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ABSTRACT 

This thesis reports th ree studies conducted on the agronom ic evaluat ion of 

the recent ly i ntroduced forage legume s pecies su l la (Hedysarum coronarium L.) cv. 

Necton ,  for its potential use i n  an i mal product ion systems i n  N ew Zealand . The 

uti l i satio n  of forages, grasses and legumes ,  in  New Zealand is p redominantly by 

g razi ng  in situ. Sul la was i ntroduced to New Zealand for soil conservation ,  but its 

use as a forage u nder a cutt i ng  reg ime is we l l  known i n  the Mediterranean 

cou ntries. I nformat ion was i nadequate for i ts use under  a g raz i ng  reg i me .  

A p re l i mi nary study was co nducted under sheep g razi ng  to assess annual 

he rbage production ,  seasonal patterns of OM production  and pers istence. 

Nodu lat ion fai l u re resulted i n  the appl icat ion of 1 00 kg N ha-1 after each g razin g .  

Severe g razi n g  (H=70-75% herbage consu med) and less severe (L=60-65% 

h e rbage consumed) g raz ing i ntensit ies were imposed at the earl y  reproductive (ER)  

and late reproductive ( LR) g rowth stages. The resu ltant manage ment treatments 

over one year were ERH H H H ,  E R H LLL, E RLHHH ,  ERLLLL, L R H H H  and LRLLL. 
G razi ng i ntensit ies did not affect herbage product ion as residual he rbage senesced 

after g raz ing .  The annual he rbage product ion ranged from 1 2000-20000 kg O M  ha-1 

i n  the ERGS and LRGS treatme nts . Plant de nsity decl i ned 83 and 46% i n  the 

ERGS and LRG S respective ly .  Reg rowth  orig i nated from the crown reg ion i n  both 

g rowth stages. Autumn g razing  management, i neffectively nodulated p lants, 

i nadequate weed control and poor stand persiste nce were identif ied as constraints 

to he rbage production and needed fu rther research . An effective Rhizobium stra in  

ICMP 1 0 1 49 was reisolated , and a concu rre nt t rial e lsewhere, not  by the author  of 

the thesiS, identif ied Stomp 330 E a preemergent herbicide as su itable for su I /a .  

A g reenhouse defo l iat ion t rial was co nducted to elucidate the i nfl uence of 

p lant g rowth stage at defol iation and g razi ng i nte nsity on he rbage accu mu lat ion i n  

t h e  absence o f  compound ing facto rs such as selective g razin g  a n d  t rampl i ng .  Plants 

were defo l iated to 1 ,  7, 1 5  and 30 cm at the late vegetative ( LV) ,  midste m 

e longat ion ( MSE)  and early floweri ng (EF )  growth stages . Across g rowth stages,  t he  

resid ual leaf area was 0, 84 ,  1 80 and 4 1 5 cm2 respectively. Destructive h arvests 

were carried out on days 0 ,  1 4 , 25 ,  40 and 60 after defo l iat io n .  Plant matu rity at 

defo l iat ion  and defol iat ion i ntensity were determi nants of he rbage i ncrease i n  60 

days of reg rowth .  Complete ( 1  cm) defo l iat ion at the  LV g rowth stage res ulted i n  
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a smal ler root system, decreased starch accumu lat ion  and reduced p lant size . 

Defo l iat i n g  to 1 5  cm at the EF g rowth  stage produced the m aximum regrowth of 

he rbage ,  mai ntai ned h igh taproot starch and root mass. 

A g razi ng trial was designed to evaluate annua l  herbage production ,  seasonal 

patterns of DM production and p lant persistence i n  an effect ively nodulated stand 

with m i n imum weed competition .  Seve re (H=70-80% herbage consumed) and less 

severe (L=60-70% herbage co nsu med) grazi ng  i nte nsities were appl ied at t he  late 

vegetative (LV) , m idstem e longat ion ( MSE) and early floweri ng  ( E F) g rowth stages. 

LVH H H H ,  LVLLLL, MSEHHHH ,  MSE LLLL, E FH H H  and E FLLL were the resu ltant 

management treatments over one  year. Grazi ng inte nsity did not i nf luence he rbage 

produced as the postg raz ing herbage senesced . Across i nte nsit ies, the annual 

herbage produced ranged from 22000-25000 kg D M  ha·1 for the various g rowth 

stages. Herbage accu mulat ion rates we re 55 kg DM ha·1 d-1 i n  early su m mer and 

peaked at 78 kg OM ha-1 d-1 i n  late summer and early autu mn .  Plant density 

decl i ned 79,  74 and 29% ove r a year in the LV , MSE and EF treatments 

respect ive ly  and re mai n ing  p lants subsequently disappeared . Late autu m n  g razi ng  

i n  wet soi l condit ions resu lted i n  s ig nif icant plant losses wh ich affected spri ng  

herbage product ion .  

Su l la  was best grazed or cut at the  EF growth  stage for maxi mum herbage 

product ion and perSistence . Complete removal of herbage maxi mised uti l isatio n  as 

remai n i ng stubble senesced and did not contribute to herbage accumulation . U nder 

g razi ng sul la was short-l ived and thus should be managed as an annual forage 

species. Al lowi ng seed to shatter  may be a pote nt ial management tool for the 

mai nte nance of stands. An  autu mn sowi ng fo r spri ng  ut i l isat ion  to exploit winter 

g rowth activity may be advantageous. However ,  late autu mn g raz ing  especia l ly with 

h i gh  stocki ng densit ies under wet so i l  condit ions shou ld be avoided,  and , in general , 

damage to the crown shou ld be m i n im ised . Although a residual leaf area (200 cm2) 

o n  the stubble would improve the rate of reg rowth th is wou ld  appear d ifficu lt to 

attain u nder  g razi ng .  It may be best to cut su l la  to exploit its winter growth activity. 

Su l la  has potential as a speci al pu rpose fo rage when summer and autu m n/wi nter 

pasture deficits restrict ani mal product ion .  
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CHAPTER 1 .  GENERAL I NTRODUCTION AND OBJECTIVES 

Sul la  (Hedysarum coronarium L. ) ,  a herbaceous short-l ived peren nial l egume 

of Mediterranean ori g i n ,  was i n troduced i n  New Zealand pri ncipal ly for so i l  

conservatio n .  H owever, in  a recent  review (Watson ,  1 982) its potential use as a 

forage plant was emphasised. Subsequent work (Doug las ,  1 984 ; Doug las & Foote , 

1 985; Foote , 1 988 ; Rys et aI . ,  1 988; G raham Kerr, u npu bl ished data) h ave shown 

h i g h  annual he rbage production potent ial rang ing fro m  1 2000- 1 9000 kg ha-1 in the  

Manawatu , Hawke's Bay and the Cante rbu ry plains .  

Su l la h as been shown to be a h igh produce r of he rbage O M, has the abi l ity 

to f ix its own N ,  and is wi nter active in m i ld  cond itions .  Also, Marshal et  al . ( 1 979) 

and Barry ( 1 988) have identif ied the presence of co nde nsed tan n i ns i n  leaves and 

stems of su l la. I t  is known that forages co ntain i ng  condensed tan nins are associated 

with reduced i ncidences of frothy b loat (Kendal l ,  1 966) .  

In  New Zealand, bloat is a critical problem in  dai ry catt le, but  i s  not yet a 

serious p ro bl e m  i n  beef cattle  or  i n  sheep .  The nat ional annual loss of dai ry cattle 

by death fro m  bloat from 1 964 to 1 971 was 0 .2 to 1 . 2% with mortal i ty i n  i ndividual 

he rds exceedi ng  1 0%. The total annual losses for all aspects of b loat is  l ikely to 

exceed $8 m i l l i on  (Clarke & Reid ,  1 974) .  Moreover, in a rece nt survey Towers 

( 1 984) estim ated the annual losses due to b loat may wel l  be i n  the reg ion  of $1 7 

m i l l i on .  

H igh  concentrations of co nde nsed tan n i ns i n  p lant mate rial m ay restrict 

voluntary i ntake and depress ru men fibre d igesti on .  Lower concentrations h owever, 

appear to be be neficial through  protecti ng d ietary prote i n  from degradation  i n  the 

ru men  and i ncreas ing the prote i n  avai lable fo r subsequent d igestion  and absorptio n  

( Barry, 1 989) .  Co ndensed tan n ins i n  su l la  ranged from 40-50 g kg-1 0 M  and did not 

suppress vo luntary i ntake and resu lted i n  h i g h  body g rowth rates in the trials of R ys 

et a/ . ( 1 988) and Terri l l  et a / .  ( 1 992) .  Also , lambs graz ing  Lotus corniculatus Car. , 

another  condensed tann i n-contai n i n g  forage ,  have consistently produced less fat i n  

the i r  carcasses than those fed o n  wh ite clover (Purchas & Keog h ,  1 984) . The lower 

fat conten t  of lambs may be due to protei n  protection fro m  tann i n .  I nvestigations at 

AgResearch Palmerston North have i nd icated that the condensed tan n i ns i n  su l la 
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m ay be re lated to i ncreased l ivewe ig ht gai ns i n  lambs with h i g h  nematode burdens 

(Wag horn & N iezen ,  1 992) .  Co nsequent ly ,  farmers may reduce the need for 

d renches. 

Thus, the possible ro le of sul la ,  i n  animal productio n  system s  based upon the 

g razi ng of fresh temperate forage p lants (g rasses and legumes) ,  becomes apparent. 

H owever, p revious research with su l l a  by others in New Zealand has been on seed 

p roductio n  for soi l conse rvation  or h e rbage production  under  a cutti ng reg ime .  No  

docu mented work on  the g razi ng  management o f  su l l a  i s  known to t he  author. I n  

addition ,  basic i nformatio n  such as seasonal producti on, persistence u nder  g razi ng  

and prob lems associated with its ag ro nomy is scarce .  Th is series of expe rime nts 

were u ndertake n to gather  i nformatio n  on the grazi ng  management of su l la  and 

other re levant aspects on its ag ronomy, and assess its possible role  as 

co mp lementi ng pastu re i n  an i mal production systems i n  N ew Zealand. 
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CHAPTER 2. LITERATURE R EVI EW 

2.1 I NTRODUCTION 

In  t he  f i rst sectio n ,  l iterature coveri ng  al l aspects of the ag ronomy of su l la  is  

rev iewed . Relevant papers o n  its ag ronomy needed to be translated from Ital ian ,  as 

t he re is i nsufficie nt l iteratu re i n  the Eng l ish language .  I n  the  subsequent sections ,  

where part icular aspects such as defol iation and herbage p roduct ion ,  shoot g rowt h  

and nonstructural carbo hydrates were stud ied ,  t he  wel l  documented l iteratu re o n  

Medicago sativa L .  i s  also rev iewed and used as a m ode l .  

2.2 BOTANICAL CLASSI FICATION, ORIGIN AN D DISTRIBUTION 

The genus Hedysarum be longs to the fami ly  Legumi nosae , subfami ly  

Pap i l i ono ideae,  tr ibe Hedysareae and subt ri be Euhedysari nae ( Po l  h i l l ,  1 981 ) .  The 

generic name is derived from two Greek words ' hedys' mean ing 'sweet' and 'saron'  

mean i ng 'broom' .  Some 70- 1 00 species of annuals , bi enn ials and perenn ial he rbs,  

subs h rubs or shrubs are widely d istributed throughout the  northern hem isphere .  A 

large number  of native Hedysarum species are found th roug hout North Africa, 

Southern Europe and the Near and Middle E ast . Species co mmon ly  known to h ave 

value as forage in the semi -arid and arid reg ions i ncl ude H. coronarium L. , H. 

humile L. ,  H. pal/idum Desf non  Biv . ,  H. spinosissimum L. , H. carnosum Desf. , and 

H. flexuosum L. ( Kern ick, 1 978) .  I n  Northern America, about 1 0  species of  

Hedysarum occu r i n  the Western Un ited States rang i n g  f ro m  Alaska to Dakota, N ew 

Mexico, N evada and Oregon (U SDA Forest Service , 1 937) .  I n  Canada, Hedysarum 

spp. is frequent ly found i n  southweste rn Albe rta, scatte red l i ghtly over the prai ri es 

of Manitoba and th rough southern and central Saskatch ewan (Bassendowski et aI . ,  

1 989). Hedysarum mackenzii ( Rich . )  var. f razeri Bo iv i n was reported to be a n  

i mportant source o f  forage i n  the Red Desert of Wyom i ng (U SDA Forest Service, 

1 937). H. boreale Nutt . is the most co mmon species i n  the Un ited States (Al l en  & 

Al len ,  1 98 1 ) . H. boreale, H. mackenzii and H. occidentale have a l icorice-taproot and 

are ed ib le  ( Faccio la ,  1 990 ) .  

The p lant Hedysarum coronarium L. (2n= 16) com monly known as su i  la ,  

sweetvetch ,  french honeysuckle (See plate 2.1) is thought to have o ri g i nated i n  t h e  



Plate 2.1 SU LLA - Hedysarum coronarium L.  
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southern part of the Apenn i ne Pen i nsu la and Sic i ly which forms part of the  

Mediterranean centre of o ri g i n  (Vav i lov ,  1 950) .  

I t  i s  a strong ly taprooted b ien n ial or  somet imes perennia l  herb, 30- 1 20 cm 

h i gh ,  with moderately leafy, branch i n g ,  al most erect stems and  with branched 

secondary roots. Aerial parts of  the plant are sparsely adpressed-pubescent .  Leaves 

i m parip i nate ;  l eaflets ent i re ,  numerous ,  7- 1 5  pai rs , 1 . 5-3 .5  x 1 .2 - 1 . 8  cm ,  e l l i pt ic to 

obovate-orbicu lar, g labrous or  subglabrous above and pubescent beneath ,  som e  

f ine ly pel l ucid-dotted ;  sti pels abse nt ; sti pu les free or  con nate, scarious .  Flowers are 

large ,  showy, p i nk, red, v io let ,  wh ite and rare ly ye l l ow, borne o n  l ong  pedu ncles with 

a crowded racem e  of 1 0-35 flowers 2 cm across ; bracts scarious o r  setaceous ;  

bracteoles setaceous ;  calyx cam panu late ; l obes 5, subequal , awl -shaped ; standard 

ovate o r  obcordate ,  reflexed , narrowed at the  base; w ings oblong ,  shorte r  than the  

standard ; keel petals obl iquely truncate , rare ly subarcuate ,  l onger  t han  the wi ngs 

and standard ; stame ns d iadelphous,  anthers u n iform ; ovary subsess i le , 4- to many­

ovu led ; sty le f i l i form , i n flexed above stamens;  sti gma smal l ,  termi nal . Pods 

lomentaceous,  p lano-compressed , deeply i ndented alo ng both marg i ns and 

const ricted betwee n  each seed , segm e nts up to 8, oval , o rbicular, or quadrate ,  

read i ly  separable but  i ndehisce nt ;  seeds usual ly  flatte n ed and k idney-shaped 

(Bentham & H ooker, 1 865 ;  Rol l i ns ,  1 940 ; A l l en  & Al l en ,  1 98 1 ; Hux ley ,  et ai . ,  1 992) .  

2.3 I M PORTANCE AND BRIEF HISTORY OF THE I NTRODUCTION OF SU LLA 

IN N EW ZEALAND 

Sul la  i s  natural ised in  the central and western Mediterranean bas in ,  North  

Africa and  is  wide ly cu ltivated i n  Italy ,  Sic i ly ,  Greece , Spai n ,  Portugal , Tu n is ia and 

Morocco ( Kern ick, 1 978) where it is used fo r hay, s i lage, g reen feed and g reen 

manure .  I n  southern Italy and Sici ly ,  where 1 68000 ha of  su l la  is  g rown i n  

comparison t o  87000 h a  o f  l ucerne ,  su l la has about the same status as l ucerne i n  

the  U n ited States. Current ly 280000 h a  of sul la i s  g rown i n  I ta ly and the 

ne ig h bou ri ng  is lands ( Restuccia ,  1 976) . 

The plant has been i ntroduced into the reg ions of Austral i a  wh ich have a 

Mediterranean c l i mate (Cameron ,  1 960) and the Un ited K i ngdom (Cowl i n g ,  1 954) 

and the  U n ited States (Duke ,  1 98 1 ) . However ,  its performance i n  the  U S  is sti l l  i n  
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the experimental stage (Duke, 1 98 1 ) .  

Su l la i s  also a n  i mportant source of honey in  t h e  temperate Mediterranean 

regions.  The flowers of su l la are cross-po l l i nated by bees. The honey bee (Apis 

mellitera) was found to be the best pol l i nator  of  su l la (D'Albore,  1 983) .  I n  Italy, an 

i ntroduct ion of  5-8 colon ies of honeybees ha-1 was fou nd to be satisfactory for seed 

product ion (Crane , 1 984 ; Crane & Wal ker ,  1 984) . The bumble bee has been 

observed to visit the flowers frequently in New Zealand (Watson ,  1 982 ;  Krish na, 

pers com m).  

Sul la was fi rst i ntroduced i nto New Zealand by the Botany Div isi on ,  DS IR ,  i n  

1 949, for evaluat ion  as a potent ial forage legume .  Evaluat ion i ndicated that su l la 

behaves much l i ke an an nual ,  and i ts re lease was consequent ly not  approved . A 

possib le reason for the short- l ived nature of the plant was the lack of a suitable 

i nocu l u m  (Watson ,  1 982). Subsequently i n  1 956 su l la  was reintroduced by an ex­

serviceman,  Mr. M. H. Craw of Li nton .  Seed material was donated to t he  National 

P lant Materi als  Centre,  MWD Aokautere, Pa lmerston North  for seed i ncrease and 

f ield evaluati on .  S i nce 1 971 , additional genetic mate ria l  was obtai ned from the 

Medi te rranean bas i n  for breeding su itable mate rial for so i l  conservat ion 

(Lambrechtsen ,  1 986 ; Lambrechtse n & Doug las ,  1 986) .  

2.4 B REEDI NG HISTORY I N  NEW ZEALAND 

'Necton '  and  'Aokau' are t he  two su l l a  cult ivars known i n  New Zealand. The 

breedin g  objective of 'Aokau ' ,  a semi-erect cult ivar was fo r soi l  conservat ion .  P lant 

variety r ig hts were g ranted in 1 985 (NZ Plant V ariety Rig hts, 1 99 1 ) .  The cu lt ivar was 

bred by So i l  Conservation  Centre ,  Aokaute re (G B Douglas,  pers com m ) ,  from t h ree 

of the twelve access ions i ntroduced i nto New Zealand.  The accessio ns that m ake 

up 'Aokau' o rig i nated from Morocco , Portugal and Italy .  

'Necton' su l la  was bred by N .  Camero n  of Agriseeds Ltd. ,  and the cult ivar 

was g ranted plant variety rights in 1 987 (NZ P lant Variety R ig hts , 1 99 1 ) .  The cu lt ivar 

is  described as a semi -erect to e rect , and the pri mary breed ing  objective was for its 

use as hay and for g razi ng in situ. I t  was d eveloped by the open cross i n g  of 1 5  

selected l i nes of Spanish , Ital i an ,  Moroccan ,  French and Swiss o ri g i n  and is 

m ai ntained th rough  generat ions by open crossi ng of proge ny .  The cult ivar is  s imi lar 
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i n  he ight to 'Aokau ' at floweri ng ,  but produces more flowe ri ng  stems (5-20 vs 2-1 2) ,  

has larg e r  central leaflets and more leaf let pai rs ( N .  Cameron ,  pers comm) .  

Cu rre nt ly ,  p lant variety rights fo r  ' Necton '  su l la  are sought i n  Austra l ia (NZ  Plant 

Variety Rig hts, 1 990) .  

2.5 ECOLOGY - EDAPHIC AND ENVIRONMENTAL REQUIREMENTS 

Sul la  is best suited to deep, r ich calcareous soi ls with pH rang i ng  f ro m  5.5-

8 .0 ,  but g ives good results i n  poo r Ca rich co m pact soi ls . It perfo rms poor ly o n  very 

acid or  sal i ne  so i ls  or  u nder waterlogged co ndit ions (Whyte et aI . ,  1 953) .  I n  the 

coastal reg ions of  N orth Africa, natural pastu res of su l la are found pri m ari l y  in clay 

soi ls .  I n  Spai n ,  it is known to g row i n  predo m inant ly l i mesto ne so i ls (Ke rn ick ,  1 978) . 

I n  N ew Zealand, it g rows i n  any med ium to heavy textu red wel l  d rai ned soi ls , 

but its performance in sandy soi ls has been found to be poor (Foote , 1 988) .  It has 

bee n  known to persist o n  m udstone soi ls i n  North land , Poverty Bay and King 

Country,  l i mesto ne  rock near Hasti ngs ,  si ltsto n e  so i ls near Tai hape, loess so i ls  near 

B lenhe im and D u nedi n ,  sch ist soi ls at Bend igo Stat ion and on soi ls derived from 

g reywacke at Otematata (Watson,  1 982) .  

G rowth  and development of  su l la  is best su ited to  Mediterranean type c l imate 

with characterist ical ly warm summers and wet , m i ld  wi nters .  Morpho log ical ly, its 

deep taproot and nu merous branched secondary root syste m al lows an i n herent 

deg ree of d rought resistance . The Hedysarum spp have a stron g  woody taproot and 

woody crowns .  The crown buds are lowe r than i n  l uce rne, wh ich may g ive effective 

p rotect ion f rom mechanical i nju ry and low tempe ratu re damage ( Bassendowski et 

aI . ,  1 989) .  I t is known to to lerate ann ual temperatu res between 5 .7-29 .6°C (Duke , 

1 98 1 ) .  It has bee n successfu l ly  estab l ished i n  N ew Zealand i n  sites whe re annual 

rai nfal l ranges from 360-2 1 60 mm (Watson ,  1 982 ) .  The degree of d rought  and 

wi nter hard i ness is dependent on the orig i n of ecotypes. Ecotypes fro m southern 

Italy and Sici ly are usual l y  more drought res istant , but less f rost to le rant , than  t hose 

fro m  Northern Italy (Gri maldi ,  1 951 ) ,  and the N o rth  African ecotypes are general ly 

more frost tol e rant than those of Ital y or Spai n ( Kernick, 1 978) . I n  Austral ia ,  its 

winter hardi ness and d rought resistance has been observed (Cameron ,  1 96 0 ;  E l l iot 

et al . ,  1 980 ) .  I n  the UK, however, its pe rformance at the G rassland R esearch 
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I nstitute, Hurley,  has been poor but its wi nte r act iv ity was emphasised (Cowl i ng ,  

1 954) . I n  N ew Zealand, su l la g rows act ively i n  early spri ng t h rough  sum mer  and 

autu m n  i nto early wi nter, and wi l l  ex h ibi t cont i n ued wi nte r g rowth u nder m i ld 

conditions. 

2.6 C U LTU RAL REQUIREMENTS 

2.6.1  SOIL FE RTI LITY 

Sul l a  is  a low ferti l ity requ i ri ng  plant but respo nds wel l  to art i f icial and natural 

fe rt i l isers (Whyte et ai . ,  1 953) . I n  low pH soi ls ,  it respo nds we l l  to the  app l icati on  of 

ag ricultural l i me (Foote, 1 988) .  On sites of low fe rt i l i ty, the rate of appl icatio n  of P 

and K fe rt i l isers should be done i n  accordance wit h so i l  test resul ts (Watson ,  1 982) .  

I n  Italy ,  1 00- 1 20 kg ha- 1 P 205 and the  same amou nt of  K20 is  g e ne ral ly 

recommended in Ca rich so i ls (Sarno & Stri ng i ,  1 98 1 ) .  I n  Morocco , an appl icatio n  

o f  60-80 k g  ha- 1 P20S' 40-60 kg ha- 1 K20 ,  mixed with t h e  so i l  before sowi ng ,  

fo l l owed by  20 kg  ha-1 N at sowi ng has g iven good resu lts ( Kernick, 1 978) .  

Mo lybdenum appl ied on d i fferent so i ls i n  ce ntral and southwestern Spai n has shown 

clear respo nses ( Ratera et al . ,  1 977) .  Su l la  co ntri butes toward soi l  fe rt i l ity by a rapid 

bu i ld  up  of soi l  organ ic matter. It is est imated t hat two years in pasture produces 

about 20000 kg ha-1 of dry roots, equivale nt to about 1 00 kg of N (Kernick, 1 978) . 

2.6.2 INOCU LATION 

Rh izobia nodulat ing su l la appear to be host specif ic (Case l la et aI . ,  1 984)  and 

the i r  presence is rest ricted to areas where sul la grows natural ly .  As a resu lt ,  without 

the  proper Rhizobium being endem ic, art i f ic ial i noculat ion with se lected Rhizobium 

strai n is crit ical (Azcon-Ag u i lar et aI . ,  1 982) .  Stud ies on rh izobia stra ins for su l la 

have shown t hat these bacte ria do not belo ng to any of  the  tradit ional cross­

i nocu lat ion g roups . A lso , Rhizobium sp. iso lates fro m  other Hedysarum species do 

not nodulate H. coronarium (G latzle et al . ,  1 986 ) .  The rh izobia strai ns nodulat i ng  

su l l a  are close ly  re lated to t he  classical fast-g rowi ng Rhizobium spp (Mozo et aI . ,  

1 988) . I n  Aust ral ia, t h e  strai ns CC 1 335 and CC 1 337 have proved effect ive i n  

nodu lat ing su l la (Case l la  et ai , 1 984) .  No effect ive Rhizobium strai n i s  known i n  New 

Zealand although  NZPA 541 0 has bee n used (Doug las & Foote , 1 985) . The best 
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m ethod of i noculat i n g  su l la seed is by the use of a peat-based i nocul ant .  Twenty 

percent (20%) gum arabic appears to be an excel l ent protector of the r h izobial 

strai n ( Rodriguez-Navarro et ai . ,  1 99 1 ) . Product ion advantages have been repo rted 

for effect ively nodulated over un i noculated contro ls  (Roponen & V i rtanen , 1 964 ;  

Gurfel et ai . ,  1 982 ; Walsh et al . ,  1 983). 

2.6.3 ESTABLISH MENT 

A fine  seedbed preparat ion is  prefe rabl e for a u n i form estab l ishment o f  su l la. 

I n  c lay soi ls ,  the g round shou ld be deep p loughed to 30-35 cm,  whereas i n  med ium 

so i ls a depth  o f  20-25 cm is  prefe rable .  A m i n i m u m o f  2-3 cu lt ivat ions are requ i red 

after  p lough i ng (Kern ick ,  1 978 ; Sarno & Stri n g i ,  1 981 ) .  For forage and seed 

p roduct ion ,  i t is recom me nded that de hu l led ( h u l l  re moved) seeds be used for rapid 

germi nat ion  and establ ishment of a undorm stand (Watso n ,  1 982) .  Hard seeds 

usually comprise 1 5-20% of seed yie ld ,  wh ich can be removed by scarif icatio n  o r  

soaking  seed i n  h ot water at 65-75 °C fo r 1 m i n  (Whyte et ai . ,  1 953) .  I m p roved 

cult ivars fro m  Italy and Spai n possess lower pe rce ntages of hard seeds. I n  N ew 

Zealand,  the cu ltivar Necton is known to contai n low perce ntage of hard seeds and 

a germinat ion  of 90-95% (G. Kerr pers com m ) .  

Dehu l led i nocu lated seeds are dri l led in  rows 1 5-20 c m  apart t o  a depth  of 

2-3 cm,  although seeds can be broadcast , harrowed and ro l l ed (Sarno & Stri n g i ,  

1 98 1 ) .  S eed rate recommendatio ns vary wide ly ,  but a rate o f  8- 1 2  k g  ha-1 i s  

recom me nded when dehu l led seeds are used (Watso n ,  1 982) .  A h ig her  seed rate 

between 25-40 kg ha-1 is reco mme nded for un hu l led seeds. Thousand seed wei ght  

ranges from 4-6 g (Doug las & Foote, 1 985) .  The best so i l  temperatu res for  o pt im u m  

germinat ion  range from 1 0-26°C althoug h germ inat ion can take p lace betwee n  5-

6°C ( Sarno & Stri n g i ,  1 98 1 ) .  U nder favourable co nd it ions,  germ inat ion  of d e h ul led 

seeds is  complete between  5- 1 0 days and un h u l l ed seeds between 1 5-30  days 

(Kernick,  1 978) . General ly ,  dehu l led seeds are used in New Zealand. A h ig h e r  seed 

rate ensures a dense stand to faci l itate harvesti n g  seed and d ryi ng , as widely 

spaced plants tend to develop th ick stems (Whyte et ai . ,  1 953) .  In the Manawatu ,  

early autum n  o r  spri n g  sowi ng  is general l y  successfu l  ( Foote, 1 988) .  
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2.6.4 WEED CONTROL 

Effective co ntro l  of weed com petit i on  du ri n g  seed l i ng  g rowt h  is one of t he  

most i mportant factors i n  ensuri n g  successful stand establ ishm e nt .  U nder m ost 

e nvironm e nts su l la  cannot effective ly  co mpete with fast g rowi n g  weed species .  A 

dense stand offers some weed contro l  but genera l ly  the use of  chemicals i s  

necessary. Su l la  to lerates a preemergence appl icat ion o f  trif l u ral i n  at 0 .8- 1 . 6  kg  ai 

ha-\ and d inoseb acetate at 4 kg ai ha-1 . A postemerg ence appl icat ion of d i n oseb 

amine  at 1 . 6 kg ai ha-1 and metribuzi n at 0.6 kg ai  ha- 1 has been reported to cont ro l  

weeds successfu l l y  (Watson & Gi lchrist ,  1 983) .  D i noseb as a postemergent at t hese 

rates can cause scorch i ng of leaves and suppress g rowth  temporari ly ,  and i ts use 

is cu rre nt ly  d isconti nued (O'Con nor, 1 987) .  Foote ( 1 988) has given a comp lete 

package for weed contro l  in  su l la by the st rategic use of chemicals . 

Befo re cult ivat io n ,  g lyphosate at 2 . 1 6  kg ai ha 1 o r  amitro le p l us am mon i um 

at 4 .0  kg a i  ha-1 should be  sprayed to  ki l l  exist i n g  vegetatio n .  Before sowi n g ,  

t ri f lu ral i n  at 1 .0 k g  ha-1 shou ld  be used as a preemerg e nt weed contro l .  F o r  t he  

contro l  o f  black n ightshade (Solanum nigrum) o r  red root (Amaranthus sp) ,  

be ntazone at  0 .96 kg ai ha- 1 shou ld  be used with o r  without d i noseb at 1 . 44 kg a i  

h a- 1 . For  the co ntro l  of pe re n n ial weeds, be ntazone at 0 .96 kg ai ha-1 and/or 

metribuz in  at 0 .7  kg a i  ha-1 can be appl i ed 1 2  months after sowi n g .  P ropryzamide 

at  1 .25 kg a i  ha- 1 or  f l uazifop-butyl at 0 .75 kg a i  ha-1 offers good g rass contro l .  I n  

wi nter ,  clovers can be contro l led by the use of eth ofumesate at 1 . 6 kg ai ha-1 • I n  

autu m n ,  dock (Rumex sp) co ntro l  is offe red by asu lam at 1 .6 kg ai ha-1 . Carefu l l y  

co ntro l led g raz i ng  can also a i d  i n  t h e  contro l  o f  weeds. 

2.6.5 DISEASES AND PESTS 

I n  N ew Zealand , the occurre nces of d iseases and pests i n  su l la  are of m i no r  

s i gn ificance, p resu mably due to  t he  re lative ly rece nt i ntroduct ion  of  the  forage .  

Overseas, where t h e  forage is  of nat ional importance, as i n  I taly, powdery mi ldew 

(Erysiphe polygom) is a prob lem ( Bo nciare l l i  & Manotti , 1 976) . I n  the US ,  fun g i  

known t o  i nfect su l la  plants i nclude Anthostomella lasul/ae, A.  sul/ae, Cercospora 

arimimensis, Erysiphe martii, E. polygoni, Leptsphaeria circinans, Phoma hedysari, 

Placosphaeria onobrychidis, Pleospora herbarum and Uromyces appendiculatus. I t  
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i s  also attacked by nematodes of the genus Meloidogyne ( Duke ,  1 98 1 ) .  The 

s ig n i ficance of these diseases, however, is not known .  U nder poorly d rai ned so i l  

condit ions, i ncidences of  Botrytis, Alternaria and Stemphylium spp have been 

iso lated from dying  plants (Rys et e l . ,  1 988) .  Plants i nfected with Stemphylium 

usual ly  exh ibit brown flecki ng  on  the u nderside of leaves, wh ich may coalesce to  

cover the e nt i re leaf. The i ncidence , however, i s  sporadic and res istance to attack 

is known to exist i n  some ecotypes (Watson ,  1 982) .  Spread of d isease may be 

accentuated by t reading damage to  the crown co mplex and may i ncrease 

i ncidences of disease. Sporad ic occu rrences of the bean yel low mosaic v i rus and 

the alfalfa mosaic v i rus were observed i n  Canterbury (G . Kerr pers com m) .  The 

alfalfa mosaic vi rus i s  a n atu ra l ly occu rri ng v irus i n  su l la  (Edwarson & Christ ie ,  

1 99 1  ) .  

Sul l a  appears to be res istant to most of the co mmon  pests , i ncl ud ing aph ids 

( Foote , 1 988) ,  and th is may be associated with the h i gh  condensed tan n i n  content 

in i ts leaves (Bernays, 1 98 1 ) .  

2.6.6 MIXTURES 

Su l la  can be g rown as a monocrop, with cereals i n  rotation ,  or  somet i mes i n  

m ixtu res with other  l egumes such as lup ins ,  red clover and used as pasture (Whyte 

et  aI . ,  1 953 ; Sarno & Stri ng i ,  1 98 1 ) .  I n  North Africa and Southern Italy ,  su l la g rows 

i n  associat ion  with Phalaris truncata (See p late 2 .2) ,  a short- l ived perenn ial s pecies 

com mo n  to calcareous clay so i ls .  In the subhumid zo nes of Tun is ia, m ixtu res of 

Hedysarum coronarium, Phalaris truncata and Phalaris coerulescens have attai n ed 

annual DM product ion of u p  to 20000 kg ha-1 (Le Houerou , 1 984) . I n  New Zealand , 

su l la  may be sown with prai rie g rass or  phalaris and t reated as permanent pastu re ,  

where i t  i s  su itable for eros ion  contro l  with i nfrequent g razi ng .  The mai ntenance o f  

t h e  su l la  com ponent i n  the sward i s  best ach i eved b y  a l l owi ng natu ral reseedi n g  

( Foote ,  1 988) . 

2.6.7 FORAG E PRODUCTION 

Herbage production i n  N ew Zeal and and overseas is  l argely assessed under  

cutti n g  reg i mes. I n  Italy, under  490-670 m m  precipitatio n ,  the average herbage 



Plate 2.2 Phalaris aquatica found g rowing 
in association with Hedysarum coronarium L. 

i n  experimental plot. 
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product ion reported ranged from 7000- 1 3000 kg D M  ha-1 i n  the 1 st year, 9000-

1 6000 kg OM ha-1 i n  the 2nd year and 8000- 1 5000 kg DM ha-1 in the 3rd year. In 

the l ower rainfa l l  regions l i ke Tun isia and Morocco ,  production ranged betwee n  

2400-3600 k g  O M  ha-1 i n  the 1 st year, 3600-6000 kg O M  ha-1 i n  t h e  2 nd year and 

in certain years product ion  peaked at 8400- 1 0800 kg DM ha- 1 (Kern ick ,  1 978) .  I n  

New Zealand, Douglas & Foote ( 1 985) and Foote ( 1 988) attai ned 1 5400 kg OM ha-1 

i n  the 1 st year and 1 2700 kg DM ha-1 i n  the  2nd year. I n  Canterbury, annual  

product ion  ranged from 8500- 1 2500 kg D M  ha-
1 w i th most of the p roduct ion 

avai lable i n  spri ng  and summer  (G . Kerr, u npubl ished data) . In the d ri e r  regions of  

the Hawke's Bay where rai nfal l  i s  less than 1 000 m m ,  the 1 st  year p roduct ion 

ranged from 1 3500- 1 8600 kg DM ha 1 whereas the 2nd year product ion was fro m  

2300-6200 kg O M  ha-1 (Rys et ai . ,  1 988) .  

2.6.8 HAY AND SILAGE 

Su l la  produces nonbloat ing fo rage and is  read i l y  eaten by al l classes of 

stock. The forage is gen e ra l ly  uti l ised by cutti n g  fo r h ay or si lage although i t  i s  

somet imes g razed . I n  North Africa, cutt ing  at t h e  beg i n ni n g  o f  f lowering  g ives t he  

maxim u m  forage p roduct ion and p rote i n  yield ( Kernick, 1 978) . When ens i laged, the 

crop should be wilted to approximate ly 30% OM content ,  and then chopped before 

be ing  p laced in a s i lage pit . Compact ion  with heavy m ach inery is recom mended 

( Ke rn ick, 1 978) .  The th ick stems i n  su l la  can pose prob lems in dryi ng before bal i ng .  

The  cu t  ste ms should be ro l led to  f latten t he  stems ,  to  faci l itate easy d rying (T. 

P he lps ,  pers comm ) .  Leaves adhere wel l to the stem when dry, and this is an  

advantage over  l ucerne when maki ng hay (Whyte et a l . ,  1 953 ) .  

2.6.9 SEED PROD U CTION 

Su l la  is a long-day o r  short n i gh t  plant ; f lowe ri n g  normal ly occu rs from 

October th rough to January (Southern Hemisphere )  and seed pods take 3-4 months 

to deve lop (G . Ke rr, unpubl ished data) .  For seed product io n ,  an early autum n  sowing  

wi l l  p roduce a crop for seed h arvestin g  the  fol lowi ng s u mmer.  When spri n g  sown , 

the stand can be g razed i n  early autum n  and early spring  befo re be ing closed for 

seed i n  October (Foote , 1 988) .  Later closi n g  has resu l ted i n  decreased seed yields 
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(Watson ,  1 982) .  An earl ier cut of herbage i n  October, with the aim of red ucing the 

bu lk  of herbage at  harvesti ng ,  i mp roves drying and al lows the crop to be m own and 

threshed readi ly .  The necessity of ro l l i ng the stand with a ro l le r  to assist drying may 

arise (Watson ,  1 982) .  

In Italy, seed harvest takes place when the pods become brown .  The crop 

is  cut and d ried i n  the f ield and subsequently threshed. About 500- 1 000  kg ha-1 o f  

u n h ul l ed seed y ields approximately 1 50-250 kgs of dehu l led seeds (Sarno & Stri ng i ,  

1 98 1 ) .  I n  the Manawatu ,  dehu l led seed yields, ave raged ove r three years ,  ranged 

between 300-460 kg ha-1 (Watson ,  1 982 ; Douglas ,  1 984 ; Douglas & Foote, 1 985) .  

Reg ions p roposed for potent ial seed product ion i ncl uded Hawke's Bay, Malborough 

and Canterbu ry ,  where d ry summers prevai l (Watson,  1 982) .  

2.6. 1 0  NUTRITIVE VALUE 

Sul la  is  a nonbloati ng  forage contai n ing  40-50 g kg- 1 0M of condensed 

tann i ns (Marshal l  et aI . ,  1 979 ; Barry 1 989 ; Te rri l  et aI . ,  1 992) .  It is palatable and 

read i ly  accepted by stock up to the appearance of fi rst f lowe rs .  Howeve r, fou r  days 

after floweri ng ,  stems l ign ify and the plant is soon avoided by stock (Kern ick, 1 978) .  

The n utrit ive value o f  su l la i s  close to that of red clover, and in  spite o f  stem 

thickness t he  crude fibre content o f  su l la  hay i s  lower than that o f  l ucerne 

(Maymone et aI . ,  1 95 1 ) .  Lamb  g rowth rates on sul ia, evaluated over 4 weeks i n  

early  summer, gave l iveweig ht gai ns of 1 80 9 head" 1 d- 1 which was comparable to 

l ucerne (Rys et aI . , 1 988) .  Lamb  g rowth rate on pasture over  s imi lar period was 3 .5  

t imes lower indicati ng poor qual ity pastu re on  offer. Detai ls on  the  chemical 

composition  of su l ia (Maymone et a I . ,  1 95 1 ) are p resented i n  Tables 2 . 1 , 2 . 3  & 2 .4 .  

P re l i mi nary studies on the  n utrit ive value of su l la  i n  New Zealand were carried out 

i n  Courtenay, Central Canterbu ry (G . Kerr, unpubl ished data) and at M assey 

Unive rs ity (Deadman, 1 989) . Detai l S  of analyses are presented in Tables 2 . 5, 2 .6 ,  

2 .7  & 2 .8 .  



Table 2. 1 Chemical composition  of stem, leaves and i nflo rescence of sul la .  Data presented on a 
% dry weight basis. 

Plant Part Crude prote in  Crude fats Crude fibre Ash N (free extract) 

Stem at fi rst b loom 1 9.37  2 .40 43 .83 7.82 26.58 

Whole p lant at same 20 .25 3.20 22.27 1 2.32 4 1 .94 
stage 

Stem at fu l l  bloom 7 .87 1 .3 1  42.50 7 .59 40.73 

Whole plant at same 1 8 . 8 1  2 .79 2 1 . 22  1 2 . 1 9  44. 99 
stage 

Ste ms in advanced 7 .50 0 .94 46. 50 8 .42 36 .64 
b l oom 

Whole p lant at same 20 .44 2 .97 1 8 . 35 1 3 . 74 44.50 
stage 



G rowth stage Na 

Fi rst bloom 1 0 .89 

Fu l l  b loom 1 0.32 

Hay 1 1 .38 

Vitami n  

Beta carotene 

Thiamin (Vit .  B 1 ) 

Riboflavi n (Vit . 82) 

Tocopherol  (Vit. E)  

1 -ascorbic acid (V i t .  C)  

-------------------

Table  2 .2 Mineral composit ion of  su l la in  1 00 g of ash .  

K Ca Mg P S 

26 .40  9 .02 1 .96 2 .74 5 .93 

23. 134 9 .27 2 .32 4.93 4 . 1 9 

1 7.68 1 3 . 1 0  2 .47 2.68 3 . 1 4 

Tabl E3 2 .3  Vitamin co ntent of sU l ia at p re-floweri ng stage 

In 1 00 9 g reen matte r 

2820 l U  

300 I U  

230 mg 

2 .86 mg 

47.0 mg 

CI Fe 

3 .39 0 .60 

3 .3 1  0.70 

3 . 1 6 0.67 

In 1 00 9 dry matter 

1 8200 l U  

1 935 1 U  

1 485 1U  

1 8. 5  mg 

3 1 0 .0 mg 

Si 

1 .57 

2 .03 

2.77 



Fi rst bloom 

I n  fu l l  b loom 

H ay 

Table 2.4 Tota.l d igestible n utrients of sul la on  a percentage moistu re free basis 

Growth stage Digestible crude protein 

1 3 .69 

8.02 

7 .65 

Total digestible nutrient 

68.3  

57. 3  

47. 1 



Table 2 .5  Some nutritive aspects of su l la  cut at the early f lowering  growth stage 
(% d ry weight basis) at Cou rtenay, C h ristch u rch . 

Leaf Stem Whole plant 

P rotei n  1 9  5 .6  1 4  

Fibre 20 46 .0 37 

Digest ib i l ity 70 40-50 50-60 

Table 2 .6  N utri ent content of heal thy su l la  at Courte nay ,  C h ristch urch .  Samples 
were taken in late spri ng .  

N ut rient % Nutrient ppm 

N 3 .50 Fe 307 

P 0 .24 M n  59 

K 1 .30 Zn 1 8  

S 0 . 57 Cu 8 

Ca 1 . 80 Bo 33 

Mg 0 . 32 Mo 0 . 1  

Na 0 . 59 



Table 2 .7  P redicted in vivo digest ib i l ity of the feed on  offer to g razing lambs (n=3) 

Su i la  
Analysist 

Early Late 
Pastu re SEM§ 

vegetative vegetative 

ASH% 9 . 5  9 . 8  1 2 . 9  0 .84 

D M D% 84.8 77 .6  72 . 3  1 .24 

DOMD% 80 .8  73 . 6  68. 1 1 .06 

O M D% 88.3 81 . 4  77.6 1 .22 

MJME/KG DM 1 3 .2  1 2 . 0 1 1  . 1  0 . 1 7 

Table 2 .8  Predicted in vivo digestib i l ity of the feed selected by the graz ing an imal 
(n=8) .  

Anal ysis Vegetative Pasture 
su l la  

ASH% 1 5.9  22 .3  

D MD% 81 .5  8 1 .7 

DOM% 73.4 70 . 1  

OMD% 84.8 85 .9  

TOTAL N 3 .69  2 . 92 
(% DM) 

t D MD=dry matte r  d igest ib i l ity 
DOMD=digest ib le organic matter per 1 00 g d ry matter 
OMD=organic matter d igestib i l ity 
MJM E=mega joules metabol isable energy 

§ Standard e rror of the mean 

S E M  

1 .04 

0 .65  

0 . 92 

0 .80  

0 . 50 



2.7 D E FOLIATION MANAGEMENT AND H E R BAGE PRODUCTION 

2.7. 1 F UN DA MENTAL CONCE PTS 
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G rime ( 1 974) sug gested that competit i on ,  stress and disturbance are the 

t h ree major  determinants of vegetat ion balance. Defo l iati o n ,  defined as the p rocess 

of complete or partial removal of the above-ground parts of p lants , l ivi ng  or dead, 

by g razi n g  an imals or cutti n g  m achines (Hodgson,  1 979 ) ,  is  considered as 

disturbance . Defo l iat ion is usual ly defined i n  terms of three manageme nt variables 

( Harris ,  1 978) .  Fi rstly, i ntensity i . e  the proport ion of herbage removed, usual ly 

m easu red by residual mass, he ight or  leaf area i ndex .  Secondly ,  frequency i . e  the 

t ime i nterval between successive defol i ations .  F inal l y , ti m i ng  or g rowth stage ,  i .e the 

date or developmental stage of the fo rage at the t ime of defo l iat io n .  The effects of 

defo l iatio n  can be quant if ied in terms of total herbage p roductio n ,  herbage 

co mposit io n ,  seasonal d istri but ion  and changes in plant species composition .  The 

effects of defo l iat ion have norm al ly  been measu red by the amou nt of herbage OM 

per  u nit area removed (herbage harvested ) ,  the amou nt removed by  g razing 

(herbage consu med) and the amou nt accu mu lated betwee n  successive g razi ngs 

( herbage accu mu lation ) .  These th ree measu res may diffe r f ro m  o ne another, and 

n o ne d i rect ly  measu res the actua l  rates of g rowth of herbage  (Hodgson et  al . ,  

1 98 1 ) ,  which has seldom been measured i n  cut or  g razed pasture .  

The response of forages t o  defo l iat i on  has been a subject of considerable 

research and of several reviews (Donald, 1 94 1 ; Jameso n ,  1 963 ;  Alcock, 1 964 ; 

Harri s ,  1 978 ; Korte & Harris ,  1 987) . Herbage product ion is usua l l y  reduced by more 

frequent and more i ntense defo l iati o n ,  whether by cutti ng o r  g razi ng .  More recent 

i nvest igatio ns show that th is  general isat ion appl ies to both tem perate and t ro pical 

forage species i n  many e nv i ronments (Humphreys ,  1 966 ;  Keog han ,  1 967;  Harris ,  

1 978 ; Sheaffer et ai . ,  1 988) .  The effect of more frequent and i ntense defo l iat ion has 

bee n attri buted to reduced l i ght i nte rception by photosynth et ic tissue ,  depletio n of 

metabo l ic  ene rgy ,  reduced uptake of n utrie nts and water and damage to meristem 

or  dep let i on  of  root reserves. The re l at ive i mportance of these facto rs depends on 

e nvi ro n m e ntal condit ions and fo rage species (Harris ,  1 978) .  In  the US,  the level  of  

reserve carbohydrates has been a usefu l i nd icato r of the need fo r rest from g razin g  

( D a h l  & H yder, 1 977) . I n  contrast , t h e  effects o f  l i ght i nte rception h ave been 
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stressed i n  New Zealand ,  where nutrient deficie ncies are less l i ke ly  to occur. 

Forage surv ival is associated with the capacity of a forage p lant to reg row 

fo l l owing  imposit ion  of successive defo l iat io n .  The herbage accum ulation  rate of  a 

forage species i ncreases with i ncreased biomass, provided th is  i ncreases 

p hotosynthet ic capacity by i ncreasi ng leaf area and l i g ht i nterception .  80th i n i t ial 

g rowth fo l lowing  dormancy and regrowth fol lowi ng defol iat ion exh ib it a sigm oi d  

g rowth curve typical o f  b io log ical organ isms. A period of  very slow i n itial g rowth i s  

fo l lowed by a period of rapid i ncrease i n  b iomass which eventua l ly  reaches a 

p lateau. At th is p lateau g e ne ral ly 95- 1 00% of i ncide nt l i g ht is i ntercepted , and is  

com mo n ly referred to  as the  critical or opti m u m  leaf area i ndex (LA I )  when herbage 

accumu lation  rate attai ns a maxi mum .  There gen eral ly fo l lows a period of constant  

g rowth at th is max imum rate (Broug ham , 1 955) .  I t  re mains debatable whether there 

is a clearl y  def ined o ptimum LAI (M i lthorpe & Davidso n ,  1 966) ,  and what determ i nes 

the l ength of the l i near phase.  As biomass accumu lat ion continues, LAI i ncreases 

to a cei l i n g  where death of leaves lowe r i n  the canopy equals the emerge nce of n ew 

leaves. Further reg rowth is  at an ever d im in is h i ng rate ,  u nt i l  a ce i l i n g  b iomass is  

reached when resp i ratory and decomposit ion l osses equal photosynthetic gains .  

2.7.2 DEFOLIATION MANAG EM ENT OF Medicago sativa L. 

Considerable research o n  the defol iatio n  management of Medicago sativa L.  

h as been conducted , and the  basic pri nCip les i nvolved i n  its management are wel l  

d ocu mented. As there is scant work on  the defo l iat ion management of su l la , 

i mportance aspects of  defo l iat ion  manageme nt of a tap rooted forage p lant l i ke 

l ucerne ,  p redomi nant ly i n  the  U S ,  is reviewed . 

2.7.2.1 DEFOLIATION BASED ON F IXED I NTERVAL 

Cutt ing  o r  g razing  at f ixed i ntervals, o r  us ing a f ixed number of  cuts o r  

g raz i ngs per season with n o  particu lar attention  paid to stage o f  deve lopment ,  i s  a 

com mon p ractice. Fixed i nterval defo l iation has been e xte nsive ly  studied i n  

Medicago sativa L. i n  the U S .  Si nce f ixed i nterval cutti ng  does not account for t he  

e ffects of  e nv i ronmental condit ions and dormancy differences among  cult ivars ,  t he  

m ost satisfactory i nterval between cutti n gs wi l l  vary with location ,  cl i m ate, and 
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season of the year (Sheaffer et ai . ,  1 988) . 

