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of L. zemuis in halophytic communities is discnssed.

INTRODUCTION

¢ Flooding Pampa (Buenos Aires Province, Argentina)
ies about 9,000,000 ha. More than 1,000,000 ha of
grassland has developed on halomotphic soils, where
um is the predominant cation (Lavado, Rubio and
nada, 1992; Lavado and. Alconada, 1994). Plant
mmunities on this type of soil are halophytic (and named
?), and are dominated by Distichis scoparia, D. spicata,
 Paspalum vaginatum and Chaetotropis elongaza (Leon, 1975).

Lo #emuds is a perennial herb that propagates by seeds and is
naturally cstablished in “D” communities of the Flooding
pa. The potennal of [. zemuis for use in safine soils has
n recognised by several authors (Ayers, 1948; Grant and
artens, 1985; Schachrman and Kelman, 1991; Rogers,
Nobh: and Pederick, 1997). Farmers sow L. gzzmis to improve
e production and quality of the forage required for beef
e production (Miiidén and Celabelli, 1993; Sevilla,
Femindez, Mifién and Monztss, 1996). However, oversowmg
'L zenuis has not been sarisfactory in “D” communirties
Mificn and Colabelli, 1993).

he deleterious effects of salinity on germination and plant
growth are accounted for by a decrease in the osmotic
Ppotential, roxicity and nutrient ion deficiency. The response
f seed germinarion to salinity varics among populations and
cultivars of the same species (Ryan, Miyamoto and Strochlein,
1975; West and Taylor, 1981; Rogers e al, 1997; Khan and
Ungar, 1998). Inl:mspecxﬁc differentiation in salinity rolerance
L tenuis accessions makes this species a very valuable
Tesource in revegeearing saline soils (Ayers, 1948; Schacheman
and Kelman, 1991). However L. tenuis seedlings often have

VOLUME 17, 1999

Germination and Emergence of Populations of Lotus tenuis (Waldst.) Under Saline
Conditions and in Different Soils.

O.R. Vignolio*,” and O.N. Fernindez’

ABSTRACT

effects of Na(l on the germination of five populanons of Lotus teruis (Waldst) and their emergence in soils which
snppﬂrf-ed halophytic and non-halephytic plant communities were stadied. The germination of all populations decreased

om over 30% 10 less than 20% as salinity increased from 0 to 200 mM Na(l, but populations differed in dheir germination
mnsfuredmduuﬂedwammdd:erewasamgmﬁantsahmryxpopuimnmmmom Emergence of
¢ populations did not differ berween soils, averaging >70% for four of the five populations. The poor performance (<40%

nergence) of the fifth population was ascribed o poor seed vi
dassified for their responses 1o seed tolerance, and the possible adaptive value of these responses for the establishment and

vigour after ageing during swrage. The populations were

iditional index words: emergence, germination, Lotus temuis populations, salinity tolerance.

low vigour and are very vulnerable ro environmental hazards
{Sevilla and Fernindez, 1991; Scvilla ez 2f, 1996}, Salt
tolerance at the germinating stage and during seedling growth
conributes te the undersmnding of the success of some forage
species in saline soil, because these stages are critical for plant
survival and growth (Allen, Dobrenz and Bartels, 1986; Rogers
and Noble, 1991).

The objectives of this study were a) to describe the effects of
salinity on the germination of five local populadons of Z.
tennets, and b} to compare the emergence, survival, growth
and noduladon of the seedlings in soils from halophyuc (*D™)
and non-halophydc (*B”) plant communiries.

