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Effect of summer moisture deficit on growth of five white clover cultivars
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Abstract

Growth of five New Zealand white clover cultivars,
Grasslands Kopu, Grasslands Pitau, Grasslands
Huia, Grasslands Tahora and Prop, was quantified
at differing soil moistures in both the field and the
glasshouse. The first trial employed a rain-out
shelter to impose two soil water treatments. While
there were no differences among the cultivars for
leaf water status, there were differences in plant
growth parameters in response to water deficit.
Water deficit did not significantly affect leaf
appearance rate of Prop, although there was a 2-
fold difference. There was, however, a 3.5- to 6-fold
decrease in leaf appearance rate due to water deficit
for the other cultivars. Water deficit did not
significantly reduce leaf size for the medium- and
small-leaved cultivars Huia, Tahora and Prop; but
was halved for Kopu and Pitau. Prop had the lowest
stolon growing point survival under water deficit
and Pitau the highest. Leaf longevity was greatest
for Prop and least for Pitau when grown under
optimum water supply, but this pattern was reversed
under water deficit stress. The second trial, a pot
trial, investigated the response of the same five
cultivars to three different soil water regimes
(control, mild and severe stress). The growth
parameters of smaller-leaved cultivars, particularly
Prop, were less affected than the large-leaved
cultivars in their response to water deficit. These
short-term trials showed that some small-leaved
cultivars of white clover have an ability to adjust
their growth and habit in response to water deficit
more effectively than large-leaved cultivars. Prop
was able to maintain a higher leaf appearance rate
than other cultivars when grown under water deficit.
However, while exhibiting this drought tolerance
adaptation the low stolon growing point survival
of Prop could result in a poor recovery from
drought. Small-leaved cultivars are rarely tap-
rooted, a characteristic of plants adapted to more
prolonged drought conditions. The probability of
combining these characteristics and improving
summer production of white clover through
identification of drought tolerance is discussed.
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Introduction

Most of New Zealand’s pastoral area has an average
annual  ra infa l l  between 750 and 2000 mm. While  th is
is  adequate  for  temperate  pasture  product ion,  water
deficits may occur in many areas during summer, owing
to  h igh  evapot ransp i ra t ion .  Whi te  c lover  ( T r i f o l i u m
repens L.)  can complement  spring perennial  ryegrass
growth by contributing relatively more to summer
herbage  produc t ion  than  in  o ther  seasons  (Brougham
1966). However, this growth potential will be reduced
by water deficit stress which not only slows growth but
in  extreme cases  a lso reduces  the  pers is tence of  whi te
clover  (Thomas 1984) .  White  c lover  cul t ivars  that  can
withstand water deficit stress are a priority, and
management strategies that  can reduce the detr imental
effect  of  water  def ici t  s t ress  on white  c lover  growth
wi l l  together  he lp  to  enhance  summer  product ion .

Some morphological characteristics have been
related to plant stress tolerance. Tap-rooted white clovers
have,  in  some environments ,  been considered drought
tolerant  (Smith  & Morr ison 1983) .  Smal l - leaved types ,
which have high stolon growing point density, but are
rarely tap-rooted, are known to persist in less favourable
environments (Caradus & Williams 1989; Brock  & Kim
1994) .  Profuse and/or  ear ly  f lowering may also be an
advantage in  cer ta in  adverse  environments ,  such as
severe summer drought (Jones 1980; Macfarlane &
Sheath  1984) .

The  objec t ive  of  th i s  s tudy  was  to  iden t i fy  and ,  i f
possible, quantify morphological and growth differences
between five New Zealand white clover cultivars grown
under different levels of soil water in both the field and
cont ro l led  envi ronment  fac i l i t ies .

Materials and methods

Plant material
The five white clovers evaluated were Grasslands Kopu,
Grass lands  P i tau ,  Grass lands  Huia ,  Grass lands  Tahora
a n d  P r o p .

*  Cor responding  author .



