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ABSTRACT 

In 2006 – 2008 ‘Willow Creek’ winter wheat and ‘Trical 102’ triticale were evaluated for 
biomass production and forage quality under grazing and hay systems in Montana. Forage 
cultivars of winter wheat and triticale were subjected to a single grazing event at three growth 
stages (vegetative, boot, or heading) in the late spring. Subsequent regrowth from each grazing 
event was harvested as hay.  
 Growth of winter cereals was modeled with environmental conditions. Both cultivars 
reached 100% headed between accumulated growing degree day (base 5 C°) 1090 and 1245 
(between July 7 and 13) during the three year trial. During this period, winter cereals 
experienced rapid forage growth, and grew 1.4 to 2.6 cm daily and produced 87 to 248 kg ha-1 
daily. In two years, triticale had superior forage biomass compared to winter wheat.  
 Forage quality of winter cereals was excellent at the vegetative stage of growth and 
declined until the final forage harvest dates.  At all growth stages winter wheat and triticale had 
similar levels of forage quality. However, the rates of digestibility of winter wheat pasture and 
hay were greater than those of triticale. When grazed at increasing stages of maturity, winter 
cereals demonstrated variable forage regrowth yield and quality. Delaying grazing until later 
dates coincided with hot and dry growing season conditions and limited forage regrowth 
potential. Regrowth of grazed cereals declined in forage quality with advancing maturity. Nitrate 
concentrations were high enough to concern producers with pregnant livestock grazing in spring 
or when grazing regrowth. Grass tetany was found to be a potential risk to lactating livestock 
grazing early vegetative winter cereal forage. In a whole animal digestion trial, winter wheat hay 
was had similar digestibility when compared to traditional grass alfalfa hay, in a sheep 
maintenance diet.  
 Winter cereals can offer producers a viable option for a pasture-hay system in Montana. 
Maximum total biomass was a single cutting of hay at anthesis and early grain development. 
Therefore, it will be necessary for livestock producers to consider total biomass, availability and 
cost of pasture and hay, and forage quality, when using a pasture-hay system in Montana. 
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CHAPTER 1 

INTRODUCTION 

Livestock producers in Montana are often confronted with the challenge of 

obtaining feed that is affordable while still providing adequate nutrition to foster animal 

performance. Cereal forage crops are an inexpensive and reliable source of winter feed 

for livestock in Montana. Grazing winter wheat is a common management system in the 

southern Great Plains. Income in this dual purpose crop-livestock system is derived from 

both the value added to the grazing stocker cattle as well as from grain harvest. Winter 

cereals have the potential to offer producers in Montana a similar integrated crop-

livestock system. Allowing livestock to graze winter cereals in late spring could provide 

temporary rest for native range. Harvesting the subsequent regrowth later in the summer 

for hay would also provide producers with a source of high quality winter forage. The 

objective of this study was to evaluate spring growth of winter cereals used for potential 

use as a pasture-hay system in Montana. 
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CHAPTER 2 

LITERATURE REVIEW 

Agriculture in Montana 

Nearly sixteen million hectares of land are devoted to private farming and 

ranching operations in Montana (NASS, 2008).  Cattle (Bos taurus) and sheep (Ovis 

aries) operations in Montana contribute significantly to the livestock industry of the 

United States, with rankings of 4th in the nation for lamb production and 7th in the nation 

for calf production in 2007 (NASS, 2008). Cow-calf operations make up the largest 

portion of the Montana livestock industry with the total cattle industry valued at an 

estimated 2.52 billion dollars in 2007 (NASS, 2008).  The income from Montana calves 

sold to out of state cattle buyers and feedlots totaled 991 million dollars in 2007 (NASS, 

2008). In addition to livestock production, Montana also held rankings of 3rd in the nation 

for both wheat (Triticum aestivum L.) and barley (Hordeum vulgare L.) production in 

2007 (NASS, 2008). Rising feed costs, forage production costs, and consistent drought 

conditions in Montana have left producers looking for alternative feed and forage 

sources. 
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Forage Base in Montana 

In Montana, nearly 16 million hectares of private land are rangelands and pasture 

used for grazing livestock (NASS, 2008). An additional two-thirds of the 12 million 

hectares of public land is also available for grazing. Livestock in Montana survive largely 

on native forage from late spring to early winter, depending on environmental and 

management conditions and available forage. Net production of perennial grasses is tied 

directly to environmental conditions. Research conducted at the USDA-ARS Fort Keogh 

Livestock and Research Laboratory near Miles City MT determined that 35, 69, and 91% 

of the annual net perennial grass production was completed by May 1, June 1, and July 1 

respectively (Heitschmidt and Vermeire, 2005). Additionally, the authors estimate that 

two-thirds of yearly perennial grass production to be complete by July 1, in 19 out of 20 

years. Another issue facing livestock producers is the rising cost of private grazing leases. 

Private grazing fees have increased from an estimate $14.70 per AUM in 2000 to an 

average of $19.20 per AUM in 2007 (NASS, 2008). In a region where the native forage 

base has largely completed producing biomass by early July, it is frequently necessary for 

livestock producers to use unique management plans to insure the integrity of their native 

pastures. Such management practices can include pasture rotation, re-establishment of 

pastures, energy supplementation, and supplemental pasture crops. 

Another economically important facet of the livestock industry in Montana is 

winter feed. With winter feed being the single largest expense for cattle operations in 

Montana (Kincheloe and Hathaway, 2006), the careful management of hay and 

stockpiled forage is extremely important for producers. Moreover, finding new sources of 
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winter feed with improved quality can be of enormous benefit to livestock producers.  In 

2007, 4.5 million metric tons of alfalfa (Medicago sativa) and other traditional forages, 

harvested from 1 million ha, were used to feed livestock through the long Montana 

winter. However, as the cost of production for hay increases, the overall price of winter 

feed increases as well. The average price of alfalfa hay in Montana from July to 

September 2008 was $125.00 per metric ton, which is a significant increase in cost 

compared to the July through September average of $72.60 per  metric ton in 2000 to 

2007 (NASS, 2008). As it becomes more expensive to feed livestock, producers are 

turning to new alternatives for winter roughages, including cereal crops. 

Cereal Crops in Montana 

In Montana, cereal grain crops such as spring wheat, winter wheat, and barley 

were harvested on an average of 1,156,000 ha, 640,000 ha, and 321,000 ha each yr 

respectively, from 2000 to 2007 (NASS, 2008). Wheat is still the most widely planted 

crop in Montana; however, it is followed in unit area by land left in summer fallow 

(NASS, 2008). Harsh environmental and soil conditions in Montana limit the resources to 

grow annual crops at the same site year after year (continuous recropping).  Therefore, 

summer fallow is a historical management practice to conserve and replenish soil 

moisture and nutrients.  Preplant soil water content has been found to be higher following 

summer fallow than any other crop, and in semiarid areas prone to cyclical drought, this 

management practice is used to stabilize grain yields (Lenssen et al., 2007). 

Annual cereal crops such as wheat and barley are not only used for grain 

production, but are harvested for forage as well. Montana has recently seen a significant 
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increase in acreage of hay barley planted. Producers plant hay barley varieties such as 

‘Haybet’ for forage crops to take advantage of reduced input costs coupled with a high 

yield high quality of livestock feed (Surber, 2006). During drought years cereal grain 

forages can provide livestock producers with a flexible feed source when native perennial 

grasses become limited.  Annual cereals are well suited for forage production with a great 

number of species available. While there are currently no intensive breeding programs 

specifically for cereal forages, some efforts have been made to remove awns and increase 

forage yield. Additionally, cereal crops also provide flexible management options in 

respect to planting and harvest dates, as well as not requiring special equipment for 

seeding and forage harvest purposes. Finally rotating annual cereal crops with alfalfa can 

reduce the buildup of species-specific pests, fungi, and weed infestations (Stoskopf, 

1985).  

Annual Forages for Hay 

Annual cereals harvested as hay have become a valuable source of feed for 

livestock and gained popularity as an alternative feed source to traditional hays because 

of their forage quality and yield (Surber, 2006). Cereal forages not only provide a high 

dry matter yield, but also a source of good quality feed for livestock (Stoskopf, 1985). In 

a review of annual cereal forages grown in yield trails conducted from 1998 to 2002 at 

the Central Montana Agricultural Research Center, under persistent drought conditions, 

all winter and spring cereals demonstrated higher yields than alfalfa or bromegrass 

(Bromus ripaius) (Cash et al., 2007b). In areas where moisture is a limiting factor for 

forage and grain yield the inclusion of alfalfa can reduce crop yields in the following year 
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because of continuous water use starting early in the spring, whereas annual crops leave 

behind a considerable amount of soil moisture (Entz et al., 2002).  After several 

consecutive years of drought, the traditional hay stands such as alfalfa and perennial grass 

did not recover their forage yield, while the cereal crops continued to produce acceptable 

hay crops under recropping (Cash et al., 2007b). Winter triticale (X Triticosecale 

Witmack) was consistently the highest yielding cereal, followed closely by Haybet hay 

barley. In backgrounding trials conducted at MSU, steers had an average daily gain 

(ADG) of 1.24 kg d-1 when fed Haybet barley and ADG of 1.40 kg d-1 when fed winter 

wheat hay as a ration (Robison et al., 2001; Todd et al., 2007).  

Annual cereal crops have rapidly gained acceptance as a forage source in 

Montana. In 2007 producers harvested 140,000 ha of cereal grain for hay compared with 

667,000 ha of alfalfa (NASS, 2008).  The predominant cereals currently planted for hay 

are barley cultivars (Cash et al., 2007b); however there is an emerging interest in winter 

cereals as forage. Winter crops are planted in the autumn and forage harvest is ready 

earlier than spring-seeded cereals. Fall planting can be a valuable management technique 

for producers with crop and livestock enterprises who desire to lighten their spring 

workloads. Winter cereals often have more dry matter production per unit area than 

spring cereals. Winter cereals provide good crop options for weed, disease, and insect 

control when rotating out of other more common forage crop stands such as alfalfa 

(Stoskopf, 1985).  In addition to high yields, forage produced from winter cereals is of 

excellent quality and highly palatable to livestock (Stoskopf, 1985). In a backgrounding 

trial conducted at Montana State University, winter wheat hay performed similarly in 
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regards to cattle gains compared to forage barley hay (Todd et al., 2007). Finally, 

preliminary results from Cash (2007a) has found winter wheat forage to be low risk for 

nitrate toxicity, which is a common problem of cereal forages grown in Montana.  

Annual Forages for Grazing 

Winter wheat is widely used as pasture in the southern Great Plains, prior to grain 

harvest, to maximize returns per ha by providing producers with income from both grain 

and cattle enterprises (Holman et al., 2005). Fall seeded cereals could supply livestock 

producers in Montana with a flexible management option as an integrated crop-livestock 

system with late spring grazing providing complementary pasture for livestock, and mid-

summer regrowth providing a source for winter forage when harvested for hay. Grazing 

winter wheat pasture could create a valuable management plan to reduce pressure on cool 

season native rangeland in early summer, while providing lactating livestock with high 

quality forage. Similar management practices have not been widely assessed in Montana 

due to the harsh winters and dry growing conditions that often limit forage growth. A 

study conducted at the University of California Intermountain Research and Extension 

Center, in 2001 and 2002 evaluated the effects of plant maturity at grazing on the amount 

of forage available for grazing, yield of subsequent regrowth, and total combined forage 

production (Drake and Orloff, 2005). The authors reported that a single grazing event, 

occurring at 15 cm of crop height, produced a similar (P ≤ 0.05) amount of regrowth 

(18,830 kg ha-1) when measured at haying as plots that were not clipped (20,175 kg ha-1). 

However, when clipping occurred at 30 cm of plant height, hay production was reduced 

by 20% (reduced to 16,140 kg ha-1).  Additionally, Yau (2003) studied the effects of 
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clipping and sheep grazing on early planted barley in semi-arid areas Africa. The author 

reported no difference (P ≤ 0.05) in straw yield from barley that was grazed or clipped 

early in plant maturity (3870 kg ha-1), compared to barley not grazed or clipped (4260 kg 

ha-1).  The research conducted by Drake and Orloff (2005) and Yau (2003) are good 

comparison studies as they were conducted in environmental conditions similar to the 

northern Great Plains and used crops commonly grown in Montana. However, Drake and 

Orloff (2005) used clipping to apply the treatment, when actual livestock grazing is a 

more reliable method for studying grazing impacts. Yau (2003) used sheep to graze 

barley, as it is a common practice in northern Africa, but did not measure forage yield at 

hay harvest, only straw yield. Further, Drake and Orloff (2005) used an irrigated crop 

system, a common management practice in California; no studies have been conducted 

under rainfed conditions in the northern Great Plains.   

