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Abstract:
Beardless wildrye [Leymus triticoides (Bulkl.) Pilg.] and Altai wildrye, [Leymus angustus (Trin.) Pilg.]
are adapted to the western United States. Beardless wildrye is a native, rhizomatous, perennial grass
adapted throughout the western United States. Altai wildrye is an introduced perennial grass adapted to
the northern Great Plains. Plant characteristics of Altai wildrye include an active growth period in
spring and summer, with a moderate regrowth rate, low moisture use, high drought and salinity
tolerance, and low fertility requirements. Several factors severely limit the use of these species,
including seedling vigor, poor stand establishment, erratic seed production, and seed dormancy in the
case of beardless wildrye. By reducing these limitations beardless and Altai wildrye could be widely
used for forage production, reclamation and phytoremediation of saline soils.

Studies were conducted to determine the extent of genetic and environmental variability of germination
and seedling vigor traits in beardless and Altai wildrye. Wildrye populations were evaluated for seed
weight, germination response to exogenous substances, speed of germination, field emergence and
forage yield. Seedling vigor was evaluated by measuring seedling dry matter production.

Application of exogenous potassium nitrate significantly improved beardless wildrye germination.
Following three cycles of recurrent genotypic selection, field emergence (146%) and forage yield
(127%) were improved over Shoshone beardless wildrye. No significant differences occurred in
seedling vigor. Exogenous gibberellic acid or indole acetic acid did not significantly improve
germination of Altai wildrye populations. Following two cycles of recurrent genotypic selection, field
emergence (37%) and forage yield (15%) were improved over Prairieland Altai wildrye. 
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Abstract

Beardless wildrye \Leymus triticoides (BulkL) Pilg.] and Altai wildrye, [Leymus 
angustus (Trin.) Pilg.] are adapted to the western United States. Beardless wildrye is a 
native, rhizomatous, perennial grass adapted throughout the western United States. Altai 
wildrye is an introduced perennial grass adapted to the northern Great Plains. Plant 
characteristics of Altai wildrye include an active growth period in spring and summer, 
with a moderate regrowth rate, low moisture use, high drought and salinity tolerance, and 
low fertility requirements. Several factors severely limit the use of these species, 
including seedling vigor, poor stand establishment, erratic seed production, and seed 
dormancy in the case of beardless wildrye. By reducing these limitations beardless and 
Altai wildrye could be widely used for forage production, reclamation and 
phytoremediation of saline soils.

Studies were conducted to determine the extent of genetic and environmental 
variability of germination and seedling vigor traits in beardless and Altai wildrye. 
Wildrye populations were evaluated for seed weight, germination response to exogenous 
substances, speed of germination, field emergence and forage yield. Seedling vigor was 
evaluated by measuring seedling dry matter production.

Application of exogenous potassium nitrate significantly improved beardless 
wildrye germination. Following three cycles of recurrent genotypic selection, field 
emergence (146%) and forage yield (127%) were improved over Shoshone beardless 
wildrye. No significant differences occurred in seedling vigor. Exogenous gibberellic 
acid or indole acetic acid did not significantly improve germination of Altai wildrye 
populations. Following two cycles of recurrent genotypic selection, field emergence 
(37%) and forage yield (15%) were improved over Prairieland Altai wildrye.
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Chapter I 

Introduction

Beardless wildrye [Leymus triticoides (Build.) Pilg.] and Altai wildrye \Leymus 

angustus (Trin.) Pilg.] are two grasses that have great potential benefit to regional 

producers due to adaptability and forage production (USD A, NRCS. 2001, USD A, ARS

2002).

Seedlings of both species develop slowly resulting in poor competition with 

weeds and other grasses. Once these wildrye grasses become established, they exhibit 

rapid vegetative spread by rhizomes (Alderson and Sharp 1994). Beardless wildrye has 

low and erratic seed production (Stroh 1968) and seed dormancy (Knapp and Wiesner 

1978). By reducing these problems, beardless and Altai wildrye could be widely used for 

forage production, reclamation and phytoremediation of saline soils.

The AOSA defines seedling vigor “as those seed properties which determine the 

potential for rapid and uniform emergence, and development of normal seedlings under a 

wide range of field conditions” (AOSA 1983). Highly vigorous seedlings become 

established quickly, utilizing early season moisture and competing well with weeds. As a 

result of low seedling vigor and seed dormancy (in the case of beardless wildrye) neither 

species competes well against weeds or other crops during stand establishment (Knapp 

and Wiesner 1978; USDA-NRCS, 2001).

Factors affecting seed and seedling performance and vigor are seed size, 

conditioning and storage conditions such as time, temperature, and relative humidity.



Seed weight of grass seed is often correlated with seedling vigor (Rogler 

1954; Kneebone and Cremer 1955). In crested wheatgrass [Agropyron desertorum (Fisch. 

Ex Link) Schult.], it was found that emergence from seed planted 3.81 cm deep increased 

as seed size increased (Rogler 1954). Seed size also impacts seed vigor of many native 

grass species. Increased vigor of buffalograss [Buchloe dactyloides (Nutt.) Engehn.], 

indiangrass [Sorghastrum nutans (L.) Nash], bluestems [Andropogon spp. L.], sideoats 

grama [Bouteloua gracilis (Kunth) Lag. Ex Griffiths] and switchgrass [Panicum virgatum 

L.] was accomplished simply by sizing seed, with the largest, heaviest seed having the 

most vigor (Kneebone and Cremer 1955). Seed conditioning will improve grass seed 

vigor by the removal of the smaller and lighter seed. Optimal storage conditions are 

necessary to maintain seed and seedling performance, while suboptimal conditions will 

allow the seed to rapidly deteriorate.

Environmental factors during seed production such as temperature, relative 

humidity, soil water and soil fertility have variable effects on dormancy levels among 

seed lots (Fairey and Hampton 1997; Juntilla 1977). Exogenous and endogenous seed 

dormancy is influenced by many stimulatory factors, including stratification, temperature, 

light and ionic solutions (Cohn et al. 1989; Roberts et al. 1987). Exogenous dormancy is 

reduced by water, gases or elimination of mechanical restriction (Adkins and Adkins 

1994). Endogenous dormancy can be reduced by many compounds such as weak acid, 

alcohol, aldehyde, nitrile, and ketone (Adkins et al. 1985). The relative activity of many 

of these compounds in breaking dormancy is thought to be a function of the lipophilicity 

of the solvent to the cell membranes within the seed (Cohn et al. 1989).
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Many grasses require exogenous potassium nitrate (KNO3) when using 

standard AOSA germination procedures, including standard crested wheatgrass, creeping 

foxtail [Alopecurus arundinaceus Pior.], bluestem, grama, and bluegrass [Poa spp. L.] 

(AOSA 2000). Seedling vigor may also be affected by several endogenous hormones in 

the seed. These hormones include gibberellins (such as GA3) and indole acetic acid 

(IAA). The oxygen (O2) level of the tissue in and around the embryo may also affect 

vigor (Hsiao and Quick 1984).

Many compounds aid in the reduction of dormancy, and promotion of 

germination, and consequently seedling growth. Exogenous gibberellin (GA3) was found 

to increase first intemode length allowing for more emergence in deep seeded wheat 

(Chen et al. 2001). Scots pine [Pinus sylvestris L.] seedlings have insufficient indole 

acetic acid (IAA) for growth, requiring the addition of IAA for cell elongation (Ljung et 

al. 2001). Hydrogen peroxide (H2O2) has been shown to break dormancy in wild oats 

[Avena fatua L.]. This is thought to occur because as H2O2 deteriorates it yields O2, 

increasing the respiration rate of the seed and inducing germination (Hsiao and Quick 

1984). Ethanol (ETOH) is thought to induce germination by promoting respiration or 

providing a substrate of respiration (Adkins et al. 1985).

Potassium nitrate (KNO3) has been used to help break dormancy in many types of 

seed, including buffalograss (Wenger 1941), poverty grass [Danthonia spicata L.] 

(Toole, 1939), bur buttercup {Ranunculus testiculatus Cfantz)] (Young 1992) and Acacia 

coriacea DC. (Rehman, 1998). Many grasses require exogenous KNO3 when using 

standard AOSA germination procedures, including standard crested wheatgrass, creeping 

foxtail, bluestem, grama, and bluegrass (AOSA 2000). Standard germination procedures
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for beardless wildrye require KNO3 (2 x IO3 mgL'1) as the moistening agent and an 

alternating temperature of 20/30°C (Chirco, 1986). The mode of action of KNO3 in 

breaking dormancy is unknown.

Crabtree and Bazzaz (1993) evaluated the interaction of ammonia (NH4) and 

nitrate (NO3) for effects on germination and plant growth. It was found that an increased 

ratio OfNH4 to NO3 improved birch [Betula spp. L.] species germination under high light 

conditions, while low light conditions shifted this ratio to favor NOi3. As the NO3 ion 

became available in solution it may mimic a natural trigger which initiates germination 

(Crabtree and Bazzaz 1993).

Gibberellic acid (specifically GA3) is present in dry seed at low levels and upon 

imbibition this level increases dramatically in maize, due to endogenous and de novo 

synthesis of gibberellin (White and Rivin 2000). Far red light induced dormancy of radish 

seed [Raphanus sativus cv. Etema] was reduced by exogenous GA3 (Schopfer et al. 

2001). In deep-seeded (6 cm) wheat [Triticum aestivum L.], exogenous GA3 increased 

first intemode length allowing for increased depth of emergence (Chen et al. 2001). 

Germination of chickpea [Czcer arientinum L. cv. PBG-1] under salt stress was found to 

increase with 50 mgL"1 additional GA (Kaur et al. 1998). In a seed priming experiment, 

Carter (1997) exposed chile [Capsicum annuum L.] seed to a 4 ppm GA solution for 5d, 

then air dried for 2d, this treatment increased germination rate over the control. In a 

comparison of four inbred parent lines and their 12 Fi hybrids in com, [Zea mays L.], 

heterotic growth was found to be strongly correlated to GA concentrations (Rood et al. 

1988).
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At submicromolar amounts, IAA regulates plant growth and development. It 

is involved in apical dominance, shoot elongation, lateral root initiation and tropisms 

(Ljung et al. 2001). Dry seed com contains submicromolar amounts of indole-3-acetic 

acid, and this small concentration meets the requirement of germination (Epstein et al. 

1980). In Scots pine seedlings, endogenous IAA was not sufficient for growth (Ljung et 

al. 2001). Exogenous IAA was needed for cell elongation. Indole acetic acid is involved 

in the biosynthesis of gibberellins at the initiation of germination (Van-Huizen 1997). 

Indole acetic acid is transported from the endosperm to the embryo upon initiation of 

germination, it may be one of the limiting factors in rapid seedling development 

(Nowacki and Bandurski 1980).

