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Abstract. Osmotic priming of seed was evaluated as a means of improving stand establishment, early seedling growth, 
and yield of processing tomatoes {Lycopersicon esculentum Mill. cvs. UC204 and 6203). Seeds were primed in aerated 
solutions of 3% KN03 (w /v ) or of polyethylene glycol 8000 (PEG) of equivalent osmotic potential (-1 .25 MPa; 314 
g-kg-1 of water) at 20°C for 7 days, rinsed, and dried in forced air at 30°. Under laboratory conditions, seeds primed 
in either osmoticum germinated more rapidly than untreated seeds at 20° and 30°. At 10°, the PEG treatment was of 
little benefit for either variety, while the KN03 treatment still reduced the time to 50% germination to 60% to 80% 
of the control value. Priming did not affect the final germination percentage. Seedling emergence in the field was 
evaluated in March and April planting dates. In both trials, seedlings from primed seeds emerged earlier and more 
uniformly than seedlings from untreated seeds. Seedlings from primed seeds maintained greater mean plant dry 
weights, leaf areas, and ground cover percentages than untreated seedlings throughout the preflowering period. This 
advantage was due entirely to early emergence rather than to an increased relative growth rate. The early growth 
advantage from seed priming did not improve earliness of maturity, total yield, or soluble solids content of fruit.

Stand establishment is a critical stage of crop growth, partic-
ularly for direct-seeded tomato. Osmotic conditioning, or prim-
ing, of seeds has been shown to result in more rapid and uniform 
germination at suboptimal temperatures in laboratory and green-
house trials (4). Several studies have found that priming tomato 
seeds in solutions of potassium salts reduced the time to 50% 
germination, particularly at low temperatures (9, 10, 13, 17,
20). Hey decker et al. (15) and Rumpel and Szudyga (23) dem-
onstrated the effectiveness of the inert osmoticum PEG 6000 in 
treatments for improving the germination rate and uniformity of 
tomato seeds. Field trials in which the effects of seed priming 
on tomato seedling emergence have been tested indicate that 
seed priming can accelerate emergence (9, 13, 23, 30).

A major question remaining is whether early emergence due 
to the seed treatments will be followed by differences in growth 
rate, maturity date, total yield, or fruit quality. As a result of 
early emergence after priming, increased mean plant weights 
have been reported for carrot {Daucus carota L.), celery {Apium 
graveolens L.), onion {Allium cepa L.), and leek {Allium por- 
rum L.) (5, 7). Early maturity and increased yields due to rapid 
emergence from primed seeds have been noted in onion (19) 
and carrot (28), crops in which the vegetative organs are har-
vested. Early maturity has been observed in tomato crops es-
tablished by fluid drilling of pregerminated (12, 29) or 
osmoconditioned (30) seeds and recently has been reported for 
primed seeds planted by conventional techniques (3). In early 
work on seed hardening, Henckel (14) claimed that the pretreat-
ments enhanced photosynthetic activity per unit leaf area, lead-
ing to increased dry matter production and yield in several crops, 
including tomato. Increased leaf area duration due to early emer-
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gence might enhance yield or fruit solids content by increasing 
the amount of light intercepted by the canopy throughout the 
season (25). Mart’yanova et al. (21) reported that wetting and 
drying of tomato seed prior to planting more than doubled total 
fruit yield, primarily due to an increased average fruit weight. 
To investigate these possibilities, we determined seedling emer-
gence, relative growth rate, canopy development, and fruit yield 
and quality as influenced by osmotic priming of tomato seeds.

