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tion of hard seeds and possible reseeding 
from previous year’s crop in case of green 
sprangletop. 

Conclusions 

A dense mulch may reduce the num- 
ber of emerging seedlings, but this is 
offset by the end of the second growing 
season by increased seedling survival due 
to improved soil-plant-water relations. 
Mulch is beneficial to plant vigor by 
conserving soil moisture, as reflected by 
increased plant height. 

Different grass species, and sometimes 
varieties within a species, will respond 
differently to changes in the environment 

caused by adding a soil surface mulch. In 
this study, a satisfactory stand and rate of 
growth were obtained from kleingrass, 
Caddo switchgrass, and Blackwell switch- 
grass. 

This study points out the need for 
additional research in grass establishment 
on sandy soils. These results show a need 
for evaluating soil-water characteristics, 
soil nutrient availability, and 
soil-conserving measures on grass seedling 
growth and establishment. 
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Highlight: The main morphological distinction between bluebunch wheatgrass and 
beardless wheatgrass is the presence of geniculate awns in the former and the absence 
of awns in the latter. Open pollinate progenies of plants classified as either A. spicatum 
or as A. inerme segregated clearly for this trait. This indicates the mere presence or 
absence of awns does not afford reproductive isolation; thus, the species designation is 
questionable. In addition, variation for rhizomes was detected in the progenies of 
bunch type plants, but segregation was not clear cut. Significant variation among 
progeny means for forage yield was also detected. There is apparent, real potential for 
varietal development, but care must be exercised in mixing awned and awnless types. 

The forage grass breeder must not 
only interpret and utilize genetic varia- 
tion in his breeding stocks, but he must 
also contend with variation in traits 
which are of critical importance in identi- 
fying taxa within which he is working. 
This variation frequently obscures precise 
taxa identification and is a significant 
problem in many forage grass breeding 
programs. Before a breeding program can 
be implemented, questionable breeding 
stocks must be clearly identified. 

,In recent years, many new techniques 
to unravel taxonomic questions have been 
used. The contributions of cytogenetics 
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in taxa identification cannot be seriously 
doubted (see, for example, Schultz- 
Schaeffer and Jurastis, 1962). Similarly, 
various biochemical techniques have 
proved useful in approaching certain tax- 
onomic problems (see for example- 
Lorenz and Schultz-Schaeffer, 1964). 
However, the forage grass breeder, for 
practical reasons, generally must depend 
on the more classical, morphological ap- 
proaches to taxonomic problems. 

We are involved with variety develop- 
ment programs in two closely related 
species of Agropyron, A. spicatum 
(Pursh) Scribn. & Smith (bluebunch 
wheatgrass) and A. inerme Scribn. & 
Smith (beardless wheatgrass). Morpholo- 
gically, these species are separated 
primarily by the presence or absence of 
awns (Hitchcock, 1950). From a genetical 
point of view, evidence suggests that 
members of these species, based ex- 
clusively on morphological criteria, are 
not reproductively isolated. 
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Materials and Methods 

In 1967, a minimum of eight plants of 
each of 27 collections of A. spicatum and 
of eight collections of A. inermel was 
established at random in a space planted 
(1 meter between and within rows) nur- 
sery at Bozeman, Mont. In 1968 and 
1969 each plant was classified taxonom- 
ically according to Hitchcock (1950) 
and scored for agronomically important 
traits (yield, growth type, etc.). Both 
species are described as perennial with 
bunch type growth habit and spikelets 
appressed to the axis of the spike. 
Lemmas are generally not pubescent. In 
both species other morphological traits 
may vary. These traits include glume 
length and degree of involution of leaves. 
Considering only A. spicatum and A. 
inerme, separation is based on the pre- 
sence of geniculate awns in the former 
and the absence of awns in the latter. 

In 1969, replicated plantings of the 
open pollinated progeny of 33 of the 
initial plants were made at Bozeman, 
Mont. Seedlings were spaced Sm in rows 
1.5m apart. A minimum of two replica- 
tions of six plants each, to a maximum of 
six replications of six plants each, was 
planted. 

In 1970, infloresence samples of each 
plant of every progeny were classified to 
species according to Hitchcock (1950). 

‘Seed collections were supplied by the SOi1 
COfWrVatiOn Service Plant Material Center at 
Bridger, Montana. 
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Table 1. 
ptants. 

Taxonomic data and mean plant yields (9, oven dry) for progeny of A. spicatum and A. 