Ethanol (ETOH) has been found to induce germination of lettuce [Lactuca sativa 

L.] (Pecket 1978), barley [Horedum vulgare L.] (Le Denuff 1983) and wild oat (Adkins 

et al. 1985). Ethanol is thought to induce germination by promoting respiration or 

providing O2, a substrate of respiration (Adkins et al. 1985). Hydrogen peroxide (H2O2) 

has been shown to break dormancy in wild oats. This is thought to occur because as H2O2 

deteriorates it yields O2, increasing the respiration rate of the seed and inducing 

germination (Hsiao and Quick 1984).

Seed conditioning has a great impact on seed and seedling performance. In an 

earlier study by Gutormson and Wiesner (1987) on beardless wildrye it was found that 

scarification increased germination. During the conditioning process seed is often 

processed through a debearder. This removes awns and breaks apart multiple seed units 

while mildly scarifying the seed. This process will reduce seed dormancy while 

increasing germination (Coukos 1944). Optimal storage conditions will maintain seed
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and seedling performance while suboptimal conditions will allow the seed to deteriorate 

at a faster rate.

Based on the potential utility of beardless and Altai wildrye for reclamation and 

forage, breeding projects were initiated to improve emergence and seedling vigor of these 

species. Seed of both species, breeding populations and varieties were produced in the

6
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Chapter 2

Response of beardless wildrye [Leymus triticoides (Bulkl.) Pilg.]

TO SELECTION FOR RAPID GERMINATION 

Introduction

Beardless wildrye [Leymus triticoides (Bulkl.) Pilg.] is a native, rhizomatous, 

perennial grass commonly found throughout the. western United States from Montana 

west to Washington and south to Texas. While drought tolerant, beardless wildrye thrives 

in standing water, and is adapted to wet saline-alkaline soils (USDA, NRCS. 2001). 

Beardless wildrye is highly palatable as forage, stabilizes soil and provides wildlife 

cover. Forage productivity of this species is good with high moisture and low to moderate 

salt levels. Beardless wildrye is an excellent species for saline seep reclamation, but due 

to seed germination problems it is often established from sprigs. Seed from this species 

exhibit dormancy, germinate slowly and have poor seedling vigor (USDA, NRCS. 2001). 

Seedlings develop slowly resulting in poor competition with weeds and other grasses. 

Once beardless wildrye becomes established, it exhibits rapid vegetative spread by 

rhizomes (Alderson and Sharp 1994).

There are several factors that severely limit the use of breadless wildrye including 

low and erratic seed production (Stroh 1968) seed dormancy (Knapp and Wiesner 1978) 

and poor seedling vigor (Gutormson and Wiesner 1987). By reducing these problems
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beardless wildrye could be widely used for forage production, reclamation and 

phytoremediation of saline soils.

Many factors affect seed production such as temperature, relative humidity, soil 

water and soil fertility (Fairey and Hampton 1997; Juntilla 1977). Stimulatory factors, 

including stratification, temperature, light and ionic solutions (Cohn et al. 1989; Roberts 

et al. 1987) influence seed dormancy. Water, gases or elimination of mechanical 

restriction will reduce exogenous dormancy (Adkins and Adkins 1994). Weak acid, 

alcohol, aldehyde, nitrile, and ketone can reduce endogenous dormancy in many grasses 

(Adkins et al. 1985, Cohn et al. 1989).

Many compounds, such as gibberellic acid (GA3) (Chen et al. 2001), indole acetic 

acid (IAA), (Ljung et al. 2001), hydrogen peroxide (H2O2), (Hsiao and Quick 1984), 

ethanol (ETOH) (Adkins et al. 1985) and potassium nitrate (KNO3) (Wenger 1941; 

Toole, 1939; Young 1992; Adkins and Afikins 1994; Rehman, 1998; Chirco, 1986; 

Crabtree and Bazzaz 1993) aid in the reduction of dormancy, and promotion of 

germination, and consequently seedling growth.

Seed size, seed conditioning and storage conditions (time, temperature, and 

relative humidity) also affect seed and seedling performance (Rogler 1954; Kneebone 

and Cremer 1955; Gutormson and Wiesner 1987; Coukos 1944; Knapp and Wiesner 

1978).

A major limitation to previous investigations of beardless wildrye seed dormancy 

or seedling vigor has been extreme variability among seed lots. Beardless wildrye is a 

cross-pollinated, heterogeneous, diploid (2n=28) species (USDA, ARS. 2002). While 

beardless wildrye seed production is limited, seed available on the market is almost
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exclusively the cultivar Shoshone. The variability in seed production, seed quality, 

dormancy and seedling vigor of Shoshone beardless wildrye is apparently due to 

environmental (E) conditions, interactions of individual genotypes (G) with the 

environment of production (GxE), or possibly seed harvesting and processing methods.

Based on the potential utility of beardless wildrye for reclamation and forage, a 

small breeding project was initiated to improve speed of germination and seedling vigor 

of this species. Seed was produced after two cycles of recurrent genotypic selection for 

speed of germination. The objectives of this study were to: I) evaluate beardless wildrye 

populations under current AOSA germination procedures to determine the extent of 

genetic and environmental variability and 2) determine if selection for Speed of 

germination in the absence of KNO3 effectively improved seeding vigor.

Materials and Methods

Populations and Evaluation

Seed of six beardless wildrye populations, produced in 1999 were evaluated. 

These populations included a certified commercial lot of Shoshone produced in Powell, 

WY and five breeding populations harvested from solid seeded blocks established in 

1998 near Bozeman, MT (Table I). The breeding populations all traced to Shoshone, and 

were: Cycle O (Co) unselected Shoshone, and three generations (Cl, C2, and C3) 

developed by recurrent genotypic or phenotypic selection for speed of germination using 

standard AOSA laboratory conditions. Deionized H2O was used as the germination 

medium rather than KNO3 2 x IO3 mgL'1 to prevent selection for faster germination due
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to the effects of KNO3. Each cycle of selection required two years to complete due to 

limited seed production in the year of transplanting. The Ci generation consisted of 89

Table I. Sources and descriptions o f four breeding populations harvested in 1999 near Bozeman, 
MT and certified Shoshone beardless wildrye.

Population Description

Shoshone

Certified Shoshone seed was produced 1999 near Powell, WY. Shoshone is a leafy, fine- 
stemmed and relatively high forage and seed producing cultivar for this species. Seed 
dormancy requires fall seeding. While Shoshone is primarily a forage crop it also 
performs well on saline-affected and saline-seep discharge areas (Alderson 1994).

C0 Open-pollinated bulk seed o f Shoshone was produced in 1996 in isolation, and then 
established as a solid-seeded increase block in 1997 and seed was harvested in 1999.

c ,

Synthetic o f 89 half-sib families following one cycle o f phenotypic selection for speed of  
germination in 1988 (Wiesner and Ditterline, unpublished data). The Syn I seed o f C1 was 
produced in isolation in 1996, and this seed was used to establish a solid-seeded increase 
block in 1997 and seed was harvested in 1999.

C2FG

Synthetic bulk o f  seed from 23 half-sib families from C1, selected genotypically for fast 
germination (FG, top 25% of mean from C1 families). The Syn I seed was produced in 
isolation in 1996 and used to establish a solid-seeded increase block in 1997 and seed was 
harvested in 1999.

C2LS
Synthetic bulk seed from 27 half-sib families from C1, selected genotypically for both 
large seed and speed o f germination (top 50% of C1 families for both seed weight and 
speed o f germination). The Syn I seed was produced in isolation in 1996, and this seed 
was used to establish a solid-seeded increase in 1997 and seed was harvested in 1999.

C3 Elite

Synthetic bulk seed from 24 half-sib families from C2 (C2 recombined from C2FG and 
C2LS), selected for seed yield, seed weight and emergence. A space plant nursery was 
established in 1998 and seed was harvested in 1999.

half-sib families selected from Shoshone for rapid germination on blotters. The Cz 

generation consisted of rapidly-germinating seedlings from 50 elite half-sib families. 

Twenty-three half-sib families were selected for speed of germination forming population 

CzFG and 27 half-sib families selected for fast germination and high seed weight forming 

population CzLS. The Cg Elite population consisted of 24 families selected for seed yield, 

seed weight and emergence from the Cz generation. Seed of the five breeding populations 

was hand harvested in August 1999, threshed with a rub board, screened and aspirated 

with a South Dakota seed blower (Hoffinanmfg.com). The South Dakota seed blower was 

adjusted to mimic commercial processing settings using a commercially cleaned seed lot.



14

Care was taken to handle each seed lot consistently to minimize differences due to 

processing. Prior to laboratory germination tests, seed weights of 100 seed samples (r=4) 

were recorded. Speed of germination was calculated using the method described in the 

Seed Vigor Testing Handbook (AOSA 1983).

Germination experiments were conducted in 10.5 x 10.5 cm plastic boxes 

(PioneerPlastics.com), containing two 10 x 10 cm steel blue blotters (AnchorPaper.com). 

An alternating germination temperature of 20/3 O0C was used with the low temperature 

cycling for 16 hours with no light and the high temperature cycling for 8 hours with light. 

Germination counts were made every other day from day 7 until day 35. Evaluation of 

seedlings was conducted according to AOSA Rules for Testing Seed (AOSA 2000a). 

Viability of ungerminated seeds was evaluated after the test period using 2,3,5-triphenyl 

tetrazolium chloride (TZ) staining techniques to determine dormancy described for 

grasses in the AOSA Tetrazolium Testing Handbook (AOSA 2000b). The viable 

ungerminated (dormant) seed was added to the 35 day germinated seed to compute the 

total viable seed count.

Seedling Vigor

Potential differences in seedling vigor after emergence, were evaluated by 

transferring 20 equally-sized beardless wildrye seedlings from each of the populations 

from blotters 11 days after planting into greenhouse conditions. Seedlings were 

transplanted into 3.8 x 21 cm cone-tainers (stuewe.com/products/rayleach.html) with 

145g potting soil (equal parts of Bozeman Silt Loam Soil, washed concrete sand, 

Canadian sphagnum peat moss, plus AquaGro 2000 G (Aquatrols.com) wetting agent at
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594g m"3 of soil mix. The mix was steam pasteurized at 80°C. for 45 minutes. Growth 

conditions were daytime (16-hours light) temperature of 210C, and nighttime (8-hours 

dark) temperature of 18°C. The seedlings were watered daily and fertilized as needed. 

Seedlings were clipped, and top growth was dried and weighed at 90 days after 

transplanting, allowed to regrdw and clipped, dried and weighed again at 180 days after 

transplanting.

