
Theor Appl Genet (1991) 81:321 326 

�9 Springer-Verlag 1991 

Genetic analysis of salt tolerance during germination in Lycopersicon 

M . R .  Fooland and R.A.  Jones * 

University of California, Department of Vegetable Crops, Davis, CA 95616, USA 

Received April 20, 1990; Accepted August 8, 1990 
Communicated by A.L. Kahler 

Summary. The salt-tolerant cultivated tomato (Lycoper- 
sicon esculentum) accession, 'PI174263', and a sensitive 
cv, 'UCT5', were crossed to develop reciprocal F1, Fz 
and BC1 populations for genetic analysis of salt tolerance 
in tomatoes during seed germination. Variation was par- 
titioned into embryo, endosperm and maternal (testa and 
cytoplasmic) components. Generation means analysis in- 
dicated that there were no significant embryo (additive, 
dominance or epistatic) effects on germination perfor- 
mance under salt stress. Highly significant endosperm 
additive and testa dominance effects were detected. The 
proportion of the total variance explained by the model 
containing these two components was R 2 =  98.2%. Vari- 
ance component analysis indicated a large genetic vari- 
ance with additive gene action as the predominant com- 
ponent. Furhter inspection indicated that this variance 
was attributable to endosperm additive effects on ger- 
minability under salt stress. Narrow-sense heritability 
was estimated as moderately high. Implications for 
breeding procedures are discussed. 
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Introduction 

Salinity stress represents a ubiquitous constraint to crop 
productivity under irrigated agriculture. Within the culti- 
vated tomato, Lycopersicon esculentum Mill., most culti- 
vars are relatively salt sensitive in that their growth and 
economic yields are diminished by mildly saline condi- 
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tions in the rhizosphere (Maas and Hoffman 1977). In 
contrast, several wild Lyeopersicon species have demon- 
strated high phenotypic variability in salt responsiveness 
(Rush and Epstein 1976; Jones 1986; Tal and Shannon 
1983; Jones et al. 1988). To increase the salt tolerance of 
the cultivated tomato, Rush and Epstein (1976) and Tal 
and Shannon (1983) have proposed the development of 
salt-tolerant cultivars by exploiting the potential gene 
resources within these wild Lycopersicon accessions. Un- 
fortunately, there is insufficient information concerning 
the genetic control of salt tolerance in Lycopersicon or 
other crop species to warrant such endeavors. The sensi- 
tivity of seed germination (Jones 1986), seedling survival 
and growth (Rush and Epstein 1976; Jones et al. 1988), 
and vegetative and reproductive growth (Maas and Hoff- 
man 1977; Tal and Shannon 1983; Jones 1987) to salinity 
stress suggests that salinity responsiveness in Lycopersi- 
con is likely to be controlled by a number of genes that 
may be stage specific (Jones and Qualset 1984; Shannon 
1982; Jones 1987). Hence, component analysis, by exam- 
ining stage-specific variability, may aid in the identifica- 
tion of highly heritable variation in stress characters and 
facilitate their transfer into improved backgrounds 
(Jones and Qualset 1984). 

Crop ontogeny is most vulnerable to salinity stress at 
the seed germination and early seedling growth stages 
(Cook 1979; Jones et al. 1988). Salinity stress greatly 
delays the onset, reduces the rate and increases the dis- 
persion of germination events in tomatoes (Jones et al. 
1988). This sensitivity has important biological and ap- 
plied significance. The dependence upon mechanization 
in modern plant cultivation systems requires rapid, uni- 
form and complete germination. In many salt-affected 
soils the dispersion of salt along the soil horizon is not 
uniform (Richards 1983). In others, improper irrigation 
practices, irrigation with water sources carrying some 
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burden of salt and evaporation from the soil surface 
would further concentrate soluble salts in the top of the 
soil bed and have an adverse impact upon seed perfor- 

mance. In either case, for direct seeded crops like the 
tomato (E1-Sayed and John 1973), many of the seeds may 
not  germinate, or germinate so sporadically that plants 

grow differentially and crop development is extremely 
variable and delayed. The development of tomato culti- 
vars with the ability to germinate rapidly and emerge 
reliably from saline-afflicted soild would contribute sig- 
nificantly to the efficiency of stand establishment. This 
report assesses the potential of a primitive L. esculentum 
accession ('PI174263') to contribute useful genes for the 

improvement  of salt tolerance in modern tomato culti- 
vars. 