Bozeman S.C.S. Maternal plant Mean yield/ 
plant no. collection identification Awned Awnless Rhizomatous Bunch plant progeny 

1-7 P6409 A. spicatum 
2-1 Wy258 A. spicatum 
2-3 M453 A. spicatum 
2-8 P7845 A. spicatum 
2-17 M781 A. inerme 
3-2 WY437 A. spica turn 
4-8 P6409 A. spica turn 
5-l M45 1 A. spicatum 
5-10 WY437 A. spicatum 
5-16 M788 A. inerme 
6-18 C138CM A. inerme 
7-2 Wy312 A. spicatum 
74 Ml77 A. spicatum 
7-6 Ml80 A. spicatum 
7-7 WY437 A. inerme 
7-8 P6409 A. spicatum 
86 C29MB A. spicatum 
8-18 C138CM A. Inerme 
9-2 M45 1 A. spicatum 
9-16 M781 A. inerme 
10-2 Cl39 A. spicatum 
10-5 WY344 A. spicatum 
lo-18 C138CM A. inerme 
11-2 Ml80 A. spicatum 
11-18 M785 A. inerme 
12-5 P7845 A. spicatum 
13-5 Wy312 A. spicatum 
14-3 M45 1 A. spicatum 
14-7 P7845 A. spicatum 
17-15 WY437 A. spicatum 
18-16 P7845 A. spicatum 
22-13 M788 A. inerme 
23-15 wy75 A. inerme 

12 
12 
21 
12 
0 

13 
6 
8 
3 
0 
0 

11 
10 
14 

; 
4 
6 

11 
0 
9 
3 

130 
2 
5 
3 

10 
7 

17 
8 
0 
2 

2 
3 

12 
3 
2 
0 
1 

23 
5 
6 

6 
3 

4 
15 

0 
23 

0 
0 

11 
0 
7 
2 
2 
1 
7 
0 
0 
9 
4 

0 
variable 

0 
5 
3 
2 
0 
0 
1 

16 
5 
5 
0 
0 
0 
0 
0 

13 
0 
0 
0 
1 

variable 
0 
3 
4 

: 
10 

4 
0 

variable 
0 

13 
variable 

23 
10 

9 
11 

8 
8 
3 

0 
12 
11 
20 

8 
10 

8 
8 

11 
23 

9 
3 

variable 
13 

6 
3 
4 
9 
4 

13 
8 

variable 
6 

81.0 
27.5 
55.7 
68.9 
33.6 
56.3 
13.7 

- 
88.7 

- 
17.0 
31.5 
23.9 
44.5 
47.5 
36.3 
95.3 
37.8 
54.3 
28.5 
47.0 
74.0 
26.0 
99.2 
55.0 

- 
36.5 

134.4 
37.3 
27.7 
48.6 

- 

Yield of each plant at heading and re- 
growth yield 3 weeks later were mea- 
sured. Mean yield (oven dry matter/ 
progeny plant) was used in the analysis of 
differences among progeny. 

Results and Discussion 

Of the 33 progenies analyzed, the seed 
parents of 23 were classified as A. 
spicatum and those of the remaining 10 
were classified as A. inerme. Since the 
presence or absence of awns is a key trait 
in separating these species, intra-progeny 
variation for the presence or absence of 
awns is of immediate interest (Table 1). 
Progeny of 16 of the 23 A. spicatum 
plants clearly segregated for awned vs. 
awnless. Only seven progenies were phe- 
notypically stable for this trait, and for 
one of these the progeny size was very 
small. Thus, considering only awned vs. 
awnless, nearly 70% of the progeny of A. 
spicatum plants segregated for A. 
spicatum vs. A. inerme. For the same 
trait, the progeny of four of nine A. 
inerrne plants segregated. Limited prog- 
eny size precluded estimating allelic fre- 
quencies for this trait; thus, no genetic 
model of its inheritance is proposed. 
However, it should be noted that segrega- 
tion is clear cut and that even in small 

progenies (as low as four individuals in 
one case) segregation is detected. This 
strongly suggests that the inheritance of 
awns is simple in nature. Based on these 
data and observations, we suggest that 
there is serious doubt that these species, 
when separation is based on awned vs. 
a wnless , are reproductively isolated; 
therefore, from a genetical point of view, 
they may share a common gene pool and 
can be treated as the same species. 

Both A. spicatum and A. inerme are 
described as bunch type grasses. Variation 
from the bunch type habit is more 
difficult to score; it is not a simple “plus 
or minus” trait as is awned vs. awnless. If 
variation in rhizomes is considered with 
variation in awns, then the progeny of 
only three plants of A. spicatum (plants 
9-2, 1 O-2, and 1 l-2) and one plant of A. 
inerme (9-16) conform to their currently 
accepted description (Table 1). Moreover, 
rhizomatous forms of A. inerrne are 
readily classified as A. dasytachyum 
(Hook.) Scribn. Although the evidence is 
not as clear, the validity of separating A 
dasytachyum from A. inemze (and A. 
spicatum) on a genetic basis might be 
questioned. 

progeny plant of all progeny ranged from 
a low of 13.7g to a high of 134.43 
(Table 1). The average of all progeny is 
51 .Og. The average of all progeny of 
maternal plants classified as A. inerme, 
66.8g is significantly (P<O.O5) greater 
than the mean yield for A. spicatum pro- 
geny, 43Sg. This may be due to uninten- 
tional directional selection of the maternal 
plants to be included in the progeny test 
or to the smaller sample of A. inerme 
plants compared to A. spicatum, 9 vs. 19, 
respectively. 

