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ABSTRACT

The inhibition of seed germination by an allelochemical is generally
greater in small seeds than in large seeds. This response may have significant impact
on weed control by allelopathic cover crops, where the small-seeded weeds would be
more effectively controlled than large-seeded species. The studies reporting these
results used a large number of plant species that varied in seed size, which might have
introduced differences in germination characteristics or various parameters required
for growth and emergence. One approach to avoid factors associated with the use of a
mixed seed size population is to separate a large population of seeds from a single
species into various size classes. This allows the analysis of the effects of a given
allelochemical directly as a function of seed size. Here, hairy vetch (Vicia villosa
Roth.) seeds were separated into three classes based on their seed weight (large, 54
mg; medium, 40 mg; and small, 26 mg) and compared their germination response to
coumarin at 10 and 10° M. There was no significant difference in germination to 10"
> M coumarin with respect to seed size. However, germination was reduced and
delayed in seeds exposed to 10° M coumarin, and this effect was more noticeable in
the small seed class. Expressed as a percent of control, germination for large, medium
and small seeds was 72, 76, and 55% respectively and germination of small seeds was
also delayed by two days. These results confirm that small seeds are more sensitive to
an allelochemical and this sensitivity is selective within a species with respect to small
versus large seed. If expressed by a cover crop, this selection pressure could have
significant impact on the weed community over time.

Key words: Allelochemical, germination inhibition, hairy vetch, seed size, seed
weight, small seed sensitivity, Vicia villosa.

INTRODUCTION

Smaller seeds appear to be more sensitive to allelochemicals than larger seeds
(10). These authors showed that as the concentration of methyl-isothiocyanates solutions
increased, germination decreased in regards to seed size; i.e., small seed germination was
inhibited at a lower concentration than larger seeds. For example, at 5 mg L’
concentration the germination of small seeded smooth pigweed was 48%, while that of
larger seeded wheat was 95% (10). Similar results were reported by Liebman and
Sundberg (8) who observed a general decline in germination and radicle inhibition
concomitant with a decrease in seed size of a large number of species. Although the
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difference noted in small versus large seed response to allelochemicals is generally
accepted in the allelopathy literature, there is still the problem as to amount of solution
used in the bioassay in these types of studies.

As the seed size changes, e.g. from the relatively large [Corn (Zea mays L.) or
soybean (Glycine max (L.) Merr.) seeds to the smaller smooth pigweed (Amaranthus
hybridus L.)] seeds, the amount of solution available for the seed to imbibe during the
bioassay varies. As the seed size increases the amount of solution per unit volume of seed
decreases, reducing the amount of allelochemicals available to the individual seed (11).
Most researchers avoid this problem by increasing the amount of solution used in the
bioassay as the seed size increases, or reducing the number of large seeds in the bioassay
than number of small seeds used (4).

The variation in seed size also poses a problem. To obtain a range in seed sizes,
many species are used in the study with differences in the seed weights over several orders
of magnitude. For example, the mean seed weight for soybean, velvetleaf (Abutilon
theophrasti Medik.), johnsongrass (Sorghum halepense (L.) Pers.) and smooth pigweed are
114, 9, 4, and 0.3 mg, respectively, which is nearly a 400-fold difference in seed size.
When we use several species, we may be including other factors that may or may not be
related to seed size; seed quality or rate of germination for example. Also in setting up a
germination bioassay to study the effects of an allelochemicals, or an extract of a suspected
allelopathic plant, the experimental conditions used should be optimum for the test species,
which is difficult when numerous test species are used (4).

One approach to see if seed weight does effect the germination response would be
to separate the seed within a species by size. This would eliminate part of the problems
identified above, especially the use of several different species to obtain a range in seed
weights. However, the range in seed weight will be narrower than that obtained in the
studies cited above. Also when separating a seed population into class sizes the
germination characteristics of the subpopulations may be different from the parent
population. It is common for the larger seed to have better seed quality and more vigorous
seedlings than smaller seed (3,5).

Here, a hairy vetch seed sample was separated into three different seed
size/weight classes. The effect of coumarin on the germination of these different size hairy
vetch seed subsamples was tested to determine if there is an interaction between the seed
size and the effectiveness of an allelochemical. Coumarin was selected as the test
compound because it is a very good germination inhibitor (12) and has been implicated as
the active compound in allelopathy studies (1,2).

MATERIALS AND METHODS

Hairy vetch seed were obtained from a commercial source."* One-thousand seed
weight (TSW), moisture content and mean diameter were determined for the bulk seed.
TSW was determined by weighing three separate samples of 50-seeds each. After
determining the fresh weight of the seed lots, the seed were dried (50 ‘C for 72 h) and

! Ernst Conservation Seeds LLP, Meadville, PA, USA.