Field Establishment and Forage Yield

Forage yield trials were established in 1998 and 2000 near Bozeman, MT on 

dryland and irrigated conditions, respectively. Plots consisted of seven rows on 15 cm 

centers, with total plot area of 32 m2 in a replicated (r=4) randomized complete block 

design. In the 1998 dryland trial 138 seeds m"2 of each population were planted. In the 

2000 irrigated trial, 1000 seeds of each population were planted per plot to aid in stand 

counts of each population. Following the year of establishment, forage yields were 

evaluated one year in the 1998 dryland trial and two years 2000 irrigated trial.

The selected first and second cycle populations (Co, C l, CiLS and CiFG) were 

compared to Shoshone in the 1998 trial. This trial was harvested once in 1999. The 

irrigated trial included Shoshone, Cl, Ci (recombined CiLS and CiFG) and C3 Elite. Field 

stand counts were taken biweekly in July of 2000 and forage yields were obtained twice 

in 2001 and twice in 2002 in the irrigated trial.
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Germination Substrate Evaluation

Two experiments were conducted to determine if selection had changed the 

response of germination to hormones Or growth promoters. In the first experiment, 

germination tests were conducted using KNO3, GA3, 2,4-dichlorophenoxyacetic acid 

(2,4-D) (as a source of IAA), ETOH, and H2O2 respectively, on a commercial lot of 

Shoshone beardless wildrye. Levels of GA3 tested were 200, 400 and 800 mgL _1, KNO3 

at 5 x IO3, 10 x IO3, and 20 x IO3 mgL"1, ETOH, H2O2 and 2,4-D (IAA) at 0.05, 0.1 and 

0.2 mgL'1.

In the second experiment, beardless wildrye breeding populations were evaluated 

in standard laboratory germination experiments at the MSU State Seed' Testing 

Laboratory in 2000 and 2001. Fifteen factorial treatment combinations (five seed lots x 

three KNO3 levels) were evaluated in a completely randomized design with eight 

replications. The three KNO3 levels consisted of deionized water (0), 2 x IO3 mgL"1 

KNO3 (the AOSA standard) and 5 x IO3 mgL"1 KNO3. Each replication consisted of 25 

seeds of each treatment in a germination box.

Statistical Analyses

Data for all laboratory experiments were analyzed as a completely randomized 

design using SAS (SAS 2000). Field experiments were analyzed as a randomized 

complete block design in templates developed with Microsoft Excel (Microsoft.com).
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Results and Discussion

Population Responses to Selection

From 1988 through 1999, three cycles of recurrent selection for rapid germination 

and other traits were conducted on populations derived from Shoshone beardless wildrye. 

During the development of these breeding populations, a number of seed and seedling 

vigor characteristics were measured. Seed weights of the Ci half sib families of beardless 

wildrye ranged from 1.5 to over 4.1 mg seed _1 (Figure I). The majority of families (73 of 

89) had seed weights between 2.4 and 3.5 mg seed"1.

After 35d, the Ci mean germination was 68% (Figure 2). The majority of families 

had germination ranging from 51 to 85% (66 of 89 progeny). The mean speed of 

germination index for the 89 Ci families was 2.0, with the majority between 1.8 and 2.5 

(48 of 89 progeny) (Figure 3). Seed size and germination rate appeared to be normally 

distributed in the Ci generation. These indicate that a significant level of variability exists 

to allow further improvement by selection. The AOSA standard test for germination 

specifies a 35-day test (Chirco 1986). Figure 2 suggests that most Ci families tended to 

have fairly high germination rates, however it is likely that a 3 5-day test may 

overestimate potential field emergence.

Germination percentage and rate were significantly (PO .05) and positively 

associated to seed weight (Figures 4 and 5). Up to approximately 3.3 mg seed"1, these 

relationships were positive but at seed weights higher than 3.3 mg seed"1 the relationship 

diminished (Figure 5). A similar trend occurred with speed of germination (Figure 4).
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While these relationships were fairly weak (R<0.30), it appeared that further concurrent 

selection for seed size and germination rate would be possible in the C, generation.

I
U<
tS

I

Seed Weight (mg seed"1)

Figure I. Seed weights of 89 C1 half sib families o f beardless wildrye produced in 1989 
(Mean was 3.1 mg seed"1).

<25 26-30 31-35 36-40 41-45 46-50 51-55 56-60 61-65 66-70 71-75 76-80 81-85 86-90 >90

% Germination

Figure 2. Germination after 35d o f 89 C1 half sib families of beardless wildrye produced in 
1989. (Mean was 68%).
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Figure 3. Speed o f germination index of 89 C, half sib families o f beardless wildrye produced in 
1989. Calculation of speed of germination from AOSA Seed Vigor Handbook (1983) 
estimate of speed o f germination. (Mean was 2.0)

Y=-18.986x2+125.2x-132.69 
R2=0.2608 (P<0.05)

Seed Weight (mg seed"1)

Figure 4. The relationship o f germination rate with seed weight on 89 C] half sib families of 
beardless wildrye harvested in 1989.
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Y=-0.6214x2+4.0888-4.5276 
R2=O. 1996 (P<0.05)

3 3.5
Seed Weight (mg seed"1)

Figure 5. The relationship of speed o f germination index with seed weight o f  89 C1 half sib
families o f beardless wildrye harvested in 1989. The speed o f germination calculated as 
prescribed by AOSA Vigor Testing Handbook.

Seed Weights

Based on family means for seed weight (Figure I), germination (Figure 2) and 

speed of germination (Figure 3) genotypic selections were made for Cz- The fastest 

progeny from within 23 (C2LS) or 27 (C2FG) Cj families were advanced to the second 

cycle. Population C2FG was selected genotypically from Ci for fast germination (FG, top 

25% of mean from Ci families). The C2FG population had seed weights 15% higher 

(PO .05) than Shoshone. C2LS was selected genotypically for both large seed and speed 

of germination (top 50% of Ci families for both seed weight and speed of germination). 

Population C2LS had seed weights 8% higher than Shoshone. Seed of these C2 families, 

as well as Co and Ci were produced in plots at Bozeman, MT in 1999. Seed weights 

varied significantly among several of the seed lots tested (Table 2). Seed from all
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populations was produced in the same environment to minimize differences due to 

environment. Seed weight differences among the four lines produced in the same 

environment were not significantly different. There were no significant differences 

between populations for 35d germination of dormant seed. Selection for larger seed did 

not appear to improve total viability (Table 2) or increase seedling vigor. Also this 

indicates that seed dormancy in beardless wildrye is very limited (0.0 to 5.5%).

Population C3 Elite was composed of the best 24 half-sib families (top 4% from 

each family) selected from the Cg generation, for seed yield, seed weight and emergence 

based on similar performance. In the C3, the CzFG and CzLS families were recombined. 

Mean seed yield in the C3 generation was 12 g plant'1. The seed yield remains low even 

with seed production from space plants (Figure 6). Seed weights were similar to previous 

cycles, with a mean of 3.0 (Figure 7). Seed weight of C3 was positively correlated to seed 

yield (R2=O.25, P O .05) (Figure 8). Typically the relationship between seed yield and 

seed weight is a negative linear relationship. Seed weights of families compromising C3 

Elite generation are uniformly distributed allowing for greater improvement through 

selection (Figure I).

Table 2. Mean seed weights, 35d germination, dormant seed and total viability (35d 
germination + dormant) of five beardless wildrye populations.

Population
Mean Seed Weight 

(mg seed
35d

Germination
Dormant

Seed
Total

Viability

Shoshone* 0.26 91.5 0.0 91.5

Co 0.29 83.5 5.0 88.5

Ci 0.27 85.0 2.0 87.0

C2FG 0.30 78.5 5.5 84.0

C2LS 0.28 85.5 3.0 88.5

LSD (P=0.05) 0.03 NS NS NS

* Certified Shoshone from Powell, WY produced in 1999.
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Figure 6. Seed yield o f 154 plants from 24 C3 half sib families of beardless wildrye produced from 
space plants in 2000. (Mean was 12.3).
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Figure 7. Seed weights o f 154 plants from 24 C3 half sib families o f beardless wildrye produced 
from space plants in 2000. (Mean was 3.0 mg seed"1).
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Figure 8. The relationship of seed weight and seed yield o f 154 plants from 24 Cshalf sib families 
of beardless wildrye produced from space plants in 2000.

One of the limiting factors that diminishes the wide use of beardless wildrye is 

low and erratic seed production. After three cycles of selection for seed weight and seed 

yield the majority of families from Cs Elite yielded less than 12 g seed plant"1. This 

distribution is skewed to low production, indicating that more selection must occur to 

achieve greater seed yield (Figure 6).

The Cs Elite families were evaluated for emergence in a greenhouse rather than 

laboratory germination. Greenhouse emergence of the Cs Elite half sib families (highest 

performing progeny selected from Cl for fast germination) ranged from less than five to 

over 75% with 98 of 154 progeny falling between 5 and 30%. Only three progeny had 

greater than 71% emergence (Figure 9). Seed size was positively correlated to 

greenhouse emergence but not significantly (R2=O.03, P>0.10) (Figure 10).
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Figure 9. Greenhouse emergence o f 154 plants from 24 C3 half sib families o f beardless wildrye 
produced from space plants in 2000. (Mean was 24%).

Y=2.791 1x2-10.062x+28.648 
R2=0.0301 (P>0.05)

Seed Weight (mg seed"1)

Figure 10. The relationship o f seed weights and emergence o f 154 progenies from 24 C3 half sib 
families o f beardless wildrye produced from space plants in 2000.
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Seedling Vigor

A seedling vigor assay was conducted to determine if seedling growth varied 

among beardless wildrye populations after germination. Seedling vigor was measured by 

transplanting 20 equally sized seedlings from each population 11 DAP to greenhouse 

conditions. After 90 and 180 DAP dry matter accumulation was measured. This seedling 

vigor assay was conducted to determine if growth rate after germination differed among 

beardless wildrye populations (Table 3). Seedling dry matter accumulation appeared to be 

improved in the Ca generation, however, differences among generations produced in the 

same environment (Co, C l, CaLS and CaFG) were not significant (P>0.05). Also, 

Shoshone performed similarly to Co, and these were produced in separate environments 

(Shoshone vs. Co). These data indicate that after germination, there appears to be little 

variation for seedling vigor among unselected and selected populations.

Table 3. Greenhouse forage dry matter yields o f  five beardless 
wildrye populations 90 and 180 days after planting 
(DAP) as a measure o f seedling vigor.

Population
90 DAP 180 DAP Total

mg plant"1
Shoshone 0.0498 0.0532 0.1029
CO 0.0386 0.0503 0.0890
Cl 0.0332 0.0464 0.0796
C2FG 0.0410 0.0522 0.0931
C2LS 0.0535 0.0550 0.1085
LSD (P = 0.05) NS NS NS
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Field Establishment and Forage Yield

Field performance of the C0, Ch C2FG, and C2LS were evaluated against 

Shoshone in two trials, near Bozeman, MT. In the dryland trial seeded in 1998, plots 

were established with seed at the recommended seeding rate (138 seeds m"2 of pure live 

seed based on lab germination). Shoshone, C1 and the C2 populations had significantly 

higher forage yields than C0 (Table 4). Population C2LS had greater forage yield than C1 

(P>0.10) which was greater than C0. The significant difference between C0 and Certified 

Shoshone indicates the importance of seed lot quality and environment of production. 

