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Abstract

The seed coat treatments (mechanical scarification, boiling seeds for 4, 6, 8 and 10 minutes
and scarifying in concentrated sulfuric acid for 4, 8, 12, 16, 20 and 24 h) were tested to overcome
the seed coat impermeability and improve germination and early seedling growth characteristics of
Lupinus varius. Mechanical scarification provided rapid and highest imbibitions, germination
percentage and seedling establishment, and also the highest values of early seedling growth
characteristics. Embryos of L. varius could survive after boiling the seeds for 4, 6, 8 and 10 minutes
and final germination percentages were 68.3%, 80.0%, 71.7% and 63.3%, respectively. Boiling
treatments also improved some other germination and early seedling growth characteristics
compared with untreated seeds, but it was not completely able to overcome the seed coat
impermeability in any durations of boiling time. Concentrated sulfuric acid treatments increased
imbibitions and germination percentages and improved early seedling growth characteristics as the
duration of scarification time increased. However, shoot height and root length and their dry
weights decreased, and also abnormal geotropic growth occurred in radicles when seeds were
scarified in sulfuric acid for 20 and 24 h. Considering similarities in most of germination and
seedling growth characteristics, scarifying seeds in sulfuric acid for 12 or 16 hours was found as
alternative seed coat treatments to mechanical scarification. Results indicate that the seed coat
dormancy in L. varius is harder to overcome than those of other Lupinus species and seed coats are
not only impermeable but also might be heat resistant.

Introduction

Lupinus varius (Leguminosae), short to medium softly hairy annual, is native to
Mediterranean basin and to some regions of Anatolia, which have exact or partly
Mediterranean climatic characteristics (Chamberlain, 1965). The plant has attractive leaf
and flower shape and color, flowering and branching characteristics (Blamey & Gray-
Wilson, 1998; Burnie, 2000). Therefore it has been considered that Lupinus varius has
potential for use as a bedding plant or a new cut flower crop in respect to sustainable
landscaping approaches and needs for new cut flower crops.

Seeds of L. varius have impermeable seed coat dormancy that presumably is a part of
adaptation mechanism for species survival under Mediterranean rainfall regime
(Karaguzel et al., 2002). Under cultural conditions this dormancy results in the lack of
uniform germination, and seedling and subsequent plant growth, which restrict the use of
L. varius as a bedding plant or cut flower crop. Studies on Lupinus species showed that
some of the other species, genotypes and cultivars have similar seed coat dormancy and
mechanical or sulfuric acid scarification is needed to obtain uniform and rapid
germination, and hot water or boiling treatments can improve germination (Valenti et al.,
1989; Davis et al., 1991; Mackay et al., 1995; Mackay et al, 1996; Centenera et al.,
1999).
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Recent studies on germination of a native L. varius population from South Anatolia
(Gazipasa-Antalya) indicated that boiling seeds for two minutes and scarifying in
concentrated sulfuric acid for two hours did not provide adequate germination
percentages (38.9% and 31.1%, respectively) and mechanical scarification was the most
effective treatments to obtain uniform and rapid germination and seedling establishment,
whereas germination percentages in untreated seeds were 6.7% and 15.3% (Karaguzel et
al., 2002). However, mechanical scarification treatments have not been found practical
for large seed lots and it is still needed to investigate more effective seed coat treatments
on the germination of this native population of L. varius. The aim of this study was to
determine the effects of seed coat treatments on germination and early seedling growth
characteristics of L. varius native to South Anatolia.

Materials and Methods
General procedures

Seeds of Lupinus varius L., used in this study were collected from plants grown in
field plots at the Research and Application Station of Faculty of Agriculture, Akdeniz
University at Antalya (Turkey) in July 2001. They were dusted with 3a, 4, 7, 7a-
tetrahydro-2[(trichlor methyl) thio]-1H-isoindole-1, 3(2H)-dione (captan) and stored at
room temperature and relative humidity until the experiments commenced.

