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Variation in growth and ion accumulation between two selected
populations of Trifolium repens L. differing in salt tolerance
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Abstract

Two divergent populations of 7. repens cv. Haifa developed from two generations of recurrent selection
for shoot chloride concentratlon were grown in the greenhouse at 0 and 40 mol m~ * NaCl. Over two
harvest cycles at 40 mol m~ * NaCl, the population selected for a low concentration of chloride in the
shoot maintained a significantly lower chloride and sodium concentration compared with those plants
selected for a high shoot chloride concentration. The distribution of chloride in the shoots was further
examined in a subsample of plants from both populations. In all plants, concentrations of chloride were
lower in the expanding and fully expanded leaves than in the older leaf tissue or petioles.

While there were no significant differences in the photosynthetic rates between lines, shoot yields and
relative leaf expansion rates were higher in the low chloride population. Plant death was greater in
plants selected for high shoot chloride. These results suggest that selections based on measurements of
low shoot chloride concentrations may be successful in developing a cultivar of T. repens with improved

salt tolerance.

Introduction

In northern Victoria, Australia, white clover
(Trifolium repens L.) is a major component of
perennial pastures that are affected by rising
water tables and increasing levels of soil salinity.
As a species, T. repens is sensitive to NaCl
(Gauch and Magistad, 1943), but it is polyploid
and cross-fertilizing with considerable plant-to-
plant variation for salt tolerance (Noble and
Shannon, 1987), indicating that there is potential
to improve its salt tolerance by selection and
breeding.

Exclusion of sodium and chloride from active-
ly growing tissue is a salt resistance mechanism
common in salt-sensitive species such as white
clover (Lauchli, 1984). Individual plants may
differ in their capacity to regulate and control
ion transport and accumulation and, hence, in
their salt tolerance (Noble et al., 1983; Winter
and Liuchli, 1982). With a view to improving the

salt tolerance of T. repens, efforts have concen-
trated on selecting individual plants for low rates
of transport of chloride. Two divergent popula-
tions of T. repens cv. Haifa have been developed
based on the concentration of chloride in the
shoots. These populations have undergone two
generations of recurrent selection following
evaluation and selection at 40 mol m > NaCl and
are providing the material for investigations of
the physiological and genetic basis for salt toler-
ance in T. repens.

Materials and methods

The effect of NaCl on the growth and tissue ion
concentration in two divergent populations of 7.
repens (viz. ‘high CI’ plants and ‘low CI’ plants)
and the parent cultivar Haifa was assessed in a
naturally lit greenhouse at Tatura (at night and
day temperatures of 10°C *+ 3°C and 25°C = 3°C,
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respectively). Seeds with a uniform seed weight
were first germinated under non-saline condi-
tions in trays of vermiculite and seedlings were
transplanted at the second trifoliate leaf stage
into cells of polystyrene ‘speedling’ trays filled
with vermiculite. These trays were floated on
modified half-strength Hoagland solution (Kar-
moker and Van Steveninck, 1978) in stainless
steel tanks with a volume of 160 L. Salinity
treatments of 0 and 40 mol m ™ NaCl were im-
posed after two weeks, the latter being reached
in increments of 20 mol m~* NaCl over two days.
Plants were grown hydroponically in continuous-
ly aerated solutions and the pH and electrical
conductivity of the solutions were monitored and
adjusted as necessary every three days. The solu-
tions were replenished every two weeks. The
experiment was a randomised block-split plot
design. The NaCl treatment was applied to the
main plots or tanks and there were four repli-
cates. The split plots in each main plot were rows
of 10 plants of each of the ‘high CI’, ‘low CI’ and
cv. Haifa populations.

There were two harvests of the shoots at
three-week intervals commencing three weeks
after the salinity treatment had been imposed.
At harvest, the shoots of all individual plants
were cut and plant material was dried at 70°C for
48 hours and weighed before ashing at 460°C
overnight. Shoot chloride concentration was
measured on individual plants using a Buchler
chloridometer based on titration with silver ions,
and sodium, potassium, calcium and magnesium
were measured using an Inductively Coupled
Plasma Optical Emission Spectrophotometer
(Labtam Plasma Scan).

