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ABSTRACT

In this study water potential (i7,) and the salt contribution to the osmotic component of ¥ (i¥) of the

germination solution were controlled separately to

determine the interaction between specific salt and

effects on seed germination of Boutelowa curtipendula (Michx.) Torr., Cenchrus ciliaris L., Eragrostis
lehmarniana Nees and Panicum coloranan L. Seeds were germinated in contact with solutions of NaCl,
Call,, K,50,, polyethylene glycol 8000 (PEG), and salt-PEG mixtures over the y range of 0 to — -2 MPa.
Ranking of specific salt effects on seed germination was not constant at different levels of . CaCl, was
found to have the least detrimental, and often a positive, effect on total germination in all species and at
all water potentials. The relative ranking of NaCl and K,SO, effects was changed for two species when rank

was based on germination response to isopotential

salt-PEG mixtures.

Key words: Seed germination, water potential, specific salt effects, Bouteloua curtipendula (Michx.) Torr.,
Panicum coloratum L., Cenchrus ciliaris L., Eragrostis lelmmanniana Necs.

INTRODUCTION

Salts in the soil solution induce water potential
(..} and specific salt effects on germinating seeds
(Redmann, 1974 ; Ryan, Miyamoto and Stroehlein,
1975). The relative magnitude of ¥ and specific
salt effects is dependent upon the degree of salt
uptake (Sharma, 1973). Passive or active salt
uptake raises the effective osmotic potential (17,) of
the soil solution and increases water availability to
the seed (Collis-George and Sands, 1962). Salt
toxicity, however, may overshadow any beneficial
osmotic effects (Collis-George and Sands, 1962;
Redmann, 1974).

If specific salt effects are defined as any osmotic
or toxic effect resulting from seed uptake of a salt,
then  and specific salt effects can be partitioned
by comparing seed germination response in a salt
solution to that in an isopotential solution of a
non-penetrating osmoticum (Sharma, 1973;
Redmann, 1974). Polyethylene glycol (PEG) with
a molecular weight greater than 4000 is the most
common osmoticum used for this purpose because

* Present address and correspondence: USDA Agri-
cultural Research Service, Northwest Watershed
Research Center, 800 Park Blrd., Plaza IV, Suite 105,
Boise, Idaho 83712, USA.

0305-7364/90/110587 +09 $03.00/0

it does not penetrate plant cell walls (Tarkow,
Feist and Southerland, 1966; Carpita e a/., 1979).
Individual salts can also been ranked for specific
effects by comparison of seed germination response
in isopotential solutions of the respective salts
(Redmann, 1974; Ryan er al., 1975).

A simple comparison of germination response in
isopotential salt solutions, however, may not reflect
the ranking of specific salt effects under natural
germination conditions. Under natural conditions,
i, of soil water co-varies with changes in soil water
content and, therefore, soil matric potential (7.
Roundy, 1984). Roundy, Young and Evans (1985)
and Hao'and de Jong (1988) germinated seeds in
soils at different v, and v and found a significant
interaction between i and i effects on ger-
mination. Their results, however, may have been
confounded by other environmental variables that
co-vary with soil water content (Collis-George and
Williams, 1968). Romo and Haferkamp (1987)
combined salt and PEG solutions to measure the
interaction between salt concentration and i,
effects on seed germination but limited their
investigation to a narrow range of salt concen-
trations and could not distinguish 1/ differences
between salt treatments.

The objective of this study was to determine the
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magnitude of specific salt effects on the germination ¢, ¢ and ¢ values for the salt~PEG mixtures.

characteristics of four grass species under con-
ditions where ¢ _and ¢, were separately controlled.
Ranking of seed germination response in pure salt
solutions was compared to the ranking in iso-
potential salt solutions that were amended with a
non-penetraling osmoticum.