% Mention of trade names or commercial products in the publication is solely for the purpose of providing
specific information and does not imply recommendation or endorsement by the U.S. Department of
Agriculture.
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weighed. Percent moisture was calculated by ((fresh weight — dry weight)/fresh weight) x
100). For the bulk seed, mean seed diameter was determined by measuring 100 randomly
selected seed to the nearest 0.1 mm with a digital caliper.’ Based on preliminary
measurements of the bulk seed and earlier separation trials, it was determined that the bulk
seed could be separated into three class sizes by carefully screening the seed using
standard sieves.* Damaged and deformed seeds were removed during the screening
process. TSW of each class size was determined as above. For seed classes the arithmetic
mean diameter, geometric mean diameter, and sphericity were determined by measuring
50 randomly selected seed from each class size. Maximum seed length and width were
measured across two horizontal axes at right angles to each other, while seed depth was
measured along a vertical axis using the depth gauge on the digital caliper. Each
measurement was made to the nearest 0.1 mm. By definition, length (a), width (b) and
depth (c) were ranked from the largest to smallest dimension of the seed, (i.e. ‘a’ was
always the largest dimension of the seed) (9).

Arithmetic mean diameter, geometric mean diameter and sphericity were
calculated according to Mohsenin (9) where arithmetic mean diameter (Da), Geometric
mean and Sphericity were calculated as under:

Arithmetic mean Da=(a+b+c)/3 [i]
Geometric mean Dg = (abc)“3 [ii]
Sphericity ¢ =[(abc)"] /a [iii]

All germination tests were done in dark at 20 ‘C; seeds were only exposed to
light during the time necessary to count and remove germinated seed. For each test, 30
seeds were placed on one sheet of Whatman No. 3 filter paper in a 9-cm glass petri dish
wetted with 8 mL distilled water or test solution. Seed germination, defined as radicle
extension of 2 mm or greater, was recorded daily for 5 days. Germinated seeds were
removed from the petri dish. Germination tests were conducted on both the bulk seed and
the seed size classes to determine percent and rate of germination. A 10 M coumarin’
stock solution was prepared with distilled water with slight warming and gentle stirring to
dissolve the chemical. A 10” M solution was made by appropriate dilution of 10° M stock.
Fresh coumarin solutions were prepared for each experiment.

A preliminary germination test using distilled water as the wetting medium was
conducted on the three seed sizes of hairy vetch screened from the bulk seeds. Thirty
seeds were placed on one sheet of filter paper in a 9-cm petri dish and wetted with 8 mL
distilled water. The dishes were placed in dark at 20 °C and checked daily for germination.
The experiment was in a randomized block design with three replications per seed size.
Analysis of variance was performed using Excel statistical data analysis software.

To test for interaction between the seed size and coumarin, a germination study
was conducted using 3-seed-sizes (large, medium and small) and 2 levels of coumarin
(10'3 M and 107 M). The germination test was conducted as outlined above. The

* Oshlun Inc., Henderson, NV, USA.

4U.S.A. Standard Test Sieve, Hogentogler and Co., Inc., Columbia, MD, USA.
5 Sigma-Aldrich Corp., St. Louis, MO, USA.

® Microsoft Corp., Redmond, WA, USA.110
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experimental design was randomized block with three replications [three seed sizes x three
coumarin levels (distilled water control, 10> M and 10> M coumarin) x five daily counts].
The experiment was repeated in time and the data combined for analysis providing six
replications per seed size-treatment levels. Data were subjected to ANOVA with repeated
measures and mean separation tests were made by Fisher’s protected least significant
difference test (LSD, p = 0.05) using Genstat 7.”

RESULTS AND DISCUSSION

The one-thousand-seed weight (TSW) of the hairy vetch bulk seed was 36.6 g
with a moisture content of 10.2 %. Both of these values are well within the range of the
TSW and moisture content determined for other seed lots of hairy vetch in this laboratory.
Germination tests on the bulk seed indicated that most of the seed germinated within 3
days at 20 'C, with very little germination occurring on days 4 and 5, and a mean
germination of 84%. The mean seed diameter ranged from 5.1 mm to 2.3 mm with a
mean of 3.9 mm and a standard deviation of 0.1 mm. These results are similar to those
reported for common vetch (Vicia sativa L. var. Kuba) with regard to seed dimensions and
moisture content (13). However, a TSW of 55.4 g was reported for the Kuba cultivar. We
found no reports on the physical properties of hairy vetch for comparison.

Careful screening of the bulk seeds provided three weight/size seed classes with
regard to TSW and mean seed diameter (Table 1). The differences among seed size
classes as to weight or mean diameter were significantly different (p < 0.05), although
there was some overlap between the distributions of mean diameters among the classes.
For example the range for the large seed mean diameters was between 3.6 and 4.9 mm,
while the range for the medium was between 3.3 and 4 mm. There was no overlap
between the medium and small seed. Even though there was a slight overlap between the
medium and large seed classes, the majority of the large seed mean diameters were
between 4.7 and 4.2 mm, while those for the medium seed class were between 3.9 and 3.6
mm.

