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Abstract 
Seeds with both smooth and rough, apparently scarffred, seed 

coats occur in harvested samples of velvet bundleflower (Desmon- 
Thus velutinus Scheele.). To determine the degree of scarification, 
germination responses of rough and smooth seeds were investi- 
gated at 4 night/day temperature regimes, 5/WC, 10/2oOC, 
15/25’ C, and 20/3O”C with a 1Zhour photoperiod during the high 
temperature and with 3 seed treatments, cutting, acid scarification 
and hot water soak. Rough seed coats appear to be caused by 
peeling of the cuticular layer on the seed surface. Moisture was 
imbibed more rapidly by smooth seeds, and total germination of 
smooth seeds was 31% without treatment, 4 times greater than 
rough seed germination. Treatments increased germination of 
smooth seeds two- to four- fold and rough seeds over lo-fold. After 
treatment, rough seeds germinated significantly (X.05) better 
than smooth seeds at all temperature regimes except 5/15’ C. Cut 
and scarified seeds generally germinated more rapidly than water- 
treated seeds, but total germination was similar for all treatments 
at warmer temperatures. Germination was only 31% at 5/15’ C. 

Velvet bundleflower (Desmanthus velutinus Scheele.), a spread- 
ing somewhat decumbent perennial forb, grows mostly on calcar- 
ous and limestone soils of central, south, and west Texas (Rechen- 
thin 1972). The forage is favored by goats, sheep, and deer, and 
seeds may be eaten by quail and other birds. Seed samples of one 
accession being evaluated for use in rangeland seedings and wild- 
life habitat plantings by the Soil Conservation Service contained 
seeds with smooth and rough appearing seed coats. This variation 
in seed coat, observed in seed lots harvested in 1977, 1979, and 
1980, suggested a potential for differences in moisture imbibition 
and subsequent germination, since the rough appearance of the 
seed coats could be evidence of seed coat scarification. Hard, 
impervious seed coats are barriers to moisture and gas movement, 
as well as, a restriction to seedling development in many legumes 
(Cracker and Barton 1957, Latting 1961, Villiers 1972). 

These studies were designed with the objectives to: (1) evaluate 
the effects of seed coat characteristics on moisture imbibition and 
seed germination and (2) evaluate the effects of temperature and 
presowing seed treatments on seed germination. 

Materials and Methods 

Seed of PMT-2406 velvet bundleflower was obtained from the 
USDA Plant Materials Center, Soil Conservation Service, Knox 
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City, Texas, in 1979. These seeds were harvested in 1977 with a 
combine and subsequently run through a scalper and three-screen 
seed cleaner. After harvest seeds were stored in a warehouse for 3 
or 4 months and then they were stored at 60” F and 40% relative 
humidity. Once we received the sample, seeds were stored in cloth 
sacks at room temperature. Germination trials were conducted 
with 3-year old seed, sorted by hand, so only uniformly large sized, 
fully developed and undamaged rough and smooth seeds were 
used. 

Seeds were treated by cutting the seed coat with a razor blade 
(Latting 1961, Martinet al. 1975), immersion of seeds in hot water 
(80°C) for 3 minutes (Halls et al. 1970, Latting 1961), and acid 
scarification by immersion in concentrated sulfuric acid (HaSod) 
for 17 minutes (Latting 1961). Acid scarification was conducted in 
test tubes with acid just covering the seeds. After treatment excess 
acid was poured from the sample, and the remaining acid was 
washed from the seeds with distilled water. Washing with a large 
amount of water reduced the heating that occurs with the dilution 
of the acid. 

Germination trials were conducted in a controlled environmen- 
tal chamber. Night/day temperatures were 5/ lYC, 10/20°C, 
15/25”C, or 20/30°C with 12-hour photoperiods during the high 
temperature. All experiments were conducted in a light regime of 
237 vEm%ec“ photosynthetic active solar radiation. One trial was 
conducted at each temperature regime, and 3 replications of 50 
seeds per seed treatment were arranged in a randomized complete 
block design. 

A sample of 50 seeds per dish was dusted with fungicide N[(tri- 
chloro-methyl)thio]-44-cyclohene-l,2dicarboximide and imbibed 
on 2 pieces of filter paper in a IOO-mm diameter petri dish. The 
paper was supported by a 5-mm thick piece of polyurethane foam 
with a cotton wick in the center (Haferkamp et al. 1977). Filter 
paper was kept moist with sterile distilled water (pH 6). One piece 
of moistened filter paper was placed beneath the dish cover to 
increase moisture availability. 

