i n  the hard and 4 weekly 

g razed treatments of both cultivars .  
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Astred sward persistence relative to Pawera was a lso found to be partly 

associated with the longevity of ind ividua l  parent p lants , but this on ly became 

apparent after 2.6 years of age (see Chapter 7) . It is u nclear whether  Astred 

parent p lants possess a g reater to lerance to g razing , or a re less susceptib le to 

internal b reakdown , d isease or insect attack than Pawera. 
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9.4 PRODUCTION 

When Astred was sown in either a m ixed or pure sward , annua l  product ion was 

s imi lar  to that of Pawera for the first year  (see Chapter 6), suggesting that it is 

possible for a vegetatively reproductive red clover to h ave at least a s imi lar  

annua l  p roduction to that of currently used crown type red clovers .  Production 

decrease was d irectly associated with a decl in ing parent p lant density and 

parent p lant health where g razing pressure was i ntense and freque nt (see 

Chapter 8) ,  which was a lso found for lucerne (Smith , 1 970 ;  Brownlee, 1 973 ;  

F itzGera ld , 1 974 ; Southwood et  al. , 1 975;  Leach ,  1 979)  and  crown type red 

clovers (Brougham 1 959;  B rougham 1 960 ;  Cosgrove et al. , 1 985;  S heath et al. , 

1 989 ;  Frame 1 990i H ume et al. , 1 995) .  Where rooted p lantlets were not 

produced d ue to h igh g razing pressure ,  shoot p roduction from the resident 

parent p lants a lso decreased (see Chapter 7) .  Production levels could be 

maintai ned u nder careful management with effective annua l  rep lacement of 

dead parent p lants by rooted p lantlets 

Because of Astred's Mediterranean orig ins ,  it has a h igh level of Winter  activity 

s imi lar  to that of G rasslands Colenso and G rasslands Hamua.  Astred a lways 

accumulated s ignificantly more herbage (up to 2540 kg O M/ha) from Autumn to 

the first Spring g razing than d id Pawera which is a later flowerin g ,  and  more 

Summer active type (see Chapters 6 and 8) .  Vegetative reproduction would 

a lso be of advantage in  Summer active p lant types such as Pawera . 
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9.5 APPLICATION TO AGRICULTURAL SYSTEMS 

The perenn ia l  nature of these vegetatively reproductive red clover p lant types 

make them an attractive option as a pers iste nt, h igh  qua l ity feed compared to 

crown type red clovers. Every extra year of g razing i nc reases the economic 

v iabi l ity of sowing vegetatively reproductive red c lover as opposed to crown 

type red clover. Pure swards of more erect types (e. g .  Astred)  could be used 

as tru ly perenn ia l ,  h igh q ua l ity forage crops for fin ish ing young stock over the 

late Winter, Spring and Summer periods .  The high Winter g rowth a ctivity of 

Astred could a lso be usefu l i n  mixed species swards for calving cows or for 

add i ng q ua l ity and bu lk to the first si lage cut of the season i n  da i ry systems. 

Prostrate selections, and part icularly creeping types (e. g .  F24 1 9) (see Chapter 

3) ,  cou ld be extensively sown in perenn ia l  pasture mixtu res in h i l l  cou ntry sheep 

and beef systems for year round p roduction (see Plate 3 . 1 ) .  The S ummer 

g rowth of these red clovers could be used for flush ing ewes in Summer d ry 

a reas if selections of low oestrogen content were used. 

The experiments i n  this thesis suggest the fol lowin g  wi l l  p rovide the best 

management of Astred swards .  Pure swards should be g razed every 4 to 6 

weeks to a post g razing height of 1 0cm ( lax g razing , see P late 7 .3) over Spring 

and Summer to ensure sufficient stems survive for the production of plantlets and 

u lt imately rooted plantlets. When rooted plantlets are formed i n  Autumn/early 

Winter (when soil moisture levels increase) ,  g razing frequency should be 

decreased to 6 or 8 weeks, and only continue unti l  Winter if sown on free d rain ing 

soil .  Swards should not be grazed over the Winter period except in  areas where 

sufficient Winter g rowth occurs with free drain ing soi l ,  and never below 1 0cm post 

g razing height. Grazing in Spring can commence when sufficient herbage has 

accumulated and soi l conditions allow (see F igure 9. 1 for the sequence of p lantlet 

formation) .  
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S imi lar  m anagement recommendations apply to Astred i n  m ixed swards but this 

wou ld  be compl icated and compromised by the management of the compan ion 

specie or species which wou ld often over-ride the above management, 

part icu larly in  Spring and Autumn .  Neverthe less, for p lantlet production it is 

critical  that sufficient stem survives from Spring to Summe r  on Astred parent 

p lants ,  so lax g razing management is the most important factor. 