Seed coat treatments were:

1. Mechanical scarification: The scissors were used to cut a score (1-2 mm in diameter)
on the seed coat at the opposite site of hilum without causing any damage on cotyledons;

2. Boiling: 2-liter water heater in which water temperature could be kept at 100+2°C by
setting up the thermostat at 100°C was used. Each time 20 dry seeds in a small cellular
cotton bag were soaked in the hot water (100+2°C) for adequate time that was planned
for the experiments as a level of boiling treatment. At the end of the time, seeds were
taken out of the hot water and were rinsed with tap water four times to be cooled;

3. Acid scarification: Seeds were placed in concentrated (36 N) sulfuric acid (20 seeds
per 30 ml) for adequate time for each level of acid scarification treatments at 24°C and
then rinsed with distilled water several times.

In boiling and acid scarification treatments, after rinsing, the seeds were left to dry
out on the blotter paper on benches for 24 h at laboratory temperature before placing
them in Petri dishes or sowing in seed trays. Untreated (control) seeds were only counted
for each replicate of experiments before sowing without any pre-sowing treatment.

In the experiments, 11-cm Petri dishes containing three layers of blotter papers were
used and blotter papers were moistened with 10 ml distilled water before placing the
seeds. After the first watering, distilled water was used exclusively for moistening blotter
paper and it was applied as needed. In the experiment carried out in greenhouse, plastic
seed trays with 54 holes were used as the seed pad after filling with the mixture of peat
and perlite (2:1 by volume). The seeds were sown in germination medium with one seed
for each hole in 15 mm depth and watering was made by hand using tap water as needed.
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Specific experimental procedures

Expt. I: This experiment was conducted to determine the effects of certain level of
different seed coat treatments on imbibitions and germination percentages and to
investigate relationship between imbibitions and germination percentages during 120 h
testing period. Untreated (control) seeds, seeds scarified mechanically, seeds boiled for 6
minutes and seeds scarified in concentrated sulfuric acid for 12 h were placed in Petri
dishes and then Petri dishes were placed in an incubator in dark at 25+1°C. There were
three replicates of each treatment arranged in a single completely randomized block and
each Petri dish containing 20 seeds was one replicate. Imbibitions and germination were
measured and scored at 24 h intervals during 120 h testing period. The imbibitions were
calculated using the following formula:
Wi =(Wi-Wd)/Wd

where Wi and Wd were weights of imbibed and dry seeds, respectively (Baskin et al.,
1998). Germination was defined by the presence of a radicle at least 2 mm long (Mackay
etal., 1995).

Expt. 1I: In this experiment, the effects of different level of duration time of boiling and
sulfuric acid scarification treatments on some germination and seedling growth
characteristics were tested in comparison to mechanically scarification and untreated
seeds. Therefore, untreated (control) seeds, the seeds scarified mechanically, seeds boiled
for 4, 6, 8, and 10 min. and seeds scarified in concentrated sulfuric acid for 4, 8, 12, 16,
20 and 24 h were placed in Petri dishes. After that Petri dishes were placed in the growth
chamber under light (40.8 umols m? s PAR) provided with cool-white fluorescent
lamps for 12 h daily at 2442.4°C. Five days after sowing, covers of Petri dishes were
opened to provide upright growth of seedlings. The experiment was designed in a single
completely randomized block for each treatment with three replications and each Petri
dish containing 20 seeds was one replicate. During the experiment, germination was
recorded at 24 h intervals. Shoot height and root length were measured and samples were
prepared for dry weights at the end of 12 days testing period. Germination index and
mean germination time were calculated using the following formula:
Germination index (GI) = 2(Gt/Tt),

where Gt is the number of seeds germinated on day t and Tt is the number of days. Mean
germination time (MGT) = X Ti Ni/>Ni, where Ni is the number of newly germinated
seeds at time Ti (Alvarado et al., 1987; Ruan et al., 2002). Energy of germination and
germination percentage were recorded the 6™ and 12" day, respectively. Energy of
germination was the percentage of germinating seeds 6 days after sowing relative to the
number of seeds tested (Ruan et al., 2002). The shoots and roots of seedling were
separated by cutting tissues with razor blade on connecting lines that could be easily seen
with different color of stem and root tissues. Then the distances between cutting points
and tip of longest leaves and longest roots were measured as shoot height and root
lengths, respectively. Shoot (including cotyledons) and root samples were oven dried at
70°C for five days before weighing.