A fixed system of cutti n g ,  based on cale ndar o r  t ime  i ntervals ,  may al low 

eas ie r  schedul i ng  of cutti ng with other  f ie ld activit ies, such as i rrigat ion .  I n  the 

western part of the US,  producers of l uce rne cutti n g  6 to 1 0  t i mes per season use 

a f ixed t ime i nterval to schedu l e  cutt i ng  dur ing the warmer months,  and re ly o n  plant 

development to schedule cutt ing  dur ing cooler months.  However, i n  northern states, 

coo l ,  c loudy weather often delays floral development i n  the  fi rst spring reg rowth i n  

l uce rne .  I n  southern M innesota, p roducers freque nt ly cut lucerne before 1 June ,  

regard less o f  stage of matu rity, to  avo id the  h igh  probab i l ity o f  i nclement weather  

in  early J u ne and potential delays in  subsequent cutti ng .  I t  is therefore evident that 

a comb inat ion  of cutt ing by stage of g rowth and cale n dar date may be 

advantageous i n  the product ion of l ucerne (Sheaffer  et ai . ,  1 988) . 

2.7.2.2 DEFOLIATION BY GROWTH STAG E 

Defo l iat i ng  at a specific phenolog ical stage of deve lopment i n  l ucerne has 

been t h e  subject of considerable research (Wei r  et ai . ,  1 96 0 ;  Feltner & Massengale ,  

1 965 ;  Lang i l l e  et  ai . ,  1 965 ;  Smi th ,  1 968 ; Wi nch et  ai . ,  1 970) . A cutt ing  schedu le 

based on p lant  maturity depends o n  the stage of  p lant  development to i nd icate the 

p roper t i m e  to  cut  and the numbe r of cutti ngs possib le i n  a season .  

F ixed i nterval does not consider t he  effects o f  e nv iro n m e ntal conditions and 

cu lt ivar characterist ics o n  morp ho log ical and phys io log ical development .  It also 

d isregards the fact that p lant maturity on a particu lar date wi l l  vary amon g  years ,  

locations  a nd cult ivars. Te mperatu re and cultivar characte rist ics g reatly i nfluence the 

rate of maturat ion (Marten ,  1 970 ; S mith , 1 970 ; Christian , 1 977) .  

Defol iat i ng  accord ing t o  stage o f  development is superio r  to defo l iat i n g  at 

f ixed i ntervals i n  obtai n i ng  co nsistent he rbage O M  and qual ity (Weir ,  et ai . ,  1 960 ;  

Robinson & Massengale,  1 968 ; Marten ,  1 970) . I n  t h ree stud ies from southern to 

northe rn Wisconsi n i n  the US ,  Sm ith et al . ( 1 966) showed the advantage of cutti ng  

when ever the f i rst flowers appeared ( 1 0% fl oweri ng )  unt i l  early September, as 

compa red with t h ree cutt ings by date . With the fi rst f lower cutti ng  reg ime ,  y ie lds of 

crude p rote i n  (CP) and in vitro d ry matter d igestibi l ity ( IVD M D )  from 'Vernal ' and 

'DuPuits' l ucerne were i ncreasi ng ly  h i g her  from the south to  north because of the 
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prog ressively later maturity of the stand .  I t  was concl uded that stage of m aturity was 

the best criterion  o n  which to base ti me of defo l iatio n  and ensure h igh  qual ity  

herbage over a broad lat i tude. 

I n  the northern areas where three to fou r  cutti ngs per season are common ,  

most i nvestigatio ns have shown that cutt ing wi nter-dormant cultivars at fi rst flower 

( 1 0% flowerin g) is  the best co mpromise to opti m ise he rbage product ion and nutr ient 

yields and stand persistence (Smith ,  1 972a ) .  F i rst f lower  is a stage : ( i )  t hat 

approxi mates 1 0% f lowerin g  when a near max imum yie ld of nutrients is  attai ned ;  

( i i )  that i s  easier  to  recog n ise than 1 0% f loweri ng ; ( i i i )  when root reserves h ave 

been restored to  a reasonab ly  h i gh  leve l ; ( iv) when t he  herbage accu mu lat ion rate 

began to decrease markedly ( Fuess & Tesar, 1 968 ;  N elson & Smith , 1 968a) .  

I n  contrast, i n  the southweste rn and western US,  where wi nters are mi lder  

and non-winter dormant cult ivars are g rown ,  cutti ng at  25-50% f lowe ri n g  ensu res 

h i gh  herbage p roduction ,  reasonable fo rage qual ity and g ood persistence (Felt ner  

& Massen gale, 1 965;  Robi nso n & Masse ngale , 1 968) . Feltner  & Massen g ale ( 1 965) 

obtai ned the  h ighest herbage O M  by cutt i ng  at 1 0% f loweri ng  for 3 years ,  but later  

Robi nson & Massengale ( 1 968) repo rted that cutt ing at 50% bud to 1 0% flowerin g  

did n ot p rovide sufficient t i me for roots to accu mu late n o nstructural carbohydrate 

reserves ( NSC) ,  resu lt ing i n  retarded reg rowt h ,  reduced product ion  and loss of 

stands by the su m mer of the second year. Rapid stand loss occu rred whe n  

temperatures,  especial ly at n i g ht ,  were extreme ly  h ig h  ( Fe l tner  & Massengale, 1 965 ;  

Rob inson & Masse ngale ,  1 968 ;  Sheaffe r et al . ,  1 988) . 

I n  l ow- latitude areas of the nort he rn and southern hemisph ere ,  g rowth 

cont i n ues slowly throughout the wi nter months where daylength is i nadequate to 

p ro mote f loweri ng . U nder t hese condit io ns ,  f lowe ri ng can n ot be used as guide to  

cutt i n g  and  fixed- i nte rval i s  p referred (Sh eaffe r e t  aI . ,  1 988) . 

2.7.2.3 DEFOLIATIO N  BY CROWN SHOOT D EVELOPM E NT 

I n  l ucerne , reg rowth occu rs from crown buds and axi l lary buds o n  stems.  

Crown buds are responsible fo r spri ng reg rowth and are pri mari ly formed duri n g  the 

p revious autu m n  (Grandfie ld ,  1 943 ;  Musgrave & Langer ,  1 977) .  Addi ti onal crown 

buds also develop in spri ng  befo re i nit iatio n  of reg rowth ( Nelson & S mith ,  1 968a) . 
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If l ucern e is n ot cut, one or more addit io na l  reg rowths m ay o ri g i nate from the 

crown duri ng  the g rowin g  season (Nelson & Smith ,  1 968a) . I f  cut ,  reg rowth occurs 

from crown and axi l l ary buds located o n  the stubble of the previous cut (Leach , 

1 968 ;  S i ngh  & Wi nch ,  1 974) .  Bud o rig i n  and rate of regrowth are i nf luenced by 

cu lt ivar, stage of cutt ing and cutt ing frequency wit h i n  a syste m (Sheaffer et a I . , 

1 988) . 

I f  l ucern e is  cut at ful l  f loweri ng  o r  at a late r stage of m atu rity when NSC 

reserves are h igh ,  buds on the stubble are more basal , more numerous and more 

develo ped ( Bibbey, 1 960 ;  Leach , 1 970a ; S i ngh  & Wi nch ,  1 974) . Meyer & Larson 

( 1 975) in  North Dakota reported that when  'Ve rnal ' l ucerne was cut  to a 7. 5 cm 

stubble he ig ht at  fu l l  f lower, 92% of the  new stems orig i nated from the crown, but  

for a fi rst-f lowe r cut o n ly 80% of the ste ms o ri g i nated fro m the crown .  With a 2 .5  cm 

stu bble, a l l  new stems orig i nated from the crown of l ucerne cut at  fi rst and fu l l  

f l ower. Tal l e r  stubb le p rovides more sites fo r reg rowth ,  but may suppress crown bud 

development ( Leach , 1 968 ;  Leach ,  1 979) . Langer & Ste i nke ( 1 965) repo rted t h at i n  

systems with frequent cutti ngs ,  t here were fewer crown buds and reg rowth occurred 

m ai n ly from axi l lary buds on the cut stems.  

2.7.2.4 DEFOLIATION HEIGHT 

Defo l iat ion  i nte nsity or  cutt i ng  he ight can i nfl u e nce herbage product ion  and 

survival of l uce rne when carbohydrate root rese rves are reduced by frequent cutt i ng  

( Monson ,  1 96 6 ;  Keoghan , 1 967 ;  Janson ,  1 982 ; Doug las, 1 986) .  A h i gh  stu bb le 

provides more photosynthetic area, that in  tu rn furn ishes addit io na l  e nerg y  fo r i n it ial 

regrowth after cutti n g  l ucerne (Leach,  1 968 ; 1 970b ) .  Langer & Ste inke ( 1 965) 

reported that in frequent cutt ing systems where the n u mber of crown buds was 

i n adequate , a h i gh  stubble provides more sites for axi l lary bud development .  For  

cutti n g  systems that do not deplete N SC reserves,  h i gh  herbage O M  and n utri e nt 

y ie lds are obtai ned with short versus h i gh  cutt ing he ights (Van Riper & Owen ,  1 964 ;  

Monso n ,  1 966 ; S m it h ,  1 972a) .  I n  a Wisco nsin study (Smi th  & N elso n ,  1 967) ,  

'Vernal '  l ucerne was cut three, four, f ive o r  si x ti mes befo re early  September for 2 

years ,  leav ing stubble of 2 .5 ,  5 .0 ,  7 .6  and 1 5 . 0  cm .  He rbage product ion decreased 

as cutt i n g  frequ ency or stubble he ight decreased. Averaged over a l l  cutti n g  
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frequencies, herbage OM decreased as stubble he ig ht i ncreased. A h i gh  stubbl e 

was needed to m ai ntai n h igh  herbage product ion on ly with the m ost frequent cutt i ng  

schedu le .  Meyer & Larson ( 1 975) reported t hat fo r two- and three-cut systems i n  

North Dakota, total seasonal herbage production  decreased approxi m ately  1 1 00 kg 

h a-1 for each additio nal 5 cm of stubble above 2 . 5  cm to a he ig ht of 1 3  cm.  A lthough 

cutt ing at i nc reased heig hts genera l ly  i ncreased forage CP and IVOMD 

conce ntratio ns, y ie lds of  CP and IVOMD were g reater for  2 .5 o r  7 .5 cm stubble.  

Leach ( 1 968) suggested that the advantage of leavi n g  a stubble (5 cm with 

or without leaves as co mpared to no stubble)  is t hat there are more sites avai lable 

for reg rowth,  and that th is may be m ore i mportant than root N SC reserve l evel o r  

residual leaf area .  Watters & Hende rlong  ( 1 978) reported that cutt ing at 1 3  and 25 

cm i ncreased axi l l a ry bud deve lopment, and resu lted i n  8 to 76% of n ew shoots 

o ri g i nati n g  above 5 cm on the old stubble .  P lants cut at 2 . 5  cm he ight at 3- or 4-

week i nte rvals mai ntained NSC levels co m parable to a co ntro l  cut every 5 weeks 

to a 3-5 cm stubble he ight .  I n  a g ree n house study, Cowett & Sprague ( 1 962) , fou nd 

that cutt i n g  to a 7 .5  cm stubble he ight i ncreased lucerne axi l lary bud and stem 

formati on ,  and i ncreased plant OW com pared to cutti ng at a 2 .5 cm stubble he ight. 

I n  contrast , Wolf & Blaser ( 1 98 1 ) i n  a f ie ld experi ment,  reported that stems 

o rig i nati n g  from axi l la ry buds on  old ste ms contri bute less to he rbage reg rowth than 

those or ig i nati n g  fro m the crown buds. 

The value  of res idual leaves h as been quest ioned (B rown et ai . ,  1 966 ;  

Langer & Keog han ,  1 970) .  Older and l ess eff ic ient basal l eaves may be m o re of a 

h i nd rance than a benefit to regrowt h ,  especia l l y  if they photosynthesize s lowly, 

shade the p lant base and preve nt new shoot deve lopment .  S im i lar ly, Leach ( 1 968) 

suggested that the rapid ity with which new leaves are fo rmed after cutt i ng  may be 

more i m po rtant than the amount of leaf area l eft on the stubbl e .  

S i nce bases o f  mature l ucerne stem a re o f  lower qual ity and usua l ly  contai n 

fewer leaves than  ste m  tops (Buxton et aI . ,  1 985) ,  defo l iat i ng  the upper port ion of 

a canopy resu lts i n  h igher  qual ity fo rage .  
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2.7.2.5 AUTU MN D E FOLIATION MANAG EM ENT 

Cutt i ng  o r  g razing  lucerne i n  autum n  has been associated with reduced 

pers istence and OM product ion i n  early spri ng  (S i l kett et ai , 1 937 ; Doug las, 1 97 1 ; 

Robinson & A bbott , 1 97 1 ; Janso n ,  1 975 ; Wyn n-Wi l l iams ,  1 976) .  I n  a very cold­

e nvi ron ment ,  Doug las ( 1 971 ) obtai ned g reatest earl y-spri ng  product io n ,  u nder a 

cutt i ng  reg ime .  However, u nder a s imu lated g razi ng treatment, a defol i at ion after 

autum n  g rowth stopped resu lted in earl y spri ng  product ion equ ival ent to that of total 

spel l i ng .  This uti l i sed autum n  p roduct ion that wo u ld otherwise have been lost 

th rough  frost ing  and g reat ly i ncreased total cool season product ion (autumn  + wi nter 

+ spri ng ) .  Therefore , i n  a cold winter cl i m ate, it is  recom mended that l ucerne be 

g razed in  the autu m n  fol lowi ng  the cessati on  of  growth .  Wh i le  th is m ay not i ncrease 

earl y-spri n g  p roduct ion ,  i t wi l l  s ig n if icant ly i ncrease cool  season ut i l isat ion .  

I n  a m i lder  c l imate , Janson ( 1 975) obtai ned g reate r earl y-spri ng  productio n ,  

when lucerne was spel led over the  ent i re autumn-wi nter period . Whether  t h e  lucerne 

was i rrigated o r  n ot ,  grazi ngs i n  l ate -Apri l  and/o r mid-J u ne depressed spri n g  

productio n ,  and autu m n  p roduct ion did not co mpensate for th is loss . Wi nter grazin g  

alon e  reduced spri ng  product ion more than autu mn g razi n g  a lone ,  but n ot as much 

as autu m n  p lus  wi nte r g raz ing . The total deficit in  cool season p roduction was 

reduced under  i rr igat ion ,  because of g reate r autu m n  production .  

I n  contrast , Wynn-Wi l l iams ( 1 976) h as fou nd autum n  and/o r  wi nter cutt i n g  to  

have l itt le  o r  n o  effect on  early spri ng  product io n .  Autumn -winter defol iat ions 

depressed earl y-spri ng  productio n  by an average of 1 50 kg ha-1 , and p roductio n  

from l ucerne spel led over  the autumn-winter period fai led to co m pe nsate for t he  

feed l ost t h rough  frost ing .  As noted by  Doug las ( 1 971 ) ,  Wyn n-Wi l l iams fou n d  

autu m n  cutt i ng  t o  be beneficial , provided i t  occu rred after autum n  g rowth ceased 

and befo re the herbage was l ost th rough  frosti ng ,  as th is  resu lted i n  sig n i ficantly 

g reater  total product ion .  

These resu lts suggest that autum n-wi nte r defo l iat ions  can be l ikened to  those 

of frequent or p rematu re defo l iatio ns (Langer, 1 968) .  The effect it has on p roduct ion 

is  determ i ned by p revious management ,  as i t  affects p lant v igou r, the n u mbe r of 

premature d efol i ations  and subsequent stand manageme nt. Rob inson & Abbot 

( 1 97 1 ) also obtained m arkedly depressed spri n g  productio n  from frequent autum n  
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g raz i ng ,  compared to g razi ngs that a l lowed a g re ater bu l k  of herbage to develop. 

These contrastin g  resu lts obtained by Janson ( 1 975) and Wyn n-Wi l l iams ( 1 976) 

m ay be due to the heavier soil type in which l ucerne was g rown which enable 

v igorous autum n  g rowth ,  and g reater accumu lat ion  of root reserves .  

The effects o f  autumn-wi nter management may, however,  be  more crit ical i n  

wi nte r-active cult ivars .  I n  h i s  review o f  env i ronme ntal effects o n  l uce rne g rowth ,  

Ch rist ian ( 1 977) concluded that i n  wi nte r-dormant cu lt ivars ,  dormancy of crown buds 

is establ i shed at the t ime of  harden i ng -off, and next season 's g rowth ori g i nates from 

these ove rwinteri ng buds and those i n i t iated i n  spri n g .  I n  more wi nter-act ive types 

however, buds conti nue to deve lop at colder tempe ratu res although at reduced rate, 

and are therefore more vul nerable to g razi ng and frosti n g .  Pa lmer et aI . ,  ( 1 975) 

foun d  s i m i lar results whe n  com pari ng  culti vars with a rang e  of winter activ ity. 

The i nfluence of wi nter t readi n g  by sheep o n  winte r-dormant lucerne was 

investigated by Wynn-Wi l l iams et aI . ,  ( 1 989 ;  1 99 1 ) .  P lots were stocked at 500 sheep 

h a-1 on  a free d rai n ing so i l  for  1 ,  2 ,  and 4 weeks i n  wi nter .  Resu lts ind icated that 

tread ing  i n  winter d id not affect herbage product ion i n  spr i ng ,  stand density o r  crown 

health .  White & Lucas ( 1 989 ; 1 990) showed that g razi ng wi nter-active l uce rnes i n  

autum n  and wi nte r depressed p roduct ion i n  spri n g ,  compared t o  wi nter-dormant 

o nes.  They also fou nd that root carbohydrate in wi nter-active cu ltivars we re lower 

com pared to dorm ant ones , althoug h the wi nter p roduction  was much h igher. They 

suggested that the  reduct ion  of spri n g  product ion may be due  to the g razi ng i n  

autum n/winter which depleted carbohydrate rese rves to  very low levels as  TNC is 

diverted i nto g rowth rather than accum ulat ion .  

2.8 THE I M PORTANCE OF ORGANIC R ESERVES I N  FORAG E MANAGE M E NT 

2.8.1 I NTRODUCTIO N  

Perenn ial a n d  biennia l  l egu m es a n d  g rasses store energy a s  readi ly  avai lab le 

carboh yd rates in various plant co mponents (Mc i l roy , 1 967) . The pri nciple storage 

o rgans m ay be the roots as i n  Medicago sativa L, Trifolium pratense and Pueraria 

spp ;  t he  sto lons as i n  Trifolium repens, Paspalum notatum, and Stenotaphrum 

secundatum; the  rh izomes as i n  Bromus inermis, Phalaris arundinacea, and 

Agropyron smithii; or  the stem bases as in Dactylis glomerata, Paspalum dilatatum, 
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and A ndropogon gerardi and Andropogon scoparius (Sm ith ,  1 980) . 

Carbohydrate reserves are used by p lants as a substrate for g rowth and 

respi rat ion .  Adequate carbohydrate reserves are i mportant i n  perenn ia l  plants for 

winte r survival , early spri ng g rowth  i n it iation ,  reg rowth i n it iat ion after defo l iation  and 

when the photosynthetic p roduct ion is inadequate to  m eet growth demands. They 

also are used to develop heat and cold resistance, to support l ife du ri n g  periods of  

dorm ancy, to pro mote flower and seed format ion and for many processes that g o  

o n  withi n  the p lant duri ng  its l i fe .  Reserve carbohydrates are essent ial  to the l i fe of  

pere n n ial and b ien nial forage species,  si nce rege nerat ion is dependent o n  an 

adequate supply of stored reserves (Sm it h ,  1 980) .  

2.8.2 DEFI NITION O F  ORGANIC RESERVES 

G rabe r  et aI . ,  ( 1 927) fi rst defi ned rese rve energ y  constituents as "those 

carboh ydrate and n itrogen co m pou nds elabo rated ,  sto red and ut i l ised by the p lant 

as food for mai nte nance and for the development of future top and root g rowth" .  

Wei n mann ( 1 952) fu rther refi ned the defi n it i o n  by the addit ion of the words "sto red 

i n  the more permanent organs of the plant body" . These carbohydrates ,  termed total 

avai lable carbohyd rates (TAC) , are those provid ing avai lab le energy  to the p lant 

(Wein mann ,  1 947) . Smith ( 1 969a) suggested t hat the term total nonstructural 

carbohydrates (TNC) be adopted, because it is more appl icable to both an imal and  

p lant i nvest igation .  

2.8.3 STARCH AND FRUCTOSAN ACCUMU LATORS 

Starch is the  pr imary nonstructu ral carbohyd rate accum ulated i n  storag e  

o rgans o f  forage species i n  t h e  Legum inoseae fami ly  (Sheard , 1 973) .  I nformat ion  

on  t he  accumu lation  of starch i n  su l la i s  lacki ng .  I n  l ucerne roots however, starch 

is the m ajor  storage carbohyd rate .  A typical analyses of TNC in roots revealed a 

com positi o n  of 90% starch amd 1 0% sugars (Smi th  & Marte n ,  1 970 ;  Ueno  & Smith ,  

1 970) .  The sugars i n  lucerne such as g l ucose , fructose and sucrose exist p ri ncipal ly 

as i ntermediates in the synthesis and deg radat ion of starch (Ueno & S mith ,  1 970) .  

S ucrose becom es the major  carbohydrate fract ion  duri n g  peri ods of drought, t he  

o n set o f  cold harden ing  and  early spri ng  regrowth  fo l lowing  wi nter dormancy 
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(Ne lson & S mith ,  1 968b ) .  

Grasses o f  tropical and subtropical o rig i n also accumulate starch ,  bu t  g rasses 

of te m perate o ri g i n  (species i n  the Hordeae , Aveneae and Festuceae tribes) 

accumu late fructosan in the i r  vegetative t issues (Sm it h ,  1 968 ;  Ojima & Isawa, 1 968;  

S mith ,  1 969b) . S pecies i n  the Hordeae tr ibe accumu late on ly  short-chai n fructosan , 

t hose i n  the Ave neae tribe accumu late a series of fructosan predominated by l ong­

chai n ,  wh i le species i n  the Festuceae tribe represent both  types of  fructosan 

accu m ulators (Smith ,  1 968 ;  1 969a) . P lants that accumulate short-chai n fructosan 

do so duri n g  the i r  whole l ife , whereas those t hat p ri m ari ly accumu late l on g-chai n 

fructosan do so duri ng  the l ater stages of growth (Sm ith , 1 972b) .  

2.8 .4 S EASONAL AND ENVIRON MENTAL VARIATION 

The m ai nten ance of o rgan ic reserves i n  the  storage organs is essent ial to 

kee p  a plant v igorous and productive. Genera l ly  p lants go through peri ods when 

o rgan ic rese rves are used and when t hey are stored,  and a cycl ic pattern occu rs 

betwee n  early g rowth  and matu rity (Graber et aI . ,  1 927;  Grandfie ld ,  1 935 ;  

Wei n mann ,  1 96 1 ; S mith ,  1 962 ; Sonneveld, 1 962 ) .  The seasonal pattern of  

carboh ydrate accumu lat ion i n  the pri ncipal storage  o rgans of  pere n n ial leg u m es and 

g rasses are essential ly Sim i lar, but is i nf lue nced by morpho logy and g rowth 

behaviour of the species and by env i ronmental condit ions .  

In  l uce rne, the warmi n g  temperatu res i n  spr i ng  promote vegetative g rowth of 

shoots fro m  the crown buds , and th is  g rowth is  i n i t ia l ly supported by TNC i n  the 

roots and crown . Once the expans ion of leaf area al l ows ph otosynthetic carbon  

ass im i lat ion  to exceed the needs o f  shoot growth and  whole plant respi ratio n ,  t he  

decl i n e  i n  TNC ceases and  the accumu lat ion i n  the roots and  crown com me nces. 

The accumu lat ion  of maxim u m  TNC i n  t he  roots occurs betwee n  1 0% flower and 

ful l  b loom (Reynolds & Smi th ,  1 96 2 ;  Cooper & Watson ,  1 968) .  Fol l owi n g  1 0% 

flowerin g  there is a smal l  decl i ne  of TNC concentrat ions,  and th is has bee n 

attributed to two si n ks .  Fi rst ly ,  the develop'l ng fru it (Dobrenz & Massengale ,  1 966 ;  

Dovrat e t  aI . ,  1 969 ;  Cohen  e t  aI . ,  1 972)  and seco ndly ,  as a co nsequence o f  g rowth 

of new crown buds (Brown et aI . ,  1 972) .  I n  most fo rage species, the maxim u m  level 

of o rganic reserves in the storage organs is reached after ste m  e longatio n  has 
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ceased o r  at matu rity (Smith ,  1 980) .  

The cycl ic pattern of carbohydrate use and accu mu lat ion is i nf luenced by the  

prevai l i ng e nvi ronmental conditio ns .  The  t ime from start o f  g rowth  to  m aturity may 

p roceed rap id ly with warm tem pe ratu res, l i m ited moistu re and an abundance of 

sunsh i ne .  It may be pro longed by cool temperatu res, abu ndance of mo isture and 

cloudy weather  (Smith,  1 980) .  For example ,  te mperatu re is a crit ical e nvi ronmental 

facto r affect in g  carbohydrate sto rage i n  l ucerne roots. As temperatu re decreases 

in autum n ,  shoot g rowth is slowed and carbohydrate accumu lates i n  the root 

(Felt ne r  & Masse ngale,  1 965 ;  Ne lson & Sm ith ,  1 969) . 

Seaso nal patte rn of TNC levels of red c lover roots fol low the same pattern 

as l ucerne ,  except that TNCs are mai ntai n ed at lower l eve ls in red clover than i n  

l uce rne (Smi th ,  1 962) .  I n  co ntrast , seaso na l  TNC patterns i n  bi rdsfoot t refo i l  and 

sai nfo i n  differ f ro m  that of l uce rne or  red c lover .  The TNC in roots of sai nfoi n and 

bi rdfoot t refo i l  decrease u nt i l  floweri ng ,  and then i ncrease u nt i l  seed had matured .  

At  seed matu rity , new basal growth is accom panied by a s l ight decrease in  TNC,  

fo l l owed by an i nc rease and stabi l isat ion of TNC level  i n  early autum n  (S mith ,  1 96 6 ;  

Cooper & Watson ,  1 968; Mowrey & Matches,  1 99 1 ) .  

Seasonal  carbohyd rate root reserve trends h e l p  t o  explai n w h y  b i rdsfoot and 

sain fo i n  do not su rvive close defo l i at ion as l ucerne and red clover do .  Carbohydrate 

reserves are used to i n it iate the spri ng g rowt h ,  but are not restored i n  the  roots of 

bi rdsfoot t refo i l  and sai nfo i n  at flowe ri ng  as they are i n  l ucerne and red clover 

(Smi th ,  1 966 ; Cooper & Watson ,  1 968) .  They remai n at a low levels in the roots of 

b i rdsfoot t refo i l  and sai nfo i n  th rough sum mer, unti l g rowth s lows down i n  autu m n .  

U n l i ke l ucerne or  red clover  at bloom ,  a h i g h  stu bble may b e  necessary when 

bi rdsfoot t refo i l  o r  sai nfoi n is cut or  g razed ,  so that photosynthet ic tissues are 

avai lab le to furn ish energy needed for reg rowth , si nce l itt l e  energy is avai lable from 

the roots. 

2.8.5 DEFOLIATIO N  VARIATION 

Cutt i ng  or g razi ng when organ ic reserves are at a low level m ay leave 

i nsuffic ient ene rgy  to resume n ew g rowt h .  The greatest damage is  done when 

cutt i ng  o r  g razi n g  occurs d u ri ng periods of  m', n i m u m  organ ic reserves. I ntensity and 
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frequency of defo l iat ion have bee n  shown to be co mplementary in the i r i mpact o n  

l evels of o rganic reserves (Jameso n ,  1 96 3 ;  May, 1 960) .  I n  l ucerne ,  t he  

characteristic pattern of carbohydrate accumu lat ion and  deplet ion  i n  t he  roots and 

crown occurs in response to herbage removal and subsequent reg rowth (Wolf & 

B laser, 1 981 ) .  Frequent cutt i ng  at an  i m m ature g rowth stage wi l l  eve ntual ly exhaust 

t he  p lant ,  a nd weaken it to the  e xte nt of deat h .  P lants weaken ed by too early, too 

i ntensive ,  o r  too frequent defo l iat io n  usual ly are more suscept ib le  to droug ht ,  heat ,  

winter i njury and i nvading diseases. Ideal ly ,  the cl ose r to p lant  m atu rity that cutt i ng  

o r  g razi n g  occurs ,  t he  h igher  the sto red organic reserves wi l l  be ,  and  the  eas ier  it 

is to mainta in  v igour  and p roductiv ity .  

Exte nsive work (Wh ite,  1 973 ; Sm i th ,  1 980 ; Oeregibus et al . ,  1 982) on t he  

subject of defo l iat ion o n  o rgan ic reserves, showed that e xcessive , frequent  

defo l iat io n  is m o re damagi ng to  the  p lant  than is  severe i nte nSity of  defo l i at io n .  

Successive cuts at freque nt i ntervals w i l l  cause co nti n uous decl i ne i n  the l evel o f  

reserves, and w i l l  not al low the  p lant to regai n the levels previously  accu mu lated.  

Very l ig ht d efol iatio ns that provoke l itt l e  or no  reduct ion in  o rgan ic  rese rves l evels 

cause l ittle  damage to the plant (Dereg ibus et ai . ,  1 982).  

A seve re defo l iation of herbage to the so i l  leve l wi l l  requ i re a reg rowth based 

p ri mari l y  on o rgan ic rese rves. If t hese p lants are not defo l iated again u nt i l  organic 

reserves are rep len ished, the major damage done is a reduct ion  i n  the rate of 

regrowth caused by the lack of stubble ,  but the p lants wi l l  surv ive and regai n v igou r. 

Luce rne  is a c lassic examp le  where i ntense defo l iat ion can be acco mpl ished without 

severe damage to the  plant , provided defo l iations are not too frequent (Keoghan ,  

1 967 ;  Oere g ibus e t  a i . ,  1 982) . Moreove r ,  tal l  g rowi ng  species with most of t he  leaf 

area h igh  o n  t h e  p lant are al most total ly dependent o n  stored o rgan ic reserves for 

recovery ,  si nce al l  or  most of t he  photosynthetic area is  rem oved with close 

defo l iati o n  (Sm i th ,  1 980) . 

2.8.6 ORGANIC R ESERVES AND REGROWTH 

Organ ic reserves i nf luenCi ng  t he  rate of reg rowth in p lants, fol lowi ng  he rbage 

rem oval , has been a subject of extensive research and m any rev iews (Graber et a I . ,  

1 927;  G raber ,  1 93 1 ; Wein ma n n  1 948 ,  1 96 1 ; Troughton ,  1 957 ; M ay ,  1 960 ;  Pri estly ,  
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1 96 2 ;  Jameson ,  1 963 ;  Cook, 1 966 ; Mci l roy, 1 967 ;  White,  1 973 ; Deregibus et aI . ,  

1 982) .  Although some researchers have poi nted out that the ro le  of organic 

reserves in the control of reg rowth is  sti l l  not clear (May, 1 960 ;  Jameson ,  1 964) , 

othe rs be l ieve that present evidence i nd icates that both the stubble leaf area and 

o rgan ic reserves determine reg rowth potential (Youngner, 1 972 ; Dereg ibus et aI . ,  

1 982) . 

There may be many factors that may obscure the re l at ionship betwee n  TNC 

and plant reg rowth ,  particularly in g rami noids ; these are ( i) cutti ng or g raz ing  as 

methods of defo l iat ion may p roduce d i ffe rent resu lts (Matches, 1 968 ; Cuykendal l & 

Marten ,  1 968) ; ( i i )  the amount of carboh ydrate ,  rather  than the more com monly 

presented concentrat ion ,  may be i mportant i n  i nte rpret i ng  p lant dependence on  TNC 

(Caldwel l  et aI . ,  1 98 1 ) ;  ( i i i )  TNC used for reg rowth may reside i n  specific stem base 

com ponents (Volenec, 1 986) ; and ( iv) compou nds other  than carbohyd rate such as 

prote i ns may se rve as sources of reg rowth ass im i l ate ( Richards & Caldwe l l ,  1 985 ; 

Volenec et al . ,  1 99 1 ) . 

Mobi l isation of carbohydrates from organs remai n i ng  after defo l iat ion ,  using  

radi ocarbon t racer  techn ique C 4C) ,  has been observed i n  many studies. I n  l ucerne ,  

n u me rous studies have demonst rated that carbohydrates stored i n  roots and crowns 

support vegetative reg rowth fo l lowi ng herbage removal .  Evidence for t h is ut i l isat ion 

i nc lude the reg rowth in  darkness of l uce rne shoot (G raber et  al . ,  1 927 ;  Cral l e ,  

1 983) , the deplet ion of TNC i n  crowns and  roots afte r defol iat ion (Smi th ,  1 962 ; 

Reynolds & S mith ,  1 962 ; Feltne r  & Massengale ,  1 965 ;  Barta, 1 978; Cral le & 

Heiche l ,  1 98 1 ) and the mobi l isation of stored 1 4C from crown and roots to new 

shoots duri ng reg rowth (Hodgk inson ,  1 96 9 ;  Pearce et al . ,  1 969 ;  Smith  & S i lva, 

1 96 9 ;  Sm ith & Marten, 1 970 ; Cral le ,  1 983 ) .  

Although the decl i ne  i n  stored carbohydrate i n  the roots and crowns, 

m easu red as depletion  of TNC or 1 4C- label led carbohyd rates, was greatest during 

the early phase of  vegetative g rowth  (Smi th  & Marten ,  1 970) ,  bid i rect ional transport 

of C compounds sti l l  occurs. Part it ion ing of photosynthate from leaves to the roots 

was observed with i n  7 days fo l l ow ing herbage removal (Hodgkinson,  1 969 ;  Pearce 

et aI . ,  1 969 ;  Cral le ,  1 98 1  ) . Despite th is  part it i on ing ,  the decl i n e  i n  the concentration  

of  root TNC duri ng early vegetative reg rowth was accom panied by a reduct ion of  
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root camb ial activity, with consequent cessat ion of root g rowth (Rapoport & Travis ,  

1 984) . Root cambial activity and g rowth resu med on ly with t he  recovery i n  TNC 

concentrat ion (Rapoport & Travis ,  1 984) .  

The  magnitude o f  decl i ne  i n  carbohydrate reserves, fol lowi ng  defo l iat i on ,  

depends upon the  physio log ical condit io n  of the plant and the  proportio n  of leaf area 

removed. Rob inso n  & Massengale ( 1 968) found i n  l ucerne that a g reater decl i ne i n  

root TNC conce ntrations after defo l iat ion  occu rred at 50% f lower, t han at 1 0% 

f lower. When l ucerne was shaded to retard shoot g rowt h  after defo l iat ion ,  less 1 4C_ 

label led compou nds were part it i oned f ro m  the roots to the shoots than i n  u nshaded 

p lants (Hodgki nson ,  1 969) . This result i nd icated a close re l at ionsh i p  between rate 

of shoot g rowt h  and rate of carbohydrate ut i l i satio n .  

There may b e  i ntershoot competi t i o n  for these rese rves a n d  for recent 

photosynthate after herbage removal . I ndiv idual shoots on pl ants with o n ly one o r  

two shoots we re longer than t hose o n  p lants with four  o r  e ight  shoots (Leach , 

1 971 ) .  The decl i ne i n  TNC concent rat ions of roots and crowns was g reater fol lowi n g  

total t h a n  part ial shoot removal (Wolf & Blaser, 1 97 1 ; Cral le & He ichel , 1 98 1 ) .  

Brown e t  aI . ,  1 972 , concluded that i n  l uce rne ,  25% o f  t h e  reserve C compou nds 

consumed fol l owi ng defol iat ion  were lost in root respi rati on ,  39-45% were lost i n  

respi rat ion of t he  crown and shoots, and 30-36% were i ncorpo rated i nto shoot 

g rowt h .  Escalada & Smith ( 1 972) found 63% of root TNC uti l ised d u ri ng  luce rne 

regrowth came from the root wood and 37% from the root bark. Whi le starch and 

sugars accou nted for 62 and 32% respectively of the  TNC consumed du ri n g  

regrowth ,  t he  accumu lati on  o f  TNC i n  roots du ri ng  late r vegetative g rowt h  consisted 

of 88% starch and 1 2% sugar. Thus, the primary source of C for shoot reg rowth ,  

fo l l owi ng herbage removal , i s  starch i n  t h e  root wood of t he  upper 1 0  c m  segment 

of t he  taproot. 

2.9 S HOOT AS A COMPONENT OF H E R BAGE PRODUCTION 

Components of  herbage productio n  in forage plants are a funct ion of 

vegetative g rowth rate and p lant morpho logy. The components of herbage 

p roduct ion of forage plants are ( i )  number  of p lants pe r u n it area  ( i i )  number of 

shoots per p lant and ( i i i )  mass per i nd iv idual shoot ( Fick et al . ,  1 988) . 
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I n  most tap rooted fo rage p lants, the reg ion  where shoots arise is termed the 

crown .  In l ucerne,  Hayward ( 1 938) and G rove & Carlson ( 1 972)  considered the  

crown as a complex morpholog ical structure , encompass ing an area of  several 

separate structu res,  which consists of pere n n i al port ions of the stem which i ncluded 

the u pper port ion of the taproot . Thomas ( 1 980) defi ned the crown i n  red clover as 

the short compressed ste m  on  top of the taproot, which bears buds and fro m  which 

the basal leaf rosette and shoots ar ise.  G rowth and expansio n  of  axi l lary buds of 

the cotyledons ,  pr imary shoot and branches give r ise to a larg e  number of axi l lary 

buds at the  top of the taproot ( Fergus & Ho l lowe l ,  1 960 ) .  

T h e  numbe r  of shoots pe r p lant i n  l uce rne typical ly i ncreased with advanci ng  

age ,  but  i n  any g rowth cycle the maxi mum was usual l y  set wit h i n  1 4  days of the 

start of reg rowth (leach , 1 969) ,  and then dec l i ned as the canopy matured (Nelson 

& Sm ith ,  1 968a; S i ngh  & Winch , 1 974) .  I n  the  establ ishment  year, Mclaug hl i n  & 

Christ ie ( 1 980) fou nd the mean n u mber of shoots to i ncrease fro m  2 .4-3 . 9  to 6 . 2-6 .5 

stems p lanr1 in  fou r  sequential defo l iat ions .  I n  the year fo l lowi ng  establ i shment, 

S i ngh  & Winch ( 1 974) reported that 'Ve rnal ' l ucerne had mo re shoots per plant than 

'Saranac' at the early vegetative stage ,  but d i ffe renti al shoot mortal ity was 

responsib le for the absence of d i ffere nces by bud stage ,  when there we re 5 .4-7.4 

shoots p lanr1 • Smith ( 1 969b, 1 970) and Cowett & Sprague ( 1 962) observed no 

consistent temperature effect on lucerne shoot g rowth .  Maclaugh l i n  & Christ ie 

( 1 980) however ,  observed in a large numbe r  of genotypes compared , that p lants 

with h igher  shoot numbers mature earl i er and had l ower opt imal g rowth 

temperatu res than plants with l owe r shoot numbers. 

The numbe r  of basal buds and the n umber of shoots per  plant is reduced 

substantia l ly  by moisture stress (Cowett & Sprague ,  1 962 ; Cohen et aI . ,  1 972 ; Perry 

& larson ,  1 974) .  B rown & Tanner  ( 1 983) showed that the effect was expressed i n  

t he  f i rst 1 4  days o f  regrowth ,  and  that wate r stress after  the  fi rst 1 4  days had no  

i nf l uence o n  stems per p lant. Cameron  ( 1 973) poi nted out  that f looded soi l  

condit io ns reduced stem per p lant, with a g reater reduction  at 33 than 2 1 °C. 

lucerne f looded i mmediate ly afte r  defo l iat ion was more severe ly  affected than that 

g rown for 5 days before f lood ing .  leach ( 1 971 ) recorded an i ncrease i n  stems p lanf 

1 with 'Rh izoma' at 33 or 2JOC compared to 2 1  or  1 5°C.  Ste m  numbers i n  'Totana' 
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were not i nf luenced by temperatu re ,  wh i le  at 1 5°C t he  rate of appearance of n ew 

stems was reduced i n  both cult ivars .  

Leach ( 1 968 , 1 969,  1 970b, 1 97 1 ) ,  and Si ngh & Winch ( 1 974) stud ied t he  

o ri g i n ,  n umber and  size of i ndiv idual lucerne shoots , i n  a series o f  experiments. I n  

these i nvest igat ions,  reg rowth fol lowi ng  defo l iat ion gene ral ly came from axi l la ry 

buds. Removal of axi l lary buds caused crown buds to e longate , delayed regrowth ,  

and reduced the number o f  stems .  Leach ( 1 971 ) found  that the size of i ndividual 

shoots d id  not depend on the  number  of shoots pe r p lant ,  except u nder the most 

favou rab le g rowi ng  condit ions .  At 33°C, the most favou rable g rowi ng  condit ions  

stud ied,  four or  e ight shoots p lanr1 gave smal l e r  i ndiv idual s hoots than one or two 

shoots p lanr1 . after 1 0  days of reg rowth .  S i ngh  & Winch ( 1 974) measured up to 0 . 74 

g stem-1 i n  40 days of reg rowth  and up to 5 g stem·1 i n  u ndefol iated canopies. They 

fou nd that mass per shoot depended on cu lt ivar, and decreased in successive 

defo l iati ons duri ng the growi ng  season .  

2.1 0 DEFOLIATION EFFECTS ON TH E ROOT SYSTEM 

Root g rowth o f  most p lant species is reduced by  defo l iatio n ,  a d i rect resu l t  

of the  reduct ion in  amou nt of photosynthetical ly act ive t issue.  I f  g rasses are 

com pletely defol iated , al l t he  roots stop extendi ng  wit h i n  24 to 48 hours (Crider ,  

1 955) . Numerous studies o n  many species rev iewed by Troughton ( 1 957) showed 

that the  lower the cutt i ng he ig ht or the more frequent t he  cutti ng i nterval , the g reate r 

is  the reduct ion i n  root wei gh t .  The i ntensity and frequency of defol iat ion are 

complementary ;  a reduced seve rity of one wi l l  offset an  i ncreased severity of the  

other  as they affect the root system (Youngner ,  1 972 ) .  The extent o f  these changes 

caused by defo l iat ion depends on  species,  g rowth habi t ,  defol iat ion  seve rity and  

frequency and  t he  p revai l i ng  envi ronmental condit ions  (Troughton ,  1 957 ; Evans ,  

1 97 1 , 1 973 ; Sheath ,  1 978 ; Chap in  & Slack, 1 979) .  

I n  legumes, losses i n  both root and nodu les occur fol lowin g  defo l iat ion 

(Wi lson ,  1 942 ; Smith & G rabe r, 1 948) .  It has bee n  suggested that peren n ial 

l egumes often lose the i r  n odu les after defo l iat ion  and t hat new ones fo rm duri n g  

shoot reg rowth (Vance et aI . ,  1 979) .  Wi lson ( 1 942) reported that wh ite clover lost 

about a t h i rd of its nodules after  defo l iat io n .  But l er  et al ( 1 9 59 )  found that defo l iat io n 
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and shad ing  of red c love r and bi rdsfoot t refo i l  caused a severe reduct ion i n  n odu le 

n u mber, wh i le  nodu les of wh ite clove r apparent ly  were not  affected .  Whiteman 

( 1 970) reported that defo l iat ion of Oesmodium intortum DC and Phaseo/us 

afropurpureaus (Jacq . )  DC decreased nodu le we ight and nodu le n umber. Moustafa 

et aI . ,  ( 1 969) reported that defol iat ion  of wh ite clover caused a sharp decrease i n  

acety lene reduct ion activity with in  2 4  hours ,  as com pared to undefol iated contro ls .  

Vance et aI . ,  ( 1 979) found that acetylene reduct ion  in  defo l iated l ucerne remained 

low for 1 3  days after  defo l iat ion , and no substant ial changes i n  nodu le  fresh weight 

occu rred.  

Reduct ion i n  taproot weight fol lowi ng defo l i at ion  is genera l ly  thought to be  the 

result  of redistributio n  and ut i l i sat i on  of o rgan ic compou nds (May, 1 960 ; Wolf , 1 978) .  

Wi l lard ( 1 930) esti mated that the average loss in  root d ry we i ght of lucern e  two 

weeks after defo l iati on was approximate ly 200 kg ha-1 . In lucerne and b i rdsfoot 

t refo i l ,  i ncreas ing  severity and/or frequency of defo l iati on  reduced root we ight .  The 

latter  species was fou nd to be more responsive to cutt ing he ight ,  wh i le  the former  

to frequency (Smith & Nelson ,  1 967) . Denn is e t  al . ,  ( 1 959) repo rted that taproot 

weight of l ucerne decreased with increasing defo l iat i on  frequency. Constab le et aI . ,  

( 1 977) demonstrated the negative effect o f  t h e  le ngth o f  defo l iation  pe riod 

(sequent ial defo l iat ion)  on  root weight .  

A comparative study by Evans ( 1 973a,  1 973b) i nd icated that root g rowth of 

legu mes l i ke white and red clover was less i n h ib ited by defo l iat ion  than grasses.  He 

thought reserve carbo hydrates i n  taproots we re used to sustai n extension of lateral 

roots . Hodgkinson & Bass Beck ing ( 1 978) have shown that the root g rowth of 

severe ly defo l iated l ucerne was sustai ned,  and ear ly resu mpt ion of t ranslocatio n  of 

cu rre nt photosynthate i nto late ral roots occu rred by about the  f i fth  day after 

defo l iat ion .  

2.1 1 S U MMARY 

I n  th is  chapter, the avai lable i nfo rmation  in Eng l ish and several pape rs i n  

Ital ian o n  the agronomy of su l la have been reviewed . The general concepts of 

he rbage p roduct ion such as t im ing or  g rowth stage at defo l iat ion ,  i ntensity and 

frequency of defol iation ,  leaf area i ndex (LA I )  and the  pattern of reg rowth fol lowi ng 
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defo l iatio n  of forages were considered . I mportant aspects i n  the  defo l iat ion  

management of l ucerne were h igh l i ghted wi th  the supposit ion  that su I /a ,  a strong ly  

tap rooted p lant l ike l ucerne ,  may exh ibit sim i lar  responses to defo l iat ion  as l ucerne .  

Research fi nd ings have also been presented showing the i mportance o f  organic 

reserves i n  the management of tap rooted p lants fo r max imum productivity and 

persistence. The i nf luence of o rganic reserves on reg rowth ,  an area of  controversy, 

has also been rev iewed . The effects of defo l iat ion ,  apart fro m  physiolog ica l  changes 

i n  the root system of legume fo rages, have also been considered .  
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CHAPTER 3. A PR ELIMINARY AG RONOMIC EVALUATION ; THE RESPONSE 

OF SU LLA (Hedysarum coronarium L.) C V .  NECTON TO D I F FER ENT 

G RAZI N G  MANAGEMENT SYSTEMS OVER ONE YEAR. 

3.1  I NTRODUCTION 

The meri ts of su l la (Hedysarum coronarium L. ) as a forage p lant have been 

stressed s i nce the early 1 980's (Watson ,  1 982) ,  and t rial s  in  the Manawatu 

(Doug las ,  1 984;  Douglas & Foote , 1 985 ;  Foote , 1 988) , Hawke's Bay (Rys et aI . ,  

1 988) and Cante rbu ry ( G .  Kerr, u npubl ished data) have shown h igh herbage 

product ion  potent ial . Although sul l a  has shown promise as a h igh  qual ity non ­

b loat i ng  forage ,  its h istory o f  management has been under cutt i ng  fo r use as hay 

or s i lage (Whyte et aI . ,  1 953 ; Kernick, 1 978) , and no systemat ic work on  its grazi n g  

management  i s  reported i n  New Zealand1 or  overseas .  The ut i l isat ion  of su l l a  i n  

New Zealand would normal ly  be by sheep o r  catt l e  in situ. The i r  pattern of  

defo l iat ion  cou ld  resu lt i n  a g reater removal o f  l eaf material than a cutt i ng reg ime ,  

and  so cou ld  affect t he  regrowth  potent ial o f  the plant .  

The danger of extrapolat ing from cutt ing trials to g raz ing  practice is wel l  

known (Humphreys, 1 966 ;  Davidson ,  1 968) . Further, g razed plants are subjected 

to mechan ical i nju ry and quite d ifferent  n utr ient appl icat ion  th rough the vari ed retu rn 

of dung  and u ri ne ,  wh ich is not s imu lated under cutti n g .  Wh i l e  t he  i mportance of  

these factors has been stressed (Brown & Evans , 1 973 ; Sun ,  1 992) ,  the most 

d rastic  effect of g razi ng is the  sudden  removal of leaf materia l  t h rough selective 

g razi ng  (McKi nney et al . ,  1 970 ; Rys et aI . ,  1 988) .  

If su l la is to be used as a forage crop in  New Zealand, an  u nderstandi ng of 

i ts response to i ntensity and frequency of defo l iat ion  would be essential to i ts 

p lann i ng and uti l isati on .  A more thorough  knowledge of its g rowth responses i s  

needed to  develop proper g razi ng practices. There i s  a need to develop g razi n g  

management  gu ide l i nes for su l la  and i mprove its estab l ishment a n d  persiste nce 

(Douglas, 1 984 ; Douglas & Foote ,  1 985 ;  Rys et al . ,  1 988) .  In addi t ion ,  i nformat ion  

lSom e  of the results of the prel iminary t rial has been reported i n  the P roceedi ngs o f  the NZ Grassland 
Association 1 990 Conference and the paper is inc luded in appendix 3 . 1 1 .  
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on its pattern of g rowth over the  season is i m portant .  Therefore the objectives of the 

p re l im i nary t rial were : 

1 .  to exami ne the effect of p lant g rowth stage at g raz i ng  and graz ing i ntensity 

o n  the  product ion and persistence of su l la  over o n e  year; 

2. to gai n  experie nce with its establ ishment ,  and to ident i fy problems associated 

with its husbandry, and 

3. to ascertain the o rig i n  of its reg rowth u nder graz i ng .  

3 .2  MATERIAL AND METHODS 

3.2.1  S ITE INFORMATION 

The trial site of 0 .22 ha was l ocated at Frewens 7, Massey U n ivers ity (See 

p late 3 . 1 ) , Palmerston  North ,  40023'S 1 75°37'E , 34 m asl .  So i l  type is  a loess 

Tokomaru s i lt l oam (Typic Frag iaqualf) , pH ran g i ng between 5 .5-6 .0  and low i n  

avai lab le phosphorus (Olsen P<1 0 ) .  The general characte rist ics of these soi ls are 

sim i lar  to the  Marton s i lt loam and profi les are s im i lar  i n  colour , structure and 

consistency to Matapi ro soi l s  of the Wai rarapa-G isborne regi on  (See append ix  3 . 1 

and 3 . 2  fo r pedo logy) .  The durat ion of the t rial was from Septem ber  1 988 to  

Septembe r  1 989. About 1 000 m m  rai nfal l  fe l l  over  the tri al site and m ost o f  i t  was 

received i n  the late autumn-wi nter months.  Site so i l  samples we re taken presowing  

for anal ys is to ascertai n any m ine ral deficiency and t he  des i red pH .  A postsowi ng  

so i l  sample was also taken t o  i nd icate t he  i n it ial nutri ent status of t he  so i l  (See 

appendix 3 . 3  & 3.4) .  

The soi l  was p loughed in  early spri ng 1 988 and agricu lt u ral l ime at  4 t ha-1 was 

i ncorpo rated to raise the pH from 5 .5  to 6 . 0 .  Th i rty pe rcent (30%) potassic super 

( P20S 7%, K20 1 5%, S 8%) at the  rate of 450 kg ha-1 was appl ied at sowi ng . 