MATERITALS AND METHODS

Boutelowa curtipendula (Michx.y Torr., Panicum
coloratum L., Cenchrus ciliaris 1. and Eragrostis
lehmanniana Nees seeds were germinated on single
sheets of Whatman No. 1 filter paper in contact
with a 65-ml reservoir of osmotic solution inside a
clear plastic vial with a snap top ld. A 3-8-cm
diameter sheet of filter paper was glued to the
bottom of a 12-mm length of polyvinyl chloride
(PVC) pipe. The PVC segment was supported
above the osmotic solution by plastic rod supports
glued to the inside of the germination vials.
Osmotic solution was poured into the vials so that
the level of solution just reached the top of the
support rods and saturated the filter paper attached
to the bottom of the PVC. The large solution
reservoir, relative to filter paper weight, was
expected to limit the effects of PEG solution
concentration by filter-paper fibres (Hardegree
and Emmerich, 1990). The large solution volume
and tight-fitting snap-top lid were also designed to
limit concentration changes caused by water loss
over the course of the experiment.

Solutions of NaCl, CaCl,, I,50C,, PEG 8000
and salt-PEG mixtures were mixed according to
the experimental design outlined in Table 1. Salt
solutions were mixed according to standard tables
for predicting _ (Young er al, 1983). PEG
contribution to the osmotic potential (i/ ) was
predicted by eqn (4) of Michel (1983) as suggested
by Hardegree and Emmerich (1990). Salts induce a
synergistic effect on 1, when mixed with PEG in
solution (Michel and Kaufmann, 1973; Michel,
1983), therefore Table | represents only the targeted

Actual - of each solution was measured three

times, in random order, without filter paper
(Hardegree and Emmerich, 1990), in an SC-10a

thermocouple psychrometer (Decagon Devices,
Pullman, WA)'. The psychrometer was calibrated
with standard WNaCl solutions (Lang, 1967) after
every fourth sample.

Thirty seeds of a given species were placed on
filter paper in contact with each of the osmotic
solutions outlined in Table 1. Each seed group was
treated with a 50-x1 fungicide suspension (Daconil ;
tetrachloroisophthalonitrile) to restrict fungal
growth. Seed germination vials were placed in a
controlled-temperature room at 2541 °C, under
illumination from both fluorescent and incan-
descent lights for 12 hd™'. Each treatment was
replicated six times with internally randomized
replicate blocks placed in different arcas of the
controlied-temperature room. The large number
of germination vials and the size limitation of the
controlled-temperature room made it impossible
to evaluate all species simultaneously. B. curii-
pendula and C. ciliaris were measured in the first
germination trial and P. coloratum and E. leh-
manniana in the second. The number of germinated
seed was recorded on days 15, 7. 9, 11, 14, 17 and
21. Vials were opened for acration during all non-~
count days. Seeds with a radical extension of
z2mm were considered germinated and
removed. A seed was considered to have abnormal
germination if shoot growth occurred in the
absence of radical extension > 2 mm. Seeds that
developed fungus or exhibited abnormal germi-
nation were removed and recorded but treated as
non-viable.

Three germination indices were calculated for
each germination vial: total percent germination
after 21 d divided by the mean value for germi-

"Mention of a trademark name or proprietary product
does not constitute endorsement by the USDA and does
not imply its approval to the exclusion of other products
that may also be suitable.
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TasLr 2. of . Jor the seed of four
SO, and Call,
7. (MFa)
Species

(solute ranking) Solute 9 -2 — 04 —06 —08 — 10 — 12

B. curtipendula W01 103(3)  104(3)  104(3)  102(3) 99(3) 95(3)
(PEG>C» N=K) 1012y 777 507 29(8) 14(7) 6(8) 3(12)

107(8 755 48(5) 276 12(5) 350 —1(®)

103(8)  98(6)  92(5)  87(4)  BI(5) 76(6)  70(8)

P coloratem 99(8) 163(5) 98(6) 84(5) 66(5) 46(5) 277
(C2ZPEG» N>K) 105(16) S0(11) 65(11) 37(10) 13411 1an 7(15)

105(8) 81(6) 51(6) 23(5) 1(6) —38(6) 0(8)

99(9) 99(6) 95(6) 87(6) T4(5) 57(6) 36(9)

C. ciliaris 96(8)  101(5)  101(5)  95(5)  83(5)  65(5  41(6)

(C2PEG» N2 K) ) 100(8) 81(5) 56(6) 29(5) 7(6) —5(06) —1{8)

