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Germination Behavior of Sand-coated Sweet Pepper
Seed1
M. Sachs, 2 D. J. Cantliffe, 3 and T. A. Nell4
University of Florida, Gainesville, FL 32611
Additional index words. Capsicum annuum, pelleted seeds, oxygen requirement
Abstract. Germination rate of sand-coated pepper {Capsicum annum L.) seed (sand grain size < 75pm for an inner
coat and 75-105 pm for an outer coat layer) was faster than clay-coated seed but was slower than raw seed. Part of
the germination reduction in sand-coated seeds was caused by the water-soluble Gelvatol binder used. High oxygen
( 0 2) levels promoted the germination of sand-coated seed to a rate comparable to that of raw seed. This suggests that
even with a porous sand-coating material, 0 2 may be limiting for the germinating seed. When inorganic 0 2-releasing
compounds (B a 0 2 or N aB 03) were incorporated into the sand material, the germination of pepper seed was further
inhibited.

The use of coated seeds in the production of various field,
vegetable, and ornamental crops is a common practice to facil
itate precision planting, i.e., the exact placement of seeds at a
predetermined depth and spacing in field and nursery operations.
Seed coatings tend toward slow germination, but with no ap
parent sacrifice in the overall growth of the crops and without
reduction in yield (3, 6, 9, 10). Other potential advantages of
seed coating are provision of a more uniform seed micro-envi
ronment and the possibility for inclusion of beneficial chemicals
in the proximity of the germinating seed (5, 10, 14, 15).
Many substances have been used either singly or in varying
combinations, as seed-coating materials. Clays are sometimes
used as the primary coating materials and have the characteristic
that they can be made into a pellet with the addition of a fine
‘Received for publication July 24, 1981. Florida Agricultural Experi
ment Station Journal Series No. 3176. The research was supported in
part by a grant from Speedling Inc., Sun City, Fla. The authors grate
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2On a sabbatical leave from the Agricultural Research Organization,
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spray of water; other substances require a sticker or binder (8,13).
Bell type pepper seeds lose their ability to germinate properly
when coated with clay. However, this inhibition was overcome
by germinating the seeds in a high 0 2 environment (11). In the
present study, we used a relatively large particle size coating
material (sand) in an attempt to alleviate the 0 2 restriction phe
nomenon and to improve the germination rate of coated Bell
pepper seed.
Materials and Methods
‘Early Cal wonder’ pepper seeds were sand-coated using the
technique suggested by Vogelsang et al. (15) and further de
veloped by Millier and Bensin (7). Fine, dry silica sand (grain
size: < 75|xm) was used for the initial buildup of the coating
(complete coverage of the seed), while coarser sand (grain size
75-105 |xm) was used for the outer coating. The final average
diameter of a coated pepper seed was 3.75 mm. The sand grains
were bound by a 5.8% G elvatol solution (M onsanto), a polyvinyl
alcohol that is soluble in cold water. The wet pellets were poured
in a single layer into an aluminum tray and dried for 24 hr at
room temperature. They were then transferred to sealed glass
jars in a seed storage room (10°C and 50% RH).
The procedures used in experiments where high 0 2 environ
ment was tested were similar to those previously described (11).
To increase 0 2levels in the microenvironment of the germinating
seed, barium peroxide (B a02) or sodium perborate (NaB03)
were incorporated into the outer layers of the pellets during the
J. Amer. Soc. Hort. Sci. 107(3):412-^416.
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sand-coating procedure. The rates tested were 1 or 2 mg/seed
for B a0 2, or 0.5 or 1.0 mg/seed for NaBOv Both salts decom
pose with liberation of 0 2. B a02 is insoluble in water but slowly
decomposes in contact with water, releasing 0 2. N aB03 • 4H20
is soluble in about 40 parts water and decomposes liberating
H20 2 and then 0 2.
Sand-coated seeds were germinated in 6-cm Petri dishes at
25 ± 1°C, on Whatman # 3 filter paper to which 2 ml of deion
ized H20 was added. The seeds were germinated in the dark,
but daily counts were performed in the laboratory under light.
A seed was considered as germinated at the first sign of radicle
protrusion. All treatments consisted of 4 replicates of 25 or 30
seeds each. All experiments were repeated at least twice.
Samples of sand- and clay-coated seeds were examined with
a Hitachi S 450 scanning electron microscope. The preparation
and viewing of specimens were the same as previously described
(11). Osmotic values for the germination medium (the seed
and coating materials leachate) were recorded using a vapor
pressure osmometer (Wescon, Inc. Model 5130B). The course
of germination was plotted graphically and the values P (final
percentage), S (time in days till germination had reached P/6),
and R (rate in percent per day between P/6 and 5P/6) were
calculated from the curve (4).