Dehu l l ed sul l a  cv . Necton  (germi nat ion 70 -80%,  1 000 seed weight 5 . 2  g )  suppl ied 

by NZ Ag riseed Lim ited , was i n ocu lated with peat slu rry contai n i ng  the rh izobia 

strai n NZPA 541 0 .  The i nocu lated seeds were then  air  dr ied i n  a coo l  env i ro nment 

and d ri l led at 7 .0 kg ha-1 to 2-3 cm soi l  depth in 1 5  cm rows with in  24 hours .  

Apparent nodulat ion fai l u re resu lted in  pronounced ye l lowing of herbage, and 

v isual exami nat ion of roots revealed a large number  of i neffective root nodu les .  As 



Plate 3.1 G enera l  view of trial site located at 
Frewens 7 Massey Un iversity. 
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a consequence,  to overcome N defic iency, u rea was broadcasted at 1 00 kg N ha-1 

o n  1 7  October 1 988 and subsequent ly after each g raz ing .  The 3rd leaf from the 

canopy top was sampled for t issue analysis, to mon itor remedial measu res taken 

(See appendix 3 .5 ) .  A viable rh izobia strai n was re iso lated from the f ie ld usi ng a 

techn ique described by Brockwel l  ( 1 980) ,  and re iso lates were sto red i n  agar slopes 

at 4°C (Dalton 1 980) for use i n  future trials. The reisolate ICMP 1 0 1 49 fo r  su l la i s  

now part o f  t he  nat ional  col lect ion and  is commercia l ly avai lab le .  Herbage  samples 

were analysed for in vitro d igestib i l ity by the Massey An imal  Science Laboratory 

usi ng  the  p rocedu res of Roughan & Hol land (1977). 

3.2.2 D ESIG N AND TREATME NTS 

The experi mental desig n  was a randomised complete b lock with 6 

management treatments and i n  3 repl icates. P lots were 1 20 m2 and g razed with 

sheep. I nd ividual plots were electric fenced and with separate access (See appendix 

3.6 for f ield layout) . A flow chart of the g razi ng management t reatments imposed 

on su l la  over  365 days is presented i n  Tabl e 3 . 1 . There were four g raz ing  i ntensity 

t reatments imposed at the early reproductive g rowth stage (ERGS) (See p late 3 .2 )  

and two at  the  late reproductive g rowth  stage ( LRGS) (See p late 3 .3 ) , mak ing up 

a total of  s ix  g razi ng management treatments. 

The g razi ng  i ntensity treatments i n  the ERGS began when the plants were 

at m id  to l ate stem e longat ion  85 days afte r  sowi ng (OAS) . Plots were either 

severe ly  g razed i . e  approxi mately 70-75% of the leaf and stem materi al eaten ,  

leav ing  a residual of 500-700 kg OM ha-1 (See plate 3 .4) , o r  less severe ly  g razed 

i .e approxi matel y  60-65% of the leaf and stem m ate rial eaten ,  leavi ng a residual of 

1 000- 1 200 kg O M  ha-1 (See plate 3 .5 ) .  The previously severe ly and l ess severely 

g razed plots at the ERGS were subsequent ly g razed e i the r  severe l y  o r  less 

severely ,  result i ng  in four  treatments at the end of the t ria l .  

The g raz ing i ntensity t reatments in  the LRGS began when the plants reached 

1 0% floweri ng  and th is occurred at 1 05 OAS .These plots were either severely o r  

less severely g razed as  described above. Subsequent graz i ngs i n  the  LRGS plots 

were e ither  severe o r  less severe , resul t ing i n  two treatments. 



Plate 3.2 Sul la sward at the early reproductive g ro wth stage 

Plate 3.3 Sul la sward at the late reproductive g rowth stage 



Plate 3.4 Severely g razed treatment 

Plate 3.5 Less severely grazed treatment 



Plate 3.6 Sheep g razing sul la 
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Table 3 . 1 Flow chart of the  g raz ing i ntensity treatments i mposed o n  su l la  at t h e  
early reproductive (ER) a n d  late reproductive (LR) g rowt h  stage, at each 
g razing ,  over 365 OAS. H=severe and L=less severe g razing .  

G rowth  G razi ng i ntensity 
Stage 

1 2 3 4t 

.______H H H 

/H 
_______ L L L 

E R� 
_____ H H H 

l _____ 
L L L 

H----- H----------- H 
LR-----­

------ L----- L-----------L 

t Graz ing  sequence. 

Total Resu ltant 
n u m ber of g raz i ng 
g raz i ngs management 

4 ERHHHH 

4 E R H LLL 

4 E RLH HH 

4 E RLLLL 

3 LRH H H  

3 LRLLL 

Note that the fi nal graz ing  i n  the EF treatment is  i nc luded in the fi na l  
sequence. 

A l l  subsequent g razi ngs  were governed by the physio log ical status of the  

p lant at the  t ime  when each t reatment was fi rst grazed,  t hat i s  based on  g rowth  

stage .  As  a consequence, t he  ERGS and LRGS plots were g razed fou r  and  th ree  

t imes respectively. A graz ing schedu le  i s  presented i n  Table  3 . 2 .  About 1 8-24 

sheep, equivalent to 1 500-2000  sheep ha-1 were used in each plot (See p late 3 .6) ,  

and the  durat ion of  g razing was between 1-2 days, depend ing on  the  amo u nt of 

feed  o n  offer. Once the desi red residual he rbage mass was reached, and th is was 

dete rm i ned visual ly by close mon itori ng of the g raz ing ,  t he  sheep were rem oved. 

3.2.3 M EASUR EMENTS 

One 0 . 4  m2 quadrat per p lot was taken to estimate herbage mass (kg O M  ha-

1 ) befo re and after g razi ng ,  and to mon itor p lant density. Soi l  around the crown was 

carefu l l y  rem oved befo re plants were counted to ensure that i nd ividual plants were 
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Table 3 . 2  Grazing schedule as dete rmined by p lant g rowth stage at each g raz i ng  
over 365  DAS. 

Early reproductive 
Grazi ng 

G razing DAGt 
sequence 

date 

1 22/1 2/88 -

2 1 6/02/89 55 

3 29/05/89 1 00 

4 28/09/89 1 25 

Sowi ng  date : 27 September 1 988. 
t Days after g razing 
§ Days after sowing 

DAS§ 

85 

1 40 

240 

365 

Late reproductive 

G razi ng DAG DAS 
date 

1 1 /0 1 /89 - 1 06 

1 8/03/89 66 1 72 

28/09/89 1 93 365 

be ing counted. Herbage samples were cut to g round l evel (Hodgson ,  1 979 ; 1 98 1  a) 

us ing  a s ickle .  Samples we re thorough ly washed to remove so i l  particles,  separated 

i nto leaf, ste m ,  flower ( if any) and weed fract i ons and we ighed. Subsamples were 

forced ai r oven dried at 70-75°C for 24 hours and we ighed for DM determination .  

He rbage m ass ( leaf + ste m  + f lower) and its components, i nd iv idual p lant d ry 

weight ,  l eaf-to-stem mass rat io ,  herbage accum u latio n  rate and weed mass were 

calculated from the DM and plant density data. The preg raz ing herbage mass at t he  

second  and subsequent grazi ngs i n  sul la was most ly new g rowth, as the  herbage 

m ass after  each g raz ing subsequently d ied and decayed, and d id not contribute 

towards subsequent herbage accumulat ion .  Herbage consumed by sheep was 

d ef ined as p regraz ing m inus postgrazi ng herbage mass , cut to g ro u nd l eve l .  

Fifteen g razed plants were dug at  random from the  severely  and less 

severe ly g razed t reatments, i n  t he  E RGS p lots at 1 8  days after  the fi rst g raz ing ,  and 

48 days after the fi rst g razi ng  in the LRGS plots .  P lants were thorough ly  washed 

and were then  soaked in water for 1 -2 hours to mai nta in  turgor. I nd ividual p lants 

were then  dissected and the o ri g i n  (primary stem ,  secondary stem and crown - See 

Fig 3 . 9 )  and n umber of shoots on these sites , shoot l e ngth (defined as t he  l ength 
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of  the new stem on  wh ich leaves o rig i nate ) ,  petio le  length and leaf area were 

measured.  Area of leaves was measured with a L i -Cor Area Meter Model 3 1 00 and 

cumu lat ive area was recorded . Results are reported on  a per  plant basis.  

3.2.4. STATISTICAL ANALYSIS 

The statistical analysis used was analysis of variance (ANOVA), wh ich was 

conducted using  the General Linear Model (GLM) p rocedure of the Statist ical 

Analysis System (Steel & Torrie ,  1 98 1 ; SAS, 1 989) o n  total herbage accumulat io n  

and its components, plant density, i ndividual p lant d ry  weight (DW) , leaf-to-stem 

mass rat i 02 and total weed accumu lat ion over 365 DAS. Orthogonal contrasts ,  

i nvolving  the partition i ng of t reatment degrees of f reedom and sums of squares i nto  

com po ne nt comparisons, were conducted to  separate the  effects of g rowth stag e ,  

g raz ing i ntensity and t h e  i nteract ion between  the two ( Litt le & Hi l ls ,  1 978) .  Si nce 

g raz i ngs were not synchro n ised , data from the E RGS and LRGS at i ndividual 

harvests were analyzed (AN OVA) i ndependentl y ,  concentrat ing on ly  on the effects 

of g razi ng i ntensity t reatments with i n  g rowth stage ,  but the resu lts of each analys is 

are d iscussed together. 

Detailed p re l im i nary reg rowth studies were anal yzed as a randomised 

com plete block, separat i ng  regrowth  site as a classif icat ion variable .  As the 

sampl i ng was carried out  at two separate t imes ,  t hat is at 1 8  days after  g razing  

( OAG) i n  t he  E RGS and 48 DAG i n  t he  LRGS,  t he  study was treated as two 

separate prel im i nary stud ies and ANOVA was conducted accord ing ly .  

Treatment means were compared ,  using F ishe r's protected least sig n i ficant 

d i fference (LSD) procedure (Carmer & Walker, 1 985) .  U n less otherwise stated, the 

0 . 05 level o f  probabi l ity was used to determ ine d i ffe rences.  

3.3 R ESU LTS 

3.3.1  CL I MATE 

The cl imate data duri ng the tria l ,  recorded at the  D S I R  cl imate stat ion  

2 0ata was not transformed a s  the components that make up t h e  ratio are continuous variables and 
therefore n ormally d istributed (Steel & Torrie, 1 981 ) ,  
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Table 3 .3  Summary of cl imate data at the tr ial site from Septem ber  1 988 to 
September 1 989 ,  recorded at the DS IR  cl i mate stat ion  (40023'S 1 75°37'E, 34 m 
asl ) .  

Total A i r  temperatu re °C Soi l Sun-
Mont h  Rain Temp sh i ne  RH% 

(mm)  Mean Max M i n  °C hou rs 

Sept 1 44 1 2 .5  1 5 . 6  9 . 4  1 1 .6 48 83 
Oct 98 1 3 .7 1 7 . 1 1 0 .2  1 3 .0  1 38 75 
N ov 63 1 5.4  1 9 .8 1 0 .9  1 5 .2 1 82 76 
Dec 57 1 8. 1  22 .9  1 3 .4  1 8 .2 225 70 
Jan  92 1 9 . 6  24. 1 1 5 .2  1 9 . 1  223 74 
Feb 75 1 3 .0  23 . 1 1 2 . 9  1 7 .7 1 93 75 
Mar 89 1 7 .2  22 .0 1 2 .4  1 6 .8  1 72 78 
Apr 44 1 4 .5 1 9 .2 9 . 8  1 3 .6  1 75 76 
May 1 1 1  1 1 .9 1 5 . 4  8 .4  1 1 .8 64 88 
J u n  88 8.8 1 2 . 6  5 . 0  8 .7 73 89 
Ju l  53 7 .7 1 2 .3 3. 1 6 .2  1 42 86 
Aug 53 9 .8 1 4 .2 5 .3 7 .2 1 24 84 
Sept 25 1 2 .4  1 6 . 5  8 .3  1 0 .7  1 51 78 

approximately 1 km from the tr ia l  s i te ,  are sum marised i n  Table 3 .3 .  Annual rai nfal l 

received over the t rial site was 967 m m ,  which was close to t he Palmersto n  

Northaverage o f  1 000 m m .  See appendix 3 .7 for  5 0  years mean c l i mate data 

recorded i n  Palmerston  North . Ove ral l  max imum and m i n i mum tem pe ratures were 

s l ig ht ly h igher  than average ,  and the re lative hum idity was close to the long  term 

mean. Sunsh ine hou rs received were lower  than the average .  Above averag e  

rai nfal l fe l l  i n  September and October, which i n  com bi n at ion with a soi l  temperatu re 

( 1 00 m m  depth )  of more than 1 2°C at the t ime of sowi ng  contributed to favou rab le 

ge rm i nat ion and establ ishment of  the stand .  

3.3.2 HERB AG E  AND COMPONENTS OF HERBAGE ACCUMU LATION 

The total herbage and components o f  herbage accumulated over  365 DAS 

are p resented i n  Tabl e  3 .4 .  There were no s ign if icant d i fferences between the 

g razi ng i ntensity management t reatments with i n  g rowth stage. However, there was 

a sign ificant (P<0 .0 1 )  difference between the E RG S  and LRGS treatments in t he  

total he rbage accumu lated over 365  days . The  total herbage accumu lated fo r  t he  
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Table 3 .4  The effect of plant g rowth stage at g razin g  and g razi n g  i ntensity o n  the 
total herbage and components of herbage accumu lated ( kg O M  ha-1 ) i n  su l la ,  over 
365 0AS. 

G razi n g  Total Components of total herbage 
Manageme nt Herbage accumu lated 
Treatmentt Accum .  

Leaf Ste m Flower 

E R H H H H  1 0 1 47 8200 2853 94 

E R H LLL 1 2754 9563 3 1 3 1  6 0  

E RLH H H  1 0777 8367 21 83 227 

E RLLLL 1 4630 1 1 087 341 3 1 3 0  

LRLLL 20050 1 08 1 7  9080 1 53 

LRHH H  1 9327 1 2070 7 1 23  1 33 

LS00 05§ 6474 NS 4 1 0 5  N S  

t See Table 3 . 1 for explanation .  
§ LSD at  the  0 .05 level of s ign i ficance. 
N S=Means with i n  col u m ns are not s ign i ficant at the P<0 .05 leve l .  

fou r  g razi n gs that eventuated i n  the E RGS treatme nt was 1 2077 ± 1 027  (SEM)3 kg 

OM h a-1 y-1 . This was about 40% less than the total herbage accumu lated of 1 9689 

± 1 453  kg OM ha-1 y-1 for  the th ree g razi ngs t hat eventuated in  the LRGS 

treatment. 

The total leaf accumulated did not differ sign i ficant ly between the g razin g  

i ntensity m an ag ement t reatments wit h i n  g rowth stage o r  between the E RG S  and 

LRGS t reatments. However, there was a s ign ifi cant ( p<0 .00 1 )  d i fference i n  the total 

stem accumu lated between the ERGS and LRGS treatments. The LRGS treat m e nt 

resulted i n  8 1 02 ± 652 kg OM ha-1 t\ whereas it was 2645 ± 92 1 kg OM ha-1 y-1 i n  

3 Standard error of a treatment mean 
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the ERGS t reatment .  No differences were s ign ificant i n  the total f lower accumulated 

between the g rowt h  stage t reatments o r  g razi ng  i nte nsity management t reatments 

wit h i n  t he g rowth stages. 

3.3.3 HERBAG E  MASS AT EACH G R AZING 

At the t ime of the com me ncem ent of the grazi ng  t reatments in  the ERGS on 

22 December 1 988, the pregrazing herbage mass in  the g razing i ntens ity t reatment 

was not s ig n i ficantly different (F ig 3 . 1  a )  and the overa l l  mean was 2399 ± 254, 

which was equ ivalent to 28 ± 3 kg OM h a-1 d-1 (Table 3 .5 ) .  At the second g razi ng 

Table 3.5 The effect of plant g rowth stage (E RGS) at g razing  and g razing  i ntensity 
on the herbage acccumulat ion  rate (kg OM ha-1 61 ) in su l la ,  at each g razing  over 
365 DAS. 

G razing  Early reproductive g rowth stage 
I ntensity 

22/1 2/88 1 6/2189 29/5/89 28/9/89 

H H H H  26 43 38 1 4  

H LLL 27 53 34 33 

LH H H  27 58 34 1 4  

LLLL 33 83 39 27 

LSDo.o5 NS 24 NS 1 5  

o n  1 6  February 1 989 ,  there we re sig n if icant ( P<O.05)  differences between the 

g raz ing  i ntenSity t reatments . The herbage mass i n  the  less severe ly g razed 

treatment was s ign i ficantly h i ghe r  than in the seve re ly g razed t reatment .  The 

herbage accum u lat ion rates (HAR) in these treatments ranged from 43-83 kg OM 

ha-1 d-1 • H owever,  the  g razi ng i ntensity t reatme nts d id  not diffe r s ignificantly at t he  

t h i rd g razing  o n  29 May 1 989,  and  the mean  across al l t reatments was 3653 ± 1 9 1 

kg OM h a-1 , which was accumulated at t he rate of 37 ± 2 kg O M  ha-1 d-1 

respectively. At t he  f inal grazing  o n  28 September 1 989, there were s ign i ficant 
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( P<0. 05)  d i fferences betwee n t he g razi ng i ntensity treatme nts. The herbage mass 

i n  the less severely grazed t reatments was h igher  than in the severe ly  g razed 

t reatments. The herbage mass i n  t reatme nts H H H H  and LHH H  were 45% less than 

i n  the H LLL and LLLL t reatments . Moreover, the HAR in  the  severely g razed 

t re atme nts was s ign ificantly lower than i n  the  less severe l y  grazed t reatments. 

There were no  s ign ificant differences between  the HHHH and the LHH H  t reatments , 

nor  between the H LLL and t he LLLL t reatments. 

When the g razi ng t reatments commenced in the LRG S on 1 1  January 1 989 , 

the  p regrazi ng  herbage mass was not s ig n if icant ly d iffe rent i n  the g razi n g  i ntensity 

t reatments ( Fi g  3 . 1 b). The overa l l  mean was 3567 ± 475 kg OM ha-1 which was 

equivalent to 34 ± 5 kg OM h a-1 d-1 (Table 3 . 6 ) .  At the second  g razi ng  o n  1 8  March 

1 989,  there was a sign i ficant ( P<O . 05)  d i fference betwee n  the g raz i ng i nte nsity 

t reatments . The he rbage mass i n  the less seve re ly g razed t re atment was 1 4% less 

than i n  the severe ly g razed t reatment ,  wh ich was accumu lated at 5 1  ± 1 and 58 ± 

1 kg O M  h a-1 d-1 respective ly . However, t he  g razi ng i ntens ity treatments did not 

differ s ig n i ficant ly at the fi nal g razi n g  o n  28 September 1 989 , and the overal l mean 

was 1 2500 ± 865 kg OM ha-1 accumulated at the rate of 65 ± 5 kg OM ha-1 d-1 • 

Table 3 . 6  The effect of p lant g rowth stage (LRGS)  at g razin g  and graz ing i ntensity 
o n  the herbage accumulat ion rate (kg OM ha 1 d- 1 )  i n  sui la ,  at each g razing over 
365 0AS . 

G razing  
I nte nsity 

LLL 

H H H  

LSOO.05 

Late reproductive g rowth stage 

1 1 / 1 /89 1 8/3/89 28/9/89 

24 51  73 

43 58 57 

NS 6 N S  

3.3.4 LEAF MASS A T  EACH G RAZI NG 

At the t ime of  the fi rst g raz ing  i n  the E RGS o n  22 Decem ber 1 988,  the 
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p reg razing  leaf m ass was n ot s ign if icant ly d i ffe re nt i n  the  g razing  i ntensity 

t reatments (Fig 3 .2a) ,  and the overal l mean was 2222 ± 2 1 3  kg OM h ao1 • The 

g razi ng i ntensity t reatments diffe red s ign i ficantly ( P<0.05) at the  second g raz i ng  on 

1 6  February 1 989. The p regraz ing  leaf mass i n  the less severe g razing treatment 

was s ign if icant ly h igher  than i n  the other treatments. The g razing  i ntensity 

t reatments did n ot d i ffer s ign ificantly at the th i rd g razi ng  on 29  May 1 989. H owever, 

at the  fi nal g razi ng  o n  28 September 1 989 ,  d i ffe re nces were s i gn ificant ( P<O.05) 

between the g raz i ng  i ntensity t reatme nts . The preg razi ng l eaf mass in t h e  l ess 

severe ly g razed treatme nts was h igher  than the severely grazed t reatments.  The 

leaf m ass i n  the H H H H  and LH H H  treatments was 49% less than i n  the H LLL and 

LLLL t reatments. There were no s ign if icant d i ffere nces betwee n the frequent l ess 

severe ly g razed t reatments and between the frequent severely g razed treatments. 

The preg raz ing l eaf mass at the fi rst g raz i n g  on 1 1  January 1 989 i n  the 

LRG S was also not s ign i fi cantly d i fferent i n  the g razi ng  treatments at the second 

i ntensity t reatments ( Fig 3.2 b ) ,  and the ove ral l mean was 3 1 40 ± 41 1 kg OM h ao1 • 

There was no  sig n ificant d iffe rence between the less severe and severe g razi ng  and 

t h i rd g razing ,  and the preg razi ng l eaf m ass across the treatments was 2333 ± 83 

and 5970 ± 423 kg OM hao1 respectively .  

3.3.5 STEM MASS AT EACH GRAZI NG 

At the commencement of  the fi rst g raz ing  o n  22 Decem ber 1 988 in  the  

E RG S, t he preg raz ing  stem mass was not sig n i fi cantly d iffe rent i n  the  g razing  

i ntens ity t reatments (Fig 3 .3a) ,  and the  ove ra l l  mean was 1 78 ± 53 kg DM h ao1 • 

Also, the  g razing inte nsity t reatments did not differ s ign ificantly at t he  subsequ e nt 

g razi ngs, and the preg razin g  stem mass across a l l  t reatments at the second ,  t h i rd 

and fourth g razi ngs was 833 ± 1 1 3 , 762 ± 63 and 873 ± 1 80 kg D M  hao1 

respectively .  Howeve r, the stem mass at the f i n al g razi ng  on  28 September 1 989 

in the less severely  g razed treatments was g reater than in the severely g razed 

t reatments, although  the resu lts were not sig n if icant ly (p=0.07) different . 

I n  the LRGS at the f i rst g razing o n  1 1  January 1 989, the  p regrazin g  stem 

m ass did not differ i n  the  g razi ng  i ntensity t reatme nts (Fig 3 .3b) , and the overall 

m ean was 427 ± 74 kg OM hao1 • Also , the preg razing stem mass did not d iffer 
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sig nificantly at subsequent g razi ngs,  and  the  mean across a l l  treatments a t  t he  

second and th i rd g razi ng was 1 1 45 ± 89  and 6530 ± 489  kg  OM h a-1 respectively. 

3.3.6 PLANT DE NSITY 

At 365 OAS, there were no s igni ficant d i fferences i n  p lant density betwee n  

t h e  g razin g  i ntensity management t reatments with i n  g rowth stages (Table 3 .7) .  

H owever, t here was a sig n i ficant ( p<O.00 1 ) d ifference between the E RGS and 

LRGS t reatments.The resu ltant plant density in  the E RG S  and LRGS t reatments 

was 1 4  ± 1 and 50 ± 2 plants m-2 respectively at the concl us ion of the t ri al .  

Table 3 . 7  The effect of plant g rowth stage at g razing  and g razi ng i nten sity o n  the 
fi n al p lant density in  su l la ,  at  365 DAS. 

G razi ng management  P lant density 
Treatment (p lants m-2) 

ERHHHH 1 5  

ERHLLL 1 4  

ERLHHH 1 5  

E RLLLL 1 3  

LRLLL 46 

LRHHH 54 

LSD0 05 9 

At the t ime of the fi rst g razi ng on 22 December 1 988 i n  the E RGS,  the 

p regraz ing  p lant density i n  the g razi n g  i nte nsity t reatme nts was not s ig n ificantly 

different ( Fig  3 .4a) ,  and the overal l  mean was 84 ± 8 plants m-2 respectively. There 

were n o  s i gnificant differences between the g razin g  i nte nsity t reatments at the 

subsequent g razi ngs.  The preg raz i ng  plant density across a l l  t reatments at the 
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second,  t h i rd and fourth g razing was 64 ± 5, 45 ± 3 and 1 4  ± 1 respect ively .  The re 

was a decl i ne  between 25-30% i n  plant n umbers after  each g raz ing  and a g reater 

decl i ne  of  69% between 29 May and 28 September 1 989 .  At the conclus ion of the 

trial the  decl i n e  i n  plant n umbers was 83% when compared to the density at the 

start of t rial . 

Whereas, at the t ime when the LRG S was fi rst g razed o n  1 1  January 1 989 ,  

the pregrazi n g  plant density i n  the g razi n g  i ntensity t reatments was also n ot 

s ign ificantly d ifferent (Fig 3 .4b) and the  overa l l  mean was 92 ± 2 plants m-2• There 

were n o  s ign if icant differences between the g razi ng  t reatments at subsequent 

g razi ngs.  When meaned across al l  t reatments, t he pregraz i n g  plant de nsity at the 

seco nd and t h i rd g razing was 60 ± 5 and 50 ± 2 plants m-2 respectively .  There was 

a 35% decl i ne  o n  p lant numbers after  the  f i rst g razi ng o n  1 1  January and after the 

second g razi n g  on 1 8  March 1 989 . G raz i ng  in  late sum mer ,  o n  1 8  March ,  resulted 

i n  a marg inal decl i ne  in plant numbers when counted on 28 September 1 989 . At the 

end of the t rial the  decl i ne in  p lant n u m bers was 46% when com pared to t he  density 

at t he start of the  t ria l .  

3.3.7 I NDIVIDUAL PLANT DRY WEIG HT 

At 365 DAS, there was a s ign if icant ( P<0 . 0 1 ) i nte ract ion  between  the g rowth 

stage and g razi n g  i n tensity management o n  the f inal i ndiv idual plant d ry weig ht 

(OW) (Table 3 .8 ) .  The grazi ng  management  t reatments with the more frequent 

severe g razi ngs at the ERGS, that i s  the E R H H H H  and ERLHHH ,  resu l ted i n  

s ig n if icantly smal ler  p lants, a n d  t he i n div idual p lant OW was 1 1 . 8 ± 3 . 8  and 1 2 .6  ± 

3 .8  g respectively .  The ERHLLL,  ERLLLL, LR H H H  and LRLLL t reat m e nts did not 

d iffe r  s ign ificantly ,  and the i nd iv idual p lant DW i n  these treatments ranged fro m  20-

30 g .  

A t  the com mencement of t he  g razi ng  t reatments, that i s  o n  22 December 

1 988 i n  the ERG S ,  the preg raz i ng plant DW in the g razi ng  i ntensity treatments did 

n ot differ s ign ificantly (Fig 3.5a) ,  and the overal l mean was 3 .2  ± 0 . 2  g planr1 

respectively. There were also no s ign if icant d i ffe re nces between the g razing  

i nten sity t reatments at second and t h i rd g raz i ng ,  and the overal l m ean was 5 .3  ± 0 .4  

and 8 .8  ± 1 . 1 g p lanr1 . H owever, at the fi nal g razi ng  on  28  Septem ber 1 989 , there 
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Table 3.8 The effect of plant g rowth stage at g razi ng and g razi ng i ntensity on the 
fi n al p lant d ry wei ght in  su l la  at  365 OAS. 

G razi ng management P lant OW 
Treatment (g  p lanr1 ) 

ERHHHH 1 1 .8 

ERHLLL 30 .0 

ERLH H H  1 2 . 6  

ERLLLL 26 .6  

LRLLL 30 .0 

LRHHH 20 .3  

LSDo 05 1 2 .0  

were s i gn if icant ( p<0.05) diffe rences betwee n  the g razi ng i ntensity treatments and 

the results are as d iscussed at 365 OAS above. 

When the g raz ing t reatments com menced in the LRG S on 1 1  January 1 989, 

the  p re g razi n g  plant OW in  the g razi ng i nte nsity treatments was also not s ign ificantly 

d i fferent ( Fi g  3 .5b ) ,  and the overa l l  m ean was 3 . 9  ± 0 .5  g p lant-1 . There was also 

no sig n ificant d ifferences betwee n  the g razi ng  i ntensity treatments at the second 

and th i rd g razing ,  and the pregraz i ng  p lant OW meaned across the treatments was 

6 .3  ± 0 .7  and 25 .2 ± 2 . 6  respectively.  
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3.3.8 RELATIONSHIP BETWEEN PLANT DRY WEIG HT AND PLANT DENSITY 

A scatterplot showi ng  the  relat ionship between 10g l o p lant DW and log 10 plant 

d ensity is  p resented in Fig 3 .6 .  The points represented o n  the  g raph are i ndividual 

10glo values for each repl icate in each treatment com bi natio n ,  at the e nd of the 

experi ment .  Two contrasts are evident .  Fi rst , the LRGS populat ions were 

substantial ly g reater than the ERGS populat ions ,  but ranges in p lant size were 

sim i lar. Second ,  with i n  the ERGS popu lation ,  severely g razed plants were smal l e r  

t han  the  l ess severely g razed p lants but had si m i lar p lant density. D iffe rences i n  

p lant wei g ht between the  g razi ng  i ntensity t reatment com bi nations i n  the  LRGS 

popu lat ion were smal ler .  
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Fig 3 . 6  Scatterp lot showing the re lat ionship between loglOp lant d ry-weight (OW) 
and l ogl Op lant density at the end of the expe riment .  Points rep resent repl icates 
i n  each treatment combi nation .  KEY:  ER=early reproductive g rowth stage ,  LR=late 
reproductive g rowth stage, H=severe g razi ng  and L=less severe g razing .  
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3.3.9 LEAF-TO-STEM M ASS RATIO 

At the conclusion of the trial at 365 DAS, there were no sig n i ficant 

d ifferences between the g raz ing i ntensity management treatments with i n  g rowt h  

stage o n  the leaf-to-stem mass rat io ( LSR) of the total herbage accumu lated (Table 

3 .9 ) .  H owever, there was a s ign if icant ( P<0.00 1 )  effect of g rowth stage on the LSR .  

The LSR i n  the E RGS and LRGS treatme nts was 3 .8  ± 0 .2  and 1 .6 ± 0 . 3  

respectively. 

At the t ime when the graz ing  t reatments commenced, that is on 22 

Decem ber  1 988 in the ERGS, the pregraz ing LSR in the g razing  i ntensity 

t reatments was not s ign i ficantly different (F ig  3 .7a) ,  and the overal l  mean was 25 .8 

± 6 .5 .  There were no s ig n i ficant differe nces between the g razi ng i ntensity 

treatments at subsequent g razi ngs.  The pregrazi n g  LSR across al l the g raz ing 

Table  3 .9  The effect of plant g rowth stage at g raz i n g  and g razin g  i ntensity o n  the 
total accu mulated leaf-to-stem mass rat io i n  su l la  over 365 DAS.  

G razing  manage ment Leaf-to-stem 
Treatment mass rat io 

ERHHHH 4 .4  

ERHLLL 3 . 4  

ERLHHH 4 .0  

ERLLLL 3 . 3  

LRLLL 1 . 3 

LRHHH 1 .9 

LSD0 05 1 . 5 

t reatments at the second, th i rd and fou rth grazings was 3 . 3  ± 0.4 ,  4.0 ± 0 .4  and 2 . 5  

± 0 .2  respectively. Fol l owi ng t h e  f i rst g razi n g  i n  the E R G S ,  the LSR narrowed by 

87% and remained less than 4 .0  i n  the subsequent g razi ngs.  
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When the  g razing  t reatments was fi rst imposed i n  the  LRGS o n  1 1  January 

1 989,  the p regraz ing LSR i n  the g razi ng  i ntensity t reatments d id not differ 

s ign ificant ly (F ig 3 .7b) and the ove ral l mean was 1 7 .8  ± 6 .0 .  N o  differences were 

s ign if icant at subsequent g razings .  The pregraz ing LSR over al l the g razi ng  i ntensity 

t reatments was 2 .3  ± 0.4 and 1 .0 ± 0 . 1  at the second and t h i rd g razing  respectively. 

The LSR also n arrowed by 87% fol lowi ng the fi rst g razin g  and remained less than 

3.0 i n  the subsequent g razi ngs . Most of the stem materia l  i n  the LRGS treatment 

was ut i l isable with an organ ic matter  d igestib i l ity (OMD) rang i n g  from 70-85%. An  

in vitro d igestib i l ity analysis of herbage com po nents o f  su l la ,  sampled at t he  late 

reproductive g rowth  stage ,  is prese nted in  Table 3 . 1 0 . 

Table 3 . 1 0  Chemical and estimated in vivo digesti bi l it ies of h erbage components 
in su l la, sampled at the late reproductive g rowth stage. 

tEsti mated in vivo% 
Plant com po nent %DM %N %ASH 

(OM)  D M D  DOMD OMD 

Leaf-to p  70 cm 89 .54 4 .76 9 . 1  82 . 53 76.86 85.39 

Stem-top 70 cm 86 .87 1 . 79 9 .2  79 .07 73 .60 82 .32 

Leaf-whole plant 90 .02 3 .8 1  9 .8  80 . 96 74.99 83.97 

Stem-whole plant 90 .64 1 . 29 9 .3  68 .29 63 .58 72 . 74 

Leaf+Stem 89 .54 2 .29 1 0 . 1  72 . 1 1 66 .55 75.92 
(Whole p lant)  

t Samples were analysed for in vitro d igest ib i l ity usi ng  pastu re standards wit h i n  the 
fol l owi ng  in vivo d igestib i l ity ranges :  

D ry  matter d igestib i l ity (DMD%) 65.40-86 . 1 6  
D i gest ib le  o rgan ic matter per 1 00 g dry matte r ( DOMD%) 60 .40-8 1 . 00 
Organic matter d igest ib i l ity (OMO%) 72. 1 0-90 .65 
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3.3 . 10  WEED ACCUM U LATION 

The total weed accu mulated over the durat ion  of the trial was not s ign i ficantly 

d i fferent between the g razi ng i ntensity t reatments wit h i n  g rowth stage or  between  

g rowth stages (Table 3 . 1 1 ) . When meaned over a l l  management t reatments ,  total 

weed accumulated was 5476 ± 2 1 3 kg OM ha-1 y 1 . Weed comprised about 30% of 

the total herbage accumu lated in su l la .  

At the t ime of the i mposit ion of the g razi ng i ntensity t reatments i n  the ERGS 

o n  the 22 December 1 988,  the preg razi ng weed mass was not s ign i ficant ly different 

in the g razi ng  i ntensity t reatments ( Fig 3 .8a) , and the overal l  mean was esti mated 

at 1 408 ± 1 58 kg OM ha-1 • There were also no sig n if icant d i fferences between t he  

g razi ng i ntensity t reatments at subsequent g razi ngs .  When m eaned ove r  al l 

t reatments, the p regrazi ng  weed mass at the seco nd ,  th i rd and fourth g razi ng  was 

2380 ± 250,  472 ± 39 and 1 51 3  ± 93 respectively .  

Table 3 . 1 1 The effect of plant g rowth stage at g raz i ng and grazi ng i ntenSity on the 
total weed accu mulated (kg O M  ha-1 ) i n  su l la ,  ove r  365 OAS. 

G razi ng management Total Weed 
Treatment Accumulated 

ERHHHH 6223 

ERHLLL 5870 

ERLHHH 5403 

E RLLLL 5597 

LRLLL 4303 

LRH H H  5460 

N S  
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When the g razing  treatments com menced in the LRGS on 1 1  January 1 989,  

the preg razi n g  weed mass was a lso not sig nificant ly  different in  the graz i ng  i ntensity 

t reatments ( Fig  3 .8b) ,  and the overall mean was 1 538 ± 222 kg OM ha-1 • Also n o  

differences were s ign ificant between the g razi ng  t reatme nts at subseque nt g razi ngs.  

The pregraz i ng  weed mass over al l  the treatments at the second and th i rd graz ings 

was 1 875 ± 1 27 and 1 468 ± 1 3 1 kg OM ha-1 respect ively .  

3.3. 1 1 H E RBAG E  CONSUMPTION 

Herbage ,  herbage components , and weed consumed i n  terms of  amount of  

herbage g razed by sheep is  presented i n  Table 3 . 1 2 ,  and percentages of  total 

accumu lat ion  removed are i ncluded i n  parenthesis.  The total herbage consu med 

between  the g razi n g  i ntensity management treatme nts with i n  g rowth stages was not 

s ign if icantly d ifferent over the 365 days. N evertheless, the percent consumpt ion of 

herbage was s ign if icantly ( p<0.05)  g reate r i n  the more frequ e nt severe g raz ing  than 

i n  the m o re frequent less severe g razing  co mbi nations .  There was a s ig n ificant 

(p<O .00 1 )  effect of g rowth stage o n  the total herbage consu med.  The total h e rbage 

consu med i n  the  ERGS and LRGS treatme nts was 8064 ± 785 and 1 6 1 79 ± 1 1 1 0 

kg O M  h a-1 y-1 , wh ich was equ ivalent to 67 ± 3 and 82 ± 3 %  of the total herbage 

accum u lat ion  respectively. Sheep consumed more herbage i n  the LRGS treatment 

than i n  the E RG S  t reatment. 

Total leaf tissue consumed by sheep was not s ign i f icantly different between 

the g razi n g  i ntensity managem e nt t reatment with i n  g ro wth stage ,  but d iffered 

s ign if icant ly ( P<O .00 1 ) between g rowth stages. The total leaf tissue consumed over 

the 365 days i n  the ERGS and LRGS treatme nts was 6640 ± 4 1 4 and 1 0958 ± 586 

kg OM h a-1 y-1 , equivalent to 72 ± 3 and 96 ± 3% of the leaf co m ponent of herbage 

o n  offer respective ly .  The stem com ponent of the herbage consu med also did not 

d iffer sig n if icantly between the g raz i ng  i ntensity t reatme nts with i n  growt h  stage. 

H owever, there was a s ign ificant (p<0 . 00 1 ) d i ffe re nce betwee n  the growth stage 

treatments. The percent stem tissue consu med in the ERGS and the LRGS 

treatment was 48 ± 5% and 62 ± 5%, equ ivalent to 1 309 ± 475 and 5078 ± 72 kg 

O M  ha-1 y-1 respectively. There were no sig n ificant differences between the g raz ing  

i nte nsity management treatments wit h i n  g rowth stage o r  betwee n g rowth stages o n  



Table 3. 1 2  The effect of plant growth stage at g razi ng and g raz ing i ntensity o n  the total herbage ,  herbage components and weeds 
consumed (kg OM ha-1 ) ,  over 365 OAS. Figures in brackets are percentages (%) of total accumu lat ion g razed by sheep. 

Grazin g  Herbage Herbage components consumed 
management consumed Weeds consumed 

Leaves Stems Flowers 

E R H H H H  7 1 70 (7 1 ) 6293 (77) 783 (42) 93 ( 1 00) 2327 (37) 

E R H LLL 8304 (64) 6843 (7 1 ) 1 40 1  (41 ) 60 ( 1 00) 1 906 (32) 

E R LH H H  7252 (68) 5743 (69) 1 308 (59) 200 (9 1 ) 2463 (42) 

ERLLLL 9530 (65) 7680 (69) 1 747 (51 ) 1 03 (75) 2067 (37) 

LRLLL 1 5667 (78) 1 03 1 7  (95) 5 1 97 (55) 1 53 ( 1 00) 2082 (45) 

LRHHH 1 669 1  (86) 1 1 600 (95) 4958 (69) 1 33 ( 1 00) 3803 (71 ) 

LSOO O5 4949 26 1 1 2993 N S  N S  
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f lowers consumed.  The ove ral l  f lowe rs co nsumed was 1 24 ± 29 kg OM ha-1 y-1 and 

sheep ate al most al l  of the flowers on  offer .  There was no sig n ificant effect of 

g raz i ng  i ntensity management treatment o n  weeds co nsumed, and the m ean across 

al l  treatments was 2441 ± 235 kg OM ha-1 y-1 , which was 44 ± 4% of the  total weed 

accumulated i n  the  sward. Herbage and h erbage components consu m ed by sheep 

i n  the E RGS and LRGS at each g razing  over 365 OAS are i ncluded in appendices 

3 .8  & 3 .9 .  

3.3. 1 2 R EGROWTH SITE A N D  REGROWTH SITE C HARACTERISTICS I N  

SU LLA 

Su l la  reg rew from axi l l ary buds ori g i nat i ng  from leaf axi ls or leaf scars. The 

potential reg rowth sites were the pri mary stem ,  secondary stem or  stems and the 

crown (See Fig 3 .9 ) .  The crown i ncluded the u pper 50 mm of the taproot. Severe 

o r  l ess severe g razin g  i ntensit ies did not h ave any s ign if icant effect o n  the reg rowth 

characteristics i n  p lants harvested at 1 8  days afte r g razi ng  (OAG) i n  the ERGS plots 

and at 48 DAG i n  the LRGS plots . Therefore, on l y  the effect of g rowth sites o n  the 

regrowth characterist ics of su l la is discussed.  No val id comparison between  g rowth 

stages was made as the harvest times were not comparable .  

3.3. 1 2. 1  S HOOT N U M BER 

The regrowth site characteristics at 1 8  OAG in the E RGS and 48 OAG in the 

LRGS are presented in Tables 3. 1 3  and 3 . 1 4 .  The total shoot numbe r  aris ing  on the 

various reg rowth s ites i n  the plants harvested at 1 8  OAG from the ERGS plots was 

6 . 3  per p lant .  A l l  t he  new shoots arose from leaf axi ls or  scars o n  the p ri mary stem, 

secondary stem (s) and the crown . There were s ign if icant differences ( P<O.0 1 ) 

between the regro wth sites i n  the n u mber of s hoots produced from leaf axi ls or  

scars . The pr imary stem produced about 1 9% of the total shoots , whereas the 

secondary stem and the  crown contributed an  equal number of shoots . 

The total nu m ber  of shoots i n  the p lants harvested at 48 OAG from the LRGS 

p lots was 8.9 per p lant .  A lmost 85% of t he new shoots arose on  the crown .  The 

n umber of shoots o n  the pri mary stem and secondary stem (s) was not s ignif icantly 

d i ffe re nt ,  and thei r m ean contribut ion to the total n u mber of shoots produced by the 



Fig 3.9 REG ROWTH SITES OF A SU LLA PLANT. 
(1 ) Primary stem; (1 a) Primary stem axi l la ry 
shoot ;  (2) Secondary stem; (2a) Secondary ste m  
axi l la ry shoot ; (3) Leaf scar ;  (4) Axi l lary bud ; 
(5) Leaf axil ; (6) Crown axil la ry shoot. 
(Drawing by Cal ly L. McKenzie, Massey Unive rs ity). 



Table 3 . 1 3  The orig in  of leaf axi l  buds on  regrowth sites, and reg rowth site 
characteristics in sul la ,  g razed at the early reproductive g rowth stage  (85 DAS) ,  
1 8  days after fi rst grazing .  Data meaned over a l l  i ntensities. 

Regrowth site characteristics 

Regrowth Shoot S hoot Leaf Pet io le Leaf 
Site Number Length Nu m ber Len gt h  Area 

( m m) ( m m) (cm2) 

P ri mary 1 .2 8 .6  4 .9  1 0 1 .9 85.3 
Stem 

Secondary 2. 3 5 .7 6 . 6  54.2 60 .8  
Stem 

Crown 2 .8  1 9 . 9  8 . 1  92.9 1 1 4. 8  

LSD0 05 1 .0 9 .7  N S  26.3 N S  

Table 3. 1 4  The orig in  of leaf axil buds o n  reg rowth sites, and regrowth site 
characteristics in sul la, g razed at the late reproductive g rowth stage ( 1 06 DAS) , 
48 days after  fi rst g razing .  Data meaned over al l  i nte nsit ies. 

Regrowth site characteristics 

Regrowth Shoot Shoot Leaf Petio le Leaf 
S ite Nu mber Length Number  Length Area 

(mm)  (mm)  (cm2) 

P ri mary 0 .2 5.3 0 .7 1 2 .5  2 .2 
Stem 

Secondary 1 . 1 7 .9  3 .6  33 .6  1 6 .2  
Stem 

C rown 7.6 27.6 26.4 1 37.4 1 90 .7  

LSDo.o5 1 .4 1 0.5 5.0 23.0 33.8 
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plant was on ly  0 . 7 .  

3.3.1 2.2 SHOOT L ENGTH 

Shoot lengt h ,  used as an i ndicator of extens ion rate,  at the regrowt h  s ites was 

s ig n ificantl y  ( p<0. 0 1 ) different between  the reg rowth sites i n  the p lants harvested 

at 1 8  DAG from the ERGS plots . The crown shoots exte nded to 1 9 . 9  m m ,  more 

than twice the l ength of the p rimary stem and secondary stem (s) shoots i n  the 1 8  

days of reg rowth .  Shoots arising  on  the pri mary ste m and secondary stem (s) were 

not s ign ificant ly diffe rent and meaned at 7 .2  m m .  

The shoot l ength fo l lowed a s im i lar trend i n  the p lants harvested at 4 8  DAG 

i n  the  LRGS plots.  The crown shoot le ngth measured 27 .6  m m ,  more than fou r  

t imes t h e  l ength o f  the p ri mary stem o r  secondary ste m(s) shoots . The 

comparatively g reater crown shoot le ngth in the ERGS and LRGS i ndicated a faster 

extension rate of the crown shoots . 

3.3.1 2.3 LEAF N U M BER 

The number  of leaves arisi n g  fro m the new shoots over al l the reg rowth sites 

did not d iffer s ign ificantly i n  the p lants harvested i n  the ERGS plots at 1 8  DAG .  The 

total leaf n umber over al l the reg rowth sites was 1 9 .6  per plant .  However,  there was 

a sig n ificant difference i n  leaf number amo ngst the regrowth s ites i n  t he  p lants 

harvested at 48 DAG from the LRGS plots. The crown shoots accounted for 86% 

of the total leaves produced by the plant .  The contribut ion from the primary stem 

and secondary stem (s) was marg i nal ,  with a total of four  leaves. 

3.3.1 2.4 PETIOLE LENGTH 

The petio le  length ,  in the p lants harvested at 1 8  DAG fro m the ERGS p lots, did 

n ot d iffer s ig n ificant ly between the pri mary stem shoots and crown shoots.  The 

secondary stem pet io le length was 54 m m ,  abo ut half the length of the pri mary stem 

s hoots or crown shoots . In  the p lants harvested at 48 DAG from the LRGS plots, 

the  l ength of the petio le  of shoots aris i ng  on the crown was six t i mes g reater than 

that in the pr imary stem and seco ndary ste m(s)  shoots. Howeve r, the pet io le  l ength 

on the p ri mary stem and secondary stem(s) shoots d id not differ  s ign if icant ly .  
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3.3.1 2.5 L EAF AREA 

At 1 8  DAG ,  the mean total leaf area per plant i n  the  ERGS p lots was 260 .9  cm2 . 

Leaf area on  the primary stem,  secondary ste m(s) and crown shoots were not 

s ign if icantly ( p=0.06)  different .  Neve rtheless, t he crown shoots produced 1 1 4.8 cm2 

leaf area, which was approximate ly  one  and half  t i mes the l eaf area produced by 

the primary or  secondary stem (s)  shoots. The total leaf area on the plants in the 

LRGS p lots harvested at 48 DAG was 209 . 1  cm
2
. The crown shoots accounted for 

9 1  % of the total l eaf area produced i n  the 48 days of reg rowth .  The pri mary stem 

and secondary stem (s) shoots co ntributed marg i nal l y  to the total l eaf area o n  the  

p lant .  

3.4 DISCUSSION 

3.4.1 Herbage production .  

The annual herbage product ion  of  su l la cv . Necto n  ranged between 1 0000-

20000 kg OM ha,1 over the g raz ing m anageme nt t reatments, which was s im i lar to 

the 1 2000 - 1 9000 kg OM ha,1 for cv . Aokau repo rted u nder cutti n g  (Douglas ,  1 984 ;  

Doug las & Foote, 1 985 ; Rys et aI . ,  1 988) ,  but h igher  than  the 7000-9000 kg OM ha,1 

for cv . G ri m ald i  reported i n  sout hern Italy u nder i rrigat io n (Corleto & Mag in i ,  1 985) . 

Su l la  g rew throughout the year with h i gh  summer  herbage accu mu lat ion  rates and 

re l atively lower rates in wi nter, and showed co nsiderable autum n-wi nter act iv ity 

u nder the m i ld wi nter condit ions experi enced i n  the Manawatu .  

The annual h erbage product ion was unaffected by  the g razi ng i ntensity 

treatments i mposed. These fi nd ings we re s im i lar to those of Rys et aI. , 1 988, who 

fou nd that cutti ng  su l la  at frequent ( 5- 1 0% f lowe ring )  o r  i nfrequent (70-80% 

floweri ng)  i ntervals ,  at 3 or 1 0  cm cutt i ng  heig ht ,  did not affect the herbage 

production i n  the f i rst year. The reduct ion  i n  herbage accu mulati on  i n  the ERGS,  

fo l l owing the g razin g  at the  end of  May, was probably affected either by  g rowth 

stage or by g razi n g  i n  late autu m n  or a combi nat ion of both . The experi mental 

des ign  did n ot a l low for the possible effects of late autumn g raz ing  o n  p lant  density 

to be determi ned. Nevertheless, the  sharp decrease i n  plant density and the 

consequent decrease i n  herbage accum u lat ion rate in the ERGS treatment g razed 

in  late May suggested that g razi n g  i n  late autumn  shou ld be avo ided . 
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3.4.2 Plant density, plant s ize and their  relationsh i p. 

As g raz ing  studies i n  su l la are scarce and l itt le emphasis o n  its study u nder  

g raz i ng  is  g iven overseas , whenever l iteratu re i s  lackin g ,  l ucerne or  other crown 

form ing  forage reg umes p rovide a basis of  comparison .  

The  decl i ne  i n  plant de nsity with an  i ncrease i n  p lant size was consistent with 

other  pere n n ial forage legu mes l i ke lucerne ( Pa lmer & Wynn-Wi l l iams, 1 976;  Leach ,  

1 979;  Enguita, 1 989 ;  Smith e t  aI . ,  1 989) ,  red clover ( H ay & Ryan,  1 989) ,  sain fo i n  

(Mowrey & Matches, 1 99 1 ) ,  and conformed t o  the observat ions made b y  Rys e t  a ! .  

( 1 988) i n  su l la g rown i n  the Hawke's Bay . The facto r  t hat had the severest effect 

o n  p lant density was the late autum n  g razi n g ,  whereas the i nte ract ion  between 

severe g razi ng and late autum n  g raz ing  had the g reatest effect o n  p l ant size. 

