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Managing cattle to disseminate seeds of desirable plants, or alternatively, to restrict

weed seed contamination on rangelands is of interest to managers. Four experiments were

conducted to determine effects of ruminant digestion on germination of ingested seeds. A

number of plant species representing a variety of seed size and seed coat hardness were

subjected to in vitro digestion. Experiment one was conducted to determine effect of

varying lengths of digestion time on seed germination. Seed germination varied by plant

species in response to length of digestion. Germination of large soft-coated seeds, such as

bluebunch wheatgrass (Agropyron spicatum (Pursh) Scribn. & Smith Goldar) and basin

wildrye (Elymus cinereus Scribn & Merril Magnar), was reduced to 0%. Smaller grass

seeds, such as Sherman big bluegrass (Poa secunda Presl. Sherman), survived but

germination declined following 24-hour, 48-hour, and 72-hour digestion. Experiment two

examined effect of different stages of ruminant digestion on seed germination. The

combination of Stage I (rumen-simulated digestion) and Stage II (abomasal-simulated

digestion) resulted in greatest seed mortality. Two water treatments were included to

evaluate the effects of high temperatures (39° C), moisture uptake, and lack of oxygen.

Water + 02 and Water + CO2 reduced germination, however not as much as Stage I and
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Stage II treatments. The third experiment determined effects of diet quality on seed 

germination. Seeds digested in rumen fluid collected from steers fed a 72% corn 

concentrate diet resulted in 0% germination for all species. Grass seed germination was 

low for seeds digested in rumen fluid collected from steers fed a forage diet. Whitetop 

(Cardaria draba (L.) Hand.) germination was 24% and 28% for 35-hour and 59-hour 

roughage treatment, respectively, and germination was 0% for 35-hour and 59-hour 

concentrate treatments. Germination of water-only treatments for most species was 

reduced in comparison to the control treatment, but was greater than remaining 

treatments. Experiment four evaluated germination of seeds exposed to in situ versus in 

vitro digestion. In situ digestion resulted in lower seed germination than in vitro digestion 

for all species examined. Large, soft grass seeds may not be suitable candidates for re

seeding rangelands. However, it is important for managers to recognize that cattle may 

distribute viable weed seeds in feces. Confining cattle or supplementing with high 

concentrate diets may help prevent spread of weedy species. 
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INFLUENCE OF RUMINANT DIGESTIVE PROCESSES ON GERMINATION
 
OF INGESTED SEEDS 

1 INTRODUCTION 

Approximately 7 million acres of public land administered by the Bureau of Land 

Management (BLM) in the Intermountain West are degraded to such a degree that 

changes in livestock management alone will not result in significant improvement (Pyke 

and Borman 1992). Low populations of desirable plant species and depleted propagule 

pools on many sites prevent transition of communities to successionally-higher stable 

states (Westoby et al. 1989, Laycock 1991). Concurrent with stagnation of many 

Intermountain rangelands in unsatisfactory stable states, is an increased distribution of 

undesirable and noxious plant species. 

Given that secondary succession of degraded rangelands is influenced by propagule 

availability (Luken 1990), animals disperse seeds of desirable and undesirable vegetation in 

sufficient quantity to be of interest to managers (Janzen 1984). The role of livestock in 

seed dispersal warrants specific considerations given their large numbers and high 

concentrations on many rangelands (Archer and Pyke 1991). Information is needed 

regarding the dynamics of seed dispersal by grazing animals to facilitate the establishment 

and distribution of desirable plants and prevent the spread of unwanted vegetation on 

western rangelands. 

It has been reported by many workers that animals spread seeds of desirable and 

undesirable vegetation. The importance of this information is to determine and/or 
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understand how grazing animals, cattle to be specific, influence plant populations through 

seed dispersal. There are several areas where seed mortality can occur during the 

ingestion, digestion, and excretion process. Damage can occur upon ingestion because the 

grinding action of teeth can cause seed coat breakage. Following ingestion seeds are 

subjected to high temperatures (39° C), rumen microbes, and an acid bath which can 

increase seed mortality. Upon being deposited in the fecal pat, seeds can also be damaged 

and fail to germinate. The scope of this study was to determine the effects of rumen and 

abomasal digestion on seed germination. 

Four individual experiments were conducted to understand how ruminant digestion 

influences seed germination. Table 1.1 lists species examined in the experiments. In all 

experiments seeds were subjected to in vitro digestion. The first experiment was 

conducted to answer the question of how retention time in the gastro-intestinal tract 

influences seed germination. Seeds were treated to in vitro digestion for 24 hours, 48 

hours, and 72 hours and compared to a control treatment. The second experiment 

examined what part of the digestion process causes mortality. The third experiment 

examined the effect of diet quality on seed germination. Seeds were subjected to 35 hours 

and 59 hours of total digestion time. They imbibed either distilled water or rumen fluid 

collected from steers adapted to a roughage diet or a concentrate diet. The final 

experiment compared in situ (live animals) and in vitro digestion procedures. 

Data obtained from the four experiments suggest that exposure to ruminant 

digestion results in seed mortality for many desirable cool-season grass species. However, 
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Table 1.1. Plant species examined in the project. 

Scientific Name I Common Name 
Agropyron cristatum (L.) Gaertn. Hycrest Crested wheatgrass 
Agropyron intermedium (Host) Beauv. Greenar Intermediate wheatgrass 
Agropyron spicatum (Pursh) Scribn. & Smith Bluebunch wheatgrass 
Goldar 
Cardaria draba (L.) Hand. Whitetop 
Centaurea diffusa Lam. Diffuse knapweed 
Elymus lanceolatus spp lanceolatus (Scribn. & Thickspike wheatgrass 
Smith) Gould Schwendimar 
Festuca ovina L. Durar Hard fescue 
Leymus cinereus (Scribn. & Merril) Love Basin wildrye 
Trailhead 
Linaria dalmatica (L.) Mill. Dalmation toadflax 
Oryzopsis hymenoides (Roem & Schuh.) Ricker Indian ricegrass 
Nezpar 
Poa secunda Presl. Sherman Sherman big bluegrass 
Pseudoroegneria spicata spp spicata (Pursh) Snake River wheatgrass 
Love Secar 
Stipa comata Trin. & Rupr. Needle-and-thread 

Species in the Triticeae tribe follow the nomenclature of Barkworth and Dewey (1985) 
and other species follow the nomenclature of Hitchcock and Cronquist (1973). 

from the stand point of weed seed dissemination it appears that cattle successfully 

transport viable whitetop and diffuse knapweed seeds. Confining cattle following grazing 

on weed infested rangelands, changing season of use, or supplementing to alter retention 

time and microbial populations may be options to prevent weed contamination on other 

grazed areas. Understanding the influence of cattle on germination of seeds (of desirable 

and undesirable vegetation) is useful knowledge for land managers. 
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2 REVIEW OF THE LITERATURE 

2.1 Ecological Implications of Herbivory 

Herbivory is a natural ecosystem process universal to rangelands. Large 

herbivores influence their environments in a variety of ways. They impact their habitats 

directly by defoliation and trampling vegetation and indirectly through mineral 

transformation and redistribution, microclimate changes, alteration of soil and hydrologic 

properties, influences upon energy flows, and destabilization of plant competitive 

interactions (Archer and Smeins 1991, Pieper 1994). Grazing may result in soil 

compaction, loosening of soil crust to create a seed bed, and increased susceptibility of 

plants to winter-kill and insect damage (Holechek et al. 1989). Herbivores may affect the 

growth form of a plant in beneficial ways; grasses, for example, survive best when cropped 

and probably co-evolved with grazers (Owen 1980). In addition to these effects, grazing 

animals also influence plant populations by dispersing seeds. In reviewing the work of 

others, Janzen (1983 and 1984) summarized the findings of existing studies: 

1) survivorship of seeds varies with animal and plant species; 2) seed mortality increases 

proportionally with the length of time they remain in an animal or are buried in composted 

dung; and 3) weed seeds dispersed in livestock feces is of sufficient quantity to be of 

concern the land managers. 
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2.2 Implications of Successful Seed Passage 

Few studies have attempted to manipulate seed dispersal by large herbivores in 

order to influence secondary succession. Dispersal of plant propagules is an important 

factor in succession and restoration (Luken 1990). The survival or digestion of seeds 

during passage through the digestive tract of grazing ruminants has important implications 

for population dynamics of plant species involved (Gardener et al. 1993b). Seeds that 

escape mastication after ingestion by animals may be regurgitated or survive passage 

through the digestive tract and be deposited with feces, facilitating germination and 

establishment (Archer and Pyke 1991). Grazing animals can be used to introduce 

desirable species into areas unsuitable for sowing by conventional methods but can also be 

responsible for the spread of undesirable species to new areas (Gardener et al. 1993b). If 

large numbers of seeds survive passage they may subsequently be disseminated to distant 

areas, however, if most seeds are digested, animals are unlikely to be important for 

dissemination. 

It has long been recognized that seeds of many plant species ingested by livestock 

can pass through the digestive system unharmed and germinate in feces (Roberson 1980). 

Ingestion and subsequent passage of viable seeds through animal digestive systems may be 

an important process for introducing and maintaining plant species in different ecosystems 

(Simao Neto and Jones 1986, Simao Neto et al. 1987, Al- Mashikhi 1993). Maintaining 

the persistence or enhancing the spread of species already established is also an important 

aspect of seed viability following digestion and defecation (Simao Neto et al. 1987). 
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Seeds excreted by animals may be undesirable in terms of weed seed dissemination (Piggin 

1978, Harvey 1981). 

To successfully germinate and grow from dung pats, seeds must survive three 

hazards: 1) the molar mill; 2) the gastro-intestinal tract; and 3) the fecal pat itself. Once 

in the gut, seeds face carbohydrate-digesting microorganisms, acidic environments and 

temperatures high enough to kill seeds. Seeds must survive the trip through an animal's 

gut before they can germinate from dung pats. Retention time of seeds in the gastro

intestinal tract may be one factor that influences seed survival: the longer the seeds remain 

in the rumen, the more likely they are to absorb moisture (imbibe), germinate, and be 

killed by high temperatures, lack of oxygen, or microbes (Burton 1948, Janzen 1984, 

Blackshaw and Rode 1991, Russi et al. 1992, Stiles 1992, Gardener et al. 1993a, 

Gardener et al. 1993b). Rate of passage as influenced by an animal's diet may affect 

survival rate of ingested seeds. High-fiber diets slow passage rates through the ruminant 

(Furuya et al. 1979, Ocumpaugh and Valle 1992). Seed coat hardness is likely another 

factor influencing seed survival; hard-coated seeds imbibe more slowly and may better 

survive the acid bath of the abomasum of ruminants than soft-coated seeds (Atkeson et al. 

1934, Simao Neto and Jones 1987, Archer and Pyke 1991, Blackshaw and Rode 1991, 

Russi et al. 1992, Gardener et al. 1993a). Thus, plants with small dense hard seeds may be 

best suited to withstand the hazards of a ruminant's digestive tract. 

Controlled feeding studies have been used to assess damage to ingested seeds. It 

was determined that much of the damage to ingested seeds occurs in the rumen and some 

in the abomasum (Gardener et al. 1993a). Most of the chewing damage may be caused 
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during rumination rather than during ingestion (Gardener et al. 1993a). Forage quality of 

the associated diet has been found to have a large effect on germination of ingested seeds 

(Ocumpaugh and Valle 1992). High quality diets reduce seed viability (Ocumpaugh and 

Valle 1992). 

Deposition of seeds within fecal material may provide a nitrogen source that 

increases nutrients for early seedling growth (Burton 1948, Stiles 1992), still seeds and 

germinating seedlings in moist dung may encounter a suite of different microorganisms 

that break down organic matter aerobically (Gardener et al 1993b). Wilson and Hennessy 

(1977) found that 3.45% of seeds ingested by cattle germinated in moist dung pats under 

glasshouse conditions. However, seed viability decreases as storage time in feces 

increases (Takabayashi et al. 1979, Simao Neto and Jones 1986). Further, in seasonally-

dry environments, seedlings germinating in dung at the beginning of or during the dry 

season will be subjected to a prolonged period of severe desiccation (Gardener et al. 

1993b). 

2.3 Plant Adaptations to Aid Seed Dispersal 

Plants have evolved diverse adaptations to facilitate movement of seed. These 

included dispersal by adhesion to the body; various appendages to assist wind- or water

borne dispersal; palatable fruits to entice scattering, caching or consumption by animals; 

and passage through the gut (Lehrer and Tisdale 1956, Shmida and Ellner 1983, Sorenson 

1986, Fenner 1987, Archer and Pyke 1991, Stiles 1992, Al-Mashilchi 1993). The greatest 

diversity of adaptations found in diaspores of plants are those that facilitate seed transport 
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by animals (Stiles 1992). Large herbivores transport seed internally and externally 

(Edwards and Gillman 1987). Seed dispersal by animals is advantageous for many plant 

species to reduce parental-offspring competition, enhance germination and establishment 

from dung, and establish new populations in previously unoccupied areas (Stiles 1992, Al-

Mashikhi 1993). Seeds of palatable species that are consumed by large herbivores can be 

disseminated more quickly throughout an area than they could spread by other means of 

dispersal (Welch 1985). Janzen (1984) summarized various expected characteristics of 

small-seeded plants that may attract grazing animals. He found that plant vegetation is 

edible and is of high nutrient value to be attractive to herbivores; seeds and fruits are 

mixed with foliage or is in the immediate vicinity to be eaten; seeds are small, tough, hard, 

and inconspicuous to escape the molar mill; seed coats are able to resist digestion; and 

vegetative phenotypes do well in the area where herbivores defecate and visit. 

2.4 Animals as Seed Disseminators 

The most effective agent for seed dissemination would transport large numbers of 

seeds and deposit them in germinable form in a microenvironment suitable for 

establishment (Archer and Pyke 1991). An animal that simply transports large numbers of 

seeds is not necessarily an effective agent of dispersal and conversely, animals that 

transport relatively fewer seeds are not necessarily poor vectors (Archer and Pyke 1991). 

Consumption of herbaceous plants and seeds has been occurring for millions of 

years. Janzen (1984) noted that Voorhies and Thomasson (1979) described Berriochloa 

grass seeds found in the fossilized gut contents of an extinct rhinoceros (Teloceras major) 
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from the Miocene epoch. Kurten and Anderson (1980) and Janzen and Martin (1982) 

reported that during the Pleistocene there was a large fauna of large grazing/browsing 

mammals in North America. 

Other observers noted a variety of large mammals, including bear, pronghorn, 

deer, sheep, goats, horses, and cattle, distribute viable seeds in their dung (Ridley 1930, 

Atkeson et al. 1934, Harmon and Keim 1934, Lehrer and Tisdale 1956, Applegate et al. 

1979, Wicklow and Zak 1983, Fenner 1987, Lacey et al. 1992, Wallander et al. 1992, 

Wallander et al. 1995). Dinerstein (1991) observed latrine sites where intact seeds were 

found in boluses of dung deposited by the one-horned rhinoceros (Rhinoceros unicornus) 

producing a rhinoceros-generated flora. Horses (Equus caballus) are major dispersing 

agents of guanacaste tree (Enterolobium cyclocarpum) seeds in Costa Rica (Janzen 

1982b). 

A consistent fraction of some seeds ingested by small ruminants is able to escape 

digestion and is thus returned to the seed bank (Russi et al. 1992). It is entirely feasible 

for sheep and rabbits to transport viable seeds great distances via their digestive systems 

and consequently contribute to the spread of various plants in relatively short periods of 

time; however, the proportion of viable seeds recovered was relatively small for all species 

studied (Lehrer and Tisdale 1956). Viability of most seeds was greatly reduced by 

passage through digestive tracts of sheep and rabbits, but was reduced more consistently 

by rabbits than sheep (Lehrer and Tisdale 1956). Percentage of viable seeds passed by 

sheep and rabbits was similar for all species, despite marked difference in seed size, shape, 

and nature of the seed coat (Lehrer and Tisdale 1956). This trend, however, was not seen 
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by Simao Neto et al. (1987) who noted total recovery of seeds from sheep and goats was 

affected by length of seeds: the shorter the seeds, the higher the recovery, but seed size 

did not affect seed recovery from cattle. Most seeds were passed by the sheep on the third 

and fourth day, but viable seeds were passed up to day nine (Lehrer and Tisdale 1956). 

Following ingestion and passage through sheep, 1.47-1.51% Nuttall saltbrush (Atriplex 

nuttallii Wats.); 1.10-1.16% shadscale (Atriplex confertifolia (Torr. & Frem.) Wats.); 

1.07-1.40% halogeton (Halogeton glomeratus Meyer.); 2.18-2.28% cheatgrass (Bromus 

tectorum L.); 2.36-2.47% medusa-head (Taeniatherum asperum (Simonkai) Nevski); and 

1.22-1.73% Fairway crested wheatgrass (Agropyron cristatum Hycrest (L.) Gaertn.) seeds 

germinated (Lehrer and Tisdale 1956). Seeds fed to rabbits had a much lower percentage 

of viability upon excretion for all species than those excreted by sheep (Lehrer and Tisdale 

1956). Most seeds were passed by rabbits during the second and third day, but it was 

noted that viable seeds were passed on day four (Lehrer and Tisdale 1956). Following 

ingestion and passage through rabbits, 0.28-0.34% Nuttall saltbrush; 0.00% shadscale; 

0.05-0.06% halogeton; 0.16-0.19% Russian thistle (Salsola kali tenuifolia L.); 0.18

0.22% cheatgrass; 0.59-0.64% medusa-head; and 0.22-0.31% Fairway crested wheatgrass 

seeds germinated (Lehrer and Tisdale 1956). 

Rose seeds have been known to pass through certain mammals and birds unharmed 

(McCully 1951). Janzen (1983) determined that ingested dormant guanacaste tree seeds 

were defecated and either germinated, remained dormant and became mixed into the litter, 

or were harvested by rodent seed predators allowing for further dispersal by small rodents. 

Birds are also successful at transporting seeds (via dung) from one location to another 

http:0.22-0.31
http:0.59-0.64
http:0.16-0.19
http:0.05-0.06
http:0.28-0.34
http:1.22-1.73
http:2.36-2.47
http:2.18-2.28
http:1.07-1.40
http:1.10-1.16
http:1.47-1.51


11 

(Janzen 1983, Janzen 1984, Barnea et al. 1991, Stiles 1992). In summarizing work of 

others, Janzen (1983) found that seed dispersal has been observed in bats (Greenhall 1956, 

Jones 1972, Janzen et al. 1976, Gardner 1977), squirrels and other forest rodents, (Morris 

1962, West 1968, Smith 1970, Fox 1974, Smith 1975) and arid land rodents (Brown et al. 

1979a, Brown et al. 1979b, O'Dowd and Hay 1980, Hay and Fuller 1981, Thompson 

1981). Seed dispersal by birds and ants within forests tends to involve many small- and 

medium-sized plant species (Janzen 1983, Janzen 1984). 

Seeds excreted by animals may also be undesirable in terms of weed seed 

dissemination (Simao Neto et al. 1987). It may be that when whitetop (Cardaria draba 

(L.) Hand.) seeds pass through cattle the conditions met in the digestive tract may cause 

an increase in promptness and vigor of germination (Rosenfels 1940). Livestock have 

contributed to the introduction and spread of exotic weeds through deposition of weed 

seeds in feces (Benson and Walkington 1965, Mack 1981). Many workers have expressed 

concern that a number of noxious plants can be spread through diaspores contained in the 

feces of animals. Among these are whitetop (Rosenfels 1940), cheatgrass and kochia 

(Kochia scoparia (L.) Schrad)) (Blackshaw and Rode 1991), spotted knapweed 

(Centuarea maculosa Lam.) (Wallander et al. 1992, Wallander et al. 1995), leafy spurge 

(Euphorbia esula L.) (Lacey et al. 1992), and medusa-head (Lehrer and Tisdale 1956). 

Viability of spotted knapweed seeds was reduced but not eliminated by passing 

through sheep and mule deer (Wallander et al. 1995). Sheep manure contained viable 

spotted knapweed seeds for up to 7 days after ingestion (Wallander et al. 1995), while 
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viable spotted knapweed seeds were still being recovered in mule deer feces 10 days 

following ingestion (Wallander et al. 1995). 

Lacey et al. (1992) have shown goats and sheep are able to pass viable leafy 

spurge seeds. Following ingestion, goats and sheep passed leafy spurge seeds for 4 and 9 

days, respectively (Lacey et al. 1992). Goats passed seeds faster than sheep (Lacey et al. 