74

Field trial
The field trial was located at the Pasture and Crop
Research Uni t ,  Massey Univers i ty ,  Palmers ton North
on a  Tokomaru s i l t  loam soi l  (Cowie et ul. 1972)  and  a
3-year-old  perennia l  ryegrass-whi te  c lover  pas ture .  In
Augus t  1985 the  a rea  was  sprayed  wi th  paraquat  and
ploughed 10  days later. Lime (3 t/ha) and NPK (5: 10: 12)
compound fer t i l i ser  were  incorpora ted  in to  the  so i l  by
rotary cultivation. In September, seedlings were
transplanted  in to  the  s i te  a t  SO cm cent res  and tagged
with a 120 mm plastic ring. The area between white
clover plants was sown with Grasslands Nui perennial
ryegrass .  The plots  were mown every 8 weeks  un t i l  t he
start of water stress treatments.

Before water treatments were imposed on 1
December 1985 all plots were irrigated to field capacity.
The two water  t reatments ,  imposed for  75 days during
summer, were (a) water stress, where plots were covered
by 2 automatic rain-out shelters (each 10 x 5 m) to
create a gradually increasing water deficit  from 25 mm
to 171 mm, (b) unstressed, where water deficit remained
between 23 and 31 mm by i r r iga t ing  according to  the
model of &otter ef al. (1979). There were 2 plots
under the rainout shelter and 2 with irrigation for each
cultivar. For each plant 3 primary stolons with at least
8 nodes were tagged with coloured  wires on the
internode af ter  the youngest  emerged node.  Measurc-
ments were:

(a) soil volumetric water content, by gravimetric
sampl ing  to  SO cm depth  for tn ight ly  and  adjus t ing
for a soil bulk density of I. IS;

(b)  re la t ive  water  content  (RWC) of  the  youngest  fu l ly
expanded leaf  between 1200 and 1300  hours  every
IS days ;

(c) leaf appearance rate (LAR) measured as number of
leaves produced from the tagged position;

(d)  leaf le t  length of  12 ful ly  expanded leaves  per  plant
grown dur ing  the  s t ress  per iod ,  a t  the  end  of  the
trial;

(e) stolon growing point survival by counting the
growing points on the 3 tagged stolons of each plant
every 2 weeks during the last month of the trial; and

(f) leaf  longevi ty  der ived from dividing the number  of
leaves per stolon by leaf appearance rate.

Data  were  analysed  us ing  the  pooled  envi ronment
model .  Within  each environment  the  cul t ivars  were
arranged in a randomised block design, allowing
separate analysis of cult ivar effect ,  treatment effect  and
their interactions. The data were analysed using
ANOVA in the  s ta t i s t ica l  package for  socia l  sc iences
(SPSS).

Glasshouse trial
The exper iment  was  carr ied  out  in  the  Plant  Growth
Unit, Massey University, Palmerston North from March
to May 1986, during which time temperatures were
maintained between 18 and 25°C. Pots (4 1) contained a
peat:pumice:sand medium (70:20:  IO  by volume bas is )
into which a compound fertiliser (P,  K, S, lime and
micronutr ients)  was mixed.

Whi te  c lover  p lan ts  were  vegetatively  propagated
from those used in the f ie ld in  February 1985.  After
growing for 8 weeks the plants were defoliated and cut
to a uniform size of  about 5 main  s to lons .

A complete ly  randomised block des ign was  used
wi th  t rea tments  be ing  5 whi t e  c lover  cu l t iva r s  and  3
water levels (control - 30% (g/l 00 g) soil water content
(SWC); mild stress - 17-20% soil water  content; severe
s t ress  - 4% soi l  water  content )  and 5 repl icates.  The
moisture  t reatments  were maintained by adding water
equivalent to the amount lost daily, calculated by
weigh ing  5 sample pots  per  t reatment .

Measurements were:

(a) leaf appearance rate estimated from the number of
leaves  produced subsequent  to  a  marked in ternode
at the  third youngest node of a stolon which had at
least 8 nodes, after 60 days;

(b) petiole extension rate estimated from measurements
of  pet iole  length measured on the  most  recent ly
emerged leaf every day for 5 days ;

(c) leaf RWC measured by the same method as described
for the field trial, on 4 replicates in 4 periods (days

0 to 7, days 20-27, days 40-47 and days 60-67);
a n d

(d) total plant (shoot and root) dry weight, after 80
d a y s .