K,50,  105(8) 79(5) 50(6) 23(5) 3(5) ~E =2

CacCl, 99(8) 96(6) 97(6) 9§(5) 93(6) 78(6) 48(9)
E. lehmanniona PEG 113(18) 80(11) 52(10) 3D I5(10) 6(10) 2(14
(C Z2PEG>N>K) Nadl 93(1%) 63(8) 40(8) 22(8) 10(8 4(8) 3(12)
K,50, 105(12) 53(8) 21(8) (N —1(8) 0(8) 2(11)

CaCl, 93(16)  78(12)  62(9) 47(8 32(9) 16(12) 1(13)

* Values in parentheses represent one-half of the width of calculated confidence intervals (£ < 0-05). Solute
ranking was based upon degree of confidence interval overlap between regression models. Higher rank indicates large

G 1 isopotential solution.

nation in the pure water treatment for the same
species (G), days to 50% of G (D,,), and percent
abnormal germination (G,). Total percent germi-
nation was divided by the mean of the pure-water
treatment in order to adjust for differences in seed
viability between species. Cubic regression equa-
tions were first calculated to characterize G, D,
and G, as a function of i for just the pure-salt
and pure-PEG solution treatments. Cubic response
surfaces were then calculated for the salt-PEG
mixtures (Table 1) to characterize the interaction
between 1y, and i effects on seed germination.
Two cubic response surfaces were calculated for
each species—salt combination using G and D, as
dependent variables and ¢ and _as independent
variables (Evans ef al, 1982). All regression
equations were first calculated using linear, quad-
ratic and cubic terms. The regression equations
were then recalculated, deleting first cubic, then
quadratic, then linear terms that were not sig-
nificant {P < 0-10). Lower-order terms that were
not significant were left in the equation if a higher-
order term was significant. For D, only values in
treatments with an average G of greater than 10 %
were used in the regression model.

G, D,, and 95% confidence limits were cal-
culated from the cubic regression models for each
of the target solutions listed in Table 1. Ranking of
specific salt effects was based on a comparison of
the relative position of modelled regression lines

and the degree of confidence interval overlap. For
purposes of ranking, the relative effects of any two
solutes were not considered to be significantly
different if the confidence limits of one model
overlapped the predicted mean value of an iso-
potential point from the other model. Germination
response was first ranked by a comparison of
modelled germination response in isopotential pure
solutions. Specific salt effects were then re-ranked
by comparing modelled germination response in
the PEG-salt solution mixtures.

RESULTS

Mean total percent germination for a given vial
was divided by that in the pure-water treatment to
calculate ¢. Mean total percent germination
and standard errors for the pure-water treatments
were: B. curtipendula, S0+ 2; P. coloratum, 86+7;
C. ciliaris, 93+ 5 E. lehmanniana, 36 +6.

Germination in isopotential pure solutions

Germination responses in isopotential pure sclu-
tions of PEG, NaCl, K.,SO, and CaCl, are shown
in Tables 2 and 3. All regression models of & and
D, for the pure-salt and pure-PEG treatments
were significant (P < 0-01) except for the models
of D,, for E. lehmanniana in the K,80, and I
solutions.

Of'the three salts, CaCl, had the least detrimental
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¢ (IWiPa)
W (IMPa)

0 —02 — 04 -6 — {8 — 10 - 12
F 170 1:8(0-2) 200D 2:4(0:2)
Na 1-7(0 2:4(0:3) 2:8(0:4) 2:9(0-4)
I L7(0 22004 2:7(0-4)
4 17 (0 2:0(0-2) 2:2(0:2)
F. coloraium PEG 26(1 32007 35(07)
(PEG=N=K» ) NaC 27(04 3:0(0:2) 35(0°3)
K,80, 2:7(0-2) 33(0) 3:9(0-2) ] g
CaCl,  2B(09)  34(06)  44(06)  58(06)  T5(06) 9506 119010
C. ciliaris PEG 2:2(12 1-9(0:9) 2:9(0:8) 4-8(0-7) 72408} G709 11-8(11)
(C2PEG >Nz K) NaCl 19(04)  32(04)  36(04)  51(04) + + +
K,50, 1-8(0-4) 3102 44(04) T + + T
Call, 2:1(0-6) 22(0:3) 27(0:3) 3-6(0:4) 4-8(04) o4 (04} 8:3(0:6)
E. lehmanniana PEG 39(0°5) 3:9(0-5) 39(0:5) 3:9(0:5) 39(0'5) T +
(K>PEG>N=C) NaCl 30(1°5 48(1-2)  48(10)  48(13)  6%(16) +
K50,  33(04)  33(04)  33(0d) + + + +
Ca(l, 3-3(0-8) 4-3(0-6) 51(05) 59(0-5) 67(0:6) 7-4(0-8) t