Expt. 111: After consulting the data obtained from Experiment Il, the effects of selected
seed coat treatments on seedling establishment, emergence and growth characteristics in
seed trays were tested. Untreated (control) seeds, the seeds scarified mechanically, seeds
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boiled for 4 and 6 min. and seeds scarified in concentrated sulfuric acid for 4, 8, 12 and
16 h were sown in plastic seed trays as described above and trays were placed in
greenhouse on 15 April 2002. Air temperature was recorded using thermograph for 15
days (until 1 May 2002) and mean minimum and maximum temperatures were 17.8+3.4
and 27.6+4.2°C, respectively. A single completely randomized block design for each
treatment with three replications was used, and 20 seeds assigned per replicate. Seedling
vigor index was calculated using the number of seedlings that had emerged by 5, 7, 9, 11
and 13 days after sowing as follows:

Seedling vigor index = number of seedlings emerged/number of days of first count +
number of seedlings emerged/number of days of second count +...+ number of seedlings
emerged/number of days of the last count.

Speed of emergence was calculated according to Ruan et al., (2002) by using
following equation:

Speed of emergence = number of seedling emerged 5 days after sowing/ number of
seedling emerged 13 days after sowing X 100.

Seedling establishment was the percentage of seedlings established 15 days after
sowing relative to number of seeds sown. Shoot height and root length and also shoot and
root dry weights were determined as the growth characteristics of seedlings at the end of
15 days period. Leaf score was defined as the development stage of cotyledons and
leaves (Ruan et al., 2002) and scaled as 0 = no emergence, 1 = cotyledons emerged on
the germination medium surface, 2 = first leaf developed, 3 = second leaf developed, 4 =
third leaf developed, 5 = fourth leaf developed. Shoot and root measurements were made
as described in the second experiment.
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Fig. 1. Effect of seed coat treatments on imbibitions (a) and germination percentage (b) of Lupinus
varius seeds. Each value is the mean of three replicate samples and vertical bars indicate SE when
lager than the symbol.
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Statistical analysis

Data obtained from the Experiment | are shown in graphs with error bars (sg). All
data from Experiment Il and Experiment Il were analysed using analyses of variance
(ANOVA) and Duncan’s multiple range test was used to compare means. Before using
ANOVA, percentages were transformed according to y = arcsin[sqr(x/100)].

Results
Imbibitions and germination (Experiment I)

Results indicated that seed coat treatments significantly affected imbibitions and
germination percentages of Lupinus varius seeds (Fig. 1a, 1b). The most rapid increase in
imbibitions was recorded in mechanically scarified seeds 24 h after sowing and this
treatment was followed by scarifying the seeds in sulfuric acid for 12 h and boiling for 6
min., respectively. Differences in imbibitions continued with gradually limited increases
in rates until the end of 120 h testing period (Fig. 1a). Despite this, increase in weights of
untreated (control) seeds was limited to 24 h after sowing and lowest at the end of testing
period.