Integrated Crop-livestock Systems in the Southern Great Plains 

Winter wheat represents a unique and economically important resource in the 

southern Great Plains, where income is derived from both grain production and the 

increased value added to grazing stocker cattle (Redmon et al., 1995). Economic yield is 

not confined to only the amount of grain produced (Carver et al., 1991), and while the 

grain component is still the major commodity of winter wheat enterprises, net farm 

income can be improved by using wheat for both forage and grain (Christiansen et al., 

1989; Redmon et al., 1995). In a given year, up to 80% of the wheat acreage in the 

southern Great Plains is grazed at some point, depending on current markets, 

environmental conditions, and Farm Programs (Pinchak et al., 1996). Redmon et al. 
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(1995) estimated the contribution of grain and cattle enterprises to total net returns from 

the years of 1984 to 1993 in Oklahoma. Four pasture lease surveys conducted over the 

10-yr period estimated the opportunity cost of the forage. The forage value was then 

considered either as an increase in revenue to the grain value, or as a reduction in the 

revenue. On average, grain production accounted for 59% of total net returns during the 

10-yr period, while gains on cattle contributed 41% of net returns. Growing winter wheat 

for dual purpose use requires careful management of livestock grazing and wheat grain 

production including an evaluation of environmental conditions together with market 

values of livestock and grain.  

Under conditions when moisture is limited, the value of the forage often exceeds 

the value of the grain and grazing the crop reduces economic risks. Large areas of the 

southern Great Plains typically have abundant precipitation in the winter and spring and 

nearly sufficient to deficient precipitation in the summer and autumn. Therefore, 

matching cropping and grazing cycles with climatic conditions is essential for reliable 

production (Franzluebbers, 2007). Diversification of production systems can decrease 

risks and improve profit (Carver et al., 1991).  Risks associated with grain or forage 

yields often fluctuate in response to variable environmental conditions (Clapham et al., 

2008). Producers in the southern Great Plains use integrated crop-livestock systems to 

reduce variability in forage and grain yields due to environmental dynamics. 

Additionally, integration of resources to different uses allows producers to optimize the 

capacity of their land as well as produce desirable commodities. In a summary discussing 

integrated crop-livestock systems in the southeastern United States, Franzluebbers (2007) 
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referenced several reasons why that particular management scheme could be beneficial, 

including that specialized farms are operating on a marginal profit with economic 

vulnerability coming from specialized production. Winter wheat pasture provides a high 

quality supplemental feed for cattle, allowing producers to take advantage of market 

conditions when beef production is favored (Redmon, 1995).  

Wheat pastures provide a link for millions of fall stocker calves that arrive 

annually in southern Great Plains prior to shipping to feedlots located in the central Great 

Plains (MacKown and Carver, 2005). Wheat forage supplies a high quality pasture which 

allows producers to take advantage of compensatory growth before the stocker calves are 

sent to the feedlot. Allowing stocker cattle to graze winter wheat provides producers with 

a low-cost gain on the animal (Iftikhar, 2002). Winter cereals produce a highly palatable 

and succulent growth for grazing livestock, where stocker cattle can often obtain gains 

exceeding 1 kg day-1 (Stoskopf, 1985). Inexpensive methods of obtaining growth on 

stocker cattle bound for the feedlots are increasingly important. Since the boom of the 

corn-based ethanol market, corn ( Zea mays) prices and demands have steadily increased. 

According to the National Agricultural Statistics Service (NASS, 2008), the price of corn 

jumped from an average of $0.073 kg-1 in 2005 to $0.147 kg-1 in 2007. With the 

increasing corn prices, producers have seen significant increases in wheat and barley 

grain markets as well.  Winter wheat used as pasture provides producers in the southern 

Great Plains with inexpensive gains on stocker cattle as well as income from grain yield. 
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Management of Wheat in Dual-purpose Systems 

Wheat intended for dual-purpose use is managed differently than wheat intended 

solely for grain production. Historically, wheat breeding and development programs have 

focused only on grain yield and quality (Winter and Thompson, 1990) as genetic 

modification under a grain only system is easier and much different from that of a dual-

purpose system as they invoke different adaptive mechanisms (Iftikhar et al., 2002). 

Selection of planting date is one of the most important management decisions for grain 

producers (Hossain et al., 2003). Wheat intended for grain only systems is generally 

planted in mid-October in southern regions such as Oklahoma (Hossain et al., 2003; 

Winter and Thompson, 1990; Iftikhar et al., 2002). Winter wheat intended for dual 

purpose use is often planted earlier, in late August or early September (Epplin et al., 

2000; Winter and Thompson, 1990). Stocker cattle are usually allowed to graze wheat 

pasture anytime from early November to mid-March and harvested for grain in June 

(Iftikhar et al., 2002). Earlier planting increases forage production and grazing duration. 

Some wheat is planted as early as August and irrigated in the fall to produce sufficient 

forage to carry heavy stocking rates through the winter (Winter and Thompson, 1987). 

Often, wheat planted at the optimum date for grain production will not produce enough 

excess forage for grazing (Winter and Thompson, 1990; Iftikhar et al., 2002). Wheat 

intended soley for grain only production will not benefit from early planting due to 

excess forage resulting in lodging. Lodging is the bending and breaking of plants from 

their normal upright position and often causes significant grain yield decreases due to 

interruption of photosynthesis or indirect yield losses due to harvesting difficulties of 
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lodged grains (Stoskopf, 1985). A study conducted in Lohoma, OK (Hossain et al., 2003) 

found that a maximum grain yield of 3196 kg ha-1 resulted from wheat planted on 

October 6, however the expected fall-winter forage was only 246 kg ha-1. When wheat 

was planted on August 24, grain yield declined to 1879 kg ha-1, but fall-winter forage was 

found to be 3277 kg ha-1.   

In addition to time of planting, producers also consider the type of cultivar for use 

in an integrated crop-livestock system. Miller et al. (1993) found significant differences 

in forage production and subsequent grain production among wheat and triticale cultivars 

when subjected to clipping at different growth stages. A differential effect of grazing on 

grain yield among wheat cultivars is well documented (Redmon et al., 1995; Redmon et 

al., 1996; Dunphy et al., 1982). Studies suggest that grazing (during fall, winter, or 

spring) is often more detrimental to the subsequent grain yield of semidwarf cultivars 

when compared to tall cultivars (Pumphrey, 1970; Christiansen et al., 1989; Winter and 

Thompson, 1990). Finally, stage of growth at grazing and severity of defoliation have a 

significant impact on subsequent grain yield (Pumphrey, 1970; Dunphy et al., 1984; 

Christiansen et al., 1989). Dunphy et al (1982) recommended that producers should 

terminate grazing before early jointing rather than according to a calendar date when 

optimum grain yield is desired. Redmon et al. (1996) found that grazing semidwarf 

winter wheat beyond the presence of the first hollow stem had a negative impact on total 

net return of the system. Furthermore, the impact of prolonged grazing and grain yield 

loss was found to be so severe, that even with very high cattle prices and very low grain 

prices considered, the increased cattle gains could not compensate for the severe 
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reduction in grain yield.  Garcίa del Moral et al. (1995) found that under irrigated 

conditions in southern Spain, cutting treatments, including severity of defoliation and 

stage of maturity at cutting, of triticale affects forage production in relation to 

environment. Winter wheat can often adjust to rapidly replace leaf area and plant biomass 

after grazing, but this is dependent on stage of development as well as the timing and 

severity of grazing (Christiansen et al., 1989).  

Grazing Effects on Grain Yield of Winter Wheat 

Redmon et al. (1995) summarized 16 different studies from 1888 to 1959 

regarding grain yield effects from grazing or clipping of winter wheat in the fall and 

spring. Redmon’s review found results ranging from increased grain yields when grazing 

tall cultivars, to grain yield loss when grazing semidwarf cultivars. Increased grain yields 

of up to 551 kg ha-1 were cited by Cutler et al. (1949) when winter wheat was clipped up 

to and at the date of April 10. In contrast, Winter and Thompson (1990) reported that 

during a three year study, the grazed winter wheat system could only produce 80% of the 

grain yield produced by the non grazed system.  These results varied largely depending 

on environment, stage of maturity, and type of cultivar used.                                                                        

 An increase in grain yield following grazing is often attributed to a reduced 

percentage of lodging (Winter and Thompson, 1990). One cause of lodging is additional 

tiller initiation, which begins in the fall and continues into the spring, specifically in 

winter wheat, until jointing begins due to plant age or climate (Sprague, 1954). The 

accumulation of too many tillers causes the crop to lodge. Tall varieties of cereal crops 

tend to be more prone to lodging than semidwarf varieties (Stoskopf, 1985). Grain yields 
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of tall cultivars in grazed systems are affected to a lesser degree than those of semidwarf 

cultivars (Winter and Musick, 1991).  Grazing is a management tool that can be used to 

control potential grain yield loss when environmental conditions are severe enough to 

cause lodging (Winter et al, 1990). Clipping causes a reduction of length of the lower 

internodes, resulting in resistance to lodging and a grain yield increase when soil and 

weather conditions are favorable (Cutler et al., 1949).  Sprague (1954) found that fall 

grazing reduced the height of rye (Secale cerede L.), wheat, and oat (Avena sativa), and 

significantly reduced lodging from 60 to 100% to consistently less than 5%. Additionally, 

grain production was increased and straw production unaffected by fall grazing, 

especially during years of cooler weather and adequate rainfall. Typically when grain 

yield responded favorably following grazing, environmental conditions were considered 

good (Winter and Thompson, 1990; Cutler et al., 1949; Redmon et al., 1995). For 

example, in a study done by Cutler et al. (1949), temperature and rainfall conditions in 

1945 were very favorable for plant growth when grain yield increases from grazing were 

documented. In contrast, weather conditions were consistently warmer and drier in 1946, 

and clipping under these unfavorable conditions was associated with reduced grain yield. 

These results were especially noted when moisture was limited in April, a time when 

winter wheat is growing very rapidly and has a high water requirement (Cutler et al., 

1949).  

Much of the literature regarding grazing of winter wheat in the southern Great 

Plains states that semidwarf cultivars are more likely to experience reduced grain yield 

due to grazing or simulated grazing (Winter and Thompson, 1990; Winter et al., 1990; 
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Pumphrey, 1970). Semidwarf cultivars have a high grain yield potential and are shorter 

than traditional cultivars. Additionally, semidwarf cultivars have a higher resistance to 

lodging, which may make them less desirable for a grazing system (Winter et al., 1990). 

Pumphrey (1970) found that both spring grazing and clipping of irrigated winter wheat 

caused a decrease in grain and straw yields and stated that semidwarf winter wheat 

utilizes its spring vegetation in producing maximum grain yield. Research conducted by 

Winter and Musick (1991) compared tall, intermediate, and semidwarf cultivars and 

found an average grain yield loss of 17, 33, and 46% respectively and concluded that the 

grain yield advantage of semidwarf cultivars over tall, cultivars is much greater in an 

ungrazed system. Additionally, results of the same study concluded that under less 

productive environmental conditions, tall cultivars were found to be better adapted than 

short cultivars due to greater height and leaf area and therefore could yield nearly as 

much grain as short cultivars in a grazed system.  

Forage Maturity and Quality of Cereals 

Plant maturity affects forage quality more than any other single factor, however 

environmental and agronomic factors also play a role in forage quality (Fahey, 1994; 

Khorasani et al., 1997; Buxton, 1996). As cereal forage crops mature, dry matter (DM) 

yields increase, usually up to the soft dough stage of maturity (Cherney and Marten, 

1982a). Khorasani et al (1997) found that plant DM concentrations of barley, oat, and 

triticale increased from an average of 13% at the boot stage to 42% at the soft dough 

stage. The increased DM concentration resulted in a significant increase in forage yield 

through plant maturity. Forage plants generally undergo an initial period of slow growth, 
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followed by a period of rapid growth, and finally a stage where vegetative growth slows 

as the plants focuses energy needs on reproduction. While forage yield is important for 

hay producers, forage quality is important to livestock producers feeding the hay as it has 

a significant impact on animal performance. Forage quality is determined by nutrient 

concentration, forage intake, digestibility, and partitioning of the digested products within 

the animal (Fahey, 1994; Khorasani et al., 1997; Buxton, 1996). As plants mature, forage 

yield generally increases and then plateaus at the seed development stage. As forage yield 

increases with maturity, forage quality generally decreases. The decline in forage quality 

is attributed to a decrease in the leaf:stem ratio and the loss of quality in the stem 

component (Fahey, 1994; Buxton, 1996).  

Plant cell walls account for 40 to 80% of the organic matter of forage crops and 

provide the fiber that ruminant livestock require for rumen function; however cell walls 

also limit feed intake and digestibility (Buxton, 1997; Van Soest et al., 1991). Course 

insoluble fiber adequate for promoting normal rumen function is referred to as neutral 

detergent fiber (NDF) and is found in high amounts in forages (Van Soest et al., 1991).  

Neutral detergent fiber is highly related to the space-occupying or dietary fill of the diet 

and is an estimate of the potential intake of the forage by the animal. Neutral detergent 

fiber is assumed to be positively correlated with fill effect and negatively correlated with 

available energy in the diet (Fahey, 1994).  The NDF concentration of grasses is 

generally greater than in legumes due to differences in digestibility of leaves and stems 

(Buxton, 1997). Digestibility of stems on forage plants declines more rapidly as the plant 
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matures than do leaves, making grass-like forages or cereal forages generally higher in 

NDF than legumes such as alfalfa.  