Seed of C0 and Certified Shoshone should be genetically identical, with the only 

difference being environment of production.

The 2000 forage nursery was established by planting 1000 seeds per plot. 

Emergence under irrigated conditions ranged from 4% (C1) to 8% (C2 recombined C2LS 

and C2FG). C2 had significantly higher emergence than all other populations, while C3 

Elite was significantly higher than Shoshone and C0 (Table 4). Even with this increase in 

field emergence by the C2 and C3 generations over Shoshone, performance was relatively 

low, 8.3 and 7.3% vs. 5.0% respectively of the seed emerged in the year of study. Plots 

were established with a limited quantity of seed, and due to the spreading capabilities of 

beardless wildrye, this gain did not carryover into the second year. The C2 population had 

significantly higher first cut forage yields in 2001 than all other populations, and C3 Elite 

first cut forage yield was significantly higher than C1 and Shoshone. The C2 population 

had the highest forage yields in 2001 and 2002, significantly exceeding Shoshone and C1.
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These data indicate that genotypic selection for rapid germination under 

laboratory conditions resulted in improved establishment and early forage production of 

beardless wildrye.

Table 4. Forage yield evaluations o f  beardless wildrye populations grown under dryland 
and irrigated conditions near Bozeman, MT.

Population

1998
Dryland

2000
Irrigated July 2000 

Field
Emergence

%

1999 2001 2002 2001-02
Cut I C utl Cut 2 C utl Cut 2 Total

(Kg h a 1)
Shoshone 3677 6143 526 3568 2242 12479 5.0
C0 2228 — — — — ——— —-------

C1 3164 6738 733 3735 2462 13668 3.7
C2LS 3714 — — — — — —— —— —

C2FG 3457 — — — — ———— ————

C2** — 9680 1482 4284 2801 18248 8.3
C3 — 8559 1140 4043 2149 15891 7.3
LSD (P=0.05) 558 935 484 NS NS 2964 0.9

**C2 recombined C2LS and C2FG

Germination Substrate

Through three cycles of recurrent selection for seed vigor the physiological 

mechanisms of the seed may have been changed, affecting dormancy and seed vigor. To 

investigate this, several substrates that aid in the promotion of germination or the 

breaking of dormancy were used to determine if any changes had occurred. In order to 

limit the combinations of substrates and number of seed lots, a preliminary test was 

conducted on one lot of commercial Shoshone seed to determine the best substrates to 

examine. Two KNO3 treatments (5 or 10 x IO3 mgL'1) significantly (PO .05) improved 

germination in comparison to water and all other treatments except for GA3 at 400 mgL"1

(Table 5). The KNO3 levels significantly improved germination above H2O, but
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responses to both KNO3 levels were similar. The addition of KNO3 allowed for faster 

initial germination, and final germination was achieved sooner than in H2O.

Table 5. Germination percentages after 35d using five 
germination substrates, each at three 
concentrations on a Shoshone certified seed lo t .

Substrate and concentration % Germination
KNO3 5 x IO3 mgL"1 100

KNO3 IOx IO3 mgL"1 94
KNO3 20 x IO3 mgL"1 66

GA3 200 mgL"1 74
GA3 400 mgL"1 82
GA3 800 mgL"1 74

2,4-D 0.05 mgL"1 60
2,4-D 0.1 mgL"1 74
2,4-D 0.2 mgL"1 48

ETOH 0.05 mgL"1 58
ETOH 0.1 mgL"1 44
ETOH 0.2 mgL"1 46
H2O2 0.05 mgL"1 6
H2O2 0.1 mgL"1 0
H2O2 0.2 mgL'1 0
H2O (control) 68
LSD (P=0.05) 20

Using 2,4-D as an auxin did not increase germination compared to KNO3 or GA3 

(Table 5). This indicates that beardless wildrye germination does not benefit from 

increased levels of auxin as reported in other species (Ljung et al. 2001). The lower 

levels of 2,4-D were not significantly different than H2O. The rates of H2O2 used in this 

study, 0.05, 0.1 and 0.2 mgL"1 and ETOH rates 0.1 and 0.2 mgL'1 reduced germination of 

beardless wildrye significantly below H2O (Table 5). These results suggest that the 

embryo of beardless wildrye is not O2 deficient. Both H2O2 and ETOH can provide 

oxygen to the embryo as the chemical deteriorates (Hsiao and Quick 1984, Adkins et al. 

1985). The concentration of H2O2 used to break dormancy in wild oat was 0.15 mgL'1
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(Adkins et al. 1985), however in this study, beardless wildrye had no germination at 0.1 

or 0.2 mgL"1 (Table 5). Ethanol at 0.1 mgL"1 has also been shown to decrease dormancy 

in wild oat (Adkins et al. 1985) but was not effective for beardless wildrye. Based on this 

preliminary trial, beardless wildrye was most responsive to KNO3, and this substrate was 

used for subsequent testing of the breeding populations. Significant differences in 

germination among KNO3 levels were detected from 9d until 33d (Figure 11).

H2O (Control)

KNO3 5 x IO3 mgL

DAP
LSD K (P=0.05) 
F Test (PxK)
♦Significant at P=0.05

Figure 11. Mean germination o f five beardless wildrye populations (P) in three levels OfKNO3 (K) from 7 
to 35 days after planting (DAP).

The five beardless wildrye populations had 80% germination with KNO3 by 23d, 

and the population x KNO3 level interaction was not significant (P>0.05) at most of these 

dates (Figure 11). By 35d, germination was 88 to 89% with no differences due to KNO3. 

Germination was reduced in the presence of H3O3 and high levels of ETOH or 2,4-D 

compared to the control. Gibberellin has been reported to promote germination of 

dormant grass species at 200 to 800 mgL"1 (AOSA 2000a). However in this trial, GA3 did
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not significantly improve germination of beardless wildrye above the control KNO3 at 5 

or 10 x IO3 mgL"1 (Table 5).

The KNO3 levels significantly improved germination above H2O, but responses to 

both KNO3 levels were similar. The addition OfKNO3 allowed faster initial germination, 

and final germination was achieved sooner than in H2O. The five beardless wildrye 

populations had 80% germination with KNO3 by 23d, and the population x KNO3 level 

interaction was not significant (P>0.05) at most of these dates. By 35d, germination was 

88 to 89% with no differences due to KNO3 (Figure 11).

The potential environmental effect of area of seed production was evaluated by 

comparing Shoshone to C0. Both seed lots were produced in 1999; however, Shoshone 

was produced in rowed stands in a commercial field near Powell, WY, and C0 was 

produced on spaced plants near Bozeman, MT. Assuming adequate population size and 

random mating, differences between Shoshone and C0 should be due to environmental or 

seed processing effects. In deionized H2O, the certified lot of Shoshone had better 

germination than all of the seed of the other populations produced near Bozeman, MT 

(Figure 12). These data are very similar to Gutormson and Wiesner (1987) who found the 

mean 21 d germination of scarified and unscarified seed to be 92 and 72% respectively. In 

the present study, an effect as large as scarification was the environmental effect of Co vs. 

Shoshone on H2O. Shoshone had significantly higher percent germination than Co from 

19d through 25d (Figure 12). In H2O, Shoshone reached 80% germination by 2Id,, and C0 

required 33d to reach 80%. Shoshone and Co had very similar germination rates in KNO3 

(Figure 12 and 13) therefore KNO3 appears to diminish any potential differences in the 

seed lots due to environment of seed production. Further, these data indicate that
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selection in the presence of KNO3 could have interfered with the selection for rapid 

germination.

Shoshone

DAP
LSD P=O.5

Figure 12. Germination o f five beardless wildrye populations 7 to 35 days after planting (DAP) 
in distilled water.

Shoshone

DAP
LSD P=0.05

Figure 13. Germination o f five beardless wildrye populations 7 to 35 days after planting (DAP) 
in 2 x IO3 gmL'1 KNO3.
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Commercial Shoshone had the highest germination in the H2O treatment (Figure 

12). After 17d, populations Ci and C2LS maintained nearly identical germination 

percentages. C2FG had the lowest performance throughout the test period, and Co was at 

an intermediate level. Significant differences were not detected in H2O until 19d through 

25d. During this period, Shoshone had the highest germination level and was 

significantly different than C2FG, but not significantly different than the other selected 

families. From 27d through 35d there were small gains in germination of each population 

but these gains were minor indicating that the majority of seed germination from each 

population had occurred. Two selected populations (Cl and C2LS) reached 80% 

germination between 29d and 35d (selected population C2FG did not attain 80% 

germination) while Shoshone achieved 80% germination by 21d. Germination at 35d in 

H2O ranged from 79% for C2FG to 92% for Shoshone (Figure 12).

Populations in the high level of KNO3 (5 x IO3 mgL"1) were not significantly 

different (Figure 14) until 23 d, and through 27d C2LS maintained the highest germination 

and was significantly different than Shoshone, Co and Ci. At 3Id and 35d, C2LS had 

significantly higher germination than all other families. Germination at 35d ranged from 

84% for Shoshone to 96% for C2LS (Figure 14).
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Shoshone

70

60 ~

DAP 7 9 11 13 15 17 19 21 23 25 27 29 31 33
LSD (P=0.05) NS NS NS NS NS NS NS NS 9.4 10.4 8.7 NS 8.2 NS

Figure 14. Germination o f five beardless wildrye populations 7 to 35 days after planting (DAP) in 
5 x IO3 mgL"1 KNO3.

Potassium nitrate promotes germination and is recommended at 2 x IO3 mgL"1 in 

many of the germination procedures listed in AOSA Rules for Testing Seed (AOSA 

2000a). The effects of KNO3 in this study appear to be greater than either genetic or 

environmental effects (Figures 11, 12, 13 and 14). Potassium nitrate significantly 

improved the germination rate of beardless wildrye over deionized water and other 

hormonal treatments. Interestingly, the largest difference in germination rates in 5 x IO3 

mgL"1 KNO3 was between C^LS and C2FG. It is possible that selection for larger seed 

resulted in increased physical damage to the seed (scarification) or the lemma and palea 

not enclosing the larger caryopsis as tightly as smaller seed. C2LS was more responsive 

to KNO3 at the 5 x IO3 mgL"1 level (Figure 14). Scarification abrades the seed coat 

allowing for greater exchange of water, gases and nutrients.
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Total Viability

Total viability (germination + dormant) was not significantly different within 

the H2O or KNO3 2 x IO3 mgL"1 treatments (Table 6). Total viability in H2O ranged from 

84% (C2FG) to 91.5% (Shoshone), and from 86.5% (Shoshone) to 91% (C2FG and Co) in 

KNO3 2 x IO3 mgL'1. Beardless wildrye populations were significantly different within 

the high treatment of KNO3 (5 x IO3 mgL"1). Total viability ranged from 83.5% 

(Shoshone) to 95.5% (C2LS). C2LS, which was selected for larger seed size, had 

significantly higher (P>0.05) total viability than all populations except C2FG. The 

populations produced near Bozeman, MT (Co, C l, C2FG and C2LS) were more responsive 

to KNO3 than the Shoshone population produced in Powell, WY.

