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Overcoming Seed Dormancy in 
Cleome gynandra L. to Improve Germination 

R.M. Muasya* J.N. Simiyu, C.W. Muui, 
N.K. Rao, M.E. Dulloo and L.S. Gohole 

ABSTRACT 

Cleome gynandra L. is a traditional semi-domesticated leafy vegetable 
grown in East Africa. It belongs to the family Cleomaceae. Farmers save 
seed from each harvest for planting in the next season. C. gynandra seeds 
fail to germinate when planted immediately after harvest. Studies were con 
ducted to determine appropriate seed treatments to overcome dormancy in 

freshly harvested C. gynandra seeds. Seeds were subjected to various dor 

mancy breaking treatments including: potassium nitrate (KN03), leaching, 
light, gibberellic acid (GA3) and chilling. Additional studies were carried 
out to determine the degree of dormancy in seeds harvested from pods at 
different positions on the plant. Among all treatments studied, application 
of GA3 at a concentration of 500 ppm resulted in the highest final germina 
tion. Stratification for two weeks at 5 °C and germination in dark also im 

proved germination significantly. While leaching had no significant effect, 
treatment with KN03 and light reduced germination. Seeds from lower and 
middle positioned siliques germinated readily compared to those from up 
per siliques. We suggest for commercialization of C. gynandra seed that 
have high potential germination, treating seeds immediately after harvest 
with GA3 at a concentration of 500 ppm before being packaged and sold to 

farmers is a possibility that can be explored. 

INTRODUCTION 

Cleome gynandra L. (syn. Gynadropsis gynandra (L.) Briquet and C. pentaphylla 
L.; Edmonds and Chweya, 1997) is an indigenous, semi-domesticated leafy veg 
etable grown throughout East Africa (Chweya, 1997) and is commonly known 
as spider flower, cats' whiskers and bastard mustard (Maundu et al., 1999). The 

genus Cleome belongs to the family Cleomaceae Bercht. & Presl. C. gynandra is 
a nutritious leafy vegetable rich in iron, magnesium, calcium, vitamins A and C, 

proteins, carbohydrates, phosphorous and fiber which are higher than in exotic 

vegetables (Arnold et al., 1985). It also has the medicinal use of restoring blood 

supply so women regularly consume it before and after giving birth and boys are 
fed the vegetable just after circumcision (Opole et al., 1995). The indigenous leafy 
vegetable plays a key role in diets of families in rural areas (Schippers, 2000; Jan 
sen van Rensburg et al., 2004) and several farmers landraces of C. gynandra 
are known but have not been classified. The plant is an erect herb that grows up to 
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1.5 m tall with white, pink or lilac petals. Seeds are born in siliques that are green 
but turn yellow when ripe, and dehisce easily when dried to release the seeds. 

Most indigenous leafy vegetables are not part of the formal seed sector and 
some species regenerate as weeds in cultivated fields while others are more 
difficult to propagate (Maundu et al., 1993; Simiyu et al., 2003). Like many 
other traditional leafy vegetables, C. gynandra is cultivated mainly by subsis 
tence farmers. It is semi-domesticated in that farmers collect seeds from vol 
unteer plants and propagate them for home consumption and, in some cases, 
for sale in local markets (Chweya and Eyzaguirre, 1999). 

Sources of seed for planting include farm-saved, local markets, borrowed from 

neighbors and relatives, or collected from wild plants (Maundu et al., 1993; Schip 
pers, 2000; Simiyu et al., 2003). The national seed company in Kenya, Kenya Seed 

Company, has attempted to produce indigenous vegetable seeds, including Ole 
ome in small quantities, but they do so with limited information on their seed 

technology aspects (Ochuodho, 2005). Farmers identify the lack of good quality 
seed as a major constraint to optimal plant stands (Abukutsa-Onyango, 2007). C. 

gynandra seeds usually show low germination percentage in the field. Germina 
tion percentages under field conditions as low as 37 and 46% have been reported 
(Almekinders and Louwaars, 2000; Ndinya, 2003). The exact basis for the low 

germination is not clear but recent reports indicate that C. gynandra seeds ex 
hibit considerable dormancy (Simiyu et al., 2003; Kamotho, 2004). This forces 
farmers to plant more seeds than necessary to obtain optimal plant stands. 