1992). Of total seeds fed to sheep and goats, 18% were recovered in fecal material of 

both species of livestock (Lacey et al. 1992). The number of seeds recovered (percent of 

total seeds fed) decreased with time while germinability and viability of recovered seeds 

were less than the control (Lacey et al. 1992). Mean viability of seeds recovered from 

sheep and goats was reduced from 90% (control) to 14% and to 31%, respectively (Lacey 

et al. 1992). Mean germination of recovered seeds was reduced from 72% for control to 

2% for sheep and 16% for goats (Lacey et al. 1992). Sheep were more effective than 

goats at reducing viability of seeds (Lacey et al. 1992). Sheep and goats are effective 

biological tools for reducing spread of leafy spurge seeds because 82% of seeds were 

digested (18% recovered in fecal material) (Lacey et al. 1992). However, animals grazing 

mature leafy spurge should be confined until all viable seeds have passed through the 

digestive system (Lacey et al. 1992). 

2.5 The Use of Livestock as Seed Disseminators 

Possible dispersal of viable seeds by livestock can be substantial as seen by the 

number of seedlings found in a single cow pat (Ozer 1979, Welch 1985). Welch (1985) 

found up to 662 seedlings of 24 different species germinating from one cow pat under 
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greenhouse conditions. A potentially significant proportion of seeds ingested by cattle 

could be deposited in a moist, nutrient-rich medium that may facilitate germination and 

establishment (Rosenfels 1940, Archer and Pyke 1991). Seeds tend to remain in the 

animal and result in dispersal to distant places where the animal's dung pat provides a 

microhabitat for seed germination and seedling growth (Janzen 1984, Stiles 1992). In 

reviewing the work of others, Burton (1948) found that seeds which had passed through 

the digestive tract of cattle germinated better than those recovered from the feces of 

horses and hogs as reported by Korsmo (1911). Simao Neto et al. (1987) noted that 

cattle pass viable seeds more effectively than goats and sheep and cattle have been found 

to spread Macartney rose (Rosa bracteata Wendl.) seeds (McCully 1951). Depending on 

rate of seed passage and on patterns of animal movement, viable seeds could be 

distributed over large areas for several days following ingestion (Archer and Pyke 1991, 

Al- Mashikhi 1993). Damage to seeds either in the animal or later in the dung is variable. 

Cattle that ingested 101.6 grams of mature kikuyu seeds per day excreted 22.9% as whole 

seeds (Wilson and Hennessy 1977). Passage through the alimentary tract reduced 

germinability from 82.8% to 50% and reduced seed mass by 6.7% (Wilson and Hennessy 

1977). Takabayashi et al. (1979) fed a Holstein heifer 50,000 seeds each of livid amaranth 

(Amaranthus lividus L.), large crabgrass (Digitaria adscendens Henr.), and Italian 

ryegrass. Germination of seeds recovered from feces was 64% for livid amaranth and 

32% for both large crabgrass and Italian ryegrass (Takabayashi et al. 1979). Seeds of 

sand dropseed (Sporobolus cryptandrus (Torr.) Gray) and blue grama grass (Bouteloua 

gracilis (HBK) Lag. ex. Steud.) survived passage through the gut of cattle and remained 
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in the dung pats for at least 30 months following excretion (Wicklow and Zak 1983). 

Passage of ladino clover, sub clover, Italian ryegrass, orchard grass, and bahiagrass seeds 

through the digestive tract of Holstein dairy cows decreased germination percentage in 

every species and Italian ryegrass and ladino clover were the most effective in 

dissemination by dairy cows among the five species used (Yamada and Kawaguchi 1972). 

Simao Neto et al. (1987) found that mean recovery of viable seeds ingested by 

cattle, sheep, and goats was 42%, 10%, and 19%, respectively, and 39%, 39%, 23%, 

21%, 12%, and 8% for Safari (Trifolium semipilosum cv. `Safari'), Tinaroo (Neonotonia 

wightii cv. `Tinaroo'), Seca (Stylosanthes scabra cv. `Seca'), Axonopus affinis, 

Brachiaria decumbens, and Verano (Stylosanthes hamata cv. Werano') respectively. 

There was a lower recovery (as seedlings) for the seeds ingested by cattle which could 

have partially been due to the larger number of hard seeds remaining in cattle feces after 

the 104 week germination period (Simao Neto et al. 1987). Although seeds passed 

through goats faster than through cattle or sheep, the differences were not great (Simao 

Neto et al. 1987). The seed content of feces was highest between 48 and 72 hours after 

ingestion and fell after 96 hours (Simao Neto et al. 1987). Cattle gave the highest 

percentage of seeds and hence did not digest seeds as completely as did sheep and goats 

(Simao Neto et al. 1987). 

Sheep and cattle differ in the extent to which they chew and digest grains (Waldo 

1973). Large differences in seed recovery between cattle and small ruminants may be 

related to initial mastication and rumination (Simao Neto et al. 1987). Total recovery of 

seeds from sheep and goats was affected by the length of seeds: the shorter the seeds, the 
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higher the recovery (Simao Neto et al. 1987). Seed size had no effect on recovery of 

seeds by cattle, but the rate of passage of the large podded stylo (Stylosanthes hamata and 

S. scabra) seeds and longer signal grass (Brachiaria decumbens) seeds was usually slower 

than for the other species (Simao Neto et al. 1987). The same trend with respect to seed 

size and shape was found by Piggin (1978), however, it was not observed by Lehrer and 

Tisdale (1956). Such information demonstrates the importance of seed passage through 

grazing animals. 

Large mammals may be superior dispersal agents for herbs (Janzen 1984). 

Depending on the rate of passage and animal movement patterns, germinable seeds could 

be distributed over large areas for several days following ingestion (Al-Mashikhi 1993). 

Simao Neto et al. (1987) reported viable seeds recovered in feces up to 6 days following 

feeding. McCully (1951) recovered viable Macartney rose seeds following storage in 

feces for up to 18 months, Takabayashi et al. (1979) found viable livid amaranth and large 

crab-grass seeds after three months of storage in feces, Wicklow and Zak (1982) observed 

viable seeds following 30 months of storage in feces, and Gardener et al. (1993a) noted 

viable seeds after 28 weeks of fecal storage. Death of grass seeds and soft legume seeds 

following prolonged storage in feces has been recorded for temperate species (Suckling 

1950, Lennartz 1957, Ozer 1979). Longer periods of storage and higher temperatures of 

storage markedly decreased the viability of grass seeds and soft legume seeds but had little 

effect on hard legume seeds (Simao Neto and Jones 1986). 

Cattle would make good seed disseminating agents because they wander far 

enabling a plant species to exploit distant microsites favorable for growth (Grubb 1977, 



16 

Gardener et al. 1993a) and by excreting seeds in fertilized packages to areas that are 

inaccessible or too rough for conventional methods and equipment (Archer and Pyke 

1991, Al-Mashikhi 1993). A cow ingests seeds in its diet and is able to defecate a bulk of 

the seeds in the first five to ten days after feeding (Janzen 1982a, Lacey 1990). 

2.6 Effects of the Ruminant Digestive System Environment on Seed Viability 

The rumen is the largest segment of the ruminant stomach and serves as a large 

fermentation vat (Cheeke 1991). It is an open system with a continuous supply of 

substrates able to support and maintain a stable microbial population that ferment ingested 

feed (Yokoyama and Johnson 1988, Cheeke 1991, Van Soest 1994). The types of 

microorganisms (bacteria, protozoa, fungi, and yeast) maintained in the rumen are those 

best adapted to survive the specific conditions of the rumen ecosystem (Yokoyama and 

Johnson 1988) and reflect the nature of the diet (Cheeke 1991, Van Soest 1994). Diets 

high in cellulose and low in starch that make up most of the ruminant's diet constituting a 

major substrate available for fermentation, such as a roughage diet, supports a microbial 

flora of mainly cellulolytic and saccharolytic bacteria (Yokoyama and Johnson 1988, 

Cheeke 1991, Van Soest 1994). Protozoa thrive in the floating mat of the rumen of 

animals fed roughage diets but are usually absent in high concentrate diets where they tend 

to wash out of the rumen (Cheeke 1991). With high starch diets, amylolytic bacteria 

predominate; they ferment starch, sugars, and hemicellulose (Cheeke 1991). 

Under the anaerobic conditions in the digestive tract, bacteria which secrete 

proteolytic and cellulolytic enzymes become attached to the seed surface in both the 
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rumen and large intestine (Cheeke 1991, Gardener et al. 1993a, Van Soest 1994). Seeds 

are bathed in acid (pH 2.5) and proteolytic, amylolytic, and lipolytic enzymes in the 

abomasum and first part of the small intestine (Cheeke 1991, Gardener et al. 1993a, Van 

Soest 1994). During ingestion and rumination, seeds may be abraded or crushed (Cheeke 

1991, Gardener et al. 1993a, Van Soest 1994). 

Diet clearly influences the rate of passage of gut materials (Furuya et al. 1978). 

All-hay diets produce the most thickly-packed rumen contents with slower passage rates 

(Welch 1982). Alfalfa pellet diets have the thinnest rumen contents with the shortest 

weight ascension times and faster passage rates than all-hay diets (Welch 1982). Factors 

other than orifice size alone limit particle size passed from the rumen (Welch 1982). 

Location of particles within the rumen affects transit time to the reticulo-omasal orifice: 

particles at the bottom of the rumen arrive at the orifice quicker than particles at the dorsal 

sack. Fine particles trapped within the fibrous mass in the rumen do not move to the 

orifice for passage (Welch 1982). In reviewing other work Welch (1982) summarized the 

following information: the rumen ingesta mass is stratified with the longest fibers and the 

lightest fibers in the dorsal sack (Schalk and Amadon 1928); as comminution progresses 

the floating mass is reduced in average particle size and also increased in specific gravity, 

passage is maximized with ingesta in the specific gravity range from 1.10 to 1.20 (King 

and Moore 1957, Campling and Freer 1962), and the lower specific gravity the slower 

passage rate of seeds (Gardener et al. 1993a); these suggest that the combined action of 

rumen activity and rumination reduces particle size while at the same time hydrates the 

ingesta and releases entrapped air or rumen gases. This makes passage a greater 
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possibility for any particular particle by making it more acceptable to the reticulo-omasal 

orifice and also changing it to a functional specific gravity which brings it to a level in the 

rumen near the orifice (Welch 1982). Because particle size reduction is necessary for 

coarse roughage to pass from the rumen, microbial activity (major part of particle-size 

breakdown) versus physical breakdown of rumen ingesta is important (Welch 1982). 

Seeds can tolerate a certain amount of time in the rumen before being damaged 

(Atkeson et al. 1934, Gardener et al. 1993a, Gardener et al. 1993b), but the longer seeds 

remain in the digestive tract, the greater the reduction in viability and germination 

(Atkeson et al. 1934, Burton 1948, Blackshaw and Rode 1991) by the digestive system 

killing the germinating seeds or chemically scarifying the seed coat (Janzen 1984). Russi 

et al. (1992) suggested that soft seeds were ingested while other seeds, previously hard, 

would be rendered soft during the digestive process. Ingestion reduced hardseededness, 

so that a greater proportion of seeds were capable of germinating after ingestion (Russi et 

al. 1992). Survivability of ingested seeds is influenced by physical and chemical 

processing that takes place in the gut as well as retention time spent in the digestive tract 

before being deposited (Stiles 1992). Extended seed retention time even induce 

germination while in the animal and thus increase mortality of seeds upon deposition 

(Stiles 1992). Passage of ingesta from the rumen to the lower parts of the digestive tract 

is governed by the reduction in particle size by rumination (Van Soest 1994). The 

reticulo-omasal orifice in cattle is larger than in sheep, and more large particles pass from 

the rumen (Poppi et al. 1985). 
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2.7 Seed Characteristics Affecting Passage Through the Digestive Tract 

Major questions relative to actively utilizing livestock as agents of seed dispersal of 

desirable species pertain to seed survival; rate of passage through the digestive tract; rates 

of germination in dung; and subsequent seedling establishment (Archer and Pyke 1991). 

Soft-seeded species may lose viability and germinability quickly while species with hard 

seed coats may lose viability more slowly (Archer and Pyke 1991). However, seeds 

passing through the rumen quickly may not be scarified and hence have low germinability 

(Archer and Pyke 1991). Once scarified in the rumen, additional time in the rumen may be 

detrimental to seed viability and germinability (Archer and Pyke 1991). Surviving passage 

through the digestive tracts of animals can be accomplished by a variety of seed 

characteristics including seed coat hardness, seed size, and specific gravity. In general 

softer coated seeds may be reduced in vitality by passage through the digestive tract much 

more than harder coated ones probably due primarily to penetration of digestive juices into 

the germ, resulting in its destruction (Atkeson et al. 1934). Some softer coated seeds may 

be affected by mastication (Atkeson et al. 1934). It is probable that light scarification of 

seeds in the rumen may increase their susceptibility to digestion (Simao Neto and Jones 

1987). Even in the case of harder coated seeds, many seeds may be removed or broken 

open during the digestion process (Atkeson et al. 1934). A harder seed coat allows for a 

higher survivability after passage through the digestive tracts of ruminants (Blackshaw and 

Rode 1991, Russi et al. 1992, Gardener et al. 1993a). Differential survival among legume 

species appeared to related solely to variation in hard seed content between samples 

(Gardener et al. 1993a). Softer seeds tend to swell as they imbibe water and rupture the 
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testa exposing the embryo and cotyledons to digestive processes (Gardener et al. 1993a, 

Gardener et al. 1993b) and thus have much lower viability due to passage than do harder 

coated seeds (Atkeson et al. 1934). Simao Neto and Jones (1987) found soft legume 

seeds were destroyed by digestion whereas hard seeds were largely resistant to digestion. 

Average effects of in vitro digestion on viability were similar to average effects of 

digestion in nylon bags, but there were large differences between different treatments and 

seed lots (Simao Neto and Jones 1987). The results indicate the resistance of hard seeds 

and susceptibility of soft seeds to digestion during passage (Simao Neto and Jones 1987). 

In addition, soft seeds of the experiment were the most permeable of seeds that are 

normally classified as 'soft' in standard 21 day germination (Simao Neto and Jones 1987). 

Mean viability of unselected legume seeds after in vitro digestion was 6% higher than the 

average hard seed content of the control seeds, which suggests a small proportion of the 

unelected soft seeds were still viable after digestion (Simao Neto and Jones 1987). In 

sacco and in vitro digestion softened a variable portion, usually less than 20%, of the 

`selected hard legume seeds' (Simao Neto and Jones 1987). Viability ofgrass seeds was 

reduced with longer periods of time in the rumen, particularly for signal grass (Brachiaria 

decumbens) seeds which were all dead after 96 hours (Simao Neto and Jones 1987). 

Comparison of the results of the in sacco studies and pen feeding experiments 

suggest that much of the damage to ingested seeds will occur in the rumen (Simao Neto 

and Jones 1987). However, losses in viability with pepsin digestion indicate that some 

damage occurs in the abomasum (Simao Neto and Jones 1987). There is also a loss of 

viability when seeds are retained in feces, so it is reasonable to assume that some further 
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damage to seeds will occur during passage through the intestine and after defecation 

(Simao Neto and Jones 1987). Added to this is damage caused by mastication, probably 

more severe with smaller ruminants, and the effect of differing seeds or pod size on rate of 

passage (Simao Neto et al. 1987). Consequently it is not surprising that no single in sacco 

and in vitro procedure could consistently predict the effect of passage on seeds of 

contrasting plant species, let alone with different animal species (Simao Neto and Jones 

1987). These results confirm that if legume seeds are to be deliberately fed to ruminants 

so that they can be disseminated, they should have a high content of hard seeds (Simao 

Neto and Jones 1987). It is doubtful whether there is any further advantage in attempting 

to screen legume seeds for resistance to digestion by using an in vitro or in sacco 

procedure (Simao Neto and Jones 1987). Small seeds are more likely to avoid mastication 

and pass through a ruminant more easily (Russi et al. 1992) and faster (Burton 1948, 

Russi et al. 1992) than larger seeds. Large seeds run the risk of being spit out or damaged 

through mastication, remain longer in the animals, and have a greater chance of being 

found by seed predators searching in dung (Janzen 1984). With a longer delay between 

ingestion and excretion is an increase in the proportion of damaged grass seeds in the total 

amount of seeds recovered which may be due to greater resistance of grass seeds, 

compared with legume seeds, to being completely digested when damaged in passage 

through the digestive tract (Simao Neto et al. 1987). Legume seeds once damaged seem 

to disintegrate more readily than do grass seeds (Simao Neto and Jones 1987). Unlike 

soft seeds, hard legume seeds are also resistant to damage when retained within moist 

feces (Simao Neto and Jones 1986). Some of the damaged grass seeds had only the outer 
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structures (lemma and palea) lost during passage, and many of the seeds were still able to 

germinate (Simao Neto et al. 1987). Germination percentage of recovered signal grass, 

Verano, and Seca seeds after passage was higher than the original seed sample (Simao 

Neto et al. 1987). Ocumpaugh and Valle (1992) determined that grass seed viability 

declines linearly with increased resident time in the gastrointestinal tract of cattle. Forage 

quality of the associated diet has been found to have a large effect on the germination of 

digested seeds ( Ocumpaugh and Valle 1992). Digestibility affects viability more so than 

protein content (Ocumpaugh and Valle 1992). 

2.8 Seed Germination and Dormancy 

Seed germination is the resumption of active growth of the embryo that results in 

rupture of seed coat and the emergence of the young plant (Young and Young 1986). 

Germination can be characterized by several processes. The first is water uptake or 

imbibition (Berlyn 1972, Young and Young 1986, Bewley and Black 1994). Water is 

absorbed through natural openings in the seed coat and diffuses through the seed tissues. 

The rate of water penetration into the seed is critical to the success of germination. If 

water uptake is too slow then germination is reduced because seeds may deteriorate, but if 

water uptake is too fast then germination is altered and seeds may suffer excess 

imbibitional damage (Bewley and Black 1994). The next process of germination is 

enzyme activation (Young and Young 1986, Bewley and Black 1994). Water absorbed in 

seed tissues activates various enzymes systems (Bewley and Black 1994, Young and 

Young 1986) which serve to break down stored tissues, aid in the transfer of nutrients 
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from storage areas in cotyledons or endosperm to the growing points, and trigger chemical 

reactions which use products from the break down of stored tissues to synthesize new 

material (Young and Young 1986). Finally, the primary root or radicle emerges thus 

completing the process of germination (Bewley and Black 1994 and Young and Young 

1986). 

Dormancy is fundamentally the inability of the embryo to germinate because of 

some inherent inadequacy (Bewley and Black 1994). Some seeds exhibit coat-imposed 

dormancy in which tissues enclosing the embryo exert a constraint that the embryo cannot 

overcome which interfere with water uptake, exert mechanical restraint prevention 

emergence of the radicle, interfere with gas exchange, prevent exit of inhibitors from the 

embryo, and supply inhibitors to the embryo (Bewley and Black 1994). Interference with 

water uptake is the most common effect and thus delays germination (Bewley and Black 

1994). In some cases tissues restraining the embryo must be weakened chemically before 

the radicle can emerge and this weakening is caused by enzymes produced under the 

influence of the embryo. (Bewley and Black 1994). Non-germinable, dormant seeds do 

not produce these enzymes (Bewley and Black 1994). The several layers of tissue 

surrounding the embryo might limit the capacity for gaseous exchange by the embryo in 

two ways: 1) entry of oxygen may be impeded and 2) escape of carbon dioxide may be 

hindered. 

Seeds ingested by ruminants undergo the first stage of germination with moisture 

uptake. Along with moisture uptake enzymes in the rumen may also be absorbed by seeds 

causing degradation of the embryo itself. Due to the environment of the rumen, seeds are 



24 

unable to absorb oxygen and are subject to temperatures high enough to kill some seeds. 

Following excretion in fecal pats, seeds may become dormant. One reason for this is that 

germinating conditions are not adequate for successful germination and establishment. In 

the case of hard-coated seeds, gaseous exchange may be limited and thus the coat may 

need to be scarified in order for germination to occur. It may be that scarification does 

occur within the digestive tract of ruminants (Simao Neto and Jones 1987), thus allowing 

for germination in fecal pats, however, Ocumpaugh et al. (1991) did not support the 

concept that legume seeds are scarified by cattle digestion. 

2.9 Summary of Management Implications From Previous Studies 

Using ruminants for seeds dissemination or, alternatively, to restrict weed seed 

contamination may be of interest to land managers. In the case of deliberate 

dissemination, animals could graze the target area for 3 to 4 days following ingestion of 

seeds. Use of domestic animals for seed dissemination could be less costly and less 

disruptive than using seeding equipment, especially on areas that have rough surfaces and 

topography or desirable resident plant species (Roberson 1980, Archer and Pyke 1991, 

Gardener et al. 1993a). Some workers have suggested feeding seeds of desirable 

vegetation as a method of re-seeding (Bulow-Olsen 1980, Barrow 1988, Archer and Pyke 

1991). Following up on these suggestions have been recent studies indicating a high 

potential of success using animals purposefully fed seeds of various plants in the 

southwestern United States (Ocumpaugh et al. 1991, Barrow and Haystad 1992). This is 

especially true when dealing with large areas where it is not economically feasible to 
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conduct extensive re-seeding or when the probability of achieving successful establishment 

in any given year is low (Archer and Pyke 1991). Livestock could be strategically fed 

seeds of desirable species or allowed to graze in areas where the density of desirable, seed-

producing plants is high in order to disseminate seeds into areas targeted for improvement 

(Archer and Pyke 1991). 