Conclusive evidence found in th is study (see Chapters 3, 6 ,  7 and 8)  and by 

Smith et al. , ( 1 993) of the production ,  persistence and  true perenn ia l ity of 

vegetatively reproductive red clovers make the p lant type worthy of further 

i nvestigation .  I t  was previously suggested that p lants of this habit wou ld  have 

poor production (Rumba l l ,  1 983) d ue to the h igh  cost of a l locating ass im ilate to 

vegetative reproduction .  This cou ld  sti l l  be possib le in some selections (e .g .  

F24 1 9, see Chapter 3) but  was not the case i n  Astred or  Gualdo, possib ly d ue 

to the h igh ly seasonal p roduction of new plantlets. 

Large  morpholog ical d ifferences exist between plant types that carry the 

vegetatively reproductive trait, from very prostrate to 50cm in height when 

g rown as a pure sward (e .g .  Astred) .  Breed ing and selection p rog rams need to 

concentrate on spl itting these plant types i nto useful g roup ings  u nder the 

environmental and management conditions for which they a re to be used, for 

example :  h igh OM production ;  cutting and conservation ;  competitive m ixed 

swards on h igh soil fert i l ity; low g rowing , low ferti l ity swards with h igh  g razing 

pressure ;  and Winter active , high fert i l ity swards with low g razing p ressure. 

The competitive mixed sward with h igh fert i l ity, and the Winter active, h igh 

ferti l ity, low grazing pressure groupings have the greatest potential in New 

Zealand agricultural systems. Possib le selection traits cou ld  be:  i ncreased 

vegetative reproductive ab i l ity, d isease resistance ,  i nsect tolerance,  i ncreased 

p rodu ct ion ,  Winter activity ,  formononetin content and  plant he ig ht. 
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From this research there is no doubt that the pers isten cy,  p roductivity and 

d iverse range of  vegetatively reproductive red clover selections cou ld  m ake a 

s ign ificant contribution to New Zealand agriculture as tru ly perenn ia l ,  taprooted 

forage legumes in many d ifferent farming systems. 
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9.6 CONCLUSIONS 

The most important conclusions d rawn from th is evaluation of some selections 

of vegetatively reproductive red clovers a re :  

i )  The genera l  persistence of  vegetatively rep roductive red c lovers as a 

population was superior to "crown" type red clovers when management 

and environmental conditions a l lowed the formation of rooted p lantlets. 

i i )  P lantlets were i n itiated i n  Autumn from nodes of above g round stems ,  or 

branches off those stems, that g rew in Spring and then had contact w ith 

the soi l .  

i i i )  Lax ( 1 0cm post g razing height) g razing manageme nt of vegetatively 

reproductive red clovers is critica l in Spring (to ma intai n  stems) and 

Autumn (to a llow plantlets to root) for rooted p lantlet p roduction .  

iv) P lantlets with no roots form in Autumn and on ly produce roots when moist 

soi l  surface conditions exist. 

v) Rooted p lantlets can be produced on parent p lants in m ixed or pu re 

swards.  

v i )  The general productive performance of the vegetatively reprodu ctive red 

clover selections was s imi lar to crown type red c lovers and warrants a 

b reeding and selection p rogramme. 
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... The chapter has been publ ished in  Proceedings of the New Zealand 

Grassland Association 61 , 1 2 1 -1 26 (Hyslop et a l . ,  1 999) . 
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1 .1 ABSTRACT 