Materials and Methods
Seed material. Tomato seeds of ‘UC204’ and ‘6203’ were 

obtained from the Campbell Institute for Research and Tech-
nology, El Macero, Calif., and A.L. Castle, Inc., Morgan Hill, 
Calif., respectively. Seeds of each cultivar were primed in aer-
ated solutions (10 m l-g-1 of seed) of 3% KN03 (w/v) or of 
PEG 8000 of equivalent osmotic potential ( -1 .2 5  MPa; 314 
g-kg_ 1 of water) under fluorescent light at 20°C for 7 days. The 
moisture content of the seed batches was determined at the end 
of the priming treatment using the oven method (2 hr at 135°). 
Moisture content of the ‘UC204’ seeds primed in KN03 solution 
averaged 65.4% ± 1.5% (dry-weight basis), whereas the corre-
sponding value for ‘6203’ seeds was 70.7% ± 1.4%. A small 
proportion of seeds (<5%) germinated during the priming treat-
ment in the KN03 solution and were removed from the petri 
dishes prior to the germination tests. Seeds primed in PEG so-
lution attained 60.1% ± 1.3% and 62.4% ± 1.8% moisture 
content for ‘UC204’ and ‘6203’, respectively. Solute uptake by 
the seeds in KN03 solution apparently accounted for the dif-
ferences in final moisture content. The remaining primed seeds 
were rinsed thoroughly in distilled water and dried in a rotating 
forced-air dryer at 30° to a moisture content in the range of 6% 
to 7%. Controls were the untreated dry seed (6% moisture con-
tent) of each cultivar. The seeds then were stored at 6° and 30% 
RH until needed.

Laboratory germination. A germination test was performed 
1 month after priming to assess the effects of the priming treat-
ments. Seeds were placed on germination blotters in covered 9- 
cm petri dishes and wetted with 4.8 ml of distilled water. Each 
dish contained 100 seeds, and there were four replicate dishes
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per treatment. Dishes were put into polystyrene boxes lined with 
moist paper towel. The boxes were covered with black polyeth-
ylene and placed in incubators at 10°, 20°, and 30°C (±  1°). 
Radicle protrusion to 4 mm was scored as germination. Counts 
of the number of seeds germinated were made at 8-hr intervals 
until no further germination was observed. The mean time to 
germination (T50) was calculated from the equation:

E T A

Tso = 2  n . ;

where N{ is the number of newly germinated seeds at time Tx.
Field studies. Field plantings of primed and control seeds of 

each variety were established in a Yolo loam soil (Typic Xe- 
rorthent) at the Univ. of California, Davis, on two planting 
dates: 10 Mar. and 11 Apr. 1984. The same seed lots also were 
planted in sterilized potting soil in flats in a lathhouse where 
the soil temperature was allowed to fluctuate with the ambient 
conditions. Both field experiments were arranged in a split-plot 
design, with varieties as the main plots and the seed treatments 
as subplots. There were five and six replicates for the March 
and April plantings, respectively. Seeds were planted 3 cm deep 
with a planter previously calibrated to drop a known number of 
seeds per unit distance of row. These values were used to es-
timate the percentage of seeds planted that actually emerged. 
The individual plots were single 20-m rows on 1.5-m beds. Soil 
thermocouples were placed at seed depth to monitor soil tem-
peratures during emergence. Daily emergence counts were taken 
from a 5-m section of each plot, until no further emergence 
occurred. Seedlings were considered emerged when the coty-
ledons were unfolded. After emergence was completed, the 
seedlings were thinned to single plants, 20 cm apart.

Subsequent growth of the seedling shoots was followed at 
weekly intervals by harvesting a 1-m section of row on seven 
successive dates. Leaf area measurements were made with a LI- 
COR LI-3000 leaf area meter. The plant material then was oven- 
dried to a constant weight at 80°C. In addition, frequent non-
destructive measurements of canopy development were made 
for the KN03-treated and control plants (‘6203’ only) of the 
April planting. For each treatment, 30 random plants (five plants 
from each of six replicate plots) were measured throughout the 
season. Percent ground cover through day 50 was determined 
from photographs taken above the plants. Later in the season, 
the intercepted radiation was estimated by use of a line quantum 
sensor and a quantum meter.

Destructive harvests of 2-m sections of each plot occurred 
128 and 137 days after planting for the March experiment and 
112, 118, and 125 days after planting for the April experiment 
to assess possible differences in maturity between treatments. 
The harvested fruit were separated into red, green, and overripe 
classes and weighed. Soluble solids content and pH were de-
termined from samples from the ripe fruit of the final harvest.