The daily germination of hairy vetch seeds peaked on day 2, with the large seeds
having a higher percentage germination (82%) than either the medium (62%) or the small
seeds (61%) (Figure 1A). However, this difference in germination was not significant
between the seed size classes (p = 0.06). Additionally, there was no difference final
germination, 89% for the large seeds and 77% for both medium and small seeds classes.
The overall germination for the separated seed was 80%, which was close to 84% for bulk
seed (Figure 1B). Some of the small seeds imbibed but did not germinate, while a few
seed did not imbibe. Whether the latter seeds were “hard-seed” is unknown. It is common
for larger seed to have greater germination potential and seedling vigour than smaller seeds
from the same seed lot (3,5,6,7).

There were significant differences as to treatment, time (day counted), time by
seed size, and time by treatment (p = 0.001). However there was no significant interaction
as to seed size by treatment, or the three-way interaction (time by seed size by treatment).
The germination in the small seed class was lower than in previous experiment. Final

7 VSN International Ltd., Oxford, UK..
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Table 1. Seed size, dimensions, and weight of three hairy vetch seed classes

Parameter® Seed-size class
Large Medium Small
(mm)”
Da 4.3+0.2 3.7+0.2 3.4+0.2
Dg 4.3+0.2 3.7+0.2 3.340.2
Sphericity 0.9+0.04 0.9+0.03 0.9+0.04
(mm)
a 4.7+0.4 4.1+0.3 3.740.3
4.5+0.3 3.8+0.2 3.5+0.3
c 3.7+0.3 3.3+0.2 2.8+0.2
(mg)
SW 54.8+3.6 39.8+1.2 26.1+0.7

* Da, average diameter; Dg, geometric mean; a, b and c, seed length, width, and depth, respectively;
SW, seed weight. ® Mean =+ standard deviation
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Figure 1. The effects of seed size on hairy vetch seed germination daily (A) and cumulative
germination (B).

germination in control treatments was 82, 71 and 56% for large, medium and small seeds,
respectively. There was significant difference (p = 0.001) as to seed size with the overall
germination, regardless of treatment or day counted. There was no difference between the
control and the 10° M coumarin treatment: however, both were significantly different
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from the 10° M coumarin treatment (Table 2). Overall the 10° M coumarin treatment
delayed and reduced the seed germination. This effect was more noticeable in small seed
class. Treating the seeds with 10° M coumarin, delayed the germination by 1 day,
germination at 2 days was reduced and the reduction in germination commensurate with
seed size. The smaller seeds showed a greater delay in germination than other seed sizes
(Figure 2). The delay and reduction in germination (as percent of control) was greater in
the small seed size than in the large and medium seed classes (Figure 3). However, there
was still a delay in the large and medium seed; and a definite trend in a greater reduction in
germination at 2 days in the medium seed. Expressed as percent of control in each seed
class, germination for the large and medium seed at 10° M was 72 and 76%, respectively,
while it was 55% for small seeds. Based on these results, small seed showed greater
sensitivity to the allelochemical.

Table 2. Effects of seed size and coumarin concentration on hairy vetch germination (%)

Seed size Coumarin concentration Mean Seed
10°M 10°M Control Size"
Large 38 51 53 47
Medium 35 49 46 43
Small 18 34 33 28
LSD (0.05) 6) 5)
Treatment® 30 45 44
LSD (0.05) (5)

*Seed size by treatment means regardless or day counted; ” Seed size mean regardless of treatment or
day counted; ° Treatment means regardless of seed size or day counted.
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Figure 2. Hairy vetch seed germination by seed size at 10 M coumarin compared to the control,
where the control germination is the pooled germination means regardless of seed size.
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Figure 3. Hairy vetch seed germination by seed size at 10° M (e) and 10> M (m) coumarin
expressed as percent of control.

The range in seed size in Petersen et al. (10) was from 0.2 to 45.3 mg (most were
< 0.8 mg) based on six species, while the seed size ranged from 0.2 to 262.0 mg in
Liebman and Sundberg (8), based on 62 accessions. These ranges in seed size are rather
large compared to the range observed in the present study (26.1 to 54.8 mg). When such
large ranges in seed weights exist within a weed population, it is likely that the small seeds
(as little as 0.2 mg each) are more strongly affected by an allelochemical than larger
seeded species, provided that the availability of compound is equivalent in both cases.
Looking at the hairy vetch data presented here with a difference of 33 mg between the
large and small seed classes, finding a difference in sensitivity is somewhat remarkable.
Nevertheless, it is consistent with the general observation reported in the allelopathy
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literature that smaller seeds are more sensitive to allelochemicals than larger seeds. As
pointed out by Liebman and Sundberg (8), this phenomenon has an implication with
regard to weed control using cover crops. But it also raises the following question:
assuming that the mode of action of an allelochemical is the same in small and large seeds,
why are small seeds more sensitive? When comparing smooth pigweed with velvetleaf
and/or soybean, we could attribute the difference in germination response to differences in
seed coats, water uptake rates, or more seed reserves to repair the damage and avoid the
stress. But these do not explain the sensitivity in the smaller hairy vetch seed presented
here. Further research should be conducted to elucidate this phenomenon.
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