T Treatments with a measured mean value of G < 10 were not included in the regression model.
* Values in parentheses represent one-half of the width of calculated confidence intervals (P < 0-:05). Solute
ranking was based upon degree of confidence interval overlap between regression models. Higher rank denotes a more

rapid germination rate (lower D).

TasLe 4. Cubic response surface for total perceni germination (G) of Bouteloua curtipendula as a
Junction of v and vy based on calculated values

i (MPa)

W, (MPa)  Salt 0 —-02 —0-4 —06 —08 —1:0 —12
0 NaCl 105(8)* 107(5) 108(7) 107(4) 105(6) 101(4) 96(5)
K,50, 104(6) 106(5) 106(6) 106(4) 106{6) 101(4) 98(4)

CaCl, 99(5) 102(5) 103(4) 103(4) 102(4) 99(6) 94(4)

—02 NacCl — 83(6) 79(4) 74(4) 66(4) S8(4) 43(6)
K,80, — 79(6) 76(4) 73(3) 70(4) 67(3) 64(4)

CaCl, 100(5) 101 (4) 100(3) 98(3) 95(3) 90(4)

—04 Na(l - — 56(6) 49(4) 40(4) 30(4) 19(6)
K,S0O, — 53(6) 48(4) 43(3) 40(3) 38(5)

CaCl, — — 97(5) 97(3) 95(3) 92(3) 88(4)

—06 NaCl — — — 29(5) 22(4) 14(4) 4(5)
K,580, - - 29(5) 23(4) 20(4) 18(5)

CaCl, — — — 90(4) 90(3) 89(3) 87(4)

—08 NaCl — — — 8(6) 5(4) 1(6)
K,50, — - - - 10(5) 6(4) 5(5)

CaCl,  — — 82(5) 84(3) 85(5)

— 10 Na(l — — — . . - 1(7) 3(7)
K,S0, — — — — e -~ 1{6) - 1(4)

CaCl, — e e - T3(5) T8(5)

—12 NaCl - — — 8(9)
K,50, — e — — 0(8)

CaCl, — — — — 66(8)

* Values in parentheses represent one-half of the width of calculated confidence intervals (£ < 0-03).
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W (MPa) Salt 0 —0-2 — 04 -6 -8 - 12
0 NaCl 106(9)*  103(6) 96(8) 85(4) T1(5) 51(4) 28(6)
K,S0, 107(6) 105(6) 98(7) 87(4) 72(6) 53(4) 29(4)

CaCl, 101(6) 101(6) 96(5) 86(4) 71(4) 51(5) 26(4)

-0z NaCl - 91(7) 85(5) 75(4) 60 (4) 42(4) 19(5)
K,50, — 54(06) 82(4) 76(4) 66 (4) 32(4) 33(5)

CaCl, 100(5) 94.(4) 83(4) 67(3) 46/(4) 20(5)

—04 NaCl — — 65(6) 58(4) 47(4) ) 12(5)
K,50, — 53(5) 52(4) 46(4) 4 22(5)

CaCl, - 95(5) 86(3) 71(3) (3) 27(5)

—06 NaCl — — 35(6) 30(4) 4 8(6)
K,S0, — — - 21(5) 20(4) : 6(5)

CaCl, — 86(5) 75(3) 40(4)

—08 NaCl — — 10(7) 6(5)
K,80, — — — —3(6) —7(6)

Ca(l, - — -_ 73(6) 50(5)

— 140 Na(l - — — 6(5)
K,50, — — — — — (5  ~10(6)

CaCl, - - - e — 56(6) 52(6)

~-12 NaCl - - = - 8(10)
K,S0, - - — . — 6(9)

Cadl, — — - - 37(9)

* Values in parentheses represent one-half of the width of calculated confidence intervals (P < 0-05).

effect on G for all four species (Table 2). 5.
curtipendula is the only species for which CaCl,
had a negative specific salt effect on G over the
entire ¢ range (Table 2). Isopotential solutions of
NaCl and K,S0, had a negative specific salt effect
on G for all species over most of the i range
(Table 2). For_three of the species, isopotential
pure solutions of K,80, had a more negative effect
on G than solutions of NaCl over most of the i
range (Table 2). B. curtipendula was the only
species for which NaCl and K,50, could not be
distinguished under the criteria for ranking
isopotential pure solution effects.