Materials and methods 

Genetic material and germination conditions 

Highly inbred sources of'PI174263' (P1) and 'UCT5' (Pz) were 
crossed to develop reciprocal F~ progeny. Ten plants of each 
parent were used to generate F~ seed. 'UCT5' was selected as a 
suceptible parent because it exhibits a high degree of salt sensi- 
tivity during germination (Jones 1986) and it represents a horti- 
culturally superior, multiple disease-resistant breeding line. The 
salt-tolerant accession, 'PI174263', is a primitive cultivar from 
an arid region in Turkey, and exhibits rapid germination under 
high salinity (Jones 1986). Seed of both inbred parents, their 
reciprocal F1, F 2 and backcross generations were produced by 
controlled pollination under greenhouse conditions. 

Seed of each generation was surface sterilized with 0.5% 
sodium hypochlorite solution for 10 rain, rinsed with sterile dis- 
tilled water several times, and briefly blotted on paper towels. 
Twenty seeds of each generation were aseptically plated in petri 
dishes on salinized media containing 0.8% (w/v) agar. Genera- 
tion responses were compared in two saline treatments, one at 
0 mM and the other 150 mM synthetic sea salt (with a Na+/ 
Ca + + ratio equal to 5; Rila-Mix, N.J.). The water potentials for 
the control and saline treatments were approximately - 1  and 
- 8  bars, respectively. Six replicates for the nonsaline (control) 
treatment and 7-10 replicates for each generation in the saline 
treatment were randomized in an incubator maintained at 
20~ ~ in the dark. Germination responses were visually 
scored as radicle protrusion at 6-h intervals for 10 days in the 
control (16 days in the saline treatment), and subsequently at 
12-h intervals for an additional 19 days in the saline treatment. 
Seeds germinating within an interval were presumed, on aver- 
age, to have germinated at the midpoint of the interval. Seeds 
that failed to germinate in the salt treatment, above the percent- 
age which failed to germinate in the control treatment (pre- 
sumably were initially nonviable), were included in the analysis 
as right-censored observations (Gehan 1969). Hence, the sample 
size for each experimental unit was the number of viable seeds, 
not the number observed to germinate. 

Statistical and genetic analyses 

The distributions of germination responses for each generation 
(individual and pooled replicates) were analyzed by survival 
analysis with life tables (Scott and Jones 1982). This is a non- 
parametric procedure that measures time responses as well as 
the distribution of several descriptive parameters over time 
(Lee 1980). The time, in days, to 50% germination estimated 

from life table analysis was used as an estimate of the gener- 
ation mean. Generation means and variances were determined 
for samples within each experimental unit (e.g., within plot 
means and variances) and pooled over replicates. Variances for 
each generation were pooled among the replications as s2= 
Z (n i -  1) s 2 divided by Z (n i - 1), where n i is the sample size and 
si 2 is the variance for each replicate. 

The presence or absence of maternal effects was tested by 
analyzing the variance (ANOVA) of the parental and reciprocal 
F z data and comparing the appropriate means with linear con- 
trasts (Dixon 1985). The parental and reciprocal F1, F 2 and 
backcross means (a total of ten generations) were analyzed ac- 
cording to the weighted generation means analysis of Mather 
and Jinks (1971) to estimate parameters for the genetic model 
containing additive and dominance effects of the embryo, en- 
dosperm and maternal components as well as the digenic inter- 
action effects of the embryo. Maternal components were further 
partitioned into seed coat (testa) and cytoplasmic effects. Coef- 
ficients for the genetic parameters tested are shown in Table 1. 
Each generation mean was weighted by the inverse of the vari- 
ance of the mean for that generation (Mather and Jinks 1977). 
Suitability of genetic models was tested by a weighted least 
squares regression technique and the goodness-of-fit of each 
model was tested by a weighted Z 2 (Cavalli-Sforza 1952; Hay- 
man 1958; Mather and Jinks 1971, 1977). Significance tests for 
the genetic parameters were constructed by dividing each esti- 
mate obtained from the regression analysis by its standard devi- 
ation and comparing the result with the t-value for the appropri- 
ate number of degrees of freedom and significance. 