Understanding the dynamics of weed seed dispersal via dung will allow managers 

to design management plans to reduce the spread of unwanted vegetation. Further, 

recommendations for length of confinement after animals graze can be determined (Lacey 

1990, Wallander et al. 1995). To avoid introduction of seeds in feces, animals could be 

kept off and not moved until weed seeds have had adequate time to be passed and 

excreted (Simao Neto et al. 1987). 
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3.1 Introduction 

Secondary succession of rangelands is partially governed by propagule pools and 

availability (Luken 1990). Many rangelands in the Intermountain West have low 

populations of desirable plant species. Thus, depleted propagule pools prevent transition 

of communities to successionally-higher stable states (Westoby et al. 1989, Laycock 1991, 

Pyke and Borman 1992). Along with stagnation of rangelands in unsatisfactory condition 

is increased distribution of undesirable and noxious plant species. In order to improve 

many of these rangelands, intervention or management efforts other than simple livestock 

grazing changes must occur (Pyke and Borman 1992). It has been reported by many 

workers that animals spread seeds of both desirable and undesirable vegetation and 

contribute to propagule pools. Distribution of plant propagules is an important factor in 

succession and restoration (Luken 1990). Ingestion and subsequent passage of viable 

seeds through animal digestive systems may be an important process for introducing and 

maintaining plant species (Simao Neto and Jones 1986, Simao Neto et al. 1987, Al-

Mashikhi 1993). This information is important in understanding how grazing animals 

influence plant populations through seed dispersal. 

Major questions relative to actively utilizing livestock as seed dispersal agent of 

desirable species relate to seed survival in the digestive tract, rate of germination in dung, 

and subsequent seedling establishment (Archer and Pyke 1991, Ocumpaugh and Swakon 

1993). Passage through the digestive tract and survival of seeds in feces are two 

important phases of digestion in which seeds are subjected to a number of potentially 

damaging processes (Gardener et al. 1993a). Survival of seeds passing through digestive 
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tracts of animals can be influenced by various seed characteristics including seed coat 

hardness, seed size, seed specific gravity, and animal diet (Burton 1948, Simao Neto and 

Jones 1987, Archer and Pyke 1991, Blackshaw and Rode 1991, Russi et al. 1992, 

Gardener et al. 1993a, Gardener et al. 1993b). Retention time of seeds in the gastro

intestinal tract may be yet another factor that influences seed survival. The longer seeds 

remain in the rumen, the more likely they are to absorb moisture (imbibe), germinate, be 

killed by high temperatures, lack of oxygen, or cellulose-digesting microbes (Burton 1948, 

Janzen 1984, Blackshaw and Rode 1991, Russi et al. 1992, Stiles 1992, Gardener et al. 

1993a, Gardener et al. 1993b). 

Seeds can tolerate a certain amount of time in the rumen before being damaged 

(Atkeson et al. 1934, Gardener et al. 1993a, Gardener et al. 1993b), but the longer seeds 

remain in the digestive tract, the greater is the likelihood of seed mortality (Atkeson et al. 

1934, Burton 1948, Blackshaw and Rode 1991). Simao Neto and Jones (1987) and 

Gardener et al. (1993a) suggested much of the damage to ingested seeds occurs in the 

rumen, however, losses in viability also occurs in the abomasum. There is also a loss of 

viability when seeds are retained in feces, indicating that further damage occurs to seeds 

during passage through the intestine and following defecation (Simao Neto and Jones 

1987). 

Survivability of ingested seeds is influenced by physical and chemical processing 

that takes place in the digestive system (Stiles 1992). Simao Neto and Jones (1987) and 

Ocumpaugh and Valle (1992) determined that grass seed viability declines with increased 

resident time in the gastro-intestinal tract of cattle. Material can remain in the reticulo
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rumen for varying lengths of time, ranging from hours to days and is dependent upon 

particle size, specific gravity, and rapidity of digestion (Yokoyama and Johnson 1988). 

However, passage rate of ingesta once leaving the reticulo-rumen is fairly rapid and 

probably not greater than 10 hours (Yokoyama and Johnson 1988). 

This experiment tested the hypothesis that seed germination (as measured by 

numbers of seeds germinated) of soft-coated seeds decreases as retention time in the 

gastro-intestinal tract increases while for hard-coated seeds retention time may actually 

enhance seed germination. 

3.2 Methods and Procedures 

Seeds of the following species were studied: 'Hycrest' crested wheatgrass 

(Agropyron cristatum (L.) Gaertn.), `Groldar' bluebunch wheatgrass (Agropyron spicatum 

(Pursh) Scribn. & Smith), whitetop (Cardaria draba (L.) Hand.), 'Sherman' big bluegrass 

(Poa secunda Presl.), needle-and-thread grass (Stipa comata Trin. & Rupr.), `Trailhead' 

basin wildrye (Leymus cinereus (Scribn. & Merril) Love), and `Schwendimar' thickspike 

wheatgrass (Elymus lanceolatus spp lanceolatus (Scribn. & Smith) Gould). 

The hypothesis was tested using the in vitro digestion protocol of Tilley and Terry 

(1963) as described by Gaylean (1993) and modified by Ocumpaugh and Swakon (1993). 

Digestion was conducted in 50-nil centrifuge tubes, each containing 150 seeds and 0.25 g 

(+/- 0.01 g) sample of ground forage (1 mm) of the diet fed to three ruminally-fistulated 

steers. Fistulated steers were allowed to adapt to a diet of alfalfa-mixed grass hay for 

seven days prior to collection of rumen liquor. Ten core samples of forage fed to steers 
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were combined and two samples of the composite were analyzed to describe diet quality 

based on crude protein (CP), acid detergent fiber (ADF), and dry matter (DM) 

digestibility. Steers were fed a hay diet containing 9.70% CP, 39.39% ADF, and 93.49% 

DM. 

Rumen fluid was collected from each of the three steers using a suction strain 

method (DelCurto et al. 1990), transported to the laboratory in pre-warmed thermos 

bottles, and strained through 6 layers of cheesecloth. In the laboratory, equal amounts 

(470 ml) of rumen fluid were poured into a common volumetric flask, maintained in a 

water bath at 39° C, and constantly stirred. Twenty ml of McDougall's buffer solution 

(McDougall 1948) and 5 ml of rumen solution were added to 50-ml centrifuge tubes for 

the first stage of the digestion process (Ocumpaugh and Swakon 1993). Tubes were 

flushed with CO2 for 15 seconds, capped with rubber stoppers outfitted with a one-way 

valve, and maintained in a 39° C water bath. Tubes of all treatments were placed in a 

controlled temperature incubator (Hotpack, Philadelphia, Penn.) maintained at 39° C and 

agitated four times during a 24-hour period. Four ml of acidified pepsin solution were 

added to each of the tubes for the second stage of digestion. Due to the reaction of the 

acidified pepsin with the McDougall and rumen solution, two ml of the pepsin were added 

at two separate times. Tubes were returned to the incubator for an additional 7 hours 

(Ocumpaugh and Swakon 1993) and agitated once. 

Upon completion of the in vitro digestion procedure, seeds were washed out of the 

centrifuge tubes with distilled water onto rapid flow filter paper (VWR grade no. 417) 

over a vacuum funnel (Ocumpaugh and Swakon 1993). Seeds were washed with enough 



31 

distilled water to remove the acid-pepsin. A two-stage recovery process was used to 

reclaim seeds that sank in the tubes in which the majority of the forage residue was first 

decanted onto the filter paper (Ocumpaugh and Swakon 1993). The paper was carefully 

checked for seeds, then discarded. Seeds remaining in the tubes were then washed onto 

the filter paper over the vacuum funnel and thoroughly rinsed (Ocumpaugh and Swakon 

1993). Seeds and filter paper were placed in 100-mm x 15-mm disposable petri dishes and 

kept moist until they were counted out and placed in the germinator. Fifty seeds from 

each tube were counted, placed on two new sheets of moistened filter paper, and arranged 

in rows to facilitate germination counts. 

Seeds were subjected to varying lengths of time in Stage I (neutral pH) and a 

constant time of 7 hours for Stage II (acid pH). Treatments consisted of 24-hour (17 hour 

Stage I and 7 hour Stage II), 48-hour (41 hour Stage I and 7 hour Stage II), 72-hour (65 

hour Stage I and 7 hour Stage II) and a control treatment. The control treatment 

consisted of seeds that did not receive any rumen or acidified pepsin exposure and were 

put in petri dishes, moistened, and placed directly in the germinator. 

Germination occurred in a controlled environmental chamber (Model SG 30, 

Hoffman Mfg. Co., Albany, Ore) set with a day/night temperature regime of 25715° C and 

12-hour photoperiod. The petri dishes were kept in sealed freezer bags to maintain 

humidity. Those of the same block were placed as physically close as possible in the 

environmental chamber. Moisture in petri dishes was maintained as described by AOSA 

(1994). A fungicide solution (2.08 g Captan 50-W--active ingredient N

trichloromethylthio-4-cyclohexene-1,2-dicarboximide and related derivatives--per 1000 ml 
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of distilled water) was used to control the spread of fungus, moisten filter paper, and 

maintain moisture in the petri dish throughout the germination period. A seed was 

counted and discarded once germination was achieved. Germination occurred when the 

radicle protruded through the seed coat 1 mm (Bewley and Black 1994). Seeds were 

germinated for 21 days with counts made daily. 

A viability test was conducted on Sherman big bluegrass, bluebunch wheatgrass, 

thickspike wheatgrass, basin wildrye, and crested wheatgrass seeds as described by Young 

and Young (1986) and Roberts (1981). Seeds were taken from the petri dish and tested, 

but no viable seeds were found. Viability tests were not conducted for the remaining 

species. 

3.3 Statistical Analysis 

The experiment consisted of a randomized block (by time) design with 1 

replication per block. Data were sorted by species and analyzed using a one-factor 

analysis of variance (SAS 1991) with treatments as the main factor and the number of 

seeds germinated as the response variable. Statistical analysis were conducted using 

number of seeds geminated, but data were presented as percent germinated (Appendix A). 

Mean separation was accomplished using the least significant difference (LSD) (SAS 

1991). The analysis of variance table is shown: 

SOURCE df 
Total (rp -1) 15 

Blocks (r=4) ( r-1) 3 

Dig. Length (p=-4) ( p-1) 3 

Error (r-1)(p-1) 9 
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3.4 Results and Discussion 

Exposure to ruminant digestion at varying lengths of time reduced seed 

germination for all species studied (Table 3.1). Germination of the crested wheatgrass 

control was 91% (Table 3.1, Figure 3.1). This was significantly higher (P < 0.05) than 

other treatments (Table 3.1). Germination of the 24-hour, 48-hour, and 72-hour total 

digestion time treatments was 0% (Table 3.1, Figure 3.1). 

Germination of the bluebunch wheatgrass control was 89% and was significantly 

greater (P < 0.05) than other treatments (Table 3.1, Figure 3.2).. Germination of the 24

hour, 48-hour, and 72-hour total digestion time treatments was 0% (Table 3.1, Figure 

3.2). Germination declined from 89% to 0% with exposure to in vitro digestion (Table 

3.1, Figure 3.2). 

Germination of the whitetop control was 97% (Table 3.1, Figure 3.3). This was 

significantly higher (P < 0.05) than remaining treatments (Table 3.1). Germination 

decreased as incubation time increased. The 24-hour total digestion time treatment 

germination was 51% and was significantly greater (P < 0.05) than germination of the 48

hour and 72-hour total digestion time treatments (Table 3.1, Figure 3.3). Germination of 

the 48-hour and 72-hour total digestion time treatments were not significantly different (P 

< 0.05) where germination was 8% for the 48-hour treatment and 2% for the 72-hour 

treatment (Table 3.1, Figure 3.3). 

Germination of the Sherman big bluegrass control was 65% (Table 3.1, Figure 

3.4). This was significantly higher (P < 0.05) than the remaining treatments (Table 3.1). 

There were no differences (P < 0.05) in germination among the 24-hour, 48-hour, and 72



Table 3.1. Percent mean germination of seeds exposed to varying in vitro digestion times. 

Treatment 
Control 24-hour 48-hour 

Plant Species % Germ' SE2 % Germ SE % Germ SE 
Crested wheatgrass 91'3 0.96 Ob 0.00 Ob 0.00 
Bluebunch wheatgrass 89a 0.65 Ob 0.00 0" 0.00 
Whitetop 
Sherman big bluegrass 
Needle-and-thread 

97a 
65a 
40a 

0.87 
1.19 
0.58 

51b 
3b 

lb 

5.07 
0.48 
0.25 

8' 
Ob 

Ob 

1.11 
0.00 
0.00 

Basin wildrye 
Thickspike wheatgrass 

97a 
95a 

0.48 
0.85 

lb 
Ob 

0.25 
0.00 

0b 

Ob 

0.00 
0.00 

'Percent germination obtained using mean of four observations per species per treatment 
2 Standard error (n=4) 
3Percent germination within rows differ (P < 0.05) when followed by differing superscript letters 

72-hour 
% Germ SE 
Ob 0.00 
Ob 0.00 
2' 0.48 
0" 0.00 
0b 0.00 
01) 0.00 
Ob 0.00 
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39 

hour treatments (Table 3.1). Germination of seeds exposed to 24-hour, 48-hour, and 72

hour digestion was 3%, 0%, and 0%, respectively (Table 3.1, Figure 3.4). 

Germination of the needle-and-thread grass control (40%) was significantly higher 

(P < 0.05) than other treatments (Table 3.1, Figure 3.5). There were no differences (P < 

0.05) among the other digestion times (Table 3.1). Germination following 24-hour total 

digestion was 1% (Table 3.1, Figure 3.5). Germination after 48 hours and 72 hours 

digestion was 0% and 0%, respectively (Table 3.1, Figure 3.5). 

Germination of the basin wildrye control was 97% and was significantly greater (P 

< 0.05) than other treatments (Table 3.1, Figure 3.6). Germination of the 24-hour total 

digestion time treatment was 1% and 0% for the 48-hour and 72-hour total digestion time 

treatments (Table 3.1, Figure 3.6). However, there were no differences (P < 0.05) among 

the 24-hour, 48-hour, and 72-hour treatments (Table 3.1). 

Germination of the thickspike wheatgrass control was 95% which was significantly 

higher (P < 0.05). than other treatments (Table 3.1, Figure 3.7). Germination of the 24

hour, 48-hour, and 72-hour total digestion time treatments was 0.% (Table 3.1, Figure 

3.7). 

Crested wheatgrass, thickspike wheatgrass, and bluebunch wheatgrass seed 

germination was eliminated with exposure to ruminant digestion. Seeds may have imbibed 

but had insufficient oxygen therefore were unable to germinate. Exposure to high 

temperatures (39° C) and acid in the abomasum and rumen microbial activity may also 

account for the mortality. Basin wildrye, Sherman big bluegrass, needle-and-thread grass 
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24-hour treatment germination decreased significantly compared to the control while all 

seeds were killed in the 48 and 72-hour treatments. Increased seed mortality may have 

occurred because of rumen microbial activity, rate of passage of grass seed through the 

digestive system, and exposure of seed to various digestive enzymes. Diet clearly affects 

retention time and microbial populations (Furuya et al. 1978, Welch 1982, Yokoyama and 

Johnson 1988, Cheeke 1991, Van Soest 1994). The diet fed to the steers used may have 

favored a microbial flora of cellulolytic (cellulose-digesting) and saccharolytic (sugar

digesting) bacteria and protozoa. Therefore, rumen microbes were adapted to digesting 

the cellulose in the seed coat. Once the seed coat was digested the embryo was exposed 

to the digestive process also increasing seed mortality as described by Gardener et al. 

(1993a, 1993b). Softer coated seeds such as the grasses, except for needle-and-thread 

grass, would imbibe moisture and expose the embryo to the digestive enzymes. 

Whitetop germination was diminished, but not eliminated, by increased digestion 

time. Seeds not exposed to in vitro digestion had germination of 97%. The harder seed 

coat of the whitetop may have allowed for a higher survivability for the 24-hour 

treatments as described by Blackshaw and Rode (1991), Russi et al. (1992), Gardener et 

al. (1993b), however, if seeds were scarified, additional time in the rumen may have 

increased seed mortality as described by Archer and Pyke (1991). Some species of 

mustards, including whitetop, secrete a small amount of mucilage around some seeds 

when they are moistened (Young et al. 1970) which may allow whitetop seeds to pass 

unharmed through the ruminant digestive tract. This material is thought to aid in 

maintaining moisture and enhance soil/seed contact. It was observed that the amount of 
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mucilage on whitetop seeds differed between the treatments. The effect of mucilage 

secretion on whitetop seed germination is not known. 

While cattle may be successful in passing viable whitetop seeds, managers may be 

able to increase seed mortality by increasing retention time within the ruminant stomach. 

Managers could accomplish this by increasing fiber in the diet to slow passage rates. 

Use of livestock to spread seeds of desirable plant species would be an attractive 

management tool. However, survival of grass seeds tested was low. On the other hand 

the use of livestock as a biological weed control may prove useful. In the case of 

whitetop, it is known that viable seeds can be distributed through feces. Managers could 

manipulate retention time in the rumen and increase seed mortality. Whitetop seed 

germination decreased as seeds were subjected to longer retention time in the rumen. It 

may be possible for managers to dry-lot cattle coming off an area contaminated with 

whitetop before moving them to the next allotment. This would help in restricting 

infestation on areas not contaminated with whitetop. 
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4.1 Introduction 

Many degraded rangelands in the Intermountain West have low populations of 

desirable plant species, depleted propagule pools, and increasing distribution of 

undesirable and noxious plant species (Westoby et al. 1989, Laycock 1991, Pyke and 

Borman 1992). In order to improve many of these rangelands, management efforts other 

than simple changes in livestock grazing must occur (Pyke and Borman 1992). Some 

workers have suggested feeding seeds of desirable vegetation to free-ranging livestock as 

a method of re-seeding (Bulow-Olsen 1980, Barrow 1988, Archer and Pyke 1991). 

Recent studies indicate a high potential of success using animals purposefully fed seeds of 

various plants in the southwestern United States (Ocumpaugh et al. 1991, Barrow and 

Haystad 1992). This is especially true when dealing with large areas where it is not 

economically feasible to conduct extensive re-seeding or when the probability of achieving 

successful establishment in any given year is low (Archer and Pyke 1991). Distribution of 

plant propagules is an important factor in succession and restoration (Luken 1990) and 

ingestion and subsequent passage of viable seeds through animal digestive systems may be 

an important process for introducing and maintaining plant species (Simao Neto and Jones 

1986, Simao Neto et al. 1987, Al-Mashilchi 1993). 

Grazing livestock influence their environments in a variety of ways. Animals 

impact their habitats through defoliation and trampling of vegetation, mineral 

transformation and redistribution, microclimate changes, alteration of soil and hydrologic 

properties, and destabilization of plant competitive interactions (Archer and Smeins 1991, 

Pieper 1994). Use of livestock as dispersal agents of desirable plant species is dependent 
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on successful survival of seeds following ingestion and passage through the digestive tract 

and subsequent establishment in feces (Archer and Pyke 1991). In order to successfully 

germinate and grow from dung pats, seeds must survive three hazards: 1) the molar mill; 

2) the gastro-intestinal tract; and 3) the fecal pat itself Once in the digestive system, 

seeds may absorb moisture (imbibe), germinate, and be killed by high temperatures, lack of 

oxygen, or cellulose-digesting microbes (Burton 1948, Janzen 1984, Blackshaw and Rode 

1991, Russi et al. 1992, Stiles 1992, Gardener et al. 1993a, Gardener et al. 1993b). 

Seeds can tolerate a certain amount of time in the rumen before damage occurs 

(Atkeson et al. 1934, Gardener et al. 1993a, Gardener et al. 1993b), but the longer seeds 

remain in the digestive tract, the greater seems to be the reduction in seed viability and 

germination (Atkeson 1934, Burton 1948, Blackshaw and Rode 1991). Alternatively, 

seeds of some species may be scarified in the gastro-intestinal tract, and germination 

enhanced. Survivability of ingested seeds is influenced by physical and chemical 

processing that takes place in the gut as well as retention time spent in the digestive tract 

before being deposited in feces (Stiles 1992). 

Seeds face numerous hazards following ingestion by livestock. During ingestion 

and rumination, seeds may be abraded or crushed by the grinding action of teeth 

(Gardener et al. 1993a). The largest segment of the ruminant stomach, the rumen, serves 

as a large fermentation vat (Cheeke 1991) and is an open system with a continuous supply 

of substrates (feed) able to support and maintain stable microbial populations which 

ferment ingested feed (Yokoyama and Johnson 1988, Cheeke 1991, Van Soest 1994). 