The l ower plant density in the E RGS t reatment ,  at the conclus ion of the t ri al 

i n  late spri ng ,  was n ot com pensated fo r by an i ncrease i n  plant size relative to  

p lants i n  t reatment LRG S, suggest i n g  that the  maxi mum plant s ize for the  

management condit ions i mposed had been attai ned .  Therefore ,  g razi ng  i n  late 

autu m n ,  and particu larly severe g razi n g ,  decreased h erbage accu mu lat ion by 

decreasi n g  p lant  density be low the po i nt that cou ld be compensated for by an 

i ncrease i n  p lant size. P resu mably ,  p lants d ie  du ri ng  the wet autu mn condit ions from 

possib le t read ing  damage to  g rowing  poi n ts (Edmund,  1 96 6 ;  B rown & Evans, 1 973 ; 

S mal lf ie ld,  1 982), lack of carbohydrate reserves (Grabe r et ai . ,  1 927 ;  G randfie ld ,  

1 935;  Smith ,  1 962 ;  White & Lucas ,  1 989 ) ,  i nsuff ic ient act ive leaf area (Keoghan ,  

1 967;  Robi nson & Massengale ,  1 968) or  disease (Carr, 1 97 1 ; Close & Sanderso n ,  

1 977; Rys et a i . , 1 988) . 

The log plant weight/density re lat ionsh ip  (See F ig  3 .6 )  at the e nd of the 

experi ment demonstrated the effect of severi ty of g razi ng pri mari l y  in the late 

autum n  at an i mmatu re g rowth stage (ERGS) ,  on  the reduction  of  herbage 

accum ulatio n  i n  the subsequent spri ng .  P lants subjected to severe g raz ing  at the 

ERGS i n  late autum n  were u nable to  com pensate for t he decl i ne  in  p lant density 

with an i ncrease in p lant weight ,  whereas t hose i n  the less severe g razi n g  t reatment 

were able to compensate u nder si m i lar plant densit ies. Thus ,  p lants i n  the less 

severe g razi ng  treatment showed a g reater phenotypic compensat ion abi l ity. I n  

co ntrast p lants i n  the LRGS treatment ,  where l ate autu m n  g razi ng did not occur 
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u nder the l ess frequent g razing  manag e me nt ,  had g reater plant dens ity compared 

to the ERGS t reatment. Compensat ion i n  t he  LRGS t reatme nt was evident, althou g h  

p lants g razed at either severity fol l ow ing  g razing  at a m ore mature g rowth stage 

( LRGS) s howed smal ler  differences in  e i ther  plant weig ht or density. 

Plants that surv ived complete defo l iation  in the severe g razi n g  t reatment ,  

especial ly i n  late autumn at an i m mature g rowth stage ,  p resum ably contained 

i nsufficient preaccumu lated reserves of nonstructu ral carbohydrate. Furthermore, the 

coo l ,  c loudy, wet weather and low soi l  temperatu res (See Table 3 . 3) ,  and reduced 

i ntensity of i ncom i ng photosynthetical l y  active radiat ion ( PAR) i n  winter, did not 

favour recovery g rowth. U nder such envi ro n mental co ndit ions  bui ld u p  of leaf area 

was d im i n ished,  lead i ng to lower herbage accu mu lat ion rates and subsequent 

reduct ion i n  h e rbage accum ulat ion i n  spri n g .  The co ntribut ion of p reaccumulated 

nonstructu ral carbohydrate reserves to recovery growth has been demonstrated i n  

other crown fo rm i ng  plants l ike lucerne ( Hodgki nson ,  1 969 ) .  

3.4.3 Changes i n  leaf-to-stem mass ratio.  

Sul la h as the abi l ity to carry large quant i t ies of he rbage th ro ug h  summer, 

wit hout apparent v isual deteriorat ion of he rbage .  As sul la advanced i n  m atu rity, the 

stem material i ncreased and the leaf-to-stem mass rat io ( LSR) decreased. The 

decrease in LSR is a major factor contribut ing to the low qual ity herbag e  i n  forages 

( Nicol & Barry , 1 980 ; Oustad & Fick, 1 983 ) .  A narrow LSR i n  the LRGS t reatment 

at 365 DAS i ndicated a large contributi on  of ste m material to the total herbage 

accumulated , whereas it was large ly leaf material i n  t he ERGS treatme nt .  An in vitro 

d igest ib i l ity analysis of herbage co mpone nts at the late reproductive g rowth stage 

ranged fro m  60-85%, with stems less d igestib le than leaves ( See Table 3 . 1 0 ) .  The 

LSR in th is t rial was h i g her than those repo rted by Doug las ( 1 984) at com parable 

g rowth stages. The reg rowth LSR was less t han that when the forage was f irst 

g razed,  suggest i ng  a possible morpholog ical adaptat ion to g razi ng (Jameson ,  1 963 ;  

B riske, 1 986) .  

The LSR of spring  g rowth  i n  l uce rne is  frequent ly less than that of the 

reg rowth he rbage at the same morpholog ical stage (Onstad & Fick, 1 983) .  Th is may 

be attributed to : d ifferences i n  tem perature and daylength patte rns (Van Soest et 
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a I . ,  1 978) ;  ong ln  of stem ,  which comes fro m  crown buds i n  spri ng  g rowth ,  i n  

contrast t o  mostly axi l lary basal buds i n  reg rowth (Ne lson & S mith , 1 968a) ; o r  

effects of  a larger  water deficit duri ng  sum mer compared t o  spri ng  (Voug h & 

Marten ,  1 97 1 ) .  

3.4.4 Weed infestation. 

The u n avai lab i l ity of a suitable postemerge nce selective he rbicide for su"a 

caused severe weed infestation at the establ ishment phase ,  and consequent ly led 

to h ig h weed content i n  the he rbage sam pled, wh ich was accentuated by a 

decrease i n  p lant density. The g raz i ng  management treatme nts did not affect weed 

i nfestation .  Manual weed ing  was i neffective i n  keepi ng  weeds under contro l .  The 

weeds were predomi nantly black n i ghtshade ( So/anum nigrum) and dock (Rumex 

spp) .  Rys et aI . ,  ( 1 988) reported s im i lar  problems i n  su l la sown i n  the Hawke's Bay. 

Weed control at the estab l ishment phase was identified as critical ; a su itable 

herbicide was used in subsequent studies (See Chapter 5) . 

3.4.5 Eff ic iency of g razing.  

Su l la  was readi ly eaten by s heep,  and the i r  pattern of  defol iat ion was f lowers 

(almost a l l  eaten )  fo l lowed by leaves and stems. The percent uti l isation  was h ig her 

in  the severe g razing  than i n  the less severe g razi ng management i n  the two g rowth 

stages, and ranged from 71 -86% of the total herbage accu mu lated being consumed. 

Consu mpt ion of herbage and its co m ponents was h igher  in the LRGS treatment 

than i n  t he  E RG S  t reatment. This was related to the differences i n  total herbage 

accu mulated and the si m i lar g razi n g  i nte nsit ies i m posed . The total herbage 

produced in the LRGS treatment was h ig her  than in the ERG S  treatment, and the 

need to ma intain s im i lar herbage mass after each g razi ng i n  both the g rowth stages 

led to a g reater removal of herbage by sheep in the LRGS treat ment ,  resulti n g  i n  

h igher  herbage consu mption .  Weeds were poorly ut i l ised , as the p redomi nant weed 

black n ig htsh ade was avoided by sheep,  w hereas other  weeds l i ke dock and fathen 

were eaten .  
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3.4.6 Orig i ns of regrowth in  sul la .  

The regrowth in sul l a  was predom inant ly from the l eaf axi ls or scars located o n  

the crown .  This was i n  accordance with other crown forming p lants l ike l ucerne 

(Langer  & Keoghan,  1 970;  Leach , 1 970a) , sai nfo in ( Pe rcival & McQueen,  1 980) and 

red clover ( Fergus & Hol lowe l l ,  1 960) ,  but was in  cont rast to b i rdsfoot trefoi l ,  where 

the regrowth largely arises f ro m  axi l lary buds at the  u pper  ends of the cut s ho ots 

( Nelson & Smith ,  1 968a) . Contribution  of new shoots o n  the pr imary ste m  and 

secondary stem(s)  to reg ro wth was marg i nal .  My study was i n  contrast to  Watson 

( 1 982) ,  who clai med that reg rowth i n  su l la  o ri g i nated pri mari l y  from the axi l lary buds 

located on the stubble,  and Foote ( 1 988 ) ,  who recomme nded a g razi ng  heig ht n ot 

l ower than 1 5  cm to ensu re satisfactory reg rowth f rom the remain i ng  axi l lary buds,  

as overg raz ing enhanced p lant mortal ity. 

At the early stages of reg rowth in su I /a , shoots aris ing from the crown were 

com paratively greater i n  nu mber than those from the other reg rowth sites. This  

t re nd appeared to cont inue to  the  l ater stages o f  regrowth ,  where the  v igorous 

crown shoots dom inated g rowt h  and extensi on .  S i mi lar f i nd i ngs were reported i n  

lucerne ,  where shoots closer to the crown were more v igorous when compared to 

shoots on the stubb le ,  the latter which were found to be sl ower i n  development and 

e xtens ion (Wi l lard et aI . ,  1 934 ; Leach ,  1 968) . In these stud ies , sheep selectively 

g razed leaves as reported also by Arnold ( 1 960) and Rys et al . ( 1 988) , and the  

re main i ng stubble subsequently died .  Th is  excluded the possib le contri bution  to 

regrowth of new shoots located on  the pri mary and secondary stem (s) .  

3.4.7 Persistence problems. 

As the trial was plan ned to run on l y  fo r a year, plant density was no longer  

m easu red after the f ina l  g razing  in  late spri ng .  However, the rapid decl i ne in  p lant 

n umbers suggested poor pers istence of su l la .  Visual observations after the f i nal 

g raz i ng  in late spri ng  i ndicated sparse recove ry,  and iso lated recovered plants 

s ubsequently died. 
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3.4.8 Conclusions and further research. 

1 .  Su l la  has the potential to p rovide large quantit ies ( 1 0000-20000 kg OM ha-1 ) of 

nonbloat i ng  forage ove r spri ng ,  summer  and autum n .  

2 .  I t  should be g razed between  t h e  late stem e longatio n  a n d  1 0% flowe rin g  g rowth 

stages. 

3. Severe g razi ng which removed most of  the herbage did not affect p lant regrowth 

potent ial ,  b ut gave maxim u m  percent uti l isation .  

4 .  Stu bble remain i n g  after g razing  subsequently died and  decayed. 

5.  Regrowth after  g razi ng was predom inantl y fro m  the crown regio n .  

6 .  G razi ng  i n  late autumn o r  wi nte r ki l led m a n y  p lants a n d  decreased h erbage 

accu mulat ion i n  spri ng .  

7.  The death  of su l la  plants g razed i n  late autum n-winter was identif ied as  a 

management p roblem and needed fu rther  study, particular ly as su l la  i s  a winter 

g row ing  species.  

8 .  Adequ ate chemical weed contro l  and the use of the reisolated rhizobia stra in  for 

the  successful establ ish ment of su l la  was envisaged i n  futu re t ria ls .  

9 .  Sul la appeared very short-l ived u nder the g razi ng  management treatments 

i m posed . 

1 0 . Effectively nodu lated plants need to be further eval uated u nder g razi n g  to 

determ ine the opti mum g razi ng  manage ment fo r herbage product ion and stand 

persistence. 



CHAPTER 4. THE R EGROWTH OF DEFOLIATED SU LLA (Hedysarum 

coronarium L.) cv. NECTON ;  A G RE ENHOUSE PHYSIOLOGICAL 

EVALUATION. 

4.1 I NTRODUCTION 
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The physio log ical pri nciples g ove rn ing the reg rowth of pere n n ial forages are 

appl icable both u nder cutti ng  and g raz i ng  (Van Keure n  & Matches, 1 988). 

Defo l iat io n  by cutt i ng  or g raz ing  phys ica l ly  re moves all or part of the photosynthetic 

t issue.  U nt i l  sufficient photosynthet ic t issue is produced to support g rowth ,  conti nued 

g rowth must come from carbon com pounds previously accum u lated in the p lant. 

This was p ri ncipal l y  i nferred from two studies .  F i rst ly, G raber et aI . ,  ( 1 927) i n  a 

widely quoted publ ication ,  fou nd that when  l ucerne p lants were p laced i n  darkness 

after defo l iation ,  top g rowth accounted fo r 1 7% of the o ri g i nal dry weight .  Secondly, 

the carbohydrate content of legu me roots fl uctuates ,  with a decrease after 

defo l iat io n  and subsequent i ncrease thereafter (Grandf ie ld,  1 935 ;  Smith ,  1 962) .  

Evidence to support th is view was reviewed by Wei nman n ( 1 948, 1 96 1 , )  and 

Dereg ibus et aI . ,  ( 1 982) .  However, several other researchers i nc lud ing May ( 1 960 ) ,  

quest ioned whether  a cause-effect re lat ionsh ip existed between deplet ion o f  taproot 

carbohyd rate reserves and shoot reg rowth .  H e  drew attent io n  to the role of 

carbohydrates i n  root resp i rat ion fo l l owi n g  the removal of leaves. Davidson & 

Mi lt horpe ( 1 965, 1 966) poi nted out t he  poss ib le use of other  m etabo l ites as 

respi ratory substrate fo l lowing  severe defo l iat io n  i n  g rasses, whereas Mitche l l  & 

Denne  ( 1 967) drew attent ion  to the poss ib le  l oss of absorb i ng  surfaces by the roots. 

Recent experi me nts by Richard & Caldwe l l  ( 1 985) i nvolv i n g  etio lat ion  of Agropyron 

spp,  supported the laboratory stud ies of Dav idson & M i lthorpe ( 1 966) and the 

review of May ( 1 960) .  Culvenor  et a I . ,  ( 1 989a) concluded i n  the i r  study of defo l iated 

subterranean clover swards that partit io n i ng of g rowth to l am ina and mobi l ization  of 

carbohyd rates and n itrogen were i mportant for the recovery fro m  defo l iat io n .  

Fu rther, i n  a concurrent study with t he  same sward , Cu lvernor  e t  aI . ,  ( 1 989) showed 

that root resp i rat ion comprised a large respi ratory cost of up to 75% of n et 

photosynthesis duri ng regrowth .  I n add it io n ,  othe r  studies on the role of 

carbohyd rate in re lat ion to stress to le rance i n l ucerne (Fankhauser et aI . ,  1 989 ; 
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Fankhauser & Volenec, 1 989; H abbe n & Volenec, 1 990 ; Vo lenec et aI . ,  1 99 1 ; Boyce 

& Volen ec, 1 992) ,  suggest that h i gh  taproot starch concentrations  may be i mportant 

for to lerance of specific env i ro n mental st resses , but b road applicab i l ity of th is 

concept to e ncom pass al l  stresses, i ncludi ng  defo l iat ion ,  we re not consistent  i n  thei r 

studies.  

In New Zealand, the role  of reserves i n  the recovery of ryegrass/wh ite clover 

swards after defo l iat ion is not considered s i gnif icant, but it is unequ ivocally  

acknowledged to be a recog n ised factor i n  the management of lucerne pastures 

(Langer  & Keog han,  1 970; Sheaffer et al . ,  1 988 ; White & Lucas, 1 990) .  

Leaf area is a widely recognized dete rm i nant of reg rowth fol lowin g  defol iat ion 

in a rang e  of p lant species (Watson ,  1 947 ; Donald & Black, 1 958;  Brown & Blaser, 

1 968) ,  and the basic concepts h ave been extended to pastu re g rasses and legumes 

(B rougham,  1 956;  Davidson & Donald, 1 958) .  Howeve r, even in an erect g rowing  

species l ike lucerne there have been  conf l ict i ng  v iews of  the i m portance o f  residual 

leaf area after  defo l iation .  It is considered as of l itt le  value in some situations 

(B rown et aI . ,  1 966 ; Leach , 1 969 ;  Langer & Keoghan , 1 970) ,  but in othe rs it has 

i nfluenced the rate of regrowth ( Langer & Stei nke , 1 965 ;  Sm ith & Nelso n ,  1 967;  

Hodgki nson et  aI . ,  1 972) , possib ly because photosynthet ic rates of residual leaves 

rejuvenate when exposed to fu l l  day l ight  just after cutt i ng  (Hodgki nso n ,  1 974) . 

Thus,  a knowledge of the accumu lat ion and use of reserve carbohydrate,  and 

the  ro le of residual leaf area fo l lowi ng  defol iatio n ,  i s  fundamental to the  

u nderstandin g  o f  management responses i n  pe re nn ia l legu mes.  The extrapolat ion 

of the responses of one species may not always be used to explai n those of 

another species (Smith ,  1 962) .  Although su l la is wide ly  used in  the Mediterranean 

cou nt ries such as southern Italy for hay and s i lage ,  and to a lesser extent in New 

Zealand,  i nformatio n  on  its physio logical response to defo l iation is  lacki ng .  This 

study i nvest igated the effects of plant g rowth  stage at f i rst defol iation and defo l iat i on  

i ntens ity o n  the phYSiological response of su l l a  over the  fi rst regrowth cycle ,  i n  t he  

absence of confou nding factors such as selective g raz i ng ,  t read ing and  excreti o n  

i mposed b y  t h e  g razing  an imal .  



4.2 MATERIAL AND METHODS 

4.2.1 SITE I NFOR MATION 
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A g reenhouse t rial was conducted fro m  August 1 989 to February 1 990  at the 

Massey U niversity P lant G rowth U nit (See plate 4. 1 ) . Top so i l  from the pre l im inary 

f ie ld t rial was thorough ly mixed with pumice i n  a concrete m ixer in the ratio of 1 : 1 

and i ncorporated with a com plete ferti l iser (Hanan et a/ . ,  1 978) .  The soi l m ixture 

was packed i n  400 polythene bags measuri ng  1 80 x 360 m m ,  arranged i n  rows on 

the g reenhouse floor i n  fou r  sectio ns .  A timed t rickle i rrigation  system was set out 

to del iver water i nto i ndividual bags via tubes to f ie ld capacity twice dai ly .  A soi l  

d rench Previcu r N a. i  propamocarb [propyl 3-(d im et hylamino)  p ropylcarbamate], a 

syste mic fungicide, at 250-300 m l  i n  1 0-20 l itres of water per cubic metre of soi l 

m ixture ,  was used as a preventive measure for t he  control of damping off (Phythium 

spp) and root rot (Phytophora spp) .  Approximately 1 0  seeds were sown per  bag o n  

the 28 August, 1 989 , and on the 1 1  October 1 989 seedl ings were th inned t o  al low 

fou r  plants per bag . About a week later the p lants were i noculated with the 

reisolated Rhizobium strain ICMP 1 01 49 ,  by d renchi ng the so i l  with l iquid cu ltu re 

contai ni ng the rhizobia. The maximum and m i n i m u m  temperatu res, and relative 

h u midity in the g reenhouse were recorded by a hydrothermog raph ,  p laced i n  an 

asp i rated wooden  box about 50 cm above the floor (See plate 4 .2) . At the start of 

the experi ment 1 600 healthy effectively nodu lated sul la plants were establ ished 

(See plates 4.3a & b) .  A total of 240 bags contain i ng 4 u niform plants/bag were 

selected ,  and the remai n ing  bags were retain ed as replacements. The polythene 

bags were closely arranged at 1 57 p lants m-2, so as to s imulate near sward 

condit ions (Ch ristie & Keoghan ,  1 979) (See p late 4 .4) .  



Plate 4.1 General view of g reehouse nO.3 located at Massey University 
Plant G rowth Un it. 



Plate 4.2 Hydrothermog raph enclosed in an aspirated wooden box. 



Plates 4.3 a & b Hedysarum coronarium L. effectively n odulated by 
Rhizobium stra in  leMP 1 01 49 



Plate 4.4 Simulated sul la sward actively g rowing in greenhou se 
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4.2.2 D ESIGN AND TREATM E NTS 

The experi mental des ign  was a randomised com plete block with 1 2  

treatments repl icated 1 6  ti mes (4  i nternal and 4 external rep l icates) .  See appendix 

4. 1 for experi mental layout i n  the g reenhouse . The factors and the ir  comb inations 

i n  the experimental design are p resented i n  Tabl e  4 . 1 .  

The t reatments were a fu l l  factorial comb i nat ion of t h ree g rowth stages at f i rst 

defo l iatio n  and four  defol iati on  i ntensities. The g rowt h  stage t reatments were late 

vegetative (75 DAS), m idstem e longat ion (85 DAS) and early floweri ng  ( 1 05 DAS) . 

The late vegetative (LV) g rowth stage was defi ned as when  the plants were at the 

com me ncement of stem e longat ion (See plate 4 .5 ) ,  the m idstem elongation (MSE) 

g rowth stage  as when the plants were between  mid and late stem e longation (See 

p late 4 .6 )  and the early flowe rin g  ( E F) stage as when the fi rst flowers appeared 

(See p late 4.7) .  

Cutt ing  he ights imposed we re 1 ,  7,  1 5  and 30 cm and a g raduated rod was 

used to measu re and cut t he  p lants from so i l  leve l .  Leaf area retai ned i n  each 

cutti n g  treatment was est imated by the difference between the total l eaf area at 

destru ctive harvest and the area re moved i n  each cutt i n g  he ight treat ment .  It was 

ensu red that shoots were pu l led u prig ht at cutt i ng ,  to mai ntain u n iformity i n  

defo l iatio n .  The cutt ing  treatments we re fi rst imposed i n  the LV treatment on 8 

N ovem ber,  the MSE treatment o n  2 1  N ovember and i n  the EF treatment on  8 

Dece m ber  1 989, and the t reatme nts were randomly al located. A p retreatment 

destructive harvest provided a common starti ng point in  the analysis of the 1 2  

treat me nts . The defol iated p lants we re then al lowed to reg row and four  destructive 

harvests were carried out on days 1 4, 25,  40 and 60 after  defo l iat io n .  A destructive 

harvest schedule is presented i n  Table 4 . 2 .  



- - - --------------------- -- -- --

Table 4 . 1  Summary of the treatments i m posed o n  g reenhouse grown sul la .  

Est imated residual leaf 
G rowth stage Plant he ightt Cutti ng he ight area/plant i n  each cutt ing  

at defo l iat io n  (cm )  treatment 
(cm)  (cm2) 

Late vegetative 1 0 
(LV) 75 DAS§ 52 ± 7 7 52 

1 5  230 
30 392 

Midstem elongation 72 ± 1 0  1 0 
(MSE)  85 DAS 7 45 

1 5  220 
30 458 

Early Floweri n g  84  ± 1 8  0 
(EF) 1 05 DAS 7 53 

1 5  290 
30 500 

t Plant he ight was measured from soi l  level to length of the fu l ly  extended leaf. 
§ Days after sowing.  

Factorial 
combination 

LV- 1  
LV-7 
LV- 1 5 
LV-30 

MSE-1 
MSE-7 
MSE-1 5 
MSE-30 

EF- 1  
EF-7 
E F- 1 5 
E F-30 



Plate 4.5 Sulla plants at the late vegetative growth stage 



Plate 4.6 Sul la plants at the midstem e longation growth stage 



Plate 4.7 Sul la plants at the ear ly f lowering growth stage 
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Table 4 .2  Defol iat ion date and destructive harvest schedu le  of  green house g rown 
su l la. 

Harvest Late Midstem E arly 
N u m ber  DADt Vegetative E longat ion Floweri ng 

( LV) ( MSE) ( EF) 

0 0 08/1 1 /89 2 1 / 1 1 /89 08/1 2/89 

1 1 4  25/1 1 /89 07/1 2/89 27/1 2/89 

2 25 06/1 2/89 1 8/1 2/89 07/0 1 190 

3 40 21 / 1 2/89 03/0 1 /90 22/0 1 /90 

4 60 1 0/0 1 /90 23/0 1 /90 1 1 /02/90§ 

tDays after defo l iat ion .  
§Destructive harvest was not carried out due  to  aph id i nfestat ion and damage 

to plants . 
Day 0 - P retreatment harvest as a com mo n  start ing poi nt .  

4.2.3 M EASU REMENTS 

At the p retreatment destructive harvest (day 0 ) ,  one  bag contai n i ng fou r  

p lants was rem oved from each external repl icate. The total nu mber o f  leaves was 

cou nted and recorded.  The plants from each bag were then cut at the so i l  level and 

the leaf and ste m  ( i ncluding the crown) fract ions were separated. Area of  leaves 

i ncludi ng  pet io le was measu red us ing a L I -COR Mode l 3 1 00 area meter. Fol lowin g  

t h e  leaf area measu rement, the leaf and ste m  fract ions were bulked and weig hed. 

S u bsequently the bu lked stem and leaves were dried in a forced-ai r oven at 70-

75°C for 24 hours ,  and we ig hed for DW dete rminat ion .  Roots for OW dete rminat ion 

were carefu l l y  washed on a s ieve (2 mm mesh size ) ,  and t he soi l attached to the 

roots was rem oved . Al l except the fi nest roots were extracted . A fresh root 

subsample was taken,  fi ne ly chopped and sto red at -4°C in  label led plastic  

containers for starch dete rmi nat ion at a later date. The remai n i ng roots were 

weig hed and then oven dried .  S im i lar m easurements were carried out at each 

dest ructive harvest. Dead tissue was not i ncl uded in the d ry weight measu rements. 



92 

Starch Determination 

The fresh root subsamples were freeze dried fo r 72 hou rs at 0 . 1 mm Hg  

vacuu m  pressu re at - 1 5°C, g round i n  a hammer m i l l  t o  pass through  a 0 .5  mm 

mesh,  and stored i n  sealed vials at -4°C .  The  subsamples were later  analyzed i n  

the laboratory for starch , usi ng a modif ied method described b y  Haslemore & 

Roughan ( 1 978) . Soluble sugars (mono- and disaccharides) were removed from the 

taproot tissue,  by extract ing g round samp les ( 1 00 mg) i n  1 0  mL of  625 mM L-1 

methanol at 55°C for 20 m i n  and with two further extract ions i n  1 0  mL pure 

methanol  at 1 00°C. The methanol  extracted residue was boi led i n  4 m L  deion ised 

water for 60 m i n  at 1 000e to ge lat in ise the starch . Two (2) mL of 250 mM L-1 

sodiu m  acetate (pH 4 .5 )  was the n added to the samples. Ol igo- and 

polysaccharides i n  samples were hydro lysed,  by i ncubati ng  t issues at 55°C for 60 

m i n  usi ng 70 e nzym e  un its of a h ig h ly potent amyloglucosidase from Aspergillus 

niger (Product no .  1 02857, Boehri nger Man nhe im ,  Auckland) .  The free g lucose i n  

the starch hydro lysate was further dete rmi ned by the g lucose oxidase technique 

( Kiburn & Tay lor, 1 969) .  Subsamples were dupl icated in the analysis .  Starch 

conce nt rat ion i n  the root tissue is reported as mg starch i n  1 00 mg of root OW planr 

1 .  Quantity of starch (g p lanr1 ) was calcu lated as the product of  root OW and 

concentrat ion of  starch . See appe ndix 4 .2  fo r a detai led descri pt ion of  the techn ique 

u sed i n  the starch determ inat ion .  

Starch analysis was carried out for  four  harvests on ly ,  i nc lud ing the 

p retreatment harvest. Root samples at day 60 harvests i n  the LV and MSE g rowth  

stages and  day 40 h arvest i n  t he  E F  growt h  stage we re not analyzed , as samples 

decayed in cool storage .  

Growth Analysis 

A 'classical ' o r  i nterval g rowth analysis approach was taken and the mean 

rel ative g rowt h  rate (RGR) ,  mean un it l eaf rate ( ULR) ,  and mean leaf area rat io 

( LAR) were calculated (Radford ,  1 967 ;  H u nt ,  1 978;  Evans,  1 982 ; C h iarie l lo  et aI . ,  

1 989) us ing  the comb i ned top and root DW,  l eaf area and the fo l lowin g  equations : 



Mean RGR = 

Mean ULR = 

Mean LAR = 

Where :  

2 

A1 = i n it ial leaf area (cm2) 

A2 = f inal leaf area (cm2) 

W1 = i n it ial plant weig ht (g)  

W2 = fi nal p lant weight (g )  

t1 = i n it ial t ime (days) 

t2 = fi nal t ime (days) 

For the  val id ity of the appl icat ion of the above form u lae the fo l lowi ng 

assumpt ions were used (Radford, 1 967) : 

1 .  I n  the RG R calcu lat ions it was assu med the W varied without 

d isconti nu ity throug hout the period t1 and t2. 

2 .  The re lat ionship between W and A was determined g raph ical ly  and 

found to be l i near (See appendix 4 .3 ) .  

3 .  LAR was assumed to  be l i nearly re lated with t ime . 

Aphid Damage 

93 

Severe aphid i nfestat ion ,  p rio r  to the fi nal harvest in the EF g rowth stage  

t reatment ,  caused plants to  become stu nted and shrivel led. I nvest igat ions revealed 

that the aph ids responsible for the damage were the g reen aph id  (Acyrthosiphon 

pisum) and bl ack aphid (Aphis craccivora) . Co nsequently the fi n al harvest in the E F  

t reatment was discarded. 
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4.2.4 STATISTICAL ANALYSIS 

A nalysis of variance (ANOVA) was conducted , using  the Statistical Analysis 

Syste m  General Li near Model (G LM) procedu res gu ide (Steel & Torrie, 1 98 1 ; SAS, 

1 989) ,  on data in al l  destructive harvests , and the discarded f inal harvest in the EF 

treatments was t reated as miss ing data. A variance h o mogeneity test (Wi ner ,  1 97 1  ; 

Steel  & Torrie ,  1 981 ) ,  conducted on  the pre l im i nary A NOVA, was declared 

s ign if icant at the 0 .05 level of probab i l ity i n  al l the variables studied, except t hose 

pertain i ng  to g rowth analysis, suggest ing heterogeneity of error variance. 

Consequent ly the data was natural logarithm ( loge) t ransformed and reanalysed to 

stab i l ise the variance (Bartlett , 1 947;  Box & Cox, 1 964;  F i n ney,  1 989).  Whereve r 

needed, a value of 1 .0 was added to the raw data to avoid negat ive values i n  the 

ANOVA. Treat ment means were compared us ing the F isher's  protected least 

s ign ificant d i fference (LSD)  procedu re (Carme r & Walker, 1 985) .  Un less otherwise 

stated the 0 . 05 level of probabi l ity was used to determi ne d i ffe rences. The results 

are reported as back transfo rmed geo metric means on a per plant basis. 

4.3 R ESULTS 

4.3.1 G RE ENHOUSE CLI MATE 

Over the period of the experi ment fro m 28 Aug ust 1 989 to 1 1  February 1 990,  

hydroth ermograph readi ngs esti mated the mean min i m u m  and max imum 

tem peratures i n  the gree n house to be  1 3 .4 and 25°C respectively.  The re lative 

h u midity ranged between 36-80% and was re lated to wateri ng  procedu res i n  the 

remai nder of the g reen house. 

4.3.2 LEAF N U M B ER 

There were no s ign ificant (P>0.05) i nte ract ions between p lant growt h  stage 

at defol iati on  x defo l iat ion i ntensity x sampl i ng date on any of the parameters 

measu red. However, there were fi rst o rder i nte ract ions and mai n effects, and these 

are d iscussed wherever s ign ificant .  

Over g rowth stages and defol iat ion i ntensit ies, there was a sig n ificant 

( p<0.0 0 1 ) effect of sampl ing date on the nu mber of leaves pe r p lant (Fig 4 . 1 ) . The re 

was a reduct ion i n  l eaf number  at day 1 4  and an i ncrease thereafter. 
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Fig 4. 1 The effect of reg rowt h  period on the leaf number i n  sul la. Data meaned 
over g rowt h  stages and defo l iat ion  i ntensities. Means with i n  a g iven t ime i nterval 
and with the same lette r are not sig n ificant ly different at t he  P<O.05 confidence 
level . 
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Meaned over sampl ing dates and defol iation intensit ies, there was a 

s ign ificant ( P<0 .00 1 ) effect of g rowth stage on  leaf numbe r. P lants i n  the LV 

t reatment produced approximatel y  1 3% less leaves than i n  t he  MSE and EF 

t reatments ( Fig  4 .2 ) .  The leaf numbe r  i n  t he  MSE and  EF treatment did not d i ffer 

and ave raged 2 1  leaves. 

Across g rowth stages and sampl ing dates, there was a s ign ificant (P<0.001 ) 

diffe rence i n  leaf number between the cutt ing he ight t reatments (Fig 4.3) .  Plants i n  

t h e  1 cm treatment produced 29% less leaves than in  the  7 ,  1 5  and 30 cm 

treatments. H owever, there were no Sig nificant differences betwee n  the 7,  1 5  and 

30 cm cutt ing he ights, which ave raged 22.0 leaves.  
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Fig 4.2 The effect of plant g rowth stage at defol iation  on the n um ber of leaves i n  
sul la .  Data m eaned ove r  defol iation  i nte nsities and sampl i ng  dates. Bars with the 
same letter are not  sign ificantly different at the 0 .05 level  of p robabi l ity. 
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Fig 4 .3 The effect of defo l iat ion i ntensity on the number of leaves in su l la. Data 
meaned ove r g rowth stages and sampl i ng dates. Bars with same letter are not 
s ign i ficantly d i ffere nt at the 0 .05 level of pro babi l ity. 
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4.3.3 LEAF AREA 

Averaged across g rowth stages, there was a s ign ificant ( P<0.001 ) i nteraction 

between defo l iation i ntensity x sampl i n g  date for l eaf area per  p lant. C uttin g  the 

p lants to a range of he ig hts resulted in  un i fo rm defol iat ion  treatments d i fferi ng  

dist inctly i n  leaf area ( Fig  4 .4) .  P lants i n  the 1 cm treatment were com pletely 

defo l iated ,  whereas those i n  the 7, 1 5  and 30 cm were partial ly defol iated retain i ng 

1200 

300 

C 

b 
a 

c 

b 
b 

a 
10 20 

b 

b 
b 

30 

days after defol iation 

b 

a 

40 50 

cutting height (cm) - 1 ......-. 7 ......... 15 __ 30 

b 

ab 

60 

Fig 4 .4  The effect of defo l iat ion i ntens ity o n  the leaf area i n  su l la, over 60 days of 
reg rowth .  Data meaned over growth stages. Means with in  a g iven ti me i nterval 
and with the same letter are not s ign ificantly d iffe rent at the P <0 .05 confidence 
level . Day 0 values are estimated residual leaf area i n  each cutti ng treat ment .  

84, 1 80 and 4 1 5 cm2 residual leaf area respectively. P lants in the complete and 

partial ly defo l iated treatments reg rew g radual ly with an i ncrease in leaf area. At day 

60 ,  leaf area i n  the completely defo l iated plants was 40% less than in the 1 5  and 
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30 cm treatments, but did not differ from that i n  the 7 cm t reatment. The n et 

increase i n  leaf area in the 1 ,  7, 1 5 and 30 cm treatment is 705, 752, 983 and 784 

cm2 respectively. The net herbage production in the 1 5  cm treatment was 32% 

g reater than in the other treatments. 

When averaged across sampl ing dates, there was a sig nificant (p<O. 00 1 ) 

i nteract ion between growth stage x defol iation intensity for leaf area. Leaf area 

production was d i rectly proportional to defol iation i ntensity, as i l lustrated by the 

response surface diagram (Fig 4.5) . Within the LV g rowth stage,  leaf area i n  1 ,  7 ,  

8 0 0  

6 0 0  

N • .::: 4 0 0  · .. 
.. • 

� 
· .!: 

EF 
2 0 0  

1 5  
cutting height (ca) 

Fig 4.5 Response su rface diag ram i l lustrating the effect of the interaction betwee n  
plant g rowth stage at defo l iat ion and defoliation intensity o n  leaf area. Data 
meaned over sampl i ng dates. 
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1 5  and 30 cm cutt ing t reatme nts d iffered sig n ificant ly .  H owever, with i n  the  MS E and 

E F  g rowth stages, the 7 and 1 5  cm treatments did not d i ffe r sig n if icant ly. Moreover, 

wit h i n  the 1 cm treatment, t he  MSE growth produced about 39% more leaf area 

than in the  LV and E F  g rowth stages. In addit ion ,  wit h i n  the  7 cm treatment ,  the 

MSE treatment accu mulated 59% g reater leaf area than i n  the E F  treatment,  but  d id 

not d iffer s ign if icantly from the LV growth stage .  Wit h i n  the 1 5  and 30 cm 

treatments, the LV growth stage accu mu lated g reate r leaf area than in the E F  

treatment, but d i d  not differ s ig n i ficantl y from that i n  t h e  MSE treatment .  The leaf 

area produced i n  the MSE treatment did not diffe r s ign i ficant ly from that in the E F  

treatment. 

4.3.4 SHOOT DRY WEIG HT 

Across defo l iat ion i ntensit ies, th ere was a s ign i ficant (p<0.0 1 )  i nteract ion 

between g rowth stage at defo l iation  x sampl ing  date in  the shoot OW per p lant .  The 

res idual shoot OW was d i rect ly  proportio nal to g rowth stage (Fig 4 .6) .  There was 

a s ign i ficant i ncrease in shoot OW i n  the LV t reatment ,  no change i n  the  MSE 

treatment and a s l i ght decrease i n  the EF treatment, in the early phase of regrowth .  

S ign i ficant i ncrease i n  shoot OW i n  t he  MSE and  EF treatme nts did not occur t i l l  25  

and  40  days respectively. The  net i ncrease i n  shoot OW i n  t he  LV and MSE 

treatments was 7 .7 and 8.4 g ,  respective ly .  

When meaned over g rowth stages, there was a s ign ificant ( p<0.001 ) 

i nteract ion between  defo l iat ion i ntensity x sampl i ng date i n  the shoot OW (F ig 4 .7) .  

At  the  start of the experi ment the residual shoot OW in  the 1 ,  7 and 1 5  cm 

treatments did n ot differ s ign i ficant ly ,  but the 30 cm treatment differed sig n if icantly 

from the other  t reatments. Shoot OW in the 1 and 7 cm treatment decreased in the 

earl y stage of reg rowth but  later i ncreased.  However, there was not a period of 

decreased shoot OW in the 1 5  and 30 cm treatments . 

At day 60,  the shoot DW did not d i ffer s ign if icantly between the 1 and 7 cm 

t reatments ,  or between  the 1 5  and 30 cm treatments , and the mean shoot OW was 

7 .5  and 1 2 . 6  g p lanr1 for these pa i rs of treatme nts respective ly .  P lants cut to 1 5  and 

30 cm accumulated 68% greater OM than those in the 1 and 7 treatments. When 

compared to the i n i t ial residual OW, the net accu mu latio n  in  the  1 and 7 cm , and 
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Fig 4 .6  The effect of plant g rowth stage at defol iation on the shoot OW i n  su l la ,  
over 60 days of regrowth .  Data meaned over  defol iat ion intensit ies. Days 0 values 
are residual  shoot OW in each cutt ing  treatment. ns=not s ign i ficant. 
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1 5  and 30 cm t reatments ove r the pe riod of reg rowth was 5 .5 and 9 .8  g p lanr1 

respectively. 

4.3.5 R E LATIONSHIP BETWEE N  SHOOT DW AND LEAF AREA 

Throug hout the experiment ,  shoot OW and l eaf area per  p lant we re l i nearly 

re lated according  to the reg ression equation y=0 .76 + 0.0086 ± 0 .0004x, where y 

equals shoot OW and x equals leaf area per p lant (cm2 ) .  The coefficie nt of 

determination  (f) was 0 .75 ( p<0 .00 1 ) ( Fig  4 .8 ) .  
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Fig 4 .8  The re lat ionship between shoot OW and leaf area t h roug hout the 
experi ment .  
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4.3.6 ROOT DRY WEIG HT 

When meaned over defol iation  intensities , a sig n ificant (P<0.05) i nteraction 

occu rred between growth stage x sampl ing date in  the root OW pe r plant .  The 

pretreatment root DW in  the LV, MSE and EF growth stage t reatments was d i rectly 

proport ional  to the plant growth stage at defol iation (Fig  4 .9 ) .  The day 0 values i n  

the MSE t reatment were twice as g reat as those for the LV g rowth stage and about 

2 . 6  ti m es less than in  the EF treatment. Over the pe riod of reg rowth ,  t reatment 
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Fig 4 .9  The effect of plant growth stage at defol iat ion on the root DW in su l la, over 
60 d ays of reg rowth.  Data m eaned over defol iat ion intensit ies. 
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effects remained s ign ificant ,  and at day 60 root DW i n  the LV treatment was 4 1  % 

less than  i n  the MSE treatment .  S ign ificant i ncreases i n  root DW, compared to the 

i n it ial root we ight ,  d id not occur  t i l l  day 40 i n  the LV and MSE treatments. Over the  

40  days o f  reg rowth ,  plants i n  the E F  treatment did not vary significantly i n  their root 

DW. 
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Fig 4 . 1 0 The effect of defol iati on  i ntensity on  the root DW i n  su l la, over 60 days of 
reg rowt h .  Data meaned over g rowt h  stages . 

When meaned across g rowth stages, an interact ion between defo l iatio n  

i ntensity x sampl ing date affected the root DW significant ly (p<0.00 1 ) .  At day 0 ,  

there were no s ignificant diffe rences between the  cutt ing  he ight treatments i n  the 

root DW ( Fig 4 . 1 0) .  Root OW i n  the 1 and 7 cm t reatments showed a sl ig ht 

decrease in the earl y  stages of regrowth and i ncreased thereafter. However,  the 
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root OW i n  the  1 5  and 30 cm treatments grew u n i nterruptedly  over the 60 days. I n  

the 6 0  days o f  reg rowth , plants i n  the 1 c m  treatme nt produced h alf as much root 

OW as in the  7 cm treatment. S ign ificant i ncreases i n  root OW in the 1 c m  

treatment, w h e n  compared t o  day 0 ,  did not occur t i l l  day 60, a n d  day 40 i n  t h e  7 

and 1 5  treatments. Root g rowth conti nued in  the 30 cm t reatment fol lowing  

defo l iation .  

4.3.7 ROOT STARCH CONCENTRATION 

A s ig n ificant (p<0.00 1 )  i nteract ion occu rred between  g rowth stage and 

sampl ing date i n  the  root starch con ce ntrat ion per  plant, when data were averaged 

over defo l iat ion i ntensities. Root starch co nce ntratio n (RSC),  analyzed at the LV, 

MSE and E F  g rowth stage treatme nts, d i ffe red sig n ificant ly at defol iat ion (Fig 4 . 1 1 ) , 

and was d i rect ly p roportional to plant matu rity at the ti m e  of defo l iation .  The RSC 

i n  the EF treatment was 2.6 t imes g reater than in  the MSE g rowth stage ,  at 

d efol iatio n .  Ove r  t he  period of reg rowth RSC remained propo rtional to the  

conce ntrat ion a t  defo l iation .  There was a s l i ght decrease i n  RSC i n  the  LV t reatment 

i n  the earl y  part of its reg rowth.  However, the MSE and EF treatments were not 

affected. Ove r  the  40 days of reg rowth ,  RSC i n  the E F  treatment did not vary 

s ign ificantly .  

When m eaned over g rowth  stages , there was a sig n ificant (P<0 .0 1 ) effect of  

defol iat ion i ntensity on  the RSC over  the 40 days of regrowt h .  At the start of  the t ri al 

the p retreatment RSC i n  the cutt ing t reatme nts did not d iffe i sig n if icaniiy (Fig 4. 1 2 ) .  

There was a s l i ght decrease i n  RSC i n  the  1 and 7 cm treatments i n  the  early stage 

of reg rowt h .  In the 40 days of reg rowth ,  the RSC in the 1 and 7 cm treatments d id 

not regain the i r  i n it ial l evels. However, t he  RSC in the 1 5  and 30 cm t reatments was 

unaffected, as there were subsequent i ncreases in  RSC fol lowi ng defo l iat ion .  At day 

40, t he  RSC in the 1 cm treatment was 38% less than i n  the 7 cm treatment ,  and 

the 7 cm treatment about 45% l ess t han in the 1 5  cm treatment .  The  RSC in the  

1 5  and 30 t reatments d id not diffe r sig n if icantly and averaged 2 1 . 3  mg 1 00 mg-1 root 

OW. 
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Fig 4. 1 1  The effect of plant g rowt h  stage at defol iat ion on the  starch concentration 
in su l la ,  over 40 days of reg rowt h .  Data meaned over defo l iat ion intensit ies . 

Averaged over sampl ing dates ,  there was a s ign ificant ( p<0 .05) i nteraction 

betwee n  g rowth stage x defoliat ion i ntensity i n  the RSC. The  RSC i ncreased with 

i ncreasing plant maturity and i ncreasi ng cutt ing h eight ( Fi g  4 . 1 3 ) .  At the 1 cm 

cutt ing he ight ,  the RSC in  the EF treatment was s ign i ficantly h i g her than in the MSE 

treatment, and the MSE treatment s ign ificantly h igher  than i n  the LV treatment .  A 

s imi lar  t re nd fol lowed when plants were cut to 7,  1 5  and 30 cm. With i n  the  LV 

treatment, t here was no sig n ificant d ifference i n  RSC betwee n  plants cut to 1 5  and 

30 cm , whereas at the MSE growt h  stage the 1 ,  7 and 1 5  cm treatme nts d id not 

differ s ignificantly. The RSC was also not s ign ificantly different than when plants 

were cut to 7, 1 5  and 30 cm at t he  EF g rowth stage,  althou g h  the  RSC in t he  1 cm 

treatment was not significantly g re ater than in the 30 cm treatment cut at t he  MSE 

g rowth stage.  
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Fig 4 . 1 2  The effect of defo l iat ion i ntensity on the starch concentrat ion i n  su l la ,  ove r 
40 days of reg rowth .  Data m eaned over g rowth stages. 
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4.3.8 ROOT STARCH CONTENT 

When meaned ove r defo l iat ion i ntensit ies, a s ign ificant (p<0 .00 1 ) i nteraction 

occu rred betwee n  g rowth stage x sampl i ng  date in root starch conte nt per plant. 

The pretreatment root starch content (RSCt) was di rect ly  proportional to p lant 

maturity at defo l iat ion (Fig 4 . 1 4 ) .  RSCt in the LV t reatment was fou r  and twenty-n ine 

t i m es l ess than i n  the MSE and EF t reatment respective ly .  Fol l owing defo l iation ,  
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Fig 4. 1 4  The effect of plant g rowth stage at defo l iation o n  the  starch co ntent i n  
su l la ,  over 40 days of  regrowt h .  Data meaned ove r defo l iat ion i ntensities .  
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t here was a decrease i n  RSCt i n  the LV t reatment at day 1 4 . Over  25 days of 

reg rowth ,  RSCt i n  the LV and MSE treatment remai ned lower than in the E F  

t re atment. Plants i n  t h e  EF treatment did n ot show any s ign ificant change in  t h e  2 5  

d ays o f  reg rowth ,  and the i r  RSCt ranged fro m  800-9 1 0  mg planr1 • At day 40, R SCt 

i n  t he  LV t reatment was half as much as i n  the MSE t reatment .  

When meaned over  g rowth stages, there was a s ignificant ( p<O.00 1 ) 

i nteract ion between  defol iatio n  i nte nsity x sampl ing date i n  the RSCt ( Fig 4 . 1 5 ) .  The 

p retreatment RSCt i n  the cutt ing he ight t reatme nts d id not d iffer s ign if icantly. 

Fol lowing defo l iat ion ,  there was a sig n ificant decre ase in RSCt in the 1 cm 

treatment at day 1 4. RSCt in the 7 and 1 5  cm treatme nts decreased sl ig htly i n  t he  
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Fig 4 . 1 5  The effect of defol iat ion i ntensity on the starc h  content i n  su l la ,  ove r  40 
days of reg rowth .  Data meaned over growth  stages. 
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early stage of reg rowth ,  but the differences were not significant. Over the period of 

regrowth, plants in the 1 and 7 cm treatment did not recover to their in itial starch 

conte nt .  However, the starch content i n  the 1 5  cm treatment was s ignificantly 

differe nt f ro m  the i n itial value at day 60. The RSCt accumulation in  the 30 cm 

treatment i ncreased steadi ly following defol iation .  At day 40, RSCt in the 1 cm 

treatment was 76% less than in the 7 cm treatment. RSCt in the 1 5  and 30 

treatment meaned at 1 022 g planr1 • 
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Fig 4 . 1 6 Response surface diag ram i l lustrating the effect of the i nteraction between 
plant growth stage at defol iation and defol iation i ntensity on the starch content in  
sul la.  Data meaned over sampl ing dates. 
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Across sampl ing dates, a s ign if icant (p<0.05) i nte ract ion between growth 

stage x defol iat ion i ntensity occu rred in the RSCt . The RSCt i ncreased with 

i ncreasing plant matu rity and i ncreas ing cutti ng heig hts (Fig 4 . 1 6) .  With i n  the 1 cm 

treatment the RSCt in the LV, MSE and EF g rowth stages differed sig n ificantly. The 

LV treatment contained 8.0 t i mes less RSCt than in the MSE treatment ,  whereas 

the MSE t reatment contained about 3 .5  t imes less than i n  the EF treatment .  At the 

LV g rowth stage cutting he ight i nf luenced the  RSCt markedly ,  with each cutt ing 

he ight s ign ificantly d i fferent from each other. However, at the MSE g rowth stage th is 

disti nct ion was less marked ,  as the RSCt in  the 7 and 1 5  cm t reatments did not 

d iffer s ign ificantly. At the EF g rowth  stage it was marg i nal as there were no 

sig nificant differences i n  the RSCt betwee n  the 7, 1 5  and 30 cm treatments . 

4.3.9 SHOOT/ROOT RATIO 

There was a s ig nificant i nte raction (p<0 .00 1 ) betwee n defo l iat ion i ntensity x 

sampl ing date , and a mai n effect of plant g rowth stage on the  shootlroot DW rat io 

(SIR) per p lant. The p retreatment values in the 1 ,  7 and 1 5  cm treatments were half 

that in the 30 cm t reatment (Fig  4 . 1 7) .  SIR in the 1 cm treatment decreased 

s ign ificant ly at day 1 4  re lative to the oth e r  treatments, but i ncreased to be 

s ign if icantly greater than the other  treatme nts by day 60. The SIR however, did not 

d iffer s ign if icantly between the 7, 1 5  and 30 cm treatments and meaned at 1 .5 .  

Across defo l iat ion i ntensit ies and sampl ing dates , there was a s ign ificant 

( p<0 .00 1 )  mai n  effect of growth stage at defo l iat ion on the SIR rat io .  The SIR ratio 

was i nversely proportional to the deg ree of p lant matu rity and was less t han one i n  

t h e  E F  t reatment (F ig 4 . 1 8) .  

4.3.1 0 WHOLE-PLANT DRY WEIGHT 

Averaged over defol iati on i ntensit ies ,  there was sig n ificant ( P<0.00 1 ) 

i nteract ion between  g rowth stage and sam p l i ng  date on who le-plant DW (WPDW) . 

The pretreatment WPDW was d i rect ly proportio nal to g rowth  stage at defol iat ion 

(Fig 4. 1 9 ) .  There was no sign ificant decrease o r  i ncrease i n  WPDW in any g rowth 

stage t reatment at  the early stage of  reg rowt h .  Di ffere nces were consistent up to 

25 days of  reg rowth ,  with plants defo l iated at the  LV growth stage remai n i ng  smal ler  
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t han those in the MSE and EF treatments. At  day 60 ,  the WPDW in  the  LV 

t re atment was 30% less than in the MSE treatment .  Defol iat ion at t he  LV g rowth 

stage resulted i n  sig nificantly smal ler  plants, compared to those defol iated at t h e  

MSE g rowth stage. 