Acid detergent fiber (ADF) is the highly indigestible or very slowly digestible 

fiber in forage. Acid detergent fiber is negatively related to digestibility and is often used 

to predict the digestible energy of forages and feeds (Buxton, 1996). The NDF and ADF 

concentrations of a forage or feed are negatively related to the amount of feed an animal 

can consume and digest, respectively. Forage maturity has the most significant effect on 

forage quality when compared to environmental conditions and variety, and as plants 

mature, generally NDF and ADF concentrations increase. Surber et al. (2003b) reported 

that NDF content of Haybet barley was 4.8% greater at the water stage when compared to 

the same barley sampled at the boot stage. Khorasani et al. (1997) found that as barley, 

oat, or triticale mature, both leaves and stems become more fibrous; however in the later 

stages of maturity this is offset by increased starch content as grain development occurs. 

Specifically, at the boot stage oat and triticale had the lowest NDF content, however by 

harvest there were no differences in NDF among oat, barley and triticale. Additionally, 

ADF was lowest for the three cereals at the boot stage (triticale being the lowest) and by 

3 wk prior to grain harvest no significant differences could be found for ADF among oat, 

barley, and triticale. These results agree with Cherney and Marten (1982a) who found 

that ADF concentrations of wheat, barley, oat and triticale increased with maturity until 7 

days after the emergence of the inflorescence and then leveled off.  

Dietary protein requirements for ruminants are generally expressed as crude 

protein (CP) (Buxton, 1996). As CP concentration increases, generally livestock perform 
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better, thus there is a strong connection between forage quality and CP concentration. 

However, without adequate energy from the diet or indigestible feeds, CP is unable to be 

utilized and may be wasted. Just as with other forage quality parameters, protein 

concentration is reduced as forage matures, and this decline occurs both because of 

diminishing protein concentration in leaves and stems and because stems (which have 

lower protein content) make up a larger portion of a mature plant (Buxton, 1996). 

Khorasani et al. (1997) found that CP concentration of oat, barley, and triticale on 

average was reduced from 23% at the boot stage, to 15% at the soft dough stage. This 

agrees with results from Brown and Almodares (1976) who compared forage quality of 

winter triticale with oat, rye, and wheat intended for winter grazing. The CP was highest 

for all four crops when clipped at the earliest date and declined with each successive 

clipping. Surber et al. (2003b) measured the CP concentration of Haybet barley and 

found a 53% decrease in %CP from the boot stage to the water stage of maturity.  

Digestibility, in its most basic form, can be considered the difference between the 

quantity of feed consumed and the quantity of feces voided, and is referred to as dry 

matter digestibility (DMD) (Fahey, 1994). Conventional digestion trials are the most 

reliable method of obtaining the digestibility of a feed. Known quantities of the feed in 

question are offered to individual animals confined to digestion crates. Records of 

refusals and feces are kept and subsampled for analysis (Fahey, 1994). Another technique 

for measuring digestibility is in situ dry matter disappearance (ISDMD), which is done by 

placing the feed in a small nylon bag and incubating in the rumen of a ruminally 

cannulated animal (Fahey, 1994; Van Soest, 1982). This procedure is good for relative 
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comparisons among feeds and to measure rate and extent of digestion of a feed (Fahey, 

1994). In vitro dry matter disappearance (IVDMD) gives a measure of digestibility by 

incubating a feed in the presence of ruminal contents with a buffer solution (Fahey, 1994; 

Van Soest, 1982). This procedure allows researchers to routinely screen a large number 

of forage samples with relative ease with acceptable precision. Cherney and Marten 

(1982b) found that IVDMD concentrations of wheat, oat, triticale, and barley declined 

with maturity and found that IVDMD across maturity stages was highly correlated with 

CP. In a study of wheat, barley, and oat cut at 2 maturity stages and used for silage, it was 

found that DMD was significantly affected by stage of maturity. Silage digestibility was 

highest when forage was harvested at the dough-stage and lowest when harvested at the 

milk-stage (Bolsen and Berger, 1976).  Rao et al. (2000) found that the IVDMD of wheat 

was generally higher than that of triticale and that digestibility decreased as the plants 

approached physiological maturity. Finally, Surber et al. (2003b) reported a 16% decline 

in ISDMD from the water stage of maturity in barley to the boot stage.  

Limitations of Cereals as Pasture 

Winter wheat is widely used for pasture in the southern Great Plains, however, it 

also presents unique animal health issues. Frothy bloat and grass tetany are common 

problems currently faced by livestock producers grazing wheat pastures in the southern 

Great Plains and could also be a potential issue in Montana as well. Nitrate toxicity is a 

common problem faced by producers using cereal forages for hay in Montana and could 

also be a mortality factor for livestock grazing wheat pasture in this region. Finally, many 

studies state that excessive degradable intake protein in the diets of dairy cattle can 
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adversely affect embryonic survivability and reproductive efficiency. High 

concentrations of crude and soluble proteins in the lush spring growth of winter cereals 

could cause lower pregnancy rates for grazing ruminants in Montana as well.  

Frothy bloat is a major cause of mortality for stocker cattle grazing winter wheat 

pastures in the southern Great Plains and is believed to account for an average of 2 to 3% 

death loss each year (Mader et al., 1983). Frothy bloat is often associated with lush 

growth of legumes such as alfalfa, but can occur when ruminants graze succulent grasses 

or cereal crops in the early vegetative stages (Clarke and Reid, 1974). Min et al. (2005a) 

reported that bloat occurred primarily at the vegetative growth stage and when animals 

were allowed high quantities of forage. It was found that bloat scores were 4-times 

greater for steers grazing high allowance vegetative forage than for when grazing 

reproductive stage wheat at a low forage allowance. The authors additionally stated that 

forage at the vegetative stage had higher CP and IVDMD concentrations but lower NDF 

concentrations than did forage at the reproductive stage. These findings also agree with a 

study done by Mader et al. (1983) who found that most bloat occurred when CP and 

IVDMD concentrations were high and NDF concentrations were low. Frothy pasture 

bloat is caused by the development of stable foam in the rumen contents (Clarke and 

Reid, 1974; Bartley et al., 1975). Excessive amounts of this rigid foam are a result of a 

complex interaction of plant proteins, animal, and microbial factors. The stabilization of 

the foam involves soluble proteins found in fresh forages as well as microbes from the 

rumen. Detergents and oils have been found to be an effective foam suppressant by 

decreasing surface tension of foam bubbles and creating complexes with the proteins 
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(Van Soest, 1994). Several feed additives have been evaluated to mitigate frothy bloat in 

cattle grazing on wheat pastures. Branine and Galyean (1990) used ruminally cannulated 

cows to determine that monensin reduces ruminal foaming and thus prevents bloat by 

minimizing the accumulation of ruminal gases. Min et al. (2005b) found that dietary 

proteins and low ruminal pH were associated with wheat pasture bloat and that the 

addition of monensin and condensed tannins reduced ruminal gas production. In the same 

study, it was cited that the addition of poloxalene and condensed tannins to the diet 

reduced foam production and strength. These results agree with a separate study done 

conducted by Bartley et al. (1975) who determined that poloxalene added to the diet in 

amounts of 1.0 to 2.0 g per 45.5 kg of body weight were effective to control wheat 

pasture bloat. Additionally, the authors recommended molasses-salt blocks or molasses 

liquid supplements containing poloxalene for preventing or reducing instances of frothy 

bloat. 

Grass tetany or hypomagnesemia is a complex metabolic disorder of ruminants 

that is a result of a deficiency of available dietary magnesium (Mg) and generally occurs 

in lactating animals consuming rapidly growing lush grasses or cereals (Fontenot et al., 

1989; Grunes and Welch, 1989; Bohman et al., 1983). However, in the southern Great 

Plains young stocker cattle grazing the highly digestible wheat forage also are prone to 

wheat pasture poisoning and sometimes death losses can be as high as 20%, but are more 

commonly 2 to 3% on average (Bohman et al., 1983). The cause of insufficient dietary 

Mg results from low or unavailable forage Mg and if forage concentrations of both Mg 

and calcium (Ca) are low animals may be even more prone to grass tetany (Grunes and 
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Welch, 1989).  Additional research has shown that incidence of grass tetany tend to 

increase when forages have been fertilized with high levels of nitrogen (N) and potassium 

(K) (Fahey, 1994; Grunes and Welch, 1989; Robinson et al., 1989). Fontenot et al. (1989) 

found that adding high levels of K in the diet depressed Mg absorption which could 

potentially lead to grass tetany. Fresh vegetation tends to have high concentrations of K 

and wheat tends to be more problematic than other cereals or native grasses. Grunes and 

Welch (1989) suggest that milliequivalent ratios of K/(Ca+Mg) of 2.2 or higher are 

hazardous in the diet of 450 kg beef cows nursing calves. Mayland et al. (1976) found 

that the K/(Ca+Mg) values of wheat were nearly twice that of wheatgrass (Agropyron 

spp.) and greater than the suggested 2.2 ratio.  Additionally, the authors estimated the 

tetany hazard in cereal forages as; wheat > oat = barley > rye (Mayland et al., 1976). 

Some management practices that can help livestock avoid hypomagnesema include 

limited grazing of rapidly growing vegetative forages by lactating livestock, providing 

livestock dry hay with adequate Mg concentrations, offering livestock a free choice 

mineral supplement containing magnesium, limiting nitrogen fertilizer application on 

sites to be grazed, and adding Mg supplement to drinking water (Robinson et al., 1989). 

Cereal forages in Montana tend to be prone to nitrate toxicity due to the harsh 

environmental conditions including frost, drought, and shade. Nitrate concentrations of 

forages are important because of their direct impact on feeding value and health of the 

animal. Nitrogen in the form of nitrate (NO3) is taken up from the soil by plants when 

photosynthesis is active during the day and is usually quickly converted to protein in the 

plant. However, under abnormal growing conditions the plant will accumulate nitrate 
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faster than it can be converted to protein. When forage with a high concentration of 

nitrate is consumed by a ruminant the nitrate is converted to nitrite (NO2) which is then 

converted to ammonia by the microbes of the rumen. Nitrate toxicity in ruminants is a 

function of the limiting step of converting nitrite (NO2) to ammonia (NH3) allowing 

nitrite to accumulate in the body (Surber, 2006; Cash et al., 2002; Van Soest, 1994,). 

Toxicity occurs when nitrite is absorbed into the blood of the animal and oxidizes the 

iron of the hemoglobin from a ferrous state to a ferric state called methemoglobin. The 

resulting molecule has a very poor affinity to carry oxygen, and the capacity of the blood 

to carry oxygen is greatly reduced as more hemoglobin becomes methemoglobin. Acute 

nitrate poisoning occurs because the animal dies from oxygen deprivation. Chronic 

nitrate toxicity can cause poor animal performance and abortion (Van Soest, 1994). Cash 

et al. (2002) suggest that a dry matter concentration of <1500 ppm nitrate is generally 

safe for all livestock, 1500 to 5000 ppm is generally safe for non pregnant livestock but 

carries a risk for early term abortions or reduced breeding performance, and 10,000 ppm 

will cause acute symptoms and death, however animal variability is dependent when 

considering a lethal dose.  Large variation for nitrate accumulation is observed between 

plant species, cultivars, and maturities of the same cultivar (Cash et al., 2002; Cardenas-

Navarro et al., 1999; Khorasani et al., 1997). Immature plants are more likely to have a 

higher concentration of nitrate than more mature plants and oat is often found to maintain 

higher nitrate concentration than other forage species. Surber et al. (2003a) found that oat 

forage maintained a high nitrate concentration at boot, anthesis, and grain harvest, while 

nitrate concentrations of barley and triticale declined rapidly as the plants matured. 



24 
 

 

Preliminary data from Cash et al. (2007a) found ‘Willow Creek’ winter wheat forage to 

be low risk for nitrate toxicity, even at vegetative forage harvest.  

Many studies suggest that diets with excessive CP or degradable protein can 

affect early embryonic development and survivability and reduce reproductive efficiency 

in dairy cattle (Berardinelli et al., 2001; Mccormick et al, 1999; Butler, 1998). When 

protein intake exceeds requirements or is highly degradable, the body produces large 

amounts of ammonia, which is converted into urea by the liver (Canfield et al., 1990). 

High levels of blood urea are suggested to have detrimental effects at one or more of the 

many steps that are imperative to reproductive efficiency such as follicular development, 

fertilization of the oocyte, embryo transport and development, maternal recognition, and 

implantation (Butler, 1998; Canfield et al., 1990; McCormock et al., 1999; Berardinelli et 

al., 2001). Mccormick et al. (1999) found that lactating pasture-fed cows fed diets 

containing excess CP (23% dry matter CP) experienced a 29% reduction in pregnancy 

rate compared to cows fed diets containing NRC protein requirements. The authors also 

reported that pregnancy rate was most closely related to plasma ammonia concentration 

at the time of implantation (Mccormick et al., 1999). Canfield et al. (1990) found similar 

results in a study which demonstrated that cattle fed a diet exceeding protein 

requirements (19% CP) had lower first service conception rates and higher plasma urea at 

implantation than did animals fed a moderate protein diet (16% CP). Butler (1998) 

suggested that blood urea concentration is most related to the detrimental effects on 

fertility as demonstrated in changes in uterine pH and in vitro evidence that urea alters 

prostaglandin production. This seems consistent with the results of a study by 
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Berardinelli et al. (2001) who concluded that feeding excess degradable intake protein to 

ewes decreased ovulation rate due to altered peri- and postovulatory ovarian steroid 

concentrations.  Another suggested mechanism states that the energy required to convert 

excess ammonia to urea in the liver alters the energy balance status and potential fertility 

of the animal (Canfield et al., 1990; Butler, 1998).  While the literature is inconclusive 

about the mechanisms, it is evident that ruminants fed diets of excess protein experience 

reduced reproductive efficiency. However, many of these studies focus on diets very high 

in protein fed to dairy cattle to stimulate increased milk production. Often the CP of these 

diets is in excess of 17% (Butler, 1998) and composed of forage as well as supplemented 

with grain mixes.  