Specific salt and PEG solution effects on D,
were ranked in order of decreasing germination
rate (increasing time required for germination).
The overall ranking by D,, was about the same as
for G for B. curtipendula and C. ciliaris (Table 3).
For E. lehmanniana and P. coloratum, specific salt
ranking of D,, was roughly the reverse of the
ranking for G (Table 3). Specific salt effects on D,
were not as clear-cut as for G because the
differences between treatments were smaller and
relative ranking between salts was not consistent

for all species (Table 3). D, could not be compared

for all solutes at every level of i/ because some
treatments exhibited zero germination. Some treat-
ments were also excluded from the regression
models for D, if mean G for the treatment was less
than 10%. D,, in treatments with a mean G of less
than 10% was highly variable because in some
cases, a single seed defined the germination rate for
a whole treatment replicate.

Germination in salt-PEG mixtures

Total germination response in salt-PEG sol-
ution mixtures is shown 1n Tables 4-7. All
regression models in Tables 4-7 were significant
(P <001,

There was a clear interaction between r_and i
effects on G (Tables 4-7). For B. curtipendula,
CaCl, had a negative specific salt effect for G but
the detrimental effect of a given concentration of
salt was less at lower y _(Table 4). For P. coloratum
(Table 5) and C. ciliaris (Table 6), some of the
CaCl,~PEG treatments had greater G than in
isopotential pure solutions of either PEG or
E. lehmanniana germination increased wi
increase in CaCl, concentration (Table 7).
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v (MPa)  Salt 0 —02 — 04 —06 —08 — 10 —12
g Nadl 98(8)* 102(5) 101(6) 82(4
1,50, 100(5) 105(5) 105(5) 83(6)
CaCl, 95(4) 101(5) 101(3) 83(3)
—02 NaCl 84(5) 70(3) 40(4)
K,S0, - 806(5) T3 S8(3)
CaCl, 95(5) 09(4) 88(3)
—0-4 NaCl - - 60(6) 19(4)
K,80, — 53(5) 35(3)
CaCl, — 97(5) 91(3)
—06 NaCl — 12(3)
K,S0, - 17(3)
CalCl, - - - 93(3)
0-8 Nall - — 9(5)
K50, - - 2(4)
CaCl, - 92(6)
—10 NaCl — -
K,80, - . i,
CaCl, - — -
—12 NaCl - — — — -
K,50, — e
Calll, — —

* Values in parentheses represent one-half of the width of caleu

NaCl and K,50, had a detrimental effect on &

n both pure salt arm salt=PEG solution mixtures.
Lhc negative specific salt effect on G of a given
concentration of Na(Cl, however, became greater
at lower ¥ for curtipendula and C. ciliaris
(Tables 4 and 6). In contrast, the negative specific
salt effect on G of a given concentration of K,50,
became proportionally less negative at lower 1
for these two species (Tables 4 and 6). The relative
effect of WaCl and K,50, in the different salt-PEG
mixtures was so large that it changed the ranking
of specific salt effects on & for B. curtipendula from
NaCl = K,80, to K,SO,> NaCl and for C
ciliaris from NaCl > K,SO, to K,50, > NaCl
(Tables 4 and 6).

The interaction between 1/ _and iy, was less clear
for D, because, as with the pure solutions,
differences between treatments were relatively
small (data not shown).

3

Abnormal germinarion

Abnormal germination response was highly
species- and salt-specific. There was very little

lated confidence intervals (2 < 0-05).