Response to treatment was evaluated by counting germinated 
seeds daily for 14 days. Germination criteria were based on the 
Association of Official Seed Analysts (Crosier 1970) definition of 
germination, i.e., the seed embryo must develop essential struc- 
tures to produce a normal plant in favorable conditions. Normal 
germination was assumed when at least one cotyledon was exposed 
and the radical was at least 5 mm long. 

Seed moisture content after 0,2,4,8, and 12 hours of imbibition 
was determined gravimetrically on samples of smooth and rough 
seeds imbibed in the 15/25OC regime. Following imbibition seeds 
were blotted dry, weighed, oven-dried for 48 hours at 105°C and 
reweighed. 

Electron microscope photographs were also taken of untreated 
seeds to permit closer observation of seed coats. These seeds were 
mounted on aluminum studs, coated with gold palladium in a 
vacuum evaporator, and examined with a scanning electron 
microscope. 
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statistical analyses were conducted with the ANOVA procedure to 
APtPrminP if c;anifirant Aiff~~mw-w~ I P&l Ml in omvninlrtinn ~~idfvi “I.” . . . . . *.1.. Y.b . . . . . -...U.A.-.-..-“Y\x W.“~,.~~~“L..~.~‘U..“.‘~~.“.~‘Y 

between types of seed coats and among presowing treatments 
within temperature regimes. Means were separated using Duncan’s 
multiple range test. Counts were transformed prior to analysis 
using the following relationship: 

x’= \/ (n+ 1/2)arcsin 
ft3/8 

n + 314 

where the proportion (germinated seeds/ total number of seeds) is 
f/n (Zarr 1974). Untransformed data are presented in the text. 

Results and Discussion 
Electron Micrographs 

The rough appearance of velvet bundleflower seeds is caused by 
peeling of the seed surface (Fig. I and 2). Projections on the rough 
seeds appear to be caps of macrosclerid cells of the pallisade layer 
or Malpghian cells as reported by Hamly (1932). The impermeable 
..a..:,... I+- +I.- . . ..^A ̂^^. _I ___.__. _I_..__ .1.111.-. -IL- n.. ~=e;rulr VI ~115 ~ci=ill cva~ 01 SWCTI clover ~twlorus atoa uesr. is 
composed of a layer of tightly appressed suberin caps (Hamly 
1932). He reported that the cuticle and subcuticular layers could be 
removed without improving moisture imbibition, but when caps 
were removed or breaks were formed in the layer, moisture imbibi- 
tion could occur. 

Moisture Imbibition 
Deterioration of the cuticle and subcuticular layers of velvet 

bundleflower seed did not improve moisture imbibition. Smooth 
seeds imbibed moisture more ranidlv durim the inida! !2 hours --r--- , ------0 ---- 
than the rough seeds (Fig. 3). The cuticle is apparently permeable, 
and when intact enhances imbibition. When the cuticle begins to 
separate from the seed and an air space is formed, imbibition may 
be reduced. The possibility of moisture imbibition occurring 
through other openings in the seed coat exists, but this was not 
examined. 
fr.ul r_PrmLotinn -WY UIS...“Y..“.. 
Untreated Seeds 

Smooth seeds consistently germinated as well or better than 
rough seeds (Fig. 4). Highest total germination of rough and 
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Fig. 3. Moisture content (% of dry weight) of rough and smoorh velvet 
bundleflower seeds imbibed at 15/25O Cfor 12 hours. Moisture contents 
were significcmtly different (pO.05) between seed types at each sampling 
time. 

smooth seeds was 9% and 3 l%, respectively. Seed germination was 
poorest at S/ 1YC for both seed types. Differences between seed 
types were small and nonsignificant (I’X.05) at 51 IYC and 
IO/ 20°C, but smooth seeds germinated 2 to 4 times better (KO.05) 
at 15/2Y’C and 20/30°C. 