Variance component analysis and heritability estimations 

Variance components, VE, VA, and VD, representing the envi- 
ronmental, additive genetic and dominance genetic variances, 
respectively, were estimated as follows: 

V E = �88 + '/~ (Vp2) + �89 (VF 1) 

V A = 2(VFz )-VBcI-VBc 2 
VD = VBC~ +VBc2--VF2--VE 

where Vpi, Vp2 , VF,, Vv2, VBc ~ and VBc2 represent the variances 
of the parental, F1, Fz, and the backcrosses to P1 and P2, 
respectively. Standard errors of the variance components were 
estimated according to Mather and Junks (1977). Broad-sense 
heritability was estimated as H2=(VA+VD)/VF2, where 
V A +V o represents the genetic variance of the F 2 population 
(Hanson 1963). Narrow-sense heritability was calculated as h 2 
=, VA/Vv2. Standard errors of the heritability estimates were 
calculated according to the formula provided by Ginkel and 
Scharen (1987). 

Results 

Germinat ion  responses of the ten generations in the pres- 
ence and absence of salt stress are presented in Table 2. 
Seeds of the salt-tolerant parent ('PI174263') germinated 
significantly faster than those of the salt-sensitive parent 
in both treatments; the magnitude of this difference how- 
ever, was considerably greater in the presence of salt. 
Analysis of variance indicated that there were highly 
significant differences among generations in both treat- 
ments. A linear contrast comparing reciprocal F l s  
showed a significant difference in germinability in the salt 
treatment, indicating maternal  effects. A linear contrast 
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Generation Genetic effects a 

m [d] [h] [i] [j] [11 [de] [he] [dt] [ht] [dc] 

P1 (PI174263) 1 - 1 0 1 0 0 - 1 0 - 1 0 - 1 
P2 (T5) 1 1 0 1 0 0 1 0 1 0 1 

F I PIxP2 1 0 1 0 0 I --I/3 I --I 0 --I 
P2 x P1 1 0 1 0 0 1 1/3 1 1 0 1 

F2 (Pl x P2) selfed 1 0 1/2 0 0 1/4 0 3/4 0 1 - 1 
(172 x P~) selfed 1 0 1/2 0 0 1/4 0 3/4 0 1 1 

BCt (P~ x P2) x P ~ 1 - 1 / 2  1/2 1/4 - 1 / 4  1/4 -1 /3  3/4 0 1 - 1  
(P2 x P1) xP 1 i - 1 / 2  1/2 1/4 - 1 / 4  1/4 -1 /3  3/4 0 1 1 

BC 2 (P~ x P2) x P 2 1 l/2 1/2 1/4 1/4 1/4 1/3 3/4 0 1 - 1  
(P2 x P~) x P2 1 1/2 1/2 1/4 1/4 1/4 1/3 3/4 0 1 1 

a m, Mean effects; [d], embryo additive; [h], embryo dominance; [i], additive x additive (embryo); [j], additive x dominance (embryo); 
[1], dominance x dominance (embryo); [dt], testa additive; [de], endosperm additive; [dc], cytoplasm additive; [ht], testa dominance; 
[he], endosperm dominance 

Table 2. Days to 50% germination under control (0 mM) and 
salt-stress (150 mM synthetic sea salt) treatments for the ten 
generation means 

Table 3. Tomato seed germination responses for the ten genera- 
tions tested under control (0 raM) and salt (150 mM synthetic 
sea salt) treatments a 

Generation Median response time (+_ SE)a Generation Germination (%) Variances 

0 mM 150 mM Control Salt Control Salt 

P1 (PI174263) 3.31 _ + 0 . 1 9  7.24+_0.34 P~ (PI174263) 95.8 94.4 4.45 8.63 
172 (T5) 3.99_+0.18 13.49_+0.81 P2 (T5) 93.3 91.9 4.12 4.82 

F1 (P1 x P2) 3.82_+0.17 8.89+_0.30 F1 (Pl x P2) 89.3 87.5 2.86 4.45 
(P2 x Pl) 6.26• 12.06+_0.67 (172 x P1) 72.5 76.1 5.21 8.76 

F 2 (P1 x P j  selfed 4.56_+0.45 13.94+_0.55 F 2 (P~ x P2) selfed 97.5 93.8 2.43 28.49 
(P2 x P1) selfed 4.93--0.41 13.76__0.73 (P2 • Pl) selfed 88.3 89.4 4.46 21.85 

BC 1 (PlXP2)xP t 4.23_+0.38 12.56+_0.61 BC1 (PlxP2)xPl  90.0 76.7 3.45 18.67 
(172 x P~) • P~ 3.51 +_0 .28  11.64+_0.55 (P2 X P1) x Pl 97.5 94.5 1.16 6.73 