Statistical analysis. Final germination percentages at 10°, 20°,
and 30°C were analyzed by analysis of variance (ANOVA) after 
arcsin of the square root transformation. Mean time to germi-
nation (T50) was used to characterize the germination responses 
of each seed lot as affected by priming and temperature. The 
distribution of seed germination events over time was not nor-
mally distributed, but positively skewed. Consequently, the time 
factor was log- (base 10) transformed, which resulted in nor-
mally distributed germination responses over time (27). T50 then 
was calculated for each replicate using the transformed values. 
Variances for the different priming treatments were homogenous

after this transformation (Bartlett’s test), allowing ANOVA for 
significance of treatment effects within each cultivar and tem-
perature.

Final emergence percentages were analyzed by ANOVA after 
arcsin of the square root transformation. Each planting date and 
cultivar was analyzed separately. Emergence percentages were 
calculated over the total number of seeds planted.

Field emergence time courses were analyzed by survival 
analysis (18), which describes the distribution of responses over 
time. The dispersion of emergence events over time intervals 
was characterized by three parameters: a) cumulative emergence 
curve or proportion of seeds emerged after each interval out of 
the total number of seeds planted; b) the probability density 
function, which estimates the probability for a seed to emerge 
in a given time interval and is equivalent to the slope of the 
cumulative emergence curve (26); and c) time to 50% emer-
gence (T50), determined by linear interpolation. The kinetic 
properties (probability density and T50) of each treatment were 
estimated on the basis of the population of emerged (viable) 
seeds. All seeds that failed to emerge by the end of the emer-
gence period were assumed to be dead. The mean U scores 
computed using a Wilcoxon test were used to rank treatment 
performance; more negative mean U scores indicate faster emer-
gence (26).

Growth. The method of orthogonal contrasts was used to 
characterize the patterns of response of the logarithms of leaf 
area, shoot dry weight, or percent ground cover over successive 
dates. For each plot, the pattern of response was described by 
three statistically independent quantities: the overall mean, the 
slope of the linear regression (relative growth rate), and a qua-
dratic contrast that measured the deviation from linearity. Treat-
ment effects for each parameter then were tested by ANOVA.

Differences in earliness and total yield due to treatment and 
cultivar were tested for significance by ANOVA.

Results
Laboratory germination. Priming treatments did not influence 

significantly the final germination percentage of either cultivar 
in laboratory tests (data not shown). Final germination percent-
age was slightly higher for ‘UC204’ (98%) than for ‘6203’ (95%), 
although not significantly so.

When germinated at 20° or 30°C, priming reduced the T50 
for germination to 33% (KN03) and 50% (PEG) of control 
values for ‘UC204’ and to 44% (KN03) and 60% (PEG) of 
control values for ‘6203’ (Table 1). The KN03 treatment con-
sistently resulted in the most rapid germination. At 10°, the PEG 
treatment was of little benefit for either variety, while the KN03 
treatment still reduced the T50 to 80% (‘UC204’) or 60% (‘6203’) 
of the control value (Table 1).

Emergence. Average daily soil temperatures at seed depth 
during the emergence period were between 12° and 17°C for 
the March planting, and between 12° and 22° for the April 
planting. In March, the soil temperatures were fairly consistent
throughout the emergence period, while, in April, a warm pe-
riod immediately after planting was followed by a prolonged 
period of cold, wet weather.

Seeds planted in flats of sterilized soil in a lathhouse (to 
experience ambient temperatures similar to those in the field, 
but without disease or soil structure stresses) emerged more 
rapidly when primed than when untreated (Table 2). As in the 
laboratory germination tests, the KN03-primed seeds emerged 
most rapidly, but the relative differences between treatments 
were reduced.
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Table 1. Mean time to germination for primed (KN03, PEG) and 
untreated (control) ‘UC204’ and ‘6203’ tomato seeds at 10°, 20°, 
and 30°C.

Mean time to germination (hr)7
Germination temperature (°C)

Cultivar Treatment 10 20 30
UC204 k n o 3 436 by 26 b 17 c

PEG 735 a 34 b 30 b
Control 530 a 69 a 59 a

6203 k n o 3 396 b 33 b 18 b
PEG 619 a 44 b 31 a
Control 655 a 75 a 47 a

7 Data are expressed as the antilog of the mean log hours to germi-
nation.

-v Values within each temperature and cultivar separated by protected 
l s d  test of log T50 values, P = 5%.