There is significant (P<O.O5) variation 
in yield of progeny of single plants from 
the same collection. In four instances the 
progeny of two or more plants from the 
same collection were included in the test 
(Table 1). The extreme variation was 
detected for SCS collection P7845 (plants 
12-5, 14-7, and 18-16, Table 1). Mean 
progeny yield of these plants ranged from 
27.73 to 134.43. 

Significant among progeny variation 
for yield was detected. Mean yields per 

Up to 50% of the difference between 
progeny means may be attributed to 
genetic difference among the maternal 
plants. The genetic effect of the pollen 
parent cannot be estimated from our 
data. Considering the magnitude of dif- 
ference among progeny means, we con- 
clude significant genetic gain for forage 
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Responses of Crested Wheatgrass Seeds 
to Environment 
A. M. WILSON 

Highlight: Characteristic of crested wheatgrass that favors establishment on harsh 
rangeland sites is the ability to germinate under conditions of low temperature and 
of intermittent drought. Subsequent germination was hastened as a result of exposure 
of seeds to favorable moisture and a temperature of 2 C. Subsequent germination was 
also hastened as a result of exposure of seeds to water potentials as low as -40 bars. 
During severe drought, seeds retained much of the advantage they had gained during 
periods of favorable moisture. After drought, seeds made rapid gains when moisture 
again became favorable. 

The objective of this study was to 
learn what physiological traits or ad- 
aptations of, crested wheatgrass seeds 
seeds enable them to germinate under 
adverse rangeland conditions. 

On these lands, seeds are often ex- 
posed to high and low temperatures and 
severe drought. An understanding of re- 
sponses to these conditions would serve 
as a basis for selecting or modifying 
seedbed environments in order to increase 
the probability of success. Furthermore, a 
knowledge of critical physiological traits 
in the germination stage would be useful 
in developing plant materials that are 
better adapted for seeding on difficult 
sites. 

Previous work indicates that crested 
wheatgrass seeds germinate under a wide 
range of temperature and moisture con- 
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ditions (McGinnies, 1960). Metabolic pro- 
cesses start and stop when crested wheat- 
grass seeds are exposed to periods of 
precipitation and drought in the field 
(Wilson et al., 1970). Hastened emer- 
gence, due to seed pretreatment, is not 
lost when crested wheatgrass seeds are 
dried (Keller et al., 1970). 

In the present study, critical physiolo- 
gical traits of crested wheatgrass were 
identified by studying the relationship 
between germination processes and envi- 
ronmental variables. 

Materials and Methods 
Seeds of Nordan crested wheatgrass 

(Agropyron desertorum [ Fisch . ex Link] 
Schult.) were produced at Pullman, Wash. 
in 1969, and were 1 to 2 years old when 
used in this study. They were treated 
with 20 mg of thiram (tetramethyl- 
thiuram disulfide) per gram dry weight 
to prevent microbiological contam- 
ination. 

In laboratory study of the effects of 
moisture stress, seeds were allowed to 
absorb water vapor from air at constant 
water potentials of -20, -40, and -60 bars, 
as previously reported (Wilson, 197 1). 

Paired samples of 100 seeds were 
enclosed in flat screen bags for planting in 
a silt loam soil at Pullman, Wash. A 
wooden frame surrounding the field plot 
was used for accurately covering seeds 
with 2.5 cm of soil. 

, 

In an October field experiment (Fig. 
2), soil water potential remained greater 
than -2 bars and average daily minimum 
and maximum soil temperatures were 4 
and 16 C, respectively. Seeds had made 
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At desired intervals both paired 
samples of seed were removed from the 
soil. One sample was promptly placed on 
moist blotter paper in petri dishes and 
germinated at 5 C. The other was stored 
in dry ice for later measurements of 
a-amylase activity. 

Hastening of germination, a measure- 
ment for evaluating responses of seeds to 
environment, was defined as the number 
of days field or laboratory samples reach- 
ed 50% germination ahead of air-dry 
control samples (Wilson, 1972). cw-amylase 
activity, a second test for evaluating seed 
responses to environment, was deter- 
mined by the iodine method (Chrispeels 
and Varner, 1967; Wilson, 1971). 

Soil temperatures at a depth of 2.5 cm 
were recorded with a thermograph. The 
average temperature for each 2-hour peri- 
od was read from the thermograph chart, 
and degree-hours was calculated by multi- 
plying temperatures above 0 C times the 
number of hours. The sum of these values 
was divided by 24 to give degree-days. 

Soil samples were taken within 0.5 cm 
below seed samples, and soil water poten- 
tials were measured in the laboratory 
with a thermocouple psychrometer 
(Campbell and Wilson, in press). 

Results 
Response to Temperature 

At constant temperatures in the labo- 
ratory, hastening of germination at 2, 5, 
or 23 C increased with time of incubation 
(Fig. 1). Over this range of temperatures, 
the rate of gain was proportional to 
temperature. 