Results

In the field trial, leaf RWC was between 90 and 92% for
the  unst ressed control  t rea tment ;  but  decreased f rom
92% to 55% in  the  water  def ic i t  t reatment  dur ing the
7S-day period.  There were no significant differences
among cultivars for leaf RWC.

In the pot trial, there was also no significant
difference among cultivars for leaf RWC at any of the
water  defici t  levels  (means were 94%,  71% and 51%
with  increased water  def ic i t ) .  Tota l  p lant  dry  weight
af ter  80 days was reduced to 23% and 4% of  control
plants at moderate and severe water stress levels,
respectively. There was no significant difference
between cultivars for total plant dry weight at any water
level or a significant cultivar x water level interaction.

In both trials LAR was less affected by water deficit
for Prop than the other cultivars (Tables 1 and 2). In the
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glasshouse under severe water defcit  LAR of Pitau was
significantly less than for all other cultivars (Table 2).
Water  def ic i t  s ignif icant ly  reduced leaf  s ize  of  Kopu,
Pi tau  and Huia  unl ike  the  smal ler - leaved Tahora  and
Prop (Table 1). Petiole extension rate was less affected
by water deficit for Prop than the other cultivars in the
glasshouse trial (Table 2).

Stolon growing point survival was similar for all
cul t ivars  when uns t ressed  but  s ign i f ican t ly  lower  for
Prop compared with Kopu, Pitau and Huia when grown
under  water  def ici t  (Table  1) .  Leaf  longevi ty of  Prop
was s ignif icant ly  greater  than for  o ther  cuhivars when
grown with adequate water supply, but along with Huia
and Tahora had significantly lower leaf longevity than
Kopu and Pitau when grown under water deficit
(Table 1).

Discussion

Although there were differences among cul t ivars  for
many of the plant characters measured, these may not
necessar i ly  ensure  drought  to lerance.  Both dry  mat ter
accumulat ion and RWC showed l i t t le  var ia t ion among
cul t ivars  g rown e i ther  wi th  or  wi thout  water  s t ress .  I t
could be argued that since these are critical indicators
of drought tolerance few differences in drought tolerance
between cultivars exist. Despite this, some of the inter-
cultivar differences identified, in these short-term trials,

may have more profound effects  in perennial  swards.
The most  noticeable differences among cult ivars were
that  Prop,  and to a  lesser  extent  Tahora,  had a  more
plas t ic  response  for  stolen g rowing  po in t  su rv iva l  t o
water  def ic i t  than  the  o ther  cu l t ivars  (par t icu lar ly  the
larger-leaved cultivars), but a less plastic response for
leaf appearance rate, leaflet length and petiole extension
rate. Prop was selected from populations collected from
summer dry hil l  country (Macfarlane & Sheath  1986) .
In a study using larger soil-filled pots with a continuous
dry-down period over 37 days (i.e., there were no
wet t ing/drying cycles)  a  whi te  c lover  l ine  f rom Syr ia ,
which had exhibi ted  some drought  to lerance (Caradus
et al. 1990a) had a higher leaf appearance rate than
Kopu, suggesting that this Syrian ecotype had the ability
to  con t inue  g rowth  in to  d ry  cond i t ions  (Barker  et a l .
1993). In the current study Prop also had a significantly
higher  leaf  appearance  ra te  than Kopu but  only  when
grown under water deficit (Tables I and 2). With
adequate  water  supply leaf  appearance rate  of  Prop
s ign i f ican t ly  was  lower  than  a l l  o ther  cu l t iva rs  in  the
field and for Kopu in the glasshouse trial.