When the  data was ave raged over g rowth stages ,  there was a s ign i ficant 

( P<0.00 1 ) i nteraction  betwee n  defol iation intensity x sam pl i ng  date in t he  WPOW 

(Fi g  4.20) .  The p retreatment values in the 1 ,7 ,  1 5  and 30 cm treatments d id not 

d iffe r s ignificantly ,  and ave raged 4 .5 g planr1 • At day 1 4, there was a signi ficant 

decrease in WPDW by 51 % in the  1 cm treatment ,  no changes in t h e  7 and 1 5  cm 

treatments , and a 56% increase i n  the 30 cm treatment .  Subsequent ly ,  a gradual 

i ncrease in  we ight occu rred i n  aI /  t reatments. However, at day 60 plants i n  the 1 c m  
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Fig 4.20 The effect of defo l iat ion i ntensity on the  who le-p lant O W  i n  su l la ,  ove r  60 
days of reg rowt h .  Data m eaned ove r g rowth stag es .  

t reatment we re half t he  s ize of  those in  the 1 5  and 30 cm treatments. The m ean 

weig ht i n  t he  1 5  and 30 treatments was 2 1 . 1  g p lanr1 . 

4.3. 1 1  R E LATIVE G ROWTH RATE 

There was no s ign if icant (p>0 .05)  i nte racti on between g rowth  stage x cutt ing 

h eight x regrowth i nterval , i n  any of the  g rowth ana lysis paramete rs measured .  

When ave raged ove r  defo l iat ion i ntensiti es , t he re was a s i gn i ficant (p<0 .00 1 )  

i nteract ion betwee n  g rowth  stage x sampl i ng  date i n  the mean R G R  per p lant (Table 

4 .3 ) .  In the early stages of reg rowth ,  the  mean RG R in the g rowth stages did not 

d i ffe r s ign i ficant ly and was n egative at -0 .02 g g-1 d - 1 . Howeve r, in the subsequent 

i nterval ,  mean RG R i n  t he  LV treatment became posit ive and was h igh but 



Table  4.3 The effect of plant g rowth stage at defo l iat ion on the mean relative growth rate (RGR) (g g-l d-1 ) of su l la, i n  fou r  i ntervals 
over the fi rst reg rowth cycle.  Data meaned over defol iation i ntensit ies. The figu res i n  parenthesis are with 1 removed to indicate 
negative valuest. 

G rowth stage 
0-1 4 

LV 0.97 (-0 .03) 

MSE 0 .99 (-0 .0 1 )  

EF 0 .98 (-0 .02) 

LSDo os=0.03 

t Refer Sect ion 4 . 2 . 4  for further  explanat ion  
§ Missi ng  data 

Regrowth i nterval ( i n days) 

1 4-25 25-40 40-60 

1 .09 (0 .09) 1 .04 (0. 04) 1 .03 (0 . 03)  

1 .02 (0.02) 1 .04 (0.04) 1 .04 (0 .04) 

1 .0 1  (0 .0 1 )  1 .02 (0 .02) MD§ 



Table 4.4 The effect of defo l iat ion i ntensity on the mean relative g rowth rate (RGR) (g g - 1  d- 1 ) of su l la ,  i n  four  intervals over the 
fi rst regrowth cycle .  Data meaned over g rowth stages. Refer Table  4.3 for explanat ion of f igures in parenthesis. 

Cutti ng height Regrowth i nterval ( in  days) 
(cm) 

0-1 4 1 4-25 25-40 40-60 

1 0 .93 (-0.07) 1 .02 (0.02) 1 .04 (0.04) 1 .06 (0 .06) 

7 0 .98 (-0. 02) 1 .07 (0.07) 1 .02 (0.02) 1 .03 (0.03) 

1 5  1 .00 (0. 00) 1 .04 (0. 04) 1 .05 (0 . 05) 1 .02 (0 . 02) 

30 1 .02 (0. 02) 1 .04 (0 .04) 1 .03 (0.03) 1 . 02 (0.02) 
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decreased thereafter. Fol l owin g  the early stage of negative g rowth i n  the MSE and 

E F  t reatments, the  RGR also became positive and plants grew at a s im i lar rate of 

0 .02 g g- 1  d- 1  t h roughout reg rowth .  

When meaned ove r  g rowth  stages ,  there was a significant (p<0.001 ) 

i nte ractio n  between  defo l iat ion i ntensity and sampl i ng date i n  the mean RGR.  From 

0- 1 4 days, the mean RGR was negative i n  the 1 and 7 cm treatments,  whereas it 

was positive in the 1 5  and 30 cm treatme nts (Table 4 .4 ) .  The re lat ively lower mean 

RG R was marked i n  the 1 cm treatment ,  wh ich was 3 .5  ti mes less than in  the 7 cm 

t reat ment. Ove r  the remai nder of the regrowth ,  plants in  the  1 cm treatment g rew 

exponential ly ,  whereas those in the 7 cm peaked between 1 4-25 days and t hen  

decreased. Plants i n  the 1 5  and  30  cm treatments grew moderately throughout t he  

regrowth period and meaned 0 . 03  g g - 1  d 1 . 

4.3.1 2  U NIT LEAF RATE 

There was no sig n i f icant (P>0. 05) i nteract ion betwee n g rowth stage x 

regrowth i nterval i n  the mean u n it l eaf rate ( ULR) per p lant. Across growth  stages 

h owever, there was a sign ificant (P<0.00 1 )  i nteract ion betwee n defol iat ion i ntensity 

x reg rowth i nterval on  the ULR.  From 0- 1 4  days , the U L R  in the 1 and 7 t reatme nts 

was negative, whereas those in the 1 5  and 30 cm treatments were positive (Table 

4 .5 ) .  The decrease i n  ULR i n  the 1 cm treatment was 3 . 6  t imes greater than in t h e  

7 c m  treatment .  Between 1 4-25 days , t h e  U LR i n  al l  t reatments became posit ive . 

The ULR was s ign i ficantly h igher  i n  the 7 cm treatme nt, whereas the 1 ,  1 5  and 3 0  

cm d i d  not d iffer s ign i ficant ly .  Between 25-40 and 40-60 days, t h e  U LR i n  a\ l 

t reatments did not d iffer s ign if icantly and meaned 4 .4  x 1 0-4 and 4 .9  x 1 0-4 g cm-2 

d-1 respectively. 

4.3. 1 3  LEAF AREA RATIO 

Across defol i ation i ntensit ies, there was s ign if icant (p<0 .00 1 ) i nteract ion  

between g rowth stage x reg rowt h  i nterval on the leaf area rat io (LAR) per plant. The 

LAR was i nversely proport io nal to  the g rowth stage treatments (Table 4 .6 ) .  The re 

was g radual decrease i n  LAR i n  the LV treatment duri ng reg rowth .  However,  there 

was a decrease fo l lowed by an i ncrease in  LAR i n  the MSE treatment .  Over  the 
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Table 4.5 The effect of defol iat ion i nte nsity o n  t he  mean un it l eaf rate (g cm·2 d-1 ) 
of su l la ,  i n  fou r i ntervals ,  over the f i rst regrowth cycle .  Data m eaned ove r  g rowth 
stages. Actual values are i ncluded in  parent hes is .  

Cutt ing 
He ight 
(cm ) 

1 

7 

1 5  

30 

0- 1 4  

0.992 1 7 
(-0. 00783) 

0 .99785 
(-0.002 1 5) 

1 .00049 
(0 .00049) 

1 .000 1 2 
(0 .0001 2) 

LSDo.05=0.00092 

Regrowth i nterval (i n days) 

1 4-25 25-40 

1 .00004 1 . 00060 
(0 .00004) (0 .00060) 

1 .001 53 1 . 000 1 7 
(0 .001 53) (0 .000 1 7) 

1 .00038 1 . 00069 
(0 .00038) (0 .00069) 

1 .00045 1 . 0003 1 
(0 .00045) (0 . 0003 1 ) 

reg rowth ,  LAR i n  the  E F  t reatment i ncreased g radual ly .  

40-60 

1 . 00074 
(0 .00074) 

1 . 00049 
(0 . 00049) 

1 .00029 
(0 . 00029) 

1 . 00042 
(0 .00042) 

Whe n  ave raged across growth  stages, there was a s ign if icant (p<0.00 1 )  

i nteractio n  betwee n  defo l iat ion  i ntensity x reg rowth i nterval . The LAR i n  the 1 cm 

treatment did not change s ign ificantly i n  the f i rst two i ntervals (Table 4.7) .  H owever, 

there was a sig n i ficant i ncrease thereafter. The LAR in the 1 5  cm treatment 

remai ned u nchanged throughout the reg rowth ,  whereas there was a d ecreasing 

t rend  in the 30 cm t reatment .  I n  the f ina l  i nte rval , the LAR in the 30 cm t reatment 

was 38% less than i n  the 1 cm treatment .  



Table 4 .6  The effect of plant g rowth stage at defo l iat ion o n  the mean l eaf area rat io 
(cm2 g-1 ) of su l la ,  i n  fou r  i ntervals, in  the fi rst reg rowth cycle .  Data m eaned over 
defol iation i ntens it ies. 

G rowth Reg rowth i nterval (i n days) 
Stage 

0-1 4 1 4-25 25-40 40-60 

LV 1 49 .4  1 1 3 .2  76 .9  78.9 

MSE 67. 1 52 .3 69.2 66. 1 

EF  22.9 32 .8  55 . 5  

LSDo.os=1 2 . 8  

Table 4 . 7  The effect of defol iatio n i ntensity o n  the mean leaf area ratio (cm2 g- 1 )  of 
su l la, i n  four  i ntervals ,  in the fi rst reg rowt h cyc le .  Data meaned over g rowth 
stages. 

Cutt ing  Reg rowt h i nterval ( i n days) 
Height 
(cm) 0-1 4 1 4-25 25-40 40-60 

1 32 .7 37 .5 75 . 9  88.3 

7 55.4 6 1 . 5  72 .4  76 . 3  

1 5  77 .9 70 .6  64 .7  70.7 

30 1 1 3 .6  88 . 4  55 .9 54.8 

LSDo.os= 1 4 .8  
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4.4 D ISCUSSION 

4.4. 1 Effect of  growth stage at defol iation and stu bble leaf o n  net herbage 

product ion.  

Ove r  the  period of reg rowth examined ,  agricu ltu ral product ivity as measu red 

by l eaf area and shoot DW, was marked ly i nfl uenced by defo l iat ion i ntensity and 

least affected by g rowth stage at defol iat ion . Neve rthe less, p lant vigou r may be 

affected if defol iation occurs at an immature g rowth stage ( LV and MSE) ,  when 

starch status and root mass was lower. At the mature g rowth stage (EF) however, 

starch status and root mass was re latively h igher, e nabl ing  t he  plant to withstand 

defo l iatio n  stress with least effect o n  root mass and starch status after cutting .  I n  

addit ion ,  there was the important advantage of g reater  herbage avai lable i n  the E F  

treatment  at defo l iat ion .  Plants severe ly  defo l iated had the i r  root system i m pai red ,  

and mai ntai ned lower starch levels at the end of the experiment .  However, p lants 

cut to 1 5  cm we re able to recove r  from the st ress of defol i at ion ,  and produced 

s ign ificant ly h igher  net new leaf area re lative to other  treatme nts. 

Whe n ave raged across growth  stages, the leaf area reta ined on the stubble 

i n  the  1 ,  7 ,  1 5  and 30 cm treatments was 0 ,  84, 1 80 and 41 5 m2 respective ly .  At the  

co nclusio n  of the  experiment ,  the net leaf area gai ned i n  the 1 ,  7, 1 5  and 30 cm 

treatments was 705, 752, 983 and 784 cm2 respective ly in the 60 days of reg rowth.  

Evide ntly the 1 5  cm treatment produced the g reatest i ncrease i n  l eaf area whereas 

the n et p roduct ion of l eaf area in t he 1 ,  7 and 30 cm was approx imately s imi lar. 

Across g rowth stages and cutti ng  he ights, the i ncrease i n  l eaf numbe r  over 

the  60 days of reg rowth suggested that plants i n  al l  t reatments were able to reg row 

after  defo l iat ion .  Across cutti ng he ights and samp l i ng dates, the reduction i n  leaf 

n u mber i n  the 1 cm treatment i ndicated that plant v igour  was affected. Moreover ,  

across cutti ng h eights and sampl i ng  dates, product ion of n ew leaves i n  the LV 

treatment was suppressed . 

Complete removal of l eaf area ( 1  cm) and the retent ion of  too much l eaf area 

(30 cm) o n  the stubble resu lted i n  lower net product ion .  The retent ion of  g reater 

than 200 cm2 leaf area o n  the  stu bb le  accrued no extra product ion of new leaf 

t issue .  P resu mably, the o lder l eaves retai ned i n  the 30 cm t reatment were l ess 

efficie nt than the new leaves that were needed to replace the g reater leaf area 
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removed i n  the 1 and 7 cm treatme nts. The abi l ity of newly fo rmed leaves to g row 

at a faster rate than the older leaves retai ned on the stubble , in the 30 cm 

t reatment, i mpl ied that age and efficiency of  the  leaves we re i mportant 

considerations in  the regrowth in su l la .  In an e rect species l i ke sul la ,  o lder l eaves 

are located near the base of the  plant. 

B rown et aI . ,  ( 1 966) reported that older and less efficient leaves in l ucerne 

m ay be more of  a handicap than benefit du ring reg rowth  fo l lowing partial defol iati on .  

M o reover, leaves remai n ing after cutti ng o r  g razi ng a dense sward may be 

i nefficie nt due  to prev ious shad ing (Bu rnside & Bohn ing ,  1 957 ; Langer  & Keoghan,  

1 970) or  to advanced leaf age (S ingh & Lal , 1 935 ;  Thorn e ,  1 959) . Fuess & Tesar 

( 1 968) found that the net photosynthetic activity of l eaves decreased with age .  

Leaves more than three weeks old were less than o ne-seventh as active 

photosynthetical ly  as 5-days old leaves. 

The net product ion of  approxi mately s im i lar leaf area in the complete ( 1  cm) 

and near complete (7 cm) defo l iat ion t reatments, may be explai ned i n  terms of plant 

morphology and the co nsequent retent ion of leaf (petio le  + lami na) area on t he  

stubble fo l lowi ng cutti ng .  Compound leaves i n  su l l a  have a l ong  pet io le rang ing from 

1 0-20 cm at the LV g rowth stage ,  and even longer  as the  p lant matu res (See plates 

4 .5 ,  4 .6  & 4.7) .  As al l  the shoots were l i fted upright at cutt i ng ,  the 7 cm t reatment 

retai ned more leaf petiole than leaf lami na fo l l owi ng defo l iat ion ,  and hence the  

g reate r area measured at day o.  As a consequence , the  leaf pet io le devoid o f  

lam ina retai n ed on the  stu bble subsequent ly sh rive l led and dried dow n .  Thus,  

essent ial l y  t reatments 1 and 7 cm were s im i lar i n  effect, except for the p resence of 

dorm ant s hoots in  the leaf axi l .  S hoots we re compl ete ly  removed in the  1 cm 

treatment. 

4.2.2 The effect of stubble leaf area and starch status at defol iat ion on the 

regrowth pattern in su l la .  

The pattern of leaf area development after co mplete or  partial defol iatio n  

reflects t h e  rate of regenerati on o f  the photosynthetic area o f  t h e  plant. As leaf area 

accu mu lat ion and shoot mass were l i nearly co rre lated ( r2=0.75, P<0.00 1 ) i n  th is 

experi me nt,  they are discussed together. 



1 25 

Across g rowth  stages, the effect of i nc reased severity of defo l iati on  o n  su l la 

was to depress shoot g rowth and l eaf a rea format i o n  for  i ncreasi ng ly  longer periods. 

The i nabi l ity  of the complete ( 1  cm) and near co mplete (7 cm) defo l iated p lants to 

p roduce new leaf area to the net amount in the 1 5  cm treat ment ,  i n  the same 

regrowth period,  was probably due to the early lag phase (0- 1 4  days) experienced 

by these plants as i ndicated by the i r negative m ean RGR and U LR (See Tables 4 .4  

& 4 .5) ,  suggesti ng the  preponderance o f  respi rat i o n  as new leaves were p roduced 

at the expense of root and stubble we i g hts.  C o nv e rse ly ,  plants in the 1 5  cm 

t reatments mai ntai ned or conti nued to gain  w e i g ht i n  the same reg rowt h period .  

Langer & Keog han ( 1 970) wo rki n g  wi th  seve re ly  defo l i ated 'Wairau' lucerne at an 

i m matu re g rowth stage have shown negat ive g rowt h  rates in the fi rst week fol l owing  

complete defo l iat io n .  

Across samp l i ng  dates, t h e  i nteract ion between g rowth stage and defo l iat ion 

i ntensity on leaf area (See F ig 4 .5) i l l ustrated t h e  i m portance of retai n i ng  stubble 

leaf area ( lami na) i n  a l l  g rowth stage t reatments ,  fo r t h e  product ion of new leaf area. 

On the whole ,  co mp lete defo l iat ion  s u p p ressed l e af area p roduct i o n  in al l  g rowth  

stage treatments and  more so  i n  t he  LV t reat m e n t .  

P hysio log ical l y  the LV g rowth stage was i n  its juve n i l e  phase of  ontogeny and 

appeared dependent on stubble leaf a rea at d efo l iat ion  to produce new l eaf t issue.  

In  addition ,  the carbohydrate status at defo l i at i o n  was lower than i n  the MSE and 

EF treatments (See F igs 4 . 1 1 & 4. 1 4) ,  and may n ot have been sufficient to meet 

the  current demands for the format ion  of n e w  leaf t iss u e  and to sustai n root 

respi rat ion after cutti ng .  Thus,  p lants m ust re l y  on cu rrent photosynthate , otherwise 

g rowth is  suppressed . Fu rthermore ,  the lowe r starch status s u g g ested that plant 

v igour  may have been affected (See Figs 4 . 1 3  & 4. 1 6 ) .  S i lva ( 1 968) has 

demo nstrated t hat the  recovery g rowt h i n  luce rne with low carbo hydrate status at 

defo l iation  stro ng ly  depe nded o n  t h e  amo u nt of l e af area retained on  the  stubble .  

In  the MSE and E F  g rowth  stag es howev e r ,  t h at is at a mo re mature g rowth 

phase i n  the i r  ontogeny when the i n i ti al ca rbo h yd rate status of the p lants was 

h i g her, reg rowth was more related to t h e  abse nce o r  prese nce of leaf area o n  the 

stubble,  as in  the 1 5  cm treatments w h e re n e w  l eaf area product ion  were s im i lar. 

Th is  again may be re lated to the lesse r l e af area ( l a m i na) retained on the stubble ,  
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that is  plant morphology at defo l iatio n ,  i n  t hese treatme nts. Conversely ,  with the 

retent ion of g reater amou nts of leaf area ( lam i na) in the 30 cm treatment in p lants 

defol iated at the LV g rowth stage,  product io n  of new leaf area was h igher  than i n  

the M S E  and E F  t reatments. Presu mably the l eaves were you nger  and more 

effic ient i n  the LV treatment (75 days) , compared to the older leaves in  the  MSE (85 

days) and EF ( 1 05 days) treatments respectively .  These results and t he  l i near 

re lat ionsh ip  betwee n  leaf area and shoot DW (See Fig 4 .8 )  thus emphas ize the 

i m po rtance of the retent ion of stubble fol iage in dete rm in i ng  the rate and amou nt of 

recovery g rowth i n  sul la when defol iated at an early stage of g rowth .  

Reserve energy status o f  perenn ial fo rage plants (based o n  co ncentrat ion 

and content o r  quantity of starch) g ives an  i nd icat ion of plant v igou r, p rovided 

env ironmental stresses are absent . Starch co ntent in storage tissue is co nsidered 

the best basis for eval uat ing  reserve energy leve l ,  as a smal l mass with h ig h starch 

concentrat ion may co ntai n a smal ler quantity of starch than a large m ass with a 

rel at ively l ow starch concentrat ion .  Wei g ht of sta rch , therefo re ,  is a better criterio n 

than conce ntrat ion for determ i n i ng the i mpo rtance of rese rves for regrowth (Sm ith, 

1 969a;  Booysen  & Nelso n ,  1 975) . Caldwel l  ( 1 984) poi nted out that to explain cutt ing 

o r  g razing responses, measurements m ust i nteg rate total nonstructural carbohydrate 

(TNC) with fluctuat ions i n  biomass of the organ o r  t issue fro m which the TNC was 

obtai ned. As both m easurements we re obtai ned i n  th is experi ment, they wi l l  be 

d iscussed togethe r. 

Averaged across defo l iat ion i nte nsit ies ,  t he  pattern of f luctuat ion i n  starch 

co nce ntrat ion and content fo l lowi ng defo l iatio n  was proport io nal to the i n it ial starch 

status of the plant. When the plant was act ively g rowi ng (LV g rowth stage ) ,  starch 

con ce ntrat ion and content were fou nd to be l ower. Presu mably, t he  current 

photosynthate produced in this stage of expo ne nt ia l  g rowth is used as an energy 

source for the act ively growi ng meriste m .  After  the rate of  g rowth began to decl i ne ,  

t here was a steady i ncrease i n  the  level  a t  starch accu mulated i n  the  roots, as  i n  

the case of the MSE and E F  g rowth stages treatme nts (Figs 4 . 1 1 & 4. 1 4) .  Thus ,  the 

level  of starch maintai ned i mmediate ly afte r defo l i at ion and throug hout the period 

of regrowth is pri mari l y  dependent on the starch status at defo l iat ion .  These resu lts 

tend to support the h ypothesis that carbohydrate reserve storage is i nverse ly re lated 
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to g rowt h .  N u merous other  researchers have suggested that carbohyd rate reserve 

sto rage in herbaceous plants is i nverse ly re lated to growth ( Menke & Trl ica, 1 98 1  ; 

Oereg ibus et aI . ,  1 982) 

Averaged across g rowth stages, co mpletely and near com pletely defol iated 

( 1  and 7 cm) p lants s howed a decrease in starch co ncentrat ion and content in the i r 

roots. Also there was a correspo ndi n g  decrease i n  shoot OW. Presu mably th is  

decrease i n  starch content of roots and shoot OW was as a consequence of  the 

deg radat ion and remobi l isat ion of  starch from taproot and crown (stubble) ,  for the 

i n it iat ion of  new shoot growth (Pearce et al . ,  1 969 ; Smi th  & Si lva, 1 96 9 ;  Smith & 

Marten ,  1 970) and for the sustenance of root respi rat ion ( May, 1 960 ; Davidson & 

Mi lt ho rpe , 1 965 ;  Culvernor et aI . ,  1 989b ) .  H odgki nson ( 1 969 , 1 970) has shown that 

the taproot i n  l ucerne is the pri me source of metabol izable compou nds duri ng the 

early stages of regeneratio n ,  and organ ic  root compou nds label led with 1 4C prior  to  

herbage rem oval are used as respi ratory su bstrate, and to  a lesser extent 

t ranslocated i nto  new shoots for the fi rst 20 days of reg rowth .  

Over t he  40 days of  regrowth , the co mplete ly defo l iated plants d id not regai n  

the i r  i n it ia l  ( p retreatment) starch co ncentrat ion or content .  This may have been due 

p ri mari ly  to the exponential shoot g rowth d u ri ng the period of regrowth exami ned 

(Oeregibus et aI . ,  1 982) .  This is  suppo rted by the i ncrease in SIR rat io  duri ng the 

period of reg rowth (See Fig 4. 1 7) . Moreover, the lower starch status in  t he 1 and 

7 cm t reatments, re lative to the other t reatments, may i ndicate lower p lant  v igour. 

The t rends i n  starch co ncentrat ion and co ntent obse rved i n  the co mplete and 

near complete defol iated plants fol lowed a cycl ic pattern s i m i lar to that reported by 

other  researchers in lucerne (Graber et ai . ,  1 927 ;  G randfie ld ,  1 93 5 ;  Ueno & Smith , 

1 970) , red clover (Sm ith ,  1 950 ; 1 962) , b irdsfoot trefo i l  (Smith ,  1 962)  and sai nfo i n  

(Cooper & Watson ,  1 968) ; decreas ing i n it ial ly ,  reach ing a m in imu m  leve l  and then 

i ncreasing .  I n  contrast, the starch conce ntrat ion or  co ntent i n  part ial l y  defol iated 

plants ( 1 5 and 30 cm)  was not decreased , presu mably because p hotosynthate 

produced by the stubble leaves was sufficient to meet cu rrent needs in the shoots 

and the roots, so root reserves were not used (Hodgki nso n ,  1 972 ; 1 974) .  

I t  is  genera l ly  bel i eved that accumu lat ion of starch i n  taproots o f  peren nial 

legumes is associated with the to lerance to stress re lated to  defo l iat io n  and winter 
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survival (Graber et aI . ,  1 927; G randfie ld ,  1 935 ;  S mith ,  1 962 ;  1 964 ;  1 980) .  

4 .4.3 Effect of growth stage and i ntensity of defo l iatio n  on the root system. 

C hanges i n  total root we ight were largely a reflect ion of  the loss or  gai n i n  

root o rganic reserves, and the s ign i ficance o f  t hese changes has been d iscussed . 

Averaged ove r defol iat ion i ntensit ies, the changes i n  root mass over the regrowth 

peri od were closely related to t he  quantity of root mass present at defol iat ion .  Root 

mass was also d i rectly proportio nal to g rowth stage .  Resum pt ion  of new root g rowth 

i n  t he  LV and MSE treatments was evident at 40 days after defol iation .  

When  averaged over gro wth  stages,  the decrease i n  root mass i n  t he  fi rst 1 4  

days after defo l iat ion i n  the 1 and 7 cm treatments d id n ot reach stat istical 

s ig n i ficance. Nevertheless, the co mplete re moval of top g rowth caused a 32% 

reduct ion in root mass by day 1 4  ( See plate 4 .8 ) ,  and the resumption of root g rowth 

was suppressed fo r greater than 40 days . This retardat ion of root growth i n  the 1 

cm t reatment ,  relative to the other  t reatme nts ove r the 60 days of regrowth ,  

suggested that complete removal of top g rowth was detri me ntal to  root reg rowth .  

The subsequent decl ine o f  root we ight i n  the complete l y  defo l iated p lants was 

consistent with those repo rted by Langer & Stei nke ( 1 965) i n  l uce rne, where plants 

were defol iated to 1 in (2.54 cm) and 5 i n  ( 1 2 .7  cm) and left to reg row u n i nterrupted 

for 63  days. There was a decl i ne and subsequent retardat ion  of root weight i n  the i r  

experi me nt. The relatively rapid  root recovery i n  the 7 cm treatment « 40 days) 

m ay be due to the prese nce of dormant shoots at defo l iat ion  t hat resumed g rowth  

soon  afte r  defo l iat ion ,  i n  contrast to t he  need to  form new s hoots i n  the 1 cm 

treatment fo r conti nued g rowth  and deve lopment .  This resu lted i n  twice as much 

root m ass in the 7 cm treatment as in the 1 cm treatment .  

S i m i lar root weig hts in the 1 5  and 30 cm treatments suggested that 

defo l iat ion  i n  th is  range ( 1 5-30 cm) wi l l  probably not impa i r  root g rowth i n  sul la.  

Retenti on  of  stu bble with suffic ient leaf area ( lami na) in t hese treatments caused 

m i n i m u m  stress to the plant. The retardat ion of root g rowth  i n  the completely 

defol iated p lants agreed with that reported i n  l uce rne ( Mitche l l  & Denne,  1 967) ,  who 

assu med that after  seve re defo l iat ion  extens ion of  the roots would cease si m i larl y  



Plate 4.8 The effect of cutt ing su l la to 1 ,  7, 1 5  & 30 c m  (from r ight to left) on  
the root system, 14  days after defo l iat ion .  
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to that reported i n  g rasses. I n  addit io n ,  the s low i ncrease i n  root wei g ht i n  sul la 

agreed with f indings by Troug hton ( 1 957) and C hapin & Slack ( 1 979) .  They 

considered that the l oss in we ight by the roots in g rasses is  re lat ively smal l ,  the 

main effect of defo l iat ion on roots bei n g  the retardat ion  of their g rowth for somet ime 

after defo l iat io n .  N u merous other  researchers have also reported the detri mental 

effect of defo l iat ion of herbaceous plants on root g rowth (Fu lke rson,  1 970 ; Langer 

& Keog han,  1 970) .  

4.4.4 Severity o f  defol iat ion and dry matter partitioning . 

Over the cou rse of the exper iment ,  the ove ral l  effect of g rowth  stage o n  the 

SIR rat io  was s ign i ficant . The decrease in SIR rat io ,  with i ncreasi ng plant matu rity 

at defol iat ion ,  i m pl ied that d ry matter was partit i oned relatively m o re i nto root g rowth 

and storage organs as the p lant matu res. The decrease i n  SIR rat io with i ncreas ing 

age has been shown in  other  plant species (Pearsal l ,  1 927 ; S prague, 1 944) .  

Averaged across g rowth stages, with com plete removal o f  top g rowth ,  the 

i n it ial decrease and subsequent i ncrease i n  the SIR rat io suggested that the p lants 

were adjust ing  the i r SIR ratio  i n  respo nse to t he  sudden co mplete removal of 

p hotosynthet ic t issue. Co nverse ly ,  with the rete nt ion of stubble leaf, a re latively 

constant SIR in the 7, 1 5  and 30 cm treatme nts i nd icated adjustment of d ry matter 

partit i on i ng  d u ri ng the period of reg rowth .  B rouwer & de Wit ( 1 975) and Szaniawski , 

( 1 981 ) considered that a fu nctio nal equ i l i b ri u m  ex isted i n  the i nterdepe ndence of 

shoot and roots.  They stated that a rapid restoration of the or ig i nal SIR rat io 

occu rred after defol i at ion ,  as a co nseque nce of  the  reduct ion in g rowth rate of  the 

dependent o rgan ( root) and re lat ively i ncreased g rowth rate of the suppl yi n g  o rgan 

(shoot). 

The h ig her SIR rat io  i n  the 1 cm t reatment ,  at the end of the reg rowt h  period . 

suggested that p lants co mpletely defo l iated i nvested current p hotosynthate i nto the 

format io n  of new photosynthetic tissue i n  prefere nce to root t issue.  In  addit i on .  the 

SIR balance was u pset, and the p lant was u nab le to reestab l ish  an equ i l i briu m  by 

day 60 relative to the other  treatments ( Luckw i l l ,  1 960; B ro uwe r, 1 983) .  As a 

conseque nce . the explo itat ion of moistu re and m i ne ral nut rients may be reduced 

and plant v igour  affected (Harris ,  1 978) .  External factors such as i ntensity of 
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defol iat ion affecti ng  SIR ratios i n  a si m i lar manner have been reported i n  other p lant 

species (Troughton ,  1 963) .  

4.4.5 Severity of defol iation and its effect on plant size. 

Across defo l iat ion i ntensit ies the whole-p lant OW, which is a measure of p lant 

size , s howed a p rogressive i ncrease with t ime .  The i n it ial s ize of plants at 

defol iation ,  as dete rmi ned by the g rowth  stage, i nf luenced the we i g ht at each 

sampl i ng .  Variat ions in p lant size we re essential ly due to variat ions i n  root mass. 

The lower weig ht in the LV g rowth stage was a resu lt of i ts lower root weight (See 

Fig 4 .9 ) ,  althoug h the fi nal shoot weig hts were no di ffe rent (Fig 4 .6 ) .  Extrapolati ng ,  

i t  would be  expected that t he  root we ight i n  MSE t reatment may not have differed 

s ign if icantly from that of the EF g rowt h  stage treatment at the  fi nal harvest , althoug h 

data i s  not avai lable .  Th is can be i n ferred from the rather stable root mass 

mai ntai ned in the EF treatment fo l lowi ng defo l iat ion (See Fig 4 .9 ) .  Ueno & Smith 

( 1 970 ) ,  workin g  with different s ized l ucerne plants at defol i at io n ,  found that the 

whole-plant g ro wth at each sampl i ng  was proportio nal to the i n it ial p lant s ize.  The i r  

experi ment covered a period of 4 2  days. I n  additio n ,  Langer & Keog han ( 1 970) i n  

the i r study o f  severe ly  defo l iated l ucerne ,  repo rted that the total p lant weight was 

reduced due to the retardation of root g rowt h .  

Averaged ove r growth stages, co mplete defo l iat i on  resu lted i n  s mal ler plants 

at the e nd of the reg rowth peri od .  The decrease in p lant size i n  the 1 cm treatment 

was due to the  decrease i n  both shoot and root (See Figs 4 .7 & 4 . 1 0)  and the 

wei g hts suggested depressed plant v igour. Co nverse ly ,  defo l iati o n  between 1 5-30 

cm d id not affect p l ant size. The deleterious effect of defo l iat ion  as one of the 

facto rs affecti n g  p lant s ize has been reviewed by McNaughton ( 1 983 ) .  

4.4.6 Conclusions 

1 .  The i nfluence of g rowth stage at defol i at ion  and defo l iation in te nsity o n  the 

accu mu lat ion  of starch , as measured by starch co ncentrat ion and content, were 

si m i lar. Starch concentratio n  and conte nt were relat ively g reater i n  t he  EF 

treatment at defo l iation .  I n  addit ion ,  cutt i ng  at 1 5  cm and above d id not affect the 

starch status in  su l la. However, at an  i m mature g rowth stage ,  varyi ng  defo l i at ion 
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he ig hts varied starch accu mu lat ion .  

2 .  U nder a cutting  reg ime ,  defol iat ion i ntensity appeared a more i mportant 

determi nant than g rowth stage on regrowth and productivity. Defo l iat io n  i ntensit ies 

above 1 5  cm did not contr ibute s ign ificant ly towards further i ncreases i n  

product ivity. Retention of l eaf area was more sensit ive t o  severe defol iat ion at an 

i m m ature g rowth stage than at a mature g rowth stage .  I t  wou ld appear best to 

defo l iate p lants at the EF g rowth stage to a hei g ht between 7-1 5 cm, to e nsure 

suffici ent retention  of leaf area on  t h e  stu bb le ,  a n d  mai nta in  g reater root m ass 

with correspondi ng  h i gh  starch status fo r the rapid recove ry i n  su l la .  

3 .  R oot weight decreased as a resu lt o f  co mplete re moval of  s hoots in  the 1 cm 

t reatment, lead i ng  to  reduced plant s i z e  a n d  d e p re ssed herbage p roduct ion .  

H owever, the p rese nce of some leaf area i n  t h e  7 c m  t reat m e nt d id not affect root 

reg rowth ove r the regrowth  period exami ned,  but p roductio n  was l ower than i n  the 

1 5  and 30 em t reatme nts. 
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C HAPTER 5. THE E FFECT OF VARIOUS GRAZING MANAGEMENT SYSTEMS 

O N  THE PRODUCTION AND PERSISTENCE OF SULLA (Hedysarum 

coronarium L.) CV. N ECTON. 

5.1 I NTRODUCTION 

The abi l ity of  sul la  to  provide good qual ity n on-bloati ng  forage th roug hout the 

year is  an i m portant advantage over conventional forages used in New Zealand. 

P re l im inary g razi n g  studies i n  the Manawatu have shown that the  h e rbage 

p roduct ion of su l la  ran ged between 1 0000-1 9000 kg OM ha-1 (Chapter 3 ) .  Herbage 

accumu lat ion  rates were h ighest i n  summer and relatively lower i n  wi nter, and 

ranged between 30-60 kg OM ha- 1 d- 1 (Chapter 3 ) .  H owever, the detri m e ntal effect 

of g raz ing su l la i n  late autumn-wi nte r on  the su bsequent spri n g  p roduct ion could 

pose management problems, especial ly in  view of its autum n-winter act ivity. 

The effect of  g razi ng  or  cutt ing  wi nter active luce rne i n  late autum n  is  

curre nt ly  of  i nterest . White & Lucas ( 1 989, 1 990)  demonstrated the n egative effect 

of cutt i ng  and g razi n g  of wi nter active lucerne cu ltivars i n  autumn  o n  the subsequent 

spri n g  p roduct ion  in Canterbury.  They also fou nd that the reductio n  i n  herbage 

accumulat ion i n  spri n g  was p robably due to low levels of nonstructural  carbohydrate 

reserves i n  the roots of winter active cu lt ivars used . 

Moreover, perenn ial forage legumes l i ke bi rdsfoot t refo i l  and l ucerne differ 

with respect to seve ral g rowth responses . When cut or g razed, reg ro wt h  in b i rdsfoot 

trefoi l  comes from axi l lary buds o n  the re mai n i ng stubble ,  and th is explai ns the 

i mportance of  leav ing a h igh stubble to mai ntai n stands (Sm ith , 1 966) .  In  contrast, 

l ucerne can be g razed boldly to the g rou nd ,  as th is st i m ulates reg rowth which 

p redominant ly  o rig i nates on crowns ( Iverse n ,  1 967 ;  Langer & Keog han,  1 970).  

Therefore,  a more thoroug h knowledge of the morpholog ical responses of su l la is  

needed to develop its g raz ing manage ment .  

Althou g h  the p rel i mi nary g razin g  trial estimated herbage p roduct ion over a 

year, the results reported (Chapter 3 ;  Krishna  et ai . ,  1 990)  were as a consequence 

of  N appl ication  and u nder severe weed i nfestation .  The appl icat ion  of N is 

u n real istic, as su l la is a legume and is  capable of fix ing N. In add it i on ,  the problems 

identified in the h usbandry of su l la in the p re l im i nary tria l  and the i r possib le solutio ns 
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needed to be tested under more real istic f ie ld condit ions.  Fu rthermore ,  the loss of 

potent ial p roduct ion in spring fo l lowing the  late autum n  g raz ing also needed further 

i nvest igatio n .  The objectives of the tr ial were thus to examine :  

1 .  the effects of  p lant g rowth stage at g raz ing and g razi n g  i ntensity o n  the 

p roduct ion and persistence of su l la  ove r one year; 

2. the effect of late autum n-wi nter g raz ing on the subsequent spring  

p roduct ion ,  and 

3. the effect of plant g rowth  stage at f i rst g razi ng and graz ing  i ntensity on  the  

early reg rowth characteristics i n  su l la .  

5.2 MATERIALS AND METHODS 

5.2.1  SITE I NFORMATION 

The t ri al site of 0 .72 ha was located at Frewe ns 3, Massey U n iversity (See 

p late 5 . 1 )  and the experime nt was co nducted from October 1 989 to October 1 990 .  

The so i l  type was s im i lar to that of the f i rst experi ment (See chapter 3 for site 

i nfo rmatio n ) . So i l  and fol iar  analys is was carried out, to gu ide decis ions on nutri ent 

requ i re me nts ( See appendices 5 . 1 , 5 . 2  & 5 .3 ) .  The soi l  was p loughed i n  early spri ng 

1 989 and agricu ltu ral l ime at 4 t ha, 1 was i ncorporated to raise the pH to 6 .0 .  A 

S in g le dose m i xture of 40 kg urea, 500 kg S ing le  superphosphate and 200 kg 

m uriate of potash ha,1 was top dressed at sowi ng .  Dehu l led sul la cv. Necton at 1 5  

kg ha,1 was d ri l l ed to 2-3 cm soi l  depth  i n  1 5  cm rows on the 26 October 1 989. 

Seeds were i n oculated with peat s l u rry contai n i ng the re iso late  ICMP 1 01 49 .  1 0% 

sugar so lut ion was added to the m ixture as a seed adherent  (Vi ncent, 1 970) ,  then 

a i r  d ri ed i n  a cool area and sown wit h i n  24 hours .  A preemergent herbicide Stom p  

3 3 0  E a . i  pendi methal i n  [N - ( 1 -ethyl propyl ) -3 ,4-d imethyl -2 , 6-di n it robenzenam ine] ,  

se lected by NZ Agriseed Li mited (G .  Ke rr, pers comm)  as  suitable for su l la ,  was 

sprayed at 4 I ha-1 . Sod ium molybdate (70 g )  was added to the he rbicide to correct 

any m ol ybden u m  deficie ncy i n  su l la  (Ratera et al . ,  1 977; Duri ng ,  1 984). P lant tissue 

analysis i n  the previous t ria l  had i nd icated low molybdenu m  leve ls i n  the soi l  type. 

By early January 1 990, a healthy, effect ively nodu lated and re lative ly weed free 

stand was establ ished. Postsowing  p lant tissue analysis i ndicated acceptable l evels 



Plate 5 .1  General  view of established su l la  plots located at 
Frewens 3, Massey University. 
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of molybdenum i n  the herbage sampled ( See append ix  5 .2 ) .  

5.2.2 DESIGN AND TREATMENTS 

The experi mental desig n  was a randomised complete b lock, comprised of a 

factorial combin at ion  of three g rowth stages ( late vegetative, m idstem elongat ion ,  

early flowering )  at g razing and two g razing  i ntensit ies (severe g raz ing ,  less severe 

g razi ng ) ,  resu l t ing i n  6 t reatments. The trial was rep l icated 4 t i mes,  p lot size was 

1 92 m2 (29 x 6 .6  m) ,  and was g razed with sheep. I nd ividual p lots were electric 

fenced with separate access, to faci l itate the move ment of sheep i n  and out of the 

plots as and when desi red ( See append ix  5 .4  fo r f ie ld layout) . 

Combi nat ions of six g razi ng  manage ment t reatments are p resented i n  Table 

5. 1 . There were two g razing  i ntensity managements at each g rowth stage i .e at the 

late vegetative (LV) ,  midstem e longat ion  ( MSE) and earl y fl owe ri ng (EF) (See p lates 

5 .2 ,  5 .3  & 5 .4) .  The g razing  i ntensity treatments at the LV growth stage began when  

the p lants reached the com me nce me nt o f  early stem e longat ion .  The  plots were 

e i ther severe ly g razed , i . e  70-80% of the stem and leaf material eaten ,  leavi ng  

stubble equ ivalent to  400-700 kg O M  ha-1 (See plate 5 .5) or  l ess severely g razed, 

i . e  60-70% of the stem and leaf material eate n ,  leavi ng  stubble equ ivalent to 900-

1 1 00 kg OM ha-1 (See plate 5 .6 ) .  The g razi ng i ntensity treatments at the m idstem 

elongat io n  (MSE)  g rowth stage began when the p lants were at the mid to late stem 

e longatio n ,  and the early flowe ri ng  g raz ing  co mmenced when the p lants were at the 

late stem e lo ngation  to 1 0% floweri ng ,  and p lots were e i ther g razed severe ly o r  less 

severely as described above .  



Plate 5.2 Sul la sward at the late vegetative g rowth stage 

Plate 5.3 Sul la sward at the midstem elongat ion growth stage 



Plate 5.4 Sul la sward at the early flowering  g rowth stage 

Plate 5.5 Severe g razing treatment 



Plate 5 .6 Less severe grazing treatment 

Plate 5.7 Summer g razing in p rogress. Note green herbage on offer compared 
to s u rround i ng pasture. 
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Table 5 . 1 A f low chart showing g razing  i nte nsity management t reatment i mposed 
at the late vegetative (LV) ,  midste m e longat ion (MSE)  and e arly floweri n g  (EF)  
g rowth stages, at each g razing , over 365 days . 

G rowth Total 
Stage Grazing  i ntensity t reatmentst Number  Resu ltant 
Treatment  §1 2 3 4 

of g razi ng  
Graz ings management 

LV _____ 
H H H H 4 LVHH H H  

-----
L L L L 4 LVLLLL 

H H H H 4 MSEH H H H  
MSE

-----

-----L L L L 4 MSELLLL 

H H H 3 E FH H H  
E F

-----
-----

L L L 3 E FLLL 

t H= severe g razi ng .  
L= l ess severe g razin g .  

§ Graz ing  sequences are fitted based on nearest ch ronology of g razi ng .  
Note :  On ly  three g raz ings occu rred i n  t he  E F  g rowth stage and  its f inal g razin g  
i s  i ncluded i n  t h e  fi nal sequence . 

Thus,  the f i rst g razing i n  t he  LV, MSE and E F  g rowth stage treatments 

occu rred o n  1 7  January, 1 989 (83 DAS) ,  24 January 1 99 0  (90  DAS) and 1 4  

February 1 990  ( 1 1 1  DAS) respect ively .  Subsequent g razi ngs i n  the severe ly  and 

less severely g razed treatme nts with i n  each g rowth stage treatment were 

determi ned by g rowth stage i . e when  the plants reached s i mi lar physio logical 

m aturity to when they were fi rst g razed . The severe ly  and less severely g razed 

treatments wit h i n  each g rowth stage t reatment were g razed at the  same t ime and 

a g razin g  schedu le  is presented in Table 5.2 .  This was possib le as the residual 

p lant material  after  the fi rst and subsequent grazi ngs at both i ntensit ies with i n  each 

g rowth stage t reatment disappeared,  and the crite ria based on g rowth  stage at  each 

g razi ng cou ld be carried out. Thus, a total of fou r  g razi ngs eventuated in the LV and 

MSE treatments , and th ree g razings in the E F  treatments over 365 days . About 30-



Table 5.2 Grazing schedule as determi ned by plant g rowth stage at g raz ing i n  sul la at each g raz i ng  over 365 DAS. 

Late vegetative 
G razing  

G razing sequence 
date DAGt 

1 1 7/01 /90 -

2 1 4/03/90 56 

3 22/06/90 1 00 

4 26/1 0/90 1 26 

Sowi ng date : 26 Octobe r 1 989 
t Days after g razing  
§ Days after sowi ng 

DAS§ 

83 

1 39 

239 

365 

Midstem elongat ion Early flowering 

G razing Graz ing 
date DAG DAS date DAG 

24/0 1 /90 - 90 1 4/02/90 -

28/03/90 63 1 53 1 8/04/90 63 

04/07/90 98 251 

26/1 0/90 1 1 4 365 20109/90 1 55 

DAS 

1 1 1  

1 74 

329 
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40 sheep,  equ ivalent to 1 500-2000 s heep ha-1 , we re used to effect quick g razi ng  

(See plate 5 .7 ) .  The  duration of t he  g razi ng was normal l y  between 1 -2 days 

depend i ng  o n  the feed on  offer. The g razi ng was closely mon itored and once the 

desi red residual herbage ,  dete rmi ned visual ly was reached,  sheep were removed 

from the  p lots. 

At the late autu m n-wi nter g raz ing in the LV and MSE g rowth  stage 

treatments, the plots were spl it and subplots were either g razed o r  left u n g razed. 

The ung razed control  subplots were caged to prevent access to herbage by sheep.  

P lant cou nts were mon itored befo re g razi ng  and on  20 September 1 990 in  the 

g razed and u ngrazed subplots . 

5.2.3 M EASUREMENTS 

Three 0 .2  m2 quadrats per plot were used to est imate he rbage mass (kg OM 

ha-1 ) before and after grazi ng ,  and to mon itor plant density. P re and post g razing  

herbage samples were cut to  g ro u nd level usi ng a s ickle .  Samples were tho rough ly  

washed,  separated i nto leaf, ste m ,  f lower ( i f  any) and weed fract ions, and the 

fractions were weighed. Then subsamples were fo rced draug ht oven d ried at 70-

75°C for 24 hours and we ig hed for OM determi nat ion .  The he rbage accu mu lated 

( leaf + ste m + f lower) and its components, herbage accu mu lat ion  rate,  plant density, 

i nd ividual p lant d ry-weig ht (OW) , leaf-to -stem mass ratio and weed accumu lated 

were calculated from the OM and p lant density data. The p reg raz i ng herbage mass 

at the second and subsequent g razi ngs of su l la was most ly  n ew growth ,  as the 

herbage m ass afte r each g razi ng  i n  a l l  the growth  stage treatments subsequent ly 

d ied and decayed,  and thus was excluded from the OM calcu lat ions, as in Chapter 

3 .  

F ive g razed plants from the seve re ly and l ess severe ly g razed treatments i n  

each LV and MSE plot we re rem oved, at 1 5  days after the fi rst g razing  (OAG) and 

the plants were then  tho rough ly  washed and soaked in wate r to mai nta in  tu rgor .  

I ndiv idual p lants were then d issected and the orig i n  (pr imary stem ,  secondary 

stem(s)  and crown) and number of shoots on each o rig i n ,  s ho ot length ,  n u m ber  of 

leaves, petiole length ,  leaf area and taproot d iamete r were measured. The crown 

was cut at the posit ion where the crown meets the taproot and the longest d istance 



1 43 

across t he  top of the severed taproot was measured as t h e  taproot diameter. Area 

of leaves was measu red with a Li-Cor Area Meter Model 3 1 00 ,  and the cu m u lative 

area was recorded. Roots for OW dete rm i nat ion were tri m med to 50 m m  f ro m  the 

crown . The d issected shoots and roots were then oven d ri ed and weighed.  Whole 

plants h arvested from the EF t reatment p lots , kept in a cool room for measu rement 

at a l ater t ime ,  decayed u nexpectedly and had to be discarded . 

5.2.4 STATISTICAL ANALYSIS 

Statistical analysis (ANOVA) was conducted usi ng Stat ist ical Analysis System 

General Linear Model (G LM) p rocedure guide (Steel & Torrie ,  1 98 1 ; SAS, 1 989) o n  

al l  t h e  measu rements over 365 DAS.  Comparison on total f lower accu mu latio n  was 

poss ib le because floweri ng occu rred i n  the LV and MSE t reatments on ly  o nce, as 

th is was al l owed i rrespective of g rowth stage at the fi nal g razi ng  with the i ntent ion 

to conclude the trial at 365 DAS. The sou rces of variat ion  we re partit i oned i nto 

b lock, g rowth stage ,  g razing i ntensity and the re levant i nteract ions.  Anal ysis of 

variance was also conducted on each harvest i ndividual ly. As g razi ngs in the g rowth 

stage t reatments were not synchron ised, co mparisons we re m ade on the basis of  

nearest chro nology. 

Regrowth studies were analyzed as a random ised com plete block, i nc ludi ng : 

regrowth site as a classificat ion variable or  a source of variat ion to study t h e  effect 

of g rowth stage ,  g raz ing i ntensity, reg rowth site and re l evant i nteract ions on  the 

reg rowth s i te characteristics in su l la .  

The effects of wi nter g razi ng  on p lant de nsity we re analyzed for statistical 

S ign i ficance as a spl it plot desig n  where the main p lot effects were seve re and less 

severe g raz i ng ,  and subplots effects we re grazed or ung razed contro l .  Treatment 

means were compared usi ng Fisher's protected least sign i ficant diffe re nce ( LSD) 

procedu re (Carmer  & Walker, 1 985) .  Un less othe rwise stated, the 0 . 05 l evel of 

probabi l ity was used to determ i ne d iffe rences. 

5.3 R ESU LTS 

5.3.1 CLI  MATE 

The cl i mate data duri n g  the trial are su m marised i n  Table 5. 3 .  Adequate 
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rai nfal l  fel l ove r  the trial site duri ng the cou rse of t h e  experiment .  The total 

p recipitat ion received was close to the Pal merston North  average of 1 00 0  mm.  

Lower than ave rage rai nfal l fe l l  i n  November 1 989 to January 1 990 with January 

receiv ing the lowest rai nfal l .  Above average rai nfal l t hat fe l l  i n  October 1 989 at the 

t i m e  of sowi ng p rovided a co nducive so i l  mo isture status, and coupled with a soi l  

tem pe rature ( 1 00 mm depth) of 1 3°C resulted in favourable germ inat ion and 

Table 5.3 Summary of cl i mate data at the  t rial s i te from October 1 989 to October 
1 990,  recorded at the DS I R  c l imate stat ion (40023'S 1 75°37'E , 34 m asl ) .  