MATERIALS AND METHODS

L. teamuds populasions

Of the five L zemuss populations, three were harvested in the
Flooding Pampa: Ayacucho (Ay), on 2 *°D” communiry from
Ayacucho county ar San Ignacio; Napaleohi (N}, near route
29, close to the Napaleohi brook in Balcaree county, and
Reserve 8 {R8), from a "D” community in a grassland of the
EEA-INTA, in Balcarce county. The other two were Tresur
Chaja (TS), a commercial population from Balcarce and Late
Flowering (LF}, an accession from Europe. This last one was
selecred for olerance w sodic-saline soil conditions (Gonzilez
Garcia, 1995) and collected during the summer of 1996 after
two cycles of recurrent selection. Seeds of populaton R8 had
been collected in 1991, while seeds of populations Ay, N and
TC were collected in 1997. All were stored ac 4°C unal the
experiment was started in June 1997,
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Germination in saline solutions

Germination studies were carried out in 9 cm diameter plastic
petri dishes. Two Whatman N97 filter paper disks were
moistened with 4 ml of water saline solurions (0, 30, 90, 120,
156, 230 and 320 mM NaCl). Salt concentrations were
calculated by means of a previous assay, in order to include
the maximum electrical conduectivity of the upper layer of a
“D” community (25 umhos cm) reported by other authors
{Berasategui and Barberis, 1982). The electrical conductivity
was determined with an Orion Research meter(model 101).
Seeds were scarified with sand paper and evenly distributed
on the top filter paper. The petri dishes were sealed with
uransparent plastic film to prevent moisture loss. The
experimental design was a randomised complete block with
three replicates, each block being one sample of 50 seeds for
each combination of population (5) and salt concentration
(7). Petri dishes were placed in a growth chamber with an
8h/16h photoperiod (29pnES! m?) and alternating
temperatures 30°C/20°C , respectively (ISTA, 1996).

Counts were recorded at 2 day intervals for 10 consecutive
days. A seed was considered germinated when the radicle
was at least 2 mm long. A seed was considered abnormally
germinated when the radicle did not develop and presented a
callus. Germinated seeds were removed from the dishes. On
day 10 any ungerminated seeds were transferred for four days
to petri dishes with two filter papers moistened with distilled
water to germinate. Those that did not germinate were

Table 1. Chemical properties of the soils of plant communities B and D.

analysed through a viability test with tetrazolium Chloridé
0.5% (ISTA, 1996).

Emergence in different soils

The same five populations were sown in soils from o
“B” plant communities. Emergence and growth of . ten
is very satisfactory in soils of “B” communities. Commyp;
“B” is integrated with among other species, Paspalyy,,
dilatarum, Sporobolus indicus, Sipa spp, Cyperus spp, ang:
Stenotaphrum secunadatum. Details on the soils’ chemiey)
characteristics are given in Table 1.

The soil from community B was taken from the 20 M uppe;
layer in Reserve 7 (EEA INTA, in Balcarce county). The sqi
from community “D” was taken from the 2 cm upper laye;:
in the Ayacucho grassland, where the Ay population Was
harvested. Both soils were air dried, homogenised and sieveq.
to remove roots and other organic materials before ﬁ“iﬂg.:
plastic trays (14 cm long x 9.5 cm wide x 5 cm deep, and
without drainage), with 200 g of soil per tray. Seeds wera
scarified with sand paper and inoculated with the selecred:
stain 733 of Rhizobium loti. Fifty seeds of each populario
were sown in each tray. The seeds were sown ar a regular
distance and 3 mm deep in 5 rows of 10 sceds each. A 5x 7
factorial experiment with 3 replicates (trays) was conducted:
over two weeks in order to observe seedling emergence of -
tenuis. ‘To determine the presence of L. femuis in the seed
bank, unsown samples of both soils were also incubared under-
the same glasshouse conditions. The trays were arranged at:

Properties

P (ppm, Bray 1 method)

pH (1:2.5 soil/H,0

Organic C (%, Walkley-Black)
Organic matter (%. Walkley-Black)
Electrical conductivity (mmbhos cm")
Exchangeable cations (meq 100 g")
Ca"

Mg++

Na”

K+

Cation exchange capacity
(ammonium acetate method)
Exchangeable sodium percentage
Soluble cations (meq 1'])

Ca+++

Mg

Na'