Microorganisms maintained in the rumen are best adapted to survive the specific 
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conditions of the rumen ecosystem (Yokoyama and Johnson 1988) and reflect the nature 

of the diet (Cheeke 1991, Van Soest 1994). Under the anaerobic conditions in the 

digestive system, bacteria which secrete proteolytic and cellulolytic enzymes become 

attached to feed (seed) surfaces in both the rumen and large intestine (Cheeke 1991, 

Gardener et al. 1 993 a, Van Soest 1994). Anaerobic conditions may be detrimental to 

ingested seeds since they need oxygen for germination. Seeds are bathed in acid (pH 2.5), 

undergo degradation by proteolytic, amylolytic, and lipolytic enzymes in the abomasum 

and first part of the small intestine (Cheeke 1991, Gardener et al. 1993a, Van Soest 1994). 

Following deposition in the fecal pat, seeds may be weathered or desiccate, thus are 

unable to germinate. Seeds may also be harvested by seed predators or germinate but are 

not able to establish in the dung pat. 

Many factors are involved in seed passage through the gastro-intestinal tract of 

ruminants, including seed coat hardness, seed size, seed specific gravity, and diet quality. 

Seeds of various species differ in their ability to survive passage through the digestive tract 

of ruminant animals (Gardener et al. 1993a, Gardener et al. 1993b). Soft-coated seeds 

that imbibe quickly may perish while hard-coated seeds may be scarified in the gastro

intestinal tract resulting in higher germination percentages than non-ingested seeds. 

The objective of this experiment is to determine if mortality of seeds, using in vitro 

digestion procedures, results from exposure to reticulo-rumen processes (Stage I or 

neutral pH), abomasal processes (Stage II or acid pH), or a combination of both 

processes. Two water treatments (Water + 02 and Water + CO2) were used to determine 

if imbibing moisture and the absence of oxygen influences seed germination. 
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4.2 Methods and Procedures 

Plant species used for this experiment represented a variety of combinations of 

seed size and seed coat hardness. The first run contained seeds of whitetop (Cardaria 

draba (L.) Hand.), `Goldar' bluebunch wheatgrass (Agropyron spicatum (Pursh) Scribn. 

& Smith), diffuse knapweed (Centaurea diffusa Lam.), needle-and-thread grass (Stipa 

comata Trin. & Rupr.), Nezpar' Indian ricegrass (Oryzopsis hymenoides (Roem & 

Schuh.) Ricker), and 'Sherman' big bluegrass (Poa secunda Presl.). For the second run, 

plant species used included `Schwendimar' thickspike wheatgrass (Elymus lanceolatus spp 

lanceolatus (Scribn. & Smith) Gould), ' Durar' hard fescue (Festuca ovina L,), 

`Trailhead' basin wildrye (Leymus cinereus (Scribn. & Merril) Love), `Secar' Snake River 

wheatgrass (Pseudoroegneria spicata spp spicata (Pursh) Love), and `Greenar' 

intermediate wheatgrass (Agropyron intermedium (Host) Beauv). 

The hypothesis was tested using the in vitro protocol of Tilley and Terry (1963) as 

described by Gaylean (1993) and modified by Ocumpaugh and Swakon (1993). Digestion 

was conducted in 50-m1 centrifuge tubes, each containing 150 seeds and 0.25 g 

(+1- 0.0075 g) ground forage (1 mm) of the diet fed to three ruminally- fistulated steers. 

Fistulated steers were allowed to adapt to a diet of alfalfa-mixed grass hay for seven days 

prior to collection of rumen liquor. Ten samples of forage fed to steers were combined 

and two samples of the composite were analyzed to describe diet quality based on crude 

protein (CP), acid detergent fiber (ADF), and dry matter (DM) digestibility. Steers were 

fed a hay diet containing 6.90% CP, 35.12% ADF, and 92.43% DM. 
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Rumen fluid was collected from each steer using a suction strain method 

(DelCurto et al. 1990), transported to the laboratory in pre-warmed thermos bottles, and 

strained through 6 layers of cheesecloth. In the laboratory, equal amounts (500 ml for the 

first run and 430 ml for the second run) were poured into a common volumetric flask 

maintained in a water bath at 39° C, and constantly stirred. 

Twenty ml of McDougall's buffer solution and 5 ml of rumen fluid were added to 

each 50-m1 centrifuge tube for Stage I and Stage I + II treatments; 25 ml of McDougall's 

buffer solution were added for Stage II treatment; and 25 ml of distilled water were added 

for Water + CO2 treatment. The tubes were flushed with CO2 for 15 seconds, capped 

with rubber stoppers outfitted with a one-way valve, and maintained in a 39° C water bath. 

Twenty-five ml of distilled water were added for the Water + 02 treatment. Tubes were 

left uncapped to allow 02 uptake, and maintained in a 39° C water bath . Tubes of all 

treatments were placed in a controlled temperature incubator (Hotpack, Philadelphia, 

Penn.) maintained at 39° C. Tubes were agitated four times during a 24-hour period. 

Stage II and Stage I + II treatments were treated with addition of 4 ml of the acidified 

pepsin solution to each tubes. Due to the reaction of the acidified pepsin with the 

McDougall and rumen solution, 2 ml of the pepsin were added at two separate times. 

Tubes were returned to the incubator for an additional 7 hours (Ocumpaugh and Swakon 

1993) and agitated once. 

Upon completion of the in vitro digestion procedure seeds were washed out of the 

centrifuge tubes with distilled water onto rapid flow filter paper (VWR grade no. 417) 

over a vacuum funnel (Ocumpaugh and Swakon 1993). Seeds were washed with enough 
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distilled water to remove the acid-pepsin. For the seeds that sank in the tubes, a two-stage 

recovery process was used in which the majority of the forage residue was first decanted 

onto the filter paper (Ociunpaugh and Swakon 1993). The paper was carefully checked 

for seeds, then discarded. Seeds remaining in the tubes were then washed onto the filter 

paper over the vacuum funnel and thoroughly rinsed (Ocumpaugh and Swakon 1993). 

Seeds that germinated before they were counted into the 50 seed lot were recorded as 

germinated. Fifty seeds were counted out and placed onto two sheets of filter paper 

(VWR grade no. 417) and wetted with sufficient Captan 50-W (active ingredient N

trichloromethylthio-4-cyclohexene-1,2-dicarboximide and related derivatives) solution 

(2.08 g/1000 ml distilled water) to keep the paper and seeds moist. Seeds and filter paper 

were placed in 100-mm x 15-mm disposable petri dishes and kept moist until they were 

counted out and placed in the germinator. Moisture in petri dishes was maintained as 

described by AOSA (1994). 

Seeds were exposed to the following treatments: 

1. Control (placed directly in petri dishes and germinator); 
2. Stage I (McDougall's buffer and rumen fluid for 41 hours); 
3. Stage II (McDougall's buffer for 41 hours and acid-pepsin for 7 hours); 
4. Stage I and Stage II (McDougall's buffer and rumen fluid for 41 hours and 

acid-pepsin for 7 hours); 
5. Water + CO2 (distilled water saturated with CO2 for 48 hours); 
6. Water + 02 (distilled water and uncapped for 48 hours); 

Germination occurred in a controlled environmental chamber (Model SG 30, 

Hoffman Mfg. Co., Albany, Ore.) set with a day/night temperature regime of 25°/15° C 

and 12-hour photoperiod. Petri dishes were kept in sealed freezer bags to maintain 

humidity. Those of the same block were placed as physically close as possible in the 
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environmental chamber. Seeds were counted and discarded once germination was 

achieved. Germination occurred when the radicle protruded through the seed coat 1 mm 

(Bewley and Black 1994). Seeds were germinated for 21 days with counts made daily 

Following the 21-day germination period, a viability test was conducted on 

Sherman big bluegrass, bluebunch wheatgrass, thickspike wheatgrass, basin wildrye, hard 

fescue, Snake River wheatgrass, and intermediate wheatgrass seeds as described by Young 

and Young (1986) and Roberts (1981). Seeds were taken from the petri dish and tested, 

but no viable seeds were found. Viability tests were not conducted for the remaining 

species. 

4.3 Statistical Analysis 

The experimental design was a randomized block (by time) with 1 replication per 

block. Data were analyzed using analysis of variance (SAS 1991) with treatment 

combinations and plant species as main factors and number of seeds germinated as the 

response variable. Statistical analysis were conducted using number of seeds geminated, 

but data were presented as percent germinated (Appendix Bl, Appendix B2). Mean 

separation was accomplished using the least significant difference (LSD) (SAS 1991). 

The analysis of variance table for the first run is shown: 

SOURCE df 
Total (rab-1) 143 
Blocks (r=4) (r-1) 3 

Treatments (a=6) (a-1) 5 

Species (b=6) (b-1) 5 

Tmt* Species (a-1)(b-1) 5 

Error (r-1)(ab-1) 105 
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The analysis of variance table for the second run is shown: 

SOURCE df 
Total (rab-1) 119 
Blocks (r=4) (r-1) 3 

Treatments (a=6) (a-1) 5 

Species (b=6) (b-1) 4 
Tmt* Species (a-1)(b-1) 20 
Error (r-1)(ab-1) 87 

4.4 Results and Discussion 

Germination of all species declined following exposure to digestive processes 

Table 4.1). In general, Stage I + II treatment reduced seed germination more than other 

treatments and the water-only treatments reduced germination but not to the extent of 

other treatments. Germination of the bluebunch wheatgrass control (86%) was 

significantly greater (P < 0.10) than other treatments (Table 4.1, Figure 4.1). The 

complete digestion treatment (Stage I + II) reduced germination to 0.0% (Table 4.1, 

Figure 4.1). Stage I treatment reduced germination to 44% while Stage II treatment 

germination declined to 16% (Table 4.1, Figure 4.1). Stage I germination was 

significantly greater (P < 0.10) than that of Stage I + II (0%) (Table 4.1, Figure 4.1). 

Germination of seeds subjected to Water + 02 and Water + CO2 treatments was 61% and 

45%, respectively and Water + CO2 had lower germination (P < 0.10) germination than 

Water + 02 treatment (Table 4.1, Figure 4.1). Imbibition and warm temperatures reduced 

germination, however treatments simulating digestive processes had lower germination 



Table 4.1. Percent mean germination of seeds subjected to different stages of in vitro digestion. 

Treatment 
Control Stage I Stage II Stage I + Stage II Water + 02 Water + CO2 

Plant Species % Germ 1 SE2 % Germ SE % Germ SE % Germ SE % Germ SE % Germ SE 
Bluebunch wheatgrass 
Whitetop 

86 a 3 
91 ab 

1.35 
1.71 

44 b 

90 ab 
2.80 
2.17 

16 d 

76 b 

3.52 
2.87 

0 ° 
47 C 

0.00 
9.75 

61 c 
93 a 

3.66 
1.80 

45 b 

94 a 

3.43 
2.36 

Diffuse knapweed 88 a 1.38 67 b 7.09 0 c 0.00 0 C 0.00 91 a 1.25 79 a b 1.32 
Indian ricegrass 5 a 1.32 0 b 0.00 0 b 0.00 0 b 0.00 2 b 0.25 1 

b 0.25 
Sherman big bluegrass 70 a 0.48 40 b 1.75 29 ° 1.11 1 

d 0.25 53 e 2.59 41 b 1.32 
Needle-and-thread 40 a 2.74 13 b 0.65 8 d 1.03 0 c 0.00 12 b 0.71 9 d 0.75 
Thickspike wheatgrass 94 a 2.22 69 b 1.71 12 ° 7.35 0 d 0.00 80 ° 1.89 80 ° 2.50 
Hard fescue 74 a 1.75 47 b 2.32 8 ° 2.04 0 ° 0.00 60 d 1.35 44 b 2.74 
Basin wildrye 97 a 0.85 74 b 1.84 50 ° 5.76 2 d 1.00 75 b 1.70 74 b 1.93 
Snake River wheatgrass 
Intermediate wheatgrass 

41 a 
98 a 

2.22 
0.63 

2 b 

70 b 

0.58 
3.34 

0" 
5 C 

0.00 
1.93 

0 b 

0 ° 
0.00 
0.00 

6 C 

72 b 

1.47 
1.87 

4 b° 

68 b 

0.71 
2.04 

I Percent germination obtained using mean of four observations per species per treatment 
2 Standard error (n=4) 
3 Germination within rows differ significantly (P < 0.10) when followed by different letters 
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Figure 4.1. Percent mean germination of bluebunch wheatgrass seeds 
subjected to different stages of in vitro digestion. 



59 

than the two water-only treatments. Stage II treatment seemed to be more detrimental to 

seeds than did Stage I, but the combination of Stage I and Stage II destroyed all seeds. 

Whitetop Stage I + II (47%) treatment had significantly lower (P < 0.10) 

germination than the other treatments (Table 4.1, Figure 4.2). Germination of the control, 

Stage I, Stage II, Water + 02, and Water + CO2 treatments was 91%, 90%, 76%, 93%, 

and 94%, respectively (Table 4.1, Figure 4.2). Water + 02, and Water + CO2 had greater 

(P < 0.10) germination than Stage II and Stage I + II, but did not differ (P < 0.10) from 

the control and Stage I treatments (Table 4.1). Young et al. (1970) found some species of 

mustards secrete a small amount of mucilage around some seeds which was observed on 

whitetop seeds. However, its effect on germination is not known. 

Germination of the diffuse knapweed control was 88% while germination was 91% 

and 79% for the Water + 02 and Water + CO2 treatments, respectively (Table 4.1, Figure 

4.3). Germination did not differ (P < 0.10) between the three treatments (Table 4.1, 

Figure 4.3). Germination of seeds subjected to water-only treatments was significantly 

greater (P < 0.10) than Stage I + II and Stage II treatments (Table 4.1). Germination of 

Stage I + II and Stage I was 0% and 0%, respectively (Table 4.1, Figure 4.3). The Water 

+ CO2 treatment had germination of 79.0% which was not different (P < 0.10) from the 

control and Stage I treatments (Table 4.1, Figure 4.3). 

The Indian ricegrass control had 5% germination and was significantly higher 

(P < 0.10) than other treatments (Table 4.1, Figure 4.4). The Stage I, Stage I + II, and 

Stage II treatment had 0% germination while the Water + 02 treatment was 2% and the 

Water + CO2 was 1% germination (Table 4.1, Figure 4.4). Indian ricegrass seeds may be 

chemically scarified in sulfuric acid (H2SO4) (Robertson 1976) to enhance and promote 
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germination, however the cultivar of Indian ricegrass used in this experiment, Nezpar', 

was selected because of its low percentage of hard seed. This should have allowed 

germination to occur without scarifying the seed coat. Germination, however, was low 

for all treatments. Passage through the in vitro digestion process may actually increase 

germination simulating scarification with sulfuric acid to induce germination. However, 

passage through the ruminant did not support the theory of seed scarification following 

digestion. 

Sherman big bluegrass control had 70% germination which was significantly 

greater (P < 0.10) than other treatments (Table 4.1, Figure 4.5). Germination from Stage 

I was 40% and the Water + CO2 treatment germination was 41% and did not differ (P < 

0.10) between the two treatments (Table 4.1, Figure 4.5). The Stage II treatment had 

germination of 29% which was significantly lower (P < 0.10) than germination of the 

Stage I, Water + 02, and Water + CO2 treatments (Table 4.1, Figure 4.5). The 

combination of Stage I and Stage II decreased germination to 1% (Table 4.1, Figure 4.5). 

The Water + 02 treatment reduced germination to 53% and had higher (P < 0.10) 

germination than the Water + CO2 treatment (Table 4.1, Figure 4.5). It appears that the 

Stage II of the digestion procedure has the greatest impact on germination. The Stage I 

and Water + 02 treatment had similar germination which may be a result of imbibition of 

moisture either from rumen fluid or water. 

The digestion treatments reduced germination in comparison to the control 

treatment of needle-and-thread grass (Table 4.1). Control germination was 40% while it 

was 13%, 0%, 8%, 12%, and 9% for Stage I, Stage I + II, Stage II, Water + 02 and 

Water + CO2 treatments, respectively (Table 4.1, Figure 4.6). Stage I and Water + 02 
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had greater (P < 0.10) germination than Stage II, Stage I + II, and Water + CO2 

treatments and Stage II and Water + CO2 had similar germination (Table 4.1, Figure 4.6). 

Again it appears that the Stage II treatment has the greatest impact on reducing 

germination of seeds. It was thought that due to the hard-coat of needle-and-thread grass 

seeds, seeds exposed to digestion would scarify the seed coat, enhancing germination of 

treated seeds. It was not observed in this experiment. 

The control treatment for thickspike wheatgrass was significantly higher 

(P < 0.10) than the other treatments (Table 4.1). Germination decreased from 94% for 

the control to 69% Stage I, 0% Stage I + II, 12% Stage II, 80% Water + 02, and 80% 

Water + CO2 (Table 4.1, Figure 4.7). The combination of Stage I and Stage II destroyed 

all seeds and had lower (P < 0.10) germination than other treatments (Table 4.1, Figure 

4.7). Stage I, Stage II, and Stage I + II germination was significantly different (P < 0.10) 

from each other (Table 4.1). Stage I had greater (P < 0.10) germination than Stage II and 

Stage I + II (Table 4.1). Both water treatments reduced germination, however imbibition 

of rumen fluid had greater seed mortality (Table 4.1, Figure 4.7). 

Germination of hard fescue control treatment was 74% and was significantly 

greater (P < 0.10) than the other treatments (Table 4.1, Figure 4.8). Stage I + II and 

Stage II treatments reduced germination to 0% and 8%, respectively, but differed (P < 

0.10) from each other (Table 4.1, Figure 4.8). Both treatments had lower (P < 0.10) 

germination than did Stage I, Water + 02, and Water + CO2 treatments (Table 4.1, Figure 

4.8). Germination for Stage I (47%) and Water + CO2 (44%) treatments were similar to 

each other but were lower (P < 0.10) than the Water + 02 treatment (60%) (Table 4.1, 

Figure 4.8). Water + CO2 had lower (P < 0.10) germination than Water + 02 (Table 4.1, 
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Figure 4.8). 

The control treatment for basin wildrye had significantly greater (P < 0.10) 

germination than other treatments (Table 4.1). Germination decreased from 97% for the 

control to 74% Stage I, 2% Stage I + II, 50% Stage II, 75% Water + 02, and 74% Water 

+ CO2 (Table 4.1, Figure 4.9). Germination of Stage I, Water + 02, and Water + CO2 did 

not differ (P < 0.10) from each other but was greater (P < 0.10) than Stage II and Stage I 

+ II treatments (Table 4.1, Figure 4.9). The combination of Stage I and Stage II had 

highest seed mortality (Table 4.1, Figure 4.9). 

Snake River wheatgrass control treatment had germination of 41% and was 

significantly higher (P < 0.10) than the other treatments (Table 4.1, Figure 4.10). 

Germination was 2%, 0%, 0%, 6%, and 4% for Stage I, Stage I + II, and Stage II, Water 

+ 02, and Water + CO2 treatments, respectively (Table 4.1, Figure 4.10). Water + 02 

germination did not differ (P < 0.10) from Water + CO2 germination, but was greater (P 

< 0.10) than Stage I, Stage II, and Stage I + II treatments (Table 4.1). 

Germination of the control (98%) treatment for intermediate wheatgrass was 

significantly greater (P < 0.10) than the other treatments (Table 4.1, Figure 4.11). The 

combination of Stage I and Stage II (0% germination) destroyed all seeds (Table 4.1, 

Figure 4.11). The imbibition of water reduced germination to 72% (Water + 02) and 68% 

(Water + CO2) (Table 4.1, Figure 4.11). Germination of seeds exposed to rumen fluid 

was 70% (Stage I) and 0% (Stage I + II) and germination differed (P < 0.10) between 

each (Table 4.1, Figure 4.11). Germination did not differ (P < 0.10) between Stage I, 

Water + CO2, and Water + CO2 (Table 4.1). The acid phase (Stage II) increased 

mortality of seeds and produced germination of 5% (Table 4.1, Figure 4.11). 
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Seeds vary in their ability to pass through the digestive system of ruminants. This 

may be the primary result of plant species. In general, the combination of rumen and 

abomasal digestion resulted in the greatest reduction in seed germination for all species 

studied. Seeds that pass into the abomasum from the rumen may have their seed coats 

degraded to such a degree that the acid is able to penetrate the protective seed coat killing 

the embryo. Stage I of the digestion process reduced germination of all species. The 

combination of rumen microbial activity, high temperatures (39° C), moisture uptake, and 

the lack of oxygen may contributed to reducing seed germination. Seed coat hardness 

may have influenced survivability of whitetop. Hard-coated seeds, as is the case with 

whitetop, loses germination more slowly than softer coated grass seeds as described by 

Archer and Pyke (1991), Blackshaw and Rode (1991), Russi et al. (1992), and Gardener 

et al. (993b). The hard coat on whitetop seeds may provide better protection from the 

digestive processes. Stage II, however, appears to increase mortality of seeds of many 

plant species, except for whitetop. This may be because the embryo is more sensitive to 

the acidified pepsin and less resistant to digestion in the abomasum. Some species of 

mustards, including whitetop, secrete a small amount of mucilage around some seeds 

when they are moistened (Young et al. 1970). This material is thought to aid in 

maintaining moisture and enhance soil/seed contact. This mucilage may also protect 

whitetop seeds as they pass through the digestive tract of ruminant. The two water-only 

treatments were used to evaluate the effects of high temperature, imbibing water, and lack 

of oxygen on seed germination. It appears the combination of these does not influence 

seed germination as much as rumen and abomasal digestion. Some seeds may be able to 
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remain viable when they imbibe at 39° C. The lack of oxygen did not seem to impact seed 

germination since germination did not vary between the water-only treatments. Seed 

germination did drop as a result of imbibing at high temperatures (39° C), however, rumen 

microbial activity may be more detrimental to seed germination. 