Table 2. Mean emergence times (T50) for primed (KN03, PEG) and 
untreated (control) ‘UC204’ and ‘6203’ tomato seeds planted in a 
lathhouse in Mar. and Apr. 1984.

Time to 50% of the final
emergence (days)

Cultivar Treatment March April
UC204 k n o 3 13.5 a7 10.8 a

PEG 14.3 ab 11.9 b
Control 15.1 b 13.0 c

6203 k n o 3 12.0 a 10.4 a
PEG 12.8 b 11.3 b
Control 14.2 c 14.1 c

7 Values within each cultivar and planting date separated by protected 
l s d  test, P = 5%.

Differences in final emergence percentage in the field due to 
the priming treatments were seen only in the April planting, 
where priming with either KN03 or PEG increased percent 
emergence for the ‘6203’ cultivar but not for ‘UC204’ (Table
3). The time required for emergence was reduced by priming 
with either KN03 or PEG at both planting dates (Table 3). As 
in the laboratory and lathhouse tests, the KN03 treatment con-
sistently resulted in the shortest time to emergence. The kinetic 
parameters of emergence within a planting date did not differ 
significantly between cultivars; therefore, detailed results will 
be discussed only for ‘6203’ for each planting date.

In the March experiment, emergence began on day 8 for the 
KN03-primed seeds, but was delayed until day 12 for the con-
trol seeds (Fig. 1 A). Emergence rate (characterized by the prob-
ability density function) showed two peaks, with maxima for 
primed seeds occurring on days 11 and 14, and for control seeds 
on days 12 and 15 (Fig. IB). This pattern was associated with 
cool weather around day 12, which slowed emergence. Seed-
lings from primed seeds emerged earlier and more uniformly 
than untreated seedlings in the April planting also (Fig. 2). By 
the 7th day after planting, none of the seedlings from untreated 
seeds had emerged, while seedlings from KN03- and PEG- 
treated seeds had reached 54% and 44% emergence, respec-
tively (Fig. 2A). Emergence rate of primed seeds peaked on 
day 6, while control seeds had a lower maximum emergence 
rate, which was delayed until day 10 (Fig. 2B). The rapid ger-
mination of the primed seeds resulted in emergence during warm 
weather immediately following planting, while control seeds 
had not emerged and subsequently were delayed further by cold

Table 3. Field emergence responses for primed (KN03, PEG) and 
untreated (control) ‘UC204’ and ‘6203’ tomato seeds planted in Mar. 
and Apr. 19847.

Planting
date Cultivar Treatment

Final
emergence

(%)
Tso

(days)
Mean 

score (U)
March UC204 k n o 3 53.8 ay 14.2X -158  aw

PEG 57.5 a 14.1 -185  a
Control 55.4 a 15.2 428 b

6230 k n o 3 52.7 a 12.3 -5 1 6  a
PEG 52.5 a 14.5 -107  b
Control 50.3 a 15.8 462 c

April UC204 k n o 3 85.6 a 6.8 -  1866 a
PEG 87.1 a 7.3 -  1086 b
Control 81.9 a 10.4 3121 c

6203 k n o 3 69.3 a 6.7 -  1449 a
PEG 70.9 a 6.9 -7 3 0  b
Control 42.0 b 10.8 3036 c

7 Values are based on emergence counts in 5-m plots and are the means 
for five (March) and six (April) replications. 

y Values within each planting date and cultivar separated by protected 
l s d  test of arcsin-transformed values, P = 5%. 

x Significance of mean differences shown by U score in next column. 
w More negative U score values indicate faster emergence. Significant 

differences by Wilcoxon test, P <  0.05.

weather. Nonparametric comparisons (mean U scores) indicated 
that the emergence distribution for each seed lot differed sig-
nificantly from that of the other two (Table 3). With the excep-
tion of ‘UC204’ in the March trial, the KN03-treated seeds had 
significantly shorter emergence times than the PEG-treated seeds 
and controls, while PEG-treated seeds had intermediate emer-
gence rates.