Be e (P~ xP2)xP z 4.50_+0.40 14.31__.0.91 Be 2 (P~ xP2)xP 2 95.0 95.6 1.73 19.18 
(Pa x P 0  x P2 4.22_+0.30 14.19+_0.35 (P2 x P1) xP2 98.3 97.1 1.80 18.25 

a SE = standard error between means of replicates a Germination and variances of salt treatment after correction 
for right censoring 

compar ing  the pooled  reciprocal F 1 mean (10.48) with 
the parenta l  midpoin t  (10.37) showed no significant dif- 
ference, indicat ing the absence of  embryo or endosperm 
dominance  effect. Median  response times for all genera- 
tions under  salt stress (150 raM) with those at 0 m M  salt 
were not  correlated (r = 0.44, P > 0.05). However,  exclud- 
ing the P2 x P1, which showed unexpectedly late germi- 
nat ion responses in the control  t reatment,  raised the cor- 
relat ion coefficient to r = 0.78 (P < 0.01). The F z popula-  
t ion ( n =  31.1) did not  segregate into distinct categories, 
indicating that  salt germinabil i ty  is inherited as a quanti-  
tative trait, 

An  examinat ion of  the generat ion means and the 
pooled variances (Tables 2 and 3) at high salinity indicat-  
ed that  they were intermediately correlated ( r=0 .61 ,  
P < 0.05). Square-root  and logari thmic t ransformat ions  

of  the data  homogenized the variances and el iminated 
the correlat ion between means and variances ( r=0 .38  
and 0.21, respectively). The t ransformat ions  did not, 
however, alter the results of  the generat ion means analy- 
sis (not shown). The weighted least squares regression 
analysis indicated that  estimates of  nonallelic interact ion 
effects were consistently nonsignificant suggesting that  
the genes involved in germinat ion responses under  salin- 
ity stress were independent  of  each other  in producing 
their effects. Intra-allelic (dominance) interactions,  cor- 
responding to the embryo and endosperm genotypes, 
were also not  significant; however, additive and materna l  
components  had significant effects on the performance of  
different generations under  high salinity treatment.  

The relative contr ibut ion of  individual  genetic factors 
from embryo,  endosperm and materna l  tissues were ini- 
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tially evaluated by simple weighted linear regression 
analysis. The proport ion of  the total variance among the 
generation means explained by additive or dominance 
contributions arising from embryo (i.e., [d] or [h]), en- 
dosperm (i.e., [de] or [he]) or maternal tissues (i.e., [dt] or 
[ht] for the testa and [dc] for the cytoplasm) provided the 
following ranked order of  importance when each factor 
was individually entered into the model: [de] > [ht] > 
[dt] > [d] > [dc] > [he] > [hi (Table 4). Clearly, the 
endosperm additive and testa dominance contributions 
accounted for a significantly greater proport ion of  the 
total variance (73.8% and 70.5%, respectively) than the 
additive and dominance contributions of  the embryo 
(53.0% and 0.0%, respectively). Paired combinations of  
these genetic components also were tested to determine 
the most  suitable bifactor genetic model. The model 

Table 4. Proportion of the total genetic variance accounted for 
by individual and paired combinations of genetic factors in the 
model 

Monofactor" R 2 Bifactor" R 2 

[de] 73.8 [de] + [ht] 98.2 
[ht] 70.5 [d] + [ht] 92.0 
[dt] 66.8 [dr] +[ht] 89.6 
[d] 53.0 [dt] + [he] 78.8 
[dc] 43.8 [de] + [dt] 78.7 
[he] 32.4 [d] +[dt] 78.7 
[h] 0.00 [d] +[de] 78.6 

a For definition of the factors see the footnote in Table 2 

which accounted for the largest proport ion of  the total 
variance among generation means contained endosperm 
additive and testa dominance genetic components (R z = 
98.2%; Table 4). The joint scaling test (Mather and Jinks 
1971) indicated that this model was adequate ()~v) = 6.05, 
P>0 .50 ;  Model 1, Table 5). The weighted least squares 
estimates of  both genetic parameters in the model were 
highly significant (Model 1, Table 6). The endosperm 
additive genetic effects accounted for a significantly 
larger percentage of  the total genotype sums of  squares 
in the ANOVA than did the testa dominance genetic 
effects (Model 1, Table 6). Models containing trifactor 
combinations of  the genetic parameters did not signifi- 
cantly increase the adequacy of  the model over that ob- 
tained with the most  appropriate bifactor (i.e., [de] + [ht]) 
genetic model (comparisons not shown). 