Integrating Cereal Forages into Pasture-hay Systems in Montana 

The livestock industry represents a vital part of Montana’s agricultural economy. 

Livestock in Montana largely survive on a forage base that is limited in production to the 

early summer months. Livestock producers also must contend with the expense of winter 

feeding and cereal forages have become popular as they provide an inexpensive and 

reliable hay source for livestock producers in a region where environmental conditions 

often hinder the growth of more traditional hay species. 

Warm summer temperatures and low precipitation are commonplace in the 

northern Great Plains and have a major impact on forage available for livestock. 

Livestock producers are often faced with the challenge of developing an economically 

feasible winter forage source for their cattle, while providing adequate nutrition to foster 

animal performance. Cereal forages, especially barley hay, have become a valued source 
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of feed for livestock as consistent drought years suppress the growth and recovery of 

native range.  Cereal hays supply consistent, forage barley often yields more than 2.5 t ha-

1, while still providing livestock with a high quality feed (Surber, 2006). The potential for 

grazing winter cereal crops is currently being considered as sustainable sources of both 

spring pasture high and quality hay for winter feeding in Montana (Cash et al., 2007a). 

Integrating winter cereals for pasture would be inexpensive and easy as no additional 

planting or harvest equipment would be needed when compared to traditional grain and 

hay systems.  Subsequent yield of forage or grain after grazing would be dependent on 

planting date, grazing intensity and duration, cultivar, and environmental conditions 

(Hossain et al., 2003; Winter and Thompson, 1990; Iftikhar et al., 2002). If grazing is 

timed properly in the growing season and grazing intensity managed correctly, there 

would be potential to add significant value to a field of winter wheat respective to 

temporary rest of native range and stockpiled hay for winter.  

While the most common cereal forage grown in Montana has been hay barley, 

there has been recent interest in growing winter cereals for both hay and pasture. Dual 

purpose crop-livestock systems are an important management system in the southern 

Great Plains, where producers take advantage of value added to livestock and income 

from grain harvest. Crops such as winter wheat and winter triticale have potential in 

Montana for dual-purpose use where livestock would be allowed to graze late spring 

growth, and subsequent regrowth forage could be harvested for hay later in the summer. 

This system could provide producers with a sustainable system providing temporary 

relief of native range as well as a valuable source of winter feed. Currently no literature is 



27 
 

 

available regarding forage yield and quality of winter cereals in a grazing-hay system in 

Montana or the effects of grazing on forage yield and quality. Therefore, the objectives of 

this study were to (1) model forage production of winter cereals during rapid spring 

growth, (2) evaluate the impacts of spring grazing on forage and grain yield, (3)  measure 

total biomass production of winter cereals in a hay or single grazing event in a pasture-

hay system, (4) measure forage yield components of winter cereals at haying, (5) 

determine forage quality and potential anti-quality factors of winter cereals grazed in the 

late spring, and (6) provide estimations of digestibility of winter cereals used as pasture 

and hay by using in situ, in vitro, and in vivo (whole animal) methods. 
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CHAPTER 3 

MATERIALS AND METHODS 

Winter cereals were evaluated for biomass production and forage quality under 

grazing and hay systems in Montana, from 2006 to 2008. Forage cultivars of winter 

wheat and triticale were subjected to one grazing event, at three different growth stages 

(vegetative, boot, or heading) in the late spring. Subsequent regrowth from each grazing 

event was harvested as hay. Several separate experiments were conducted during this 

time to (1) model forage production of winter cereals during rapid spring growth, (2) 

evaluate the impacts of spring grazing on forage grain and yield, (3)  measure total 

biomass production of winter cereals in a hay or single grazing event pasture-hay system, 

(4) measure forage yield components of winter cereals at haying, (5) determine forage 

quality and potential anti-quality factors of winter cereals grazed in the late spring, and 

(6) provide estimations of digestibility of winter cereals used as pasture and hay by using 

in situ, in vitro, and in vivo (whole animal) methods.  

Cultivars for Grazing Trials 

The cultivars used for the 2006 – 2008 grazing trials were ‘Willow Creek’ winter 

wheat and ‘Trical 102’ triticale. Willow Creek winter wheat was released by the MSU 

Agricultural Experiment Station in 2005 (Cash et al., 2007). It is a tall, awnless, hard red 

winter wheat, selected specifically for forage production (Cash et al., 2007). Willow 

Creek tends to develop earlier in the season for hay harvest, but later in the season for 

grain harvest, when compared to spring cereals. Willow Creek has inferior grain 
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production (Bruckner et al., 2006). Trical 102 triticale is a winter triticale released in 

1993 by Resource Seeds Inc (Jackson, 2008). Trical 102 was developed in the 

intermountain area of California for use under fall and spring grazing regimes followed 

by forage harvest for hay (Jackson, 2008). This cultivar is late maturing and resistant to 

stripe rust (Puccinia striiformis) (Jackson, 2008). These particular cultivars were used in 

this study because of their availability, winter hardiness, and forage yield and quality 

characteristics demonstrated in previous forage trials.  

Growing Site and Environment 

Willow Creek winter wheat and Trical 102 triticale were planted in the fall of the 

years prior to grazing, using best management practices for forage production at the Fort 

Ellis Teaching and Research Station. Crop management practices including tillage, soil 

fertility, and weed control were provided by the farm management staff. The soil type at 

this station is a silty clay loam, and detailed site descriptions are shown in Table 1. Daily 

(2005 – 2008) and historical (30 year average) weather records were obtained from the 

Montana State University weather station in Bozeman MT. 
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Table 1. Site and Trial Descriptions for Grazing Trials, 2006-2008. 

Item 2006 2007 2008 

GPS coordinate, N 45° 39.959i 45° 39.697i 45° 39.692i 

GPS coordinate, W 110° 53.022i 110° 58.572i 110° 58.791i 

Cultivars tested 
Willow Creek winter 

wheat, 
Willow Creek winter 

wheat 
Willow Creek 
winter wheat, 

  Trical 102 triticale   Trical 102 triticale 
       

Previous crop Triticale hay Fallow Fallow 
Soil Texture      

     Sand, % 12† 20 17 
     Clay, % 34 28 31 
     Silt, % 54 52 52 
Soil pH 5.8 6.6 6.2 
Organic Matter, % 4.5 6.1 5.2 
Electrical conductivity, mmho 
cm-1 0.2 0.4 0.2 
Nitrate-nitrogen, ppm 14.6 69.5 24.7 
Phosphorus (Olsen), ppm 67 77 30 
Potassium, ppm 222 582 197 
Sulfate-sulfur, ppm 11.2 22.4 17.9 
Calcium, ppm 2565 3454 2848 
Magnesium, ppm 485 505 404 
†Soil analyses (0 to 15 cm) after crop termination, performed by Midwest Laboratories 
(www.midwestlabs.com) 
iMinute      

 

Field Sampling 

Grazing enclosures were constructed in uniform sites of the fields, where Willow 

Creek and Trical 102 were planted in adjacent strips. Each enclosure was randomly 

assigned a treatment (date to be grazed) and a replication (Table 2). The protocol for this 

experiment was to subject each crop to one single grazing event at three different stages 

of maturity, vegetative, boot, or heading stage. The first grazing date occurred at the 

vegetative stage (Feekes stage 1-9) maturity (Nelson et al., 1988), and varied by year, 
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followed by grazing at 14-d intervals to include grazing at the boot (Feekes stage 10) and 

heading (Feekes stage 10.2 – 11.0) (Table 2). Four to eight (depending on forage 

availability), mixed breed lambs were allowed to graze forage to a height of 

approximately 5 cm, at each date. All experimental animal use was approved by the 

Montana State University Agricultural Animal Care and Use Committee (MSU-

AACUC).  

At each date, forage was sampled from an area adjacent to each enclosure, inside 

each enclosure immediately after grazing, and in previously grazed enclosures. Sampling 

was done by clipping a 0.5 m2 area to the ground and recording the wet weight of the 

forage. These clippings were used to estimate field wet forage yield per unit area. 

Samples were then evaluated for dry matter yield by immediate drying for 96 h in a 60°C 

forced air drying oven. The samples were then reweighed and dry matter yield was 

calculated. During sampling, maturities of all treatments were scored accordingly using 

the Feekes scale of maturity (Nelson et al., 1988) and plant heights were also measured.  
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Table 2. Grazing Trial Details and Events. 

Item 2006 2007 2008 
Replications 3 4 3 

Enclosure size 
24 
m2 24 m2 15 m2 

  Julian date 
Grazing and sampling events      

First grazing date 139 151 154 
Second grazing date 153 165 168 
Third grazing date 167 179 182 
Forage termination date 186 194 196 , 210  
Fourth grazing date - - 196 
Additional sampling date† - - 210 
Grain harvest† 240 239 232 

† Due to delayed plant maturity, an additional grazing date was added  
in 2008 to include all stages of maturity.     

Forage Quality Analyses 

Forage samples of were analyzed on a 100%  dry matter (DM) basis for 48 hour 

in situ dry matter disappearance (ISDMD), in vitro dry matter digestibility (IVDMD) 

neutral detergent fiber (NDF) (Van Soest, et al., 1991), acid detergent fiber (ADF) (Van 

Soest, et al., 1991), nitrogen concentration (N) (AOAC, 2000), and nitrate-nitrogen (NO3-

N) (AOAC, 2000). Samples were analyzed at the Oscar Thomas Animal Nutrition 

Center, in Bozeman MT.  

In Situ Dry Matter Disappearance 

All animal care and use was approved through the MSU-AACUC. Forage 

samples were ground to pass through a 5-mm screen in a Wiley mill. Duplicate ANKOM 

nylon bags (pore size of 50 µm) were filled with 5.0 g ground forage and allowed to 
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incubate for 48 h in 2 ruminally cannulated cows. The cows were allowed an ad libitum 

diet of winter wheat hay for 10 days prior to the start of the trial to allow for microbial 

adaptation. After 48 h, the nylon bags were removed, rinsed thoroughly with cold water, 

and dried for 48 h in a 60°C forced air oven. The bags were then weighed and % in situ 

dry matter disappearance was calculated using the following equation (Surber et al, 

2006): 

 

100 - ((dry sample and bag wt. – bag wt.) – (blank bag wt. out – blank bag wt. in) x 100 

     (Sample wt. in x Dry matter %) 

In vitro Dry Matter Digestibility 

In vitro digestion trials were conducted using an ANKOM Daisy incubator 

(www.ankom.com). Forage samples were ground to pass through a 1-mm screen on a 

Wiley mill. Forage was placed in F57 ANKOM filter bags (pore size = 0.25 µm), each 

sample was done in duplicate. Two cannulated cows were allowed an ad libitum diet of 

winter wheat hay for a period of 10 days to allow for microbial acclimation. Rumen fluid 

was then collected from the cannulated cows and strained through 8 layers of cheese 

cloth. The F57 filter bags were then placed in the four digestion jars along with 400 ml 

composited rumen fluid and a degassed McDougal buffer. The jars were allowed to 

incubate at 39°C in the Daisy. At the end of each trial, respective filter bags were 

removed and rinsed thoroughly with cold water. The samples were then placed in a 16°C 

oven for 48 hours, removed and weighed. Dry matter was calculated on the original 

http://www.ankom.com/
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samples. In vitro true digestibility was calculated using the following calculation (Todd, 

2006): 

100 – ((final bag wt. – (final bag wt. – blank bag correction)) x 100 
initial sample wt. 

Fiber, Nitrogen, and Nitrate-nitrogen 

All samples were ground to pass through a 1-mm screen in a Wiley mill. Samples 

were analyzed in duplicate for NDF and ADF (Van Soest et al., 1991) using a modified 

procedure for the ANKOM 200 fiber analyzer (www.ankom.com). Samples were also 

analyzed in duplicate for DM, total N (Leco FP-328, Leco Corp., St. Joeseph, MI), and 

NO3-N (AOAC, 2000).   

Modeling Forage Growth 

Plant maturity of ungrazed cereal forages was monitored at each grazing event, 

forage termination date, and at grain harvest, using the Feekes scale of maturity (Nelson 

et al., 1988). Maturity scores of winter cereals were plotted against accumulated growing 

degree days (GDD, base Cº) as a regression function for each cultivar each year to 

determine differences of when crops reached 100% heading each year. Plant height of 

cereal forages was monitored at each grazing event, forage termination date, and at grain 

harvest and was used to model growth rate. The forage termination date was preplanned 

to harvest forage from ungrazed plots as a representation of when forage would normally 

be cut for hay. While cereal grains should generally be harvested for hay at anthesis 

(Feekes 10.50), the forage termination date each year did not always match with this 

http://www.ankom.com/
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maturity. Grain harvest was when cultivars in the ungrazed control plots reached the ripe 

grain stage (Feekes 11.40) Plant heights for each cultivar each year were plotted against 

Julian date and a regression equation was used to estimate plant height during rapid 

growth stages. Forage DM yield production was monitored at each grazing event, forage 

termination date, and at grain harvest and was used to model forage production rate. 