Physiological activity was apparent by day 1 at 201 30°C and day 
2 at 10/20°C and 15/2S’C when approximately 2 to 5% of the 
seeds had either one cotyiedon or a short radicie exposed (data not 
shown). Activity was not apparent until day 6 to 8 at S/lS’C. 
Germination rate was most rapid at I5/ 25“C and 20/ 30°C, inter- 
mediate at 10/20°C and slowest at S/ 15°C. 
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Fig. 4. Cumulative germination of rough (A) and smooth (B) velvet bund&loHter seeds in four temperature regimes. 
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Treated Seeds 
Seed treatments generally improved germination of rough and 

smooth seeds at all temperature regimes (Fig. 5). Rough seeds 
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Fig. 5. Cumulativegermination of hot water soaked rough (A)andsmooth 
IB). . ,. cut rough (C) and smooth (0). and acid scarified rough (E) and 
smooth (F) velvet bundleflower seeds in 4 temperature regimes. 

germinated significantly (KO.05) better than smooth seeds at all 
temperature regimes except 5/ 1 So C. Germination of rough seeds 
averaged 73, 93, and 90% on day 6 at 10/20°C, 15/25OC and 
20/ 30°C, respectively. Over 87% of these rough seeds had germi- 
nated by day 14. Approximately 45, 77, and 72% of the smooth 
seeds had germinated by day 6at 10/20°C, 15/ 25’C, and 20/30°C, 
respectively. Over 80% of the treated seeds had germinated after 14 
days at 15/2S°C, but less than 70% of the water soaked and acid 
scarified seeds germinated at 20/30°C. The decrease was not 
explained by the study. 

Cut and acid scarified seeds generally germinated more rapidly 
than the water treated seeds (Fig. 5). However, total germination of 
water treated seeds was similar to that of cut and scarified seeds at 
15/25’C and 20/ 30° C. Hot water was apparently not as effective 

188 

as cutting or scarification in improving imbibition and subsequent 
germination. 

At 5/ 15OC germination of all seeds was relatively poor (Fig. 5). 
Cut and scarified rough seeds germinated best at the low tempera- 
ture regime with over 30% germination. Germination consistently 
began sooner at the warmest temperature regime, and during the 
initial 2 to 4 days seeds germinated most rapidly at 15/25O C and 
20/30°C. Germination was usually apparent by day 2 at 10/20°C, 
and the maximum rate of germination occurred during days 2 to 8. 
Total germination was attained 2 to 4 days earlier at 15125°C and 
20/30°C than at 10/20°C. 

Summary and Conclusion 
Rough seed coats appeared to be caused by peeiing of the 

cuticular layer on the seed surface. Disturbance of the cuticular 
layer did not appear to be due to natural causes. Established stands 
of velvet bundleflower were examined at Knox City, Texas, in fall 
1980, and researchers found only smooth seeds in pods. Rough 
seeds were found in harvested seed lots in 1977, 1979 and 1980, 
suggesting disturbance of the cuticular layer may have occurred 
during harvesting or post-harvesting drying. Slight abrasion dur- 
ing harvesting and handling may have disturbed the seed coats. 
Peeling may also be initiated with post-harvest drying since 
smooth seed coats were observed to become rough when smooth 
seeds were imbibed for less than 12 hours and then dried for 48 
hours at 105’C. 

Researchers utilizing velvet bundleflower seeds should be aware 
that rough and smooth seeds imbibe and germinate at different 
rates. Differences, however, can be reduced by applying presowing 
seed treatments such as cutting and acid scarification or soaking in 
1. _I...c___ T\..r_ ^__^^^_L _..rr:--. _.^_ ̂ _ _~~_..r:..~r___.-__. __>.l_- nor WduX. uala bugg”“L CULLlug was au CllCCUVC rreaonenr, ano tms 
treatment would probably be more practical for field plantings if a 
method of mechanically scarifying bulk seed lots was available. 
Planting mixtures of untreated smooth and rough seeds should 
provide seeds that germinate rapidly and seeds that germinate later 
with subsequent moisture. Germination of rough seeds, however, 
may be improved through natural weathering processes occurring 
in the soil. 

Data also suggest germination of rough and smooth seeds was 
low at 5/ 15OC and began sooner, proceeded more rapidly and total 
germination was generaiiy higher in warmer temperature regimes. 
Planting prior to moist periods when the warmer temperatures 
occur could enhance germination in field plantings. If, however, 
natural, weathering was found effective in reducing the amount of 
hard seed, then earlier plantings might suffice as effective means to 
enhance germination. 
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