The pooled germination variances for all generations 
were uniformly small under nonstress conditions and 
were comparable between segregating and nonsegregat- 
ing generations (Table 3). In comparison, under salt 
stress the germination variances were generally larger in 
magnitude, and were greater in segregating than in 
nonsegregating generations (Table 3). This might partly 
be due to differences in the scale of measurements be- 
tween control and salt treatments. The traditional vari- 
ance component  analysis (i.e., including only additive 
and dominance variances) gave the following estimates 
for the different variance components:  Vp = 25.17 + 2.05 
(t(3o9) = 12.30, P <  0.001), Va = 18.50_+ 2.08 (t(916 ) = 8.87, 
P<0.001) ,  VA=19.92+4.54  (t(921)=4.17, P<0.001) ,  

Table 5. Joint scaling test to determine the suitability of selected genetic models a for the inheritance of days to 50% germination of 
L. esculentum PI174263 and T5 and their reciprocal F1, F 2 and backcross progeny at 150 mM salt 

Generation Replicates Weight Observed Model 1 Model 2 
number mean b 

Expected O -E  Expected O-E  
m e a n  b m e a n  b 

P1 (PI174263) 9 8.46 7.24 7.05 0.19 7.15 0.09 
P2 (T5) 9 1.52 13.49 13.45 0.04 13.71 -0.22 

F1 (171 x P2) 8 11.02 8.89 9.19 -0.30 8.96 -0.07 
(Pz x P~) 9 2.25 12.06 11.31 0.75 11.90 0.16 

F2 (]71 x Pz) selfed 8 3.31 13.94 13.32 0.62 13.35 0.59 
(P2 x P1) selfed 9 1.89 13.76 13.32 0.44 13.35 0.41 

BC~ (P1 xP2) x]?l 9 2.66 12.56 12.26 0.30 12.47 0.09 
(]?2 • Pl) x 171 10 3.30 11.64 12.26 -0.62 12.47 -0.83 

BC 2 (P~ x 172) x Pz 8 1.21 14.31 14.38 --0.07 14.23 0.08 
(P2 x P~) x P2 7 8.30 14.19 14.38 -0.19 14.23 -0.04 

R 2 0.982 0.988 

7~ 2 7; 6 6.050 4.030 

Probability 0.50 0.75 0.50-0.75 

" Model 1 = m + [de] + [ht]; Model 2 = m + [de] + [d] + [ht] 
b Observed means, expected means from the model and the difference between the respective means (O-E) 
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Table 6. Comparison of the weighted least square estimates of 
the genetic parameters fitted to two genetic models and their 
relative contribution to the genotype sums of squares in the 
analysis of variance 

Genetic 
param- 
eter a 

Model 1 b Mode l  2 b 

Estimate % Geno- Estimate % Geno- 
type SS type SS 

m 10.25 _+ 0.23 10.43 • 0.23 
[de] 3.20 +_ 0.31 * 75.2 4.46 • 0.77 * 74.7 
[d] -1.17+_0.68 4.9 
[ht] 3.07 • 2 4 . 8  2.91+0.29" 20.4 

* Significant at the 1% probability level 
m, Mean effect; [de], additive endosperm; [d], additive em- 

bryo; [ht], dominance testa 
b Model 1 = m + [de] + [hp]; Model 2 = m + [de] + [d] + [hp] 

VD= --0.42+2.86 (t(152s)= --0.15, P>0.5) ,  VE=6.68_ 
0.40 (t(6o~)=16.67, P<0.001). Thus, most of the total 
genetic variance is due to additive gene action. Broad- 
and narrow-sense heritabilities for the mean germination 
time under salt stress were calculated to be 0.74+_ 0.03 
and 0.75_+ 0.03, respectively. 