K+

Sodium adsorption ratio

Community “D” Community “B”
17.4 13.2
9.1 7.4
1.6 4.0
2.7 5.2
253 3.2
11.3 12.0
4.5 8.0
6.9 5.1
1.5 .1
14.9 23.6
46.7 21.9
1.5 11.4
1.6 10.0
18.2 37.1
0.3 [.2
14.5 17.4
|

56




VOLUME 17, 1999

0 50 100 150 200 250 300

NaCl (mM)

Figure 1. The effect of increasing NaCl concentration on the germination of Lotus tenuis populations: (N)
Napaleofi; (TS) Tresur Chaja; (LF) Late Flowering; (R8) Reserve 8; and (Ay) Ayacucho. For compatison for the
samne salinity, percentage germination without a common letter represents significant differences among populations
P<0.05.

different NaCl concentrations.

NaCl (mM)
Population  Category 30 50 120 150 230 320
Ay D 8 9 12 6 1 0
A 0 2 1 0 0 1
LF D 1 0 1 19 2
A 0 0 2 11 14 14
N D 2 4 2 3 | 2
A 1 6 2 5 7 7
TS D 0 5 4 1 1 2
A 2 6 11 11 14 14
R8 D 1 2 4 8 4 9
A 5 2 5 13 38 25

L)
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Figure 2. Germination responses to different NaCl concentrations of Lorus tenuis populations (2) Napaleofi:

(b) Tresur Chaja: (c) Late Flowering: (d) Reserve *: (c) Ayacucho, over 10 days. The arrow indicates the date
on which ungerminated seeds in NaCl saline solutions were ransferred to distilled water.

random on benches and watered to field capaciey with distilled
water. Cumulared emergence at the end of the experimenal
period was expressed as percentage of viable seeds. During
the experimental period the air temperature in the glasshouse
was recorded (mean maximum temperature 21.9°C . SE =
3.6. and mean minimum temperature 11.9°C . SE = 2.3).

RESULTS

Germinarion in saline solutions and emergence

The germination of all the Z. zemuis populadons decreased
with increased salinitv «Fig. 11, Significanrt differences
occurred among populatons {P<0.00011, salinitv (P<0.0001)
and their interaction (P<0.001). Germinaten of the LF
population showed litde change up ro 120 mM NaCl (Fig.
ttand in the range of 130 mM NaCl to 230 mM NaCl it was
higher than for the other populadons (Fig. 1). Even though
ar 230 mM Na(l the seeds of all the populations had imbibed.,
the germinadion was very low. However. when ungerminated
seeds were transterred to distilled water. they exhibited high
germination (Fig. 21. The germination of the Ay populadon
was slow and showed a marked difference in relation two the
other populatons with the increased saliniey {Fig. 2V

The percentage of dead seeds was lower (0.0% to 12.5%)
than thar of abnormally germinated seeds 10.0% o 2+4.8%).

38

In all populations but Ay, abnormally germinated seeds
increased with salinity, mainly between 150 m3 1 NaCl and ;
320 mM NaCl (Table 2:.

Emergence varied among populations (P<0.0001) bur no-
significant differences between soils (P<0.764) and population
x soil interacdon {P<0.383) were detected {Fig. 3). The R8
population showed very fow emergence in both soils.

DISCUSSION

The results from the germination experiment in saline
soludons suggest an inhibitory effect of salt concenerarion on
the germinadon of L zenusr rather than ion roxicity, as seeds
that did not germinate in saline solutions did so when
ransterred to a distlled water medium. This is in close
agreement with previous work in Medicago sariva (Redman,
1974), Lolium spp. (Marcar, 1987) and Polygonum aviculare
(Khan and Ungar, 1998).