Growth. Plant growth, characterized by leaf area (LA) and 
dry weight (DW), followed essentially the same pattern of re-
sponse for both cultivars and planting dates. Although cultivar 
means for DW and LA were significantly different for both 
planting dates, there was no interactive effect between cultivars 
and treatments for either parameter (data not shown). In the 
March experiment, the average DW of ‘6203’ (early season 
cultivar) over the period ranging from day 39 to day 64 was 
34% above the corresponding DW of ‘UC204’ (mid- to late 
cultivar), and in the April trial, 50% greater than ‘UC204’ over 
the period ranging from day 30 to day 44. Averaged over both 
planting dates, cultivar ‘6203’ had 43% more leaf area than 
‘UC204’ during the period considered.

Growth of the plants from primed seeds exceeded that of the 
corresponding controls throughout the period prior to flowering 
(Fig. 3). The rate of growth was more rapid in April than in 
March due to higher temperatures, but the response to the seed 
treatments was similar in the two plantings. After natural log- 
transformation, the DW and LA data for each plot were fitted 
to a linear model. For all treatment combinations, the slopes 
accounted for 95% to 99% of the total variability, indicating 
that growth was log-linear. However, there were no significant 
differences among the slopes, indicating that the relative growth 
rates were unaffected by the seed treatments. The significant 
differences that were detected in DW and LA due to seed treat-
ments were entirely due to differences in emergence date.

Comparable results were obtained for canopy development: 
plants from primed seeds had larger canopies than the controls 
from day 22 to day 69 (Fig. 4), with the most-pronounced dif-
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DAYS AFTER PLANTING
Fig. 1. Distribution of ‘6203’ tomato emergence responses in a field 

planting in Mar. 1984. The priming treatments were in 3% (w/v) 
KN03 and — 1.25 MPa PEG 8000. (A) Cumulative emergence time 
courses of primed and untreated tomato seedlings based on total 
number of seeds planted. (B) Emergence rates expressed as proba-
bility density functions derived from the curves of A and based on 
the number of emerged seedlings. The emergence rate of each treat-
ment differed significantly from that of the other two (see Table 3).

ferences occurring early in plant development. However, the 
relative rates of canopy expansion (slopes of the regression lines) 
did not differ (Fig. 4 inset).

Yield. Although the DW and percent ground cover of the 
primed seedlings was greater than for the controls during the 
early growth phase, no significant differences in earliness of 
maturity, fruit yield, or total aboveground plant DW were ob-
served due to seed treatments (data not shown). Fruit soluble 
solids content and pH were not affected by the seed treatments.

Discussion
The results presented here confirm that, under laboratory con-

ditions, tomato seeds primed in KN03 or PEG solutions can be 
dried back after pretreatment and still exhibit significantly re-
duced germination times relative to unprimed seeds. The pro-
motive effect of seed priming was evident even at germination 
temperatures of 20° and 30°C, which are not considered stressful 
for tomato seeds. At the suboptimal temperature of 10°, only 
the KN03-primed seeds still exhibited enhancement due to 
priming. Although the primary effect of KN03 or PEG is to 
regulate the osmotic potential of the solution and prevent ger-
mination during the treatment, the KN03-primed seeds consis-
tently exhibited the most rapid germination (Table 1). These 
results are in agreement with those of Bussell and Gray (9), 
who found that solutions of KNQ3 + K3P04 were more effec-

5 10 15 2 0

□AYS AFTER PLANTING
Fig. 2. Distribution of k6203’ tomato emergence responses in a field 

planting in Apr. 1984. (A) Cumulative emergence. (B) Probability 
density. For details see Fig. 1. The emergence rates of each treatment 
differed significantly from that of the other two (see Table 3).

tive than PEG solutions in reducing the time to germination of 
tomato seeds. On the other hand, Rumpel and Szudyga (23) 
observed increased seedling emergence from primed tomato seeds, 
but found no difference between PEG and KN03 T- K3P04 as 
osmotica. Penetration of ions into the seeds was suggested as 
causing deleterious effects of KH2P04 treatment on germination 
of celery, leek, onion, and carrot seeds (6). Tomato seeds may 
be more tolerant of ion accumulation than are other seeds, as 
embryo K content is increased by 25% in tomato seeds primed 
in KN03 (K.J.B. and G.R. Cramer, unpublished data).

