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Abstract

Swards  that had been either set stocked (SS) or rotationally grazed (RG) for five years were sampled
monthly over two years by removing turves. The uncut white clover plants were then washed out.
classified by branching structure (lst, 2nd, 3rd,  4th order) and then dissected Into stolen and leaf before
drying and welghlng

Under both managements stolen dry weight per plant and branching structure of the population each
indicated a strong seasonal shdt from larger plant sze dwng  summer. autumn and writer  (February, 109
mg stolen DW/plant,  7% of population  1 st branchmg  order) to a preponderance of smaller plants in  sprmg
(October, 41 mg  stofon DW/plant.  30% of population 1st branching order). Grazing  management affected
Stolen  DW per plant (means. RG 106 mg.  SS 53 mg) but had little effect on branching structure. However,
in spring, under RG management proportions of 1st branching order plants in the population were higher
for a longer period than under SS management.

The simpler structure of plants in spring  is thought to increase the vulnerability of the white clover
papulatlon to adverse conditions at this time. While  RG management allowed white  clover to better utlllze
favourable growth condibons. it also increased the susceptiblllty of the population to large declmes  during
stress periods; SS management reduced the potential  for growth, but enhanced stablllty  during stress
periods.  Hence where enwonmental  condltlons are unpredictable SS rather than RG mangement WIII
favour retention of white clover I” the ward.  The seasonal and grazing  management effects reported are
likely  to occur acro?s  a wde  range of enwonments.
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INTRODUCTION

Plan t  s i ze  may  in f luence  p roduc t i v i t y ,  pe rs is tence  and  fecund i t y  o f  an  ind iv idua l  w i th in  a

plant population (Harper 1977) and considerable information exists on number and size of
plant components in swards (Frame & Newbould 1986)  but little is known of the size of
ind iv idua l  p lan ts  in  the  popu la t ion  o f  wh i te  c lover  under  g raz ing .

In a one-year study Brock et al. (1988) reported the detailed structure of plants
comprising the population of white clover in pastures under three different sheep grazing
managements. Marked seasonal fluctuations in characteristics reflecting plant size were
observed with a distinct minimum in spring and a maximum in late summer. This paper

extends the study with a second years observations to confirm these effects and gain some
measure of  year to year var iat ion.

MATERIALS AND METHODS

The site, pastures, and sampling and statistical procedures have been described in
deta i l  (Hay et  a/ .  1983,  Brock et  a / .  1988) .  An  ou t l i ne  o f  essen t ia l  fea tu res  fo l l ows .

Pasture and grazing management
The pasture, at Grasslands Division, Palmerston North, was sown September 1978 to

Grasslands Ruanui perennial ryegrass  and Grasslands Huia white clover. Grazing

managements imposed in September 1979 using self-contained farmlets  stocked at 22.5
ewes + lambs/ha, were: 1) continuous set stocking (SS), 2) rotational grazing (RG).

Pasture utilization was similar for both grazing managements, averaging 11500 kg

DM/ha/yr.  Grazing management induced marked differences in pasture structure. Mean
grass tiller density under SS (14500/m’)  was almost double that of RG (8000/m2).  White
clover growing point densities were more variable, year 1 being SS 2200, FIG 3600/m2,  and



year 2 SS 3100, RG 1050/m2.  Mean grass shoot biomass was 50% greater in the shorter
denser SS pastures (3500 kg/ha) than in the open taller RG pastures (2400 kg/ha).

Clover  p lant  sampl ing
Monthly samplings were conducted for two separate years (March 1984-February  1985

(year 1) and August 1986-July  1987 (year 2) ) by removing intact from each grazing
management 3 (year 1)  or  4 (year 2)  randomly selected 250 x 250 mm turves  to  a  depth o f  50

mm, by steel-edged quadrat  and spade. In the RG system the paddock next to be grazed
(wi th  the longest  regrowth)  was sampled.

Soil was gently washed from each turf and all clover plants carefully separated intact

from the vegetation mat. Plants cut by the quadrat  edge were rejected. A maximum of 20
plants  ( randomly  se lec ted when more than 20 were present )  were c lass i f ied  as  1s t  order ,  2nd
order ,  3 rd  order ,  e tc .  depend ing the  leve l  o f  b ranch ing  occur r ing ,  and then d issec ted in to  lea f

and s to lon  components  wh ich  were  dr ied  and we ighed.

Data analysis

Data were weighted to counter sampling bias against large sized plants (Brock et al.