Although the persistency of red clover ( Trifolium pratense L.)  can be a problem 

when g razed in m ixed and pure stands,  it is sti l l  regarded as a valuable source 

of h igh qua l ity Summer feed i n  some farming systems. Vegetatively reproductive 

red clover selections offer promise to solve this persistency problem b ut their 

g rowth , perennation , reproductive abi l ity and productivity have not been 

investigated in New Zealand farming systems. This paper is an overview of a 

fou r  year research p rogramme involving nine experiments investigating  these 

areas. The vegetatively reproductive red clovers evaluated were Astred , F24 1 9  

and Gualdo.  There was n o  d ifference between Astred and  G rasslands Pawera , 

a crown type red c lover, i n  the total herbage accum ulated over the first g rowing 

season under  4 ,  6 and 8 week grazing frequencies and lax and hard g razing 

intensities. After three years of grazing , s ign ificantly more Astred pare nt p lants 

were a live compared to Pawera when rooted plantlets were counted as parent 

p lants after one year.  Varying numbers (0 - 66 p lantlets m-2 per yr) of rooted 

p lant lets were produced by Astred in m ixed and pure swards. More rooted 

p lantlets were estab l ished per parent p lant u nder wet surface soi l  cond it ions. 

Astred produced 57% of its Autumn rooted p lantlets on  pr imary stems 

developed in  September, or  branches off these stems. Comparisons of the 

g rowth and morphology of Astred ,  F24 1 9  and G ualdo are presented . Red 

clover selections that are vegetatively reproductive offer benefits to New Zealand 

farming systems and could solve some of the persistency p roblems curre ntly 

experienced with red clover. 

Keywords:  Astred ,  F24 1 9 , Gualdo,  rooted p lantlet, vegetatively reproductive, 

Trifolium pratense 
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1 .2 INTRODUCTION 

Red clover ( Trifolium pratense L.) has been widely reported to have poor 

persistency when g razed in  m ixed and pure stands, with total loss of p lants 

after 2 to 3 years (Brougham 1 959,  1 960 ;  Harris et al. 1 980 ;  Cosgrove et al. 

1 985;  Sheath et al. 1 989; Frame 1 990; H ume et al. 1 995) .  However, red clover 

is a valuable source of h igh qual ity Summer feed in some farming systems. All 

red clover cultivars used in New Zealand grow from crowns and predominantly 

reproduce from seed , a lthough some reproduce vegetatively to a small extent 

(Hyslop et al. , 1 996). The crowns are susceptib le to tread ing damage and fungal 

infection ,  particu larly in Winter, resu lting in poor persistence (Hay et al. 1 989). 

Pure stands of red clover usual ly on ly persist 3 to 4 years. 

Red clover selections exist that have prostrate stems that prod uce clonal plants 

at nodes which may improve persistency in grazed pastures. Smith et al. ( 1 993) 

reported the chance d iscovery of vegetatively reproductive red clover p lants by 

the Department of Ag ricu lture ,  Tasmania i n  1 975, in  seed accessions gathered 

from Crato, Portuga l .  These plants prod uced strong ,  prostrate stolons (here 

termed stems) in late Summer, and clona l ly formed daughter plants (here 

termed rooted p lantlets) . These formed from unelongated g rowth at lateral 

stem buds,  below which nodal roots formed after flowering . Whether a l l  are 

capable of producing nodal roots is unknown. The rooted plantlets usual ly 

appeared with in  1 00mm of the parent plant, and as they developed roots, the 

connection to the parent plant degenerated . The cu ltivar Astred was developed 

from this material  (Smith et al. 1 993) .  

Astred was more persistent than conventional cu ltivars when g razed with sheep 

over a three year period in  Tasmania ,  reta in ing 55% g round cover after 3 years 

compared to 5%,  2% and 0% for Grasslands Turoa ,  G rasslands Hamua and 

-------- -- -
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Redwest, respectively (Smith et al. 1 993) .  I n  New Zealand , Astred was the 

most prevalent of the introd uced legumes in  experiments on easy h i l l  slopes 

and continued to persist under grazing (Orr et al. 1 996).  