Seed priming significantly decreased the mean time to emer-
gence in the field (Table 3; Figs. 1 and 2), in agreement with 
the results of Haigh et al. (13). As in the laboratory and lath- 
house tests (Tables 1 and 2), seeds primed with KN03 as the 
osmoticum consistently exceeded the performance of PEG-treated 
seeds (Figs. 1 and 2). In spite of the early emergence of primed 
seeds, increased final emergence percentage was observed only 
in April for ‘6203’, indicating that the risks associated with 
seedling establishment were not reduced in general as a result 
of shorter periods of exposure to adverse factors. Earlier seed-
ling emergence from primed seeds compared to control seeds 
has been associated with improved stands in some studies (23), 
but not in others (13).

Seedlings from primed seeds achieved earlier canopy expan-
sion than did control seedlings, resulting in greater leaf area and 
greater mean plant weights throughout the exponential growth 
period (Figs. 3 and 4). These results agree with those of Wolfe 
and Sims (30), who found that the advantage in emergence date 
in PEG-treated tomato seeds was maintained through early leaf
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25  35  45 55  65 75 85

DAYS AFTER PLANTING
Fig. 3. Shoot leaf areas (top) and dry weights (bottom) as influenced 

by priming of ‘6203’ tomato seeds in March and April plantings.

Fig. 4. Canopy expansion of ‘6203’ tomato seedlings as influenced 
by seed priming treatments. Percent ground cover was determined 
on KN03-primed and control plants. Through day 50, measurements 
were taken from photographs. From day 57 through day 109, a 
quantum sensor was used to estimate canopy cover from light inter-
ception measurements. (Inset) In percent cover through day 44. The 
regression lines for the two treatments have significantly different 
means, but identical slopes.

development (26 days after planting). It also concurs with re-
sults obtained for several other vegetable crops (5), where in-
creased plant weights from primed seed resulted from early 
seedling emergence. However, priming treatments had no sig-
nificant effect on the relative growth rate. Extension of the linear

growth phase allowed the control plants to “ catch up,” resulting 
in no difference in final light interception due to priming (Fig.
4). There was also no increase in total dry matter production, 
harvestable yield, or fruit soluble solids content due to the treat-
ments. A direct relationship between leaf area duration and total 
biomass production has been documented for many crops (1, 
22, 25). Integration under the curves of Fig. 4 indicates that 
total light interception over the season differed by only 2% 
between the treatments. Thus, the advantage in leaf area dura-
tion due to 4 days earlier emergence was small relative to the 
total seasonal light interception. In addition, if the photosyn-
thetic capacity of processing tomatoes is ample, as suggested 
by Hewitt and Marrush (16), an increase in leaf area duration 
might not increase yield of fruits, although total dry matter 
production might still increase.

Although flowering occurred earlier in primed plots than in 
control plots (data not shown), this was not reflected in earlier 
fruit maturity. The similarity of maturity dates was likely due 
to hot weather, which advanced ripening by as much as 2 weeks 
and compressed the spread of harvests among different planting 
dates. In addition, extremely high temperatures at flowering 
greatly reduced initial fruit set, where the advantage due to 
priming would have been most evident. In crops with relatively 
short growth periods from which the vegetative organs are har-
vested, earlier emergence of primed seeds relative to untreated 
seeds has resulted in earlier maturity or increased yields—i.e., 
carrots (2, 5, 24, 28), onions (5, 18), and lettuce (11). In to-
matoes, 7- to 8-day reductions in T50 due to fluid drilling of 
pregerminated (29) or primed (30) seeds resulted in 10% to 12% 
increases in the percentage of red fruit at harvest but no signif-
icant increases in total yield. Considerable reductions in emer-
gence time are apparently required in tomato to realize earliness 
at maturity due to the long period of growth and the requirement 
for pollination and fruit set (8, 12).