White clover stolons adjust osmotically and survive
longer than leaves when subjected to water deficit
(Turner 199 1) so that number of plants surviving drought
can  be  re la ted  to  p re -drought  p lan t  dens i ty  o r  s to lon
growing poin t  number  (Brock & Kim 1994) .  Prop had
lower stolon growing point survival when subjected to

Table 1 Leaf appearance rate, leaflet length, stolen growing point survival, and leaf longevity of white clover cultivars grown under 2
moisture levels in the field.

C u l t i v a r Leaf  appearance  ra te Leaflet length Stolon growing point L e a f  l o n g e v i t y
(leaveslwk) (mm) survival (%) (days)

Unstressed Stressed Unstressed Stressed Unstressed Stressed Unstressed Stressed

K o p u
Pi tau
H u i a
T a h o r a
P r o p
P (main effect)
LSD,,,

P  ( i n t e r a c t i o n )
LSD,  05

1 .17
1 .17
0.99
1.17
0 .77

l

0.13
*

0 .52

0 .19
0 .19
0 .28
0 .22
0 .30n s

2 0 11 9 5 7 9
15 7 9 8 9 1
1 3 a 9 2 7 5
IO a 9 7 7 3
9 a a 9 6 4n 1 NS l

3 3 9

t *

4 1 5

3 4 5 3
2 6 6 3
3 4 4 3
3 0 38
4 3 3 7
l *

7 1 0*
2 5

Table 2 Leaf  appearance rate and leaf petiole extension rate of white clover cultivars grown at 3 moisture levels in pots, in a
g l a s s h o u s e .

C u l t i v a r Leaf  appearance  ra te P e t i o l e  e x t e n s i o n  r a t e
(leaveslwk) (mm/day) .--.....’  .._..___

Unstressed Moderate  s t ress Severe stress Unstressed Moderate  s t ress Severe stress

K o p u I .a9 0.70 0.49 1 1 . 4 3.5 0 . 1
Pitau 1.59 0.56 0.21 1 2 . 2 5.6 0 . 1
H u i a 1 .52 0.56 0.35 5 . 4 I .a 0 . 2
T a h o r a 1 .59 0.50 0.35 4 . 9 2 . 2 0 . 0
P r o p 1.25 1 .19 0.70 3 . 4 2 . 1 0 . 5
P l * x l

LSQI  05 0.61 0.16 0.10 2 . 8 3 . 2 0 . 5
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water deficit than other cultivars (Table l),  but was able
to maintain leaf appearance rate to a greater extent than
other cultivars during water deficit (Table 2). Therefore,
whi le  Prop may to lera te  drought  by  mainta in ing  leaf
appearance  ra te  i t s  low s to lon  growing  po in t  surv iva l
could  resul t  in  poorer  recovery  f rom drought .

Larger  tap-root  d iameter  has  been associa ted wi th
populat ions  of  whi te  c lover  f rom dry s i tes  (Caradus  &
Woodf ie ld  1986;  Caradus  1991),  and may beconsidered
an adapt ive  character .  The c lose  genet ic  associa t ion
between leaf  s ize and tap-root  diameter  (Woodfield &
Caradus 1990)  could mean that  combining a  medium-
small  leaf  type s imilar  to  that  found for  white  clovers
from grazed dryland  sites (Caradus et al. 1990b) with a
larger  tap-root  may prove e lus ive .  Dual  se lect ion for
larger tap-root diameter and medium-small leaf size
has been moderately successful  (Woodfield & Caradus
1987,  1990) .  Select ion for  tap-rootedness  per  se  has
proved of  some benefi t  for  drought  tolerance in f ield
trials when selections were made within dryland
populations (van den Bosch et al. 1993).

Adaptive characters that my allow improved
tolerance to drought could include a higher (or
maintained)  leaf  appearance rate  and tap-rootedness .

REFERENCES

Barker, D.J.; Caradus, J.R.; McManus,  M.T. 1993.
Physiological responses of white clover genotypes
to water deficit. Proceedings of the XVII Inter-
national Grassland Congress: 67-68.

Brock,  J.; Kim. 1994. Influence of the stolen/soil surface
in ter face  and p lant  morphology on the  survival  of
white clover during severe drought. Proceedings of
the NZ Grassland Association 56: 187-191.