It has been suggested that feeding seeds of desirable vegetation to grazing 

livestock as a method of re-seeding degraded rangelands that are to steep and rocky for 

conventional re-seeding methods. In order for this to become a practical management 

tool, viable seeds must first pass through the digestive tract of livestock. Grass seed 

germination was low following digestion and may not be practical, however, information 

gained on ability of livestock to spread viable weed seeds is important. Management 

decisions, such as dry-lotting cattle or change in grazing season, can be made in order to 

prevent spread of weedy species. 
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5.1 Introduction 

Low populations of desirable vegetation and depleted propagule pools on many 

rangelands in the Intermountain West prevent transition of plant communities to 

successionally-higher stable states (Westoby et al. 1989, Laycock 1991). Improvement of 

degraded sites can not be accomplished through changes in livestock grazing alone (Pyke 

and Borman 1992). Dispersal of plant propagules is an important factor influencing 

succession (Luken 1990). Seeds of many plant species ingested by livestock can pass 

through the digestive system unharmed and germinate in feces (Roberson 1980). Grazing 

animals influence plant populations by dispersing seeds of desirable and undesirable 

vegetation. Cattle can pass viable seeds of many species (Yamada and Kawaguchi 1972, 

Wilson and Hennessy 1977, Takabayashi et al. 1979, Wicklow and Zak 1983, Simao Neto 

et al. 1987). Some workers have proposed using livestock fed seeds of desirable 

vegetation as a method of re-seeding (Bulow-Olsen 1980, Barrow 1988, Archer and Pyke 

1991). In order for this to occur, seeds must first successfully pass through the digestive 

system of livestock and establish in fecal pats. 

Seed dissemination by livestock involves a number of phases from seed ingestion 

to seedling establishment (Gardener et al. 1993b). To successfully germinate and grow 

from dung pats, seeds must survive the molar mill, the gastro-intestinal tract, and the fecal 

pat itself. Once in the digestive tract, seeds face carbohydrate-digesting microorganisms, 

acidic environments, and high temperatures (39° C) which may increase seed mortality. 

Seeds must survive the trip through an animal's digestive tract before they can germinate 

in feces. Retention time of seeds may be one factor that influences seed survival. The 
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longer the seeds remain in the rumen, the more likely they are to absorb moisture, 

germinate, or be killed by high temperatures, lack of oxygen, or cellulose-digesting 

microbes (Burton 1948, Janzen 1984, Blackshaw and Rode 1991, Russi et al. 1992, Stiles 

1992, Gardener et al. 1993a, Gardener et al. 1993b). 

Diet also influences microbial populations within the digestive tracts of ruminants 

(Yokoyama and Johnson 1988, Blackshaw and Rode 1991, Cheeke 1991, Ocumpaugh 

and Valle 1992, Van Soest 1994). The rumen is the largest segment of the ruminant 

stomach and serves as a large fermentation vat (Cheeke 1991). It is an open system with a 

continuous supply of substrates able to maintain a stable microbial population consisting 

of bacteria, protozoa, fungi, and yeast that ferment ingested feed (Yokoyama and Johnson 

1988, Cheeke 1991, Van Soest 1994). The types of microorganisms maintained in the 

rumen are those that are best adapted to survive specific conditions of the rumen. There is 

a consortium of different microbes that are involved in digestion of different plant tissues, 

so there is sequential progression of microbes accomplishing fiber digestion (Cheeke 

1991). Diets high in cellulose and low in starch constitute a major substrate available for 

fermentation, thus supporting a microbial flora of mainly cellulolytic (cellulose-digesting) 

and saccharolytic (sugar-digesting) bacteria (Yokoyama and Johnson 1994, Cheeke 1991, 

Van Soest 1994). Protozoa thrive in the floating mat of the rumen of ruminants fed 

roughage diets, but are usually absent in high concentrate diets where they tend to wash 

out of the rumen (Cheeke 1991). Amylolytic (starch-digesting) bacteria predominate 

when fed concentrate diets which are high in starch (Cheek 1991). Animal diets influence 

passage rate (Furuya et al. 1978, Welch 1982, Blackshaw and Rode 1991, Ocumpaugh 
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and Valle 1992). The rate of digestion of soluble sugars is faster than that of cellulose and 

passage rates of forage diets is slower than that of concentrate diets (Cheeke 1991). 

Under anaerobic conditions of the digestive tract, bacteria that secrete proteolytic 

and cellulolytic enzymes become attached to the seed (substrate) surfaces in the rumen and 

large intestine (Cheeke 1991, Gardener et al. 1993a, Van Soest 1994). Seeds are bathed 

in acid (pH 2.5) and proteolytic, amylolytic, and lipolytic enzymes in the abomasum and 

first part of the small intestine (Cheeke 1991, Gardener et al. 1993a, Van Soest 1994). 

During ingestion and rumination, seeds may be abraded or crushed by the grinding action 

of the teeth (Gardener et al. 1993a). 

The purpose of this study was to determine the effect of two different ruminant 

diets (high roughage versus high concentrate) on seed germination. 

5.2 Methods and Procedures 

Plant species studied included whitetop (Cardaria draba (L.) Hand.), Nezpar' 

Indian ricegrass (Oryzopsis hymenoides (Roem & Schuh.) Ricker), needle-and-thread 

grass (Stipa comata Trin. & Rupr.), 'Sherman' big bluegrass (Poa secunda Presl.), 

`Goldar' bluebunch wheatgrass (Agropyron spicatum (Pursh) Scribn. & Smith), Dalmation 

toadflax (Linaria dalmatica (L.) Mill.), and diffuse knapweed (Centaurea diffusa Lam.). 

The hypothesis was tested using the in vitro digestion protocol of Tilley and Terry 

(1963) as described by Gaylean (1993) and modified by Ocumpaugh and Swakon (1993). 

Digestion was conducted in 50-m1 centrifuge tubes, each containing 150 seeds and 0.25 g 

(+/- 0.0075 g) sample of ground forage (1 mm) of the diet fed to three ruminally-fistulated 
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steers. Six core samples of forage fed to steers were combined and two samples of the 

composite were analyzed to describe diet quality based on crude protein (CP), acid 

detergent fiber (ADF), and dry matter (DM) digestibility. 

Steers used for rumen fluid collection were on another study determining effects of 

feed additives on digestion efficiency. Three ruminally-fistulated steers were fed 

alfalfa/grass hay with ad libitum access and one pound of corn as a carrier for the feed 

additives. The alfalfa/grass hay was composed of 34.68% ADF, 17.32% CP, and 93.12% 

DM while the corn portion consisted of 1.43% ADF, 8.49% CP, and 92.93% DM. Steers 

fed the forage diet were either supplemented with Rumensin (monensin at 175 

mg/head/day), GainPro (bambermycins at 20 mg/head/day), or control (no feed additives) 

in the corn carrier. Three other ruminally-fistulated steers were fed ad libitum access a 

complete concentrate ration composed of 78% corn, 10% alfalfa pellets, 10% finish pellet 

(32% CP, vitamins, minerals, NPN--urea), and 3% canola oil. On a dry matter basis this 

concentrate ration consisted of 5.23% ADF, 13.03% CP, and 93.65% DM. Steers were 

supplemented with Bovatec (lasolocid at 275 mg/head/day), Rumensin (monensin at 275 

mg/head/day), or GainPro (bambermycins at 20 mg/head/day). 

Equal volumes of rumen fluid were collected from three steers fed either the 

concentrate diet (430 ml) or the forage diet (500 ml) using the suction strain method 

(DelCurto et al. 1990), transported to the laboratory in pre-warmed thermos bottles, 

strained through 6 layers of cheesecloth, poured into a common volumetric flask (one for 

concentrate rumen fluid and one for forage rumen fluid), and maintained in a water bath at 

39° C and constantly stirred. Twenty ml of McDougall's buffer solution (McDougall 



83 

1948) and 5 ml of rumen solution were added to 50-m1 centrifuge tubes for the first stage 

of the digestion process (Ocumpaugh and Swakon 1993). Tubes were flushed with CO2 

for 15 seconds, capped with rubber stoppers outfitted with a one-way valve, and 

maintained in a 39° C water bath. Twenty-five ml distilled water were added to 50-m1 

centrifuge tubes for distilled water-only treatments. Tubes were flushed were capped with 

rubber stoppers outfitted with a one-way valve and maintained in a 39° C water bath. 

Tubes of all treatments were placed in a controlled temperature incubator (Hotpack, 

Philadelphia. Penn.) maintained at 39° C and agitated four times during 24-hour period 

(Ocumpaugh and Swakon 1993). The second stage of the digestion procedure included 

the addition of 4 ml of acidified pepsin solution to each tube. Due to the reaction of the 

McDougall's buffer and rumen solution with the acidified pepsin, 2 ml of the pepsin were 

added first to all tubes then the sequence repeated. Tubes were returned to the incubator 

for an additional 7 hours (Ocumpaugh and Swakon 1993) and agitated once. 

Upon completion of the in vitro digestion seeds were washed out of the centrifuge 

tubes with distilled water onto rapid flow filter paper (VWR grade no. 417) over a 

vacuum funnel. Seeds were washed with enough water to remove the acid-pepsin. A 

two-stage recovery process for seeds that sank in tubes in which the majority of the forage 

residue was first decanted onto the filter paper (Ocumpaugh and Swakon 1993). The 

paper was carefully checked for seeds, then discarded. The remaining seeds in tubes were 

then washed onto the filter paper over the vacuum funnel and thoroughly rinsed. Seeds 

and filter paper were placed in petri dishes and kept moist until they were counted out and 

placed in the germinator. 
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There was a question of fungus infestation and its effect on seed germination. 

Treatment of seeds with a fungicide controls fungus contamination of seeds. However, a 

fungicide solution might have influenced seed germination. Therefore fifty seeds were 

treated with the fungicide solution, Captan (2.08 g Captan 50-W-- active ingredient N

trichloromethylthio-4-cyclohexene-1,2-dicarboximide and related derivatives--1000 ml 

distilled water), while another fifty seeds were not in order to determine its effect on 

fungus, fungus spread, and seed germination. 

Fifty seeds were counted from each lot, placed onto two sheets of filter paper 

(VWR grade no. 417), and wetted with sufficient water or Captan solution to keep the 

paper and seeds moist. The filter paper and seeds were placed in a 100-mm x 15-mm 

disposable petri dish. 

Seeds were subjected to varying lengths of time in Stage I (neutral pH) and a 

constant time of 7 hours for Stage II (acid pH) and varying lengths in distilled water. 

Treatments consisted of 35-hour concentrate (28 hours Stage I and 7 hours Stage II), 59

hour concentrate (52 hours Stage I and 7 hours Stage II), 35-hour roughage (28 hours 

Stage I and 7 hours Stage II), 59-hour (52 hours Stage I and 7 hours Stage II), 35-hour 

distilled water-only, 59-hour distilled water-only, and control. The control treatment 

consisted of seeds that did not receive any Stage I or Stage II exposure and were put in 

petri dishes, moistened, and placed in the germinator. 

Germination occurred in a controlled environmental chamber (Model SG 30, 

Hoffman Mfg. Co., Albany, Ore.) set with a day/night temperature regime of 25715° C 

and 12-hour photoperiod. Petri dishes were kept in sealed freezer bags to maintain 



85 

humidity. Those of the same block were placed as physically close as possible into the 

chamber. 

Moisture in petri dishes was maintained as described by AOSA (1994). Distilled 

water and the fungicide solution were used to moisten filter paper and maintain moisture 

in the petri dish throughout the germination period. A seed was counted and discarded 

once germination was achieved. A seed was considered germinated when the radicle 

protruded through the seed coat 1 mm (Bewley and Black 1994). Seeds were germinated 

for 29 days with counts made daily through day 21 then on day 23, day 26, and day 29. 

Germination counts ended on day 21 for Sherman big bluegrass and bluebunch 

wheatgrass, but continued for the remaining seeds. A viability test was conducted on 

Sherman big bluegrass and bluebunch wheatgrass seeds as described by Young and Young 

(1986) and Roberts (1981). Seeds were taken from the petri dish and tested, but no viable 

seeds were found. Viability tests were not conducted for the remaining species. Seeds 

contaminated with fungus that germinated were recorded. Total number of seeds 

containing fungus were recorded. 

5.3 Statistical Analysis 

The experimental design consisted of a randomized block (by time) with 1 

replication per block. Data were analyzed using the General Linear Models Procedure 

(SAS 1991) with digestion time (0 hour or control, 35-hour, and 59-hour) and medium 

type (distilled water-only, concentrate diet, and roughage diet) as main factors. The 

response variable was number of seeds germinated. Treatment means were separated 
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using pre-planned contrasts corresponding to a two (time) by three (medium type) plus 

one (control) Factorial design (Steele and Torrie 1980). Least significant difference 

(LSD) (SAS 1991) was used for mean separation when time-by-medium interaction effect 

was significant. Statistical analysis were conducted using number of seeds germinated but 

data were presented as percent germinated (Appendix C). 

A paired t-test (Montgomery 1991) was conducted to detect differences in 

treatment means for effectiveness of Captan to control fungus. Since there were no 

differences in germination between the fungicide-treated and water-treated seeds, results 

are those of the fungicide-treated seeds (Appendix 5). 

5.4 Results and Discussion 

Germination varied by species and diets. In general, germination of seeds digested 

in water-only was lower than the control but greater than seeds subjected to in vitro 

digestion (Table 5.1). Germination of the whitetop control treatment was 99% and was 

significantly greater (P < 0.05) than other treatments (Table 5.1, Figure 5.1). Seeds 

treated with water-only had greater germination (P < 0.05) than those treated with rumen 

fluid (Table 5.1, Figure 5.1). Germination was 94%, 95%, 24%, 28%, 1%, and 0% for 

35-hour water-only, 59-hour water-only, 35-hour roughage, 59-hour roughage, 35-hour 

concentrate, and 59-hour concentrate treatment, respectively (Table 5.1, Figure 5.1). 

Roughage rumen fluid treatments had greater (P < 0.05) germination than concentrate 

treatments (Table 5.1, Figure 5.1). There was no time-by-medium interaction or a time 

effect (P < 0.05) (Table 5.1). One explanation for germination in roughage treatments and 



Table 5.1. Percent mean germination of seeds exposed to in vitro digestion using rumen liquor 
collected from concentrate-fed versus roughage fed-steers. 

Treatment 
Control Concentrate Roughage Water 

35 Hr 59 Hr 35 Hr 59 Hr 35 Hr 59 Hr Contrasts' (P-value) 
Plant Species % Germ` % Germ % Germ % Germ % Germ % Germ % Germ SE2 1 2 3 4 54 

Whitetop 99 1 0 24 28 94 95 2.52 0.01 0.75 0.01 0.01 0.90 
Indian ricegrass 7 0 0 0 0 1 1 0.68 0.01 0.88 0.75 0.86 0.98 
Needle-and-thread 40 0 0 0 1 6 7 0.83 0.01 0.72 0.01 0.88 0.96 
Sherman big bluegrass 74 0 1 0 0 28 28 1.91 0.01 0.96 0.01 0.95 0.99 
Bluebunch wheatgrass 90 0 0 0 0 54 40 2.16 0.01 0.22 0.01 1.00 0.22 
Dahnation toadflax 17 0 0 0 0 4 11 1.42 0.01 0.36 0.01 1.00 0.44 
Diffuse knapweed 93' 0° Od Od Od 87b 47` 1.94 0.01 0.01 0.01 1.00 0.01 
1 Percent germination obtained using mean of four observations per species per treatment 
2 Standard error (n=4) 
3 Contrast definitions: contrast 1 - control versus all other treatments (df 1); contrast 2 - time effect (df 1); contrast 3 - water-only 

treatment versus concentrated and roughage treatments (df 1); contrast 4 - concentrate treatment versus roughage treatment 
(df 1); and contrast 5 - time*medium interactions (df 2) 

4 Significant differences within rows defined by contrast 5 are indicated by different superscripts (P < 0.05) 
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Figure 5.1. Percent mean germination of whitetop seeds exposed to in vitro digestion 
using rumen liquor collected from concentrate-fed versus roughage-fed steers. 
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none in concentrate treatments may be that the rumen microbial population differs 

between the two diets. Steers fed the high concentrate diet would have a population of 

starch digestion microbes and able to digest whitetop seeds which have a high starch 

content. However, roughage rumen microbial population, adapted to a more fibrous diet, 

was able to reduce germination but not to the extent of the concentrate treatments. Some 

species of mustards, including whitetop, secrete a small amount of mucilage around seeds 

when they are moistened (Young et al. 1970). This material is thought to aid in 

maintaining moisture and enhance soil/seed contact. Perhaps this gelatinous material 

protects whitetop seeds as they pass through the digestion tract. It is not known if the 

mucilage influenced germination. 

The control treatment for Indian ricegrass was 7% and was significantly higher (P 

< 0.05) than other treatments (Table 5.1, Figure 5.2). Germination of water-only 35-hour 

and 59-hour treatment germination was 1% (Table 5.1, Figure 5.2)). Germination of 

roughage and concentrate 35-hour and 59-hour treatments was 0% (Table 5.1, Figure 

5.2). Indian ricegrass did not exhibit time effects, differences between medium treatments, 

or time-by-medium interaction (P < 0.05) (Table 5.1). Indian ricegrass seeds may be 

chemically scarified in sulfuric acid (H2SO4) (Robertson 1976) to enhance and promote 

germination, however the cultivar of Indian ricegrass used in this experiment, Nezpar' 

was selected because of its low percentage of hard seed. This should have allowed 

germination to occur without scarifying the seed coat. However, germination was low for 

all treatments. 

Germination of needle-and-thread grass for the control was 40% and was 

significantly greater (P < 0.05) than remaining treatments (Table 5.1, Figure 5.3). There 
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was no time effect, difference in roughage and concentrate treatments, and time-by

medium interaction (P < 0.05) (Table 5.1). The water-only treatments had germination 

higher (P < 0.05) than the roughage and concentrate treatments (Table 5.1, Figure 5.3). 

Germination was 6% for the 35-hour water-only treatment, 7% for the 59-hour water-only 

treatment, 0% for the concentrate 35-hour and 59-hour treatments and the 35-hour 

roughage treatment, and 1% for the 59-hour roughage treatment (Table 5.1, Figure 5.3). 

Passage through in vitro digestion reduced germination significantly from those seeds that 

did not undergo the process. It appears that any time seeds spend imbibing at high 

temperatures (39° C) reduces germination. 

Germination of Sherman big bluegrass for the control treatment was 74% (Table 

5.1, Figure 5.4). This was higher (P < 0.05) than other treatments. Sherman big bluegrass 

did not have a time effect, nor did roughage and concentrate treatments differ from each 

other (P < 0.05) (Table 5.1). Water-only treatments had higher germination (P < 0.05) 

than roughage and concentrate treatments (Table 5.1, Figure 5.4). Germination was 28% 

for each of the water-only treatments; 0% for the each of the roughage treatments and the 

35-hour concentrate treatment; and 1% for the 59-hour concentrate treatment (Table 5.1, 

Figure 5.4). A time-by-medium interaction was not found (P < 0.05) in Sherman big 

bluegrass (Table 5.1). It appears, based on these laboratory results, that any amount of in 

vitro digestion decreases germination significantly. 

Germination of bluebunch wheatgrass for the control treatment was 89% and was 

higher (P < 0.05) than other treatments (Table 5.1, Figure 5.5). There was no time effect, 

no difference in germination between roughage (0%) and concentrate (0%) treatments, 

and no time-by-medium interaction (P < 0.05) (Table 5.1, Table 5.5). As time increased 
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with the distilled water-only treatments, germination decreased (Table 5.1, Figure 5.5). 