CaC

1A /«.

abnormal germination in purc PEG, pure
and CaCl,-PEG *m‘uwes for s
Ty tle abnorm

Y xuu

any s, @

lehmanniana had ver al g
in any solution treatment (data not %homﬁ*.
Calculated values for G, and 95% confidence
limits for isopotential solutions of NaCland K,5C,

are shown for B. curtipendula, P. coloratum and .

ciliaris in Table 8. All regression models re-
presented in Table 8 were significant at the P <

0-01 level except for B. curtipendula—K 50, and C.
ciliaris-¥,50, which were significant at thc F
0-02 level.

—
=

Interpretation of regression models

Confidence limits are included in Tables
an estimate of model variability and to provi
criteria for ranking specific salt effects. Confide
interval overlap, however, is invalid as a statistical
test for distinguishing the regression models or for
distinguishing different levels of a quantitati
factor within the regression models (Che

The regression models were not const

pass through the mean of the control treat
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TaBrLe 7.

W, (WiPa)

i, (MPa) Salt 0 —02 0 —-06 —~08 — 10 ~12
a INEL Ho(nys  77(6) 50(8) 29(4) 14(5) 5(4) 2(7)
¥,50, 116(7) 31(6) 52(8) 30(4) 15(8) 6(4) 3(5)
Call, 107(6) 80(6) 56(4) 36(4) 20(4) 8(6) 0(5)
—02 NaCl 65(8) 43(4) 25(4) 12¢4) 4(4) 0(5)
K,50, 55(7) 35(4) 20(4) 9(4) 3(4) 1(s)
CaCl, — 82(8) 58(5) 39¢3) 23(5) 11(5) 3(7)
—04 NaCl — 36(8) 22(4) 1144) 3(4) —1(6)
K,80, = — — 19(7) 11(4) 5(4) 1(4) 0(5)
CaCl, — . 61(6) 41(5) 25(5) 13(4) 5(6)
~06 Nall - - — 19(7) 10(5) 3(5) —2(6)
K80, — 2(6) 1(4) 0(4) 0(5)
Call, — - 43(6) 26(5) 16(4) 8(6)
—~0-8 NaCl = — — — 10(7) 4(5) —1(6)
<,50, - — - - ~2(6) 0(5) 0{6)
Call, — — — — 30(6) 18(5) 16(6)
—10 NaCl — e — - 6(7) 0(6)
K50, - - = - 0(7) 1(5)
CaCl, — — — - — 21(7) 13(8)

~12 NaCl — — — ~ — — 2(10)
K,50, - - — — 2(9)
CaCl, — — — - . 15(9)

ey

* Values in parentheses represent one-half of the width of caleulated confidence intervals (P < 0-05).

TABLE 8. Calculated values for abnormal percent

germination (Ga) as a function of iy, for the seed of

three grasses germinated in pure solutions of NaCl and K,S0,

¥, (MPa)

Species Solute 0 —02 —04 —06 -8 - 10 —-12
B. curtipendula NaCl - 1(9)* 14(6) 24(6) 29(0) 29(6) 23(6) 13(9)
K,80, 1(6) 6(4) 9(4) 114 10(4) 8(4) 3(5)
P. coloramum NaCl —2(12) 6(9) 23(9) 42(8) 549 52(8) 29(12)
K,80, ~6(9) 18(6) 26(7) 22(5) 12(6) 3(6) -2(8)
C. ciliaris NaCl —3(6) 8(4) 15(4) 17(4) 16(4) 10(4) 0(6)
K,S0, 0(3) 3(2) 4(2) 5(2) 4(2) 2(2) 0(3)

* Values in parentheses represent one-half of the width of calculated confidence intervals (£ < 0:05).

this would have masked the variability between
individual vials at = 0. The unconstrained
models provided the best fit for all of the data, but
introduced a seeming discrepancy between models
at i = 0 (Tables 2-7). According to the criteria
for ranking, however, there was significant overlap
of calculated confidence intervals and, therefore,
little difference between models at i, = 0.

28

The regression models were also unconstrained
with respect to the absolute possible minimum
value for G, resulting in some negative & estimates
at low . This generally occurred when a few
seeds germinated at very low i in the absence of
germination at adjacent, higher values of ¥ .