The effect of tissue Na or Cl concentration on
specific growth mechanisms such as leaf photo-
synthesis and leaf expansion were measured on
plants from the three populations. Leaf expan-
sion rates were measured on three plants of each
line in each replicate between weeks 4 and 6
after the salinity treatments had been imposed.
Leaves were identified at development stage 0.4
(Carlson, 1966) and their areas were measured
non-destructively using a series of templates
based on the rating procedure developed by
Williams et al., (1964) for T. subterraneum (i.c.
rating = 10log, 10A where A is the leaf area in
square centimetres). Relative leaf expansion

rates were then calculated as (Log. A, —
LogeA,/t, —t,) where A, and A, are leaf areas
at time t; and t,. Leaf areas were measured over
five days until leaves had fully expanded.

Leaf photosynthetic rates, at full light and CO,
levels equal to approximately 340 ppm, were
measured using a portable photosynthesis system
(Licor 6200) with a chamber attached (volume =
0.6 L) at week 6 after salt had been imposed.
One leaf was selected from four plants in each
treatment and replicate. The leaf areas were
measured on individual leaves before being en-
closed into the chamber.

At the completion of the experiment, a sub-
sample of ten plants that were known, from a
previous harvest, to cover a range of mean shoot
chloride concentrations, were destructively har-
vested and divided into leaves (old, fully expan-
ded, expanding), and petioles (senesced, old,
and young). The yield of these plant parts and
their tissue chloride concentrations were mea-
sured using the techniques described earlier.

Yield, tissue ion data, relative leaf expansion
rates and leaf photosynthetic rates were analysed
by anova using Genstat 2.1 (Lawes Agricultural
Trust). Plant death was analysed using a general-
ised linear model with binomial error distri-
bution.

Results

After six weeks exposure to 40 mol m > NadCl,
concentrations of Cl in the shoots of the three
populations increased significantly (p <0.05,
Table 1), however the ‘low CI’ plants maintained
a significantly lower concentration of Cl in their
shoots ( p <0.05, Table 1) than either the ‘high
CI’ plants or the Haifa population. There was no
difference between populations at Omol m™
NaCl. Results for shoot concentrations of Na
were similar to those of Cl (Table 2), with
concentrations being significantly lower in the
‘low CI’ population ( p <0.05) than in the ‘high
Cl’ and Haifa populations at 40 mol m > NaCl.
Concentrations of potassium in the shoots of
‘high CI' plants were significantly lower than
those in the ‘low CI’ or Haifa populations ( p <
0.1, Table 2). K:Na ratios tended to be more
favourable in the ‘low CI’ plants than the ‘high
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Table 1. Shoot yield and tissue chloride concentration following a second cut-regrowth cycle in individual, second generation
plants of T. repens selected for high and low shoot chloride concentration and plants of the parent cultivar Haifa when grown at 0

and 40 mol m ™~ NaCl in the greenhouse

Dry weight (g/plant) Shoot Cl concentration
(molm " kg~ ' dry weight)
NaCl Haifa High Low Haifa High Low
molm™ Cl Cl C1 Cl
0 0.58 0.59 0.59 160 178 150
40 0.41 0.41 0.52 782 893 537

Salinity *line, n =214;
LSD,_y 05, =0.13;
LSD =(.11.

Salinity * line, n = 214;
LSD,.0.05) = 188;
LSD =157.