Literature Cited
1. Allen, E.J. and R.K. Scott. 1980. An analysis of growth of the 

potato crop. J. Agr. Sci. 94:583-606.
2. Austin, R.B., P.C. Longden, and J. Hutchinson. 1969. Some 

effects of hardening carrot seed. Ann. Bot. 33:883-895.
3. Barlow, E.W.R. and A.M. Haigh. 1986. Effect of seed priming 

on the growth and yield of UC82B tomatoes in the field. 
HortScience 21:827. (Abstr.)

4. Bradford, K.J. 1986. Manipulation of seed water relations via 
osmotic priming to improve germination under stress conditions. 
HortScience 21:1105-1112.

5. Brocklehurst, P.A. and J. Dearman. 1983. Interactions between 
seed priming treatments and nine seed lots of carrot, celery and 
onion: II. Seedling emergence and plant growth. Ann. Applied 
Biol. 102:585-593.

6. Brocklehurst, P.A. and J. Dearman. 1984. A comparison of dif-
ferent chemicals for osmotic treatment of vegetable seed. Ann. 
Applied Biol. 105:391-398.

7. Brocklehurst, P.A., J. Dearman, and R.L.K. Drew. 1984. Ef-
fects of osmotic priming on seed germination and seedling growth 
in leek. Scientia Hort. (Amsterdam) 24:201-210.

8. Bussell, W.T. 1980. Emergence and growth of tomatoes after 
sowing chitted and untreated tomato seed. J. Expt. Agr. 8:159- 
162.

9. Bussell, W.T. and D. Gray. 1976. Effects of pre-sowing seed 
treatments and temperatures on tomato seed germination and 
seedling emergence. Scientia Hort. (Amsterdam) 5:101-109.

10. Ells, J.E. 1963. The influence of treating tomato seed with nu-
trient solutions on emergence rate and seedling growth. Proc. 
Amer. Soc. Hort. Sci. 83:684—687.

J. Amer. Soc. Hort. Sei. 112(3):427-432. 1987. 431

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-01 via O
pen Access. This is an open access article distributed under the C

C
 BY-N

C
-N

D
license (https://creativecom

m
ons.org/licenses/by-nc-nd/4.0/). https://creativecom

m
ons.org/licenses/by-nc-nd/4.0/



11. Gray, D. and J.R.A. Steckel. 1976. The effects of pre-sowing 
seed treatments on the germination and emergence of lettuce seeds 
at high salt concentrations. Scientia Hort. (Amsterdam) 5:1-9.

12. Gray, D., J.R.A. Steckel, and J.A. Ward. 1979. The effects of 
fluid sowing pre-germinated seeds and transplanting on emer-
gence, growth and yield of outdoor bush tomatoes. J. Agr. Sci. 
93:223-233.

13. Haigh, A.M., E.W.R. Barlow, F.L. Milthorpe, and P.J. Sinclair. 
1986. Field emergence of tomato, carrot, and onion seeds primed 
in an aerated salt solution. J. Amer. Soc. Hort. Sci. 111:660- 
665.

14. Henckel, P.A. 1964. Physiology of plants under drought. Annu. 
Rev. Plant Physiol. 15:363-386.

15. Heydecker, W., J. Higgins, and R.L. Gulliver. 1973. Acceler-
ated germination by osmotic seed treatment. Nature (London) 
246:42-44.

16. Hewitt, J.D. and M. Marrush. 1986. Remobilization of nonstruc- 
tural carbohydrates from vegetative tissues to fruits in tomato. J. 
Amer. Soc. Hort. Sci. 111:142-145.

17. Koehler, D. 1967. Studies on a treatment hastening germination 
of tomato seeds. MS Thesis. Purdue Univ. West Lafayette, Ind.

18. Lee, E.T. 1980. Statistical methods for survival data analysis. 
Wadsworth, Lifetime Learning Publications, Belmont, Calif.

19. Lipe, W.N. and J.A. Skinner. 1979. Effect of sowing preger-
minated onion seeds in cold soil on time to emergence, maturity 
and yield. HortScience 14:238-239.

20. Malnassy, P.G. 1971. Physiological and biochemical studies on 
a treatment hastening the germination of seeds at low tempera-
tures. PhD Diss., Rutgers Univ., New Brunswick, N.J.

21. Mart’yanova, K.C., Z.P. Gubanova, and V.K. Zhurikin. 1961.

Presowing drought hardening of tomatoes under production con-
ditions. Soviet Plant Physiol. 8:509-510.