Discussion 

Variance component analysis indicated that the superior 
germination performance exhibited by 'PI174263' in the 
presence of high salinity is under genetic control with the 
additive genetic component being the predominant gene 
action. Partitioning of the sources of genetic variance 
among generations into those attributed to the effects of 
embryo, endosperm, and maternal components suggest- 
ed that most of this additive gene action was attributable 
to endosperm rather than embryo effects on germination 
performance under salt stress. The single-factor weighted 
least squares regression analysis indicated that the contri- 
bution of embryo additive ([d]) effects to the total vari- 
ance among generations (53%, Table 4) was significantly 
smaller than that of endosperm additive ([de]) effects 
(73.8%, Table 4). Further inspection indicated that [d] 
and [de] were highly correlated and, therefore, the ob- 
served additive effects of the embryo must be due to the 
colinearity existing between these two components. The 
existence of colinearity can be seen from the contribution 
of a bifactor model (i.e., [d] + [de]) to the total variation 
(78.6%, Table 4) which is not significantly larger than the 
contribution of [de] alone (73.8%, Table 4). Further- 
more, addition of [d] to the most suitable bifactor model 
(i.e., [de] + [ht])in the order of[de] + [d] + [ht] indicat- 
ed that [d] accounted for only 4.9% of the extra genetic 
sums of squares (Model 2, Table 6) and that R 2 increased 
only by 0.6% over that of the bifactor model (Table 5). 

Maternal components were detected that significant- 
ly affected the germination responses under salinity 
stress. Reciprocal differences for germination perfor- 
mance under salinity were found in the F 1 generations. 
The response of the F 1 seed closely resembled that of the 
maternal inbred (i.e., maternal additive effects). In con- 
trast, differences were not observed between the recipro- 
cal BC or F 2 progenies (Table 2). I f  cytoplasmic factors 
were involved in germination performance, the recipro- 
cal F2s or BCs should have shifted towards the maternal 
parent. Clearly, then, the difference between reciprocal 
Fls was not due to cytoplasmic effects. Results of the 
single-factor weighted least squares regression analysis 
indicated that following endosperm additive effects, testa 
dominance effects had the most significant effects on seed 
germinability under high salinity stress (Table 4). Our 
finding of a modest, but significant effect of the testa on 
germination performance is consistent with previous 
findings that the testa presented a small mechanical resis- 
tance to radicle protrusion (Groot and Karssen 1987). 
Furthermore, the combination of these two maternal 
components (i.e., endosperm additive and testa domi- 
nance effects) could most adequately explain the genetic 
variance among generations (Tables 4 and 5). We con- 
clude from this analysis that the endosperm is the princi- 
pal site of genetic determinants controlling germination 
performance. Such results provide genetic support to re- 
cent hypotheses that metabolic events leading to germi- 
nation occur in the endosperm (Haigh and Barlow 1987; 
Groot and Karssen 1987; Groot  et al. 1988). Conversely, 
our results indicate that the embryo, in contrast to earlier 
suggestions (Liptay and Schopfer 1983), plays a minor 
role in determining germination behavior. Experimental 
tests to further evaluate the endosperm's role as the phys- 
iologically active component in germination responsive- 
ness are feasible. 

Within a formal genetic array, we observed a highly 
significant correlation between mean time to germination 
in the presence of salinity stress and that observed in the 
absence of stress. This high correlation is consistent with 
the suggestion that the genetic parameters that facilitate 
rapid germination under stress conditions may also con- 
tribute to improved responses under nonstress condi- 
tions. This indicates that the genetic controls operating 
have no undesirable effects on performance in the ab- 
sence of stress. Furthermore, in contrast to the uniformly 
small and comparable germination variances observed 
among the generations under non-stress, variances under 
salinity stress were generally much larger in magnitude 
and were also larger in segregating populations in com- 
parison to nonsegregating generations (Table 3). It fol- 
lows then that the two parents differed considerably in 
genes impacting upon favorable germination response 
under stress conditions where the expression of genotypic 
differences was more pronounced. Greater genetic vari- 
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ances in stress environments is one of  the more favorable 
si tuations for p lant  breeders (Rosielle and Hambl in  
1981), a l though it does not  appear  to be a common oc- 
currence (Johnson and Frey  1967; D a d a y  et al. 1973). 

The results of  this study clearly indicate that  the ma- 
jor  source of  var ia t ion among generations were en- 
dosperm effects that  were addit ively inherited. The in- 
volvement of  mainly additive genetic components  in ger- 
minat ion  performance under salt stress should facilitate 
selection efforts for improved salt tolerance in breeding 
programs.  Narrow-sense heri tabi l i ty can be described to 
be modera te ly  high and provides confidence that  reason- 
ably rapid  progress can be expected from selection for 
this trait  in early generations. Fur thermore ,  the signifi- 
cant  maternal  effects suggest that  in a breeding p rogram 
to improve salt tolerance at the germinat ion stage, the 
sal t- tolerant  parent  and progeny should preferably be 
used as the maternal  parent  in crosses. 
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