1988)  and ana lysed by  ana lys is  o f  var iance.  The h ighest  leve l  o f  b ranch ing was 6 th  order ,  bu t
as  the  5 th  and 6 th  orders  combined accounted fo r  less  than 2% of  the  popu la t ion ,  and these
orders  had insuf f i c ien t  da ta  fo r  ana lys is ,  they  were  inc luded in  the  4 th  order  fo r  th is  s tudy.

RESULTS

Environmental conditions contrasted markedly between year 1 and year 2. Although
tota l  ra in fa l l  was s imi lar  for  both  years  a t  95% of  normal  (N.Z.  Met .  Serv ice 1983)  the month ly

d is t r ibu t ion  d i f fe red great ly  between years  (F ig .  3) .  Year  I  was dry  in  la te  autumn (Apr i l  to  mid
May -50%) but moist over summer (December to January +30%),  while year 2 was very
dry from mid spring to mid summer (November to mid January -70%) and moist in autumn

(March to mid May +50%).

Distribution of plants among branching orders
Large differences in the proportioning of numbers of plants among the four branching

orders were associated with month of sampling (P<O.OOl;  Fig. 1). The major seasonal
feature was the big increase in late spring (October-December) in the proportion of the

popu la t ion  in  the  1  s t  b ranch ing  order  (s ing le  s to lon  p lan ts )  and  the  cor respond ing  decrease
of, in particular, the 3rd and also the 4th orders. Over this period approximately 75% of the
population comprised 1 st and 2nd order plants. By January the distributions of the various

branching orders was that of the early spring period (August-September). The mean
distribution among branching orders was similar (within 5%) for both years,

The management  x  b ranch ing  order  in te rac t ion  was not  s ign i f i can t .  The management  x

month x  branch ing order  in teract ion (PcO.05) (showed in  par t  in  F ig .  2 )  ind ica ted tha t  under
RG,  compared wi th  SS,  the propor t ion o f  1s t  order  p lants  was h igher  in  spr ing and remained
higher  for  longer  in to  summer whi le  the propor t ion o f  3rd  order  p lants  showed the reverse.

Stolon dry weight (DW) per plant
The mean s to lon  DW/plant o f  RG p lants  was doub le  tha t  o f  SS a t  106 + 2.2 mg and 53

f 2.0  mg respect ive ly .  Mean s to lon DW/plant  var ied  w i th  month  o f  sampl ing  (P<O.OOl),  w i th

smallest values in October-November and largest values in summer and autumn provided
that  ra infa l l  was adequate (F ig.  3) .  The ear ly  summer drought  in  year  2 prevented a recovery
in stolon DW/plant  of RG plants from the low spring values until February. Once sufficient
rainfall had fallen surviving RG plants grew rapidly to large size, exploiting the reduced

density of the pastures induced by the drought. In contrast SS plants remained relatively
unaf fec ted.  Converse ly  the  h igh summer  ra in fa l l  in  year  1  enab led the  we ight  o f  SS p lants  to
increase in February as grazing pressure was reduced, a result of the rapid increase in
herbage  mass which was not controlled at the stocking rate used. Mean stolon DW/plant



Figure 1: Seasonal variation (meaned over years and grazmg  managements) in the percentage of an mtenswely  grazed
white clover population in  each of four branchmg order categories.
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Figure 2: Seasonal variation (meaned over years) for RG and SS managements I” the percentage of each pop&ton I” the
1st and 3rd branchmg  order categories.

increased with degree of branching complexity (14 + 3.1, 40 + 2.0, 87 f 2.4 and 167 f 4.2

mg for 1st  2nd,  3rd and 4th branching orders respectively).

DISCUSSION

In es tab l i shed pas tures  wh i te  c lover  g rows foward  a t  the  s to lon  ap ices  and d ies  f rom the
stolon base towards the apex (Erith 1924). Rotting of older basal portions of stolons, causes

the severance of branch stolons which then form new plants (Chapman 1983). In this
environment stolon biomass studies have shown that large quantities of older buried stolon
die and decay probably as a result of internal plant stress caused by the demands of
increased growth  in  spr ing  (Hay e t  a l .  1983) .  Th is  wou ld  resu l t  in  the  break up of  la rge  p lan ts

into several smaller plants, The large shift observed in the population towards smaller (Fig.
3)  less complex (Fig. 1) plants in spring is a result consistent with the operation of those
processes. Rapid growth made over the summer period, should rainfall be adequate,

increases  p lan t  we igh t  and  branch ing  complex i ty  aga in .