22. Nyabundi, J. 1985. Water stress effects on biomass production 
and partitioning in processing tomatoes. PhD Diss., Univ. of 
California, Davis.

23. Rumpel, J. and I. Szudyga. 1978. The influence of pre-sowing 
seed treatments on germination and emergence of tomato ‘New 
Yorker’ at low temperatures. Scientia Hort. (Amsterdam) 9:119- 
125.

24. Salter, P.J., LE. Currah, and J.R. Fellows. 1981. Studies on 
some sources of variation in carrot root weight. J. Agr. Sci. 
96:549-556.

25. Scott, R.K., S.D. English, S.D. Wood, and M.H. Unsworth. 
1973. The yield of sugarbeet in relation to weather and length of 
the growing season. J. Agr. Sci. 81:339-347.

26. Scott, S.J. and R.A. Jones. 1982. Low temperature seed ger-
mination of Lycopersicon species evaluated by survival analysis. 
Euphytica 31:865-889.

27. Scott, S.J., R.A. Jones, and W.A. Williams. 1984. Review of 
data analysis methods for seed germination. Crop Sci. 24:1172— 
1174.

28. Szafirowska, A., A.A. Kahn, and N.H. Peck. 1981. Osmocon- 
ditioning of carrot seeds to improve seedling establishment and 
yield in cold soil. Agron. J. 73:845-848.

29. Taylor, A.G. 1977. Comparative performance of pregerminated, 
high moisture content and dry vegetable seed in greenhouse and 
field studies. J. Seed Technol. 2:52-61.

30. Wolfe, D.W. and W.L. Sims. 1982. Effects of osmoconditioning 
and fluid drilling of tomato seed on emergence rate and final 
yield. HortScience 17:936-937.

J. Am e r . So c . Ho r t . Sc i . 112(3):432-436. 1987.

Salinity Effects on Asparagus Yield and Vegetative 
Growth
L.E. Francois1
U.S. Salinity Laboratory, Agricultural Research Service, U.S. Department of Agriculture,
Riverside, CA 92501
Additional index words. Asparagus officinalis, salt tolerance, seedling growth, germination, osmotic potential, total 
soluble solids
Abstract. The effect of salinity on germination, first-year growth, and spear and fern yield of asparagus {Asparagus 
officinalis L.) was determined in germination dishes, crocks, and field plots, respectively. Saline treatments were 
imposed by irrigating with water that contained equal weights of NaCl and CaCl2. Spear yield was reduced 2.0% for 
each unit increase in salinity above 4.1 dS- m1. Yield reduction was attributed primarily to a reduction in individual 
spear weight. Mature asparagus plants would be considered the most salt-tolerant crop commercially available. 
Asparagus possessed nearly the same salt tolerance for germination and spear production with soil salinities <7.2 
dS- m1. Above 7.2 dS m 1, germination was less salt-tolerant. First-year growth was significantly more salt-sensitive 
than growth in subsequent years.

Asparagus (Asparagus officinalis L.) has been found growing 
wild in so many places that its place of origin is doubtful. 
However, there seems to be a consensus that it originally was 
native to the eastern Mediterranean seacoast of Europe, North 
Africa, and Asia (1, 8). Recorded history indicates that it has 
been cultivated in this region for more than 2000 years. The
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must be hereby marked advertisement solely to indicate this fact.
'Research Agronomist.

Roman historian, Marcus Porcus Cata, wrote a full-length dis-
course on asparagus cultivation in his De Re Rustica in about 
161 BC (16). Not only was it prized as a food but was valued 
for its medicinal properties as well. Supposedly it could cure 
everything from bee stings to heart trouble and toothaches (8).

Asparagus is believed to have been introduced into the United 
States by the immigration of Huguenots from France in the 1600 
and 1700s (16). However, it was not grown commercially until 
about 1850 to 1860. Today, it has become one of the most 
important perennial vegetable crops grown in the United States 
( 8) .

In the early days of its cultivation in the United States, the 
application of salt on asparagus fields was nearly universal. 
Apparently, gardeners believed that since asparagus was native
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