Because of the relatively recent commercia l  release of the first two vegetatively 

reproductive red clovers , cv. Astred in 1 992 and cv. Gualdo in 1 998,  publ ished 

resu lts and information on these cu ltivars and the plant type in genera l  are 

l imited . Gualdo was bred out of accessions collected in Italy by J . P. Baresel ,  

Strada d i  Ca l led ro ,  Italy. F24 1 9  is an  accession from material gathered in  

Portuga l  and provided by W. Rumbal l ,  Ag Research ,  Palmerston North .  Hyslop 

et al, . ( 1 996) concluded that the perennation and productivity of such red clovers 

required further evaluation to determine their potentia l in New Zealand farming 

systems, and the vegetative reprod uction mechanism needed to be understood 

clearly before appropriate management strategies could be developed . The 

objective of this paper is to present an overview of the research programme that 

fol lowed . Most research was based at Massey Un iversity, Palmerston North ,  and 

focused on the production ,  persistence and demography of the vegetatively 

reproductive red clover selections, Astred , F24 1 9  and Gualdo. Pawera was used 

as a comparison as it is widely considered the most persistent red clover cultivar 

under New Zealand conditions. 
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1 .3 MATERIALS AND METHODS 

All experiments are ful ly described in Hyslop ( 1 999) . An overview of the 

objectives, designs and methods of the nine experiments fol lows. 

The persistence of ind ividual parent plants and the annual  and seasonal herbage 

production of Astred were measured in  three field experiments to examine the 

productiveness of Astred under practical farming cond itions: 

Experiment 1 (Massey U niversity) compared the herbage prod uction and parent 

plant persistence of pure swards of Astred and Grasslands Pawera when 

grazed by sheep. There were 1 2  treatments (two cu ltivars , Astred , Pawera; two 

grazing i ntensities, hard (5cm) ,  lax ( 1 0cm) ; th ree g razing freq uencies, 4 ,  6 and 

8 weeks) over a th ree year period in  a randomized complete b lock design  (48 x 

1 1 8m-2 plots) . Two hundred parent plants were tagged one year after sowing in  

the Astred and Pawera 6 week hard grazed treatments and these were 

mon itored over time (see F igu re 1 . 1 ) . Experiment 2 was sown (27/9/96) as a 

m ixed sward at Dan nevi rke in  a completely randomised design  with Grasslands 

Pawera as a comparison cu ltivar, and grazed by rep lacement da i ry heifers 

(Hyslop et aI. , 1 998) .  Parent plant persistence and rooted p lantlet p roduction 

were measured . Experiment 3 was sown as a m ixed sward in  a completely 

randomised design at Massey Un iversity, N° 1 Dairy Farm. Parent p lant 

persistence, rooted plantlet production and seasonal  production of Astred were 

measured . Experiment 4 was sown at Hawkes Bay i n  1 996.  However, a l l  

p lants d ied in  the Summer of 1 998 due to lack of so i l  moisture and the find ings 

wi l l  not be reported here (Hyslop et al. , 1 998) . 

Experiments 5 to 9 examined morpholog ica l ,  environmental and g razing 

management effects on the formation of plantlets and rooted plantlets: 
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Experiment 5 was a spl it p lot design imposed on pure swards of Astred at 

Massey U nivers ity that had previously had one season of hard g razing (5cm 

residual  height) by sheep, with g razing frequencies of 4 and 8 weeks. The 

treatments were hard and lax g razing (residua l  heights of 5 and 1 0cm 

respectively) at 4 and 8 week g razing intervals. The plantlets and rooted plantlets 

that developed on parent plants over six months (January-June) were cou nted . 

Experiment 6 ( Massey campus block) consisted of 60 spaced Astred seedl ings 

in  a completely randomised design with no cutt ing or g razing .  F lower buds 

were removed from 30 p lants as they formed and the remai n ing p lants went to 

fu l l  seed set to determine whether flowering affected rooted p lantlet formation .  

Experiment 7 investigated what effect d ry o r  wet soi l  surface moisture levels 

had on rooted p lantlet formation over time, in a completely randomised des ign 

with 30 parent p lants per treatment, under a rai nout shelter with i rr igation and 

no g razing at  AgResearch , Palmerston North .  The soi l  surface around the 

parent p lants was in it ia l ly wet or d ry,  and then after 29 days,  water was a lso 

appl ied to the d ry treatments (termed d ry/wet) . Al l  parent p la nts were reg ularly 

watered separately from the surround ing soi l  watering treatments by the use of 

waterproof barriers .  

Experiment 8 (Massey U niversity) consisted of 1 5  plants of Astred and 1 5  of 

F24 1 9  planted as spaced plants (3m x 3m) i n  a completely randomised design 

with no cutting or g razing . Parent plant stem age and number, and rooted 

plantlet number and position on the parent plant were assessed to identify where 

rooted plantlets form on parent plants. 