Forage yield for each cultivar was plotted against Julian date and a regression equation 

was used to model forage production during the rapid growth phase.  

Forage Regrowth 

Plant maturity, plant height, and DM forage yield were monitored for each 

grazing enclosure at 14 day intervals (subsequent grazing dates), forage termination date, 

and at grain harvest. Initiation of grazing took place when crops were in the vegetative 

stage (Feekes 1-9), but depended on weather conditions each year.  Differences between 

grazed and ungrazed controls at each date were then compared to determine impact of 

grazing on forage regrowth yield.  

The experimental design was a completely random design with grazing enclosures 

as experimental units. Treatments (grazing dates) were considered independent variables 

with forage yield and quality parameters as dependent variables. Forage biomass and 

quality variable of ungrazed and regrowth forage were analyzed in linear models using 

ANOVA of Stastix 9.0 (www.statstix.com). Differences were determined by LSD and 

considered significant at P < 0.05. 
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Forage and Grain Yield Components 

Forage yield components of Willow Creek winter wheat and Trical 102 triticale 

were evaluated in 2008 when the cultivars were at a Feekes maturity of 10.5. Plants were 

pulled from a 0.5 m2 area in a uniform part of the field. Plant numbers in this area were 

counted and recorded. Ten random plants were chosen and leaves, stems, and heads were 

separated, placed in paper bags and weighed. The forage yield components were then 

placed in a 60°C forced air drying oven for 48 hours and then reweighed to obtain dry 

forage yield of the components. The dried samples were then analyzed for in vitro dry 

matter digestibility, NDF, ADF, N, and NO3-N. 

Grain components were measured at grain ripening of ungrazed crops in the 

grazing trial each year. Grazed plots that reached grain maturity at this date were 

sampled; those that had not reached grain maturity were not sampled. An area of 0.5 m2 

was clipped at ground level and placed in a paper bag and weighed to obtain total plant 

biomass. Each sample was then threshed and the grain component weighed. The ratio of 

(grain weight/total biomass) was used to determine harvest index (Stoskopf, 1985). Grain 

yield data of control and grazed winter cereals was used to determine the effects of spring 

grazing on grain yield. 

Forage Quality of Winter Cereals 

Forage samples of winter wheat and triticale were analyzed for 48 hour ISDMD, 

NDF, ADF, N, and NO3-N on a DM basis at the Oscar Thomas Animal Nutrition Center, 

in Bozeman MT. Crude protein was calculated by %N x 6.25. Forage quality parameters 
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at each date were analyzed in linear models using ANOVA of Statstix 9.0. Differences 

between cultivars at each date were evaluated by LSD with P < 0.05. 

Forage Quality of Yield Components 

Forage quality of yield components of winter wheat and triticale were analyzed 

for 48 h IVDMD, NDF, ADF, N, and NO3-N on a DM basis. During the IVDMD 

procedure, leaves, heads, and stems were placed in separate jars of the Ankom Daisy 

digestion analyzer, and another jar containing all three yield components was analyzed to 

determine if an interaction between quality components within a jar was present. Forage 

quality for leaves, heads, and stems were analyzed in linear models using a factorial 

ANOVA of Statstix 9.0. Differences between jars and differences between components 

were evaluated by LSD with P < 0.05. 

Rate of Digestion of Cereal Pasture and Hay Forage 

In vitro digestibility was performed on Willow Creek winter wheat and Trical 102 

triticale sampled at two different dates in 2006 and 2007. Winter wheat and triticale 

sampled at the vegetative stage (Feekes 3.00 and 5.00, respectively) were considered 

winter cereal pasture. Winter wheat and triticale sampled at anthesis (Feekes 10.53 and 

10.52, respectively) were considered winter cereal hay. The procedure was conducted in 

an ANKOM Daisy incubator (www.ankom.com), and IVDMD was measured at 0.002, 4, 

8, 12, 24, 36 and 48 hours.  

This was a factorial experiment with 8 combinations of crops, years, and crop 

maturities. The treatments were Willow Creek winter wheat measured at the vegetative 

http://www.ankom.com/
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and heading stages in 2006 and in 2007, and Trical 102 triticale measured at the 

vegetative and heading stages in 2006 and 2007.  Data were analyzed as a 2x2x2 factorial 

design using ANOVA, testing for main effects and interactions using Statstix 9.0. 

Differences among means were evaluated by LSD with differences considered significant 

at P < 0.05. A regression analysis was used (second order polynomial) to predict 

digestion over time.  

Nutrient and Mineral Analysis of Cereal Pastures 

A subset of forage samples of Willow Creek winter wheat and Trical 102 triticale 

were evaluated for concentrations of N, P, K, Mg, Ca, S, Na, Fe, Mn, B, Cu, and Zn at 

Midwest Laboratories (www.midwestlabs.com) in Omaha NE. Samples from 2006 

included winter wheat in the vegetative stage (Feekes 3.00) and boot stage (Feekes 10.00) 

and triticale in the vegetative (Feekes 3.00) stage and the heading stage (10.30). Samples 

from 2007 included winter wheat sampled at the vegetative (Feekes 6.00), boot (10.00), 

and heading (Feekes 10.30) stages. Finally, samples from 2008 included winter wheat 

sampled at the vegetative stages (Feekes 8.00 and 9.00) and at boot (10.00) and triticale 

sampled at the vegetative stages (Feekes 8.00 and 9.00) and at heading (10.20). Tetany 

risk ratios of the grass alfalfa mix and wheat hay were determined by converting dietary 

percentages of Ca, Mg, and K to milliequivalents as follows (Oetzel, 1993): 

 Dietary % of element   Conversion number to convert to mEq/kg 
 Potassium     x  255.74 
 Calcium     x  499.00 
 Magnesium     x  822.64 
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 The equation of K/(Ca+Mg) was used to calculate tetany risk ratio. Ratios below 

2.2 are considered safe (Grunes and Welch, 1989). 

Whole Animal Digestion Trial of Hay 

Organic matter (OM) and dry matter (DM) digestibility of Willow Creek winter 

wheat and a first cut grass alfalfa hay grown in the Bozeman area in 2007 were 

determined using mixed breed lambs in a conventional digestion trial. Ten mixed breed 

lambs of similar bodyweight were placed in confinement crates and randomly assigned a 

diet treatment. Ad libitum hay of either winter wheat or alfalfa comprised the entire diet, 

which was considered a maintenance diet. Based on lab analyses, both hays were very 

similar in protein (iso-nitrogenous) and energy (iso-caloric) content.   The lambs were 

allowed a 10 day acclimation period to adjust to their diets, as well as to adjust to 

confinement cages and fecal bags. During the 10 day trial, diet, ort, and fecal quantities 

were measured and recorded daily for each individual lamb. Each diet was sampled daily, 

air dried and eventually compiled for the 10 day period. Fecal samples were sub sampled 

and dried for 24 hours in a 60°C forced air drying oven to calculate dry fecal weight. 

Fecal samples were composited for each sheep for the 10 day period. Diet and fecal 

samples were analyzed by Midwest Laboratories for nutrient and mineral analysis (Table 

3). Tetany risk ratios were calculated (Oetzel, 1993, Grunes and Welch, 1989). Organic 

matter and DM were calculated for diet and fecal samples.  
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Table 3. Analyses† of Quality, Nutrients, and Minerals of Hays for Whole  

Animal Digestion Trial. 

Component Diet samples Fecal samples 
Moisture (%) x  
Dry matter (%) x  
Crude protein (%) x  
Acid detergent fiber (%) x  
Total digestible nutrients (%) x  

Net energy-lactation (Mcal kg-1) x  

Net energy-maintenance (Mcal kg-1) x  

Net energy-gain (Mcal kg-1) x  

Sulfur (%) x X 
Phosphorus (%) x X 
Potassium (%) x X 
Magnesium (%) x X 
Calcium (%) x X 
Sodium (%) x X 
Iron (ppm) x X 
Manganese (ppm) x X 
Copper (ppm) x X 
Zinc (ppm) x X 
Nitrate (%) x   
†Analyses performed by Midwest Laboratories, www.midwestlabs.com. 

 

Daily DM intakes (DMI) were calculated using the following equation: 

(DM hay fed, 10 d kg lamb-1) – (DM fecal output, 10 d kg lamb-1) 
10 d 

Daily DM fecal output was calculated using the following equation: 

(DM fecal output per lamb for 10 d period) 
10 d 

 
 

 



41 
 

 

DM digestibility was calculated using the following equation: 

(DM daily intake) – (DM daily fecal output) 
DM daily intake 

OM digestibility was calculated using the following equation: 

(OM daily intake) – (OM daily fecal output) 
(OM daily intake) 

 
The experimental design was a completely random design with 5 random lamb 

(replications) in solitary digestion crates considered as experimental units for each diet. 

Daily intakes, digestibility of DM, OM, nutrients, and minerals were analyzed in a linear 

model using ANOVA in Statstix 9.0. Differences were evaluated by LSD, with 

significance determined at P < 0.05.  

Impacts of Grazing on Forage Quality of Regrowth 

Samples of regrowth from grazed winter wheat and triticale sampled at 14 day 

intervals were analyzed for 48 hour ISDMD, NDF, ADF, N, and NO3-N on a DM basis. 

Forage quality parameters at each date were analyzed in linear models using ANOVA of 

Statstix 9.0. Differences between cultivars at each date were evaluated by LSD with P < 

0.05. 
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CHAPTER 4 

RESUTLS AND DISCUSSION 

Environmental Conditions, 2005 – 2008 

Temperatures and precipitation data were collected from the MSU weather station 

located 5 km west of Fort Ellis. Data was gathered from 2005 to 2008, as well as the 

mean temperature and precipitation for the 30-yr period of 1971 to 2000 (Table 4). 

During the three years grazing trials were performed, precipitation was adequate in fall 

and winter. The crops had good stands with no winterkill across both recrop and summer 

fallow fields. Daily maximum and minimum temperatures were used to calculate growing 

degree days (GDD, base 5° C) to model crop growth (Miller et al., 2001).   

In 2006 and 2007, mean monthly temperatures from May through July were 

generally warmer than in 2008 and the 30-yr average (Tables 4A and 4B). The warmer 

temperatures were reflected in the higher levels of accumulated monthly GDD (Table 

4D). In addition to being warmer, precipitation levels from May through July of 2006 and 

from June through July of 2007 were lower than in 2008 or the 30-yr average (Table 4C). 

The year of 2008 was notably cooler from April through July (Tables 4A and 4B), with 

more precipitation from May through July (Table 4C). The crop year of 2008 also had the 

lowest accumulated GDD level by July, compared to the other trial years (Table 4D). No 

previous studies have reported cereal forage growth with climatic conditions during the 

early crop growing season in Montana; therefore, crop growth rate was modeled with 

calendar date and environmental conditions.  
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Table 4. Environmental Conditions, 2005 – 2008. 
 
Table 4A. Crop year maximum temperature mean, °C 

Trial 
Sept

. 
Oct

. 
Nov

. 
Dec

. 
Jan

. 
Feb

. 
Mar

. 
Ap
r. 

Ma
y 

Jun
e 

Jul
y Mean 

2006 23τ 17 7 0 6 3 8 16 20 25 32 13 
2007 22 14 7 3 1 5 13 14 21 25 34 14 
2008 23 15 7 1 1 5 7 12 17 23 29 13 

1971 to 2000 Mean 22 15 6 1 1 4 8 13 18 23 28 13 
τ For 2006 trial, weather data for annual production year was Sept. 2005- 
July 2006.          
 

Table 4B. Crop year minimum temperature mean, oC 

Trial Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Mean 

2006 5τ 2 -4 -11 -6 -9 -5 1 4 9 12 -1 
2007 5 -1 -5 -8 -12 -8 -3 0 4 8 14 0 
2008 6 1 -5 -9 -13 -7 -5 -4 3 6 10 -2 

1971 to 2000 Mean 6 0 -5 -10 -10 -8 -4 0 4 8 11 -1 
τ For 2006 trial, weather data for annual production year was Sept. 2005-July 2006. 
 

Table 4C. Crop year monthly precipitation mean, mm 

Trial Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Total 

2006 33τ 75 68 26 28 3 33 90 45 63 31 464 
2007 38 109 21 38 18 48 27 75 139 78 17 608 
2008 43 87 30 24 25 14 35 63 110 100 60 591 

1971 to 2000 Mean 46 38 28 21 20 20 34 53 74 74 36 446 
τ For 2006 trial, weather data for annual production year was Sept. 2005-July 2006. 