Kamotho (2004) reported that dormancy in freshly harvested seeds of C. 

gynandra is broken by storage for six months to one year and the success of 

breaking dormancy depends on seed storage conditions. However, a long 
storage period for Cleome is not a common practice and farmers often use 

freshly harvested seeds or seeds stored for very short periods, usually less 

than three months. Thus, there is need to develop a dormancy breaking treat 
ment that allows farmers to use fresh high quality seeds for growing the next 

crop. Attempts to meet this need had been previously made, but a study by 
Börhinger et al. (1999) investigating effects of light and temperature on germi 
nation of C. gynandra seed did not produce conclusive results. More recent ex 

periments conducted on the effects of temperature, light and pre-germination 
treatments on germination of one to two year old Cleome seeds revealed that the 

highest germination percentage was achieved when alternating temperatures of 

20-30 °C in the dark and scarification by puncturing the seeds at the radicle end 

improved germination (Ochuodho, 2005; Ochuodho and Modi, 2005; 2007). 
Since farmers plant freshly harvested seed which has been shown to have poor 
germination (Kamotho, 2004), the present study was conducted with the aim of 

assessing dormancy of seeds harvested from pods at different parts of the plant 
and to identify appropriate methods of reducing dormancy in fresh C. gynandra 
seeds to improve the production of this important leafy vegetable. 

MATERIALS AND METHODS 

The studies were conducted at Moi University, Chepkoilel Campus in Eldoret, 

Kenya. The location is within the Uasin Gishu plateau at Latitude oo°3o' N, 
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Longitude 35o 15' E and an altitude of 2180 m above sea level. Seeds from un 

characterized landraces were obtained from farmers in the western region of 

Kenya and were planted in a plastic house at the Department of Seed, Crop 
and Horticultural Sciences. Plants were grown under controlled environmen 
tal conditions to obtain uniform, high quality seeds for the germination exper 
iments. Seeds used for the dormancy breaking experiments were harvested at 

maturity when the siliques were yellow in color. Seeds were dried to a mois 
ture content of 5% (Kamotho, 2004) and used immediately. Seeds for prechill 
and leaching experiments were kept in a deep freezer at -20 °C till the time of 
the experiments. Seeds were subjected to existing dormancy breaking treat 
ments as described below and incubated in a germination chamber set at tem 

perature range of 20-25 °C, with relative humidity maintained near saturation. 
Untreated seed germinated with distilled water served as controls in all treat 
ments. Apart from the light experiments where light regimes varied, all other 

experiments were conducted under 8 h of light and 16 h darkness. Germi 
nation counts were taken each day following planting and the last count was 
made on the fourth day except for light experiments where the last count was 
made on the fifth day. Protrusion of a radicle from the seed (radicle emer 

gence) was considered germination. 

Potassium nitrate (KNO3) 
A solution of 0.2% KNO3 (ISTA, 2004) was used to moisten the substrate 

on which the seeds were germinated. A sample of 150 seeds divided into three 

replicates of 50 seeds each was planted on moistened filter paper in a covered 
Petri dish to avoid drying. Subsequent watering was done using distilled water. 

Leaching 
Leaching was conducted for a period of three days by completely immers 

ing the seeds in distilled water, prior to testing for germination. Two samples 
of 150 seeds each in three replicates were used. In the first sample, water was 

changed daily while in the other seeds were held continuously without chang 
ing the water. The seeds were then placed in germination trays on filter paper 
wetted with distilled water and covered to avoid drying. A control set of seeds 
was planted and germinated alongside the leached seeds. 