Total A i r  temperatu re °C Soi l  Sun-
Month Rai n Tem p  sh ine RH% 

( m m) Mean Max M in  °C hours 

Oct 1 23 1 3 .8 1 8 .0 9.6 1 3 . 0  1 30 78 
Nov 23 1 6 .0 20 .0  1 2 .0  1 6 . 2  1 92 70 
Dec 59 1 5 .7 20 . 1  1 1 .3 1 6 . 1  1 58 7 1  
Jan 1 8  20 . 1  24 .9 1 5 .2 1 9 . 8  223 84 
Feb 1 04 1 7 .6 23 .0  1 3 .0 1 7 . 8  20 1  78 
Mar 1 84 1 7.9 22 .2  1 3 .6 1 7 . 1  1 72 79 
Apr 66 1 4.4 1 8 .6 1 0 .2 1 3 . 6  1 1 1  80 
May 92 1 1 .9 1 5 .8  8 .0  1 0 . 7  1 1 3  83 
Jun  1 25 9 .4 1 3 . 1  5 .6  8 .2  67  88 
Ju l  85 9 .0  1 2 .8  5. 1 7 .3  84  88 
Aug 1 1 1  1 0 . 1  1 3 .7  6 .4  8 .4  1 03 86 
Sept 1 7  1 0 . 1  1 4 .4  5 .7  9 . 5  1 32 73 
Oct 84 1 3 .4 1 7 .4  9 .4  1 3 . 1  1 53 80 

establ ish ment of the forage. The cu mulative su nsh i ne h ou rs received we re above 

ave rage which,  with a re lative hu midity of 80%, led to advantageous g rowing 

cond it ions t h roug hout the trial . The ave rage max imum and m in imum tem pe ratures 

ove r the year were s l i ghtly h ig her  than expected. 

5.3.2 H ERBAGE AND COMPONENTS OF H ER BAG E ACCU MULATIO N  

There was n o  s ign ificant i nte ract ion between plant g rowth stage at g razing  

and g razing  i ntensity management ,  and the overall effect of g razing i ntensity was 

not s ign ificant on  the herbage and components of herbage accumulated ove r  365 
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DAS. As a consequence on ly  the effect of p lant g rowth stage at g razing is 

d iscussed. 

The total herbage and he rbage co mpone nts accumu lated over 365 DAS are 

presented i n  Table 5.4. The re was a s ign i ficant (p<0 . 0 1 ) d ifference between the  

g rowth stage t reatme nts i n  t he  total herbage accumu lated ove r 365 DAS. The  total 

h e rbage accu mulated in the E F  t reatment was 1 3% greater than in the LV and MSE 

t reatments. The LV and MS E treatments did not differ s i gn if icantly and ave raged 

2 1 941 ± 507 kg OM ha·1 y-1 . 

There was a s ign i ficant (p<0 .00 1 ) effect of g rowth stage at g razi ng o n  the 

Table 5 .4 The effect of  plant g rowth stage at g razing  on  the total he rbage and 
components of herbage accu mu lated ( kg OM ha-1 ) in su l la ,  over 365 days . Data 
meaned over al l  i ntensit ies.  

G rowth  Total Components of total herbage accu m ulated 
Stage Herbage 

Accumu lated Leaf Stem Flower§ 

LV (4)  2 1 865 1 4 1 67 7609 89 

MSE (4) 220 1 6  1 4956 6935 1 24 

E F  (3)  24705 1 3 1 50 1 0682 873 

LSDo.o5t 1 987 955 1 3 1 0  2 1 9 

t LSD at the 0 .05 level of s ign if icance . 
§ Floweri ng occurred i n  the LV and MSE treatme nts at the fi nal g raz ing on  

26 October 1 990 as  al l t reatments were i ntended to be  g razed then  
i rrespective o f  g rowth stage as a co nclusi on to the tria l . 
N u mbers i n  brackets are the total number of graz i ngs that occu rred i n  each 
g rowth stage treat me nt .  

total l eaf accu mulated ove r 365 DAS . The total leaf accu mu lated in the EF 

treat me nt was 1 0% less than in the LV and MSE treatments , wh ich meaned 1 456 1 

± 243 kg OM ha-1 y-1 . Moreover, there was also a s ign i ficant (p<0.00 1 )  d i fference 

betwee n  the g rowth stage tre atments in the total stem accu mulated over 365 DAS. 
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The total stem accumulated i n  the EF t reatment was 47% g reater than i n  the LV 

and MSE treatments. The re was no sig n if icant difference between the LV and M S E  

treatments a n d  t h e  total ste m  accumu lated was 7272 ± 334 k g  O M  ha-1 y-l . 

Moreover, the total f lower accu m ulated was also s ign ificant ly (P<0 . 00 1 ) different  

betwee n  the g rowth stage treatments . The total f lower accumulated in  the E F  

t reatment was e'l ght t imes g reater than i n  the LV and MSE treatments. The LV and 

MSE treatments d id not d i ffer sig n i ficantly and averaged 1 07 ± 56 kg OM ha-l y-l . 

5.3.3 H E RBAGE M ASS AT EACH GRAZING 

At  the  t ime of the  fi rst g razi ng i n  January/February ,  there was no  s ign ificant 

i nteract ion between  g rowth stage at g raz i ng  and g raz i ng  i ntensity, and there was 

no s ign if icant overal l effect of g raz ing i nte nsity on the pre g razi ng  he rbage mass (F ig  

5 . 1 ) . However, there was a s ign if icant ( p<0 .00 1 )  effect of g rowth stage at g raz i n g .  

The p reg raz i ng  herbage m ass i n  the LV , M S E  and E F  g rowth stage treatments was 

3724 ± 248, 5 1 28 ± 248 and 7067 ± 248 kg OM ha- 1 equ iva lent to 45 ± 7,  57 ± 7 

and 64 ± 7 kg OM ha-l d-1 respectively. 

At the second  grazin g  i n  March/Apri l  however, there was a s ign i ficant 

( p<0 .00 1 ) i nteract ion betwee n  g rowth stage and g raz ing  i nte nsity i n  the p regraz i ng  

herbage mass. The pregrazi n g  herbage mass i n  the seve re ly g razed treatment was 

g reater than i n  the l ess severe ly g razed treatment wit h i n  the MSE g rowth stage 

treatment ,  whe reas it was vice versa with i n  the E F  treatment. The herbage 

accu mu lat ion rate ( HAR) i n  the severely g razed treatment was 26% greater than i n  

t he  less severe ly g razed treatme nt, with in  the MSE treatment (Table 5 .5) .  Howeve r, 

wit h i n  the EF treatment, the HAR i n  the severely g razed treatment was 1 5% l ess 

than in the less severely g razed treatment .  Grazi n g  severity d id n ot affect t h e  

pregrazi n g  herbage mass s ign i ficantly with i n  the LV t reatment. 

Moreover, at the t h i rd g razi ng in Ju ne/Ju ly ,  there was n o  s i gn i ficant  

i nteract ion  between g rowth stage and g razi n g  i ntensity nor  an overal l effect of 

g rowth stage  o r  g razi n g  severity on the pregraz ing herbage mass. Across a" g rowth 

stages and i ntensit ies ,  that is  over the LVH ,  LVL, MSEH and MSEL treatments, t he  

pregrazin g  herbage mass was 6 1 89 ± 20 1 kg OM ha- 1 which was equivalent to  6 3  

k g  OM ha-l d-l . 
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Fig 5 . 1  The effect of plant g rowth stage at g razi ng and g razi ng i ntensity on the  
pre g raz ing  herbage mass i n  su l la ,  at each graz i ng  over 365 DAS.  Bar represents 
least s ign i ficant d i ffere nce at the 0 .05 level  of p robabi l ity and N S= not 
s ig n i ficant at the same level .  KEY:  LV=late vegetative , MSE=Midstem elongat ion and 
E F=early floweri ng g rowth stages, H=severe g razi ng  and L=less severe g razi n g .  
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Table 5 .5 The effect of plant g rowth stage at g razi ng and g razing  i ntensity on  
h erbage accumulat ion rate (kg O M  ha-1 d-1 ) at each g razi ng i n  su l la, over  365 
days. 

G rowth  
Stage 

LV 

M S E  

E F  

LS00 05 

G razi ngt 

I ntensity 

H 
L 

H 
L 

H 
L 

t H =severe g razing 
L=less severe graz ing 

Jan/Feb 

48 
42 

55 
59 

63 
64 

NS 

Grazing sequence 

Mar/Apr Jun/Ju l  

78 66 
83 64 

88 53 
70 67 

69 
8 1  

1 1  NS 

- G razi ng d id  not occur i n  the EF treatment i n  wi nter. 

Sept/Oct 

53 
60 

45 
6 1  

80 
86 

NS 

At  the  fi nal g razi ng i n  September/October, there was also no s ign ificant 

i nteract ion between g rowth stage and g raz ing  i ntensity n o r  an overal l  effect of 

g raz ing  i ntens ity on the pregraz ing  herbage mass . Howeve r, there was a s ign ificant 

(P<0 .00 1 ) effect of growth stage at g razi n g .  The pregraz i ng  herbage mass i n  the 

LV, MSE and E F  treatments was 7 1 28 ± 663, 6029 ± 663 and 1 2921 ± 663 kg OM 

ha-1 which was equivalent to 57 ± 5 ,  53 ± 5 and 83 ± 5 kg OM ha-1 d-1 respectively, 

eve n  though  the period of g rowth was substant ial ly g reater .  

5.3.4 LEAF MASS AT EACH G R AZING 

At the com mencement of  the f irst grazi ng  in January/Fe bruary, there was no 

s ig n if icant i nteract ion between g rowth stage at g raz ing and g razi ng  i ntensity nor  an 

overa l l  effect of g razing  i ntensity o n  the pregraz ing leaf m ass ( Fig  5.2) .  However, 

there was a s ign i ficant (p<0.00 1 )  effect of g rowth stage at g razi ng o n  leaf mass. 

The p regrazi ng  leaf mass in the LV, MSE and EF treatments was 3 1 22 ± 1 44, 3786 
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Fig  5 .2  The effect of p lant g rowth stage at g razi ng  and g raz ing i ntensity on the 
p regraz ing leaf mass in su l la ,  at each g razi ng over 365 DAS. Refer Fig 5 . 1 for key 
to t reatments. 

± 1 44 and 3653 ± 1 44 kg D M  ha·1 respect ively .  The preg razi ng leaf m ass i n  t he  LV 

t reatment was s ig n ificantly  lowe r than i n  the MSE and EF t reatments , whereas it d id  

n ot d i ffer s ign ificantly  betwee n  the MSE and EF treatments. 

However, at the second g raz ing  in March/Apri l ,  there was a s ign if icant 

( p<O .0 1 ) i nteract ion betwee n  growth stage at g raz i ng  and g raz ing i ntensity i n  the  

p reg razing  leaf mass . The pregraz ing leaf mass, wit h i n  the MSE treatment ,  i n  t he  

severely g razed treatment was 1 5% g reater than i n  the less seve rely  grazed 

t reatment, whereas with i n  the E F  treatme nt it was 1 3% less i n  the severely grazed 

t reatment t han i n  the  less severely g razed treatment .  Graz ing  severity d id  not affect 

the  p regraz ing l eaf mass s ign i ficant ly wit h i n  the LV t reatment .  

At the t ime of the th i rd grazi n g  i n  June/J u ly, t here was no s ign if icant 
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i nteract ion  between g rowth stage at grazi ng  and g razin g  i ntensity or  an overal l  

effect of g rowth stage or  graz ing  i ntensity on  the preg razi n g  leaf mass . Across al l  

g rowth stages and g razing  i ntensit ies, that is  ove r the LVH , LVL, MSEH and MSEL, 

the p regraz ing  l eaf mass was 4726 ± 1 32 kg O M  ha-1 . 

Moreover, at the f inal g raz ing  i n  September/October, there was also n o  

s ign ificant i nteract ion between g rowth stage and graz ing i ntensity nor  an overal l  

effect of g raz ing  i ntensity o n  the pregraz ing  leaf mass. However, there was a 

s ign i ficant (p<0 . 00 1 ) effect of g rowth stage at g razing.  The p regrazi n g  leaf mass i n  

the LV, M S E  and E F  treatments was 2968 ± 242, 2727 ± 242 and 5323 ± 242 kg 

OM ha-1 respectively. The p reg raz ing  leaf mass in the E F  treatment was 87% 

g reater t han i n  the  LV and MSE treatme nts. There was no s ign ificant d ifference 

betwee n  the  LV and MSE treatments and the p regrazing leaf mass averaged 2848 

± 1 72 kg OM ha-1 • 

5.3.5 STEM MASS AT EACH G RAZING 

When the fi rst g razin g  commenced i n  January/February, t here was no 

s ign ificant i nteract ion between g rowth stage and g razi ng i ntensity n o r  an overal l 

effect of g raz ing  severity on the pregrazi n g  ste m mass (F ig  5 .3) .  H owever, there 

was a s ign if icant ( P<0.001 ) effect of g rowth stage at g razi n g .  The preg razi ng stem 

mass i n  the LV, MSE and EF treatme nts was s ign i ficantly d i fferent fro m  each other  

and was 579 ± 1 22 ,  1 242 ± 1 22 and 2541 ± 1 22 kg OM ha-1 respectively. 

However, at the seco nd g razing in March/Apri l ,  there was a s ign ificant 

( p<0.00 1 )  i nteract ion between g rowth stage at g razing and g razing  i ntensity on the 

p reg raz ing  stem m ass. With i n the MSE treatme nt, the p regrazi ng ste m in the 

severely g razed t reatme nt was 62% greate r than in  the less severely g razed 

treatment .  G razi n g  severity d id not affect the preg razi ng ste m mass s ign i ficantly 

with i n  the LV and EF treatments. 

At the th i rd g razing  in June/Ju ly ,  there was no s ign if icant i nteract ion between 

g rowth stage at g razi ng and g razi ng i ntensity nor an overal l  effect of g razing 

i ntensity o n  the p re g razing  stem mass. However, there was a s ign ificant ( p<0.001 ) 

effect of g rowth stage at g razi ng .  The pregraz ing  stem mass i n  the LV and MSE 

treatments was 1 847 ± 1 23 and 1 077 ± 1 23 kg OM ha-1 respectively. 
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Fig 5.3 The effect of plant g rowth stage at graz ing and g razi ng  i ntensity on the 
p regraz i ng  stem mass i n  su l la, at  each graz ing over 365 OAS. 

When the fi n al g raz ing  com menced i n  Septe mber/October, there was no sig n ificant 

i nte ractio n  between g rmvth stage at g raz ing  and g razing  intensity nor an overal l 

effect of g razing  i nte nsity o n  pre g razi ng  ste m mass . The re was however, a 

s ign ificant (P<O.00 1 ) effect of g rowth stage at g razi ng .  The p regraz ing  stem mass 

in the LV, MSE and EF t reatments was 4 1 59 ± 456 , 3302 ± 456 and 7598 ± 456 

kg OM ha-1 respectively. The pregrazi ng stem mass in the EF t reatment was more 

than double that i n  the LV and MSE treatme nts, althoug h th is  was over a 

substantial ly  longer period of accumu lation .  Howeve r, the LV and MSE treatments 

did not d i ffer s ign i ficantly and averaged 373 1 ± 323 kg OM ha-1 

5.3.6 PLANT DENSITY 

Over the d u ration of the tria l ,  p lant density decl i ned g radual ly after each 

g raz i ng .  There was a s ign ificant (P<0 . 05) i nte ract ion between g rowth stage at 
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Table 5 . 6  The effect of plant g rowth stage at g raz ing  and g razi ng i ntensity on the  
fi nal plant density i n  sul la ,  at 365 DAS. 

LV 

MSE 

E F  

LSDo.o5 

G razing management 

G rowth stage G razi ng I ntensity 

H H H H  
LLLL 

H H H H  
LLLL 

H H H  
LLL 

Plant density 
( plant m-2 ) 

1 6  
1 3  

1 3  
1 8  

36 
28 

6 

g razi ng and g razing i ntensity on the fi nal p lant density at 365 DAS (Table 5. 6 ) .  

With i n  the EF t reatme nt, t he  fi n al plant density i n  t he  less seve re ly g razed t reatme nt 

was 22% less than i n  the severel y  g razed t reatment .  G razi ng  severity d id not affect 

p lant numbers i n  the  LV and MSE treatments. Averaged over al l  i nte nsit ies, the  

p lant  dens ity i n  the LV and MSE t reatments was 1 4  ± 2 and 1 6  ± 2 plants m-2 

respectively. Over al l  i ntensit ies ,  the decl i ne  i n  plant n umbers re lat ive to the start 

of the tr ial was 79, 74 and 29% i n  the LV, MSE and EF treatments respectively.  

Them was a decl i ne in piant numbe rs in  a l l  g rowth stages over the 365 DAS, but 

it was very marked in the LV and MSE t reatments. 

When the fi rst g razi n g  com menced in  January/Fe b ruary, there was n o  

sig n if icant i nteract ion between  g rowth  stage at g razi ng and g razing  i ntensity n o r  an 

ove ral l  effect of g razi ng  i ntensity o n  the preg raz ing plant dens ity (F ig  5 .4) . H owever, 

the re was a s ign ificant (p<O.001 ) effect of g rowth stage at g raz ing  and the 

preg raz ing  p lant density i n  the LV, MSE and EF t reatments was 67 ± 3 , 62 ± 3 and 

45 ± 3 plants m-2 respectively. There was s ign ificantly lowe r  plant density in the EF 

treat m e nt and th is may have been due to se lf-t h i nn i ng .  The LV and MSE t reatments 

d id not d iffer s ign ificantly. 

Moreover, at the second g razi ng ,  there was no sig n if icant i nteract ion between 
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Fig 5 .4  The effect of plant g rowth stage at g razing  and g razi n g  i ntensity o n  the 
p reg raz ing  plant density in  suI /a, at  each grazi n g  over 365 DAS. 

g rowth stage at g razing  and graz ing  i ntensity nor an overal l  effect of g razing  

i ntens ity on  the pregrazi n g  plant density. However, there was agai n a s i gn i ficant 

( p<O . 00 1 ) effect of g rowth stage at g razing .  The pregrazing plant numbers i n  the 

LV , MSE and EF t reatments were 58 ± 3 ,  48 ± 3 and 65 ± 3 p lants m-2 res pectively 

and differed s ign ificantly from each other .  A g reater density than at the p revious 

g raz i ng i n  the EF t reatment may have been a consequence of staggered 

germ i n at ion or seed s hatter at the preceding g razin g .  

At t h e  t ime  of  the th i rd g razing  i n  June/Ju ly, there was aga in  n o  s i gn ificant 

i nteract ion betwee n  g rowth  stage at g raz i ng and g razing i ntensity nor an overall 

effect of g razing  severity on  the pregrazi ng  plant density. However, there was agai n 

a s i gni ficant ( P<O .05) effect of g rowth stage at g razin g .  Averaged over al l i ntensit ies, 

the p regraz ing  plant density i n  the LV and MSE t reatments was 44 ± 2 and 49 ± 2 
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plants m-2 respectively. At the f inal g raz i ng  co mme nced i n  September/October, there 

was a s ign i ficant ( p<0.05) i nteract ion between growth stage at g razi ng  and g razi n g  

i ntensity o n  t h e  fi nal plant density as was d iscussed . 

At t he winter g razi ng i n  June/July ,  there was a s ign i ficant (p<0.0 1 )  decrease 

of 59% i n  p lants m-2 in the g razed subplots , compared to in the u n g razed subplots 

wit h i n  the LV and MSE t reatments (Table 5 .7) .  The g razed and u n g razed subplots 

clearly demonstrated the detrimental effect of g raz ing i n  the  wet early winter months 

(See plates 5.8 & 5 .9) .  

5.3.7 I NDIVID U AL PLANT D RY-WEIG HT 

There was no s ign ificant i nte ract ion between g rowth stage at g razing  and 

g raz ing  i ntens ity nor  an overa l l  effect of g razi ng i ntensity o r  g rowth stage at g raz ing  

on  the f inal  i nd iv idual plant d ry-weight  ( OW) at 365 OAS.  Althoug h the effect of  

g rowth stage at g razi ng was not s ignif icant ,  plants i n  the LV treatment weighed 48% 

Table 5 .7 The effect o f  g raz ing  su l la i n  wi nter at the late vegetative and m idstem 
e longatio n  g rowth stages on  plant density, i n  g razed and u ngrazed subplots 
(means of  treatments LV and MSE) , on 20 September 1 990. 

Plant de nsity (p lants m-2) 
Treatment 

Late vegetative Midstem e longatio n  

Wi nter g razed 1 4  1 6  

Ung razed (contro l )  34 39 

LSOo o5 4 4 

N ote : G razi n g  i n  the E F  treatment d id  n ot occur i n  wi nter .  



Plate 5.8 Winter grazin g in progress in the midstem elongation 
growth stage treatment. 

P late 5.9 The consequence of winter g razing on plant prod u ctivity in spring. 
Plants in the background were ungrazed. 
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m o re than i n  the MSE and E F  treatments (Table 5 .8) . Ove r  the  durat ion  of the trial , 

p lants i ncreased i n  wei g ht and when compared to the i n it ial weight at the start of  

the  t ria l ,  the  i ncrease was twelve t imes in  the LV treat ment ,  five t imes in  the MSE 

t re atment and th ree t imes i n  the  EF treat ment .  When averaged over a l l  g rowth 

stages and g raz ing i ntensit ies the f inal i ndividual p lant OW was 52 .9 ± 4 . 5  g planrl . 

Table 5 .8  The effect of plant g rowth stage at g raz ing o n  t he  fi nal i ndiv idual plant 
d ry-we ight (OW) in suI/a, at 356 days . Data meaned over al l  i ntensit ies. 

G rowth stage 

LV (4) 

MSE (4) 

EF (3) 

LSOo.os 

P lant OW (g planr1 ) 

68 .0 

46 .2 

45.0 

NS 

Compensat ion for the l oss of p lant numbers by an i nc rease in i nd iv idual p lant 

OW was evident at each g raz ing  ( Fi g  5 .5) . At the t im e  of the  f i rst g razing  i n  

January/February, there was no sig n if icant i nteract ion betwee n  g rowth stage and 

g raz i ng i ntens ity nor an overal l  effect of g razi n g  severity on the p regraz ing i ndividual 

p lant OW. However, there was a sig n ificant ( p<0 . 00 1 ) effect of growth  stage at 

g razi n g .  The p reg razing plant OW i n  the LV, MSE and E F  treatments were 

s ign if icantly d ifferent from each other and we re 5 .8  ± 0 .8 , 9 . 2  ± 0 .8  and 1 6 . 7  ± 0 .8 

g p lanr1 respectively. 

At the second g razing i n  March/Apri l ,  t here was a s ign if icant (P<0.05)  

i nteract ion between g rowth stage at g razi ng and g raz ing intens ity i n  the p re g razing 

p lant OW. With i n  the MSE treatment, the p regraz ing  pl ant OW in  the severely 

g razed treatment was 30% g reater than i n  the l ess seve re g razi ng t re at ment. 

G razi n g  severity had no s ign i ficant effect on p lant OW with in  the LV and EF 

treat m e nts. 

At the  early winter g razing  i n  June/July in the LV and the  MSE treat me nt, 
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Fig 5 . 5  The effect of plant g rowth stage at g razing  and g razi ng  i ntensity on the 
p re g raz ing  i ndividual plant dry-weight (OW) in su l la at each g razi ng over 365 OAS. 

there was no sig nificant i nteract ion  between g rowth stage and g razing  i ntensity nor 

an overal l  effect of g razi ng i ntensity o n  the p regrazing plant DW. However, there 

was a sig nificant (P<O.05) effect of g rowth stage at grazin g  and the p re grazing  

p lant OW i n  t he  LV and MSE t reatments was 1 5 . 2  ± 2 .5  and  1 2 .5 ± 2 . 5  g planr1 

respectively.  

No i nteractio n  was s ign i ficant between g rowth stage and g razin g  i ntensity, 

and there was n o  s ign ificant overal l  effect of g razi ng  severity o r  g rowth stage at 

g razi ng on the p reg razing plant OW at the f inal graz ing  i n  Septem ber/October, and 

t h e  overall results were as discussed at 365 OAS . 

5.3.8 I NDIVIDUAL PLANT DRY WEIGHT VERSUS PLANT D ENSITY 

The relationsh ip  between i ndividual p lant OW and p lant density at the 

Jan/Feb ,  Mar/Apr, J u n/Ju l ,  Sept and Oct g razi ngs is represented in Figu res 5 .6a, 
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Fig 5 .6  a, b ,  c, d & e .  Scatterplots showing  the relationship betwee n  10g lo p lant dry 
wei ght (w) and 10g lo plant dens ity (p) at each g razing  ove r  365 days. Points 
represent fou r  repl icates in each t reatment combination. KEY: LV=late vegetative 
g rowth stage ,  MSE=midstem e longatio n  g rowth stage, EF=early floweri ng  g rowth 
stage ,  L=l ess severe g razing  and H =severe g razi ng .  Note that no g raz ing occu rred 
i n  the EF t reatment i n  June/Ju ly .  Thus the reg ression for the E F  treatment is 
plotted separately  at its fi nal g razi n g  in October. 
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b ,  c ,  d & e respect ively .  Po ints on  the scatterpl ot represent fou r  repl icate s  i n  each 

t reatment combi nat ion .  There was a gradual change i n  the s lope of the regress ion  

over t ime in  al l t reatment combi nat ions .  At  the  fi rst g razing  i n  Jan/Feb, t he  

rel ationsh i p  between i ndividual p lant DW and  plant density i s  rep resented by  the  

reg ress ion  equatio n  log w=3.69  - 1 . 55±O . 26 log  p (r=O .62 ,  P<O. 00 1 ) where p is  t he  

density of  p lants and w thei r correspondi n g  i ndividual p lant DW. The s lope  o f  the  

equatio n  was c lose to  the expected - 1 . 55 value .  At the  second g razi ng  i n  Mar/Apr, 

the dec l ine of  p lant density was compensated by a correspond ing i ncrease in p lant 

DW as s hown by the equatio n  log  w=3. 1 3 - 1 . 25±O . 1 4  l og  p .  The equat ion explained 

78% of the variat ion (P<O .00 1 ) . At the J un/Ju l  g razi n g  however, the re l at ionsh ip  

between w and p became poor, with on ly 3 1  % ( p<O .05)  of t he  variat ion explained 

by the reg ression  equat ion .  The slope of the reg ression decreased to O . 74±O . 30 .  At 

the fi n al g razin g  i n  Septem ber (F ig 5 .6d ) ,  the density/size relationsh i p  i n  the 

LV/MSE treatment remained poor  (r=O .50 ,  P<O. 002) with a s lope of O . 82±O.22.  The 

pain ts o n  the scatterplot tended towards a horizontal p lane with more vari at ion i n  

p than variat io n  i n  w. I n  the E F  t reatment i n  October ( Fig  5 .6e) however, the 

relationsh ip  remained strong with 83% of the variatio n  expla i ned by the equatio n .  

T h e  s lope o f  t h e  equation was close to that o f  the reg ress ion i n  t h e  LV/MSE 

treatments. 

5.3.9 LEAF-TO-STEM MASS RATIO 

Over the 365 DAS, there was no s ign i ficant i nteract ion  between g rowth stage 

at g razi ng  and g razing  i ntensity no r  an overal l  effect of g razin g  i ntensity o n  t he  l eat­

to-stem m ass ratio (LSR) of the total herbage accumulated .  However, t he re was a 

s ign if icant effect of  g rowth stage at g raz ing .  The LSR i n  the E F  t reatment was 37% 

less than i n  the LV and MSE treatments (Table 5 .9 ) .  The LSR i n  the LV and MSE 

treatments d id not  differ s ign i fi cant ly .  

When  the fi rst g raz ing com menced in January/February,  there was no 

i nte ract ion  betwee n g rowth stage and g razi n g  i ntensity nor an overal l  effect of 

g razi n g  severi ty on  the pregrazin g  LSR (F ig  5 .7 ) .  However,  t he re was a sig n if icant 

( p<O . 00 1 )  effect at g rowth stage at g razi ng .  The pregrazin g  LSR i n  the LV, MSE 



Table 5 .9  The effect of plant g rowth stage  at g razi ng o n  the total accumu lated leaf 
-to-stem mass ratio i n  sul la ,  over 365 DAS. Data meaned over al l  i nten sities. 
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Fig 5 . 7  The effect of p lant g rowth stage at g raz ing  and g razing  i ntensity o n  the 
p regraz ing  leaf-to-stem rat io i n  sul la,  at each g raz ing ,  ove r  365 DAS. 



1 61 

and E F  treatments was s ign if icant ly diffe rent to each oth e r  and ave raged 6 . 0  ± 0 .3 ,  

3 . 4  ± 0 .3  and  1 .7 ± 0 .3  respectively .  

At the second g razi ng  in March/Apri l ,  i nteract ion between g rowt h  stage and 

g raz i ng  i ntensity was not s ig n ificant nor was there an overal l  effect of g razin g  

i ntensity. The effect of g rowth stage at g razi ng ,  however was s igni ficant ( P<0. 0 1 ) .  

The p regraz ing  LSR i n  the LV, MSE and EF treatme nts was 4. 1 ± 1 . 7 ,  4 . 1 ± 1 . 7 

and 1 1 .7 ± 1 .7 respectively.  The pregraz ing LSR i n  the E F  treatment was three 

t im es g reater than i n  the LV and MSE treatments. 

At the winter g raz ing in June/Ju ly ,  no  i nteractio n  was agai n s i gn ificant 

between g rowth stage and g razi ng  i nte nsity nor  was there an overal l  effect of 

g razi ng severity on  the p reg raz i ng LSR.  The effect of g rowth  stage at g razi ng  was 

agai n s ign i ficant (p<0.0 1 ) and the pregraz ing  LSR i n  the  LV and MSE t reatment 

was 3 . 0  ± 0.7 and 6 .0  ± 0 .7 respectively .  However, at the f ina l  g razi n g ,  there was 

n o  sig n ificant i nteract ion between  g rowth stage and g raz ing  i ntensity nor  a n  overal l 

effect of g razi ng  i ntensity or  g rowth  stage at g razi ng  on the pregraz ing LSR .  Across 

all g rowth stages and i ntensit ies, the pregraz ing  LS R was 0 .8 1  ± 0 .03 .  

5.3. 1 0  WEED ACCUMULATION 

Over the 365 OAS, there was a sig n i ficant i nteract ion between g rowth stage 

and g razing  i ntensity on the total weed accumu lated (Table 5 . 1 0) .  With i n  the MSE 

treatment, the total weed accumu lated in the severely g razed treatment was 81 % 

g reater than i n  the less seve re ly  t reatment .  Graz ing severity did not affect t he  total 

weed accu mulated i n  the LV and MS E treatments and ave raged 1 269 ± 1 33 and 

802 ± 1 33 kg OM ha-1 y-l respective ly.  

At the time of the fi rst g raz i ng in January/February,  there was no  s ig n ificant 

i nteractio n  between g rowth stage and grazi n g  i ntensity no r  an ove ral l effect o f  

g raz i ng i ntensity on  the p reg raz ing  weed mass ( Fig 5 .8) .  However, the effect of 

g rowth stage at g razing was s ign ificant (p<0 .00 1 ) .  The pregraz ing  weed m ass in the 

LV, MSE and EF treatments was 233 ± 86 , 405 ± 86 and 788 ± 86 kg OM ha-1 

respectively. The pregrazing  weed mass i n  the EF  treatment was 1 47% g reater than 

in t he  LV and MSE treatments. The LV and MSE treatments did not d iffer 

s ign if icantly, and averaged 31 9 ± 6 1  kg OM hao 1 • 
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Table 5 . 1 0 The effect of p lant g rowth stage at g razi ng and g razing  i ntensity on  t h e  
total weed accumulated (kg OM ha-1 ) i n  sul la, over 365 OAS. 

G razing m anageme nt 

G rowth  stage 

LV 

MSE 

EF 

LS00 05 

Graz ing i nte nsity 

H H H H  
LLLL 

H H H H  
LLLL 

H H H  
LLL 

Total weed accumu lated 

1 0 1 8  
1 5 1 9  

1 803 
996 

803 
773 

520 

When the second g razing  com menced in March/Apri l ,  i nteract ion betwee n  

g rowth stage  and g razing i ntensity, and the overal l  effect o f  g rowth stage at g raz i ng  

was no t  s ig n ificant on  the p reg razi ng  weed mass. Howeve r, there was a s ign ificant 

( P<0. 05) overa l l  effect of g razing  severity . Pregraz ing weed mass in the severe ly 

and less severely g razed treatments was 26 ± 30 and 1 26 ± 30 kg O M  h a-1 

respectively .  

N o  p regraz ing weed mass was esti mated at the t h i rd g raz ing in Ju ne/July,  

as herbage samples were free of weeds. However, at the fi nal g razi ng i n  

Septem ber/October, there was a s ign i ficant (P<O .0 1 ) i nteract ion between g rowth 

stage and g razi ng i ntensity o n  the pregraz ing weed mass . With i n  the MSE 

treatment, the p regrazing weed mass i n  the severely g razed treatment was 1 53% 

g reater  than i n  the  less severe ly g razed treatment. G razi n g  i ntensity did n ot affect 

the  p reg raz ing  weed mass i n  the LV treatment ,  and herbage samples i n  the E F  

treatment  were weed free . 
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Fig 5 . 8  The effect of plant g rowt h  stage at g raz ing  and g raz ing  i ntensity o n  the 
p reg raz ing  weed mass in  su l la, at each g razin g ,  over 365 OAS. Note no est imate 
is avai lable at the wi nter g razi ng  in the LV and MSE treatments, and i n  the E F  
t reatment at its f inal g raz ing .  

5.3.1 1 H ERBAG E CONSUMPTION 

The amou nt of herbage and herbage com ponents consu med by sheep and 

percentages of the total herbage and herbage com po nents consumed, i nc luded i n  

pare nthesis, ove r  365 DAS are presented i n  Table  5 . 1 1 .  Over  the 365 DAS, there 

was n o  s ign if icant i nteract ion between g rowth stage  at g razing  and g razing  i ntens ity, 

and there was no s ign ificant overal l effect of g razin g  i ntensity or g rowth stage at 

g razi ng o n  the total herbage consumed by sheep.  Across a l l  g rowth stages  and 

g razi ng i ntensities , the total herbage consumed by sheep was 1 6097 ± 355 kg OM 

h a-1 y-l . However, there was a s ign i ficant ( P<0_01 ) i nteraction betwee n  g rowth stage  

at g razin g  and g razin g  i ntensity o n  the  percent total herbage consumed.  The  

percent herbage consumed i n  t he  severe g raz ing m anagement t reatments, i n  t he  



Table 5. 1 1 The effect of plant g rowth stage at g raz ing  and g razing i ntens ity o n  herbage,  herbage com ponents and weeds 
consumed (kg OM ha-1 ) i n  sul la, over 365 days. F igures i n  brackets are percentages (%) of total accu mulat ion g razed by sheep. 

G raz ing  Herbage Herbage components consumed 
management consumed 

Leaves Stems Flowers 
Weeds consumed 

LVHH H H  1 6287 (75) 1 2576 (88) 3642 (50) 69 ( 1 00) 976 (94) 

LVLLLL 1 4345 (65) 1 1 452 (81 ) 2784 (33) 1 09 ( 1 00)  1 420 (93) 

MSEH H H H  1 61 39 (77) 1 2906 (90) 3 1 26 (49) 1 28 ( 1 00)  1 794 (99) 

MSELLLL 1 6 1 84 (70) 1 2891 (82) 3 1 52 (41 ) 1 43 ( 1 00)  945 (95) 

EFHHH 1 63 1 4 (69) 1 2077 (94) 3524 (35) 71 3 ( 1 00) 804 (98) 

EFLLL 1 73 1 4  (67) 1 2263 (9 1 )  401 8 (34) 1 033 ( 1 00) 71 0 (90) 

LSDo 05 N S  (5) N S  (2) NS (NS)  NS (NS) 51 7 (NS) 
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LV and MSE treatments, was sig n if icantly h i g he r  than i n  the less seve re g raz ing 

management treatments. The severe and l ess severe g raz i ng  management i n  the 

E F  t reatment d id  not differ s ig n i ficantly. Nevertheless, the percent h e rbage 

consumed was h i ghe r  i n  the severely g razed treatment. 

There was no s ign if icant i nteraction between g rowth stage and g raz ing 

i ntensity nor  an overal l  effect of g razi n g  seve rity or g rowth stage at g razi n g  on  the 

total l eaf tissue consumed ove r  365 OAS.  The mean across al l  g rowt h  stages and 

g razi n g  i ntensities was 1 236 1 ± 1 95 kg O M  ha- ' y- ' . H owever, there was a 

s ign ificant (P<O .05) i nteract ion betwee n  growth stage and g razing  i ntensity i n  the 

percent total leaf t issue consu med.  Wit h i n  a l l  g rowth  stages, the percent leaf tissue 

consu med i n  the severe g raz ing manageme nt treatment was g reate r than  i n  the 

less severe g razi n g  management t reatment .  

For the total stem tissue consu med by sheep ove r  365 OAS, i nteraction 

between  g rowth stage  and g razi ng  i nte nsity, t h e  overal l  effect of g raz i ng  i ntensity 

and of g rowth stage  at g razi ng  were not sig n if icant . Moreover, there was also no 

s ig n ificant i nteractio n  between g rowth  stage and g razing  i ntens ity on the percent 

stem tissue consumption . However, there was a s ign ificant ( P<O.05) overal l  effect 

of  g rowth stage at g razi ng  and g razi ng  i ntensity . The percent stem tissue con sumed 

i n  the LV, MSE and EF treatments was 42 ± 3 ,  45 ±3 and 34 ± 3 respectively. 

S heep consumed s ign ificantly l ess stem tissue in the EF treatment than i n  the LV 

and MSE treatme nts. The LV and the MSE t reatme nts d id n ot d iffer s i gn i ficantly. 

Across al l  g rowth stages, the percent stem t issue consu med i n  the severe ly  and 

less severely g razed treatments was 44 ± 2 and 36 ± 2 respectively. 

There was no sig n ificant i nteract ion between g rowth  stage and g razi ng  

i ntensity nor  an overal l effect o f  g raz ing  i nte nsity on  the  total or  percent flower 

tissue con su m pt ion over  the 365 OAS. However, t he re was a sig nificant ( P<O.00 1 ) 

effect of g rowth stag e  at g razi n g .  The total f lowers consumed i n  the LV , MSE and 

EF t reatments was 89 ± 80, 1 36 ± 80 and 873 ± 80 kg OM ha-1 y-l respectively. 

Consum pt ion of f lowers in the EF treatment was s ign ificantly h igher  than i n  the LV 

and MSE treatments. The flowers consumed i n  t he  LV and MSE treatments d id not 

differ s i gn i ficantly. The re was no  s ign i ficant i nte ract ion nor  an  overal l  effect of 

g rowth stage o r  g razi ng  i ntensity o n  the perce nt flowers consumed, as sheep 
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consumed al l flowers on  offer. 

S ign i ficant (P<0 .0 1 ) i nteractio n  occu rred between g rowth stage and g raz i ng  

i ntensity o n  the total weeds consu m ed ove r t he  365  DAS. With i n  t he  MSE 

treatment, sheep consu med 90% more weeds i n  the severely g razed t reatment than 

in the less severely g razed treatment .  G raz ing severity d id n ot affect weeds 

consum pt ion  s ign ificantly i n  the LV and E F  treatments. No  s i gn i ficant i nteract ion  

occurred between g rowth stage and g razing  i ntens ity, and the re was no s ign if ica nt 

overa l l  effect of g rowth stage at grazin g  o r  g razi ng i ntensity o n  the percent weeds 

consumed.  Across al l  g rowth stages and g razi ng  i ntensit ies the weeds consumed 

by sheep was 95%. Herbage ,  herbage components and weeds consumed by sheep 

at each g raz i ng  over 365 DAS are i nc luded i n  appe nd ix  5 .5 .  

5.3. 1 2  REGROWTH SITE CHARACTE RISTICS 

5.3. 1 2.1  SHOOT N U MBER 

The re was a s ign i ficant ( p<0. 0 0 1 ) i nteract ion  betwee n  p lant g rowth stage x 

g raz ing i ntensity x reg rowth site i n  the n u m ber  of shoots produced over the 1 5  days 

after fi rst g razi n g  (Table 5. 1 2 ) .  As data i n  the EF treatment was not obtained, on ly  

the LV and MSE treatments are presented . With i n the  MSE g rowth stage, plants 

less severely  g razed, produced three t imes more s hoots o n  the secondary stem (s)  

than plants severely g razed o n  the same regrowth  site . G razi n g  i ntens ity d id n ot 

s ign ificantly affect the number of s hoots produced on  the p ri mary stem (PS) ,  

secondary ste m (s) (SS) and crown (CR) i n  the LV g rowth stage, and on the PS and 

CR with i n  t he  MSE growth stage. Across a l l  i ntensit ies, the n u m be r  of shoots 

produced o n  the PS, SS and CR in the  LV g rowth stage was 0 . 3  ± 0 .5 ,  3 . 1 ± 0 . 5  

and 5 .7  ± 0 .5  respectively .  The n u mber o f  shoots produced o n  t h e  C R  was 

sig n i ficantly g reater that on  the PS and SS .  Moreover, i n  the MSE g rowth stage,  the 

PS and CR p roduced 1 .5 ± 0 . 5  and 5 .4  ± 0 .5 shoots respectively .  The number of 

shoots p roduced o n  the CR i n  the LV g rowth stage, d id not d i ffer sig n if icantly from 

those p roduced o n  the CR in  the MSE g rowth stage .  
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Table 5 . 1 2  The effect of plant g rowth stage at g raz ing and g razing i ntensity o n  the regrowth site characteristics of sul la, at 1 5  days 
after the fi rst g razin g .  

G rowth G razing  Regrowt h  S hoot Shoot Leaf Petiole Leaf Shoot 
Stage I ntensity Site N umber Length Numbe r  Length Area OW 

(mm) (mm) (cm2) (g)  

H Primary 0 .5  0 .9  1 .4 1 2 .3  9 .3  0 .05 
L Stem 0 . 1  0 .2 0 . 3  4 .8 3 . 9  0.02 

LV H Secondary 3 .9  5 .3  9 .7  42.4 30 .7 0 .25 
L Ste m  2.2 1 .8 5 .2  34.5 2 1 . 1  0 . 1 4  

H Crown 5.3 5.2 1 4. 1  75.8 87.2 0 .59 
L 6 . 1  7.2 1 4. 7  1 0 1 .6 1 48. 1 1 .04 

H Primary 1 .0 1 .4 2 .7  1 8.3  1 9.2  0 . 1 5 
L Stem 2 . 1  3.0 5.4 38.5 44. 9  0 .30 

MSE H Secondary 3 .5 4 .0  9 .4  5 1 .3  57.4 0 .34 
L Stem 9 .5 6 .6 25.5 64.7 1 40 .0  0 .96 

H Crown 5 .5 8 .5 1 5.8  83. 0  1 21 .0 0 .87 
L 5.2 8.7 1 4. 9  76.8 1 42 .0  1 .02 

LSOO.05 1 .9 2 .8 5 .2 20. 1  42 . 6  0 .30 
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5.3.1 2.2  SHOOT LENGTH 

A s ign if icant (P<0,05) i nteract ion between plant g rowth stage x g razin g  

i ntensity x regrowth s ite had a n  i nfl uence o n  the le ngth of s hoots produced over t h e  

1 5  days o f  reg rowth (Tabl e 5 , 1 2 ) ,  Graz ing  i ntensity did not affect t h e  length o f  

shoots p roduced i n  al l  the regrowth sites wit h i n  t h e  MSE and LV g rowth stages, 

except on the secondary stem (s) in the LV g rowth  stage ,  The s hoot lengt h  on plants 

g razed severe ly was s ign if icant ly g reater t han those on the less seve rely  g razed 

p lants. Moreove r, the shoot length  o n  the CR ,  of plants severe ly  g razed at the MSE 

g rowth stage,  was 1 .6 times longer t han those on the CR of pl ants g razed severe ly 

at the LV g rowt h  stage, 

5.3 .1 2.3 LEAF NUMBER 

There was a s ign ificant ( p<0 ,00 1 ) i nteract ion  betwee n  plant g rowth stage x 

g razi ng i ntensity x regrowth site o n  the number of leaves p roduced i n  the plant , 

after 1 5  days of  g raz ing (Table  5 , 1 2 ) ,  I n  the MSE growt h  stage ,  the secondary 

stem (s) i n  the less severely g razed plants, produced about t h ree t imes the number 

of leaves than in the severe ly  g razed plants, H owever, g raz i ng  i ntensity did not 

affect the other regrowth s ites in the LV and MSE g rowth stage treatments. Across 

al l  i ntensities ,  with in  t he LV g rowth stage, the number of leaves produced o n  the 

PS, SS and CR was 0 , 8  ± 1 ,3 ,  1 4 ,8 ± 1 ,3 and 1 4 .4  ± 1 ,3 res pectively .  Also , with i n  

the MSE g rowth stage ,  t he  n u mber of  leaves produced o n  the  PS and CR was 4 ,0  

± 1 .3 and 1 5 , 4  ± 1 , 3 respectively ,  Between the  LV and MSE g rowth stages, the 

nu mber  of leaves produced on the CR did n ot diffe r sign if icant ly  i n  e it her  g razing  

severity. 

5.3.1 2.4 PETIOLE LENGTH 

A s ign ificant (P<0, 0 1 ) i nteract ion occu rred between plant g rowth  stage x 

g raz i n g  i ntensity x regrowth  site o n  the pet io le le ngth of leaves p roduced o n  the 

plant, after 1 5  days of g razi ng (Table 5 , 1 2 ) ,  The petio le lengt h  on the crown in the 

LV g rowth stage was affected by g razing  seve rity , with the pet io le  length on the CR 

in p lants severe ly g razed being s i gn if icantly shorter than those l ess severe ly g razed. 

More over, petio le length on the PS,  with i n  t he MSE g rowth stage treatment, was 
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also affected by g raz ing  severity. The pet io le l e ngth i n  plants severely g razed was 

h alf  as long as those on the less severe l y  g razed pla nts.  The petio le  length  

p roduced o n  the CR ,  i n  p lants less severely g razed with i n  the LV treatment, was 

s ig n ificantly l onger than that on  the CR i n  p lants treated s im i larly with i n  the MSE 

t reatment, whereas those severely g razed d id  n ot differ s ign i ficantly betwee n  the 

MSE and LV t reatments . 

5.3. 1 2.5 LEAF AREA 

There was a s igni ficant (p<O .0 1 )  i n te ract ion  between  plant g rowth stage x 

g razi ng i ntensity x regrowth site on  the leaf area p roduced over  the 1 5  days of 

reg rowth ,  after the fi rst g razing (Table  5. 1 2 ) .  With i n  the LV g rowth stage, the leaf 

area of the shoots arisi ng  on the CR,  i n  plants l ess severe ly  g razed, was a lmost 

twice as g reat at that i n  the severely g razed plants,  whereas it was not s ign if icantly 

d i ffere nt wit h i n  the M SE g rowth stage. However ,  in the MSE growth stage ,  the leaf 

area produced on the  SS, i n  plants less severe ly  g razed , was twice t hat of the 

severe ly g razed plants. Between g rowt h  stages ,  g razi ng  severity did not affect leaf 

area p roduct ion on  the  C R  s ign if icant ly ,  i n  the 1 5  days of reg rowth ,  althou g h  the 

severely g razed plants at the LV g rowth stage produced 28% less leaf area than 

p lants severe ly g razed at the MSE g rowth  stage .  

5.3. 1 2.6  SHOOT DRY WEIGHT 

The i nteract ion between g rowth  stage x g razi ng i ntensity x reg rowth s ite h ad 

a s ign if icant (p<O.0 1 ) effect on shoot d ry-weight  (OW) , 1 5  days after g razin g  (Table 

5. 1 2 ) .  Shoots aris ing o n  the CR,  in  p lants less severely grazed at the LV g rowth 

stage ,  were 76% heavier than shoots on plants seve re ly  g razed, but there was no 

sig nificant effect at the MSE g rowth stage .  Neverthe less, t he  shoot OW on the  SS 

was affected in plants severely and less severe ly g razed at the MSE growth stage .  

S hoots were m ore than t h ree ti mes heavi er i n  the  l ess severe ly  g razed plants than 

i n  the severely g razed plants . Betwee n  g rowth stages, g razin g  i ntensity did not 

affect shoot OW product ion on the CR s ign if icantl y ,  although  the severely g razed 

plants at the LV g rowth stage produced 32% less shoot OW than p lants severely 

g razed at the MSE g rowth stage .  
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5.3. 1 3  TAPROOT DIAMETER 

A s ign i ficant (P<0 . 0 1 )  i nteract ion between plant g rowth stage and g razin g  

i ntensity had an effect on  taproot diameter of plants haNested at 1 5  days after 

g raz ing  (Table 5. 1 3) .  The diameter of the  taproot of the less severely  g razed p lants 

was s ign i ficantly l arger than those of p lants g razed severely i n  the MSE treatment .  

However, the taproot diameter in the severely and less severely g razed plants in t he  

LV treatment was no t  s ign ificantly diffe re nt .  

5.3. 1 4  ROOT DRY WEI G HT 

There was a s ign i ficant (P<0. 00 1 ) i nte ract ion between g rowth stage and 

g razi ng i ntensity on  root dry-weight ( DW) (Table 5 . 1 3 ) .  The root DW of  the severely 

g razed p lants was s ign ificantly lower than i n  the less severe ly g razed plants, i n  the 

Table 5. 1 3  The effect of p lant g rowth stage at  grazi ng  and g razi n g  i ntensity on  
taproot d iameter and  root dry weight i n  su l l a, 1 5  days after  f i rst g raz i ng .  

G rowth 
Stage 

LV 

MSE 

LSOo 05 

Graz ing 
I ntensity 

H 
L 

H 
L 

Taproot 
Diameter 

(mm)  

1 6 .5 
1 5 .7 

1 8 . 1  
24 .4 

3 . 1  

Note : N o  data available i n  the E F  treatment .  

Root 
OW 
(g )  

2 .5  
2 .4  

3 . 0  
5 .9  

1 . 0 

MSE treatment .  Moreover, the  root DW i n  the  severely g razed treat m e nt was 26% 

l ess than in the l ess severe ly  grazed treatment ,  at the MSE growth stage .  G razing  

i ntensity d id  n ot i nf lu ence root OW s ign if icantly at t he  LV g rowth  stage .  
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5.4 DISCUSSION 

5.4.1 Herbage production. 

The annual herbage product ion of sul la g rown under  effective ly nodulated 

and relat ively weed free condit ions ranged between 22000-25000 kg OM ha-1 i n  the 

g rowth stage treatments. This was h ig her than the OM reported i n  Experi me nt 1 

where su l la was g rown with appl ied N and under severe weed com petit ion  (Chapter 

3). Gurfe l  et a! . ( 1 982) in Israel h ave shown that the OM of effectively nodulated 

su l la was s ign ificantly h igher  than when the same plants were g rown with 1 00 kg 

N and 300 kg N ha-1 under cutt i ng  in fie ld and g reen house cond it ions respectively. 