Brougham, R. W. 1966. Potential of present type pastures
for livestock feeding. NZ journal agricultural
science. September. pp. 19-22.

Caradus, J.R. 1991. Genetical and environmental effects
on white clover root growth and morphology.
Proceedings of the Agronomy Society of New
Zealand 21: 55-60.

Caradus, J.R.; Cooper, B.; Widdup, K.; Ryan, D. 1990a.
Breeding and select ion for  improved whi te  c lover
production and persistence in New Zealand.
Proceedings of the Agronomy Society of New
Zealand 20:  11-15.

Caradus, J.R.; MacKay, A.C.; Charlton, J.F.L.;
Chapman, D.F. 1990b. Genecology  of  whi te  c lover
(Trtfolium  repens L.)  from wet and dry hill country
pastures. NZ journal of agricultural research 33:
377-384.

Caradus, J.R.; Williams, W.M. 1989. Breeding for
legume persistence in New Zealand.ln  Marten, G.C.;
Matches, A.G.; Barnes, R.F.; Brougham, R.W.;
Clement&  R.J. ;  Sheath,  G.W. (eds.) .  Persistence of
Forage Legumes. Proceedings of a Trilateral
Workshop, Hawaii 17-22 July 1988. A.S.A.
Madison ,  Wiscons in ,  USA.  pp .  523-539 .

Caradus, J.R.; Woodfield, D.R. 1986. Evaluation of
root type in white clover genotypes and populations.
In DSIR Plant Breeding Symposium 1986. N.Z.
Agron.  Sot. Spec ia l  Publ ic  No.  5 .  pp .  322-325 .

Cowie, J.D.; Kear, B.S.: Orbell, G.E. 1972. Soil mapof
Kairanga County,  North  Is land,  New Zealand.  New
Zealand Soil Bureau Map 102.

Jones,  R.M. 1980.  Survival  of  seedl ings and primary
tap-roots of white clover (Trtfolium  repens L.) in
sub- t rop ica l  pas tu res  in  sou th-eas t  Queens land .
Tropical grasslands f4: 19-22.

Macfarlane, M.J.;  Sheath,  G.W. 1984. Clovers - what
types for dry hill country? Proceedings of the NZ
Grassland Association 45: 140-l 50.

Macfarlane, M.J.;  Sheath, G.W. 1986. The development
of Whatawhata Early Flowering whiteclover. Annual
Report 1985/86,  Whatawhata Hill Country Research
Stat ion,  ARD, MAF.  pp.  74-75.

Scatter, D.R.;  Clothier ,  B.E.;  Turner,  M.A. 1979.  Soil
water balance in a Fragiaqualf and its effect on
pasture growth in central New Zealand. Australian
journal of soil research 17: 455-466.

Smith,  A. ;  Morr ison,  A.R.J .  1983.  A deep rooted white
clover for  South African conditionsProceedings  of
the Grassland Society of South Africa 18: 50-52.

Thomas,  H.  1984.  Effects  of  drought  on growth and
competitive ability of perennial ryegrass and white
clover. Journal applied ecology 21: 591-602.

Turner, L.B. 1991. The effect of water stress on the
vegetative growth of white clover (Trtfofium  repens
L.) :  Comparisons of  long-term water  def ic i t  and a
short-term development water stress. Journal of
experimental botany 42: 311-316.

van den Bosch; J.; Black, I.K.; Cousins, G.R.;
Woodfie ld ,  D.R.  1993.  Enhanced drought  to lerance
in white clover. Proceedings of the NZ Grassland
Association 55: 97-l 0 1.

Woodfield,  D.R.;  Caradus,  J .R.  1987.  Adaptat ion of
white clover to moisture stress. Proceedings of the
NZ Grassland Association 48: 143-149.

Woodfield, D.R.; Caradus, J.R. 1990. Estimates of
heritability for, and relationships between, root and
shoot  characters  of  whi te  c lover  I I .  Regress ion of
progeny on mid-parent .  Euphyt ica  46:  2 1 1 - 2 1 5 .

n