BOT 66
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solution {Sharma, 1973). In thise pcmnf’m 3
solution was used in place of soil to eliminate the
germination-confounding effects of unsaturated
porous matrices (Collis- ﬂeorgc and Williams,
1968). It was therefore assumed that all differences
between isopotential treatments could be attri-
buted to the effects of specific salt uptake.
Ranking of specific salt effects on seed ger-
mination was more csmplex than indicated by a
simple comparison of germination response in
isopotential solutions of salt and PEG (Tables 2
and 3). The most dramatic change in specific salt
ranking occurred in the comparison of NaCl and
K.,50, effects. The detrimental effects of NaCl and
K,50, in isopotential pure-salt solutions could not
be d1stmgumhed for A. uunpena’u/(/ (Table 2), but
the interaction of _and v was enough to clearly

ate NaCland KzS‘(}l ]u DLC salt-

it ail

.
PEG soclution

separa
mixtures (Table 4). The larger detrimental effect of
Nafll at lower v, in salt-PEG mixtures was
enough to reverse the relative ranking of NaCl and
K.,8C, for C. ciliaris {Tables 2 and 7).

Ranking of specific salt effects in this experiment
was not the same as for many previous experi-
ments. Sharma (1973) and Romo and Eddleman
(1985) found that total germination in an NaCl
solution was greater than germination in an
isopotential solution of PEG. PEG exclusion from
the organic germination matrices used by these
workers may have lowered ¢ of the PEG solutions
below expected values \nazd» oree and Emmerich,
1990), but the PEG exclusion effect is unlikely to
account for the very large difference between NaCl
and PEG noted by Sbarma (1973). Other workers
have found that MNaCl has the same effect on
germination (Chaudhuri and Wiebe, 1968) or a
less detrimental effect on germination than Ca(ll
(Hyder and Yasmin, 1972 ) The general benefits
Call,, for germimtmu,, however, have been

2
~
ot

in sopotential
Punsm\,m “3“‘

not
mmalmn
smotic

indices.

and n

enhancement of, or
processes in the ducu and
up as a diffe
salts, ho so interfere wi
rate-limiting metabolic processes.
between rankings of mination and g
mination rate effects (Ta and 3) indicate ¢
osmotic and non-osmotic specific salt
may be manifest to ozricyem degrees in d
species. If the decrease in D, caused by e
’_, O, for E lehmanniana cmd P c(ﬂorafm‘:/z
indicates greater salt uptake re e to Call,,
ihe detrimental effect of these aitx on G ma} be
caused by higher internal
than a higher specific toxicity of these 1on pairs.
CalCl, may also be less toxic to B. curtipendula
than is indicated by G if, as the lower D, indi
more of this salt is taken up. This experiment v
not designed to measure the amount of salt upta
by germinating seeds, but it is clear
understanding of the mode Df &ction of mcci’ﬁ
salts will require inform
taken up, as wel]
taken up.

C. ciliaris is the only species for which both
and D,, were more favourable in solutions
CaCl, than in solutions of either PEG, Nall or
K.,80, over most of the ¢ range. The addition m
il may, therefore, enhance germinat

CaCl, to soi
for this species. Our study, however, w

ch‘x‘n%natéon. 5’3‘

e

Anee

concentrations

that
mat

t
fo

as ?E}C i}’K]OLlﬁt avauago

designed to evaluate intraspecific variab
seed germination: thus, the significance

dividual species response to spcuﬁu saltsc
assessed.

The percentage of seeds exhibiting
germination was highly species-specific but
usually greater in solutions of NaCl (Tat
Abnormally germinated s«“cd s generally
growth and radicle extension but the radi
aborted before achieving a length of 2 mm.
lower ¢, G, in pure solutions of NaCl and K,S
was greater than G for }:f. (’m-zz;wm!u!a. P.coloratunt
and C. ciliaris. 1 ntery tion of seedling emerg-
ence data may there be affectzd by the timing




%
i

of emer ger nce measur
considered emerged as
observed, non-viable

normal even 'hOum ‘chey W otherwise die
from lack of root growth if o r a longer
period. Ow definition of n mmavop

however, was similarly arbit”'n"v in ma& we did not
determine whether seeds with radic al cxtension
= 2 mm exhibited subscqucm shoot growth.
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