Light 
Germinating seeds were exposed to cool white fluorescent light (approxi 

mately 1000 lux; ISTA, 2004) for daily photoperiod durations of: 24,12, 8, or 
o h. Darkness (o h light) was achieved by placing the germination trays in 

opaque black polyethylene bags. However, darkness was interrupted for less 
than 10 min each day for counting. 

Gibberellic acid (GA3) 
GA3 solutions of 200,500 and 1000 ppm were used to moisten the filter pa 

per on which the seeds were germinated (ISTA, 2004). A sample of 150 seeds 
divided into three replicates of 50 seeds was taken for each treatment. 
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Chilling (Cold stratification) 
A sample of 150 seeds moistened with water was wrapped in aluminum foil 

and placed at 5 °C for 14 d (ISTA, 2004). The seeds were arranged in three repli 
cates of 50 seeds each then germinated on moistened filter paper in petri dishes. 
A control set of seeds was planted and germinated along side the chilled seeds 
for comparison. 

Silique position 
Seed dormancy was assessed between seeds harvested from siliques at dif 

ferent positions on the plant. Fifteen C. gynandra plants were grown in a 

greenhouse in a wooden box (30 cm x 40 cm). At maturity (yellow silique), 
the plants were harvested at the base. Siliques were classified as lower, middle 
or upper according to their position on the plant by dividing the part of the 
stem producing siliques into three equal segments. Seeds were harvested sep 
arately for each position and bulked to provide the three seed lots used for 

testing germination. Each seed lot was divided into two groups. In the first 

group, 150 seeds in replications of 50 seeds each were germinated on moist 
ened filter paper and incubated in the germination chamber at 20-25 °C, un 
der 8 h of light and 16 h of darkness. The second group was germinated under 

24 h dark except for the occasional few minutes exposure to light when taking 
data. Germination percentages were recorded from day one to day four. 

Statistical analysis 
The experiments were arranged in a Completely Randomized Design (CRD). 

Results were analyzed using descriptive statistics and analysis of variance 

(ANOVA) using Statistical Package for Social Scientists (SPSS) 10.1. Error bars 
for each data point were created using Microsoft Excel for the comparison of 
various readings within a treatment. 

RESULTS 

While seeds germinated with distilled water (control) had a germination of 

56%, differences were observed in the final germination obtained with different 

dormancy breaking treatments. Seeds leached by immersing in distilled water 
either by changing water daily or without changing water showed a significantly 
lower germination percentage than the control at 2 and 3 d (P < 0.05) (data not 

shown). Seeds treated with GA3 at a concentration of 500 ppm generally had sig 
nificantly higher germination percentages than all the other treatments (Fig. 1). 

Chilling (cold stratification) was effective in breaking seed dormancy as the 
treatment had a final germination percentage significantly higher than the con 
trol (Fig. 1). Seeds germinated in darkness with brief intermittent exposure to 

light during counting each day had a significantly (P < 0.05) higher germination 
percentage than germination in distilled water (control). Treatment of seeds 
with KNO3 significantly lowered the germination percentage below the control. 

In the light experiment, final germination varied depending on the dura 
tion of exposure. In general, germination was suppressed with increased expo 
sure to light. Thus, seed germinated in dark (with brief intermittent exposures 
to light during counting each day) had the highest germination (70%). Light 
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Figure i. Cumulative germination of Cleome gynandra seeds under selected 

dormancy breaking treatments. Bars represent standard error (P = 0.05) values 

for the comparison of germination under different dormancy breaking meth 

ods and germination counts. 

-El— 

2 3 
Germination time(d) 

- Darkness —s— KN03 —»— GA3 500 ppm 

- Chilling —&— Distilled water 

Figure 2. The effect of light in hours of exposure on germination of Cleomegyn 
atidra seeds. Bars represent standard error (P = 0.05) values for the comparison 
of germination under different light regimes and germination counts. 
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treatments of 8,12 and 24 h, had final germination percentages 61%, 58%, and 

38%, respectively (Fig. 2). Differences in germination between 8 and 12 h light 
treatments were not significant (P < 0.05) but were superior to germination at 

24 h light treatment. 