Experiment 9 (Massey U niversity) compared morpholog ical characters of two 

vegetatively reproductive red clovers, Astred and Gua ldo,  in a completely 



Appendix I 205 

randomised design with 30 plants of each cultivar. Plants were destructively 

harvested at 1 0  months of age. 
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1.4 RESULTS AND DISCUSSION 

1.4.1 Annual production 

Astred and F24 1 9  can both reproduce vegetatively via rooted plantlets (0-80/m2) 

in  m ixed and pure swards under New Zea land farming cond itions (Experiments 1 ,  

2 ,  3 and 5 ,  Hyslop et al., 1 996; Hyslop et al., 1 998;) .  When Astred was sown i n  

either a m ixed or pure sward , annua l  production was s imi lar  to  that of  Pawera 

(Experiments 1 and 3) suggesting its production is not undu ly com promised by 

its vegetative reproductive mechan ism. Annua l  p roduction of Astred ( 1 3592 

kgD M/ha) was not significantly affected by the g razing treatments i n  the first 

year a lthough there was a d ifference of 336 1 kgDM/ha between the h ighest 

producing treatment (Astred ,  6 weeks, lax) and the lowest p roducing treatment 

(Astred ,  8 weeks, lax) i n  Experiment 1 .  I n  a m ixed sward at N° 1 Dairy Farm, 

Massey U niversity (Experiment 3) Astred's annua l  production was 4040 

kg DM/ha (s .e .m .  ± 272) in 1 996/1 997 and 2300 kgD M/ha (s .e . m .  ± 223) in 

1 997/1 998 (see Table 1 . 1 ) . However, the hard and frequent g razing 

management of the sward resulted i n  poor survival of rooted p lantlets so the 

p roduction decl ine was related to the decl ine i n  parent p lants of Astred.  Astred 

decl ined from 30 p lants m,2 i n  1 996 to 4 plants m,2 i n  1 998,  except for a n  

increase i n  Winter/Spring 1 997 when rooted p lantlets that were formed i n  
,2 

Autumn ( 1 4  p lantlets m , s .e .m.  ± 2.4) were counted as i ndepen dent pare nt 

p lants, but these rooted p lantlets on ly s lowed the rate of parent p lant d ecl ine to 
,2 4 p lants m i n  1 998.  
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1 .4.2 Seasonal production 

Because of Astred's Med iterranean orig ins ,  it has a comparable g rowth pattern 

to Grasslands Colenso and Grasslands Hamua.  All Astred g razing treatments 

in Experiment 1 accumu lated s ignificantly more herbage from sowing to the first 

Spring g razing on 20/9/96 than d id Pawera (P<0 .00 1 )  (see Table 1 .2) .  

Differences ranged from an  extra 2540 kg DMlha for the Astred , 8 weeks, hard 

treatment to 1 9 1 0  kg DMlha for the Astred ,  6 weeks, hard g razed treatment. 
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Table 1 . 1 Seasonal prod uction of pure Astred and Pawera swards g razed 

every 6 weeks to 5cm post grazing height in the first year from sowing 

(kgDM/ha). (Expt 1 ) . 

Harvest date Astred Pawera s.e.m. 

8/3/96 0 0 

2019/96 4540 2620 204 

3/1 1 /96 1 760 2990 276 

9/1 2/96 1 850 2270 277 

20/ 1 /97 3400 3440 442 

24/2/97 1 240 850 357 

7/4197 800 1 450 227 

Total 1 3590 1 3620 
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The h igh  Winter g rowth activity of Astred could be usefu l i n  m ixed forage 

swards for calving cows or for adding q ual ity and bu lk to the first s i lage cut of 

the season (see F ig u re 1 . 1 ) . Astred out-produced Pawera i n  a m ixed pasture 

sward by 1 000 kgDM/ha (s .e . m .  ± 296) when cut for s i lage i n  Spring (7/1 1 /97) , 

after a conservation period of 1 02 days, at Dannevirke (Experiment 2)  ( Hyslop 

et a/, . 1 998) .  In  contrast, Astred on ly produced 7 .7% of the s i lage p roduction in 

Experiment 3 when cut 1 .75 years from sowing with a conservation period of 53 
-2 

days , but parent plant density was on ly 1 5  plants m (Hyslop et. al. , 1 998) .  