(p=0.1) {(p=0.1)

Table 2. Shoot sodium and potassium concentrations following a second cut-regrowth cycle in individual, second generation
plants of T. repens selected for high and low shoot chloride concentration and plants of the parent cultivar Haifa when grown at 0

and 40 mol m ™~ NaCl in the greenhouse

Shoot Na concentration
(mol m > kg™" dry weight)

Shoot K concentration
(mol m™* kg™ dry weight)

Haifa High Low Haifa High Low
Cl Cl Cl Cl
0 99 80 87 1074 1168 1157
40 796 934 635 952 907 1043
Salinity * line, n= 214, Salinity * line, n =214,
LSD .05 = 127; LSD,_qs) = 156;
LSD,_,,, = 106. LSD,_,,, = 13L

CI’' plants at 40 mol m™> NaCl although these
values were not significantly different (viz. 1.95
compared with 1.20) and both ratios were above
the value (1.0) required for optimal efficiency
(Greenway and Munns, 1980). Concentrations of
calcium in the shoots decreased at 40mol m
NaCl (p <0.05) but there was no difference
between populations (p = 0. 208) (viz. mean con-
centrations were 399 mol m ™~ Ca at Omol m™>
NaCl compared with mean concentrations of
267 mol m~* Cl at 40 mol m > NaCl for the three
populations combined). There were no signifi-
cant differences in the shoot concentrations of
magnesium between plant populations (p =
0.324) or at either NaCl concentration (p =
0.693) (viz. mean concentrations for the three
populatlons combined were 105mol m™ Mg at
Omol m NaCl compared with 102 mol m > Mg
at 40 mol m > NaCl).

Shoot yields at harvest 2, both in the ‘high CI’
and Haifa g)opulations, decreased significantly at
40 mol m ™~ NaCl (p <0.05, Table 1) and were

lower than the yield of ‘low CI’ plants at this
concentration (p <0.1, Table 1). The yield re-
sults from harvest one also revealed that the ‘low
CI’ plants were higher yielding than the Haifa
plants ( p <0.1, data not presented).

Information on Cl distribution in three plants
with different mean shoot Cl concentrations is
shown in Table 3. In plants with a lower overall
mean shoot Cl concentration, concentrations
were lower in every plant part compared with
those plants with a higher mean shoot Cl concen-
tration. Concentrations also tended to be higher
in the older leaves and petioles than in the
expanding leaves.

Leaf expansion rates were also sensitive to
increased levels of NaCl and were significantly
lower at 40 compared with Omol m™> NaCl
(p <0.05, Table 4). At 40mol m* NaCl, rela-
tive leaf expansion rates for the ‘low CI’ and
Haifa plants were significantly higher (p <0.05,
Table 4) than those for the ‘high CI’ plants which
would account for some of the observed differ-
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Table 3. The distribution of chloride in the shoots of three plants of T. repens differing in mean shoot chloride concentration
when grown at 40 mol m ™ NaCl for six weeks

Mean Chloride concentration (mol m > kg ~* dry weight)
plant Leaves Petioles
Old Fully Expanding Senesced Old Young
expanded
Low ClI 708 1354 564 211 846 1721 592
Haifa 1027 1336 846 367 1185 2623 715
High Cl 1577 2228 1100 370 1628 2376 821

Table 4. Relative leaf expansion rates and leaf photosynthesis rates in second-generation plants of T. repens selected for high and
low shoot chloride concentration and plants of the parent cultivar Haifa when grown at 0 and 40 mol m ™ NaCl in the greenhouse

NaCl Relative leaf expansion rates Leaf photosynthesis rate 4 mol > s
molm~*
Haifa High Low Haifa High Low
Cl Cl Cl Cl
0 0.271 0.302 0.290 7.60 6.68 7.91
40 0.142 0.065 0.166 7.59 7.35 8.43

Salinity * line, n =25
LSD(,_¢.0s5, = 0.040;
LSD,_,,, =0.033.

Salinity * line, n = 25;
LSD,_¢.0s) =3.033;
LSD,_¢., =2.475.