 

Table 4D. Monthly growing degree days Jan.-July, base 5oC 

Trial Jan. Feb. Mar. Apr. May June July Total 
2006 434 435 443 513 680 1001 1444 4950 
2007 386 389 418 479 678 954 1436 4740 
2008 411 411 411 428 532 736 1131 4059 

1971 to 2000 Mean 356 356 356 369 486 746 1125 3794 
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Modeling Crop Growth with Environmental Conditions 

Plant Maturity 

Plant maturity of cereal forages was determined at each grazing date, anthesis, 

and at grain harvest, using the Feekes scale of maturity (Nelson et al., 1988) (Table 5). 

Grazing dates, anthesis, and grain ripening are presented in Table 2.  

 The protocol of this study was to graze the crops at three different stages of 

maturity (vegetative, boot, and heading). Phenological maturity of crops does not always 

correlate with calendar date but is more dependent on environmental conditions (Edwards 

et al., 2007). Each year, plant maturities varied by calendar date.  Also, weather 

conditions such as rainy days dictated when grazing periods could be initiated. Grazing 

dates covered all three stages of maturity for wheat and triticale in 2007 and 2008. In 

2006, winter wheat grazing occurred at the vegetative (Feekes stage 1-9) and boot stages 

(Feekes stage 10), while triticale grazing occurred at the vegetative and heading (Feekes 

stage 10.2 – 11.0) stages. In 2008 cool and wet early conditions resulted in the crops 

maturing more slowly and a fourth grazing date was implemented to cover grazing at all 

three stages of maturity (Table 2). 

Plant maturities from 2006 to 2008 were plotted against accumulated GDD 

(Figure 1) (Appendix A). Across years, wheat and triticale reached 100% heading 

(Feekes 10.5) between 1090 and 1245 GDD (Figure 1) (Appendix A). In 2006 and 2008 

both crops reached a Feekes maturity of 10.5 between 1090 and 1100 GDD. In 2007, 

wheat reached  
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Table 5. Plant Maturities (Feekes scale ) of Control and Grazed Winter Cereals, 2006-2008.  
Year, cultivar, and treatment Date measured (Julian date) 
2006 139 d 153 d 167 d 186 dτ     
     Wheat       
          Control, ungrazed  3.00 8.00 10.00 10.53   
          Regrowth (grazed at 139 d)  8.00 10.00 10.52   
          Regrowth (grazed at 153 d)   8.00 10.54   
          Regrowth (grazed at 167 d)    10.20   
     Triticale       
          Control, ungrazed  3.00 8.00 10.30 10.52   
          Regrowth (grazed at 139 d)  8.00 10.00 10.52   
          Regrowth (grazed at 153 d)   10.00 10.51   
          Regrowth (Grazed at 167 d)    8.00   
2007 151 165 d 179 d 194 dτ 239 d¥   
     Wheat*       
          Control, ungrazed  6.00 10.00 10.50 11.10 11.40  
          Regrowth (grazed at 151 d)   4.00 10.50 11.10 11.40  
          Regrowth (grazed at 165 d)    4.00 10.00 11.40  
          Regrowth (grazed at 179 d)     4.00 11.40  
2006 154 d 168 d 182 d 196 dτ 210 d 232 d¥ 
     Wheat       
          Control, ungrazed  7.00 9.00 10.00 10.51 11.20 11.40 
          Regrowth (grazed at 154 d)  7.00 7.00 10.51 11.20 11.40 
          Regrowth (grazed at 168 d)   8.00 10.51 10.54 11.20 
          Regrowth (grazed at 182 d)    3.00 10.00 10.54 
          Regrowth (grazed at 196 d)     - - 
     Triticale       
          Control, ungrazed  8.00 9.00 10.20 10.52 11.20 11.40 
          Regrowth (grazed at 154 d)  7.00 7.00 10.51 11.20 11.40 
          Regrowth (grazed at 168 d)   5.00 10.50 10.53 11.20 
          Regrowth (grazed at 182 d)    3.00 10.10 10.54 
          Regrowth (grazed at 196 d)          - 10.53 
* Triticale was not grown in 2007.      
τ Date of forage termination.             
¥ Date of grain harvest.             
Feekes scale of maturity: 1 - 9 (vegetative), 10 (boot), 10.1 - 10.5 (heading), 10.51 (anthesis),   
10.54 - 11.1 (milk), 11.2 (dough), 11.3 - 11.4 (grain ripe) (Nelson et al., 1988).    

 

100% heading at 1245 GDD. In 2006 and 2008, triticale was 100% headed before wheat. 

Besides accumulated GDD, total crop season precipitation differed among the years, with 

2007 receiving the highest total, followed by 2008, and then 2006 (Table 4C). The 
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increased total precipitation in 2007 could have caused the slightly delayed maturity. 

Miller et al. (2001) reported that under drought stress, the accumulated GDD required for 

plants to reach a specific maturity is lower, while wet environments delay crop 

advancement, increasing the amount of accumulated GDD it takes to reach a specific 

maturity.   

 In 2006, ungrazed control plots of both crops reached anthesis (Feekes 10.51) on 

or before the forage termination (Julian date 186) (Table 5). Wheat and triticale grazed at 

the vegetative stage (Feekes 1-9) finished anthesis by the forage termination date. 

However, wheat grazed at the boot stage (Feekes 10) was only heading when measured at 

the forage termination date. Triticale grazed at the heading stage (Feekes 10.3) did not 

mature past the vegetative stage when measured at the forage termination date.  

 In 2007, ungrazed wheat was at the medium milk stage (Feekes 11.1) at the forage 

termination date (Julian date 194) (Table 5). Wheat grazed at the vegetative stage (Feekes  

1-9) (Julian date 151) also reached the milk stage when measured at the forage 

termination date. However, after that point, plant regrowth maturity was delayed as 

grazing dates occurred at the boot (Feekes 10) and heading stages (Feekes 10.5). When 

ungrazed control areas had reached the grain ripening stage (11.40), all subsequent 

regrowth from grazed enclosures had also reached the same stage of maturity.  

 In 2008, ungrazed winter wheat and triticale were in anthesis (Feekes 10.51) when 

measured at the forage termination date (Julian date 196). Wheat and triticale grazed at 

the vegetative stage (Feekes 7 and 9) also reached anthesis at 196 d. When wheat was 

grazed at the boot stage (Feekes 10) on 182 d, plants matured to the vegetative stage at 
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196 d. When triticale was grazed at the early heading stage (10.2) on 182, plants were 

found to be at the vegetative stage at Julian date 196. Due to slow phenological 

development in 2008, a fourth grazing date at 196 d was implemented to insure that both 

crops were at the heading stage (Feekes 10.2) (Table 2). When grazed at 196 d, neither 

crop produced regrowth when measured 2 weeks later. Only enclosures of wheat and 

triticale grazed at the first date (154 d) reached grain maturity at the same date as the 

ungrazed control plots (232 d).  

 In all years, winter cereals grazed at the vegetative stage were generally able to 

advance to the same maturity as plants in ungrazed control areas. Grazing winter wheat 

and triticale at the boot and heading stages generally resulted in delayed plant maturity of 

regrowth forage. These results agree with Cutler et al. (1949) who reported that clipping 

winter wheat early in the spring delayed flowering and grain ripening dates 2 to 10 days 

and 0 to 4 days, respectively. Dunphy et al (1982) stated that delayed maturity of crops 

caused by grazing could potentially alter crop disease conditions, plant lodging, and soil 

moisture. Additionally, plant maturity plotted against accumulated GDD confirmed that 

Trical 102 triticale reaches 100% heading before Willow Creek winter wheat (Figure 1) 

(Appendix A). These data suggest that gazing Willow Creek winter wheat will potentially 

occur slightly later in the growing season, when compared to grazing Trical 102 triticale. 

Plant Height  

Plant height was measured at each grazing date, at anthesis, and at grain ripening 

(Table 6). Plant growth between the first grazing date and anthesis each year was used to 
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model growth rate (Figure 2) (Appendix B). Julian dates of grazing and dates of anthesis 

are presented in Table 2. 

 In 2006, plant heights of winter wheat were much shorter than those in 2007 and 

2008 (Table 6). Additionally, winter wheat was shorter than triticale in 2006. In 2006 

wheat grew an average of 1.4 cm d-1 from the first grazing date (Julian date 139) to the 

forage termination date (Julian date 186).  (Figure 2) (Appendix B). Triticale grew an 

average of 2.5 cm d-1 during the same time period in 2006. Hot and dry environmental 

conditions during May through July and growing the 2006 trial on recrop likely resulted 

in reduced plant height of winter wheat in 2006. In 2007, winter wheat grew an average 

of 2.2 cm d-1 from the first grazing date until the forage termination date (Julian date 

194). In 2008, plant heights of winter wheat and triticale were similar at all dates. In 

2008, winter wheat and triticale grew an average of 2.5 cm d-1 and 2.6 cm d-1, 

respectively, from the first grazing date to anthesis. Temperatures in 2008 were cooler 

from April through July, (Tables 1A and 1B) with more precipitation ocurred in May 

through July compared to previous years (Table 4C). Additionally, trials in 2007 and 

2008 were planted on summer fallow and soil moisture conditions were likely better 

these years, compared to 2006. 

 Cereal forage regrowth after grazing had similar responses in plant height 

compared to the ungrazed control (Table 6).  Crops grazed in the first vegetative stage 

(Feekes 1 – 9) each year had the least reduction in height for the remainder of the season, 

compared to the ungrazed control cultivars, followed by the second grazing date. Final  
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Table 6. Plant Heights of Control and Grazed Winter Cereals, 2006-2008.  
Year, cultivar, and treatment Date measured (Julian date) 
2006 139 d 153 d 167 d 186 dτ     
     Wheat cm 
          Control, ungrazed  16 30 60 77   
          Regrowth (grazed at 139 d)  28 40 62   
          Regrowth (grazed at 153 d)   31 59   
          Regrowth (grazed at 167 d)    52   
     Triticale       
          Control, ungrazed  26 52 91 140   
          Regrowth (grazed at 139 d)  42 74 124   
          Regrowth (grazed at 153 d)   47 93   
          Regrowth (Grazed at 167 d)    49   
2007 151 d 165 d 179 d 194 dτ 239 d¥   
     Wheat* cm 
          Control, ungrazed  22 60 85 120 120  
          Regrowth (grazed at 151 d)   32 41 85 95  
          Regrowth (grazed at 165 d)    14 54 54  
          Regrowth (grazed at 179 d)     23 23  
2006 154 d 168 d 182 d 196 dτ 210 d 232 d¥ 
     Wheat cm 
          Control, ungrazed  36 60 108 135 135 136 
          Regrowth (grazed at 154 d)  36 83 104 113 110 
          Regrowth (grazed at 168 d)   76 87 97 88 
          Regrowth (grazed at 182 d)    23 48 68 
          Regrowth (grazed at 196 d)     0 0 
     Triticale       
          Control, ungrazed  37 59 111 141 138 136 
          Regrowth (grazed at 154 d)  31 81 123 122 123 
          Regrowth (grazed at 168 d)   50 88 118 110 
          Regrowth (grazed at 182 d)    24 53 99 
          Regrowth (grazed at 196 d)          0 58 
* Triticale was not grown in 2007. 
τ Date of forage termination. 
¥ Date of grain harvest. No plant heights were measured at grain harvest in 2006. 

 

plant heights were taken at Julian date 186 (forage termination), 239 (grain ripening), and 

232 (grain ripening) in 2006, 2007, and 2008, respectively.  Winter wheat grazed at the 

first date each year suffered a final plant height reduction of 19, 21, and 20%, in 2006, 

2007, and 2008 respectively. Triticale grazed at the first date each year suffered a final 
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plant height reduction of 11 and 10% in 2006 and 2008 respectively. The most severe 

plant height reduction in this study was observed when crops were grazed at the heading 

stage (last dates, third grazing date in 2006 and 2007, and the fourth grazing date in 

2008). Regrowth potential was more variable when crops were defoliated at the last 

grazing date. Winter wheat regrowth height was reduced by 32, 81, and 100%, in 2006, 

2007, and 2008 respectively, when grazed at the last date. Triticale suffered final plant 

height reductions of 65 and 57% in 2006 and 2008 respectively.  

Environmental conditions had a significant impact on the plant heights of both 

ungrazed and grazed winter cereal forages. Crops grazed at the first grazing date 

appeared to take advantage of the early season precipitation for growth. Additionally, 

crops grazed at the heading stage (final grazing date) each year were defoliated under 

very warm and dry late growing season conditions, and also had a reduced time to replace 

plant height. Cutler et al. (1949) reported that a reduction of plant height is directly 

correlated with a delay of clipping in winter wheat grown under rainfed conditions in 

Indiana. Date of forage termination could have a significant impact on plant heights of 

grazed crops. Additionally, if grazed plots had been under an irrigated management 

system and the date of final plant heights was delayed until October, plant heights of 

forages grazed before heading would likely be similar to those of the ungrazed control 

crops. Delaying grazing until later plant maturity, such as after heading, could severely 

reduce plant heights of any subsequent regrowth.  Therefore, these results confirm that a 

reduction in plant height is related to grazing at a later maturity and the environmental 

conditions during and following grazing.  
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 These results agree with the previously published literature regarding the clipping 

or grazing of spring and winter cereals.  García del Moral et al. (1995) found an average 

final plant height reduction (when clipped at grain harvest) of 5.6 % and 18.8% in 

triticale after one clipping (mid-March) under irrigated and low moisture rainfed 

conditions respectively, in southern Spain. Winter et al (1990), reported a 26% plant 

height reduction of ‘Siouxland’ winter wheat (tall variety) when measured at anthesis 

following 8 weeks of moderate early spring grazing, under high rainfall conditions in 

northern Texas. Finally, Sprague (1954) reported that spring grazing of tall winter wheat 

and winter rye cultivars resulted in plant heights that were consistently 25 to 30% shorter 

than their ungrazed counterparts.  