Table 6. Total viability (35d germination + dormant) o f five
beardless wildrye populations in three levels OfKNO3.

Population
KNO3 (x mg L"1)

0 2 5 Mean
Total Viability %

Shoshone 91.5 86.5 83.5 87.2
Co 88.5 91.0 87.0 83.8

Ci 87.0 87.5 84.5 86.3
C2FG 84.0 91.0 87.5 87.5

CzLS 88.5 89.5 95.5 91.2
LSD (P=0.05) NS NS 8.1 NS

The current AOSA germination procedures for beardless wildrye of 35d appear to 

overestimate actual performance. By 21 d of germination on H2O, or KNO3 over 70% 

germination had occurred (Figure 11). Laboratory germination percentages do not reflect 

field emergence. In this study, mean germination and field emergence of all populations
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were 87.2% and 6.1%, respectively (Tables 4 and 6). Potassium nitrate had a greater 

effect on germination than either genetic or production environment effect. IfKNO3 had 

been used in selection process, preference would have been given to those seedlings 

which responded to KNO3, skewing results. While KNO3 will reduce dormancy and 

promote germination in the laboratory it increases the possibility of overestimating field 

performance. Current laboratory methods do not reflect the problems of poor field 

establishment with this native species.

Conclusions

Beardless wildrye is an excellent native species for forage, soil stabilization, 

wildlife cover plantings and saline seep reclamation. For these reasons a small breeding 

project was initiated to determine if genetic improvement could be made in germination 

and seedling characteristics, as well as agronomic traits such as seed weight, seed yield 

and stand establishment.

In previous studies, it was unclear if the environment of seed production was 

responsible for variable dormancy, slow germination or poor vigor. Breeding populations 

of beardless wildrye produced in 1999 near Bozeman, MT were evaluated to estimate the 

genetic and environmental effects of beardless wildrye seedling vigor.

There were some modest gains for speed of germination following three cycles of 

selection. Potassium nitrate had a significantly greater effect on beardless wildrye 

germination than three other compounds tested. Potassium nitrate may be a trigger that 

initiates germination of dormant seed. The effect OfKNO3 on germination appeared to be 

greater than either genetic (three cycles of recurrent selection) or environmental effects.
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Further research should be conducted to determine if KNO3 could be used as a priming 

agent. Laboratory germination tests tended to over estimate field performance.

The KNO3 or the KNO3 x population interaction effects were large. While there 

was some genetic progress made in the speed of germination, this gain appeared to be 

less than the effect of KNO3. Significant gain was made in field performance during the 

first year of forage production by selecting for improved seedling vigor.

While some improvement in the germination and field performance of beardless 

wildrye has been accomplished, more work will be needed before it reaches levels 

accepted by the industry for seed yield and stand establishment.
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Chapter 3

Performance of Altai wildrye [Leymus angustus (Trin.) Pilg.]

SELECTED FOR IMPROVED EMERGENCE 

Introduction

Altai wildrye, [Leymus angustus (Trin.) Pilg.] is an introduced long lived 

perennial grass, tolerant of drought, cold and saline conditions. It is native to 

northwestern China, Kazakhstan, Kyrgyzstan, western Mongolia, Altay, Tajikistan and 

Siberia (USDA ARS 2002). It is adapted to the northern Great Plains, intermountain west 

and Canadian prairies. It is rhizomatous with a rooting depth of 3.0 to 4.3 meters. Altai 

wildrye has erect basal leaves which retain their nutritive value throughout the summer 

and fall. Leaves and stems protrude above shallow snow and stay erect in deep snow. 

These characteristics make Altai wildrye valuable for winter forage (Alderson and Sharp 

1994).

Currently three cultivars of Altai wildrye are available for commercial use: 

Prairieland (Lawrence 1976), Eejay (Lawrence 1991a) and Pearl (Lawrence 1991b) 

(released in 1976, 1989 and 1989 respectively, by Agriculture Canada) (Alderson and 

Sharp 1994). All have their active growth period in spring and summer, moderate 

regrowth rate, low moisture use, high drought and salinity tolerance, and low fertility 

requirements. Eejay and Prairieland have low seedling vigor while Pearl has greater 

seedling vigor making it easier to establish but these cultivars are still difficult to



establish. Altai wildrye can be used as a hay crop, pasture, or browse and grazing 

palatability and forage quality are good (USDA, NRCS. 2001).

Altai wildrye, a cross-pollinated, autoalloploid (2n=84) (Dewey 1972), has the 

potential to fill a unique niche due to its salinity and drought tolerance; however, 

problems with stand establishment need to be overcome. The primary limitation to stand 

establishment appears to be poor seedling vigor. Prairieland is a 22-clone synthetic 

developed from two introductions from Russia. Pearl is a four-clone synthetic developed 

by four cycles of recurrent selection for emergence from deep (5 cm) planting. Eejay is a 

12-clone synthetic developed through four cycles of recurrent selection for forage and 

seed yield (Alderson and Sharp 1994). While Prairieland and Pearl were selected for deep 

emergence, only Prairieland is recommended for use in southeastern Alberta. Altai 

wildrye is well adapted to these areas due to soil type and precipitation. Pearl is no longer 

recommended due to poor forage production (Alberta Agriculture 2002).

As a result of poor seedling vigor, Altai wildrye does not compete well against 

weeds or other crops during stand establishment (USDA-NRCS, 2001). The Association 

of Official Seed Analysts (1983) defines seed vigor as “those seed properties which 

determine the potential for rapid uniform emergence and development of normal 

seedlings under a wide range of field conditions” (AOSA 1983). Highly vigorous 

seedlings become established quickly, utilizing early season moisture and compete well 

with weeds.

Many factors affect seed performance, among these are seed size, seed weight, 

(Rogler 1954; Kneebone and Cremer 1955) conditioning and storage conditions such as 

time, temperature, and relative humidity. Other possible causes of low seedling vigor are
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the environment in which the seed was produced, maturation time, processing and 

dormancy. Germination and seed vigor may also be affected by m a n y  exogenous 

compounds such as potassium nitrate (KNO3) (AOSA 2000a; Wenger 1941; Rehman 

1998; Young 1992; Toole 1939; and Crabtree and Bazzaz 1993) gibberellins (GA3) (Van- 

Huizen 1997; White and Rivin 2000; Schopfer et al. 2001; Chen et al. 2001; Kaur et al. 

1998; Carter 1997; Rood et al. 1988) and indole acetic acid (IAA) (Epstein et al. 1980; 

Ljung et al. 2001; Nowacki and Bandurski 1980), oxygen (O2) (Hsiao and Quick 1984; 

Adkins et al. 1984), ethanol (ETOH) (Pecket 1978; Le Denuff 1983; Adkins et al. 1984) 

and hydrogen peroxide (H2O2) (Hsiao and Quick 1984).

Based on the potential utility of Altai wildrye as reclamation forage, a small 

breeding project was initiated to improve speed of emergence and seedling vigor. 

Breeding populations were developed by two cycles of recurrent genotypic selection for 

emergence from deep seeding in washed concrete sand. Speed of germination and rapid 

emergence from deep planting were the main criteria used in making selections. Seed of 

the Altai wildrye breeding populations and varieties was produced in the same 

environment. The potential roles of exogenous hormones on Altai wildrye germination 

and subsequent vigor of the seedling are not known. The objectives of this study were to: 

I) determine if selection for speed of emergence was effective and 2) evaluate selected 

populations of Altai wildrye produced in the same environment for response to 

exogenous hormones.
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Materials and Methods

Populations and Evaluation

Seven populations of Altai wildrye were developed and evaluated over a six year 

period. Three of these traced to certified seed lots of the cultivars Prairieland, Eejay and 

Pearl, and four breeding populations were increased near Bozeman, MT. The initial 

breeding population was composed of 314 intact seed heads collected in August 1996 

from a seed field of Prairieland Altai wildrye, established in 1981, near Galata, MT 

(Table I). Of the original 314 seed heads, 276 retained adequate seed to form the base 

population, Co. All Co families were screened for rapid emergence in 5 cm sand, similar 

to the protocol of Kilcher and Lawrence (1970). Selected plants from all 276 families 

were transplanted to an open-pollinated field nursery in 1997 and seed from each plant 

was harvested the same year. Using recurrent genotypic selection for field vigor, seed 

yield and seed weight, a composite of the best 145 families were selected to form 

population 97 Ci Bulk. Additionally, one gram of seed from 39 elite families, whose 

mean for seed weight and deep emergence was greater than the mean for Prairieland, 

were combined to form 97 Ci Elite Composite. Seed of Prairieland, Eejay, Pearl, 97 Ci 

Bulk and 97 Ci Elite Composite was produced in solid-seed blocks near Bozeman, MT in 

1999 and 2000.

In the second cycle of selection, two populations were developed from the 39 

half-sib families compromising the 97 Ci Elite Composite. Population Qz Lab was 

composed of 39 half-sib progeny and population Ca Field Syn 29 half-sib progenies.



Originally each population (C2 Lab and C2 Field Syn) contained the same 39 families 

selected for seed yield, seed size and depth of emergence, but 10 families of C2 Field Syn 

were removed from the breeding population due to poor field emergence. Seed from all 

evaluated populations was produced in the same environment.
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Table 7. Descriptions o f  Altai wildrye [L eym u s a n g u stu s  (Trin.) Pilg.] populations evaluated for seedling 
vigor and performance.

Population Description Seed Source

Prairieland

Synthetic (22 clones) selected from two Russian introductions. Recurrent 
selection for depth o f emergence. Selected for forage and seed yield and 
seed quality. Relatively salt tolerant. Used for fall and winter grazing. 
Released in 1976 by Agriculture Canada (Lawrence 1976).

Seed harvested in 1999 and 
2000 from solid seeded 
plots of Prairieland at 
Bozeman, MT.

Eejay

Synthetic (12 clones) selected from two Russian introductions. Salt 
tolerant, adapted to clay-loam and loam soils with high water table. 
Developed from four cycles o f recurrent selection for forage and seed 
yield and seed quality. Released in 1989 by Agriculture Canada 
(Lawrence 1991).

Seed harvested in 1999 and 
2000 from solid seeded 
plots of Eejay at Bozeman, 
MT.