GA3 concentrations of 200, 500, and 1000 ppm improved germination to 

64%, 8o%, and 63%, respectively. However, differences in final germination 
between seeds treated with 200 and 1000 ppm were not significant (P < 0.05) 

(Fig. 3). GA3 treatment at 500 ppm was significantly superior in terms of im 

proving Cleome seed germination. 
Seed germination was affected by the position of the siliques on the parent 

plant. The seeds from the middle and lower positioned siliques showed signif 
icantly higher germination percentages than for the seeds collected from the 

upper siliques. This observation was noted for seeds germinated in both the 
8 h light and dark regimes (Fig.4). However, within each light regime, differ 
ences in germination percentage between seeds from the lower and middle 

positioned siliques were not significant (P < 0.05). 

DISCUSSION 

Light has been reported to be an important factor for releasing seeds from 

dormancy in many plant species (Hilhorst and Karssen, 1988; Baskin and 

Figure 3. Dormancy breaking of Cleome gynandra seeds treated with different 

GA3 levels, incubated in 8 h light and 16 h darkness daily. Bars represent stan 

dard error (P = 0.05) values for the comparison of different GA3 levels and ger 
mination counts. 

1 2 3 
Germination time (d) 

Oppm —«—200 ppm —a—500 ppm 
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Baskin, 1998; Yamaguchi and Kamiya, 2002), but there are some species whose 

seed germination is enhanced in darkness and such species are said to be nega 
tively photoblastic (Bewley and Black, 1994, Baskin and Baskin, 1998; Ochuodho 
and Modi, 2005). In the present study, C. gynandra seed germination was sup 
pressed by exposure to light (Fig. 2). These results agree with reports by 
Ochuodho and Modi (2005; 2007) that exposure of C. gynandra seeds to light 
for longer than 12 h per day drastically reduced seed germination due to pho 
toinhibition. Seed germination suppression by light is a commonly reported 
phenomenon for species which are physically dormant and produce small 
seeds (Bell et al., 1995). It is likely that light inhibition is a secondary protec 
tive' mechanism that ensures seeds that have lost physical dormancy do not 

germinate at the soil surface, where they may be prone to desiccation. 

Potassium nitrate breaks dormancy by increasing the sensitivity of the seed 
to light (Goldmark et al., 1992). However in this study, KN03 did not enhance 

germination, an observation also recorded by Ochuodho and Modi (2005). C. 

gynandra seeds are negatively photoblastic and increasing their sensitivity to 

light using KNO3 was not advantageous. Prechilling seeds at low tempera 
tures (5 °C) for two weeks resulted in significantly higher germination than in 
the control seeds. Seed dormancy has been demonstrated to be relieved by 
imbibition at low temperatures (cold stratification) (Benvenuti et al., 2001). 

Chilling retards metabolic processes that act to inhibit germination in seeds 
then the germination process continues. It also breaks dormancy by produc 
tion of GA. During stratification, changes in seeds include increased acidity, 

Figure 4. Germination of Cleome gynandra seeds from pods located at the lower, 

middle and upper positions on the plant. The bars represent standard errors (P = 

0.05) for the comparison of germination regimes of 8 and o h light per day. 

Light per 24 h 

■ Middle 11 Upper 
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water holding capacity, catalase activity, reducing sugars, respiratory rate, and 

vigor of the embryo (Bewley and Black, 1994). 