In  the first year from sowing ( 1 996) in  Experiment 3 ,  Astred produced 1 480 

kg DM/ha (s .e . m .  ± 72) ,  o r  25% of total sward production i n  Spring (September, 

October, N ovember) and 24 1 0  kgD M/ha (s.e .m .  ± 1 65) ,  or  55% of total sward 

product ion in Summer (December, January ,  February) (see Table  1 . 1 ) . 

Seasonal  production of Astred decreased in  1 997 , as parent p lant numbers 

decl ined , to 1 000 kgDM/ha (s .e .m.  ± 49) o r  32 . 3% of total p roduction .  
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Table 1 .2 Percentage contribution to seasonal yield by Astred sown i n  a 

m ixed sward (Expt 3). 

Season Astred s .e .m .  

1 996 Autumn 7 .4 2 .0  

Winter 6 .8  1 . 7 

Spring 25 .0  1 .2 

Summer 54 .7  3 .8  

1 997 Autumn 1 2 . 8  4 . 7  

Winter 1 0.2  1 . 8 

Spring 1 4 . 8  1 .6 

Summer 32 .3  1 . 1  

1 998 Autumn 4 . 6  1 .6 
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1 .4.3 Parent plant persistence i n  pure swards 

Astred and Pawera parent p lant persistence were compared in six g razing 

treatments in  Experiment 1 .  Astred swards had significantly h igher (P<0 .00 1 )  

percentages of parent plants remain ing ( rooted plantlets counted a s  parent 

plants after one year  of age in  Astred swards) in al l g razing treatments after two 

g rowing seasons compared to Pawera (wh ich can on ly remain the same or 

decl ine because of ni l  parent p lant replacement) . By year three, there was a 

s ignificantly g reater percentage of parent p lants surviving i n  the lax than the 

hard g razing i ntensity (P<0. 00 1 ) , and i n  the 8 week than the 4 week g razing 

frequency. The g reatest rate of parent plant death was over Winter and early 

Spring , particu larly i n  the hard and 4 weekly g razed treatments of both cu ltivars. 

At 2 .6  years of age, after two seasons of g razing , Astred a lso had s ign ificantly 

more orig ina l ly sown parent p lants than Pawera (P<0.05)  (see F igure 1 . 1 ) . At 

a l l  earl ier dates , the rate of orig ina l  parent p lant decl ine was the same for both 

cu ltivars. More Astred than Pawera parent p lants were present at  Dannevirke 

(Experiment 2) after two years (P<0 .00 1 ) .  At the last count on 27/5/98 ,  the 

parent p lant densities of Astred and Pawera , were 36 p lants m-2 and 30 p lants 

-2 m (s .e .m .  ± 0 .87) , respectively (Hyslop et al. , 1 998) . 

-2 Astred parent p lant populations tended to have more parent p lants m than 

Pawera , but these parent plants were sign ificantly smal ler i n  d ry mass after two 

seasons of g razing in comparison to Pawera (Experiment 1 ) . S imi larly ,  Astred 

( 1 .6 g DM/root) had l ig hter ind iv idua l  taproots across a l l  treatments compared to 

Pawera (2 .4 g DM/root, s .e .m .  ± 0 . 1 97 ,  P<0. 00 1 ) . S ignificantly (P<0 . 00 1 )  less 

taproot mass (0.60 kgDM m-2 , s .e .m .  ± 0 .09) remained in  hard (5cm g razing 

residua l  height) and frequently g razed (4 week) treatments for both cultivars three 
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years from sowing i n  Experiment 1 compared to a l l  other treatments (average of 

1 .26 kgOM m-2 , s .e . m .  ± 0 . 09). 
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Figu re 1 . 1 Percentage of tagged parent plants remaining in Astred and 

Pawera pure swards that were grazed every six weeks between 

September and May each year to 5cm residual sward height by sheep). 

Vertical bars represent s .e.m. (Expt 1 ) . 

--::R. 0 '--' 
0) c: 'c 
ro 
E � 
en -c: ro 
0.. 

-
C � ro 0.. 

1 00 . ' . . . . 
90 

80 

70 

60 . . . . . . . . 1 .. ..  � . ... 