Pearl

Synthetic (four clones) selected from two Russian introductions. 
Developed from four cycles o f recurrent selection for seed yield and 
depth o f emergence. Salt tolerant, adapted to clay and clay-loam soils 
with a high water table. Released in 1989 by Agriculture Canada 
(Lawrence 1991).

Seed harvested in 1999 and 
2000 from solid seeded 
plots o f Pearl at Bozeman, 
MT.

C0
Three hundred fourteen half-sib families selected from a 15-year stand o f  
Prairieland near Galata, MT. Seed was threshed and adequate seed was 
available on 276 half-sib families to serve as the base population.

Seed harvested from a 
existing Prairieland near 
Galata, MT in 1996.

97 C1 
Bulk

Two hundred seventy six C0 families screened for deep emergence in 
sand. First emerging progeny from each C0 family transplanted to space 
planted nursery for open pollinated seed production in 1997. Based on 
depth o f emergence evaluation, seed o f 145 families were used to form 
the composite 97 C1 Bulk.

Seed harvested in 1999 and 
2000 from solid seeded 
plots at Bozeman, MT.

97 C1 Elite 
Composite

Based on seed yield, seed weight and rapid germination, one gram o f  
seed o f 39 elite families (of 145 in 97 C1 Bulk) from each family was 
composited to form 97 C1 Elite Composite.

Seed harvested in 1999 and 
2000 from solid seeded 
plots at Bozeman, MT.

C2 Lab
The 39 half sib lines compromising 97 C1 Elite Composite were screened 
for depth o f emergence on sand in the greenhouse. The fastest 10 
progenies per family were transplanted to space plant nursery.

Seed harvested in 2000 and 
2001 from space plants at 
Bozeman, MT.

C2Field
Syn

The 39 half sib families compromising 97 C1 Elite Composite were 
seeded in replicated field nursery. After emergence, the 10 most vigorous 
progenies from 29 families selected for transplanting.

Seed harvested in 2000 and 
2001 from space plants at 
Bozeman, MT.

All families from C2 Lab (39 clone synthetic) were hand harvested, threshed with 

a rub board, screened and aspirated with a South Dakota seed blower (Hoffrnanmfg.com). 

The South Dakota seed blower was adjusted to mimic commercial processing. The C2



Field Syn (29 clone synthetic) was bulk-harvested with a plot combine and 

cleaned using the same process as C2 Lab. Care was taken to handle each seed lot 

consistently to minimize differences due to processing. Prior to laboratory germination 

tests, seed weights (r=4) of 100 seed samples were recorded.

Depth of Emergence

To eliminate environmental variability, seed of all families and populations 

evaluated were grown in the same environment. To reduce variability in the selection and 

emergence protocol, several modifications to the Kilcher and Lawrence (1970) method 

were made. Depth of emergence evaluation was conducted using greenhouse flats, (#236 

21.5 x 13.25 x 11.25) and domes (#221 22 x 10.25 x 11.25) (jiffyproducts.com), with K- 

24 Kimpak® (AnchorPaper.com) on the bottom. Three hundred milliliters of deionized 

water was added to the Kimpak®. Twenty five seeds were placed in rows on the 

Kimpak® and covered with 5 cm of washed concrete sand. An additional 1500 ml of 

deionized water was slowly added to each flat. The flats were covered with plastic domes 

to eliminate the need for watering and disrupting the sand surface. The seedlings were 

allowed to emerge in the greenhouse with a daytime (16-hours light) temperature of 

21°C, and nighttime (8-hours dark) temperature of 18°C. Emergence counts were taken 

from day 11 through 25. For selection purposes toothpicks were used to distinguish the 

fastest emerging seedlings from each family. Each selection or evaluation consisted of 

four replications of 25 seeds.
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Seedling Vigor

Potential differences in seedling vigor after emergence were evaluated by 

transplanting 20 equally-sized seedlings from each of the populations germinated in 

deionized water on blotters after 11 days after planting. Transplanted seedlings were 

placed into 3.8 x 21 cm cone-tainers (stuewe.com/products/rayleach.html). The cone- 

tainers were filled with 145g potting soil (equal parts of Bozeman Silt Loam Soil, washed 

concrete sand, Canadian sphagnum peat moss, plus AquaGro 2000 G (Aquatrols.com) 

wetting agent were blended (594g m"3) which had previously been steam pasteurized at 

SO0C for 45 minutes. Once transplanted, the seedlings were placed in the greenhouse with 

a daytime temperature of 210C, 16 hr light period and nighttime temperature IS0C.' 

Transplants were watered and fertilized as needed. Seedlings were clipped, dried and 

weighed at 90 days after transplanting, allowed to regrow and clipped, dried and weighed 

at 180 days after transplanting.

Field Establishment and Forage Yield

Forage yield trials were established in 1998 and 2000 near Bozeman, MT on 

dryland and irrigated conditions, respectively. The dryland trial was seeded in 1998 with 

plots of seven rows on 15 cm centers, with total plot area of 32 m2, established at the 

recommended seeding rate (13.4 kg ha"1) of pure live seed based on lab germination. 

Plots consisted of seven rows on 15 cm centers, with total plot area of 32 m2. The 2000 

trial plots consisted of seven rows on 15 cm centers, with total plot area of 32 m2. The



irrigated trial was established by seeding 1000 seeds per plot, to aid in stand counts, 

of each population in a random complete block design with four replications.

The first cycle populations (97 Ci Bulk and 97 C1 Elite Composite) were 

compared with Certified seed of Prairieland, Eejay and Pearl in the 1998 trial. This trial 

was harvested once in 1999. The irrigated trial included the C2 Lab, Prairieland, Eejay 

and Pearl. Field stand counts were taken biweekly in July of 2000 and forage yields were 

obtained twice in 2001 and twice in 2002 in the irrigated trial.
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Germination Substrate

Germination experiments were conducted in 10.5 x 10.5 cm plastic boxes 

(PioneerPlastics.com), containing two 10 x 10 cm steel blue blotters (AnchorPaper.com). 

An alternating germination temperature of 20/3 O0C was used with 16 hours of dark at the 

low temperature and 8 hours of light at the high temperature. Germination counts were 

made every other day from day 7 until day 35. Evaluation of seedlings was conducted 

according to Association of Official Seed Analysts (AOSA) Rules for Testing Seed 

(AOSA 2000a). Viability of ungerminated seeds was evaluated after the germination test 

period by tetrazolium staining techniques described for grasses in the AOSA Tetrazolium 

Testing Handbook (AOSA 2000b).

Two experiments were conducted to determine if selection had changed response 

of germination to hormones or growth promoters. In the first test, a commercial seed lot 

of Prairieland was tested with GA2, 2,4-dichlorophenoxyacetic acid (2,4-D) as a source of 

IAA, H2O2, KNO2, and ETOH as the moistening agents. Gibberellic acid was tested at



200, 400 and 800 mgL KNO3 at 5, 10 and 20 x IO3 mgL"1, ETOH, H2O2 and 2,4- 

D were tested at 0.05, 0.1 and 0.2 mgL"1.

The Altai wildrye populations were evaluated in standard laboratory germination 

experiments were conducted at the MSU State Seed Testing Laboratory in 2000 and 

2001. One hundred seventeen treatment combinations (39 selected families x H2O, GA3 

and 2,4-D) were evaluated in a factorial analysis with a completely random design with 

four replications. The three substrate levels consisted of deionized water (0), 2,4-D 

(Salvo, uaprichter.com) 0.1 mgL "1 and GA3 (Sigma.com) 400 mgL'1. Each replication 

(r=4) consisted of 25 seeds of each treatment in a germination box.
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Statistical Analyses

Data for all laboratory experiments were analyzed as a completely 

randomized design using SAS (SAS 2000). Field experiments were analyzed in a 

randomized complete block design in templates developed with Microsoft Excel 

(Microsoft.com).

Results and Discussion

Population Responses to Selection

From 1996 through 1999, two cycles of genotypic recurrent selection for rapid 

emergence from deep planting were applied to a population of Altai wildrye. During the 

progression of the selection program, seven populations were evaluated for germination, 

emergence from deep planting, seedling vigor and field performance (Table 7). All seed



evaluated was produced in the same environment. Seed of the current varieties 

of Prairieland, Eejay and Pearl plus four breeding populations obtained through recurrent 

genotypic selection for deep emergence and were harvested near Bozeman, MT in 1998 

through 2001.

Seed weights of the Co families ranged from 3.6 to over 9.6 mg seed'1 (Figure 15) 

with a mean of 7.4 mg seed"1. The majority of families (198 of 276) had seed weights 

between 6.1 and 8.5 mg seed'1. Greenhouse emergence of Co progeny ranged from 5.1 to 

100% with a mean of 66.6%, (Figure 16). The majority of the Co progeny, 111 of 276, 

had emergence between 65.1 and 80.0% (Figure 16). Speed of emergence for Co ranged 

from less than 0.20 to over 0.70 with the majority of progeny between 0.41 and 0.60 (155 

of 276) (Figure 17). Greenhouse emergence of the Co was positively correlated to seed 

weight until approximately 9.0 mg seed'1 (Figure 18), when the relationship diminished. 

A positive relationship between seed weights and greenhouse emergence allowed for 

progress in selection to occur for both traits. Seed weights, emergence and speed of 

emergence followed a normal distribution indicating adequate variability for 

improvement through selection.
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Seed Weights

Among the Cl, C2 and other Altai wildrye populations produced in 2000 near Bozeman, 

MT there were significant differences in seed weights. C2 Lab and C2 Field Syn 

populations, produced in space plant nurseries had significantly higher seed weights than 

all other populations produced in solid seeded blocks (Table 8). Of the seed produced in
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3.1- 3.6- 4.1-
3.5 4.0 4.5

5.1- 5.6- 6.1-
5.5 6.0 6.5

6.6- 7.1- 7.6-
7.0 7.5 8.0

8.6- 9.1-
9.0 9.5

>9.6

Seed Weight (mg seed"1)

Figure 15. Seed weights o f 276 C0 half sib families o f Altai wildrye harvested in 1996 from 
an existing stand o f Prairieland. (Mean was 7.4 mg seed"1).
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Figure 16. Greenhouse emergence at 33 DAP from deep (5 cm) planting after 26d o f 276 C0 half sib

families harvested in 1996 from an established field of Prairieland Altai wildrye. (Mean was 
67%).
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<0.20 0.21- 0.26- 0.31- 0.36- 0.41- 0.46- 0.51- 0.56- 0.61- 0.66- >0.70
0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70

Speed of Emergence Index

Figure 17. Speed o f emergence index from deep (5 cm) planting o f 276 C0Half sib families o f Altai wildrye 
harvested in 1996 from an existing stand o f Prairieland in 1996. Calculation o f speed of 
emergence adopted from AOSA Seed Vigor Handbook (1983) estimate o f speed o f germination.
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Y=-1.7037x2+31.678x-71.766 
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Figure 18. The relationship o f final greenhouse emergence percentage from deep (5 cm) planting and seed 
weight o f 276 C0 half sib families o f Altai wildrye harvested in 1996 from an existing stand of 
Prairieland in 1996.
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solid seeded blocks, Pearl (selected for deep emergence) had the heaviest seed 

weight, significantly higher than other populations. There were no significant differences 

among 97 C1 Bulk, 97 C1 Elite Composite and Prairieland. Eej ay, selected for forage and 

seed yield had significantly lighter seed weights than all other populations. Seed weights 

of C2 Lab and C2 Field Syn, selected for seed size (greater then mean of Prairieland) were 

not significantly different. The higher seed weights of the C2 populations are likely due to 

seed production in space plant nurseries rather than the selection protocol. All seed 

weights from the breeding populations were measured from seed produced in 2000, 

grown under the same field conditions.

