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Abstract 

Wlnterfat [Eurotia hnata (Pursh) Moq.] ls a chenopod shrub 
often used in range seedings because of its palatability and nutrl- 
tive value. Environmental conditions influence wlnterfat germi- 
nation and seedling vigor and, therefore, seedling success. We 
tested the hypothesis that seed imbibition at warm temperatures 
damages seed membranes, resulting in lower post-imbibition 
concentrations of seed cations. Energy-dispersive x-ray micro- 
analysis of Cl uptake and fresh weight increase over time gave 
evidence that winterfat seeds imbibe more rapidly at 25 than at 
4%. However, imbibition of seeds at 20°C did not result ln con- 
sistently lower post-imbibition cation concentrations. Although 
imbibition ls more rapid at warm temperatures, the post-imbibi- 
tion concentration of cations in seeds imbibed at 20°C does not 
justify the conclusion that warm imbibition damages wlnterfat 
seed membranes. 
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Winterfat [Eurotia Zanatu (Pursh) Moq.; Ceratoides lanata (Pursh) 
J.T. Howell] is a low, chenopod shrub of western North America 
long valued on winter ranges where it furnishes palatable and nutri- 
tious forage for wildlife and livestock (USDA Forest Service 1937). 
Because of these desirable characteristics, it is commonly used in 
mine reclamation and range revegetation projects. 

The winterfat diaspore consists of 2 connate bracts enclosing a 
pubescent utricle (Booth 1988). White hairs, 2 to 8 mm long, cover 
the bra&. The seed is flat, 3 to 4 mm long, 2 mm wide, and 1 mm 
thick. It has a thin testa and a well developed, peripheral-linear 
embryo lying obovoid around the perisperm. Bracts average 9,580, 
and seeds, 1,070 pglg Ca. Seeds gain a significant quantity (635 
pg/g) of Ca from the bracts during imbibition at 0 + 2°C (Booth 
1989). Winterfat and closely related species are favored by cool sea- 
son seedings (Hilton 1941, Strickler 1956, Haferkamp et al. 1990, 
Shaw and Haferkamp 1990). Winterfat seedling vigor decreases as 
the temperature at which the seeds imbibe increases (Booth 1992). 
Why this occurs is not known. Booth (1992) proposed that rapid 
imbibition at warm temperatures damaged seed membranes; that as 
temperature increased, imbibition rate and seed damage also 
increased and seedling vigor decreased (Booth 1992). Our objective 
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in studying the cation concentration in post-imbibed winterfat seeds 
was to test the imbibition-rate/membrane-damage hypothesis. The 
assumption was that damaged membranes would leak cations 
(Bewley and Black 1978, Duke et al. 1986). Therefore, if winterfat 
seeds did not imbibe more rapidly at the warmer temperatures, or if 
the post-imbibition concentration of seed cations was greater than, or 
equal to, that of seeds imbibed at cooler temperatures, we would 
reject the hypothesis. 

Methods 

Imbibition Kate 
Material-A thoroughly mixed sample (1.0 g) of diaspores har- 

vested at Cheyenne in 1986 and stored at 5°C was used. Diaspore 
germination as indicated by radicle protrusion was 55% using meth- 
ods suggested by Booth (1992). 

Treatments-To test the effect of temperature on imbibition rate, 
and to identify the order of hydration of seed parts, seeds were care- 
fully hand threshed, so that testas were intact, then imbibed in 5% 
sodium hypochlorite (commercial bleach) at 4 or 25°C for 1,4, and 8 
hours. Seeds were then analyzed for Cl (in ClO-) uptake by energy- 
dispersive X-ray microanalysis (EDAX). Since ClO- is soluble in 
water and since Cl is not normally found in high concentrations in 
dry seeds (0 is a toxic anion), seed Cl was an indirect measure of 
water movement into the seeds. Following soaking, the seeds were 
fixed to a carbon planchet using silver paint, then viewed and pho- 
tographed on an ISI 40 Scanning Electron Microscope’ (SEM) at 30 
kV. Seed tissue was analyzed for Cl and P using an EDAX 9900 
Series Wave Length Dispersive X-ray Spectrometer mounted on the 
SEM. Each element emits a characteristic energy pattern when 
exposed to electrons from the SEM. This allows for spectrometric 
analysis of very small points of seed tissue. Because the spectrometer 
data are not absolute, and because P levels in imbibing seeds are 
unlikely to change, Cl concentration was measured relative to P for 
each soaking interval. Therefore Cl is expressed as a percentage of 
the amount of P measured. [Phytin is an insoluble compound of K, P, 
Mg, and Ca salt of phytic acid and a major phosphate reserve in 
seeds. Phytic acid breakdown is a late event in the germination of 
seeds, usually occurring during growth (Bewley and Black 1978, p. 
223). Since phytic acid breakdown and the release of P into solution 
is a late event, the amount of P in a point of tissue is constant even 
though the concentration on a fresh weight basis may be changing.] 