50 

40 

30 

20 

1 0  

O+-----+-----+-----�----�----_r----_r----� 
01/1 1 /96 1 9/02/97 09/06/97 27/09/97 1 5/01 /98 05/05/98 23/08/98 1 1 / 1 2/98 

Date 

. . .  � . . . Astred ____ Pawera 



Appendix I 2 1 4  

1 .4.4 Plantlet formation 

Astred and F24 1 9 rooted plantlet production in  Autumn was affected by the 

number of Spring g rown stems on the parent plant that were sti l l  present, and by 

Autumn soil moisture levels (Experiments 6 and 8) . Rooted p lantlet size is a lso 

important for survival in  g razed swards (Hyslop et al. 1 996) . 

There is  l arge morpholog ical variation i n  the selections of red clover cap able of 

vegetative reproduction ,  and some of these selections a re able to reproduce 

vegetatively at lower post-grazing residua l  heights than Astred (Experiments 8 

and 9) .  I n  Experiment 8 Astred produced most of its rooted plantlets on primary 

stems, or branches . off these stems, that grew from the parent plant crown in  

September, whereas F24 1 9 produced rooted p lantlets equal ly on stems 

orig i nating from Ju ly though to September (Table 1 . 3) .  I n  general ,  a h igh 

percentage of rooted plantlets developed on stems orig inat ing i n  Spring , but they 

also developed to varying extents on stems orig inating at other times, depending 

on the red clover selection (Experiment 8) .  Therefore, because of this seasonal 

effect, the g razing h istory of vegetatively reproductive red clover, particularly 

Astred , wi l l  affect plantlet and rooted plantlet formation .  Hard g razing  of Astred in 

Spring would appear to g reatly d imin ish the sites available for p lantlet formation .  
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Table 1 .3 The frequency of rooted plantlets per 1 5  parent plants produced 

by Astred and F241 9, on 6/6/97, from primary stems and branches off 

primary stems produced from 1 /7/96 to 1 /2/97 .  (Expt 8) .  

Month of  primary Astred F24 1 9 

stem growth 

J uly 26 330 

August 72 353 

September 2 1 3  392 

October 59 1 54 

November 3 9 

December 0 0 

January 0 0 

February 0 0 
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When G ualdo and Astred were compared morphological ly, Astred p roduced 

s ignificantly (P<0.00 1 )  fewer rooted plantlets per parent plant ,  had longer, wider 

leaves, thicker stems and was tal ler at 1 0  months of age. There were no 

sign ificant d ifferences i n  stem length , stems per p lant, nodes m-2 of stem,  total 

parent p lant d ry matter and stem, leaf and taproot d ry matter. 

The seasonal production of rooted plantlets was h igh ly variable between and 

withi n  al l  experiments. In the pure swards of Experiment 1 on 1 0/6/97 ,  there was 

a sign ificant interaction (P<0.05) between g razing frequency and g razing 

i ntensity for the n umber of rooted p lantlets produced . Astred,  8 weeks, l ax 

g razed produced 46% (66 plantlets m-2) more rooted p lantlets than Astred , 8 

weeks, hard g razed (36 p lantlets m-2) and 56% (29 p lantlets m-2) more than 

Astred 6 weeks, hard g razed . Grazing in tensities at  the 4 week g razing 

frequency d id not affect the n umber of rooted plant lets p roduced , with 43 and 

42 p lantlets m-2 (s .e .m .  ± 5 . 1 )  for hard and lax treatments, respectively. 

In a m ixed sward (Experiment 2),  rooted p lantlet density of Astred (measured 

on 27/5/98) after two seasons of g razing was 64 rooted p lantlets m-2 (s .e .m .  ± 

1 .7)  from a populat ion of 32 parent plants m-2 . S ilage was cut i n  the second 

Spring of the experiment. In contrast, when parent p lants were u nder  h igh 

g razing pressu re ( Experiment 3) ,  only 1 4  rooted p lant lets m-2 (s .e .m .  ± 2 .4) 

-2 were counted from a population of 1 6  (s .e .m.  ± 1 .4) parent p lants m . 