The C2 Field Syn was composed of the best 29 half sib families (10 of the original 

39 families in C2 Lab were eliminated due to poor field performance) selected for seed 

yield, seed weight and emergence based on similar performance. Seed yield of C2 Field 

Syn ranged from 8.1 to over 26.0 gm per plant with the greatest number of progeny, 109 

of 145 falling between 8.1 and 14.0 gm per plant (Figure 19). Distribution of seed yield 

of the C2 Field Syn population was skewed to the left indicating the possibility of 

inbreeding depression with intense selection pressure if only the high seed yielding 

families were selected. The C2 Field Syn progeny mean was 5.5 mg seed'1 with 91 of 145 

progeny between 4.6 and 6.0 mg seed"1 considerably less than Co (7.4 mg seed'1) but 

likely due to the production environment (Figure 20). Seed weight of C2 Field Syn was 

normally distributed indicating adequate variability allowing for further selection to occur 

without the risk of inbreeding. The mean seed yield was 12.3 gm per plant. Seed weight 

was not significantly (P>0.10) correlated to seed yield of generation C2 (Figure 21).
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Table 8. Seed weights o f  selected populations and
Altai wildrye varieties produced in Bozeman 
MT in 2000.

Population Mean (SE) (mg seed'1)
Prairieland 6.4 (0.4)

Eejay 5.8 (0.2)
Pearl 7.2 (0.3)

97 C1 Bulk 6.6 (0.3)
97 C1 Elite Composite 6.7 (0.4)

C2 Lab * 10.4 (0.1)
C2 Field Syn* 10.1 (0.3)

♦Seed harvested in 2000 from space plant nursery

I
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8.1- 10.1- 12.1- 14.1- 16.1- 18.1- 20.1- 22.1- 24.1- >26.0
10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0

Seed Yield (g plant"1)

Figure 19. Seed yield o f 145 individual C2 Field Syn half sib families o f  Altai wildrye harvested 
in 2000 from space plants. (Mean was 12.3).
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Seed Weight (mg seed ')
Figure 20. Seed weights o f 145 C2 Field Syn half sib families o f Altai wildrye harvested in 

2000 from space plant nursery. (Mean was 5.5 mg seed"1).
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Figure 21. The relationship o f seed weights and seed yields 145 C2 Field Syn half sib families of 
Altai wildrye harvested in 2000 from space plants.
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Depth of Emergence

Speed of emergence from deep planting (5 cm) evaluations of Prairieland, Eejay, 

Pearl, 97 Ci Bulk, 97 Ci Elite Composite, mean of C2 Lab and C2 Field Syn, showed no 

significant differences until 12d but at I Id C2 Field Syn had 7% greater emergence than 

Prairieland. From 12d through 26d C2 Field Syn was significantly higher than Eejay and 

97 Ci Elite Composite (Table 9). From 20d C2 Field Syn maintained a 22% increase over 

Prairieland, though not significant there has been improvement in emergence of selected 

populations. All populations reached maximum emergence within a four day time period 

(19d to 22d). Maximum emergence occurred for Prairieland on 19d, 97 Ci Bulk and C2 

Field Syn on 20d, Eejay, Pearl, 97 Ci Elite Composite and C2 Lab on 22d. Even though 

Prairieland achieved maximum emergence first, it still had 22% less final emergence than 

C2 Field Syn (P>0.10) and 10% less than C2 Lab (P>0.10). C2 Lab and C2 Field Syn seed 

was produced from space plants explaining some of the increase in emergence. Field 

selection from deep planting provided a better method of selection.

In a second emergence study the C2 Field Syn population, harvested from space 

plants in 2000, performed significantly better than any of the existing varieties 

(Prairieland, Eejay and Pearl, harvested 2000) (Figure 22). Eejay reached maximum 

emergence at 27d with only 14%, all others reached maximum emergence at 29d. 

Population C2 Field Syn had 64.4% emergence while the closest population, Prairieland,



T a b l e  9 '  s e e d i n g  < 5  c m )  * ■  « “  ^  « * «  ^  ^  2^

Population
-------- -------- Days after planting

11 I 12 13 14 15 16 17 18 19 I 20 I 21 I 22 I 23 I 24 I 2S I o*
%  Emergence

Prairieland*
Eejay 
Pearl 
97 C1Bulk
97 C1 Elite Composite 
C2 Lab ** Mean 
C2 Lab Minimum 
C2 Lab Maximum 

C2 Field Syn*

3.0
1.0 
1.0 
1.0 
1.0 
4.8 
0.0 
12.0 
10.0

6.0
3.0 
6.5
7.0
4.0 
13.3
2.0

25.0
22.0

15.0
10.0 
12.0 
17.5 
8.0

25.0
6.0

38.0
39.0

21.0
13.0
20.0
24.5
13.0
32.6
9.0

49.0
47.0

27.0
17.0 
24.5
32.0
16.0 
38.4 
16.0
57.0
49.0

30.0 
18.5
28.0
36.0
18.0 
42.1 
21.0 
60.0 
54.0

37.0 
20.5
30.0
39.0
21.0
45.0
26.0 
61.0 
58.0

37.0 
21.5
32.0
40.0
22.0 
46.8
27.0
62.0 
59.0

39.0
21.5
33.5
40.0
22.0 
47.8 
28.0
65.0
59.0

39.0
23.5
34.5
41.0
22.0 
48.8 
28.0
65.0
61.0

39.0
23.5
34.5
41.0
22.0 
48.8 
28.0 
66.0 
61.0

39.0
24.0 
35.5
41.0
23.0
49.1 
28.0 
66.0 
61.0

39.0
24.0 
35.5
41.0
23.0
49.1 
28.0 
66.0 
61.0

39.0
24.0 
35.5
41.0
23.0
49.1 
28.0 
66.0 
61.0

39.0
24.0 
35.5
41.0
23.0
49.1 
28.0 
66.0 
61 0

39.0
24.0 
35.5
41.0
23.0
49.1 
28.0 
66.0 
61 0LSD (P-0.05) 9.2 16.7 23.4 27.1 28.8 29.5 29.8 29.6 I 29.4 29.0 29.0 28 .7 28.7 28.7 28.7 28.7

Vi
Vi

**C2 Lab Mean’ Minimum and Maximum were the average, lowest and highest performing o f 145 half-sib families.



overhad only 25.6%. This is a 40% increase in emergence of C2 Field Syn 

Prairieland. The ranking of emergence: C2 Field Syn > Prairieland = Pearl > Eejay agrees 

with the previous study. Again Eejay with the smallest seed had the poorest emergence. 

The existing varieties produced seed from solid seeded blocks which may provide some 

explanation for their poor performance relative to Ci seed in space plantings. The C2 

progeny (97 of 145) had emergence between 5.1 and 25.0% (Figure 23) and emergence 

from less than 5 to 45% with a mean of 18%. This decrease in emergence may be due to 

modified procedures in depth of emergence planting (uniform sand and domes to prevent 

surface disturbance). Seed weight was positively related to emergence (R2=OS) (Figure 

24) however this relationship was not significant.
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Prairieland
Eeiav
Pearl
C2 Field Svn

DAP
LSD (P=O OS) 11.9 11.9

Figure 22. Emergence o f four Altai wildrye populations from deep seeding (5 cm) in sand
Emergence counts taken daily, starting at 11 through 26 days after planting (DAP). 
Prairieland, Pearl and Eejay seed was harvested in 2000 from solid seeded plots, C2 
Lab and C2 Field Syn were harvested in 2000 from space plant nurseries).
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Figure 23. Greenhouse emergence from deep (5 cm) planting o f 145 C2 Field Syn half sib families o f Altai 
wildrye harvested in 2000 from space plants (Mean was 17.6%).

¥=-0.7889x2+10.418x-15.292 
R2=0.0333 (P>0.10)

Seed Weight (mg seed"1)

Figure 24. The relationship o f greenhouse emergence from deep (5 cm) planting and seed weights o f 145 
C2 Field Syn half sib families o f Altai wildrye harvested in 2000 from space plants.
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Seedling Vigor

A seedling vigor assay was conducted to determine if seedling growth varied 

among Altai wildrye populations after germination. Seedling dry weights at 90 and 180 

DAP or total dry matter did not significantly vary (Table 10). Seedlings from selected 

populations, 97 Ci Bulk, 97 C1 Elite Composite and C2 Lab maintained the same level of 

seedling vigor at the measurement periods. Comparing seed from space plant nurseries to 

solid seeded blocks, there was no difference in seedling vigor. Overall, seedlings selected 

from different populations that germinated on the same day did not vary in vigor. This 

indicates that after germination the degree of seedling vigor as measured by dry matter 

production from space plant or solid seeded stands is m in im al.

Table 10. Greenhouse dry matter yields o f six Altai wildrye populations 90 
and 180 days after planting (DAP).

Population
Mean seedling dry matter (mg plant"1)

90 DAP 180 DAP Total
Prairieland 0.07 0.08 0.14
Eejay 0.07 0.08 0.14
Pearl 0.07 . 0.07 0.14
97 C1 Bulk 0.07 0.07 0.14
97 C1 Elite Composite 0.06 0.08 0.14
C2 Lab 0.07 0.08 0.15

LSD (P=0.05) NS NS NS

'f':'



atMT. In the dryland trial seeded in 1998, plots were established with seed 

recommended seeding rate (13.4 kg h a 1 of pure live seed based on lab germination). In 

the dryland trial, Eejay had the highest forage yields in 1999 (Table 11), significantly 

higher than Pearl. Forage production of 97 Ci Elite Composite and 97 C1 Bulk were not 

significantly different than Eejay.
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Table 11. Forage yield production o f Altai wildrye populations grown under dryland and irrigated 
conditions near Bozeman, MT.