‘Mention of trade names/dealers is for information only and does not imply an 
endorsement by USDA. 
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Fig. 1. Scanning ekctmn microscope image of a winterfat seed showing 
seed pnrts analyzed by energy-disper,i”r x-ray microanalysis. A = 
cotyledon apex, B = perisperm, C = hypocotyl. 

Three parts of the seed were evaluated, the cotyledon apex, the 
perisperm. and the hypocotyl at a point opposite the apex (Fig. I). 
Each seed part was evaluated in the center of the structure. Data 
obtained for the hypocotyl were limited. therefore the values reported 
for each seed represent the mean of the cotyledon apex and the 
perisperm. 

The EDAX analysis followed a preliminary test of the effect of 
temperature on imbibition rate. Threshed seeds were placed in water 
and allowed to imbibe at 4 or 25°C for I, 4. and 8 hours, then blotted 
dry and weighed as 1 group of 5 seeds imbibed at each time and tem- 
perature. 

A completely random experimental design was used with at least 
2, and generally 4 replications. This varied because the seeds placed 
on the carbon planchet were sometimes inadvertently covered with 
the silver cementing material and could not be evaluated. An analy- 
ses of variance for unequal subclasses (SAS) was used and compar- 
isons made for seed Cl uptake by temperature, and Cl uptake by time 
and temperature. The fresh weight gain by imbibing seeds is not 
replicated and is presented as additional information. 

Seed Leakage 
Seed leakage, an indication of membrane damage. is commonly 

tested by measuring the conductivity of the water in which the seed is 
imbibed. Since significant amounts of cations, particularly calcium, 
are stored in winterfat bracts and utricle, a conductivity test might be 
confounded by cations stored outside the seed. This is particularly 
true when testing the effect of imbibition temperature on seeds 
imbibed as intact d&pores. Therefore we elected to use atomic 
absorption spectrophotometry to measure cation concentrations in the 
seed and to determine if imbibition temperature influenced concen- 
tration. 

Material-Diaspores were harvested in Colorado in 1991 by Wind 
River Seed, Manderson, WY (Lot #I, stock #737). Diaspare germi- 
nation was 49% (tag). 

Treahenrs-Diaspora were thoroughly mixed. subsamples ran- 
domly collected, and a portion hand threshed as before. Seeds and 
diaspores were humidified by placing them on filter paper held above 
distilled water at 2°C for 24 hours for seeds, and 48 hours for dias- 
pores. This increased seed moisture to 20% (dry weight basis), reduc- 
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ing the chance of imbibitional injury (Vertucci and Leopold 1984. 
Vertucci 1989) and duplicating the procedure followed by Booth 
(1992). Seeds and d&pores were then soaked in deionized wafer at 5 
or 20°C with agitation. Twenty-five ml water was used for seeds and 
100 ml for diaspores. The Z-gram samples of threshed seeds were 
imbibed for I. 4, and 8 hours. Diaspore samples weighed 5 g and 
were imbibed for 8, 16, and 32 hours. Imbibition times differed 
because of the longer hydration time required for diaspores. After 
soaking, the material was drained for 30 minutes on Whatman 40 ti- 
ter paper. then oven dried at 60°C for 24 hours. After drying, seeds 
were hand threshed from the diaspores. A control treatment consisted 
of a randomly collected subsample of threshed seeds that was humid- 
ified and oven dried, but not imbibed. Cation analysis for Ca, Na, K, 
and Mg by atomic absorption spectroscopy used standard methods. 

Experimental Design-A randomized complete block with 4 repli- 
cations was used. All treatments within a replication were begun the 
same day. Replications were separated by I-week intervals. After the 
tint analysis was completed, a second subsample of each treatment 
was weighed and the analysis repeated giving 2 observations for each 
experimental unit. Two analyses of variance were conducted. In the 
first, the control was not included in the analysis and differences in 
cation concentrations by imbibition temperature (I df) and imbibition 
time (2 df) were tested. The second analysis tested for cation differ- 
ences among 7 treatments composed of all combinations of tempera- 
ture and time, plus the conrrol. Dunnett’s procedure was used to 
compare the contml with all other treatments. To reduce the chance 
of a Type II error (accepting the null hypothesis of no difference in 
cation concentration due to imbibition treatment when there was an 
effect), we used a significance level of P< 0.20 (Steel and Torrie 
1980, p 91). 