Table 5. Plant death in second-generation plants selected for high and low shoot chloride concentration and in plants of the
parent cultivar Haifa when grown at 0 and 40 mol m™ NaCl in the greenhouse for six weeks

NaCl Predicted plant mortalities (proportion of plants that died
(molm™)
Haifa s.e. High s.e. Low s.e.
Cl Cl
0 0.0242 (0.0155) 0.0271 (0.0154) 0.0288 (0.0177)
40 0.1258 (0.0516) 0.3029 (0.0715) 0.1462 (0.0549)

ences in yield between populations. However,
despite differences in leaf expansion rates, there
were no significant differences in individual leaf
photosynthesis rates between populations or be-
tween NaCl concentrations (Table 4). Individual
leaf photosynthesis values tended to be higher at
40mol m™~ NaCl, but rates varied greatly be-
tween leaves even of the same treatment despite
similar leaf areas.

Throughout the experiment, the number of
plants that died was significantly larger in the
‘high CI’ plants at 40 mol m > NaCl than in the
‘low CI’ or Haifa plant populations ( p <0.001,
Table 5).

Discussion

For all plant characteristics measured in this
experiment the ‘low CI’ plants were superior to

those of the ‘high CI’ or Haifa plants in the
presence of 40mol m™ NaCl. The concentra-
tions of Cl and Na in the shoots were lower, the
concentrations of K were higher rendering a
more favourable K:Na ratio, plant death was
lower and shoot yield was higher. This suggests
that firstly salt tolerance in T. repens, in common
with other salt-sensitive species such as Festuca
(Hannon and Barber, 1972), grapevine (Down-
ton, 1977), soybean (Abel, 1969; Lauchli and
Wieneke, 1979) and rice (Yeo and Flowers,
1982), is correlated with restricted and regulated
Cl and Na translocation in the shoot. Secondly,
that there is significant variation in Cl uptake
and distribution within 7. repens and that this
variation can be selected for and incorporated
into a breeding program.

To date, there has been little research on the
salt tolerance of 7. repens. This species is gener-
ally classified as salt-sensitive (Gauch and Magis-



tad, 1943; Smith and McComb, 1983) although it
is recognised as being genetically and phenotypi-
cally variabie (Burdon, 1980). Ab-Shukor et al.,
(1987) demonstrated that several natural popula-
tions of T. repens exhibited high to very high salt
tolerance (comparable to that of T. alexan-
drinum) in terms of root growth at 150 to
200 mol m~* NaCl, but made no measurements
of tissue ion concentrations. Our limited re-
search examining Cl distribution throughout the
plant revealed that the Cl concentration in the
leaves tended to be about one third to one half
that of the petioles. These results are similar to
those of research on ion distribution in 7. alex-
andrinum by Winter and Lauchli (1982), where
chloride concentrations per gram dry weight in
the petioles was about three times that of the
leaves (allowing for differences in water content
of the two organs). These authors concluded that
T. alexandrinum uses several mechanisms to
cope with moderate salinity levels including re-
translocation of Na and Cl out of young leaves.
In T. repens, further research is now possible
using these divergent plant selections to identify
how Cl and Na exclusion is regulated and to
study ion compartmentation. Early indications
using a scanning electron microscope with X-ray
microprobe suggest that chloride is concentrated
in the vacuoles of the palisade and spongy meso-
phyll cells within the leaf tissue (Rogers and
Noble, unpublished).

The effects of NaCl on other physiological
mechanisms in 7. repens were varied. Measure-
ments of leaf expansion rates were sensitive to
shoot Na and Cl concentrations, whereas rates of
photosynthesis in expanding leaves were insensi-
tive. This suggests that concentrations were not
sufficiently high to affect photosynthesis or chlo-
rophyll activity. Other authors have drawn simi-
lar conclusions in cereals (Rawson et al., 1988)
and spinach (Robinson et al., 1983). Although
there were significant differences in leaf expan-
sion rates between populations, the difference in
overall yield was less significant, implying that
the allocation of assimilates between roots, stems
and leaves may differ between selected popula-
tions.

In this experiment we were concerned with the
effect of NaCl on shoot growth and ion relations
in T. repens. Subsequent research will examine
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ion distribution and growth in both roots and
shoots, and the heritability of salt tolerance. To
date, the results are encouraging indicating that
selections based on measurements of shoot Cl
may be successful in developing a cultivar of 7.
repens with improved salt tolerance.
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