Dormancy in freshly harvested C. gynandra seeds can be overcome by appli 
cation of GA3 at 500 ppm to the germination substrate. GA3 breaks dormancy 
by inhibiting the action of abscisic acid (ABA), triggers the action of alpha 

amylase that is a pre-curser for germination (Bewley, 1997), and promotes cell 

expansion and thus radicle protrusion (Yamaguchi and Kamiya, 2002). GA3 
appears not to be involved in the control of dormancy per se but promotes and 
maintains germination after the ABA-mediated inhibition of germination has 

been overcome (Bewley, 1997). The GA3 treatment is effective in breaking 

dormancy by retarding metabolic processes that act to inhibit germination in 

seeds and initiates de novo production of GA3 (Bewley and Black, 1994). 
Seeds harvested from lower and middle siliques exhibited a higher germina 

tion percentage compared to those from upper positioned siliques. Pod posi 
tion on the parent plant can affect the degree of dormancy of seeds (Bewley and 

Black, 1994). In seeds with morphophysiological dormancy, embryo growth 
and radicle emergence require a considerably longer period of time than in 
seeds with morphological dormancy (Baskin et al., 2000). The type of dor 

mancy in C. gynandra is consistent with physiological dormancy since it was 

overcome by chilling, exogenous GA3 application, and exposure to darkness. 
In conclusion, the findings of this study demonstrate that fresh C. gynandra 

seeds are photosensitive with seeds exposed to more than 12 h of light having 
poor germination. This finding implies that covering the seeds with soil dur 

ing planting rather than scattering on the surface could lead to improved seed 

germination in the field. Improved seed germination by pre-treating with 500 

ppm GA3 and chilling implies that commercial seeds could be treated with 

GA3 or chilled before being sold to farmers. In this study, seeds collected from 

siliques positioned at the lower and middle portions of the reproductive part 
of the plant showed better germination than those harvested from siliques 
from the upper portions of the plant. Seeds from the upper portions of the 

plant tend to be harvested immature hence showing poor germination and 
therefore should be avoided when harvesting a seed crop. 

REFERENCES 

Abukutsa-Onyango, M. 2007. Seed production and support systems for African leafy 

vegetables in three communities in western Kenya. Afr. J. Food Agrie. Nutr. and 

Dev. 7:1-16. 

Almekinders, C.J.M. and N. Louwaars. 2000. Farmers' seed production: New ap 

proaches and practices. Intermediate Technology Publications Ltd., London, UK. 

Arnold, T.H., M.J. Wells, and A.S. Wehmeyer. 1985. Khoisan food plants: taxa with 

potential for future economic exploitation. In: Plants for arid lands. G.E. Wickens, 

J.R. Goodin and D.V. Field (eds). George Allen and Unwin, London, UK. 

Baskin, C.C. and J.M. Baskin. 1998. Seeds: Ecology, biogeography, and evolution of 

dormancy and germination. Academic Press, San Diego, CA. 

Baskin, C.C., J.M. Baskin and X. Li. 2000. Taxonomy, anatomy and evolution of physi 
cal dormancy in seeds. Plant Spec. Biol. 15:139-152. 

This content downloaded from 41.89.10.241 on Fri, 6 Jun 2014 05:42:36 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


142 Vol. 31, no. 2, 2009 

Bell, D.T., D.P. Rokich, C.J. McChesney and J.A. Plummer. 1995. Effects of tempera 
ture, light and gibberellic acid on the germination of seeds of 43 species native to 

Western Australia. J. Vegetation Sei. 6:796-806. 

Benvenuti, S., G. Simonelli and M. Macchia. 2001. Elevated temperature and darkness 

improve germination in Passiflora incarnata L. seed. Seed Sei. Technol. 29:533-541. 

Bewley, J.D. and M. Black. 1994. Seeds: Physiology of development and germination. 
(2nd ed.) Plenum Press, New York. 

Bewley, f.D. 1997. Seed germination and dormancy. Plant Cell 9:1055-1066. 

Böhringen R., A. Lourens, and J.P. Jansen van Vuuren. 1999. The influence of various 

constant temperatures on the germination of Cleome gynandra seeds. J. So. Afr. 

Soc. Hort. Sei. 9:21-24. 

Chweya, J.A. and P.B. Eyzaguirre (eds). 1999. The biodiversity of traditional leafy veg 
etables. International Plant Genetic Resources Institute (IPGRI), Rome, Italy. 