First germination was observed in mechanically scarified seeds after 24 h. The time
required for first germinations was >24 h in seeds scarified in sulfuric acid for 12 h; >48
h in seeds boiled for 6 min., and about 72 h in untreated (control) seeds (Fig. 1b). While
highest germination speed in mechanically scarified seeds occurred during 24 and 48 h
after sowing, the seeds scarified in sulfuric acid for 12 h and boiled for 6 min. germinated
with higher increases in the percentage during 48 and 72 h and 48 and 96 h after sowing,
respectively. Germination increase in untreated (control) seeds were almost constant
during the testing period and final germination percentage was only 13.3%. At the end of
120 h testing period, the highest germination percentage (96.7%) was recorded in
mechanically scarified seeds. Scarifying in sulfuric acid for 12 h and boiling for 6 min.,
showed 86.7 and 66.7% final germination, respectively (Fig 1b). At the end of 120 h
testing period, there was significant linear regression (R* = 0.991) between imbibitions
and germination percentages (Fig. 2). Regression equation (y = 0.495x-18.882) in Figure
2 shows that higher imbibitions rates result in higher germination percentages.
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Fig. 2. Relationship between imbibitions and germination percentages in L. varius seeds.
Germination percentage was plotted as a function of imbibitions at the end of 120 h testing period.
A positive significant correlation (**:P<0.01) was observed.
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Germination and seedling growth responses in Petri dishes (Experiment I1)

Seed coat treatments significantly (P<0.001) affected germination and seedling
growth characteristics of L. varius. At the end of 12 days testing period, the highest final
germination percentage of 100.0% were recorded in mechanically scarified seeds and
seeds scarified in sulfuric acid for 24 h. The treatments including scarifying the seeds in
sulfuric acid for 20, 16, 12 and 8 h followed these treatments without significant
differences (Table 1). In boiling treatments, germination percentage increased by 80%
when seeds boiled for 6 min. However, final germination percentages decreased in seeds
boiled for 8 and 10 min., compared to boiling for 6 min., treatment and lowest
germination percentage (30%) was obtained in untreated (control) seeds.

The results related to energy of germination and germination index showed similar
differences to final germination percentages (Table 1). Therefore, the highest energy of
germination and germination index were counted in mechanical scarification treatment
and scarification of seeds in sulfuric acid for 24, 20, 16 and 12 h, respectively. Boiling
treatments increased the energy of germination and germination index compared to
control, but increases were not found adequate for rapid and uniform germination. The
lowest energy of germination and germination index were recorded in untreated (control)
seeds. As a main criterion for rapid germination, the shortest mean germination time was
counted in mechanically scarified seeds and seeds scarified in sulfuric acid for 16 h.
Boiling treatments did not significantly shorten the mean germination time compared
with untreated (control) seeds (Table 1).

The highest shoot height and root length, and shoot and root dry weight were
measured and weighed in mechanically scarified seeds, seeds scarified in sulfuric acid for
16, 12 and 8 h and seeds boiled for 6 min. without significant differences, respectively
(Table 1). The lowest values were counted in seeds boiled for 8 and 10 min., and seeds
scarified in sulfuric acid for 20 and 24 h and also untreated (control) seeds. In addition,
abnormal (spirally) geotropic growth in radicles was observed in the seeds scarified in
sulfuric acid for 20 and 24 h. Also, germination percentages of enlarged seeds were lower
in the seeds boiled for 8 and 10 min., although enlarged seeds could germinate about
100% in other treatments within a short period.

Seedling establishment and growth responses in seed trays (Experiment 111)

Analyses of data related to Experiment 111 showed that selected seed coat treatments
had significant (P<0.001) effect on seedling establishment and early growth
characteristics of Lupinus varius in seed trays under greenhouse condition (Table 2). All
seed coat treatments increased seedling vigor index, speed of emergence, seedling
establishment and leaf score compared with untreated (control) seeds. However, the
highest seedling vigor index, speed of emergence, seedling establishment and leaf score
values were counted in mechanically scarified seeds and seeds scarified in sulfuric acid
for 12 and 16 h (Table 2). Shoot height and dry weight in treated seed were higher than
those of untreated (control) seeds without significant (P>0.05) differences between seed
coat treatments. Root length was highest in mechanically scarified seeds and seeds
scarified sulfuric acid for 12 h. There were no significant differences among other
treatments. While the lowest root dry weight was recorded in untreated (control) seeds,
root dry weight in mechanically scarified seeds and seeds scarified in sulfuric acid for 12
h were higher than those of other seed coat treatments.
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Discussion