Forage Yield 

Forage DM yield production was monitored for all grazing dates in 2006 – 2008. 

Due to the absence of triticale in the 2007 trial, and a significant cultivar x year 

interaction (P < 0.05), years were analyzed separately (Table 7). 
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Table 7. Forage DM Yield of Ungrazed Control Winter Cereals, 2006-2008.  
Year and treatment Date measured (Julian date) 
2006 139 d 153 d 167 d 186 d     
     Wheat, kg ha-1 61a 280a 1537a 4030a   
     Triticale, kg ha-1 215a 1073b 3344b 8541b   
          P - value 0.16 0.01 0.01 0.01   
       
2007 151 d 165 d 179 d 194 d 239 d   
     Wheat, kg ha-1 3159 4063 9682 13073 10856   
          SEM 185 364 747 1020 1473  
2008 154 d 168 d 182 d 196 d 210 d 232 d 
     Wheat, kg ha-1 1352a 2995a 4682a 10687a 11037a 7484a 
     Triticale, kg ha-1 601b 1717a 5142a 9332a 12569a 11140a 
          P - value 0.01 0.11 0.62 0.44 0.50 0.11 
a,b Means within a column and a year with unlike superscripts differ (P < 0.05).  

 

In 2006, triticale had higher forage yields compared to winter wheat at all dates 

measured except at the vegetative stage (Julian date 139) (Table 7). In 2008, wheat and 

triticale had similar forage production levels at all dates (Table 4), except at the 

vegetative stage (Julian date 154) where yields of winter wheat were greater. In 2006, 

winter wheat grew an average of 87 kg ha-1 d-1 between the first grazing date (Julian date 

139) and the forage termination date (Julian date 186) in 2006 (Figure 3) (Appendix C). 

Triticale gained an average of 180 kg ha-1 d-1 during the same time period in 2006. In 

2007, forage growth of winter wheat averaged 247 kg ha-1 d-1 between the first grazing 

date (Julian date) and the forage termination date (Julian date 194).  In 2008, wheat and 

triticale produced an average of 193 kg ha-1 d-1 and 225 kg ha-1 d-1 respectively, between 

the first grazing date (Julian date 154) and the forage termination date (Julian date 196).  

 Differences in temperature and precipitation likely contributed to the variability of 

forage yields among years and the cultivar x year interaction. In 2006 and 2007, mean 

temperatures in May – July were much warmer compared to 2008 and the 30-yr average. 
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In addition to being warmer, precipitation in May – July of 2006 and June – July of 2007 

was less compared to 2008 and the 30-yr average. Finally, crops in 2006 were planted on 

recrop, which also contributed to the lowest forage yields occurring that year, compared 

to 2007 and 2008. The year of 2008 was notably cooler from April – July, with more 

precipitation available in May – July than previous years. In 2007 and 2008 crops were 

planted on summer fallow, which greatly increased yield potential. Despite variability in 

forage biomass progress among years (Table 7 and Figure 3) (Appendix C), these data 

likely reflect expected forage production for winter wheat and triticale in Montana, under 

dryland conditions.  

Forage Yield Components 

Forage yield components of winter wheat and triticale were measured as kg ha-1 

and percent of total biomass in 2008 at 100% headed (Feekes stage 10.5) (Table 8). The 

triticale was sampled at Julian date 196 and winter wheat was sampled at Julian date 201 

to insure both cultivars were at the same stage in phenological development.  

Total biomass was similar for wheat (10688 kg ha-1) and triticale (9332 kg ha-1) 

(P > 0.05). A cultivar x component interaction was found (P = 0.02). Total biomass of 

wheat and triticale were similar at 100% heading. Triticale stems comprised the largest 

amount, followed by leaves and heads for triticale. Wheat heads and stems were present 

in similar amounts in the wheat plant, followed by leaves. Triticale had more biomass in 

the stems than did wheat, and wheat plants had more biomass in heads than did triticale. 

Biomass in leaves and stems were similar between the crops.  
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Grazing Winter Cereals 

Impacts of Grazing on Forage Yield 

Winter wheat grazed at each stage of maturity generally experienced a significant 

reduction in regrowth forage yield when measured at the forage termination date each 

year compared to ungrazed control wheat (Table 9). Grazing at the earliest date each year  

 

Table 8. Forage DM Yield Components of Winter Cereals at Feekes 10.5, in 
2008.  

Cultivar, component Biomass, kg ha-1 % of biomass 
Wheat    

Heads 4398a,b 41a,b 

Leaves 2018c,d 19c,d 

Stems 4272a,b,c 40b,c 

Total 10688a  
Triticale    

Heads 1139d 12d 

Leaves 2342b,c,d 25b,c,d 

Stems 5851a 63a 

Total 93321a  
LSD 2322 22 
CV % 39 37 

a,b,c,dMeans within columns with unlike superscripts differ at P < 0.05. 
 

 

(vegetative stage, Feekes 1-9), caused the least severe forage yield loss. Each successive 

date of grazing after the first date resulted in greater loss of forage yield than the previous 

dates. When forage yield was measured at grain ripening in 2007 and 2008, (Julian dates 

239 and 232) forage yields of wheat grazed at the earliest grazing dates were similar to 
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forage yields of ungrazed control wheat. These results are similar to those of Moral et al. 

(1995) who found one clipping of triticale occurring at the vegetative stage (Feekes 4-5) 

resulted in a 35% forage yield loss in areas of Spain with very low seasonal rainfall. 

Droushiotis (1984), in Great Britain, found a forage yield reduction of 21% when fall 

planted barley was harvested at the vegetative stage (Feekes 4-5) in the winter, hayed at 

the milk stage the following summer, and finally harvesting any regrowth after that. 

Finally, Dunphy et al. (1984) reported that clipping in the early vegetative stage (Feekes 

4-5) resulted in a 20% forage yield reduction in ‘Sturdy’ winter wheat and a 24% forage 

yield reduction in ‘Coker’ winter wheat. However, when clipping was delayed to the late 

jointing stage (Feekes 9), forage yields of the Sturdy and Coker winter wheat were 

reduced by 51 and 72% respectively (Dunphy et al., 1984).  

 Triticale grazed at the earliest date each year had regrowth forage yields similar to 

forage yields of ungrazed triticale control (Table 9). Each successive grazing date after 

the first date resulted in a significant forage yield reduction compared to ungrazed 

triticale when measured at the haying date each year. These results agree with Drake and 

Orloff (2005), who reported that after a single clipping event of triticale at the vegetative 

stage (Feekes 1-9), forage yields of subsequent regrowth at haying were similar (18,830 

kg ha-1) when compared to unclipped control plots (20,175 kg ha-1). Additionally, when  
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Table 9. Forage DM Availability of Control and Grazed Winter Cereals, 2006-2008, at Fort Ellis, MT. 
Year, cultivar, and treatment, (Feekes) Date measured (Julian date) 
2006 139 d 153 d 167 d 186 d      
     Wheat kg ha-1 

Control  61 280a 1537a 4030a   
Grazed at 8.00  125a 708b 2804b   
Grazed at 10.00   271b 1873c   
Grazed at 10.53    1008d   

     Triticale       
Control  215 1073a 3344a 8541a   
Grazed at 8.00  621b 2281a 6749a   
Grazed at 10.30   364b 2909b   
Grazed at 10.53    1224c   

2007 151 d 165 d 179 d 194 d  239 d   
     Wheat kg ha-1 

Control  3159 4063a 9682a 13072a 10856a  
Grazed at 6.00  1535b 4381b 8666b 7265a  
Grazed at 10.00   1591c 1875c 3624b  
Grazed at 10.50    4509d 4813b  

2008 154 d 168 d 182 d 196 d 210 d 232 d 
     Wheat kg ha-1 

Control  1352 2995a 4682a 10687a 11037a 7484a 
Grazed at 7.00  1253a 2721b 6478b 8386a 6737a 
Grazed at 9.00   2251b 5326b 5742a 6043b 
Grazed at 10.00    574c 830b 1982c 
Grazed at 10.51       

     Triticale       
Control  601 1717a 5142a 9332a 12569a 11140a 
Grazed at 8.00  411b 2828a 6901a 11447a 8811a 
Grazed at 9.00   1399b 4091b 6598b 6826a 
Grazed at 10.20    187c 983c 2091b 
Grazed at 10.52          496c 

a,b,c,d Within a column and year, means without a common superscript letter differ (P < 0.05). 
 

 

clipping was initiated at the boot stage (Feekes 10), regrowth was low and resulted in 

significantly lower hay production compared to plants clipped at the vegetative stage 

(Drake and Orloff, 2005). Drake and Orloff (2005) concluded that plant stage of maturity 
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at the initiation of clipping affected the amount of subsequent hay and total forage gained 

from a dual purpose triticale system, even under irrigated conditions.  

 Much of the literature regarding winter wheat or triticale as a dual pupose system 

in the southern Great Plains focuses on maximizing grain yields after grazing by 

terminating grazing by the development of the first-hollow-stem stage (“jointing” or 

Feekes stage 5) (Edwards et al., 2007; Arzadun et al., 2003; Redmon et al., 1996;  

Dunphy et al., 1982; Cutler et al., 1949). The results of this study demonstrate that winter 

cereals grazed at the vegetative stage suffer minimal subsequent forage yield loss. 

Delaying grazing past the vegetative stage causes subsequent forage yields at haying to 

become significantly reduced with each successive grazing. Dunphy et al. (1984) 

concluded that when wheat is grown for forage, the leaf area remaining after defoliation 

is important in determining subsequent forage regrowth. The authors also discussed the 

depression of regrowth shortly after defoliation and theorized that stored reserves were 

being used up for respiration and new growth faster than they could be replenished by 

photosynthesis (Dunphy et al., 1984). Clipping after jointing would cause a reduction in 

photosynthate production of the plant, at a time when there is a high demand for available 

energy for the simultaneous production of new vegetative tissue and reproductive growth 

(Dunphy et al., 1982). In this grazing study, crops grazed at boot and heading stages, had 

less time to replace biomass before the forage termination date, when compared to crops 

grazed at the vegetative stage. Additionally, delayed grazing dates were also 

accompanied by late growing season conditions, such as high temperatures and low 

precipitation in July (Tables 1A – 1C), resulting in less desirable growing conditions for 
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rapid forage production. Droushiotis (1984) found that barley grazed in the spring 

experienced delayed maturity, and was then more prone to moisture stress in a rainfed 

environment.  

Total Biomass in a Pasture-hay System 

In general, hay only systems provided the maximum total biomass yield (Tables 

10-12). Forage availability for grazing increased as grazing dates were delayed (Tables 

10 – 12). The increased forage availability resulted in the most forage kg ha-1 to be 

grazed at the last grazing date each year. However, as forage available for grazing 

increase, forage utilization often declined 30 to 54% (Tables 10 – 12). The data presented 

in Tables 10 – 12 are presented in the same manner as Drake and Orloff (2005), who 

measured available forage (using clipping) and added it to total regrowth to determine a 

total biomass production. 

 In 2006, triticale and winter wheat grazed at each date and sampled at each date 

after that, was highest when crops were not grazed and cut for hay at anthesis (Table 10). 

Three grazing treatments of triticale produced as much total biomass as ungrazed wheat 

in 2006. 