Chweya, J.A. 1997. Domestication strategy for under utilized African indigenous vege 
tables. In: African Indigenous Vegetables Workshop Proceedings. R. Schippers and 

L. Budd (eds). 13-18 January 1997, Limbe, Cameroon. IPGRI, Nairobi, NRI Kent, 

ODA London, pp. 22-24. 

Edmonds, J.M. and J.A. Chweya. 1997. Black nightshades: Solanum nigrum L. and 

related species. Institute of Plant Genetics and Crop Plant Research, Gatersleben/ 

International Plant Genetic Resources Institute (Bioversity International), Rome, 

Italy. 
Goldmark, P.J., J. Curry, C.F. Morris and M.K. Walker-Simmons. 1992. Cloning and 

expression of an embryo-specific mRNA up-regulated in hydrated dormant seeds. 

Plant Mol. Biol. 19:433-441. 

Hilhorst, H.W.M. and C.M. Karssen. 1988. Dual effect of light on the gibberellin-and 
nitrate-stimulated seed germination of Sisymbrium officinale and Arabidopsis thali 

ana. Plant Physiol. 86:591-597. 

ISTA (International Seed Testing Association). 2004. International Rules for Seed Test 

ing. The International Seed Testing Association, Zurich, Switzerland. 

Jansen van Rensburg, W.S., S.L. Venter, T.R. Netshiluvhi, E. van den Heever, H.J. 
Voster and J.A. de Ronde. 2004. Role of indigenous leafy vegetables in combating 

hunger and malnutrition. S. Afr. J. Bot. 70:52-59 

Kamotho, N.G. 2004. Effects of management practices, maturity stages, drying, pack 

aging and storage conditions on seed quality of Cleome gynandra L. M. Phil. Thesis, 

Moi University, Kenya. 

Maundu, P.M, E. Njiro, J.K. Imungi and E.N. Seme. 1999. The biodiversity of traditional 

vegetables: Kenya. In: The biodiversity of traditional leafy vegetables. J. Chweya and 

P.B. Eyzaguirre (eds). International Plant Genetic Resources Institute (IPGRI), Rome, 

Italy. 

Maundu, P., C.H. Kabue and J.A. Chweya. 1993. Proceedings of the Indigenous Food 

Plants Workshop, National Museums of Kenya, Nairobi. 

Ndinya, C. 2003. Seed production, supply systems and seed quality of three African 

leafy vegetables in Kakamega District. M. Phil. Thesis. Moi University, Kenya, pp. 95. 

Ochuodho, J.O. 2005. Physiological basis of seed germination in Cleome gynandra L. 

PhD Thesis. University of KwaZulu-Natal, South Africa, pp. 169. 

Ochuodho, J.O. and A.T. Modi 2005. Temperature and light requirements for the ger 
mination of Cleome gynandra seeds. So. Afr. J. Plant Soil, 22:49-54. 

Ochuodho, J.O. and A.T. Modi 2007. Light-induced transient dormancy in Cleome 

gynandra L. seeds. Afr. J. Agrie. Res. 2:586-591. 

This content downloaded from 41.89.10.241 on Fri, 6 Jun 2014 05:42:36 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


Seed Technology 143 

Opole, M., J. A. Chweya and J.K. Imungi. 1995. Indigenous vegetables of Kenya: Indige 
nous Knowledge, Agronomy and Nutritive value. Field and Laboratory Experience 

Report KENGO, Nairobi. 

Schippers, R.R. 2000. African indigenous vegetables: An overview of the cultivated 

species. Natural Resources Institute/ACP-EU Technical Centre for Agricultural and 

Rural Cooperation, Chatham, UK, pp. 66-73. 

Simiyu, J.N., C.N. Mwongera., L.S. Gohole, R.M. Muasya. 2003. Farmers' knowledge 
and practices in spider plant (Cleome gynandra L.) seed production: Case study of 

Kakamega and Vihiga districts. In: Proceedings of the Third Workshop on Sustain 

able Horticultural Production in the Tropics Maseno, Kenya. 26-29 November 2003. 