The significant interaction of population x salt concentration
on germinarion indicates intraspecific variarion. This varation
was most evident ar intermediare salt concentradons (S0 mA{
NaCl to 150 mM NaCl) where the selected populadon LF
showed higher germination. That response and the capacity
for germination and growth in community “D” soil are
consistent with selection for rolerance 1o sodic-saline soil
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soils at P<0.05. For population names see Figure 1

nditons. This further emphasises the potental to breed
olerant L temuis cultvars (Avers, 1948; Schachtman and
2n, 1991; Rogers eral, 1997). That potential has been
o assessed for other legumes such as Mediczgo samra, and
ificant progress for NaCl wolerance during seed
rmination in 3. safivd by recurrent selection has been

ored {Allen er af, 1986).

the populadons, except Av. germinared ar high salinicv
» bur the abnormal seedlings developed under these
ing conditions appear to have very low probability of
'nving and growing in halophyde grasslands. The response
¢ Ay population resembles that described for halophyte
species (Khan and Ungar, 1998) which “escape” from saliniry
by delaving germination 2s salt concentrations in the
il increase. Their seeds remain in the bank under induced

rmancy and begin to germinate when salinity stress is
tGuced (Khan and Ungar, 1998). Woodell (1983, cited by
Khian and LU'ngar, 1998) proposed a classification of seeds based
‘their responses to saline stress and their subsequent
Bermination in distilled water. According 1o their
dassification, the Av population could be placed into the ope
- ategory, because seeds were inhibited ar high sale
fonceneradon, but the recovery was equal to the control when
Tansferred 1o distilled water. The other populadons, with a
l " recovery in distilled water. could be placed in the
I¥pe 1 germination caregorr.

In the grasslands of the Flooding Pampa, top-soil salinization
"aries, with maximum values in spring and summer (Lavado
20d Taboada, 1987). The persistence of L. tenufs in grassland
S'dependent on annual recruitments from the soil seed bank
W aueumn and spring {Sevilla er af, 1996). Given the
**mporal coincidence of the germinadon with the fluctuations

igure 3. Emergence of Lomus zenuis in soils of communities B and D, over two weeks. Bars indicate standard
s of means and bars capped without 2 common letter represent significant differences among populations

of soil salinity, a delaved germination induced by salt
concentranon, as observed in the Av population, could be of
significant adaptive value (Khan and Ungar. 1998..

The poor germination in saline solutons and emergence of
the R8 population in the differene soils could be arrribused to
low seed vigour, related to the seed ageing during a drv storage
period of more than 6 years. This evidence is also in agreement
with previous work by Allen er 2/ (1986) with 5 vear old
seeds of Medicago sariva. The germination of those seeds was
stower and less vigorous both in distilled water and NaCl
resulting in a decreased ability to express potential tolerance
in saline media. Many emerged seedlings of R8 had earlv
falling corviedons,

Although emergence was not affected by soil bpe. Mifion
and Caolabelli (1993) found that growth and the sunival of
L. tenuis seedlings in soil of communiny "D7 was low. Salc
stress decreases the growth of mast plant species and in legumes
such as Trrfolium repens also decreases the number of root
nodules and nizogen fixadon (Tkeda, 1994, Similarly, the
higher soil pH in community *D is another very important
determinant of plant growth in saline - alkaline soils. This
factor can affect the uprake of water, absorption of nurrients.
nodule formacion and root growth (Tang and Robson. 19931,
The eariy association L. renuis - Rhizobium [osi and the
development of reor nodules promote growth in this legume
{Quadrelli, Laich, Andreoli and Echeverria, 1997). Poor
nodulation by Rhizobium lori in roots of L. renuis plants
growing in soils of community *D” was shown in another
study (Vignolio unpubl. darz) and is another aspect that mav
explain the low growth in thar soil (Middn and Colabelli,
1993).
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The results of our studies show that seed germination of £.
tenuis populations differed with salinity and that populations
could be classified in different categories based on their salt
tolerance and recovery. The emergence of seedlings was not
affected by type of soil. In further scudies, whether population
selection for tolerance to salinity in NaCl solution is relared
to the capacity for growth and reproduction in soils of plant
community “D” should be investigated.
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