Fig. 1. Germination of raw, sand-coated and clay-coated 'Early Calwonder’ pepper seed at 25°C.

Results and Discussion
The final percentage of germination, at 25°C, for raw, sand-,
and clay-coated ‘Early Cal wonder’ pepper seed were similar:
98, 94, and 93%, respectively (Fig. 1). Clay-coated seed ger
minated much later than raw seed (13.8 vs. 3.3 days) and had
a drastically slower rate (7% vs. 43% per day). The sand-coated
seed started to germinate after 6.3 days with a rate of 14% per
day. Thus, sand coating improved the germination of pepper
when compared to clay coating. However, when compared to
raw seed, sand coating did not eliminate the “ coat imposed”
inhibition of germination.
In an attempt to understand the cause of the sand-coat inhi
bition phenomenon, raw seeds were germinated in the presence
of unwashed or washed coating material (25 raw seeds with the
sand material removed from 25 coated seed in each replication),
and their germination rates were compared to decoated and sandcoated seeds. Raw seed in the presence of washed coating ma
terial gave a germination response equivalent to decoated and
control raw seed (Fig. 2). Yet, seed in the presence of unwashed
coating material started to germinate 0.3 day later (not signifi
cantly different) and at a lower (significantly different, 5%) rate
(24% vs. 42% per day). The osmotic potentials of the germi
nation media (which consisted of deionized H20 and the seed
and sand-coat material leachates) of the various treatments were
in the range of - 0 .9 8 to -1 .1 3 bars and not significantly
different.
Reduction of germination rate due to the binder used in the
pelleting process was reported as early as 1950 (1). Recently,
it was found that sand-coated seed of lettuce (12) and eucalyptus
(Geary, T. F. and W. F. Millier, unpublished data) germinated
differently when two grades of polyvinyl alcohol were used as
binders, one soluble (Gelvatol) and one insoluble (Elvanol) in
cold water.
When sand-coated seeds were imbibed in a high-02 environ
ment, they germinated as rapidly as raw seed, and the germi
nation rate was somewhat better than that of raw seed germinated
in air (Fig. 3). These results indicate that the sand-coat “ imposed
inhibition” of pepper seed germination, though less pronounced
than that caused by a clay-coat (Fig. 1), was a result of both
J. Amer. Soc. Hort. Sci. 107(3):412-416.
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Fig. 2. Germination of raw, coated, decoated and raw seed in the
presence of washed and unwashed coating material ('Early Calwonder’ pepper).