Yamaguchi, S. and Y. Kamiya. 2002. Gibberellins and light-stimulated seed germina 
tion. J. Plant Growth Regul. 20:369-376. 

This content downloaded from 41.89.10.241 on Fri, 6 Jun 2014 05:42:36 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 134
	p. 135
	p. 136
	p. 137
	p. 138
	p. 139
	p. 140
	p. 141
	p. 142
	p. 143

	Issue Table of Contents
	Seed Technology, Vol. 31, No. 2 (2009), pp. 119-216
	Front Matter
	EDITORIAL [pp. 119-119]
	Seed Germination Differences between Glyphosate-Resistant and -Susceptible Italian Ryegrass Populations [pp. 123-133]
	Overcoming Seed Dormancy in Cleome gynandra L. to Improve Germination [pp. 134-143]
	Promoter Analysis of Soybean Seed Coat Peroxidase Gene Ep [pp. 144-155]
	Cardinal Germination Temperatures of Some Medicinal Plant Species [pp. 156-163]
	Effect of Provenance, Temperature and Pretreatment on Germination of Albizia chinensis [pp. 164-176]
	Seed Tech Notes
	How to Prepare a Master Calibration Sample: Procedure and Applications Using Tall Fescue as a Model [pp. 179-188]
	Laboratory Tests for Predicting Seedling Emergence of Safflower (Carthamus tinctorius L.) Cultivars [pp. 189-193]

	Abstracts from oral and poster presentations given at the 99th Association of Official Seed Analysts and the 86th Society of Commercial Seed Technologists (AOSA/SCST) Annual Meeting held in Ft. Collins, Colorado on May 31st—June 5th, 2009
	Comparison of Two Accelerated Aging Test Methods [Abstract] [pp. 197-197]
	Comparison of Inert Matter Content Separated from Tall Fescue Samples Using the AOSA Manual Method and a Uniform Blowing Procedure [Abstract] [pp. 198-198]
	How to Produce and Assure Uniformity in Master Calibration Samples [Abstract] [pp. 199-199]
	Bonafide BDI®-Ryegrass, A Novel, DNA-based Diagnostic Tool for Adventitious Presence Test in Perennial Ryegrass [Abstract] [pp. 200-200]
	Differential Scanning Calorimetry as a Tool for Nondestructive Measurements of Seed Deterioration in Lettuce (Lactuca sativa 'Black Seeded Simpson') [Abstract] [pp. 200-201]
	The NCRPIS — Providing Diverse Plant Genetic Resources for Worldwide Research and Development [Abstract] [pp. 201-202]
	Identification of Foxtail (Setaria) Impurities: Examination and Comparison of Four Species [Abstract] [pp. 202-202]
	The Effect of Seed Vigor on the Uniformity of Soybean Seedling Emergence [Abstract] [pp. 202-203]
	Preservation of Plant Genetic Resources at the National Center of Genetic Resources Preservation [Abstract] [pp. 203-203]
	Svalbard Global Seed Vault: Safeguarding the Future of Agriculture [Abstract] [pp. 204-204]
	Laboratory Methods to Break Dormancy in Eastern Gamagrass (Tripsacum dactyloides L.) Seeds [Abstract] [pp. 204-205]
	Identification and Characteristics of Solanum, Physalis, Datura, and Quincula Species [Abstract] [pp. 205-205]
	A High-throughput System for Integrated Extraction and PCR Amplification of DNA from Seed and Leaf Tissue for Plant Genotyping Studies [Abstract] [pp. 206-206]
	Annonaceae Seeds: Desiccation Tolerant with Unusual Physiologies [Abstract] [pp. 206-207]
	Seed Storage Containers: Implications of Water Permeability Properties on Moisture Management [Abstract] [pp. 207-207]
	Cryogenic Storage of Cereal Grains: Results from a 20-Year Experiment [Abstract] [pp. 208-208]
	National Seed Herbarium [Abstract] [pp. 208-209]

	Back Matter