Population

1998
Dryland

2000
Irrigated July 2000 

Field
Emergence

%

1999 2001 2002 2001-02
TotalCut I C utl Cut 2 Cut I Cut 2

(Kg h a 1)
Prairieland 5586 9312 3409 3888 2542 19152 15.2
Eejay . 6025 10777 4049 4568 3315 22709 18.1
Pearl 4769 10137 3547 4289 2826 20800 18.9
97 C1 Bulk 5555 --------- — —-------

97 Ci Elite Composite 5983 — ————

C2 Lab — 11400 3426 4233 2879 21938 20.8
LSD (P=0.05) 1211 1445 NS NS NS NS 2.3

The 2000 forage nursery was established by planting 138 seeds m"2. Emergence 

under irrigated conditions ranged from 15.2% (Prairieland) to 20.8% (C2 Lab). C2 Lab 

had significantly higher emergence than Prairieland or Eejay but was not significantly 

higher than Pearl. Eejay and Pearl were originally selected for greater seedling 

emergence and had significantly higher emergence than Prairieland. While Pearl was 

selected for greater emergence, its forage yield was less than Eejay and C2 Lab. 

Laboratory germination of 80% was routinely obtained, with these same seed lots but 

acceptable field emergence was difficult to achieve even with optimal field conditions. 

Plots were established with a limited quantity of seed, and due to the spreading



capabilities of Altai wildrye full stands were achieved the second year of 

establishment. Eejay and C2 Lab had the highest two-year forage yields; however Eejay 

was only statistically better than Prairieland (Table 11).

These data indicate that genotypic selection for deep emergence and plant vigor 

resulted in slightly better seedling emergence (P<0.05) and improved subsequent 

performance.
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Germination Substrate

Through two cycles of recurrent selection for seed vigor the physiological 

mechanisms of seed germination may have been changed, affecting seed vigor. To 

investigate this several substrates that aid in the promotion of germination were used to 

determine if any changes had occurred. In order to limit the combinations of substrates 

and the number of seed lots, a preliminary test was conducted on one commercial lot of 

Prairieland. These preliminary tests indicated that the lower levels of KNO3 (5 or 10 x 

IO3 mgL'1), all levels of GA3 and 2,4-D, lower levels of ETOH (0.05 and 0.1 mgL"1) and 

the control did not significantly differ (P=0.05) in germination (Table 12). The high level 

of KNO3 (20 x IO3 mgL’1), ETOH and all levels of H3O3 significantly reduced 

germination compared to the control. Due to the functions of GA3 and 2,4-D as plant 

growth regulators these substrates were used for further testing. The levels selected were 

400 mgL'1 for GA3 (an intermediate level recommended by AOSA) (AOSA 2000a) and 

0.05 mgL"1 2,4-D. This level of 2,4-D did not stunt root growth as did the higher levels 

(data not shown).



wereIn the subsequent experiment, 2,4- D (as a form of IAA) and GA3 

evaluated to determine if genetic selection for deep emergence had altered the response to 

these exogenous hormones. Mean germination percentages of the six Altai wildrye 

populations on deionized water, GA3 and 2,4-D were significantly different from 7d 

through 23d (Figure 25). From 9d through 23d GA3 and H2O were not significantly 

different but both were significantly higher than 2,4-D.
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Table 12. Altai wildrye germination at 21d using different 
substrates and concentrations.

Substrate and concentration % Germination
KNO3 5 x  IO3 mgL'1 80

KNO3 10 x  I O3 mgL"1 82
KNO3 20 x IO3 mgL"1 66

GA3 200 mgL"1 88
GA3 400 mgL"1 84
GA3 800 mgL"1 84

2,4-D 0.05 mgL"1 80
2,4-D 0.1 mgL"1 82
2,4-D 0.2 mgL"1 82

ETOH 0.05 mgL"1 86
ETOH 0.1 mgL"1 82
ETOH 0.2 mgL"1 70
H2O2 0.05 mgL"1 2
H2O2 0.1 mgL"1 0
H2O2 0.2 mgL"1 0
H2O (control) 82
LSD (P=0.05) 12



DAP 
LSD (P=0.05) 
Pop x Trt, P=

9 11 13 15 17 19 21 23
3 2 2 2 2 2 2 2

0.0005 0.0775 0.0241 0.0180 0.0077 0.0065 0.0046 0.0046

Figure 25. Mean germination o f six Altai wildrye populations from 7 through 23 days after 
planting (DAP), on deionized water (H2O), gibberellic acid (GA3) and 2,4-D as a 
source o f IAA.

The populations varied in their response to the germination substrata (H2O, GA3 

and 2,4-D) (Table 13). The C2 Lab population (seed produced in space plant nursery) 

had significantly higher germination than all other populations at all treatment levels 

except for Pearl on GA3 starting on 9d. The minimum germination of the C2 Lab families 

was greater than or equal to all other populations from 13d through 23d except Eejay on 

GA3 which was not significantly different. The maximum germination of C2 Lab families 

was greater than all populations on all treatments. Eejay was significantly lower on all 

days than all other populations on H2O. This may indicate a genetic problem with seed 

quality. On GA3, starting on 9d and continuing throughout the test period, Prairieland, 

Eejay and 97 Ci Elite Composite were not significantly different but were significantly 

lower than Pearl and 97 Ci Bulk. Comparison of Prairieland to 97 C, Bulk (seed selected
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from Prairieland) produced under irrigated conditions, no significant differences 

occurred in H2O, or with exogenous GA3 or auxin. These populations when grown with 

excess GA3 or auxin were not significantly different. Gibberellin produced a significant 

increase over H2O and 2,4-D on 7d in germination of Prairieland, Eejay and Pearl. After 

7d this difference was no longer significant in Prairieland. In Eej ay, GA3 and 2,4-D 

significantly increased germination throughout the test period. Pearl was significantly 

responsive to exogenous GA3. This indicates that even though Pearl had larger seed than 

the other populations it may not be able to produce enough endogenous GA3. This 

positive response to GA3 is still less than the effects of space plants as seen in population 

C2 Lab. Eejay was also responsive to GA3 and later 2,4-D, and this may be due to its 

narrow genetic base, 12 clones.

Eighty percent germination was easily obtained in the germination tests with 

some response by specific populations or families to hormone or growth promoter 

treatments but when pressure is applied to emergence from deep planting, these numbers 

drop dramatically. Even though C2 Lab maintained over 95% germination in the 

laboratory tests it was only able to reach 49.1% emergence from deep seeding in sand. 

Population C2 Field Syn which compromised 29 of the 39 clones in C2 Lab was able to 

reach 61% emergence in the first evaluation and 64% in the second evaluation. This 

indicates that further selection may be accomplished from deep planting under field

64

conditions.



65

Conclusions

Altai wildrye is a valuable forage for Montana and the northern Great Plains but 

due to its inherent stand establishment problems it is not widely used. In numerous trials 

conducted with seed lots produced in the same environment, germination typically 

exceeded 80% in all populations except Eejay. Maximum germination of Prairieland, 

Pearl and several breeding populations was obtained between 15 and 19 days after 

planting.

The use of GAg or 2,4-D (as a source of auxin) provided minimal benefit to all 

populations except Eejay, where GA3 gave the greatest benefit. This appears to be a 

genetic response, since all seed was produced in the same environment. There was no 

germination increase in the selected populations with additional GA3 or auxin. It appears 

that laboratory germination with or without exogenous hormones does not increase 

seedling vigor of Altai wildrye in the laboratory.

Seed size and recurrent selection for deep (5 cm) emergence did not increase 

seedling vigor as measured by seedling dry weight. The Ca Lab population had 81% 

heavier seed than Eejay, however seedling weights 180 days after planting were 

equivalent when starting from seedlings that germinated on the same day. Selection for 

deep emergence did increase Seed vigor in selected populations by increasing emergence 

following two cycles of recurrent selection for deep emergence. Selecting the best 

progenies from the best families with high selection intensity for deep emergence 

increased seed vigor in selected families.



Greenhouse selection for deep emergence has increased field performance 

over previous selected populations. This selection has increased seedling emergence and 

forage yield. Field selection for deep emergence may provide better selection pressure on 

progeny than greenhouse selection. By selecting only those families which had the 

desired characteristics for deep emergence in the greenhouse and field, seed vigor (but 

not seedling vigor) of Altai wildrye has been improved.

6 6
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Chapter 4 

Conclusions

Beardless and Altai wildrye are both excellent species for forage, soil 

stabilization, wildlife cover plantings and saline seep reclamation but due to their 

inherent stand establishment problems neither is widely used.

In previous studies, it was unclear if  the environment of seed production was 

responsible for variable dormancy, slow germination or poor vigor of beardless wildrye. 

For these reasons, breeding populations of beardless wildrye produced in 1999 near 

Bozeman, MT were evaluated.

In numerous trials conducted with seed lots of Altai wildrye produced in the same 

environment, germination typically exceeded 80% in all populations except Eej ay. 

Maximum germination of Prairieland, Pearl and several breeding populations was 

obtained between 15 and 19 days after planting.

Exogenous germination substrates had significant effects on beardless wildrye, 

but provided no significant improvement for Altai wildrye. Potassium nitrate had a 

significantly greater effect on beardless wildrye germination than three other compounds 

tested. Potassium nitrate may be a trigger that initiates germination of dormant beardless 

wildrye seed. The effect of KNO3 on germination appeared to be greater than either 

genetic or environmental effects. Further research should be conducted to determine if 

KNO3 could be used as a priming agent for beardless wildrye. In H2O there were some



marginal gains for speed of germination due to selection. The KNO3 or the KNO3 x 

population interaction effects were large, while there was some genetic progress made in 

the speed of germination, this gain appeared to be less than the effect OfKNO3 in KNO3.

The use of GA3 or 2,4-D (as a source of auxin) provided minimal benefit to all 

Altai wildrye populations except Eejay, where GA3 gave the greatest benefit. This 

appears to be a genetic response, since all Altai wildrye seed was produced in the same 

environment. There was no germination increase in the selected populations with 

additional GA3 or auxin. It appears that laboratory germination with or without 

exogenous hormones does not predict seedling vigor of Altai wildrye.

In Altai wildrye, seed size and recurrent selection for deep (5 cm) emergence did 

not increase seedling vigor as measured by seedling dry weight of seedlings germinated 

on the same day. The C3 Lab population had 81% heavier seed than Eej ay, however 

seedling weights 180 days after planting were equivalent. Selection for deep emergence 

did increase seed vigor in selected populations by increasing emergence following two 

cycles of recurrent selection for deep emergence. Selecting the best progenies from the 

best families with high selection intensity for deep emergence increased seed vigor in 

selected families.

Significant gain was made in field emergence by selecting for improved seedling 

vigor during the first year of forage production. Plots were established with a limited 

quantity of seed, and due to the spreading capabilities of beardless and Altai wildrye, this 

gain did not carry over into the second year.
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