Other  researchers in Finland (Ropenen & Virtanen , 1 964) , Austral ia (Casel l a  et a! . ,  

1 984) and Spain ( Rodriquez-Navarro et a\ . , 1 99 1 ) ,  worki n g  under co ntro l led 

e nv i ro n m e nt condit ions, demonstrated the g reater herbage product ion pote nt ial of 

effect ively nodulated sul la. 

The herbage OM's obtai ned i n  the various growth stage t reatments were 

unaffected by the g razi ng i ntensity m anagement imposed , w hich was most pro bably 

due to the subsequent death and decay of the remain ing  stubb le ,  more so in the 

less severe ly g razed treatments (See p late 5 . 1 0 ) .  At both g razi ng i ntensit ies the 

reg rowth  o rig i nated from the crown (See plates 5 . 1 1 & 5 . 1 2) , wh ich conf i rmed the 

f ind ings in Chapter 3 .  

5.4.2 Effect of  growth stage at g razing on herbage production.  

The h igher  OM obtai ned i n  the  mature E F  t reatment in  three grazings ,  

com pared to the fou r  g razi ngs in  the L V  and MSE treatments, suggests plant 

maturity at g raz ing  is  i mportant to the maxi misat ion of herbage p roduction by sul la .  

These f i nd ings were i n  accordance with those of Rys et al . ,  ( 1 988) who found  that 

su l la u nder  a cutting regime p roduced more herbage at the matu re ( 5- 1 0% 

floweri ng )  plant g rowth stage than at the more mature (70-80% f loweri ng )  g rowth 

stage .  

Keo ghan ( 1 967) reviewed the  effect o f  cutt ing he ight and cutti ng f requency, 

or cutti n g  based on p lant maturity ,  o n  l uce rne, and stressed the  i m portance of p lant 

maturity at cutt i ng  as an i mportant determi nant i n  the management of  l ucerne 

swards.  He concluded that cutti ng  at i m m ature g rowth  stages or at freque nt 



Plate 5. 1 0  Stubble decaying after grazing 



Plate 5.1 1 Crown shoots e merging after fi rst g razing 

Plate 5 .1 2 Early regrowth in  the LV growth stage treatment, 10 days after 
fi rst g razing 
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i ntervals wi l l  nearly always reduce h e rbage product ion  sig n if icantly, compared to 

cutt ing at m ature g rowth stages o r  less frequent ly .  He also concl uded that the  

he ight of  cutt i ng  was for a l l  pract ical pu rposes un i mportant ,  u n less lucerne was 

be ing cut frequent ly .  

5.4.3 Seasonal  pattern of herbage accumulation.  

Herbag e  accumu lat ion rates in su l la u nder g razi ng were remarkably h ig h 

t h roughout the  year. The overal l  HAR was 66 kg O M  ha-1 d-1 over the duration  of 

the trial . The HAR peaked i n  su m me r  (January to Apri l )  and was re latively l ower i n  

the late autum n/winter. Howeve r, cont i nued accu mulat ion  of herbage was evident 

t h roughout wi nter, with HAR ran g i n g  f rom 50-60 kg OM ha-1 d-1 i nd icati ng  an 

advantage of sul la i n  provid i ng g reen  herbage in earl y  spri ng ,  especial l y  in the EF 

g rowth stage management .  A lso , the bu lk of the herbage produced th roughout 

wi nte r rem ai ned g reen and d id not appear to show sig ns of frost i njury (See plates 

5 . 1 3  & 5 . 1 4 ) .  Cowl ing  ( 1 954) expressed the op in ion  t hat su l l a  could be of value i n  

v iew of i ts autumn act ivity. Co nve rse ly ,  u nder t he  re latively  d rier condit ions 

experienced in the summer of 1 989,  with low rai nfal l in  January (See Table  5 .3 ) ,  

HAR were re latively h igh  despite the  lack o f  moisture suggest i ng  the  i nherent abi l ity 

of sul la to withstand drier condit ions and obtai n moisture ,  with its deeply tap rooted 

syste m .  The usefu l ness of su l la i n  the subhu m id and hum id b ioc l imates ( rai nfal l 

>600 m m )  is  wel l  known ove rseas (Le Houerou ,  1 984) . 

H i g her  temperatu res comb i ned with su l la's morpholog ical adaptat ion to 

recover moisture resulted in rapid reg rowth i n  the 8- 1 4  days after g razi n g .  Leach 

( 1 97 1 ) and S i ngh  & Winch ( 1 974) have i nd icated that lucerne may be particu larly 

respon sive to h igher  temperatu res when the  new leaf canopy is  bei ng  establ ished 

i m m ediate ly after cutt ing or g razi n g .  

5.4.4 Effect of winter grazing and stocking density o n  plant density. 

Though there was a steady decl i ne i n  p lant n u mbers after each g razi n g ,  after 

the f i rst g razi ng  the remain i ng  plants we re able to compensate for the loss by an 

i ncreas e  i n  plant OW. However, t h e  g razi ng i n  l ate-autumn  severe ly  affected p lant 

density, to the  extent that the remai n i n g  p lants could not further  compensate for the  



Plate 5.1 3 The effect of frost (0627 hrs) on su l la,  i n  late winter  

Plate 5. 1 4  The same sward in  spr ing ,  showing n o  signs of  frost damage 
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decl i ne i n  density, result i ng  i n  a decrease i n  p lant OW. Visual observat ions 

suggested that the effects of t rampl i n g ,  co mpounded by wet so i l  condit ions ,  cou ld  

be a m ajor facto r  contribut i ng  to  mechan ical i njury and subsequent death of  p lants. 

The stocki ng densit ies ranged fro m  1 500-2000 sheep h a·1 and were used for 1 -2 

days i n  the wet winter so i l  condit io ns ,  which may have contributed to the substant ial 

decl i ne  of plant density by trampl i ng  and probable damage to g rowi ng poi n ts and 

crown.  

Rys et  a I . ,  ( 1 988) repo rted the loss of  su l la  p lants and resultant decrease i n  

product ion through damage to  the crown by the l oss of g rowin g  pO ints. Tho m pson 

et  a I . ,  ( 1 976) i n  New South Wales showed that the decrease in  plant density i n  

l ucerne was related to stock ing density. I n  a com parison of stocki ng  densit ies 

rang i ng from 8 to 2 1  ewes ha'\ a g reater dec l i ne i n  l ucerne stands occu rred with 

dens it ies above 1 2  ewes h a· 1 • Furthermore ,  Reeve & S harkey ( 1 980) showed that 

lucerne stands were ma intained at 7 .4  and 9 . 9  ewes ha'\ but decl i ned at 1 2 .4  and 

1 4. 8  ewes ha-1 • 

I n  convent ional  pasture,  trampl i ng is an i mportant conside ration  i n  the  

management fo r  p roductivity. Frame ( 1 976) conside red that stockin g  densit ies of  

1 1 00- 1 600 sheep ha-1 adversely affected productivity due to trampl i ng .  Moreover ,  

an  i nteract ion between h i g h  stocki ng  densit ies and wet so i l  condit ions may have 

accentuated p lant death in su l la .  Whitear et al . ( 1 962)  concl uded t hat g razin g  

l ucerne i n  a wet season h ad a g reater negative effect o n  subsequent l ucerne v ig o u r  

t h a n  s im i lar  t reatments appl ied under drier  co ndit ions .  Presu m ably th is death o f  

plants and reducti on i n  pl ant numbers, with subsequent decrease i n  h e rbage 

p roduct ion may also be accentuated by low levels of nonstructural carbohydrates 

i n  t he  taproots of the  act ively g rowi ng su l la (See Chapter 4) ,  althou g h  th is  

para meter was not measured i n  the cu rre nt t rial . Wh ite & Lucas ( 1 990) ,  reported 

that g razi n g  winter active lucerne in mid Ju ly  resu lted in a sig n ificant decre ase i n  

herbage product ion at the end of Septem ber, and att ributed th is reduct ion t o  low 

levels o f  nonstructural carbohydrates i n  the roots o f  the  wi nter active cu lt ivars used. 
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5.4.5 Relationshi p  between plant dry weight and plant density. 

The relat ionsh ip between log1 0 plant OW (w) and log 1 0 plant density ( p) at 

each g raz ing  demonstrated the phenotypic p lasticity of su l la .  With the cou rse of 

t ime ,  the s lope of the reg ression l i ne  decreased from the expected - 1 .55,  sugg esti n g  

that with each g razi ng , the decl ine i n  plant density was not fu l l y  com pensated b y  a n  

i ncrease i n  p lant O W  (See Figs 5. 6a, b ,  c ,  d & e ) ,  especial ly i n  t h e  M S E  treatment 

com bi nat ions.  Furthermore, the poor re lat ionsh ip between w and p at the th i rd 

( r2=O .31 ) and fi nal ( r=0 .50)  g razi ng  i n  the LV and MSE treatments, i ndicated that 

factors other  than g raz ing ,  such as the prevai l i ng env i ron mental co ndit ions, m ay be 

responsib le for the poor compensat ion in p lant  OW that occurred . 

The reduct ion i n  plant de nsity i n  the LV and E F  g rowth stages was 

com pensated fo r, by an i ncrease i n  i ndiv idual p lant OW, to g reater extent t han at 

the MSE g rowth  stage .  The p lants i n  the g razing i ntensity combinations at the  M S E  

g rowth stage however, d id not appear to co m pensate fu l l y  with a n  i ncrease i n  p lant 

OW, althoug h the plant density in these treatme nts was not S ign i ficantly d ifferent 

fro m  those in the LV g rowth stage .  Presu mably,  the g razing at the MSE g rowth 

stage ,  wh ich  occu rred we l l  i nto wi nter (4 Ju ly) , co mpared to the earl ie r  g raz i ng  (22  

June )  i n  the  LV g rowth stage ,  affected the  abi l ity o f  plants i n  the  MSE g rowth stage 

to compensate by an i ncrease i n  p lant OW, resu lt i ng  i n  reduced plant v igour. 

Reg rowth of  the weakened plants i n  the MSE growt h  stage was d isadvantaged , as 

the e nv i ronmental conditions were becomi ng increas ing ly  unfavou rable for reg rowt h  

fo l lowing defo l iat ion i n  late wi nter. Changes i n  p lant density a n d  plant dry wei g ht 

with t ime have been shown i n  othe r  taprooted p lants, such as Medicago sativa L.  

and Trifolium pratense L. (Wh ite & Harpe r, 1 970 ) .  

5.4.6 Weed encroachment. 

Weed i nfestat ion was m i n imal  duri ng  the establ ish ment phase in the cu rrent  

t ria l , compared to  the previous trial (Chapter 3 ) .  The total weed accu mu lat ion i n  the 

p rel i mi nary t rial was 5476 ± 2 1 3 compared to 1 1 37 ± 77 kg OM ha-1 i n  the current 

tr ia l .  The successful use of the p reemergent herbicide Stomp 330 E at 4 I h a-1 

suppressed weed g rowth and competition .  However, the  decl i ne  of  p lant n u m be rs ,  

particularly afte r the autumn/wi nte r g razi ng ,  i n  t h e  LV and the M S E  treatments 
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e ncouraged an  i ncrease i n  weed i nvasion .  The weakened su l la p lants we re u n able 

to compete with the vigorously g rowin g  weeds,  and fol lowin g  the f inal g razi n g ,  

recovery o f  su l la p lants was poor i n  a l l  t he treatme nts. Moreover, g razin g  su l la at 

an  i mmatu re g rowth stage i ncreased competitio n  from weeds , clovers and g rasses. 

I ncreased weed i ng ress with g razing at an i m mature g rowth stage or frequent 

defo liation  has been shown by many researchers i n  lucerne (Wei r et a I . , 1 960 ;  

Peters & Linscott , 1 988). 

5.4.7 Efficien cy of g razing.  

Herbage consumption  of su l la ran ged from 6 5-77% of the  total herbage o n  

offer i n  the g raz ing  manage ment treatments. The consu mption  of herbage b y  sheep 

was pri mari ly a funct ion of g razin g  i ntensity . As t he  g razin g  i ntensity i ncreased , 

h e rbage consumed i ncreased.  Sheep g razed leaves i n  preference to stems ,  as the 

percent leaf t issue consu med ranged fro m  81 -94% compared to 33-50% for stem 

t issue consumptio n .  The consumption of stems i n  t he  more mature EF g rowth stage 

was less than i n  the less m ature LV and MSE g rowth stages. Much of the lower 

stem s  portions of p lants i n  the EF g rowth stage t reatment appeared h i gh ly l i g n i fied ,  

and were avoided by sheep.  P ractical ly a l l  f lowers on  offer was eaten by s heep. 

Weed t issue consumption in the g razin g  manag e m e nt t reatments was h ig h ,  and 

ranged  between 90-98%. The s ignificantly h igher consumpt ion of weeds in the M S E  

treatment was re lated t o  the i n itialy g reater amou nt o f  weeds o n  offer paticu lar ly i n  

t h e  severe ly g razed treatment combi nat ion (See Table 5 . 1 1 )  

5.4.8 Regrowth s ites and their contribution to herbage accumulation. 

Re lease of apical domi nance , with t he removal of the stem apex by g razin g , 

caused the axi l lary buds to com mence elongat ion o n  the various potential regrowth 

s ites.  There was an  i nf luence of g razi ng i ntensity o n  the regrowth s ites i n  t h e  two 

m aturity stages exami ned. H owever,  u nder the condit ion s  of the experimen t ,  the  

effects were smal l ,  and suggested that g razi n g  i ntensity was not of  m ajor 

importance i n  reg rowth .  The g reater n umber of s hoots on  the secondary ste m (s ) ,  

i n  t he  less severe ly g razed treatment ,  was largely t h e  resu lt of  there be ing m o re 

axi l lary buds the g reater the stubble he ight .  
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The stage of maturity ( LV and MSE) of p lants, when f i rst g razed ,  h ad an 

i nf luence on the total num ber  of shoots produced on  the various reg rowth s ites in  

the  p lant. The contribution  of  shoots o n  the crown to reg rowth ,  was no d i fferent 

between the matu rity stages studied, suggest ing  that the n u mber of s hoots 

p roduced o n  the crown is i ndependent of the stage of maturity at the ti m e  of fi rst 

t h e  g razing .  However, severe g razing at the LV g rowth stage ,  had an effect by 

decreas ing shoot extension  rate and leaf area produced on the crown in t he  early 

stages of reg rowth ,  i ndicat ing the i m po rtance of l ess severe g raz ing  at an i m mature 

g rowth stage i n  su I /a. The orig i n  of shoots o n  the crown i n  defo l iated su l la  is  

i l l ustrated i n  plates 5 . 1 5 , 5. 1 6  & 5. 1 7 . 

Cowett & Sprague ( 1 962) ,  concluded i n  the i r  study on  the factors affect ing 

branch ing i n  l ucerne, that the stage of maturity had on ly a smal l  i nfl uence on  the 

n u mber of stems produced per p lant .  They a lso fou nd that l ucerne in pots, cut to 

7.62 cm (3 i n . ) ,  produced more stems and buds on the enti re plant ,  but m ai ntained 

the same numbe r  of stems and buds on the crown ,  co mpared with those cut to 2 .52 

( 1  i n . )  or  5.08 cm (2 i n . ) .  The shoots on  the crown dominated growth and 

development,  in the 1 5  days of reg rowth .  Nelson & Smith ( 1 968a) , compared the 

m o rpholog ical development and OM distribution  i n  l ucerne and b i rdsfoot trefoi l  under  

a cutt ing regime ,  reported that the crown or basal shoots were more vigo ro us in  

g rowth than axi l lary s hoots on the stubb le ,  i n  the two species stud ied . Fu rthermore ,  

the  subsequent death of  the remain i ng  stubb le ,  after su l la  was g razed , l i m ited 

possible contribution  to reg rowth on the pri mary stem or seco ndary stem(s ) .  

At  both g rowth  stages, i t  was observed that many sh oots t hat com me nced 

extension after g razi n g ,  fai led to e longate and produce stems at a later stage of 

regrowth .  Si ngh  & Wi nch ( 1 974), found with lucerne that many buds were p resent 

that fai led to expand and p roduce ste ms, and many stems present soon after 

cutt ing  d ied before the next cut with the losses often exceedi ng  50% of  the 

max imum nu mbers of shoots. They concl uded that u nder sward conditions ,  on ly  a 

f ract ion of the potential product ion of each  p lant is  ach ieved . Shoot development i n  

l ucerne swards has been reported to be contro l led b y  envi ronmental factors such 

as soi l  moisture ,  l ight i ntensity, temperature,  m i neral nutrit ion and p hoto pe riod ; 

m anagement factors such as cutt i ng  heig ht and stand density; and physio log ical 
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Plate 5.1 5 The orig in  of shoots o n  the crown in defol iated sul la 



Plate 5.1 6  Shoots dissected from a s ing le  crown 

Plate 5.1 7  A typical sul la shoot 
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factors such as stage of maturity, apical dom inance and p lant  g rowth reg u lators 

(Cowett & Sprague,  1 962) .  

5.4.9 Effect of  g razing on the root system. 

As total nonstructural carbohydrates (TNC) and root DM are h igh ly  correlated 

(Wolf, 1 978) , any changes i n  root s ize reflects changes i n  TNC levels.  Taproot 

d iameter and root D M  in  plants g razed at the MSE growth stage was sensitive to 

g razi ng i ntensity (See Table 5 . 1 3) .  P resumably, at the t ime of g razing ,  t he  taproot 

diamete r  and root mass in p lants i n  the MSE treatment was g reater than t h at i n  the 

LV treatment.  As g rowth and TNC status of roots are i nversely related (Dereg ibus 

et aI . ,  1 982) , one  would expect a correspondin g  g reater taproot s ize i n  t h e  MSE 

treatment, where g rowth slowed down as the p lant was rapidly approach ing  early 

flowering .  With most of the stu bble re moved in  the  severely g razed treatment at the 

MSE g rowth stage ,  the reduction in taproot d iameter and root DM may be as a 

result of remobi l isat ion of TNC reserves for shoot i n it iat ion and to sustain root 

respi rat ion .  I n  the less severely g razed t reat ment ,  however, remai n ing  stubble 

leaves may have been sufficie nt to replen ish lost leaf tissue, and root reserves may 

not h ave been used, result ing i n  l itt le  change i n  root size . 

I n  contrast, the  remain i ng  stubble leaves, i n  plants g razed i n  both i ntensities 

at the LV g rowth stage, may have been suffic ient to rep len ish lost leaf t issue and 

reserves were not used. Ueno & Smith ( 1 970) ,  fou nd that in defol iated l ucerne 

plants, there was a loss of TNC from larger  roots than from smal ler roots. 

5.4. 10  Grazing management and perSistence of sul la.  

The complete disappearance of sul la, fol lowi ng the f inal g raz ing  i n  al l the 

g razi ng managements, showed that su l la be haved more l i ke an 'an nual '  rather  than 

a biennial o r  s hort- l ived perennial , as common ly categorised (Kernick, 1 978 ; 

Watson,  1 982;  Douglas, 1 985). I n  contrast , su l la cultivated i n  the Mediterranean 

basin is  known to persist up to three years under a cutt ing reg ime (Whyt e  et aI . ,  

1 953 ; Kernick, 1 978 ; Corleto & Mag in i ,  1 985) . That sul la flowered more t h an once 

i n  the EF treatment suggested , strict ly speaking ,  that it shou ld be referred to as a 

polycarpic perenn ial (Grime et aI . ,  1 988) or  a semi-perenn ial (Le Houero u ,  1 984). 
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When su l la was fi rst i nt roduced i nto New Zealand i n  1 949 ,  for evalu at ion at the 

Botany D ivis ion ,  D S I R, i t  behaved more l ike an an nual and conseque ntly was not 

re leased for com me rcial use. However, i n  a recent autumn sown eva luat ion i n  

Hawke's Bay ( Rys et aI . ,  1 988) , complete disappearance of u ndefo l iated p lants was 

reported by the  second year. Furthermore, i n  another trial o n  the  same locat ion ,  the 

second year total he rbage accu mulation ,  under cutt ing ,  was on ly 27% of what was 

achi eved i n  the fi rst year. This reduct ion i n  herbage product ion was attri buted to a 

marked decl ine i n  plant popu lat ion .  Also, a spri ng sown stand of su l la  i n  the 

Wai rarapa persisted on ly for a year under a cutt i ng  reg ime for hay and s i lag e ,  with 

com plete disappearance of plants after the fi nal cut i n  the fol lowing  spri ng (T. 

P he lps ,  pers com m ) .  

5.4. 1 1  Conclusions and management impli cations. 

1 .  The herbage p roduction i n  su l la can be m ore fu l ly real ised when g rown u nder 

effective ly  nodulated and re lative ly weed free conditions .  

2 .  Severe g raz ing ,  between the  late stem e longation  and earl y floweri n g  g rowth 

stage, remai ns t he  opti mum graz ing manage ment for maxi m u m  product ion and 

uti l isation .  Also, g razing  at the more mature g rowth stage gave s im i lar  leaf OM 

production com pared to g raz ing at an immature growth stages. 

3. Late autu m n/wi nter g razing, particularly with h i gh  stocki ng densit ies in wet soi l  

condit ions should  be avoided . 

4 .  The steady decl i ne  of plants ove r the year, and complete d isappearance 

fol lowi ng the fi nal g razi ng in spri ng ,  suggested the semi-perennia l ity of su l la .  

G razi n g  at early floweri ng however, resulted in  a slower decl i ne in  p lant 

de nsity. 
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CHAPTER 6. G ENERAL DISCUSSION 

6.1 I ntroduction 

The attributes des i rable i n  evaluat ing a forage species for potential use in  

an imal p roduct ion systems i ncl ude its abi l ity to establ ish easi ly ,  to withstand c l i matic 

stresses and adapt to a wide range of management systems,  to produce large 

quantit ies of nutrit ious forage free from toxic co nstituents, mai ntenance of n ut ritive 

value ,  to resist pests and diseases and to p roduce adequate quantit ies of seed 

( Rogers ,  1 975 ; Hodgson,  1 98 1  b ;  Wheeler ,  1 98 1 ) .  Lack of moisture,  low or h igh  

temperature, the  onset o f  the reproduct ive phase i n  g rasses, and other  factors 

combine to cause marked variation  i n  g rowth  and avai labi l i ty of he rbage on 

g rassland. Forage p lants that wi l l  g row bette r i n  wi nter or  i n  su m m e r  than 

convent ional pastu re species have been sou g ht fo r ce ntu ries ( Beddows, 1 965) ,  as 

have plants that wi l /  serve to fatten stock more rapidly .  The concept of 

com plementary fo rage production is  to exp lo it the benefits of cult ivat i ng  and 

fal /owin g  soi l ,  to exploit the physiolog ical differences between species and/or to use 

the capacity of some speci es to retai n accu m ulated d ry matter with less 

deterioration  of n ut rit ive val ue than is the case of pasture (Wheeler, 1 98 1 ; H od gson, 

1 990) .  

The th ree separate expe riments repo rted i n  Chapters 3 ,  4 and 5 evaluated 

some of these desi rable characterist ics outl i ned above i n  suI /a .  In th is chapter, the 

focus is on the general results and obse rvat ions i n  the form of an i ntegrated 

d iscussio n .  The general results and observat ions  are used to formu late an o ptimum 

g razi ng and  cutt i ng  management for su l la ,  with the objective of max i m is i n g  DM 

product ion ,  ut i l isat ion and persiste nce. The potential ro le of su l la in  an imal 

p roduct ion  syste ms i n  New Zealand and its l i m itat ions as a compleme ntary forage 

species are also considered. 

6.2 Comparative annual production and seasonal distribution of herbage. 

The herbage product ion of su l la on a we l l  drai ned, mediu m  fert i l ity s i l t  loam 

so i l  with an annual  p recip itatio n  of 1 000 mm i n  Pal mersto n North  ranged between 

1 9000-25000 kg O M  ha-1 y-1 (Tables 3.4 & 5 .4 ) .  The annual OM product ion  of  su I /a, 



Table 6 . 1  Annual h erbage production of some forage species used for 
complementin g  pastu re in  the Manawatu .  

Species 

'Puna' chicory 

' Pawera' red 
clover  

'Wai rau'  l ucerne 

'Necton '  su l la 

He rbage p roduction 
(kg O M  h a-1 ) 

25070 

1 3200 

1 2500 

24705 

Sou rce 

Hare et a I . , 1 987 

Anderson ,  1 973 

Janson,  1 978 

Chapter 5 
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Ryegrass/white clover 
pastu re 

1 1 923 McCrone ( u npub l ished) 

compared with othe r  forage species curre nt ly used in com plement ing  pasture ,  is 

g iven in Table 6 . 1 .  It is apparent that the OM product ion of su l la  is close to that of 

'Puna' chicory in comparable environmental co ndit ions and soil ferti l ity. 

The lower p roduction attained (See Table 3 .4)  in the pre l im i nary t rial was 

p robably due to establ ishment problems expe rie nced. Nodulatio n  fai l u re , a critical 

factor in legume establ ishment, and weed i n festat ion contributed to reduced 

he rbage production .  Severa l  studies ove rseas have s hown that successful 

i noculatio n  consiste ntly resulted in h i gher he rbage product ion ,  and the appl ication 

of artificial N may not be sufficient to real ise the fu l l  p roduct ion potent ial in  sul la 

(Gurfel et a I . ,  1 982) .  The p roblems ide ntif ied in Chapter 3 as crit ical to the 

successful estab l is h ment of sul la resulted in the re isolat ion of an effective 

Rhizobium stra in  ICMP 1 0 1 49 suitable  fo r su i  la ,  and concu rrent herbicide t rials i n  

Canterbury b y  Agriseed Ltd . (G .  Kerr, pers com m )  resu lted i n  the satisfactory use 

of Stom p  330 E as a suitable preeme rgent he rbicide in the subsequent g razin g  trial . 

Consequently, there was a marked decrease i n  weed content (Tables 3 . 1 1 vs 5 . 1 0) 

in the h e rbage sampled, and an i ncrease i n  he rbage product ion i n  the large-scale 

trial . 
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I n  many pastoral farm ing  syste ms i n  New Zealand where year rou nd g raz ing 

is  the ru le ,  major  i mportance is attached to i m provements i n  forage p roduct ion or  

n ut rit ive value at critical t imes of  the year (Wi l l ough by, 1 97 1 ) ,  and in  many situat ions 

the seasonal distr ibution of herbage g rowth is l i kely to be more i m portant than 

absolute amount g rown ( Hodgson ,  1 981  b) .  The p re l im i nary (Figs 3. 1 a & 3 . 1  b) and 

the large-scale g razi ng  trials (Fig 5 . 1 )  have shown that sul la possesses h igh  

h e rbage accu mu lat ion  rates throug hout the year (See Tables 3 .5 ,  3 .6  & 5.5) ,  

n otably duri ng  sum mer and autumn/wi nter when pastu re deficits are crit ical to 

an i mal p roduct io n .  A seaso nal comparison of herbage accumulatio n  rates of 

d iffere nt forages g rown in the Manawatu are p resented in Table 6 .2 .  

I t  is  seen from Table 6 . 2 ,  i n  the  Manawatu , fo rage species com monly 

emp loyed in com plementary forage systems are adequate to m eet su mmer  deficits 

but have the i r  l i m itat ions i n  l ate autu mn and wi nter, when pastu re accu m u lation  

rates are low. 

6.3 Managing su l la  for maximum productivity, ut i l isation and persisten ce. 

The defo l iat ion manage ment of su l la is esse ntial ly si m i lar to the management 

of w inter active l ucerne. Once an effective ly  nodu lated and weed free stand of sul l a  

is  estab l ished, the  productivity, ut i l isat ion a n d  persistence o f  t h e  forage wi l l  depend 

on several management factors .  

U nder  a g razi ng reg ime ,  growth stage at  defo l iat ion i nf luenced p roductivity 

and perSistence i n  the two seasonal g raz ing  studies co nducted. Of the  two and 

th ree g rowth stag es compared in Chapters 3 & 5 respectively, the opti m u m  g rowth 

stage to m axim ise production  and pers'lstence was shown to be betwee n  the late 

stem e longat ion and early floweri ng (Tables 3 .4  & 5 .4 ) .  G razi ng at an i m mature 

g rowth stages i . e  at the late vegetative (LV ) ,  early reproductive (ERP) o r  m idstem 

e longat ion (MSE) g rowth stages resu lted i n  lower  herbage product ion i n  t he  two 

g razi ng t ri als conducted. This decrease in  herbage product ion may be due to the 

i nteract ion  between  p hysio logical status of the sward at defo l iat ion ,  h i g h  stocking 

density used and the prevai l i n g  envi ron me ntal condit ions.  

The carbohyd rate status at the LV and MSE/E RP was low, presumably due 
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Table  6.2 Seasonal herbage accumu lat ion rates of different forage species used i n  complementing pasture i n  the Manawatu .  

Seasonal herbage accumulat ion rate 
Species 

'Puna' chico ry 

' Pawera' red clover 

'Wai rau' l ucerne t 

'Necton '  su l la 

Ryegrass/white 
clover pasture 

Spri ng 

1 1 5 

38 

1 02 

5 1  

4 2  

t A winter dormant l ucerne cu ltivar. 

(kg OM ha-1 d-1 ) 

Su mmer Autu mn 

225 1 07 

90 58 

1 61 1 1 1  

80 63 

44 27 

Sou rce 

Winter 

Hare et aI . ,  1 987 

Krish na & Kemp (unpub l ished) 

Janson ,  1 978 

55 Chapter 5 

1 8  McCrone (unpubl ished) 
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to photosynthate part it ioned to new growth  i n  the  active ly g rowi ng p lants (See Figs 

4. 1 1 & 4. 1 4) .  As a consequence, g razi ng at these g rowth stages resul ted in reduced 

taproot starch status,  and the impaired root system (Fig 4 . 1 0 )  resu lted i n  l ower plant 

v igour  a nd depressed product ion .  On accou nt of the criteria of g razi ng ,  t he  LV and 

MSE/ERP t reatments (al l  immatu re g rowth stages) were g razed in aut u mn/winter. 

The h i g h  stocki ng density used in t he  p revai l i ng e nvi ron mental condit i ons 

accentuated the decl ine i n  p lant density and su bsequent herbage p roduction i n  

spri ng .  The seasonal total nonstructural carbohydrate (TNC) f l uctuat i on  i n  su l la was 

not measured. Nevertheless , i n  other tap rooted forages l i ke l ucerne, t here is a rapid 

bu i ld  u p  of TNC in the roots with the o nset of shorter days and l owering  

temperatures i n  autumn .  The accu mu lation  o f  TNC i n  autu m n  is however, o n ly true 

for winter dormant l ucerne cu ltivars such as 'Wai rau '  and 'Saranac' (Wh ite & Lucas, 

1 990) .  I n  contrast , it has been shown t hat i n  wi nter active l ucerne cu lt ivars l i ke 

'Rere '  and 'Matador' ,  TNC l evels were low i n  autumn th rough  to winter .  G razi ng  

when TNC levels were low affected productio n  i n  spri ng  (Wh ite & Lucas, 1 990) .  The 

l ower TNC status was presu mably related to conti nued g rowth  i n  autu m n/wi nter. 

I n  all probabi l ity, the act ively g rowi ng su l la in autumn/wi nter may have had 

low TNC l evels,  and g raz ing  when TNC levels were l ow affected recove ry g rowth 

and v igou r, more so i n  unfavourable env i ro n mental condit ions .  I n  addit ion ,  g razi ng  

in  wet soi l co ndit ions with h igh  stocki ng  densit ies may have also caused m echanical 

damage to the crown.  Consequent ly ,  the i nvasion of crown d iseases m ay have 

caused death  to p lants (Carr, 1 97 1 ) .  Plants that survived the  wi nter g razi ng were 

not able to  compensate for the decrease i n  plant density (See Figs 3 .6 ,  5 .6c & 

5 .6d) .  Althoug h plant density decreased g radual ly after each g raz ing , the  decrease 

was marked after  the autum n/wi nter g raz ing  i n  the  LV and MSE treatm e nts (Table 

5 . 7) .  In the pre l imi nary experi ment (Chapte r  3) however, p lants g razed less severely 

at the ERP in autumn  were able to compe nsate for the decl i ne  i n  p lant n u mbers .  

This was probably due to the early autu m n  grazing  that occurred at the end of May 

i n  the ERP t reatme nt ,  when prevai l i ng  envi ro n mental condit ions were n ot severe 

enough  to affect reg rowth .  This was i n  contrast to the late g razing in aut u mn/wi nter 

(Ju n/Ju l )  that eventuated i n  the LV and MSE t reatments i n  Chapter 5 .  

The  i ntensity of g razi ng  exami ned i n  t he  two g razing  t rials d id  not i nf luence 
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p roductivity o r  persistence .  This was attri buted to the senescence of residual 

herbage after g razi ng .  Senescence of residual herbage may be due to two factors 

namely,  selective graz ing  and trampl i ng .  The hei g ht of the sward at g razi n g  i n  the 

MSE and EF treatments ranged from 60- 1 00 cm h igh .  Approximately  30-40 sheep 

were used i n  the 200 m2 p lots and this l ed to herbage bei ng trampled prior to 

i ntake. This m ay have caused m echan ical damage to stem tissue, especia l ly  close 

to the crown , where the primary ste m  e longated i n  the MSE and EF growth 

treatments. Mechanical damage by t ramp l i n g  and resu ltant lodg ing of p lants may 

h ave i nj u red the vascular system resu lt i n g  i n  death of the  stu bb le  after g razin g  (See 

p late 5 . 1 0 ) .  I n  the LV treatment ,  the damage m ay have been m ore to leaf laminae, 

petio le t issue and crown. In additio n ,  the he rbaceous nature of t he  plant offered no 

resistance to t rampl ing damage. 

The sheep used i n  these tr ials select ively grazed leaves in prefere nce to 

stem .  The preference of leaf to stem has been observed in othe r  forages such as 

l ucerne (Arnold ,  1 960 ; McKin ney, 1 970) .  Devoid o f  photosynthetic t issue ,  and 

compounded by mechanical damage to structu ral t issue ,  deat h  of  the stubble was 

i nevitable ,  and reg rowth must orig i n ate  f ro m  the crown (See p late 5 . 1 1  & 5 . 1 2 ) .  This 

argu ment is  further  supported by v isual  observat ions in the g reenho use cutt ing  t ri al ,  

where there was no apparent death o f  stubble fo l lowi n g  defol i at io n ,  suggest ing that 

death  and decay of stubble i n  the fie ld  was re lated to mechan ical i njury to the 

p lants. 

The results from the g reenhouse trial (Figs 4 . 1 3  & 4 . 1 6) suggest that 

retent ion of l eaf area o n  the stu bble is  crit ica l , if any attempts are m ade to defo l iate 

su l la i n  autum n .  Retention of some l eaf t issue on the stubble w i l l  ensure that, at the 

tim e  of low TNC reserves, the presence of leaf lam i na  wi l l  enab le the plant to 

continue p hotosynthesis and replenish any l oss of t issue .  I n  contrast, the absence 

of leaf lami na by com plete defo l iat io n ,  may require the p lant to d raw fro m  its a lready 

low TNC reserves which m ay not be suffic ient to sustai n  new g rowth and root 

respi rat ion .  I n  v iew of selective g razi n g  by sheep,  it may be best to defo l iate su l la  

by cutt i ng  in  autum n/winter rather than g raz i ng  so that suffici e nt leaf area can be 

retain ed on the stubble .  

In p ractice, an i ncrease i n  DM productio n  is o ften associated with a decrease 
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i n  efficiency of ut i l isatio n  and i n  nutrit ive value of the  forage ( Hodgson ,  1 982) . 

Although ,  the optim u m  defo l iat ion management to  max im ise herbage product ion and 

pers istence is  between  the late stem e longat ion and early f loweri ng ,  th is  g rowth 

stage  was not associated with poor ut i l isat ion (See Tables 3 . 1 2  & 5 . 1 1 )  o r  l ow 

d igestib i l ity (Table  3 . 1 0 ) .  Presumably, the h i g h  d igest ib i l ity is  re lated to  the 

h erbaceous nature of  the forage.  Furthermore , the leaf product ion at early f lowering  

was no different from the  i mmature growth stages treatments. 

Under a cutt ing reg ime ,  both g rowth stage at defo l iat ion and defo l iat ion 

i ntensity i nfluenced dry matter accu mu lat ion .  The i nf luence of p lant g rowth stage o n  

subsequent D M  accum u lat ion was howeve r, m ore l im ited (Fig 4 .6) .  Severe 

defo l iat ion with the complete re moval of leaf t issue at an immature g rowth stage 

shou ld be avoided, as it weake ns the root syste m as i ndicated by the poor i nc rease 

i n  root mass (F ig 4 . 1 0 ) ,  low starch status (F igs 4 . 1 2  & 4 . 1 5 )  and subsequent 

reduct ion i n  D M  product ion (Fig 4 .7 )  after defo l iat ion .  The smal ler  root system may 

lead to poor explo itat ion of soi l  moisture and nutrie nts which u lt i mate ly affects plant 

v igou r. Although  the g reenhouse experi ment studied the defo l iat ion effects i n  one 

g rowth cycle ,  it would be safe to extrapolate that any subsequent severe defol iat ion  

w i l l  result  i n  fu rther suppression of root g rowth and lower starch reserves, which 

may lead to death of plants. I n  contrast , the root system i n  the less severe 

defol iations was not i mpai red (F ig 4 . 1 0 ) , suggest ing that defol i at ion he ights between 

7- 1 5  cm may not reduce v igour and exploitat ion of so i l  moistu re and nutrients may 

not be restricted. Although root measureme nts we re not made after defol iat ion i n  

t h e  g razing  t ri als ,  there i s  a n  i ndicat ion t hat the root system may not have been 

severely affected in the ERP/MS E or EF treatments (Table 5 . 1 3 ) ,  as there was 

suff ic ient stu bble retai ned i n  the two intensity treat ments. This was because sheep 

avoided the lower portions of the stem.  

The i mportance of  root rese rves in  the management of  taprooted forage 

plants is  unequ ivocal ly accepted (Smith , 1 980) and its associat ion with 

env i ronm ental and management stresses is widely acknowledged (Deregi bus  et aI . ,  

1 982) . The h i gh  starch status and the re lat ively large root mass o f  su l la  plants at 

the E F  g rowth stage (Figs 4 . 1 1 & 4 . 1 4) , suggested that defol iat ion to a he ight of 1 5  

cm shou ld al low for the rapid recovery ,  provided any subsequent defol i at ion 
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occurred at the same g rowth stage .  However, shou ld defo l iation  occur at i m mature 

g rowth stages, the retent ion of leaf area is cruci al to the mai ntenance of plant 

v igour. 

A lthoug h an i nteract ion occu rred between g rowt h  stage and cutti ng he i ght i n  

t h e  g reenhouse t rial , extrapolat ion o f  th is i nformat ion  to the f ie ld was not possible 

because of confound ing factors ,  such as selective g razi ng and h e rbage t ramp l i ng ,  

wh ich caused u nexpected senescence of residual t issue. 

6.4 The potential role of sulla in an imal prod uction systems in New Zealand. 

There is  a cont inu i ng search for d i ffe rent p lant species with complementary 

patterns of g rowth o r  ut i l isat ion for subsequent i nco rporat ion i nto farming systems 

(Hodgson ,  1 98 1  a) . The complementary ro le of  su l la  i n  forage systems duri n g  c rit ical 

peri ods of the year when pasture quantity or qual ity is low is thus evident. 

In a deer farming  e nterp rise , su m mer is the most critical peri od of the year 

for h inds and their fawns. It is the qual ity and quantity of feed avai lab le  which 

largely determi nes the mi lk product ion of h i nds and hence the g rowth of suckl i ng  

fawns. H i nds wi l l  produce h i g her m i l k  yie lds on l y  when  feed qual ity is  h i gh  and  the i r  

vo luntary i ntake is  not restricted .  Th is  requ i res a vegetat ive, leafy pasture .  

P revent ing floweri ng and seed head product ion i n  co nventi onal pastu re i s  i mportant, 

but may not be possib le (Fennessy & M i l l igan ,  1 987) . In such a situation ,  su l la  can 

p rovide large quantit ies of h i g h  qual ity herbage ove r summer without apparent 

deterioration  of qual ity (Rys et aI . ,  1 988) .  

I n  a s heep enterprise, summer is one of the seaso nal manage ment p rio rit ies. 

Lam bs for sale are a h i g h  priority and requ i re h i g h  pastu re i ntake to m ai nta in  

l iveweig ht gains .  Also , replacement ewe lambs shou ld ach ieve l iveweight ga ins  of 

80- 1 00 g d-1 over the su m mer (Rattray et aI . ,  1 987) .  Special ist h i g h  qual ity forage 

may be used to ensure target l ivewe ight gains are met, and there is a need to 

p repare the forage i n  spri ng .  The ro le of su l la i n  such a situat ion  is  again evident .  

I n  addit ion ,  the use of drenches i n  the co ntrol of parasites can be reduced b y  us ing  

forages contain i ng  tann i ns .  P re l im i nary research at the Ag Research Grasslands 

Pal merston North ,  has i ndicated that lambs with moderate to h i gh  parasite burdens 

can sti l l  g row quickly when fed with tan n in -contai n ing pasture l i ke su l la. Und re nched 
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lambs,  with h i gh  parasite counts, grew at 230 g d- 1 on  su l la  com pared to 27  g d-1 

o n  l ucerne. This i ncrease i n  l iveweight i n  lambs carrying h igh  parasite cou nts may 

be related to the tann in  content i n  su l la (Wag h orn & Nieze n ,  1 992) .  

Su l la, with its better winter production than some alternative specia l -purpose 

forages, can p lay an important ro le i n  a dai ry e nterprise, by provid i ng n o nb loat ing 

forage duri n g  crucial t imes (summer and autu m n/winter) when supp ly from 

conventional pastures can not meet demands (Ho lmes ,  1 987) .  Moreover, the  h i gh  

qual ity herbage provided by sul la can also be used to  f in ish cattle  i n  tim e  fo r  the 

autumn sale in  a beef cattle enterprise (N icol & N ico l l , 1 987) . 

6.5 Limitations 

Although sul la may have many desirable characteristics and has potential use 

in an imal product ion systems i n  New Zealand ,  its use may current ly be l imited. Su l la  

is  an erect g rowi ng species reach ing to  about 1 m at  early floweri ng .  The h ei g ht  and 

density of the sward at g raz ing can pose difficu lt ies in ease of prehension .  There 

may be considerable wastage of herbage through  t rampl ing and fou l i ng ,  especial ly 

i f  g razi ng occurred in wet so i l  conditio ns .  It may, however, be more suitable for 

cattle  where feed is  rationed through break fenci n g  (Hodgson ,  1 990) .  

In  addition ,  the optimum growth stage for maximum p roduct i o n  and 

persistence ,  l ies between late ste m elongat ion and early f loweri ng .  The nutrit ive 

value  at th is optim u m  g rowt h  stage is h i gh  with d igestibi l it ies of various plant 

com ponents rang ing  f rom 70-88% (See Table 3 . 1 0 ) .  There is however, a rapid 

d eterioration of nutrit ive val ue as the pl ant passes early floweri n g  ( Kernick ,  1 978) ,  

and the huge quantit ies of standi ng forage must be ut i l ised qu ickly if max i m u m  

n ut rient yields are t o  b e  exploited . One possible solut ion t o  th is problem i s  t o  g raze 

part of the stand ing  forage, and the rest may be conserved as h ay or s i lage.  

Under the  e nvironmental and management condit ions imposed in these t rials,  

su l la  proved to be short-l ived . It is however, known to persist u nder cutt i ng  for 2-3 

years in the Mediterranean basi n (Sarno & Stri n g i ,  1 98 1 ) .  The lack of perS istence 

m ay be i nhere nt i n  the erect hay-type cu ltivar used.  It is  known i n  other  forage 

p lants that erect g rowin g  h ay-type genotypes are l ess persistent than thei r p rostrate 

cou nterparts ( Hodgkinson & Wi l iams, 1 983) .  I n  addition ,  there is evidence that 
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winter-active genotypes are less persistent than wi nter-dormant ones (Wassermann 

et aI . ,  1 992) .  The perenn ial i ty of the access ions that were used to breed ' Necton' 

su l la  is  u n known. It may be possible to i nco rpo rate perenn ial ity in futu re b reeding  

p rog rammes as variab i l i ty exists for pe renn ial ity i n  populat ions currently used  i n  the 

Medite rranean bas in ,  especial ly i n  the more p rostrate genotypes ( Mathison ,  1 983). 

The current cost of seed,  establ ishment costs, l i mited avai labi l ity of s uitable 

post-emergent herbicides coupled with poor pe rs istence may h inder the acceptabi l ity 

of su l la. A lthough su l la has the potential to produce large quantit ies of h i g h  qual ity 

nonbl oati ng  herbage ,  and possesses good seaso nal d istributio n  of herbage ,  further 

research is  needed to reduce its cost of product ion ,  and i m prove its pere n nial ity 

before farmer enthusiasm can be expected . 

6.6 CONCLUSIONS 

1 .  The management of sul la is s im i lar to that of a w i nter g rowth active luce rne .  Sul la 

is capable of prov id ing good quality herbage in spri ng ,  su m mer, autumn/w inter 

with its h i g h  herbage accu mu lat ion rates rang i n g  from 60-80 kg OM h a-1 d-1 , but 

adequate forage p roduct ion i n  su l la  requ i res effective nodu lat io n  and m i n i m u m  

weed competit ion .  

2 .  The opti m u m  g rowth stage for g raz i ng  to ensu re total production  potentia l ,  

ut i l isat ion and d igestib i l ity l i es between late stem e longat ion  and early f lowering .  

Leaf mass i n  t he  E F  growth stage i s  comparable to  that i n  t he  less mature g rowth  

stages. 

3 .  Defo l iat ion at the early floweri ng  g rowth stage e ncou raged v igorous shoot 

extension and rap id recovery with in  8- 1 4  days . Th is appeared associated wth the 

maintenance of h i g h  starch status and a larger  root mass, wh ich enable the 

sward to withstand the  stresses of  defo l iation .  

4 .  Loss of  product ion i n  spri n g  can result i f  g razi ng  occurs i n  late autumn/wi nter, 

especial ly dur ing wet condit ions with h i g h  stocki n g  densit ies rang ing  fro m  

1 500-2000 sheep ha-1 . H i g h  stocki ng densit ies can cause mechan ical i njury t o  the 
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crown complex and consequent deat h  of p lants . A lower stocking density,  

perhaps betwee n  1 00-200 lambs h a�1 d� 1 m ay be attem pted to benefit from the 

w inter product ion  in su l la (T. Phelps, pers com m ) ,  but care should be taken to 

retain sufficient  l eaf area by less severe g raz ing  for conti n ued wi nter g rowth .  

5 .  U nder cutt i ng ,  su l l a  s hould be  defol iated at the EF g rowt h  stage to 

about 1 5  cm, for the maintenance of m ax i m u m  productivity without weaken ing  of 

the stands. Defo l iat ion at an i mmatu re g rowt h  stage should be avoided . However, 

shou ld su l la  be defol iated at an i mmature g rowth stage, care s hould be taken to 

al low for sufficie nt retent ion of leaf area (>200 cm2) on the stu bble. 

6. U nder g razi ng ,  selective g razing and trampl i n g  i mposed by the g raz i ng  an i mal 

can cause senescence of residual herbage ,  especial ly in l ess severe l y  g razed 

t reatment.  Thus u nder f ield condit ions ,  selective g razi ng can pose proble ms i n  the 

contro l  of sufficient residual leaf area. 

7. Su l la  is stro ngly apical dom inant, and o n ly at f loweri ng are new shoots re leased 

i n  leaf axi l s  of u ndefol iated p lants. In defol i ated plants however, reg rowt h  

ori g i nates from t he crown .  I t  i s  recommended that summer g raz ing  shou ld be 

severe for maxim u m  ut i l isation ,  but care shou ld be take n to m i n im ize crown 

damage.  P revai l i ng environmental conditio ns m ust be taken i nto cons ideration  

before severe g razing  can be i mposed i n  autu m n/wi nter. 

8 .  The rapid decl i ne i n  plant population is compensated by an i ncrease in i nd iv idual 

p lant dry wei g ht .  Nevertheless, maxi m u m  compe nsat ion is soon reached and 

p lants are not abl e to com pensate for the fu rther  decli ne i n  plant density, 

especial ly i n  late autum n ,  which can result i n  decreased herbage p roduct ion  i n  

spri ng .  

9 .  The rapid decl i ne  i n  plant density under a g razi n g  reg ime suggested t h at su l la  

s hou ld be managed more l i ke an an nua l  fo rage species. Al lowi n g  a seed crop to 

shatter  peri odical l y  may be a useful m anagement tool for the maintenance of 
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stands. 

1 0 . To benefit from the autumn/winter g rowth , an autumn sowi ng ( Feb/Mar) for 

earl y  spri ng  ut i l isation may be considered as a management advantage. 

1 1 .  Sul la has potential for use i n  an i mal productio n  systems in New Zealand - deer,  

sheep,  beef cattl e  and dai ry cattle enterprises - as a special purpose forage 

ut i l ised in situ o r  conserved as hay or s i lage i n  summer, autu m n  and wi nter when 

feed supply is restricted i n  conventi onal pastu res. 
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Appendix 3.1 Site soi l  pedology - Marton si l t  loam 

MARTON SILT LOAM 

PEDOLOGY 

LOCATION :  Meteorological enclosure. M arton E x perimental Farm. Marton.  N I 43 '900689. SLOPe : Flal. ASPECT: On 
undulating wide coastal plain. ALTITUDE: 480 fl. 

VEGETATION Of SITE : Yorkshire fog. sweet vernal. ryegrass. fiatweeds. 

PROFtLE: 
A ,  0-9 in.  very dark greyish brown ( l OY R 3/2) si lt  loam : friabk ; moderalely developed tine granular struclure grading 

into nuU}' be low 3 j n . ;  very many roots.; bluish black fine concretions at about 8 in . ; distinct irregular 
boundary. 

A "  9 - 1 3  in. pale brown ( I OY R  6(3) clay loa m ;  friable; many d i s t inct fine strong brown mottles and greyish brown cast s ;  
weakly developed tine nutty structure; m a n y  root s ;  ind istinct boundary. 

pale and stron g brown mottled clay loam (heavier) ; firm ; weakly developed line to medium blocky structure; 

few roots ; distinct boundary. 
1 3- 1 8  in. 

1 8-20 in. white sandy loam with prominent yellowish red mottling; structureless, 
B II { 
C,. 20-30 in. pale grey ( I 0Y R  7/1) clay loam ; many med i u m  distinct strong brown mottles forming a reticulate pattern ; 

very firm; weakly developed medium blocky structure ; d i ITuse boundary, 

yellowish brown to brownish yellow ( I 0YR 5/8 - 6/8) clay loam with many pale grey veins;  firm and massive. C, on 

PARENT MATEIlIAL: Moderately weathered drift (loess plus volcanic ash). 

NATtvE VEGETATION: Broadleaved-podocarp forest. RAtNFALL: 40 in.  

CLASSIFICATION : (a) Weakly leached gleyed net-gam mate central yellow-grey earth. 

(b) Weakly enJeached gleyed net-gammate pallic soil. 

MAIN USE OF SOIL: Pastoral land for breed ing and fa ttening sheep. 

MONOLlTIl : See Plate 4 1 .  

TilE SAMPLES for the analysis o f  M arton silt loam are registered in Soil Bureau records as  follows: 
SB 7537 A 0-3 in. 7537 B 3-8 in. 7537 C 1 0- 1 3  in. 7537 D 13-18 in. 7537 E 1 8-20 in. 7537 F 2 1 -29 in.  