Fig. 3. The effect of high 0 2 on the germination of raw and sandcoated ‘Early Cal wonder’ pepper seed.
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Fig. 4. Scanning electron micrographs of coated pepper seed. A.) Sand-coated seed. B.) Clay-coated seed. C.) Sand-coated surface. D.) Claycoated surface.
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binder toxicity (minor effect) and 0 2 deficiency (major effect).
At this point we cannot explain how high 0 2overcame the binder
toxicity.
Scanning electron micrographs revealed that there were rel
atively large spaces between the individual grains of the sand
coat (Fig. 4 A, C) while the clay particles formed a compact
surface (Fig. 4 B, D). It does not seem probable that the porous
sand-coat was a barrier to 0 2 diffusion. Possibly, the sand par
ticles differentially adsorbed dissolved 0 2, or the water could
be degassed through bubble formation at the particle surfaces.
Sooter and Millier (12) presented evidence to show that fine
sand could remove dissolved 0 2 from water in which lettuce
seeds were imbibed, preventing their germination.
Since the early development of seed-coating techniques, it has
been suggested that seed pelleting has the potential for accurately
dosing seeds with chemicals. Incorporating 0 2 releasing com
pounds into the sand-coat might possibly overcome the tem
porary 0 2 deficiency which occurred during early germination.
When 0 2-releasing salts (B a02 and N aB 03) were dispersed
homogeneously within the pellet (near the outside of the pellet),
germination of sand-coated seed was delayed (Fig. 5). The rate
of germination of N aB 03-coated seed was lowered significantly
in comparison with control and sand-coated seed.
The pH of the Petri dish medium with B a02 or N aB 03-sandcoated seeds was 9.4 and 10.3, respectively, compared to 7.6
to 8.0 in the sand-coated control treatments. Raw seeds were
germinated on 0.8% agar medium with 0.2 m Na phosphate
buffer (pH 6.6) containing various amounts of B a02 or N aB03.
Germination was still inhibited (Fig. 6), even though the pH of
the medium did not exceed 7.6. It is concluded that an inter
mediate^) of the salt decomposition reactions (free radicals,
H20 2 or other side-products) was toxic to the imbibing pepper
seed. A similar toxic effect was not noted by Greilich and Heinze
(2), who successfully improved seedling emergence in com
pacted soil by applying B a02 to the soil prior to seeding.
We conducted a similar experiment with sand-coated seed,
but this time the Na phosphate buffer solution (0.05 m , pH 6 . 6 )
was applied to the filter paper on which the seed was germinated.
Germination of raw and sand-coated seed was slightly delayed
(1 and 1.5 days, respectively) in the presence of the buffer
solution (osmotic effect) (Fig. 7). However, sand-coated seed
with BaOz in buffer germinated better than control seeds in
deionized H20 and similar to control and sand-coated seeds in
buffered medium (Fig. 7).
Sand-coated pepper seeds were stored in sealed glass jars at
10°C and 50% RH. At periodic intervals, samples were removed,
decoated, and germinated. Germination of decoated and raw
seeds was similar. Similarly, seed from which the coat contain

Fig. 5. The effect of incorporating oxygen releasing salts (B a02 and
N aB 03) into the sand pellets on the germination of sand-coated
‘Early Cal wonder’ pepper seeds.
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ing B a0 2 or N aB 03 was removed germinated well. However,
the presence of N aB 03 in the sand-coat reduced germination
after 1 year of storage, while B a02 did not. The germination (at
day 14) of seed containing 0.5 and 1.0 mg/seed N aB 03 in their
sand-coat was only 26% and 3%, respectively, compared to 90%
for the sand-coated control seed. Since this phenomenon oc
curred only with the sand-coat intact, it was assumed that the

Fig. 6. Germination of raw ‘Early Cal wonder’ pepper seed in the
presence of various amounts of (A) B a0 2 or (B) N aB 03 in buffered
agar.

Raw

Seed

Sand

C oated

S an d C o ated 4 B a 0 2 ( I m g/seed)

Fig. 7. Germination of raw and sand-coated (with or without B a0 2)
‘Early Cal wonder’ pepper seed in the presence of 0.05 m Na phos
phate buffer (pH 6.6) on filter paper.
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N aB 03 salt may have partially decomposed to form an inter
mediate^) which exerts an inhibitory effect upon germination.
Our study showed that the germination of sand-coated sweet
pepper seed was more rapid than clay-coated seed, but was still
slower than raw seed. The delay in germination was caused
partly by the presence of the Gelvatol binder and mainly because
of limitations in 0 2 availability to the embryo in the sand-coated
seed. H igh-02 atmosphere promoted germination of sand-coated
seed at a rate comparable with raw seed. When 0 2-releasing
salts (B a02 or N aB 03) were incorporated into the sand-coat,
germination was inhibited. Storage of sand-coated pepper seed
in sealed jars posed no specific problem. However, when N aB 03
was present in the sand-coat of stored seed, germination was
greatly inhibited, but viability was not lost, since germination
of decoated seeds was normal.
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