Figure 3, Seasonal variation m  mean stolen dry weight per plant under RG and SS grazing managements and mean dally
ramfall  of each sampling Interval.

As small plant size in many plant communities decreases survival and productivity
(Harper 1977) it is possible that conditions during spring, when plant weight and branching

structure are at a minimum, or later as plants are tending to increase in size, are crucial for
the subsequent presence of white clover in swards. For instance in Canterbury, dry
winter-spring conditions at Lincoln in 1984 drastically altered the vertical distribution of

stolons and reduced stolon mass by 70% (Hay et al. 1987) and two years of successive
spring droughts at Kirwee reduced stolon mass to 30% of original values (Vartha & Hoglund
1983) .  Thus a  fac tor  under ly ing  some o f  the  o f ten  no ted dramat ic  and unexp la ined dec l ines

in white clover content in swards (Frame & Newbould 1986) could be that the simpler
structure of plants in spring exaggerates the negative effects on population size of adverse
cond i t i ons  occur r ing  dur ing  th i s  pe r iod .

However, there were differences in the response of white clover plants in the different

management systems to the contrast in weather patterns between years. Overall FIG plants
were twice the weight of SS plants, but periods of stress caused RG plants to reduce in
weigh t  to  leve ls  comparab le  w i th  those  o f  SS p lan ts ,  i .e .  in  spr ing  dur ing  the  norma l  cyc le  o f

decay and break up and during periods of moisture stress (April year 1,  December-January
year 2). Once favourable growth conditions returned, RG plants rapidly increased
(recovered) in weight. In contrast under SS management mean stolon DW/plant  generally

had a more s tab le  pat tern (F ig .  3) .
A more stable white clover presence under SS management was also found in

measurements of stolon biomass in adjacent paddocks taken before (December 1986) and
after  (February 1987) the ear ly  summer drought .  Here,  RG sto lon b iomass reduced f rom 185
to 90 kg/ha whereas SS biomass was not affected (260 and 275 kg/ha respectively).

Increased stability of white clover in SS swards was again indicated in that although the
minimum plant weight and branching complexity under both managements occurred in
spring (Figs. 1 and 3), the extent of this effect for both characters was much greater in RG

than in  SS swards  (F igs .  2  and 3) .  These fac ts  a l l  ind ica te  tha t  under  SS compared w i th  RG,
p lan ts  have a  more  l im i ted  capac i ty  to  exp lo i t  favourab le  cond i t ions ,  bu t  on  the  o ther  hand
enhanced stability during stress periods,



Although grazing management had a large effect on size (DW) of plants, it had little
effect on plant structure. Numbers of growing points, leaves and axillary  buds per plant were

similar (Brock et a/.  1988) as were the branching patterns of the two populations, which is a
resu l t  cons is ten t  w i th  the  f ind ings  o f  Chapman (1983) .  Thus  the  mechan isms respons ib le  fo r
the differences in stability of RG and SS populations when stressed are unlikely to be

assoc ia ted  w i th  b ranch ing  s t ruc tu re  and  a re  no t  necessar i l y  assoc ia ted  w i th  the  d i f fe rence  in
plant weight. Possibly of more importance are other factors associated with management,
such as effects of the open (RG) and dense (SS) swards on plant microenvironment and/or

differences in the physiological responses to stress of plants conditioned by different
defoliation patterns (Brock et al.  1981).

CONCLUSIONS

RG management  enables greater  express ion of  the potent ia l  for  growth of  whi te  c lover ,

but increases susceptibility to environmental stress, such as drought. In contrast SS
management reduces the potential for growth but enhances stability during stress periods.
Where spr ing ear ly  summer ra in fa l l  i s  unre l iab le  SS ra ther  than RG management  w i l l  favour

retent ion of  whi te  c lover  in  the sward.  Many s tud ies (Frame &  Newbould  1986)  repor t  s imi lar

increased size of the components of white clover in RG compared with SS swards, thus the
f ind ing  tha t  the  sys tem o f  g raz ing  management  had l i t t le  e f fec t  on  the  branch ing  s t ruc ture  o f
plants could apply to clover in swards grown across a wide range of environments.

Because the pattern of seasonal plant changes described is matched by previously
reported seasonal variations in stolon mass, its vertical distribution and morphology at this
and other  s i tes (Hay eta / .  1983, Hay eta/. 1987)  s im i la r  seasona l  pa t te rns  o f  change  in  p lan t

weight and branching complexity probably also occur in the white clover populations of
grazed swards throughout the country.
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