7537 G 30-36 in. 
No numbers have �n given to undisturbed cores. 
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Appendix 3.2 Site soi l  pedology - Matapiro silt loam 

MATAPIRO SILT LOAM 

PEDOLOGY 

LOCATION: Hatuma. t mile nonh-east from railway crossing and between old road and railway hne. N 1 46/930738. 

SLOPE: Flattish. ASPECT : Crest in eas) rolling landscape. 

VEGETATION Of SITE: Cresled dogslai!. 

PROflL_E: 

ALTITUDE: 450 ft . 

A l l  0--3 in. very dark greyish brown ( I OY R  312\ silt loa m ;  friable; moderately developed fine granular structure; 
many Toots; indistinct boundary. 

A " 3-7 in. very dark brown ( lOYR 2/2) silt loam; friable;  moderately developed fine nutty structure with much caSI 
granular ; many roots; distinct irregular boundary. 

A ,  7- 14  in. yellowish brown to pale yellow ( l OY R  5/4 - 2.5Y 7/4) silt loam; friable; many line pores ; massive; distinct 
irregular boundary. 

Bn 14--32 in. yellowish brown ( J OYR 5/4) cia)' loa m ;  very firm ; many pale grey and greyish brown fine mottles, wbich 
increase downward and join into a network of veins; moderately developed coarse blOCky structure; few 
roots; indistinct boundary, 
pale yellowish brown ( I O Y R  6/4) clay loam ; massive; with few pale grey streaks extending vertically 
downward. 

PARENT MATERIAL: Moderately weathered drift of PleislOcene silts over siltstone. 

t'ATIVE VEGETATION: Broadleaved forest or fern. RAINFALL: 33 in. and unevenly distributed. 

Cu.sslFICATION:  (a) Moderately leached central yellow-grey earth. 

(b) Moderately enleached clay iUuvial net-gammate pallic soil. 
MAIN USE Of SoIL: Pastoral land used mainly for fatlening sheep and canle. Pastures tend to dry out 10 summer. 

MONOUTH: See Plate 40. 
THE SAMPUS for tbe analysis of Matapiro silt loam are registered in Soil Bureau records as follows: 

SB 7604 A 0--3 in. 7604 B 3-7 in. 7604 C 9-1 3  in. 7604 D 1 6--22 in. 7604 E 24--30 in. 7604 F 37-42 in. 
7604 G at 15 in. 

No numbers bave been given to undisturbed corCS. 
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Appendix 3.3 Presowing site soi l  analysis ( Frewens 7) 

LABORATORY REPORT 
NAM E: SALLY N EWTON 

ADDRESS: AGRONOMY DEPARTMENT Type of material :  SOIL 

Date analysis completed: 1 7 - 6 -8 8  

ANALYSIS 

SAM PLE OLS EN  Ca Kg K Na TEB C EC 
p pH 

SAMPL E 1 1 4  5 . 5 5 . 9 1 . 0  0 . 5 3  0 . 1  7 . 6  9 . 3 

COMMENT: Exchangeable ca tions expressed as meq / l O Og 

SIGNED:� (for DIrector) 



Appendix 3.4 Postsowing  site soi l analysis ( Frewens 7) 

LABO RATO RY REPO RT 
N A M E :  HA R I  KRI S HN A  

A D D R ESS: AGRONOMY DEPARTMENT 

MAS S E Y  UN IVERS I T Y  

S A M P L E  O l s en E x c h . 

p H  p S 0 4  K 

Type of materi a l :  
.. - - -- - .  - '.- . - , - -

SOIL 

Date analysis c ompleted:  
- - ----.-. .  . �  - - - . .  - - - -

A N A LY S I S  

Ex c h . 

C a  

- -

Exch . 

M g  

Ex ch . 

N a  

HK 1 5 . 9  1 0  "f'- 1 0 . 0  1 . 1  0 . 0 7  

COMMENT: S u l ph a t e  a n d  phosp h a t e  va l u e s  a r e  expres s e d  a s  m icrog rams 

Exchang eab l e  c a t i o n s  a r e  exp r e s s ed as meq / l O O g  ( a ir-dry ) .  

6 - 0 6 - 8 9  

TEB 

1 1  

per gramrn 

S I G N ED .  ( f o r  Directo r) 

CEC 

1 0  

( a ir- dry ) . 



------------------------------------------

Appendix 3.5 Leaf n utrient analysis 

Cambridge 

ANALYTJCAL SERVICES LTD 
SOIL A PLANT A WATER ANALYSIS 
8 5  Queen St. Pnvale Bag, Cambridge. New Zealand 
Telephone 1071/ 274·409 
Fa. 1071/ 274·495 
reb NZ24 74. 

SOIL TEST RESULTS 
BlJLK 

YMPlE "'-"ME SAMPlE OWSlJY 
NO g/nll 

YMPlE ORCMIC 
YMfU I-W>AE Ml\nER NO "" 

PLANT TISSUE ANALYSIS 

CLIENT: 

ADDRESS: 

CROP GROWN: 

I �H I PHOI" JUIIUI 
vq/ml 

I "VAJlNJLE I LIME I NITROGEN REOUfREMENr 

'y/'" kg/t\J 

YMPlE I-W>AE YMPlE NITR�EN I f'HOS�ORVI I POl"iiliUM I NO 

1 1 3 . 0  0 . 1 9 1 . 6 

M a s s e y  U n iv e r s i ty 
P r i v a t e B a g  
PALJ1EHSTON NTH 
lI a r i  Kr i s h n a  
S u l l a  

�xrRACTABLE CAl IONS 
P01<'\S\lt)M I CN (111M I M'C,NfIIUM 

mellfAA) me/IOOl ""'/100y I 

'i.� r\ J N I(JV . /A1f.:  I RflfM I 
ISM Exr l  Rf rENIION '-MGNE\IUM (11)/crn % m<'/100y 

IlitPHUR I u.tOUM I MA.G�\IUM I 
"" "" 

0 . 5 9 1 .  0 5  0 . 3 2 

SOOIUM 
fTl('jlOOg 

WI, 
II \ EXTI 
mSJon 

1000IUM 
"" 

0 . 9 8 

YMPlf MC(yBDENUM / COMl T / SE:lENIUM / IO()INE / .stJlPH)',1f- / CHl()RIUf; / IV..UMINIUM YMPlf Nl>ME SlJLfl lUR 
NO ppm ppm ppm pplTl % 'lb 

1 1 0 . 1 1 

� 
TetaHC 

Sampf's are an�lysed al received at the laboratory ullnq Malyticdl SeNlcel ThIs laboratory II reglSlered by the Testing wboratory Reglltratlon CounCIl 
In-houle methodl These are sumfTklmed on the reverIe or this report and rurther or New Zealar 10. The tests rqXJrted hereIn have been perrormed In 

pflm 

I 

I 

/ 

LABORATORY REPORT 

JOB No: 

PAGE: 

RECEIVED: 

COMPLETED: 

SUBMITTED BY: 

�T FXCH 
CM .... CllY 
m"/lC<lg 

PO rASIIUM 
"" I 

IlJU'lV,' E ·  I EX'!C'O "81 E I IUlPHUR N.UMINIUM 

uqlq uq/q 

IRON I MN-i(:;.wESE I ppm ppm 

4 6  5 9  

J J 
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1 O F  1 
2 2 / 0 9/ 8 9  
2 7/ 0 9 / 8 9  
Massey U n iv e r s i ty 

PERCEN rAGE SATURATION 
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Appendix 3.6 Layout of pre l iminary grazin g  trial 
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Appendix 3.7 50 years c l imate data for Pal merston North 

·E05363 PALMERSTON NTH 0 S I R  GRIO REFS filMS 1 .  1 . 6 3 3 60 N l " 9 1 04 3 2 3  L A  T 4{) 2 3 S  LONG 1 7 5  3 7 E  H T  3 4  M .  

Nl M S  2 60. 1 : 50000 1243 1 7 8 8 5  

P£RIOD JAN F E B  M A R  APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 

RAINFALL MILLIMETRES 
HIGHEST MONTHL Y / ANNUAL TOTAL 1 92 8 · 1 980 2 4 5  1 9 2  2 1 6 1 5 5 2 2 2  2 6 3  2 4 5  2 04 1 6 5  1 87 1 9 1  2 1 9  1 2 9 8  

90 PERCENTiLE VALUE 1 92 8 · 1 980 1 4 1  1 2 6  1 2 8 1 30 1 5 1 1 90  1 40 1 5 0 1 2 6 1 4 1  1 3 3  1 7 3 1 1 4{) 

MEAN 1 9 2 8 · 1 980 79 6 7 69 8 1  8 9  9 7  8 9  8 9  7 5  8 8  7 8  94 9 9 5  

1 0  P£ RCENTILE VALUE 1 92 8 · 1 9 80 J 2  1 8 2 1 3 6  3 3  3 7 3 8  4 7 3 1  3 9  :l4 4{) B 2 3  

LOWEST MONTHL Y /ANNUAL TOTAL 1928· 1 9 BO 1 0  8 1 4  1 9  1 3  1 5 2 9  3 0  1 3  I S  2 7  2 4 7 1 3  

AVERAGE RAIN DAYS. 1 OMM OR MORE 1 9 2 8 · 1 9 80 9 7 8 1 0  1 2  1 2  1 2  1 2  1 1  1 2  1 1  1 0  1 2 6  

MAX IMUM I ·DAY RAINFALL 1 92 8 · 1 9 80 8 2 92 85 6 9  7 4  9 8  5 9  5 1  4 6  3 9  4 7  6 3  98 

MAXIMUM 2·0AY RAINFALL 1 92 8 · 1 9 80 1 36 92 1 1 7 7 2  8 4  1 0 3  6 3  7 3 7 0  5 9  6 6  69 1 36 

T E MPERA TURE Of THE AIR DEGREE S  CELSIUS 
2 0  9 1 9 . 3  2 2  8 22 1 2 6 . 2 2 7 . 7  HIGHEST RECORDED 1 9 1 8 · 1 9 80 . 30 a 30 6 2 9 5 2 7 . 8  2 3 4 3 1  7 3 1 . 7 

AV E RAGE MONT H L Y / ANNUAL MAXIMUM 1 9 1 8 · 1 980 27 1 2 7 " 2 5 9 2 3  1 1 9  5 1 6 9 1 5 . 9  1 7 . 2  , 9 . 2  2 1 . 2 2 3 4 2 5 . 7  . 2 8 . 3  

AVERAGE DAILY MAXIMUM 1 92 8· 1 980 2 1 . 9 2 2 3 2 0 9 1 8 . 2  1 5 0 1 2 6  1 1 . 9  1 3  1 1'4 . T  1 6 . 6 1 8 . 5 2 0 . 6  1 7 . 2 

MEAN 1 92 8 · 1 980 1 7  3 1 7  6 1 6 4 1 3 . 9  1 0 9 8 6 8 0  9 0  1 0 6 1 2 4 1 4 2 1 6 . 1 1 2 . 9  

AVERAGE OAIL Y RANGE 1 92 8 · 1 980 9 1 9 . 5  9 2 8 . 6  8 . 2  7 . 9  7 . 9  8 1 8 . 1 8 3 8 7 9 . 0  8 . 6  

A V E RAGE DAll Y MINIMUM 1 92 8 ·  1 980 1 2 . 8 1 2 8 1 1  7 9 6  6 8  4 7 4 . 0 5 0 6 . 6  8 . 3  9 8 1 1 . 6  '8 6 

AVERAGE MONTHL Y/ANNUAL MINIMUM 1 9 1 8 · 1 9 80 6 . 3 6 4  4 1 2 4 .{) . 3  · 1 . 7  · 1 . 9 · 1  4 0 1  1 7 3 3  5 . 3  · 2 . 7 

LOWEST RECORDED 1 9 1 8 · 1 980 1 . 7  1 .4 0 0  · 3 . 3  · 3 . 9 · e. o · 5 . 3  -6.0 · 3 . 9  ·2 .0 0 6  0 .0 -6 . 0  

T EMPERAT URE Of T H E  GROUND DEGRE E S  CELSIUS 
LOWEST GRASS MINIMUM RECORDED 1 9 1 8 · 1 9 80 -4 4 · 3 . 8  · 5 . 6 ·7 7 ·7 . 6 · 1 0 . 0  ·9 4 · 9 4 ·8 . 3 · 7 . 7  · 5 . 0 -4 4 · 1 0 . 0 

A V E RAGE GRASS MINIMUM 1 9 2 8 · 1 9 80 9 4  9 4  8 2 6 1 3 . 3  1 . 3  0 . 5  1 5 3 1 5 .0 6 . 7  8 . 3  5 . 2  

AVE RAGE A T  1 0  C M  DEPTH 1 9 39· 1 980 1 8 . 5  1 8  1 1 6 . 3  1 3 . 2  1 0 1 7 . 7  6 7 7 . 6  9 . 9 1 2 . 5  I S  1 1 7 . 3  1 2 . 8 

A V E RAGE AT 30 CM DEPTH 1 92 8 · 1 980 1 9 . 2  1 9 . 1  1 7 . 6 1 4 . 9  1 1 .  7 9 . 3  8 . 1  8 . 8  1 0 . 8  1 3 . 2  1 5 7 1 8 .0 1 3 . 9  

AVERAGE AT I M. DEPTH 1 92 8 · 1 980 1 8 . 1  1 8 . 6  1 7 . 9  1 6 .  I 1 3 . 7  1 1 . 3  9 . 8 9 . 7 1 0 . 9  1 2 . 7  1 4 . 7  1 6 .8 1 4 . 2  

FROST 
A V E RAGE DAYS Of GROUND FROST 1 92 8 · 1 9 80 0 . 2  0 . 3  0 . 8  2 4  6 . 5  1 0 . 6  1 3 . 1  1 0. 4  6 .0 3 . 0  1 .0 o 1 5 4 . 4  

AVERAGE DAYS Of AIR FROST 1 92 8 · 1 980 1 . 2 3 . 8  4 . 8  2.6 0 . 9  0.2 1 3 . 5  

RELA TiVE HUMIDITY 1"'1  
AVERAGE AT 9 A.M.  1 928· 1 980 73 74 7 7  8 1  8 3  85 85 8 1  7 8  7 5  7 3  7 3  7 8  

V APOUR PRE SSURE MILLIBARS 
AVERAGE AT 9 A.M.  1 94 1 · 1 980 1 5 . 2  1 5 .3 1 4 . 6  1 2 8 1 0 . 9 9 . 3  8 . 9  9 4  1 0. 6  1 1 . 7 1 2 . 7  1 4 . 0 1 2 . 1 

EVAPORA TION MILLIMETRES 
RAlS£O PAN AVERA GE 1 9 75- 1 980 1 68 1 43 1 1 5 66 40 24 2 5  4 2  6 5  9 8  1 2 9  1 54 1 06 9  

SUNSHINE TOTAl HOURS 
HIGHEST 1 935· 1 980 302 2 6 2 2 2 9  1 90  1 6 1  1 3 3 1 4 7  1 82 2 2 3  236 2 6 3  2 80 2020 

MEAN 1 935· 1 980 209 1 86 1 7 0 1 36 1 1 2 94 104 1 2 2 1 3 3  1 5 8 1 7 7 1 9 3 1 7 94 

'" Of POSSIBlE 1 93 5· 1 980 48 50 46 43 3 8  3 5  3 7  3 9  3 9  4{) 4 3  4 3  4 2  

LOWEST 1 935· 1 980 1 39 1 2 4 1 08 9 1  62 5 9  5 4  6 9  7 5  1 0 1 1 1 1  1 2 9  1 3 8 7  

WINO 
ME A N  OAIL Y WINDRUN. KILOMETRES 1 928· 1 980 2 7 5  2 60 2 3 8  2 2 4  2 1 4 20 1 2 00  2 2 1 2 5 8  2 70 2 8 2  267 243 

SPECIAL PHENOMENA A VERAGE OA vS Of 
SNOW 1 9 72· 1 9 80 0 1  0 . 1  0 . 2  0.4 

HAil 1 928· 1 980 0 1  0.2 0.3 0 . 3  0 . 3  0 4  0 . 2  0 . 2  o 1 2 1 

THUNDER 1 9 7 1 · 1 980 0 . 6  0.2 0.3 0. 7 0 . 2  0.5 0.6 0 . 1 0 . 8  0 . 4  0 4  4 . 8  

GALE 1 92 9· 1 980 0.3 0. 1 0 . 1 0. 1 0. 1 0 . 2  o 1 0. 1 0 . 1 1 . 2 

FOG 1 928· 1 980 0. 1 0. 1 0 . 1 0. 1 0.2 0.3 0.2 0. 1 1 .2 
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Appendix 3 . 8  The effect of plant g rowth stag e (ERGS) at g raz ing  a nd g raz ing 
i ntensity on herbage, herbage components and weeds consu med (kg OM ha-1 ) ,  
and percent herbage consumed (%) , at each g razing ,  over 365 OAS. 

Parameter G razi ng 22/1 2/88 1 6/2189 29/5/89 28/9/89 

Esti mated I ntensity 85 DAS 1 40 0AS 240 DAS 365 0AS 

H H H H  1 427 1 627 2953 1 1 63 

Herbage H LLL 1 698 1 3 1 7  2053 3233 

Consumed LHHH 1 1 52 2320 2797 983 

LLLL 1 760 2976 23 1 3  2480 

LSOO.05 N S  N S  N S  1 580 

H H H H  1 373 1 390 26 1 7  9 1 3  

Leaves H LLL 1 583 963 1 873 2423 

Consumed LHHH 1 007 1 580 2350 807 

LLLL 1 603 22 1 7  2000 1 860 

LSDo.05 N S  N S  N S  947 

H H H H  5 3  1 43 337 250 

Stem s  H LLL 1 1 8 293 1 80 8 1 0 

Consumed LHHH 1 45 540 447 1 77 

LLLL 1 57 657 3 1 3 620 

LSDo.o5 N S  N S  N S  N S  

H H H H  950 263 1 40 973 

Weeds H LLL 253 720 346 586 

Consumed LHHH 530 720 1 77 1 037 

LLLL 1 20 980 77 887 

LSOO.05 395 N S  1 57 NS 

H H H H  66 70 77 62 

Percent H LLL 71 4 3  60 77 

H e rbage LHHL 43 72 81 54 

Consumed LLLL 63 66 59 73 

LSOO.05 NS NS 1 8  NS 
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Appendix 3 . 9  The effect of plant g rowth  stage at g razing ( LRGS)  and g razi ng 
i ntensity o n  herbage, herbage  com ponents and weeds consu med (kg DM ha-1 ) ,  
a n d  percent (%) herbage consumed,  at each g raz ing ,  over 3 6 5  DAS. 

Parameter G razi ng 1 1 /1 /89 1 8/3/89 28/9/89 
Estimated I ntensity 1 06 DAS 1 72 DAS 365 DAS 

Herbage LLL 3973 3077 9641  
Consumed H H H  2043 241 7  1 1 207 

LSDo.05 NS 646 N S  

Leaves LLL 3653 2603 5343 
Consu med H H H  1 657 2063 6597 

LSDo.05 NS NS NS 

Stems LLL 320 340 4298 
Consumed H H H  387 200 46 1 0  

LSDo.o5 N S  N S  NS 

Weeds LLL 1 233 1 8 1 3  756 
Consu med H H H  900 733 449 

LSDo o5 NS NS N S  

Percent LLL 85 80 88 
Herbage HHH 80 71 80 
Consu med 

LSDo.o5 N S  N S  NS 



229 

Appendix 3 . 1 0 The effect of g razing  sul la under  different i ntensity management 

t reatments at the early rep roduct ive g rowth stage o n  pre g razing plant morphology 

-stem density (stems plant-1 ) ,  stem node number  ( n umber  stem-1 ) and ste m  he ight 

( m m )  n=1 5 .  

P arameter G razi ng 22/1 2/88 1 6/2189 29/5/89 

E sti mated I ntensity 85 DAS 1 40 DAS 240 DAS 

Stem H H H H  1 . 3 2 .6  5 .3  

Density H LLL 1 . 0 2 .5  6 .2  
LHHH 1 .3 1 .3 5 .3  
LLLL 0 . 3  2 . 0  4 .3 

LSDo .05 N S  N S  

Node H H H H  1 . 0 5 .0  3 .9  
N u m ber  H LLL 1 . 0 5 .4  3 .7  

LH HH 1 . 1  7 . 1 3 .8  
LLLL 0 . 5  6 . 7  3 . 9  

LSDo.05 1 .4 N S  

Stem H H H H  38 .4 49 1 . 6 256 . 9  

H ei g ht H LLL 40 .3 904 .7 1 83 .4 
LH HH 32 .9  574 . 0  238.9 
LLLL 1 6 .7  634 .8 2 1 4 .5 

LSDo.05 NS NS 
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APPENDIX 4.2 PROCED U R E  FOR CARBOHYDRATE DETERMIN ATION 

(Department of P lant Scie nce , Massey U niversity) 

(As described by Dr. R. Haslemore , D S I R  Biochemistry , P . North )  

Sectio n  I describes the ste ps i nvolved in  SOLUBLE SUGAR analysis .  The 

reagents requ i red are l i sted i n  Appendix I I .  Sectio n " describes the steps 

i nvolved i n  STARCH analysis. The reagents requ i red are l isted i n  Append ix  I I I  

and the equ ipment requi red i n  Appendix IV.  

N OTE : 

- Al l  chemicals should be analyt ical g rade reagents (An alaR) 

- Al l  water should be dist i l led 

- Al l  tubes should be absolutely c lean and d ust free 

- Always work through  the tubes i n  a set order .  I n  th is way , if labels wash off , 

samples can sti l l  be identifi ed. 

- Al l  samples should be freeze dried and fi ne ly  g round to pass a 0.5 m m  

mesh size. 

I SOLUBLE SUGARS 

Step 1 : D ried plant materi al ( 1 00 mg) is  ext racted with 1 0  ml of 62 .5% methanol  

for 30 min at  55°C usi ng  screw-capped cu l ture tubes ( 1 6x 1 25 m m) with 

tef lon-faced caps. 

(a) Weigh  about 1 00 mg of d ry, fi ne ly-g round plant material to an 

accu racy of 4 deci mal places. 

(b) Place plant material in careful ly label led cu ltu re tubes. Add exact ly  1 0  

m l  62.5% methanol  (extracti ng)  solut i on .  

(c) Place tubes i n  waterbath at 55°C for 30 m i n .  

Step 2 : The samples are centrifuged then 4 m l  a l iquot are transferred to a 

second series of capped cultu re tubes each contai n i ng 0 . 1  m l  l ead 

acetate. (Standards are pre pared by maki ng  u p  stock solut ions contain i n g  

4 ,  8 1 2, 1 6  and 2 0  mg sucrose i n  total volu me  o f  1 0  m l  62 .5% methanol .  
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Al iquot of 4 m l  are removed and treated i n  the same man ner  as the plant 

samples to g ive standards equivale nt to 4, 8, 1 2 , 1 6  and 20% (mg )  

soluble sugars on d ry weig ht basis respectively .  A b lank o f  4 m l  62 .5  % 

methanol  is  t reated s im i larly. Lead acetate is added to the b lank and 

standards) .  

(a) Tig hten caps wel l  and cent rifuge at  about 2000 rpm for 5 min  to obtai n 

a clear extract , from which the al iquot may be removed. 

(b) Label s ix  more tubes clear ly with standard numbers ( i .e .  0 ,  4 ,  8 ,  1 2 , 1 6  

and 20% soluble sugar) . Prepare standards as fol lows from sucrose 

standard stock so lut ion . 

Standard 
% soluble sugars Stock so lutio n  62 .5% m ethanol 

(mg )  ( m l )  ( m l )  

0 0 1 0  
4 2 8 
8 4 6 

1 2  6 4 
1 6  8 2 
20 1 0  0 

(c) Take al iquot of exactly 4 m l  fro m standards and from upper, c lear 

port ion of samples. P lace al iquot i nto another set clearly label l ed 

cultu re tubes, each contai n ing  0 . 1  m l  lead acetate.  The same p ipette may 

be used to take al l  a l iquot, provided the standards are sampled f i rst. (The 

lead acetate causes precipitat ion fro m the solut io n  of u nwanted phenols) .  

Step 3 : After 1 0  m i n  stand ing with occasi ona l  shaki ng ,  5 m l  ch loroform i s  added 

and the tubes are capped securely and shake n vigorously.  They are then 

b ri efly centri fuged to aid phase separatio n .  

(a) Vortex m ix  the a l iquot, a l low t o  stand for 1 0  m i n ,  then vortex mix  

agai n .  

( b) I F  ch loro phyl l p igments, and the refore galacto l i pids ,  are p resent ,  a 

l iqu id- l iqu id  extract ion with chloroform is necessary .  5 ml  ch loroform is 
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added to each al iquot .  Cap tubes t ig htly and vortex m ix .  Centrifuge at 

about 2000 rpm for 5 m ins .  The uppe r, aqueous p hase now contains  the 

carbohydrate, and the lower, ch loroform phase contai ns  the unwanted 

l ipids. 

Step 4 : Al iquot of 50 �I are removed from the upper, aqueous phase and added 

to 0 .95 m l  in cultu re tubes ( 1 6x1 25 m m) .  

Step 5 : 5% Pheno l  ( 1  m l )  is added, with mix ing ,  fo l lowed by 5 m l  of  sulphuric 

acid by pipette taki ng care to d i rect the stream of acid  d i rectly on to the 

surface of the l iquid to aid m ixi ng . 

(a) Weari ng  safety g lasses and g loves, add 1 m l  pheno l  to each tube. 

( b) Usi ng  pipette and p ipetti n g  aid, add 5 m l  concentrated sulphuric acid 

to each tube, taki ng  care to d i rect stream of acid onto surface of l iquid.  

Step 6 : Samples are stood to cool for 60 min then absorbances read at 490 n m .  

(a) Vortex mix ,  then leave t o  stand for 6 0  mi n .  

(b)  Pour  each sample i nto the cuvette and read absorbances at 490 n m  

o n  spectrophotometer. Hold cuvette by upper ri m ,  and take care not to 

s m ear  sides. Drain cuvette wel l  betwee n read ings, and begin with 

standards. 

Analysis : A standard cu rve is formed by plott ing relat ionsh i p  between solub le 

sugar concentration and absorbance of  standards. As absorbances of 

samples are known ,  soluble sugar concentrations can t hen  be 

interpolated from this curve. The cu rve is usual l y  l i near from 0-70 �g 

so lub le sugar, and g radient shou ld  re mai n fai rly constant between tests. 

Standards must be used every t ime the test is run .  



Quantity soluble  
sugars (�g/ml)  

Absorbance at 490 nm 

% soluble sugar = slope x absorbance x 1 00 
sample wei ght 

N ote : Sucrose standards of 50 �I al iquots made u p  to 1 ml  contain 0 ,  20 ,  40 , 
60 ,  80 and 1 00 �g sucrose per m l .  

APPENDIX I I  

Reagents for soluble sugar analysis 

1 .  Methanol ,  62.5 (v/v) i n  water 

2 .  Neutral  lead acetate (0 . 5  m o lll ) so lut io n  

3 .  P he nol (0 .05 molll) i n  water. ( 5  g phenol i n  1 00 ml  water) .  

4 .  Concentrated su lphuric acid (sp . g r. 1 . 84) 
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5. Sucrose standard. 2 mg/ml  i n  62 .5% methano l .  Made up weekly and stored at 

4°C 

6. Ch lo roform - IF  samples contai n ch lorophy l l  

Equipment for soluble sugar analysis. 

Vortex mixer  

P ressu re cooker with tube ho lder (fo r use without pressure as low temperature 

water  bath )  

Water  bat h  

Micropipette 

Z ipette d ispenser 

P ipettes 



Pipette bu lb 

T imer 

Centrifuge 

2 test-tube h olders 

4 dec imal place balance 

"Ki m ax" culture tubes ( 1 6x 1 25 m m )  with tef l o n - l i ned caps 

(2 per sample + standards) 

Spectrophotometer 

I I  STARCH 

Note : 

- Reagents requ i red are described i n  Appendix I I I  

- Extreme care must be taken when handl i n g  dianis id ine HCL as it has 

carcinogen ic properties. 
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- The amyloglucosidase preparat i o n  is  o btai ned fro m  Boeri nger  Mannhe im  o r  

S ig m a. 

- The amylog lucosidase preparat ion must be tested befo re use by runn i ng the 

test with starch standards u nti l ful l  recove ry is  obtai ned .  95- 1 05% recovery is 

acceptable with i n  the l im its of e x pe ri m e ntal e rro r. 

- The test provides a l i near dete r m i n at ion of  starch concentration between 

0- 1 00 I1g in  the fi nal al iquot. 

Samples with h igher co ncentrat i ons may req u i re sampl i ng i n  larger al iquot. 

- On removal fro m  fridge of fre e z e r, a l l  fi n e l y  powdered che m icals must be 

bro u g ht to roo m  temperature befo re ope n i n g .  

- G lucose oxidase reage nt wi l l  store for  seve ral weeks i n  an  amber bottle at 

4°C. I t  wi l l  darken in  colour, but t h e  colou r diffe rence betwee n  standards wi l l  

rema in  constant. 

Step 1 : The residual plant m ateria l  fo l lowing sol ub le sugar extract ion is t reated 

with 4 m l  methanol at 1 GOoe fo r 5 m i n .  This is repeated and wash ings 

aspi rated and discarded after c e ntr ifugat i o n .  

(a )  Us ing  water pump, aspi rate methanol  off tubes o f  residual plant 
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material used i n  fi rst stages of sugar assay. C h eck tubes are sti l l  labe l l ed 

clearly. 

(b) Add 4 ml pure m ethanol  to each tube, vortex mix and cap t ight ly .  

P lace tubes in  a water bath at 80- 1 oooe for 5 m i n .  CHECK tubes for 

s igns of leaking . I f  a tube appears to be l eaki n g ,  mark it for further 

reference , check tube is not damaged,  rep lace lost methanol  and cap with 

a new l id .  

(c) Remove tubes from water bat h  and ce ntrifuge at about 2000 rpm for  5 

m in .  Aspi rate off methanol with water pump.  

(d )  Add 4 m l  clean methanol  to each tube ,  vortex mix and cap t ightly 

agai n .  Place tubes in waterbath at 80- 1 oooe for 5 m i n .  

( e )  Remove tubes from waterbath and centrifug e  at about 2000 rpm for 5 

m in .  Aspi rate off methanol with water pump .  

Step 2 : Starch standards of appropriate size (genera l ly  4 .0-8 .0 mg starch) are 

p repared at th is stage .  

(a) Starch standards are prepared i n  the same type o f  culture tube as 

samples, and must be clearly labe l led .  The starc h  standard stock soluti on  

is used as s hown below: 

Standard Stock sol ut ion Water 
(mg)  (m l )  (m l )  

4 . 0  2 . 0  2 . 0  

8 . 0  4 .0  0 .0  

Step 3 : The cultu re tubes are f i rmly capped and the  sam ples heated with 4 m l  

water f o r  60 min  at 1 oooe to ge lat i n ise the  starch  ( i nc lud ing  starch 

standards). 

(a) 4 ml disti l l ed water  is added to each test sample on ly, then .§!! tubes 

(test samples and standards) are placed i n  a water  bat h  at 1 000e for 60 

min .  



(b) This g elati nises the starch by breaki ng  hyd rogen bonds, enabl i ng 

com plete enzymatic hydrolysis later .  
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Step 4 : After cool i ng ,  2 m l  sod ium acetate buffer and 0 . 1  m l  amylog lucosidase 

p reparat ion  are added and the samples incubated for 60 m i n  at 55°C. 

(a) Tubes are removed fro m  wate r bath and al lowed to cool .  

(b) 2 m l  sodium acetate buffer sol uti o n  i s  added t o  each tube ,  fo l lowed by 

0 . 1 m l  amylog lucosidase preparatio n .  These amounts are cri t ical and any 

dispensers used must be cal ibrated by measu ri n g  at least 1 0  m easu res 

i nto a measuri ng cyl i nder. 

(c) Vortex m ix  tubes and place i n  water bath  (or  i ncubato r) at 55°C for at 

least 60 m i n .  Caps are not requ i red for  t h is step. 

Step 5 : Samples are f inal ly d i luted to 1 0  m l  with water , 

thoroug hly  m i xed and centrifuged. 

(a) D i l ute the contents of each tube to 1 0  ml by add i n g  3.9 ml  of  d ist i l l ed 

water. 

(b) Vortex m ix  tubes, cap t ight ly and centri fuge at about 2000 rpm for 

5 min .  

Step 6 : G lucose is  determi ned by  i ncubati n g  0 . 05-0 . 50 ml  al iqu ot o f  the  d i l uted 

hydro lysate i n  a fi nal volume of 1 ml water  with 2 ml g lucose ox idase 

reage nt at 37°C for 60 mi n . A blank of wate r on ly  and standards of 25 ,  50, 

75 and 1 00 �g g lucose are treated si m i lar ly .  

(a) an al iquot m ust now be taken form the hyd ro lysate.  For most 

agronomic samples, an al iquot of the hy ro lysate of 0 .25  m l  is 

acceptable .  Measure al iquot precise ly and p lace in a new set of c learly 

marked cultu re tubes. It may later be fou n d  that some  al iquot sizes must 

be changed i n  o rder to g ive a central read i n g  with i n  the range 0- 1 00 I1g 

starch (fi nal a l iquot) .  

(b) Add disti l l ed water to tubes to bri ng  vol u me to 1 ml, i . e . 0.75 m l  

for a 0.25 m l  a l iquot. 
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(b) Prepare g lucose standards of 25, 50, 75 and 1 00 �g in 1 ml d isti l l ed 

water from a stock standard sol ut ion  of g l ucose as fo l lows: 

Standard Stock solut ion  Wate r 
(Ilg/ml )  (�I ) (Ill )  

0 0 1 000 
25 25 950 
50 50 950 
75 75 925 

1 00 1 00 900 

(d) Add exactly 2 ml g l u cose ox idase reagent to e ach t u be ( i nclud ing  al l 

sta ndards) ,  vortex m ix  wel l ,  cap t i g ht ly  and p lace i n  a water bath at 37°C 

for 60 m i n .  (To cool water  b at h  to 37°C, re move wate r, fi l l  with ice and 

reset temperature) .  At this po i nt , i f  sample is Sig n if icant ly darker than the 

top standard ,  a di luti on  shou ld  b e  made a n d  t h e  facto r noted . If  a sample 

is s i gn ificantly l i ghter in col o u r  than the lowest sta ndard , retu rn to step 1 2  

and take a larger  al iquot, not i n g  t h e  d i ffe re nt a l iquot siz e .  

Step 7 : H yd roch lo ric acid (5 m l ,  5 m o l/l ) is  added, sam p l es thorough ly  mixed 

and absorbances read at 540 n m .  

(a) Remove tubes from wate r bat h ,  add exactly  5 m l  o f  5 molll H C L  to 

each tube, and vortex mix we l l .  

(b) Pou r each sample i nto t h e  cuvette and read absorbances at 540 n m  

o n  t h e  spectrophotometer. Hold t h e  cuvette b y  t h e  u p pe r  rim ,  and take 

care not to s mear the sides. D rai n t h e  cuvette wel l betwee n  read ings, and 

begi n  with the standards. 

Analysis : Spectrophotometer readi ngs fo r g l u cose standard s  are used to plot a 

standard curve relat ing absorbance a n d  starch co n centrati o n . Starch 

p resent i n  the al iquot of samples with  known abso rbances can be read off 

th is curve.  The starch standards are used as a c heck to e nsure compl ete 

h ydro l ys is  is o ccurring .  Quant it y  of g l ucose recovered fro m  starch 



standards s hould be between 9 5  and 1 05% that of the ori g i nal starch 

standard .  

Quantity starch 
Ilg/ml 

Absorbance at 540 nm 
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O nce the  standard cu rve is p lotted , % starch i n  sample m ay be determ i ned by: 

% starch = slope x absorbance x 0 . 9  x d i l ut ion factor x 1 00 
samp le  weight 

The fig u re 0 .9  is  a correct ion facto r for the hydrolysis of 1 g starch to 1 . 1 g 
g l ucose and water. 

n . b  

D i l ut ion  factor = original sample vol ume 
al iquot volu me 

e . g .  as described � = 40 
0.25 

E nsure u n its are kept constant in these equations - Ilg or mg not both .  
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Appendix I I I  

Reagents for starch a nalysis 

1 .  Sod ium acetate buffer solut ion  (0.25 mol ll , pH 4 .5) .  Glacial acetic acid (7. 1 5  

m l )  made u p  to 450 m l  with water and adjusted to pH 4 .5 with 5 molll sodium 

hyd roxide. D i lute to 500 m l  and store at 4°C. M UST be accu rate to pH 4.5 ± 

0 . 1 . 

2 .  Amyloglucosidase (from Aspergillus niger) . P reparation  obtai ned fro m  

Boeh ri nger Mann hei m o r  S igma suspension i n  ammon ium su lphate solut ion ,  

3 . 2  molll , p H  ca. 6 .  

3 .  Tris-g lycero l  buffer ( p H  7 .0 ) .  30 .2  g Tris i s  d issloved i n  400 m l  water. T h e  p H  

is  adjusted t o  7 . 0  with conc. hydroch loric acid a n d  the so lut i on  d i luted i n  t o  500 

m l .  Add 330 ml g lycerol and sto re at 4°C. 

4. G lucose oxidase reagent .  Si gma glucose oxidase (from Aspergillus niger) 1 80 

m g ;  S ig ma peroxidase (Ho rseradish) 1 8  m g ;  S igma o -dian is id ine  

d i hyd roch loride 1 20 m g ;  i n  a f inal vol u me of 600 m l  Tris-g lyce ro l .  The 

d ianisid ine  H CL is best d issolved i n  1 50 ml  of the buffer wit h  warm ing .  D i l ute 

to 600 ml  and g lucose oxidase and peroxidase sti rri ng unt i l  d issolved. Store 

i n  ambe r  bott le  at 4°C. 

5. Hydroch loric acid (5 molll ) .  Add 5 1 5 ml  co nc. h yd rochloric acid to 485 m l  

water a n d  m i x  wel l .  

6 .  Starch standard .  1 00 mg so lub le starch (AR) (BOH ; corrected fo r  moisture )  is  

sus pended i n  1 0  m l  water and p laced i n  a boi l i ng water bath u nt i l  the 

suspension becomes t ranslucent . This is d i l uted to 50 m l  with water. Make u p  

weekly and store at 4°C. 

7 .  G lucose standard. 1 mg/ml in water stored at 4°C 
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APPE N D IX IV 

Equi pment for starch analysis : 

Vortex mixer 

P ressure coo ke r  with tube holder (for use without pressure as low temperatu re 

water bath )  

p H  meter 

Water bath  

Microp ippette 

Zipette d ispensers 

P ipette ( 1 , 2 and 5 ml)  

P ipette bulb 

T imer 

Centri fuge  

vacuu m  pump (aspi rator) 

2 test-tube ho lders 

4 decimal  p lace balance 

Magnetic sti rrer 

" Ki max" culture tubes ( 1 6x 1 25 m m )  with teflon - l i ned caps 

(2 per sample + standards) 

S pectrophotometer 

METHOD R EVISED AUGUST 1 990 
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Appendix 4 .3  The relationsh ip between whole-p lant DW (W) and leaf area (A) 
th roughout the experi ment. 
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Appendix 5.1 P resowi ng site soil  analysis ( Frewens 3) 

LABO RATO RY R EPORT 
N A M E :  HAR I K R I S HN A  

A D D R ESS: DEPARTMENT O F  A GRONOMY 

MAS S EY UN IVER S I T Y  

S AMPLE O l s en E x c h . 

p H  P K 

HK 1 0 - 2  O cr!'. 5 . 6  1 0  0 . 2 0  

HK 2 2 0 - 5  Ocr!'. 5 . 9  7 0 . 1 0 

E x c h . 

C a  

I 6 . 9 

6 . 2  

Type o f  material:  
_ .- - -" --_ . . . . -- - -

SOIL 

Date analysis  complete d :  
-- - - - "  - . - -� ---- . 

ANALYSIS 
. - --

Ex c h .  

Mg S04 

1 .  0 8  6 . 9  

1 . 1 3 5 . 5  

COMMENT: P h o s p h a t e  a n d  s u lp h� e  va1u5 a r e  ex p re s s ed a s  rn i c rograms 

Ex changeab l e  c a t ions are expres s e d  as rneq / 1 0 0 g  ( a i r - dry ) . 

2 - 0 8 - 8 9  

- -

, 

p e r  grarn ( a ir - dr y ) . 

S I G �  ( f o r  D i rector) 



Appendix 5.2 Postsowing soi l  and plant analysis 

Cambridge 

ANALYTICAL SERVICES LTD 
SOIL .... PlANT .... WATER ANALYSIS 
85 Queen St. Private 8"g. Cambridge, N e w  Zealand 
Telepl10ne 10711 2 74 · 4 09. 
F,'X lOll }  2 74 · 4 95 
Telex NZ24 74 

SOIL TEST RESULTS 
HliLK 

'.AMPLE Dl/\/')lfY 'AM/U NAME NO q/ml 

HKS 1 1 1 .  0 6  

ORCl/,\f\JJ( 
:'AMf'lE NAME 

IAMf'lE MJ\r1ER NO % 
HKS 1 1 

� 
PLANT TISSUE ANALYSIS 

IAMf'lE NAME Y-MPLE NIlROGEN 
NO 'lb 

HKL 2 2 2 . 8  

I 

I 

I 

pH 

6 . 0  

"&"V,A.,llAR1 F 
N/TRCX;EN 

kq/h.l 

CLIENT 

ADDf�ESS: 

CROP GROWN: 

I I'HOII'H()RUS 
U'-J/f!11 

9 

I l iME I RtOLJIRf- MENT 
I.:q/ll,l 

l'HOSf�jOIlt.lS I POIASSIUM I "" 

0 . 1 8 1 . 9  

M a s s e y  U n ivers ity 
P r i v a t e  Bag 
PALMEHS TON N TH 
H a r i  Krishna 
S ul l a  

EX l RAC IABlE CAT ION'; 

I J I f1...J TA'\"fl1M t N ( IUM MPo,{ ,fJf S1UM 
fHC/ILU) fIl('/IO'...kJ 111t'/llXJy 

0 . 2 9 8 . 5  1 .  3 4  

VII " I 1'l iOll'I IAIf I .f\f RIIF 1 
l IA r  t ." I R!:. I !:. N I IUN fvtAGNf SIlJM 

IIl\(UlI " ,  Illf'/IOOV 

SULI'HUR I CAlCIUM I MAGt�SIUM I % "" 

0 . 5 4 1 .  2 9  0 . 2 6 

\U[)IUM 
t1lejlWq 

0 . 1 7 

S.'J. I I  
p '-" F .: r J  
mVlrn 

SOUIUM 
% 

1 .  5 3  

1 

I 

""MI'lf MOLYHmNUM I COHN T I SEI I-NlUM I /(J[JINE. I StJl PI1AJE- I (HlORIOE -I NUMINIUM -I Y'\MrH NAM[ NO pprn ppm ppm pplll SUl f'.'UR " ,  ppm % 

HKL 2 2 0 . 2 1 

Tao�!£ 
Samples aft' al 1alysed as received at the lathlratOIY ullflg AflrllytlC,ll  Serviles 11111 laUulatulY " ICljls\('wd I)y t t lC l('s t ll1q lalxJfdtolY Rf'qlstlaliOIl Cuunul 
Ill-house methods These are sumrnaflsed on the revelse o( th,s '("po,t and IUI(tlCI o( New Ze"ldnd 1he tests Icpolted ',('re,i I I lave beel1 pc'donneLl Ii) 
details are ,wallal)lf' on apphc<l!lon ac(orddr KC' Wlt l l l!S lellllS of Icy"lId!lUfi. f l lis UUl Ufllefil should flot be 
1 /r.::.. - H'�l tfi" lPI1t � /l/TH )I,' tn, ..:lr ulV"I"- _ 

LABORATORY REPORT 

JOB No: 

PAGE: 

RECEIVED: 

5 4 8 4 1  
1 OF 1 
2 7 / 0 7/ 9 0  
0 1/ 0 8/ 9 0  COMPLETED 

SUBMITTED BY: M a s s ey U n iv e r s i ty 

PERC ENTAGE S/l IURA TION 
CAT FxCH I I MAGt�"UM 'r SU{)!\ IM (N'Ac rry POIASIIUM CAlC!UM " 

nW'/J(XJy "" "" 

1 6  1 . 8  5 4  8 . 5  1 . 1  

SUI "! IArE- 1 Ex rRAC IAOI F' r rOrAl I BORON I RE�)�l?\. T SLJtY�ILJR N.UMINIUM NHRlXJ�N pofASSIUM 
lX.j/q uq/f/ "" uq/q 1llf'/HY_\r} 

1 8  

IRON I iVW'JGANE SE I ZINC I (orrfR I W'h(W 
ppm ppm ppm ppm I'jlm 

8 3  7 2  3 3  1 7  4 1  

1 f I l 



Appendix 5.3 Soi l  analysis at the conclusion of the trial 

ANALYTICAL SERVICES L TO 
SOIL .4 PLAN T .4  WATER ANALYSIS 

Cambridge 85 Queen Sf .  Private Bag. Cambridge, New Zealand 
Telephone 1071 )  274,409. 
Fax 1071) 2 74 · 4 95 
1elex NZ24 74. 

SOIL TEST RESULTS 
BlltK 

<;AM/'lE NAME SAMPlE UENSl fY NO (jlml 

S ul l a  S S l  1 1 .  0 6  
Red C l ov e r  ReS l 2 1 .  0 3  

SAMPlE OR()AJ\JI( 
SAMPlE NAME MATTER 

NO 'lb 

S u l l a  S S l  1 
Red Cl over RCS 1 2 

PLANT TISSUE ANALYSIS 
<;AMPlE NAME SAMPlE NIJROGEN 

NO % 

! �H 

6 . 0  
6 . 0  

I AVAll.N�1 F 
NtlR()(jEN ky/tl<l 

CLIENT. 
ADDRESS: 

CROP GROWN: 

I "flOSI'I lURUS 
u(!!ml 

1 2  
1 0  

I l iME J I<'Eut IlRf-Mf:NT Jr:q/ll.� 

I PHOS':;;'ORUS I F'OTA))IUM I '*' 

SAMI'!.f MOlYI1DENUM J COBAl.! 1 Sf.:I.f-N1UM J SAMPlE NAME NO J--..pm Il1-)rn ppm 

TetOIOC 

The Heg i s t r a r  
M a s s e y  U n i v e r s i t y 
P r i v a t e B a g  
PALMERS TON N T H  

f' X 1 RAC1AI3LE CAr ION<; 

,'f)1,,",WI)M I C AL ( lliM I MA"NFIIUM Illf/It� me/J():Jq fH('/IfAA} 

0 . 3 1 9 . 1  1 .  2 8  
0 . 2 8 9 . 2  1 .  4 4  

I 

\'\1 I e,  j '" I( )�" � lA rf l "!If ,'V, I j\.A..T E X 1 1 '?E: / L N rt(){\j "-11\( JNr SlUM 
1 1 \(,/(11\ '., 1r1f'/I(H:j 

SUll'HUR I lN C fUM I MAG� "UM I "" % 

IO{)!NE 1 �ll\ f'HArE- I O-llORIOE 1 ppm I SUlf'HUR '� �, 

<;OI)IUM m('/I{X)q 

0 . 2 7 
0 . 1 3 

W JI 
/I \ I.x r  I 
nlV(1H 

SO()IUM 
'lb 

NUMrNtUM 

ppm 

S<lmples are analysed as received at tile laboratory using An<llytlcal SeNlCes 111JS latxJTatory IS registered by the Testing Laboratory ReqlslratlorJ CounCIl 
II)-h�use rneth�s

, 
These ar; surnrnaflsed on the reverse ofthls report ar1{j tul\llCr of New ZedldrK) The tem reported IJerenl I law lJeell /XJto/flled In 

I 

I 

t 

LABORATORY REPORT 

JOB No: 

PAGE: 

RECEIVED: 

COMPLETED: 

5 6 8 6 1  
1 OF 1 
0 7/ 1 2 / 9 0  
1 1/ 1 2 / 9 0  

SUBMITTED BY: Ma s s ey U n i v e r s i ty 

PERC E N TAGE SATURA 110N 

CAT rXCH I 1 MAGI';':SlUM 1 SO{JH 1M (N)A(lry POrASSIUM CNCIUM fI'Il:'/ICOq �, 'lb , 
1 6  2 . 0  5 8  8 . 1  1 . 7  
1 6  1 . 8  5 8  9 . 1  0 . 8  

SlJI I'HII TE- I EXIMC fAlII F I rOrAl I BORON I PF')F-"<"vf 
S.Ulf'l tUR i\lUMfNrUM Ni tROGEN f'(J rt'S:'!UM 

tJq/q uq!q '" uq!q rnr'/I((l.J 

1 3  
1 2  

IRUN I MW�ESE I ZINC I corrfR 1 BOP()N 
ppm ppm ppm ppm ppm 

I 1 j ! 



Appendix 5.4 Layout of large-scale g raz ing tria l  
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Appendix 5 .5  The effect of p lant g rowth stage at g razi n g  and g raz ing  i ntensity 
o n  herbage ,  herbage components and weed consumed (kg OM ha-1 ) ,  and 
percent (%) herbage consu med,  at eac h  g razi ng ,  ove r  365 DAS. 

Para meter Grazing Jan/Feb Mar/Apr J u n/Ju l  Sept/Oct 
Est imated Intensity ( 1  ) (2) (3) (4) 

LV-HHHH 3590 3653 4284 4759 
LV-LLLL 256 1 3508 381 6 4460 

Herbage MSE-H H H H  4263 4475 3896 3505 
Consumed MSE-LLLL 43 1 0  3227 4278 4370 

EF-HHH 5484 3488 7341 
E F-LLL 5749 3578 7986 

LSDo .05 N S  671  N S  NS 

LV-HHHH 3238 3082 3465 279 1 
LV-LLLL 2251 2969 3087 3 1 46 

Leaves MSE-HH H H  3374 3778 3424 2330 
Consumed MSE-LLLL 3422 2798 3547 3 1 24 

E F-HHH 3528 3 1 88 5360 
E F-LLL 3778 3 1 99 5286 

LSDo.05 584 522 N S  N S  

LV-HHHH 335 5 1 9 8 1 9 1 968 
LV-LLLL 280 46 1 729 1 3 1 4  

Stem s  MSE-H H H H  8 1 2 667 473 1 1 75 
Consu med MSE-LLLL 766 408 732 1 246 

E F- H H H H  1 243 300 1 98 1  
E F-LLLL 939 379 2700 

LSDo.05 N S  NS N S  N S  

LV-HHHH 1 46 43 786 
LV-LLLL 228 1 20 1 072 

Weeds MSE-HHHH 503 20 1 272 
Consumed MSE-LLLL 277 1 67 502 

E F-HHH 790 1 4  0 
E F-LLL 697 1 4  0 

LSDo.05 N S  N S  407 
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LV-HHHH 90  83  64  74 
Percent LV-LLLL 74 75 58 59 
Herbage MSE-H H H H  8 5  80 73 70 
Consumed MSE-LLLL 8 1  72 65 62 

E F-HHH 77 80 60 
E F-LLL 8 1  70 58 

LSDo,05 6 N S  NS NS 