The in vitro digestive processes tended to reduce germination to 0% following both rumen 

fluid treatments and digestion times. It appears that any length of time or diet type tends 

to reduce germination in bluebunch wheatgrass. 

The control treatment for Dalmation toadflax had germination of 17% and was 

significantly higher (P < 0.05) than remaining treatments (Table 5.1, Figure 5.6). 

Dalmation toadflax did not exhibit a time effect, difference in roughage and concentrate 

germination, or a time-by-medium interaction (P < 0.05) (Table 5.1, Figure 5.6). 

Germination for the 35-hour and 59-hour roughage and concentrate treatments was 0% 

(Table 5.1, Figure 5.6). Germination was 4% and 11% for 35-hour and 59-hour water-

only treatments, respectively (Table 5.1, Figure 5.6). It may be that seeds used had low 

germination rate to begin with and passage through the in vitro digestionprocess further 

reduced germination or that there was some factor that was not met for germination such 

as scarification. 

Germination of diffuse knapweed for the control was 93% and was greater (P < 

0.05) than germination for the remaining treatments (Table 5.1, Figure 5.7). Roughage 

and concentrate 35-hour and 59-hour treatments had.germination of 0% (Table 5.1, 

Figure 5.7). Germination for the 35-hour and 59-hour water-only treatments was 87% 

and 47%, respectively (Table 5.1). The 35-hour water-only treatment had higher (P < 

0.05) germination than did the 59-hour water-only treatment (Table 5.1). Germination 

decreased with increased incubation time the water-only treatments (Table 5.1, Figure 

5.7). 
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Germination of all species declined with treatment. Water-only treatments 

decreased germination , however roughage and concentrate treatments had greater seed 

mortality. Seed germination for seeds treated with distilled water-onlymay have been able 

to absorb oxygen since they were not saturated with CO2 while the rumen fluid treatments 

were saturated with CO2 and were thus anaerobic. Rumen microbial activity may have 

played a role in decreasing germination among the remaining treatments. Seeds subjected 

to ruminant digestion showed a decline in germination. Diffuse knapweed showed an 

interaction between time and medium effect. Germination decreased as retention time in 

water-only increased. Whitetop had high seed mortality following digestion in the 

concentrate treatments. It appears that conditions within the digestive system ofsteers 

adapted to the high concentrate diet increased seed mortality during passage, suggesting a 

change in microbial populations between the concentrate and roughage treatments. Diet 

influences microbial populations within the digestive tract of ruminants. Starch-digesting 

bacteria (amylolytic) predominate populations when ruminants are fed a concentrate diet 

high in starch (Cheeke 1991). Whitetop seeds may have a high starch content similar to 

that of the corn fed to the steers. If this is true it may be likely that the microbial flora was 

adapted to high starch diets and may have been able to successfully kill whitetop seeds 

during digestion. Increased retention time in any of the medium sources reduced 

germination. High temperatures (39° C) and moisture content of the rumen may not have 

had a large effect on seed germination since germination was observed for the water-only 

treatments. However, germination of all species examined was lower than the control 
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treatments indicating that some process or factor was responsible for reduced seed 

germination. 

Grass species had low germination following exposure to various digestive 

processes. Seeds may have imbibed but had insufficient oxygen therefore were unable to 

germinate. Exposure to high temperatures (39° C), rumen microbial activity ,and acid in 

the abomasum and may also account for mortality. Ocumpaugh and Valle (1992) found 

grass seed germination decreased linearly with increased time in the rumen. This trend 

observed by Ocumpaugh and Valle (1992) may have been due to the fact that grass 

species they studied were warm season whereas those used in this experiment were cool 

season species. 

Use of livestock to spread seeds of desirable plant species would be an attractive 

management tool. However, survival of grass seeds tested was low. On the other hand 

the use of livestock as a biological weed control may prove useful. In the case diffuse 

knapweed digestion by ruminants greatly reduces seed germination. Seed germination of 

whitetop declined with digestion for the roughage treatments, but seed mortality was 

highest for the concentrate treatments. Cattle may prove to be successful in increasing 

whitetop seed mortality when adapted to a high concentrate diet. Supplementing cattle 

with a high concentrate diet prior to grazing whitetop infested areas may aid in promoting 

seed mortality upon digestion. Dry-lotting cattle following ingestion of whitetop seeds 

may also be useful in preventing the infestation of areas free of whitetop. 



100 

5.5 Literature Cited 

AOSA. 1994. Association of Official Seed Analysts. Rules for testing seeds. 16:1-113. 

Archer, S. and D. A. Pyke. 1991. Plant-animal interactions affecting plant 
establishment and persistence on revegetated rangeland. J. Range 
Manage. 44:558-565. 

Barrow, J. R. 1988. The potential use of animals for the dispersal and establishment of 
native forage plants. Agron. Abstr., Anaheim, CA. 

Bewley, J. D. and M. Black. 1994. Seeds: physiology of development and 
germination. 2nd Edition. Plenum Press, New York, NY. 

Blackshaw, R. E. and L. M. Rode. 1991. Effect of ensiling and ruminant 
digestion by cattle on weed seed viability. Weed Sci. 39:104-108. 

Bulow-Olsen, A. 1980. Changes in the species composition in an area dominated by 
Deschampsia flexuosa: a result of cattle grazing. Ecol. Conserv. 18:257-270. 

Burton, G. W. 1948. Recovery and viability of seeds of certain southern grasses 
and lespedeza passed through the bovine digestive tract. J. Agr. 
Res. 76:95-103. 

Cheeke, P. R. 1991. Applied animal nutrition: feeds and feeding. Macmillan 
Publishing Company, New York, NY. 

DelCurto, T., R. C. Cochran, D. L. Harmon, A. A. Beharka, K. A. Jaques, G. Towne, and 
E. S. Vanzant. 1990. Supplementation of dormant tall grass-prairie forage: I. 
influence of varying supplemental protein and (or) characteristics of beef steers in 
confinement. J. Anim. Sci. 68:515-531. 

Furuya, S. K., T. A. Sakamoto, S. Takahashi, and K. Kameoka. 1978. Effects of added 
dietary sodium polyacrylate on passage rate of markers and apparent digestibility 
by growing swine. J. Anim. Sci. 47:159-165. 

Gardener, C. J., J. C. McIvor, and A. Jansen. 1993a. Passage of legume and grass 
seeds through the digestive tract of cattle and their survival in feces. J. 
Appl. Ecol. 30:63-74. 

Gardener, C. J., J. C. Mclvor, and A. Jansen. 1993b. Survival of seeds of tropical 
grassland species subject to bovine digestion. J. Appl. Ecol. 30:75-85. 



101 

Gay lean, M. 1993. Laboratory procedures in animal nutrition research. Dept. 
Anim. and Range Sci., New Mexico State University. 

Janzen, D. H. 1984. Dispersal of small seeds by big herbivores: foliage is the 
fruit. Amer. Natur. 123:338-353. 

Laycock, W. A. 1991. Stable states and thresholds of range condition on North 
American rangelands: A viewpoint. J. Range Manage. 44:427-433. 

Luken, J. 0. 1990. Directing ecological succession. Chapman and Hall. 
London. 

McDougall, E. I. 1948. Studies on ruminant saliva. I. the composition and output 
of sheep's saliva. Biochem. J. 43:99-109. 

Montgomery, D. C. 1991. Design and analysis of experiments. 2nd Edition. John Willey 
and Sons, Inc., New York, NY. 

Octunpaugh, W. R. and D. H. D. Swakon. 1993. Simulating grass seed passage 
through the digestive system of cattle: a laboratory technique. Crop Sci. 
33:1084-1090. 

Ocumpaugh, W. R. and L. S. Valle. 1992. Viability of grass seed following digestion: 
affects of diet quality. p. 183-184. In: Agron. Abstr.. ASA, Madison, 
WI. 

Pyke, D. A. and M. M. Borman. 1992. Problem analysis for the vegetation 
diversity project. USDI, Bur. Land Manage., Corvallis, Ore. 

Roberson, B. D. 1980. Germination of forage seeds following passage through 
the bovine digestive system. M. S. Thesis, Okla. St. Univ., Stillwater, Okla. 

Russi, L., R. S. Cocks, and E. H. Roberts. 1992. The fate of legume seeds eaten 
by sheep from a Mediterranean grassland. J. Appl. Ecol. 29:772-778. 

SAS. 1991. SAS user's guide: statistics. SAS. Inst, Inc., Cary, NC. 

Simao Neto, M. , R. M. Jones, and D. Ratcliff. 1987. Recovery of pasture seed 
ingested by ruminants. 1. Seed of six pasture species fed to cattle, sheep, 
and goats. Aust. J. Exp. Agr. 27:239-246. 

Steel, R. G. D. and J. H. Torrie. 1980. Principles and procedures of statistics: a 
biometrical approach. 2nd Edition. McGray-Hill Book Co., New York, NY. 



102 

Stiles, E. W. 1992. Animals as seed dispersers. In: Fenner, M (ed.), Seeds: the ecology 
of regeneration in plant communities. CAB International, Wallingford, 
Oxon, UK. 

Takabayshi, M., T. Kubota, and H. Abe. 1979. Dissemination of weed seeds 
through cow feces. J. A. R. Q. 13:204-207. 

Tilley, J. M. A. and R. A. Terry. 1963. A two-stage technique for the in vitro 
digestion of forage crops. J. Brit. Grassi. Soc. 18:104. 

Van Soest, P. J. 1994. Nutritional ecology of the ruminant. Cornell Univ. Press, Ithaca, 
New York. 

Welch, J. G. 1982. Rumination, particle size and passage from the rumen. J. Anim. Sci. 
54:885-894. 

Westoby, M., B. Walker, and I. Noy-Meir. 1989. Opportunistic management for 
rangelands not at equilibrium. J. Range Manage. 42:266-274. 

Wicklow D, T. and J. C. Zak. 1983. Viable grass seeds in herbivore dung from a semi
arid grassland. Grass and Forage Sci. 38:25-26. 

Wilson, G. P. M. and D. W. Hennessy. 1977. The germination of excreted kikuyu grass 
seed in cattle dung pats. J. Agr. Sci. 88:247-249. 

Yamada, T. and T. Kawaguchi. 1972. Dissemination of pasture plants by 
livestock. II. Recovery, viability, and emergence of some pasture plant 
seeds passed through digestive tract of dairy cow. J. Japan. Grassi. Sci. 
18:8-15. 

Yokoyama, M. T. and K. A. Johnson. 1988. Microbiology of the rumen and intestine. 
In: Church, D. C. (ed.), The ruminant animal: digestive physiology and 
nutrition. Prentice-Hall, Englewood Cliffs, N. J. 

Young, J. A. , R. A. Evans, R. 0. Gifford, and R. E. Eckert, Jr. 1970. Germination 
characteristics of three species of Cruciferae. Weed Sci. 18:41-48. 



103 

6 Comparison of Seed Germination Following In Situ Versus In Vitro Digestion 

Amaya A. Lowry and Michael L. McInnis 



104 

6.1 Introduction 

Low populations of desirable vegetation, depleted propagule pools, and increased 

distribution of noxious species on many rangelands in the Intermountain West prevent 

transition of plant communities to successionally-higher stable states (Westoby et al. 1989, 

Laycock 1991). Changing livestock grazing practices alone may not always result in 

significant improvement (Pyke and Borman 1992). Since grazing animals influence plant 

populations by dispersing seeds of desirable and undesirable vegetation, some workers 

have proposed using seeds of desirable vegetation fed to free-ranging livestock as a 

method of re-seeding degraded rangelands (Bulow-Olsen 1980, Barrow 1988, Archer and 

Pyke 1991). Cattle have been found to pass viable seeds of many species (Yamada and 

Kawaguchi 1972, Wilson and Hennessy 1987, Takabayashi et al. 1979, Wicklow and Zak 

1983, Simao Neto et al. 1987, Ocumpaugh et al. 1991, Ocumpaugh and Swakon 1993). 

Much of the previous work was accomplished using in vitro digestion. However, 

information is needed to assess the accuracy of such a screening method. 

Simao Neto and Jones (1987) examined the role of ruminant digestion on 

subsequent germination of seeds using the nylon bag technique(in situ) and in vitro 

digestion. In situ and in vitro digestion softened a variable portion, usually less than 20% 

of hard legume seeds (Simao Neto and Jones 1987). Viability of grass seeds was reduced 

with longer periods of time in the rumen, particularly for signal grass (Brachiaria 

decumbens) seeds which were all dead after 96 hours (Simao Neto and Jones 1987). 

Comparison of results of in situ studies and pen feeding experiments suggest that much of 

the damage to ingested seeds occurs in the rumen (Simao Neto and Jones 1987). Simao 
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Neto and Jones (1987) concluded that it is not surprising that no single in situ and in vitro 

procedure could consistently predict the effect of passage on seeds of contrasting plant 

species, let alone with different animal species. 

Seeds face numerous hazards following ingestion by livestock. During ingestion 

and rumination, seeds may be abraded or crushed (Gardener et al. 1993a). Once in the 

digestive system, seeds may imbibe moisture, germinate, and be killed by high 

temperatures, lack of oxygen, or cellulose-digesting microbes (Burton, 1948, Janzen 1984, 

Blackshaw and Rode 1991, Russi et al. 1992, Stiles 1992, Gardener et al. 1993a, 

Gardener et al. 1993b). Survivability of ingested seeds is influenced by physical and 

chemical processing that takes place in the digestion system (Stiles 1992). Simao Neto 

and Jones (1987) and Ocumpaugh and Valle (1992) determined grass seed viability 

declines with increased resident time in the gastro-intestinal tract of cattle. 

Seeds can tolerate a certain amount of time in the rumen before damage occurs 

(Atkeson et al. 1934, Gardener et al. 1993a, Gardener et a. 1993b), but the longer seeds 

remain in the digestive tract, the greater seems to be the reduction in seed viability and 

germination (Atkeson et al. 1934, Burton 1948, Blackshaw and Rode 1991). 

Alternatively, seeds of some species may be scarified in the gastro-intestinal tract, and 

germination enhanced. In general, soft-coated seeds have lower viability following 

passage through the digestive tract than hard-coated seeds due primarily to penetration of 

digestive juices into the germ, resulting in its destruction (Atkeson et al. 1934). 

Numerous factors play part in digestion that may not be simulated in the 

laboratory. Therefore, it may prove beneficial to compare results obtained using the in 
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vitro digestion process against data obtained from live animals. This would tend to lend 

more credibility to results brought about using the in vitro digestion process and will 

validate germination results obtained through the in vitro and in situ digestion methods. 

The objective of this experiment was to compare germination of seeds following in 

situ exposure in the rumen (using nylon bags) and in vitro digestion. 

6.2 Methods and Procedures 

Plant species used for this experiment were bluebunch wheatgrass `Goldar' 

(Agropyron spicatum (Pursh) Scribn. & Smith), whitetop (Cardaria draba (L.) Hand.), 

diffuse knapweed (Centaurea diffusa Lam.),'Durar' hard fescue (Festuca ovina L.), 

`Trailhead' basin wildrye (Leymus cinereus (Scribn. & Merril) Love), Nezpar' Indian 

ricegrass (Oryzopsis hymenoides (Roem. & Schuh.) Ricker), 'Sherman' big bluegrass 

(Poa secunda Presl.), 'Seca? Snake River wheatgrass (Pseudoroegneria spicata spp 

spicata (Pursh) Love), needle-and-thread grass (Stipa comata Trin. & Rupr.). 

The hypothesis was tested using the in vitro digestion protocol of Tilley and Terry 

(1963) as described by Gaylean (1993) and modified by Ocumpaugh and Swakon (1993) 

and in situ (nylon bag digestion technique). Digestion was conducted in 50-m1 centrifuge 

tubes, each containing 150 seeds and 0.25 g (+1- 0.008 g) sample of ground forage (1 mm) 

of the diet fed to three ruminally-fistulated steers. Fistulated steers were allowed to adapt 

to a diet of alfalfa-mixed grass hay for seven days prior to collection of rumen liquor. Ten 

core samples of forage fed to steers were combined and two samples of the composite 

were analyzed to describe diet quality based on crude protein (CP), acid detergent fiber 
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(ADF), and dry matter (DM) digestibility. Steers were fed a hay diet containing 9.49% 

CP, 31.22% ADF, 87.20% DM. Three fistulated steers were used to collect rumen fluid 

for in vitro digestion and hold in situ bags. 

Rumen fluid was collected from each of the three steers using suction strain 

method (DelCurto et al. 1990), transported to the laboratory in pre-warmed thermos 

bottles, and strained through 6 layers of cheesecloth. In the laboratory, equal amounts 

(500 ml) of rumen fluid were poured into a common volumetric flask, maintained in a 

water bath at 39°C, and constantly stirred. Twenty ml of McDougall's buffer solution 

(McDougall 1948) and 5 ml of rumen solution were added to 50-ml centrifuge tubes for 

the first stage of in vitro digestion (Ocumpaugh and Swakon 1993). Tubes were flushed 

with CO2 for 15 seconds, capped with rubber stoppers outfitted with a one-way valve, and 

maintained in a 39° C water bath. Tubes were placed in a controlled temperature 

incubator (Hotpack, Philadelphia, Penn.) maintained at 39° C and agitated four times in a 

24-hour period. 

Nylon bags (5 cm x 5 cm) with a pore size of 53 mm (+1- 10 mm) were used for in 

situ digestion. Duplicate in situ bags, each containing 150 seeds, were sealed using a heat 

sealer (Nyclave Impulse Heat Sealer, 110 volt and 310 watt, The Lorvic Corp., St. Louis, 

Mo.) and placed in garment bags. Garment bags were then put into the rumen of three 

ruminally-fistulated steers and secured to the canula with a nylon cord. 

Seeds were subjected to varying lengths of in situ and in vitro digestion times. 

Treatments consisted of 24-hour in situ, 24-hour in vitro, 48-hour in situ, and 48-hour in 

vitro digestion and a control treatment. The control treatment consisted of seeds that did 
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not receive any digestion exposure and were put in petri dishes, moistened, and placed 

directly in the germinator. 

Upon completion of in vitro and in situ digestion seeds were washed out the 

centrifuge tubes and nylon bags with distilled water onto rapid flow filter paper (VWR 

grad no. 417) over a vacuum funnel. Seeds and filter paper were placed in 100-mm x 15

mm disposable petri dishes, kept moist, and placed in the germinator until they could be 

counted out. Fifty seeds from each tube and nylon bag were counted, placed on two new 

sheets of moistened filter paper, and arranged in rows to facilitate germination counts. 

Germination occurred in a controlled environmental chamber (Model SG 30, 

Hoffman Mfg. Co., Albany, Ore) set with a day/night temperature regime of 25°/15° C and 

12-hour photoperiod. Petri dishes were kept in sealed freezer bags to maintain humidity. 

Those of the same block were placed as physically close as possible in the environmental 

chamber. Moisture in petri dishes was maintained as described by AOSA (1994). A 

fungicide solution (2.08 g Captan 50-W--active ingredient N-trichloromethylthio-4

cyclohexene-1,2-dicarboximide and related derivatives--per 1000 ml of distilled water) 

was used to control the spread of fungus, moisten filter paper, and maintain moisture in 

the petri dish throughout the germination period. A seed was counted and discarded once 

germination was achieved. A seed was considered germinated when the radicle protruded 

through the seed coat 1 mm (Bewley and Black 1994). Seeds were germinated for 21 

days with counts made daily. 

A viability test was conducted on Sherman big bluegrass, bluebunch wheatgrass, 

hard fescue, basin wildrye, and Snake River wheatgrass seeds as described by Young and 
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Young (1986) and Roberts (1981). Seeds were taken from the petri dish and tested, but 

no viable seeds were found. Viability tests were not conducted for the remaining species. 

6.3 Statistical Analysis 

The experimental design consisted of a randomized block (by steer) with 1 

replication per block. Data were analyzed using the General Linear Models Procedure 

(SAS 1991) with digestion time (0 hour or control, 24-hour, and 59-hour) and procedure 

(in situ and in vitro) as main factors. The response variable was number of seeds 

germinated. Treatment means were separated using pre-planned contrasts corresponding 

to a two (time) by two (procedure) plus one (control) Factorial design (Steele and Torrie 

1980). Least significant difference (LSD) (SAS 1991) was used for mean separation when 

time-by-medium interaction effect was significant. Statistical analysis were conducted 

using number of seeds germinated but data were presented as percent germinated 

(Appendix D). 

6.4 Results and Discussion 

Control treatments had greater (P < 0.05) germination than in situ or in vitro 

digestion (Table 6.1). In general, in situ digestion had greater seed mortality than in vitro 

digestion. 

There was a time-by-procedure interaction for bluebunch wheatgrass (Table 6.1). 

Seeds subjected to in situ digestion had lower (P < 0.05) germination than seeds exposed 

to in vitro digestion (Table 6.1, Figure 6.1). The in situ technique did not differ (P < 



Table 6.1. Percent mean germination of seeds following in situ versus in vitro digestion. 