Results indicated that seeds of L. varius population native to South Anatolia had
impermeable seed coat dormancy, which was harder to overcome than those of other
Lupinus species. Breaking down impermeability of seed coat by means of scarification
methods or certain level of seed coat treatments resulted in considerable increase in
imbibitions and germination percentages (by 100%) in relatively short time. Similar seed
coat dormancy is reported in Lupinus hawardii, Lupinus angustifolius, Lupinus texensis,
Lupinus perennis, Lupinus hispanicus and many legumes (Davis et al., 1991; Mackay et
al., 1995; Mackay et al., 1996; Baskin et al., 1998; Centenera et al., 1999).

Mechanical scarification provided rapid and highest imbibitions, germination
percentage, seedling establishment and also the highest values of seedling growth
characteristics such as shoot height and root length, shoot and root dry weight and leaf
score (Fig. 1, Table 1 & 2). These results are similar to those reported for Lupinus
texensis (Davis et al., 1991), Lupinus hawardii (Mackay et al., 1995), Lupinus perennis
(Mackay et al., 1996), Lupinus hispanicus (Centenera et al., 1999) and Lupinus varius
(Karaguzel et al., 2002).

Boiling the seeds for 4, 6, 8 and 10 min., improved some germination, seedling
establishment and growth characteristics considered in the study compared with untreated
(control) seeds, but they did not completely overcome the seed coat impermeability in
any duration of boiling time (Fig. 1, Table 1 & 2). Placing of Lupinus texensis seeds in
hot (85°C) water and then cooling for 24 h promoted emergence compared to untreated
controls, but was less effective than other methods (Davis et al., 1991). Soaking the seeds
of Lupinus havardii in water for 24 h failed to promote seed germination regardless of
water temperature (Mackay et al., 1995). Boiling Lupinus hispanicus seeds for 240
seconds was not found as a useful treatment compared with mechanical scarification and
immersion in sulfuric acid (Centenera et al., 1999). Baskin et al. (1998) boiled Senna
marilandica and Senna obtusifolia seeds from 0 to 240 seconds and found that boiling for
>20 seconds was detrimental to seeds of Senna obtusifolia and only 6% of Senna
marilandica seeds boiled for 240 seconds germinated. Soaking in hot water and boiling
are mentioned as useful techniques for many members of Leguminosae, but the durations
of boiling or soaking times are critical (Macdonald, 1999). In this study, embryos of
Lupinus varius seeds boiled for 6 min., could survive and germinated by 80.0%, and also
germination percentages in seeds boiled for 8 and 10 min., were 71.7% and 63.3%,
respectively. These results allude to the fact that the seed coat of L. varius seeds is not
only impermeable but also might be heat resistant.

Scarifying the seeds in concentrated sulfuric acid increased imbibitions, and
improved germination, seedling establishment and growth characteristics of L. varius as
the duration of scarification time increased up to 16 h at 24°C (Fig. 1, Table 1 & Table
2). Some seedling growth characteristics such as shoot height and dry weight and root
length and dry weight decreased, and also abnormal (spirally) geotropic growth occurred
in radicles when seeds scarified in sulfuric acid for 20 and 24 h (Table 1). Results related
to efficiency of acid scarification on germination of other lupines are similar with
differences in the duration of scarification times required for optimal germination. The
length of the scarification time needed for optimum germination is 30 to 60 min. for
Lupinus texensis (Davis et al., 1991), 90 to 120 min. for Lupinus havardii (Mackay et al.,
1995), 45 min. for Lupinus perennis (Mackay et al., 1996) and 60 min. for Lupinus
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hispanicus hispanicus and Lupinus hispanicus bicolor (Centenera et al., 1999).
Scarifying the seeds of Lupinus varius in sulfuric acid for 120 min. resulted in 31.1% of
germination (Karaguzel et al., 2002). It would suggest that the duration of scarification
time needed for optimum germination in seeds of Lupinus varius native to South Anatolia
are longer (12 to 16 h) than those of other Lupinus species.
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