Table 1. Concentrations of cations in winterfat seeds as influenced by 
imbibition temperature and time. Data on unimbibed seeds arc pre 
sented for comparison. The observed significance level (OSL) is indi- 
cated. 

T,a Na ~I( 
____________________pg/g__________ 

Unimbibed Threshed 
Mean *SD 1.137 * 56 t22 * 28 13.282 * 263 
Imbibed Threshed -Temperature effect 

5°C 1,107 97 I1.782 
zwc t.160 105 12,035 
CISL 0.13 OSII Ct.05 

Imbibed as Diaspora - Temperature effect 
5°C 1.198 103 11.677 
20°C 1.278 110 11.201 
OSL 0.12 0.50 <Cl.01 

imbibed Tbrrsbed - Time effect 
I hour 1,183 108 t*,o** 
4 hour I.115 95 tzot6 
8 hour 1,cwJ Km 11.622 
OSL 0.11 Il.64 <WI, 

Temp x Time OSL: 0.49 0.77 0.75 
Imbibed as D&pore -Time effect 

* imur 1,202 98 I 1.754 
16 hour 1,201 112 ,138 
32 hour 1.311 110 11,206 
OSL 0.14 0.45 Il.01 

Temp x Time OSL: 0.91 0.77 0.43 

MS 

1.863 * 96 

1,929 
I.919 
0.87 

1,925 
1,937 
0.62 

1.906 
1.936 
1.929 
0.92 
0.99 

1,896 
1.928 
I.953 
0.06 
0.65 
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Fig. 2. Fresh weight Increase of winterfat seeds at 4 and 25OC hubibition temperatures. 

Results 

Imbibition Rate 
Seeds imbibed at 4’C had less Cl (average percent relative to P) 

than seeds imbibed at 25°C (71.0 vs 79.7% when averaged over all 
imbibition times). The observed significance level (OSL) was 
P=O.O57. Fresh weight gain by imbibing seeds also indicated that the 
imbibition rate at 4°C was less than for seeds imbibed at 25°C (Fig. 
2). Chlorine- concentration did not change over time (OSL=O.94), 
perhaps due to the large amount of uptake which occurred during the 
first hour, and the time-temperature interaction was not significant 
(O&=0.96). The rapid uptake of water by threshed seeds is attrib- 
uted to the very thin testa of winterfat. 

Seed Leakage 
Imbibition temperature caused a significant change (PsO.20) in the 

concentration of Ca and K, however, differences due to temperature 
indicated lower cation concentrations at 5, rather than at 20°C except 
K in seeds imbibed as diaspores (Table 1). Soaking time influenced 
Ca and K, and Mg for seeds imbibed as diaspores. Threshed seed Ca 
and K decreased as soaking time increased, but Ca and Mg increased 
with soaking time when imbibed as diaspores. This is consistent with 
previous findings (Booth 1989). Potassium in seeds imbibed as dias- 
pores decreased over time. When imbibed seeds were compared with 
control seeds in the second analysis of variance, K (all treatments), 
and Mg (1 treatment) concentrations differed by imbibition treatment 
(data not shown). Again, there was no consistent evidence of cation 

loss due to imbibition at 20°C. 
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Discussion and Conclusions 

No convincing evidence of membrane damage due to rapid imbibi- 
tion at 20°C was obtained. In fact, the lower cation concentrations 
found for Ca and K (threshed) and Ca (diaspore) at 5, rather than at 
2O”C, and the lack of differences for Na and Mg (Table 1) is the 
opposite of what would be expected if rapid imbibition at 20°C dam- 
aged seed membranes. We conclude that for winterfat, as with other 
seeds, warm imbibition (20°C) is more rapid than cold imbibition 
(Shell 1920, Allerup 1958, Vertucci 1989); however, the cation level 
in seeds imbibed at 20°C does not suggest excessive loss of cations 
such as would occur with membrane damage. The greater seedling 
vigor of winterfat seeds imbibed at low temperatures is most likely 
due to factors other than membrane damage during warm tempera- 
ture imbibition. 

Revegetation has been a part of range management from the time 
the discipline was recognized as a separate science. To advance the 
science, we must do more than document success and failure of the 
seed sown. We must understand why, and develop innovative man- 
agement that applies this knowledge. The work reported in this paper 
does not answer why warm imbibition decreases winterfat seedling 
vigor. It does quite clearly suggest that membrane damage is not the 
answer. 
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