Treatment 
Control in situ in vitro 

24 Hr 48 Hr 24 Hr 48 Hr Contrasts3 (P-value) 
Plant Species % Germ' % Germ % Germ % Germ % Germ SE2 1 2 3 44 

3b 0bBluebunch wheatgrass 90a 61° 41d 1.73 0.01 0.01 0.01 0.04 
Whitetop 95' 92b 

89° 89° 91b 0.65 0.01 0.81 0.81 0.05 
Diffuse knapweed 93 47 0 89 27 2.57 0.01 0.01 0.01 0.19 
Hard fescue 82 9 3 61 46 1.77 0.01 0.02 0.01 0.25 
Basin wildrye 95 41 9 80 69 4.35 0.01 0.05 0.01 0.26 
Indian ricegrass 13 0 1 1 1 1.38 0.01 1.00 0.82 0.82 
Sherman big bluegrass 65 7 3 35 33 3.26 0.01 0.66 0.01 0.88 
Snake River wheatgrass 39 0 0 7 3 1.51 0.01 0.53 0.11 0.53 
Needle-and-thread 41 7 1 31 11 2.25 0.01 0.02 0.01 0.18 

Percent germination obtained using mean of three observations per species per treatment 
2 Standard error (n=3) 
3 Contrast definitions: contrast 1 - control versus all other treatments (df 1); contrast 2 - time effect (df 1); contrast 3 - in situ versus in vitro 

treatments (df 1); and contrast 4 - time*procedure interactions (df 1) 
4 Significant differences within rows defined by contrast 4 are indicated by different superscripts (P < 0.05) 
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0.05) between two time periods (Table 6.1). Germination was 3% and 0% for in situ 24

hour and in situ 48-hour, respectively (Table 6.1, Figure 6.1). Germination did differ (P < 

0.05) between the two in vitro treatments (Table 6.1). Germination of in vitro 24-hour 

and in vitro 48-hour was 61% and 41%, respectively (Table 6.1, Figure 6.1). 

Whitetop control germination (95.3%) was higher (P < 0.05) than other treatments 

(Table 6.1, Figure 6.2). Whitetop exhibited a time-by-procedure interaction (P < 0.05) 

(Table 6.1). Germination of in situ 24-hour and in situ 48-hour was 92% and 89%, 

respectively and differed (P < 0.05) between the two treatments (Table 6.1, Figure 6.2). 

Germination of in vitro 48-hour (89%) was greater (P < 0.05) than in vitro 24-hour (91%) 

(Table 6.1, Figure 6.2). 

In situ digestion had a greater influence on seed mortality than did in vitro 

digestion for diffuse knapweed (Table 6.1). The in situ 24-hour treatment had 47% 

germination while the 48-hour treatment had 0% germination (Table 6.1, Figure 6.3), 

suggesting that as time in the rumen increases germination of seeds decrease. This was 

observed for the in vitro treatments where the 24-hour germination was 89% and 48-hour 

germination was 27% (Table 6.1, Figure 6.3). The in vitro 24-hour treatment and the 

control treatment showed no difference in germination (Table 6.1, Figure 6.3). In vitro 

24-hour digestion was higher (P < 0.05) than in situ 24-hour digestion (Table 6.1, Figure 

6.3). In situ 48-hour digestion had lower germination (P < 0.05) than in vitro 48-hour 

digestion (Table 6.1, Figure 6.3). There was no time-by-procedure interaction (Table 

6.3). 

Hard fescue did not demonstrate a time-by-procedure interaction (Table 6.1). 

Germination of hard fescue differed among treatments (Table 6.1). Germination of the 
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control was 82% and was higher (P < 0.05) than other treatments (Table 6.1, Figure 6.4). 

Germination of hard fescue did not differ between the two in situ treatments, however, for 

the in vitro technique germination decreased as time increased (Table 6.1, Figure 6.4). In 

situ digestion technique has a much greater influence on germination than did the in vitro 

technique. The two in situ digestion treatments produced higher (P < 0.05) seed mortality 

than did the two in vitro digestion treatments (Table 6.1, Figure 6.4). Germination was 

9%, 61%, 3%, and 46% for in situ 24-hour, in vitro 24-hour, in situ 24-hour, and in situ 

48-hour, respectively (Table 6.1, Figure 6.4). In vitro digestion had higher germination 

than did in situ digestion (Table 6.1). 

Germination of basin wildrye did not differ (P < 0.05) between the two in vitro and 

control treatments but did differ (P < 0.05) from the in situ treatments (Table 6.1). 

Control germination was 95% (Table 6.1, Figure 6.5). Germination of the in situ 24-hour 

(41.3%) was greater (P < 0.05) than in situ 48-hour (9%) (Table 6.1, Figure 6.5). 

Germination of in vitro 24-hour and 48-hour was 80% and 69%, respectively, and did not 

differ (P < 0.05) between each (Table 6.1, Figure 6.5). There was no time-by-procedure 

interaction (Table 6.1). 

Control germination of Indian ricegrass had greater (P < 0.05) germination than 

did other treatments (Table 6.1. Germination of the control was 13% (Table 6.1, Figure 

6.6). Germination was 0%, 1% 1%, and 1% for the in situ 24-hour, in vitro 48-hour, in 

situ 48-hour, and in vitro 24-hour treatments, respectively and were not significantly 

different (P < 0.05) from each other (Table 6.1, Figure 6.6). Indian ricegrass did not have 

a time-by-procedure interaction (Table 6.1). Indian ricegrass seeds may be chemically 
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scarified in sulfuric acid (H2SO4) (Robertson 1976) to enhance and promote germination. 

The cultivar of Indian ricegrass, Nezpar', used in this experiment was selected because of 

its low percentage of hard seed. This should have allowed germination to occur without 

scarifying the seed coat. Perhaps passage through the digestive system would help scarify 

the hard seed coat and promote germination. Germination of all treatments was low. 

Sherman big bluegrass did not show a time-by-procedure interaction (Table 6.1). 

Germination of Sherman big bluegrass differed (P < 0.05) among the control, in situ, and 

in vitro treatments, but did not differ (P < 0.05) between the two in situ treatment and in 

vitro treatments (Table 6.1, Figure 6.7). Control germination was 65% and was 

significantly greater (P < 0.05) than other treatments (Table 6.1, Figure 6.7). Germination 

was 7%, 3%, 35%, and 33% for in situ 24-hour, in situ 48-hour, in vitro 24, and in vitro 

48-hour (Table 6.1, Figure 6.7). Germination of in situ 24-hour was lower (P < 0.05) 

than in vitro 24-hour and in vitro 48-hour was higher (P < 0.05) than in situ 48-hour 

(Table 6.1, Figure 6.7). Digestion of seeds by live animals had greater seed mortality than 

did laboratory tests (Table 6.1). 

Mortality of Snake River wheatgrass seeds treated by in situ digestion was greater 

than in vitro treatments (Table 6.1). Control germination was 39% and was higher (P < 

0.05) than in situ treatments (0%) (Table 6.1, Figure 6.8). Germination of seeds following 

in situ and in vitro digestion did not differ (P < 0.05) (Table 6.1). Germination was 7% 

and 3% for in vitro 24-hour and 48-hour, respectively (Table 6.1, Figure 6.8). There was 

no time-by-procedure interaction for Snake River wheatgrass (Table 6.1). 
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Needle-and-thread control and in vitro 24-hour germination did not differ (P < 

0.05) but did for the other three treatments (Table 6.1). Germination was 41% and 31% 

for the control and in vitro 24-hour treatment, respectively (Table 6.1, Figure 6.9). 

Germination of needle-and-thread decreased (P < 0.05) as retention time in in vitro 

digestion increased (Table 6.1). Germination was 31% for the 24-hour period and 11% 

following 48-hour digestion (Table 6.1, Figure 6.9). Germination of the in vitro 24-hour 

period was greater (P < 0.05) than in vitro 48-hour (11%), in situ 24-hour (7%), and in 

situ 48-hour (1%) treatments (Table 6.1, Figure 6.9). Germination did not differ (P < 

0.05) between in vitro 48-hour, in situ 24-hour, and in situ 48-hour treatments (Table 6.1, 

Figure 6.9). Needle-and-thread demonstrated no time-by-procedure interaction (Table 

6.1). 

Germination of all species declined with digestion procedure in comparison to the 

control suggesting that some digestion process was responsible for reduced germination. 

Grass species had low germination following digestion procedure. Seeds may have 

imbibed but had insufficient oxygen, therefore were unable to germinate. Exposure to 

high temperatures (39° C) and rumen microbial activity may also account for mortality of 

seeds subjected to in situ and in vitro digestion. Seeds subjected to in situ ruminant 

digestion showed greater reduction in seed germination than in vitro digestion. This might 

suggest that some factor within the rumen influences seed germination that was not 

simulated by in vitro digestion. It may be also be that seeds subjected to in situ digestion 

had less oxygen than seeds exposed to in vitro digestion. Oxygen levels were not 

measured in centrifuge tubes. It could be that tubes were not completely saturated with 
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CO2 and seeds were able to take in oxygen. Whitetop and diffuse knapweed germination 

was diminished but not eliminated (except for diffuse knapweed in situ 48-hour). Seed 

coat hardness may have influenced survivability of whitetop and diffuse knapweed. Hard-

coated seeds, as is the case with whitetop and diffuse knapweed, loses germination more 

slowly than softer coated grass seeds (Archer and Pyke 1991, Blackshaw and Rode 1991, 

Russi et al. 1992, Gardener et al. 993b). Some species of mustards, including whitetop, 

secrete a small amount of mucilage from seeds when moistened (Young et al. 1970). This 

material is thought to aid in maintaining moisture and enhance soil/seed contact. Perhaps 

this gelatinous material protects whitetop seeds as they pass through the digestive tract. It 

is not known if the mucilage had anything to do with germination. 

It has been suggested that feeding seeds of desirable vegetation to livestock as a 

means of re-seeding degraded rangelands too steep or rocky for conventional equipment. 

In order for this to be a practical management tool, viable seeds must survive the digestive 

tract of grazing animals. Survival of grass seeds tested was low and the digestion 

procedures reduced germination of weed seeds. However, weed seed survival was still 

high enough to be of concern to managers. Management decisions, such as confining 

cattle following ingestion of noxious plant seeds or change in grazing season, may be 

useful in preventing the infestation of areas free of weedy species. 



125 

6.5 Literature Cited 

AOSA. 1994. Association of Official Seed Analysts. Rules for testing seeds. 16:1-113. 

Archer, S. and D. A. Pyke. 1991. Plant-animal interactions affecting plant 
establishment and persistence on revegetated rangeland. J. Range 
Manage. 44:558-565. 

Atkeson, F. W., H. W. Hulbert, and T. R. Warren. 1934. Effect of bovine digestion and 
manure storage on the viability of weed seeds. J. Amer. Soc. Agron. 
26:390-397. 

Barrow, J. R. 1988. The potential use of animals for the dispersal and establishment of 
native forage plants. Agron. Abstr., Anaheim, CA. 

Bewley, J. D. and M. Black. 1994. Seeds: physiology of development and 
germination. 2nd Edition. Plenum Press, New York, NY. 

Blackshaw, R. E. and L. M. Rode. 1991. Effect of ensiling and ruminant 
digestion by cattle on weed seed viability. Weed Sci. 39:104-108. 

Bulow-Olsen, A. 1980. Changes in the species composition in an area dominated by 
Deschampsia flexuosa: a result of cattle grazing. Ecol. Conserv. 18:257-270. 

Burton, G. W. 1948. Recovery and viability of seeds of certain southern grasses 
and lespedeza passed through the bovine digestive tract. J. Agr. 
Res. 76:95-103. 

DelCurto, T., R. C. Cochran, D. L. Harmon, A. A. Beharka, K. A. Jaques, G. Towne, and 
E. S. Vanzant. 1990. Supplementation of dormant tall grass-prairie forage: I. 
influence of varying supplemental protein and (or) characteristics of beef steers in 
confinement. J. Anim. Sci. 68:515-531. 

Gardener, C. J., J. C. Mclvor, and A. Jansen. 1993a. Passage of legume and grass 
seeds through the digestive tract of cattle and their survival in feces. J. 
Appl. Ecol. 30:63-74. 

Gardener, C. J., J. C. Mclvor, and A. Jansen. 1993b. Survival of seeds of tropical 
grassland species subject to bovine digestion. J. Appl. Ecol. 30:75-85. 

Gaylean, M. 1993. Laboratory procedures in animal nutrition research. Dept. 
Anim. and Range Sci., New Mexico State University. 



126 

Janzen, D. H. 1984. Dispersal of small seeds by big herbivores: foliage is the 
fruit. Amer. Natur. 123:338-353. 

Laycock, W. A. 1991. Stable states and thresholds of range condition on North 
American rangelands: A viewpoint. J. Range Manage. 44:427-433. 

McDougall, E. I. 1948. Studies on ruminant saliva. I. the composition and output 
of sheep's saliva. Biochem. J. 43:99-109. 

Pyke, D. A. and M. M. Borman. 1992. Problem analysis for the vegetation 
diversity project. USDI, Bur. Land Manage., Corvallis, Ore. 

Russi, L., R. S. Cocks, and E. H. Roberts. 1992. The fate of legume seeds eaten 
by sheep from a Mediterranean grassland. J. Appl. Ecol. 29:772-778. 

SAS. 1991. SAS user's guide: statistics. SAS. Inst, Inc., Cary, NC. 

Simao Neto, M. and R. M. Jones. 1987. Recovery of pasture seed ingested by ruminants. 
2. Digestion of seed in sacco and in vitro. Aust. J. Exp. Agr. 27:247-251. 

Stiles, E. W. 1992. Animals as seed dispersers. In: Fenner, M (ed.), Seeds: the ecology 
of regeneration in plant communities. CAB International, Wallingford, 
Oxon, UK. 

Takabayshi, M., T. Kubota, and H. Abe. 1979. Dissemination of weed seeds 
through cow feces. J. A. R. Q. 13:204-207. 

Tilley, J. M. A. and R. A. Terry. 1963. A two-stage technique for the in vitro 
digestion of forage crops. J. Brit. Grassi. Soc. 18:104. 

Westoby, M., B. Walker, and I. Noy-Meir. 1989. Opportunistic management for 
rangelands not at equilibrium. J. Range Manage. 42:266-274. 

Wicklow D, T. and J. C. Zak. 1983. Viable grass seeds in herbivore dung from a semi
arid grassland. Grass and Forage Sci. 38:25-26. 

Wilson, G. P. M. and D. W. Hennessy. 1977. The germination of excreted kikuyu grass 
seed in cattle dung pats. J. Agr. Sci. 88:247-249. 

Yamada, T. and T. Kawaguchi. 1972. Dissemination of pasture plants by 
livestock. II. Recovery, viability, and emergence of some pasture plant 
seeds passed through digestive tract of dairy cow. J. Japan. Grassi. Sci. 
18:8-15. 



127 

Young, J. A. , R. A. Evans, R. 0. Gifford, and R. E. Eckert, Jr. 1970. Germination 
characteristics of three species of Cruciferae. Weed Sci. 18:41-48. 



128 

7 CONCLUSIONS
 

7.1 Summary 

Secondary succession of degraded rangelands is partially influenced by propagule 

availability (Luken 1990). Many rangelands in the Intermountain West are characterized 

by depleted propagule pools of desirable plant species and increased distribution of 

undesirable and noxious plant species. Changes in livestock grazing practices alone may 

not result in significant improvement of these lands (Pyke and Borman 1992). Information 

is needed regarding dynamics of seed dispersal by grazing animals, cattle to be specific, to 

facilitate establishment and distribution of desirable plants and prevent spread of unwanted 

vegetation on western rangelands. 

Many workers have reported animals spread seeds of desirable and undesirable 

vegetation. Simao Neto and Jones (1986), Simao Neto et al. (1987), Ocumpaugh et al. 

(1991), Al- Mashikhi (1993), and Ocumpaugh and Swakon (1993) have worked with many 

warm season species following ingestion and passage through ruminant digestive systems. 

Few data are available for cool season species. Additionally, many workers have reported 

animals ingest and disseminate viable seeds of weeds including leafy spurge and spotted 

knapweed (Lacey 1990, Lacey et al. 1992, Wallander et al. 1992, Wallander et al. 1995). 

Because livestock influence plant populations by dispersing seeds, and secondary 

succession is partially governed by propagule availability (Luken 1990), it is reasonable 

that feeding seeds of desirable vegetation to free-ranging livestock may be a useful re

seeding method. This tool could be beneficial where livestock can re-seed areas where 
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traditional methods would not work. The objective of this study was to evaluate 

germination of grass and weed species following ruminant digestion. 

Four experiments were conducted using a variety of plant species representing 

combinations of seed size and seed coat hardness and subjected to in vitro digestion. The 

first experiment exposed seeds to varying lengths of digestion to evaluate effects of 

retention time on seed germination. Treatments included 24-hour, 48-hour, 72-hour 

digestion time and control. Seed germination declined for all species with increased time 

in the gastro-intestinal tract. The second experiment examined what part of the digestion 

process causes seed mortality. Seeds were subjected to the different stages of digestion. 

The combination of rumen and abomasal digestion resulted in greatest seed mortality. All 

treatments decreased seed germination for all species except for whitetop and diffuse 

knapweed. The third experiment was conducted to ascertain effects of diet quality on 

seed germination. Seeds were subjected to two different times in two different rumen 

liquor obtained from steers adapted to a high concentrate and high forage diet. Seeds had 

lower germination following digestion. The concentrate treatment eliminated whitetop 

seed germination. The final experiment evaluated germination following passage through 

live animals (in situ) and in vitro digestion. The in situ digestion had lower seed 

germination than in vitro digestion. 

Seeds varied in their ability to withstand ruminant digestion. In general, 

germination of grass species was low. Germination of the weed species was diminished by 

digestion but was high enough for managers to be concerned with spread of viable weed 

seeds. There may be a number of factors responsible for low success rate of the grass 
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species: seed coat hardness; passage rate; and diet quality. Many of the grass seeds had 

soft seed coats, therefore, seeds may have taken up moisture at a faster rate than hard-

coated grass seeds. Imbibitional damage may have occurred with rapid water uptake 

(Bewley and Black 1994). It may be that soft seed coats were degraded easier exposing 

the embryo to digestive processes increasing seed mortality. Once the seed coat was 

digested the embryo was exposed to the digestive process also increasing seed mortality as 

described by Gardener et al. (1993a, 1993b). Seeds may have imbibed but had insufficient 

oxygen therefore were unable to germinate. Exposure to high temperatures (39° C) and 

rumen microbial activity may also account for the mortality. Hard-coated seeds, such as 

whitetop, diffuse knapweed, Indian ricegrass, and needle-and-thread, may lose viability 

more slowly than softer coated grass seeds as described by Archer and Pyke (1991), 

Blackshaw and Rode (1991), Russi et al. (1992), and Gardener et al. (1993b). Indian 

ricegrass and needle-and-thread had low germination following digestion. Indian ricegrass 

seeds may be chemically scarified in sulfuric acid (H2504) to enhance and promote 

germination (Robertson 1976), however the cultivar of Indian ricegrass, Nezpar', used in 

this experiment was selected because of its low percentage of hard seed. This should have 

allowed germination to occur without scarifying the seed coat. However, germination was 

low for all treatments. Ocumpaugh and Valle (1992) found warm-season grass seed 

viability decreased linearly with increased time in the rumen. In these experiments, grass 

seed germination was reduced with exposure to ruminant digestion. In three of the 

experiments grass seed germination was reduced to 0% in all treatments (at different 

digestion times). Diet may influence grass seed germination. Diets high in cellulose and 
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low in starch favor microbial population of mainly cellulolytic and saccharoloytic bacteria 

(Yokoyama and Johnson 1988, Cheeke 1991, Van Soest 1994), thus able to digest soft 

seed coats of grass species used. Diet quality also may have influenced whitetop seed 

germination more than any other factor. Steers fed a high concentrate diet had greater 

seed mortality than roughage treatments. This may be a factor of microbial population 

where concentrate fed steers would have a population of starch digestion microbes able to 

digest whitetop seeds which have a high starch content. Starch-digesting bacteria 

(amylolytic) predominate when ruminants are fed a concentrate diet high in starch (Cheeke 

1991). However, roughage rumen microbial population, adapted to a more fibrous diets, 

was able to reduce germination but not eliminate it as did the concentrate. Some species 

of mustards, including whitetop, secrete a small amount of mucilage around some seeds 

when they are moistened (Young et al. 1970). Perhaps this gelatinous material protects 

whitetop seeds as they pass through the digestion tract as well as aiding in maintaining 

moisture and enhancing soil/seed contact. 

7.2 Management Implications 

It has been suggested that feeding seeds of desirable vegetation to grazing 

livestock may be a useful method of re-seeding degraded rangelands that are to steep and 

rocky for conventional re-seeding methods. In order for this to become a practical 

management tool, viable seeds must first pass through the digestive tract of livestock. 