I n  Experiment 5, s ign ificantly more (P<0.00 1 )  rooted p lantlets formed and 

survived grazing by sheep under lax grazing intensity at both grazing 

frequencies. Nine and 1 1  rooted p lantlets m-2 (s.e .m .  ± 1 .5) , respectively, were 

produced and survived g razing in May in the 4 weeks, lax and 8 weeks, lax 

g razed p lots . These represented 3 1 %  of the total rooted p lantlets produced 

between January and June. There was no significant d ifference i n  the number of 

rooted plantlets that survived g razing at the two g razing frequencies from January 
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to June. We suggest that Astred swards should be g razed to maintain a post 

g razing height of 1 0cm over Spring and Summer to ensure sufficient stems 

survive for the production of p lantlets and u ltimately rooted plant/ets. When 

g razing p ressure was l ight ,  Astred and F24 1 9  rooted plantlets were found up to 

900 mm from their parent p lant i n  one season . 

Parent p lants maturing to fu l l  flower d id not change the n umber of rooted p lantlets 

produced relative to parent p lants with flowers removed (P<0.9)  (Experiment 6) .  

The n umber of rooted p lantlets produced per parent p lant varied from 0 to 48 

with flowers removed and 0 to 1 9  with no flowers removed , with a h ig h  

coefficient of variation of 1 40%.  The frequency d istributions of the n umber of 

rooted p lantlets produced per parent p lant under the two treatments were not 

sign ificantly d ifferent (P<0.2) .  For example, a s imi lar  n umber of parent p lants 

produced three rooted p lantlets i n  both treatments. No  relationsh i p  (P<O.4) was 

fou nd by simple l inear reg ression (r2 = 0 .034) between the n umber of flowers 

removed and the n umber of rooted plantlets produced per parent p lant. 

More rooted plantlets (P<0 .00 1 )  were produced per parent p lant in  the wet 

i rr igation treatment (5 p lantlets/parent p lant, 22 .2% g ravimetric surface soi l  

water content) than the d ry (0.3 plant/ets/parent p lant ,  3 . 7 1 % g ravimetric 

surface soi l  water content) treatment from 25/2/98 to 26/3/98 in  Experiment 7 .  

After 26/3/98 ,  surface i rrigation was appl ied to  a l l  treatments . There was no 

d ifference i n  the total n umber of rooted p lantlets p roduced by either  wet/wet or  

d ry/wet treatments by the end of the experiment. Rooted p lantlets were formed 

at a s ign ificantly g reater rate (P<0. 05) for the first 2 weeks after 26th March in  

the d ry/wet treatment than the wet/wet treatment. The time of onset and the 

d u ration of Autumn rai n  (comparab le to the i rrig ation treatments imposed) 

would appear l i kely to affect the n umber and t iming of rooted p lantlets formed . 

There appears to be some capacity for p lantlets produced du ring a d ry spel l  to 

g enerate roots when the soi l  moistens. 
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1 .5 CONCLUSIONS 

With some small changes to current grazmg management p ractices and 

su itable environmental cond itions (moist Autumn so i l  cond itions) , vegetatively 

reproductive red clovers appear to be truly perenn ia l  forage legu mes suitable 

for use in m ixed swards and as forage crops. Like the crown type red clovers 

currently in use, the persistency of Astred ,  F24 1 9  and G ualdo wi l l  be dependent 

on  the i ntensity, frequency and t iming of g razing ,  with a post g razing he ight of 

1 0cm i mportant i n  Spring to ensure that stems which generate p lantlets and 

u lt imately rooted p lantlets , fu l ly develop. Red clover selections that a re 

vegetatively reproductive offer benefits to New Zealand farming systems. Their 

superior pers istency over crown type red clovers is worthy of further research and 

development. 
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APPENDIX 1 1  

1 .  RAI N FA L L  (mm) FOR HAWKES BAY SITE. 

1 996 1 997 1 998 

December 1 24 1 3  38 

January 62 27 1 39 

February 68 36 5 1  

% o f  1 0yr mean 1 41 42 1 27 

March 50 1 02 6 

Apri l  59 30 22 

M ay 48 83 39 

% of 1 Oyr mean 1 57 2 1 5  67 

June 49 1 50 28 

J u ly 1 66 90 1 68 

August 29 1 05 50 

% of 1 0yr mean 1 1 0 1 56 1 1 1  

September 1 5  76 5 

October 1 5  78 29 

N ovember 1 2  25 37 

% of 1 Oyr mean 27 1 1 5  46 

Total 766 881  485 
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