Grass seeds may not be suitable candidates for re-seeding using this method since 

germination was low. However, the information gained on ability of livestock to spread 
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viable weed seeds is important. It is important for land managers to recognize the ability 

of livestock to distribute viable weed seeds. Whitetop and diffuse knapweed were able to 

survive ruminant digestion. Management decisions such as dry-lotting cattle, changing 

season of use, or feeding high concentrate diets can be made in order to reduce spread of 

weedy species. By dry-lotting cattle managers would wait until all weed seeds pass 

through before moving livestock to the next allotment. Grazing areas early before seeds 

mature and cattle begin to consume them may help to control weed spread. 

Supplementing animals with a high-concentrate diet may help increase mortality of 

ingested weed seeds. 

Further research is required in order for this management tool to be effective. The 

use of livestock to spread species of desirable vegetation may be likely. Upon determining 

the location of seed mortality in the ruminant, seed coat coverings could be developed to 

by-pass destruction either in the rumen or abomasum or both. Other areas of research 

include ability of seeds to germinate and successfully establish in fecal pats; the best way 

to get seeds into the guts of ruminants; and what Intermountain range plant species are 

best suited for this technique. 
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Appendix A. Numbers of seeds germinated (of 50 seeds) exposed to varying in 
vitro digestion times (Chapter 3). 

Block 
Plant Species Treatment 1 2 3 4 Mean SE % Germ 
Crested wheatgrass 24-hour 0 0 0 0 0 0.0000 0 
Crested wheatgrass 48-hour 0 0 0 0 0 0.0000 0 
Crested wheatgrass 72-hour 0 0 0 0 0 0.0000 0 
Crested wheatgrass Control 48 44 46 44 46 0.9574 91 
Bluebunch wheatgrass 24-hour 0 0 0 0 0 0.0000 0 
Bluebunch wheatgrass 48-hour 0 0 0 0 0 0.0000 0 
Bluebunch wheatgrass 72-hour 0 0 0 0 0 0.0000 0 
Bluebunch wheatgrass Control 44 46 43 45 45 0.6455 89 
Whitetop 24-hour 35 28 27 11 25 5.0724 51 
Whitetop 48-hour 6 3 5 1 4 1.1087 8 
Whitetop 72-hour 2 0 1 0 1 0.4787 2 
Whitetop Control 49 50 46 49 49 0.8660 97 
Sherman big bluegrass 24-hour 2 2 1 0 1 0.4787 3 
Sherman big bluegrass 48-hour 0 0 0 0 0 0.0000 0 
Sherman big bluegrass 72-hour 0 0 0 0 0 0.0000 0 
Sherman big bluegrass Control 34 34 33 29 33 1.1902 65 
Needle-and-thread 24-hour 1 0 0 0 0 0.2500 1 

Needle-and-thread 48-hour 0 0 0 0 0 0.0000 0 
Needle-and-thread 72-hour 0 0 0 0 0 0.0000 0 
Needle-and-thread Control 19 21 21 19 20 0.5774 40 
Basin wildrye 24-hour 0 1 0 0 0 0.2500 1 

Basin wildrye 48-hour 0 0 0 0 0 0.0000 0 
Basin wildrye 72-hour 0 0 0 0 0 0.0000 0 
Basin wildrye Control 49 48 49 47 48 0.4787 97 
Thickspike wheatgrass 24-hour 0 0 0 0 0 0.0000 0 
Thickspike wheatgrass 48-hour 0 0 0 0 0 0.0000 0 
Thickspike wheatgrass 72-hour 0 0 0 0 0 0.0000 0 
Thickspike wheatgrass Control 45 49 47 48 47 0.8539 95 
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Appendix Bl. Numbers of seeds (of 50 seeds) exposed to different stages of in vitro 
digestion (Chapter 4). 

Block 
Plant Species Treatment 1 2 3 4 Mean SE % Germ 
Bluebunch wheatgrass Water+CO2 32 17 18 23 23 3.4278 45 
Bluebunch wheatgrass Water+02 38 34 29 21 31 3.6629 61 
Bluebunch wheatgrass Stage I 26 27 20 15 22 2.7988 44 
Bluebunch wheatgrass Stage I+ II 0 0 0 0 0 0.0000 0 
Bluebunch wheatgrass Stage II 0 8 17 6 8 3.5208 16 
Bluebunch wheatgrass Control 39 44 45 44 43 1.3540 86 
Whitetop Water+CO2 50 47 50 40 47 2.3585 94 
Whitetop Water+02 48 47 49 41 46 1.7970 93 
Whitetop Stage I 47 49 44 39 45 2.1747 90 
Whitetop Stage I + II 42 37 13 1 23 9.7500 47 
Whitetop Stage II 41 43 37 30 38 2.8687 76 
Whitetop Control 44 46 50 42 46 1.7078 91 
Diffuse knapweed Water+CO2 37 40 43 38 40 1.3229 79 
Diffuse knapweed Water+02 42 48 45 46 45 1.2500 91 
Diffuse knapweed Stage I 44 42 34 13 33 7.0873 67 
Diffuse knapweed Stage I+ II 0 0 0 0 0 0.0000 0 
Diffuse knapweed Stage II 0 0 0 0 0 0.0000 0 
Diffuse knapweed Control 45 41 47 42 44 1.3769 88 
Indian ricegrass Water+CO2 1 0 0 0 0 0.2500 1 

Indian ricegrass Water+02 1 0 1 1 1 0.2500 2 
Indian ricegrass Stage I 0 0 0 0 0 0.0000 0 
Indian ricegrass Stage I+ II 0 0 0 0 0 0.0000 0 
Indian ricegrass Stage II 0 0 0 0 0 0.0000 0 
Indian ricegrass Control 0 1 3 6 3 1.3229 5 
Sherman big bluegrass Water+CO2 19 18 21 24 21 1.3229 41 
Sherman big bluegrass Water+02 24 30 20 31 26 2.5941 53 
Sherman big bluegrass Stage I 18 24 21 16 20 1.7500 40 
Sherman big bluegrass Stage I+ II 0 1 0 0 0 0.2500 1 

Sherman big bluegrass Stage II 15 17 12 13 14 1.1087 29 
Sherman big bluegrass Control 34 35 34 36 35 0.4787 70 
Needle-and-thread Water+CO2 5 5 5 2 4 0.7500 9 
Needle-and-thread Water+02 4 7 7 6 6 0.7071 12 
Needle-and-thread Stage I 5 7 8 6 7 0.6455 13 
Needle-and-thread Stage I+ II 0 0 0 0 0 0.0000 0 
Needle-and-thread Stage II 6 5 2 2 4 1.0308 8 
Needle-and-thread Control 28 19 16 17 20 2.7386 40 
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Appedix B2. Numbers of seeds (of 50 seeds) exposed to different stages of in vitro 
digestion (Chapter 4). 

Block 
Plant Species Treatment 1 2 3 4 Mean SE % Germ 
Thickspike wheatgrass Water+CO2 37 40 43 39 40 1.2500 80 
Thickspike wheatgrass Water+02 37 41 41 40 40 0.9465 80 
Thickspike wheatgrass Stage I 34 32 35 36 34 0.8539 69 
Thickspike wheatgrass Stage 1+ II 0 0 0 0 0 0.0000 0 
Thickspike wheatgrass Stage II 9 0 0 15 6 3.6742 12 
Thickspike wheatgrass Control 46 48 44 49 47 1.1087 94 
Hard fescue Water I CO2 30 19 21 18 22 2.7386 44 
Hard fescue Water+02 29 34 29 28 30 1.3540 60 
Hard fescue Stage I 23 28 25 17 23 2.3229 47 
Hard fescue Stage I+ II 0 0 0 0 0 0.0000 0 
Hard fescue Stage II 8 1 0 7 4 2.0412 8 
Hard fescue Control 41 38 35 33 37 1.7500 74 
Basin wildrye Water+CO2 34 41 39 33 37 1.9311 74 
Basin wildrye Water+02 33 40 40 36 37 1.7017 75 
Basin wildrye Stage I 41 37 37 32 37 1.8428 74 
Basin wildrye Stage I+ II 0 0 4 0 1 1.0000 2 
Basin wildrye Stage II 18 42 20 19 25 5.7645 50 
Basin wildrye Control 50 46 49 48 48 0.8539 97 
Snake River wheatgrass Water+CO2 1 4 1 2 2 0.7071 4 
Snake River wheatgrass Water+02 7 3 0 2 3 1.4720 6 
Snake River wheatgrass Stage I 2 2 0 0 1 0.5774 2 
Snake River wheatgrass Stage I+ II 0 0 0 0 0 0.0000 0 
Snake River wheatgrass Stage II 0 0 0 0 0 0.0000 0 
Snake River wheatgrass Control 26 18 16 22 21 2.2174 41 
Intermediate wheatgrass Water+CO2 40 31 33 32 34 2.0412 68 
Intermediate wheatgrass Water+02 37 31 40 36 36 1.8708 72 
Intermediate wheatgrass Stage I 44 33 35 28 35 3.3417 70 
Intermediate wheatgrass Stage I+ H 0 0 0 0 0 0.0000 0 
Intermediate wheatgrass Stage II 8 1 0 0 2 1.9311 5 
Intermediate wheatgrass Control 49 47 49 50 49 0.6292 98 
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Appendix C. Numbers of seeds (of 50 seeds) exposed to in vitro digestion using rumen 
liquor collected from concentrate-fed versus roughage-fed steers 
(Chapter 5). 

Block 
Plant Species Treatment 1 2 3 4 Mean SE % Germ 
Whitetop 35-hour water 47 47 49 45 47 0.8165 94 
Whitetop 59-hour water 49 48 47 45 47 0.8539 95 
Whitetop 35-hour concentrate 0 1 0 0 0 0.2500 1 

Whitetop 59-hour conccentrate 0 0 0 0 0 0.0000 0 
Whitetop 35-hour roughage 16 23 9 0 12 4.9160 24 
Whitetop 59-hour roughage 26 12 17 1 14 5.2122 28 
Whitetop Control 49 50 49 50 50 0.2887 99 
Indian ricegrass 35-hour water 0 1 0 0 0 0.2500 1 

Indian ricegrass 59-hour water 1 0 0 0 0 0.2500 1 

Indian ricegrass 35-hour concentrate 0 0 0 0 0 0.0000 0 
Indian ricegrass 59-hour conccentrate 0 0 0 0 0 0.0000 0 
Indian ricegrass 35-hour roughage 1 0 0 0 0 0.2500 1 

Indian ricegrass 59-hour roughage 0 0 0 0 0 0.0000 0 
Indian ricegrass Control 2 0 3 8 3 1.7017 7 
Needle-and-thread 35-hour water 4 0 5 2 3 1.1087 6 
Needle-and-thread 59-hour water 4 3 5 1 3 0.8539 7 
Needle-and-thread 35-hour concentrate 0 0 0 0 0 0.0000 0 
Needle-and-thread 59-hour conccentrate 0 0 0 0 0 0.0000 0 
Needle-and-thread 35-hour roughage 0 0 0 0 0 0.0000 0 
Needle-and-thread 59-hour roughage 1 0 0 0 0 0.2500 1 

Needle-and-thread Control 22 23 16 18 20 1.6520 40 
Sherman big bluegrass 35-hour water 3 18 12 22 14 4.1307 28 
Sherman big bluegrass 59-hour water 17 19 9 10 14 2.4958 28 
Sherman big bluegrass 35-hour concentrate 0 0 0 0 0 0.0000 0 
Sherman big bluegrass 59-hour conccentrate 0 0 1 0 0 0.2500 1 

Sherman big bluegrass 35-hour roughage 0 0 0 0 0 0.0000 0 
Sherman big bluegrass 59-hour roughage 0 0 0 0 0 0.0000 0 
Sherman big bluegrass Control 38 35 37 37 37 0.6292 74 
Bluebunch wheatgrass 35-hour water 34 30 29 14 27 4.3851 54 
Bluebunch wheatgrass 59-hour water 31 19 18 12 20 3.9791 40 
Bluebunch wheatgrass 35-hour concentrate 0 0 0 0 0 0.0000 0 
Bluebunch wheatgrass 59-hour conccentrate 0 0 0 0 0 0.0000 0 
Bluebunch wheatgrass 35-hour roughage 0 0 0 0 0 0.0000 0 
Bluebunch wheatgrass 59-hour roughage 0 0 0 0 0 0.0000 0 
Bluebunch wheatgrass Control 43 43 48 45 45 1.1815 90 
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Appendix C. Numbers of seeds (of 50 seeds) exposed to in vitro digestion using rumen 
liquor collected from concentrate-fed versus roughage-fed steers 
(Chapter 5) (cont.). 

Block 
Plant Species Treatment 1 2 3 4 Mean SE % Germ 
Dalmation toadflax 35-hour water 2 1 2 3 2 0.4082 4 
Dalmation toadflax 59-hour water 10 3 1 7 5 2.0156 11 

Dalmation toadflax 35-hour concentrate 0 0 0 0 0 0.0000 0 
Dalmation toadflax 59-hour conccentrate 0 0 0 0 0 0.0000 0 
Dalmation toadflax 35-hour roughage 0 0 0 0 0 0.0000 0 
Dalmation toadflax 59-hour roughage 0 0 0 0 0 0.0000 0 
Dalmation toadflax Control 8 17 3 5 8 3.0923 17 
Diffuse knapweed 35-hour water 50 49 35 39 43 3.7053 87 
Diffuse knapweed 59-hour water 32 28 17 16 23 3.9870 47 
Diffuse knapweed 35-hour concentrate 0 0 0 0 0 0.0000 0 
Diffuse knapweed 59-hour conccentrate 0 0 0 0 0 0.0000 0 
Diffuse knapweed 35-hour roughage 0 0 0 0 0 0.0000 0 
Diffuse knapweed 59-hour roughage 0 0 0 0 0 0.0000 0 
Diffuse knapweed Control 44 50 47 45 47 1.3229 93 



147 

Appendix D. Numbers of seeds germinated (of 50 seeds) following in situ versus in vitro 
digestion (Chapter 6). 

Block 
Plant Species Treatment 1 2 3 Mean SE % Germ 
Bluebunch wheatgrass in vitro 24 35 29 28 31 2.1858 61 
Bluebunch wheatgrass in vitro 48 21 25 16 21 2.6034 41 
Bluebunch wheatgrass in situ 24 3 0 1 1 0.8819 3 

Bluebunch wheatgrass in situ 48 0 0 0 0 0.0000 0 
Bluebunch wheatgrass Control 43 45 47 45 1.1547 90 
Whitetop in vitro 24 45 45 43 44 0.6667 89 
Whitetop in vitro 48 47 44 46 46 0.8819 91 
Whitetop in situ 24 45 47 46 46 0.5774 92 
Whitetop in situ 48 45 44 44 44 0.3333 89 
Whitetop Control 47 48 48 48 0.3333 95 
Diffuse knapweed in vitro 24 47 41 45 44 1.7638 89 
Diffuse knapweed in vitro 48 22 14 4 13 5.2068 27 
Diffuse knapweed in situ 24 30 17 24 24 3.7565 47 
Diffuse knapweed in situ 48 0 0 0 0 0.0000 0 
Diffuse knapweed Control 48 46 45 46 0.8819 93 
Hard fescue in vitro 24 26 31 34 30 2.3333 61 
Hard fescue in vitro 48 21 25 23 23 1.1547 46 
Hard fescue in situ 24 4 0 9 4 2.6034 9 
Hard fescue in situ 48 0 2 2 1 0.6667 3 
Hard fescue Control 43 41 39 41 1.1547 82 
Basin wildrye in vitro 24 37 40 43 40 1.7321 80 
Basin wildrye in vitro 48 32 33 38 34 1.8559 69 
Basin wildrye in situ 24 29 1 32 21 9.8714 41 
Basin wildrye in situ 48 2 0 11 4 3.3830 9 
Basin wildrye Control 49 47 46 47 0.8819 95 
Indian ricegrass in vitro 24 1 1 0 1 0.3333 1 

Indian ricegrass in vitro 48 0 1 0 0 0.3333 1 

Indian ricegrass in situ 24 0 0 0 0 0.0000 0 
Indian ricegrass in situ 48 1 0 0 0 0.3333 1 

Indian ricegrass Control 6 12 1 6 3.1798 13 

Sherman big bluegrass in vitro 24 14 27 12 18 4.7022 35 
Sherman big bluegrass in vitro 48 23 11 16 17 3.4801 33 
Sherman big bluegrass in situ 24 6 0 5 4 1.8559 7 
Sherman big bluegrass in situ 48 0 0 5 2 1.6667 3 
Sherman big bluegrass Control 32 36 30 33 1.7638 65 
Snake River wheatgrass in vitro 24 7 3 1 4 1.7638 7 
Snake River wheatgrass in vitro 48 1 2 2 2 0.3333 3 

Snake River wheatgrass in situ 24 0 0 0 0 0.0000 0 
Snake River wheatgrass in situ 48 0 0 0 0 0.0000 0 
Snake River wheatgrass Control 25 20 14 20 3.1798 39 
Needle-and-thread in vitro 24 18 16 12 15 1.7638 31 
Needle-and-thread in vitro 48 6 7 4 6 0.8819 11 

Needle-and-thread in situ 24 3 1 6 3 1.4530 7 
Needle-and-thread in situ 48 0 0 1 0 0.3333 1 

Needle-and-thread Control 21 28 13 21 4.3333 41 
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Appendix E. Paired t-test comparing Captan versus non-Captan 
treated seeds. 

Whitetop 
Captan Non-Captan 

Mean 24.28571429 25.03571429 
Variance 483.2486772 463.6653439 
Observations 28 28 
Pearson Correlation 0.991245257 
Hypothesized Mean Difference 0 
df 27 
t Stat -1.361969835 
P(T <=t) one-tail 0.092231715 
t Critical one-tail 1.703288035 
P(T<=t) two-tail 0.184463431 
t Critical two-tail 2.051829142 

Needle-and-thread 
Captan Non-Captan 

Mean 3.714285714 4.464285714 
Variance 48.28571429 51.73941799 
Observations 28 28 
Pearson Correlation 0.751158702 
Hypothesized Mean Difference 0 
df 27 
t Stat -0.794756302 
P(T<=t) one-tail 0.21684308 
t Critical one-tail 1.703288035 
P(T<=t) two-tail 0.433686161 
t Critical two-tail 2.051829142 

Indian ricegrass 
Captan Non-Captan 

Mean 0.571428571 1.571428571 
Variance 2.624338624 10.62433862 
Observations 28 28 
Pearson Correlation 0.805625782 
Hypothesized Mean Difference 0 
df 27 
t Stat -2.430277762 
P(T<=t) one-tail 0.011005325 
t Critical one-tail 1.703288035 
P(T<=t) two-tail 0.022010649 
t Critical two-tail 2.051829142 
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Appendix E. Paired t-test comparing Captan versus non-Captan 
treated seeds (cont.). 

Sherman big bluegrass 
Captan Non-Captan 

Mean 9.214285714 8.5 
Variance 178.6190476 143 
Observations 28 28 
Pearson Correlation 0.878533076 
Hypothesized Mean Difference 0 
df 27 
t Stat 0.591695643 
P(T<=t) one-tail 0.279488318 
t Critical one-tail 1.703288035 
P(T<=t) two-tail 0.558976636 
t Critical two-tail 2.051829142 

Bluebunch wheatgrass 
Captan Non-Captan 

Mean 13.07142857 14.35714286 
Variance 300.957672 326.0899471 
Observations 28 28 
Pearson Correlation 0.942180732 
Hypothesized Mean Difference 0 
df 27 
t Stat -1.122566512 
P(T<=t) one-tail 0.135752635 
t Critical one-tail 1.703288035 
P(T<=t) two-tail 0.271505271 
t Critical two-tail 2.051829142 

Diffuse lmapweed 
Captan Non-Captan 

Mean 16.14285714 16.07142857 
Variance 421.2380952 435.4761905 
Observations 28 28 
Pearson Correlation 0.989421417 
Hypothesized Mean Difference 0 
df 27 
t Stat 0.124747584 
P(T<=t) one-tail 0.450823773 
t Critical one-tail 1.703288035 
P(T<=t) two-tail 0.901647545 
t Critical two-tail 2.051829142 
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Appendix E. Paired t-test comparing Captan versus non-Captan 
treated seeds (cont.). 

Dalmation toadflax 
Captan Non-Captan 

Mean 2.214285714 1.75 
Variance 15.8042328 9.231481481 
Observations 28 28 
Pearson Correlation 0.476808752 
Hypothesized Mean Difference 0 
df 27 
t Stat 0.668222408 
P(T<=t) one-tail 0.254832123 
t Critical one-tail 1.703288035 
P(T<=t) two-tail 0.509664245 
t Critical two-tail 2.051829142 