In 2007, wheat grazed at the vegetative stage (Feekes 6.00) and clipped at the 

forage termination date (Julian date 194) produced similar total biomass to ungrazed 

wheat harvested for hay at milk (Feekes 11.10) and more biomass than wheat harvested 

for hay at anthesis (10.50)(Table 11). Additionally, in 2007, wheat grazed at anthesis  
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 (10.50) and harvested for hay at Julian date 194, produced a total biomass similar to 

ungrazed wheat harvested for hay at milk (Feekes 11.10) and more total biomass than 

wheat harvested for hay at anthesis (10.50) (Table 11) 

Table 10A. Available Forage, Amount Grazed, and Utilization of Winter Cereals in 2006. 
Cultivar, maturity at  Julian date Forage available, Forage grazed, Utilization, 

grazing, (Feekes) at grazing  kg ha-1 kg ha-1  % 
Wheat            

Control, ungrazed - - - - 
Regrowth         

Grazed at 3.00 139 d 61c 46c 75 

Grazed at 8.00 153 d 280c 85c 30 

Grazed at 10.00 167 d 1537b 937a,b 30 
Triticale            

Control, ungrazed - - - - 
Regrowth         

Grazed at 3.00 139 d 215c 38c 18 

Grazed at 8.00 153 d 1073b 666b 62 

Grazed at 10.30 167 d 3344a 1145a 34 
               LSD - 482 334 - 
               CV % - 25 53 - 

a,b,c,Means within columns with unlike superscripts differ.  
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Table 10B. Summary of Total DM Forage Production that Would Result from Haying or One Grazing Event Followed by Haying, 2006.  
Cultivar, maturity at  Julian date Julian date at  Feekes at forage Available for Total forage biomass 

grazing, (Feekes) at grazing forage termination termination date hay or grazing, kg ha-1   total, kg ha-1 
Wheat               

Control, ungrazed - 186 d 10.53 4030c 4030c 
Regrowth          

Grazed at 3.00 139 d 153 d 8 125h 186g 

Grazed at 3.00 139 d 167 d 10 708g,h  769f,g 

Grazed at 3.00 139 d 186 d 10.52 2804d,e 2865d 

Grazed at 8.00 153 d 167 d 8 271h 551f,g 

Grazed at 8.00 153 d 186 d 10.54 1873e,f 2153d,e 

Grazed at 10.00 167 d 186 d 10.2 1008f,g,h 2545d 

 Triticale               

Control, ungrazed - 186 d 10.53 8541a 8541a 60

Regrowth         

   

 

Grazed at 3.00 139 d 153 d 8 621g,h 836f,g 

Grazed at 3.00 139 d 167 d 10 2281d,e 2469d 

Grazed at 3.00 139 d 186 d 10.53 6749b 6964b 

Grazed at 8.00 153 d 167 d 10 364g,h 1438e,f 

Grazed at 8.00 153 d 186 d 10.51 2909d 3982c 

Grazed at 10.30 167 d 186 d 8 1224f,g 4568c 
               LSD - - - 944 955 
               CV % - - - 24 19.86 

a,b,c,d,e,f,g,hMeans within columns with unlike superscripts differ. 
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Table 11A. Available Forage, Forage Grazed, and Utilization of Winter Wheat in 2007. 
Maturity at  Julian date Forage available, Forage grazed, Utilization, 

grazing, (Feekes) at grazing  kg ha-1 kg ha-1  % 
Control, ungrazed -     
Control, ungrazed -     
Regrowth        

Grazed at 6.00 151 d 3159b 2089a,b 51 

Grazed at 10.00 165 d 4063b 2272a,b 23 

Grazed at 10.50 179 d 9682a 4181a 32 
          LSD - 695 2308 - 
          CV - 17 90 - 

a,b,Means within columns with unlike superscripts differ.   
 

In 2008, both wheat and triticale produced a total biomass similar to their 

ungrazed counterparts when grazed at the vegetative stage (Feekes 7.00 and 9.00, 

respectively) (Table 12) and harvested for hay at Julian date 210. In 2008, triticale grazed 

at the last grazing date (Julian date 194) and harvested for hay at Julian date 210, 

produced no regrowth, however was similar to ungrazed triticale harvested for hay at 

Julian date 196. Finally, wheat grazed at the last available grazing date in 2008 (Julian 

date 194) and harvested for hay at Julain date 210, produced no regrowth, however did 

produced a total biomass similar to ungrazed wheat harvested for hay at Julian date 196 

and 210. 

These results are similar to those of Drake and Orloff (2005) who reported that 

one simulated grazing event of irrigated triticale at the vegetative stage in the 

intermountain regions of California, resulted in similar subsequent forage yields when 

compared to triticale harvested only for hay. Additionally, the authors recommended 

grazing of autumn planted triticale should be initiated at the vegetative stage, and occur 
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Table 11B. Summary of Total DM Forage Production of Winter Wheat that Would Result from Haying or One Grazing Event Followed by Haying, 2007.  
   
Maturity at  Julian date at  Feekes at forage Available for Total forage available 

grazing, (Feekes) forage termination termination date hay or grazing, kg ha-1   total, kg ha-1 

Control, ungrazed 179 d 10.5 9682b 9682d 

Control, ungrazed 194 d 
 

11.1 13073a 
 

13073a,b 
 Regrowth  

Grazed at 6.00 165 d 4 1535e 4694g 

Grazed at 6.00 179 d 10.5 4381d 7540e,f 

Grazed at 6.00 194 d 11.1 8666b,c 11825b,c 

Grazed at 6.00 239 d 11.4 7265c 10423c,d 

Grazed at 10.00 179 d 4 1591e 5654f,g 

Grazed at 10.00 194 d 

6210 1875e 5938e,f,g 

Grazed at 10.00 239 d 11.4 3624d 7687e 

Grazed at 10.50 194 d 4 4509d 14191a 

Grazed at 10.50 239 d 11.4 4813d 14495a 
          LSD - - 1663 1935 
          CV - - 14 14 

a,b,c,d,e,f,gMeans within columns with unlike superscripts differ.  
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Table 12A. Available Forage, Grazed Forage, and Utilization of Winter Cereals in 2008. 
Cultivar, maturity JD Forage  Forage    
at grazing,  at Available grazed Utilization, 

(Feekes) grazing  kg ha-1 kg ha-1  % 

Wheat            

Control, ungrazed - - - - 
Control, ungrazed - - - - 
Regrowth        

Grazed at 7.00 154 d 1352d,e 672c 50 

Grazed at 9.00 168 d  2995c,d 1321c 44 

Grazed at 10.00 182 d 4682b,c 2112b,c 45 

Grazed at 10.51 196 d 10687a 5821a 54 

Triticale         
Control, ungrazed - - - - 
Control, ungrazed - - - - 
Regrowth        

Grazed at 8.00 154 d 601e 476c 78 

Grazed at 9.00 168 d  1717d,e 1516b,c 88 

Grazed at 10.20 182 d 5142b 3772a,b 73 

Grazed at 10.52 196 d 9332a 3811a,b 40 
          LSD - 1978 2350  

          CV % - 25 86   

a,b,c,d,e,Means within columns with unlike superscripts differ. 
 

in a rapid, single grazing event, to ensure maximum total forage biomass production at 

haying (Drake and Orloff, 2005). 

 The amount of forage available for grazing increases with the delay of grazing; 

however the amount of subsequent forage available is significantly declined when 

grazing is delayed. Additionally, utilization of the crops often decreases with increased 

forage availability. Finally, total forage biomass produced by the pasture hay system 

decreases significantly with each delayed grazing date. These data suggest that producers 
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must balance between forage available for grazing (and its value) with the effect of 

grazing on subsequent regrowth for hay production. It would also be important for 

producers to monitor soil moisture, climate, and precipitation, to ensure management 

decisions to maximize biomass production. Further, it is necessary to evaluate the stage 

of maturity at grazing to optimize a pasture-hay system under dryland conditions, in 

Montana. 
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Table 12B. Summary of Forage Production that Would Result From   
Haying or Grazing Followed by Haying, 2008.    
Cultivar, maturity JD JD at Feekes Available Total forage  
at grazing,  at forage at forage for hay or   available 
(Feekes) grazing termination termination grazing, kg ha-1 total, kg ha-1 
Wheat               
Control, ungrazed - 196 d 10.51 10867b,c 10687a,b,c,d 
Control, ungrazed - 210 d 11.2 11037a,b,c 11037a,b,c 
Regrowth          

Grazed at 7.00 154 d 168 d 7 1253i,j,k,l,m 2604p.q 
Grazed at 7.00 154 d 182 d 7 2721h,i,j 4072m,n,o,p 
Grazed at 7.00 154 d 196 d 10.51 6478f 7830f,g,h,i,j 
Grazed at 7.00 154 d 210 d 11.2 8386d,e 9738c,d,e,f 
Grazed at 7.00 154 d 232 d 11.4 6737e,f 10163b,c,d,e 
Grazed at 9.00 168 d  182 d 8 2251i,j,k 5246l,m,n,o 
Grazed at 9.00 168 d  196 d 10.51 5326f,g 8321d,e,f,g,h 
Grazed at 9.00 168 d  210 d 10.54 5742f,g 8738d,e,f,g,h 
Grazed at 9.00 168 d  232 d 11.2 6043f 9038c,d,e,f,g 
Grazed at 10.00 182 d 196 d 3 574k,l,m 5256l,m,n,o 
Grazed at 10.00 182 d 210 d 10 830k,l,m 5512k,l,m,n 
Grazed at 10.00 182 d 232 d 10.54 1982i,j,k,l 6664h,i,j,k,l 
Grazed at 10.51 196 d 210 d -  10687a,b,c,d 
Grazed at 10.5 196 d 232 d -  10687a,b,c,d 

Triticale           
Control, ungrazed - 196 d 10.52 9332c,d 9332b,c,d,e,f 
Control, ungrazed - 210 d 11.2 12569a 12569a 
Regrowth          

Grazed at 8.00 154 d 168 d 7 411l,m 1011q 
Grazed at 8.00 154 d 182 d 7 2828h,i 3428n,o,p 
Grazed at 8.00 154 d 196 d 10.51 6901e,f 7502g,h,i,j,k 
Grazed at 8.00 154 d 210 d 11.2 11447a,b 12048a,b 
Grazed at 8.00 154 d 232 d 11.4 8811d 9412c,d,e,f,g 
Grazed at 9.00 168 d  182 d 5 2827h,i 3115o,p,q 
Grazed at 9.00 168 d  196 d 10.5 4090g,h 5808j,k,l,m 
Grazed at 9.01 168 d  210 d 10.53 6598f 8314.7e,f,g,h,i 
Grazed at 9.02 168 d  232 d 11.2 6826e,f 7759f,g,h,i,j 
Grazed at 10.20 182 d 196 d 3 187m 5329k,l,m,n,o 
Grazed at 10.20 182 d 210 d 10.1 983j,k,l,m 6125i,j,k,l,m 
Grazed at 10.20 182 d 232 d 10.54 2091i,j,k,l 7234g,h,i,j,k,l 
Grazed at 10.52 196 d 210 d -  9332c,d,e,f,g 
Grazed at 10.52 196 d 232 d 10.53 496k,l,m 9828c,d,e,f 

          LSD - - - 1779 2215 
          CV % - - - 23 18 
a,b,c,d,e,f,g,h,I,j,k,l,mMeans within columns with unlike superscripts differ.   
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Impacts of Grazing on Grain Yield 

Impacts of grazing were determined for harvest index, grain yield, and percent 

grain yield reduction, for winter cereals in 2006 – 2008 (Table 13). Grain harvest was 

taken when the ungrazed control crops reached grain ripening (Feekes 11.40). At that 

point any of the grazed enclosures that had also reached grain ripening were also 

harvested. In 2006, hot and dry environmental conditions increased rates of maturation, 

and winter wheat and triticale grazed at all 3 grazing dates matured to ripe grain at the 

same time as the ungrazed control crops. In 2006, grain yields of winter wheat and 

triticale were similar. Heat and lack of precipitation during the growing season during 

that year, as well as the cops being planted on recrop, likely contributed to decreased 

grain yields. In 2007, only the first and second grazing dates matured to grain ripening at 

the same time as the control wheat. Finally, in 2008, cool wet conditions during the early 

season delayed plant maturity, and only the enclosures grazed at the first grazing dates 

matured to grain ripening at the same time as the control crops. In 2008, triticale had a 

lower harvest index than wheat, as well as a higher grain yield (kg ha-1) these results are 

likely due to the increased moisture in 2008 as well as the crops being planted on summer 

fallow. 

Harvest index is the ratio of grain weight to total biomass, and larger number 

means more grain production compared to total biomass. Christiansen et al. (1989) 

reported that more grain per unit of biomass was produced when winter wheat was grazed 

in the fall. However, in all three years of this study, harvest index, grain yield, and  
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Table 13. Impacts of Grazing on Grain yieldŦ of Winter Cereals, 2006-2008, at Fort Ellis, 
MT.  

Year, cultivar, treatment (Feekes) 
Harvest 
indexj 

Grain yield, 
kg ha-1 

Grain yield 
reduction, % 

2006      
Wheat, control ungrazed 42a,b,c 1814a,b  
Regrowth    

Wheat grazed at 3.00 44a 1602a,b 9a 
Wheat grazed at 8.00 44a 969b 44a 
Wheat grazed at 10.00 43a,b 1084b 42a 

Triticale, control ungrazed 40a,b,c 2259a  
Regrowth    

Triticale grazed at 3.00 31d 1751a,b 13a 
Triticale grazed at 8.00 36c,d 1581a,b 28a 
Triticale grazed at 10.30 37b,c,d 1422a,b 28a 

LSD 6.0 896.7 52.9 
CV % 8.7 33.0 151.8 

2007      
Wheat, control ungrazed 35a 578a  
Regrowth    

Wheat grazed at 6.00 37a 379a 13a 
Wheat grazed at 10.00 35a 321a 34a 

LSD 16.6 375.1 66.8 
CV % 29.1 55.1 261.1 

2008      
Wheat, control ungrazed 19a 1736b,c  
Regrowth    

Wheat grazed at 7.00 14a 1229c 26a 
Triticale, control ungrazed 18a 3215a  
Regrowth    

Triticale grazed at 8.00 17a 2449a,b 22a 
LSD 5.2 907.4 29.8 
CV % 16.0 22.3 133.4 

ŦAll grain measurements taken when ungrazed cultivars were at the grain ripe stage, Feekes 
11.40. 
jHarvest index is calculated by the ratio of (grain weight/total biomass).  
a,b,c,dMeans within columns and year, with unlike superscripts differ. 
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percent grain yield reduction was not significantly affected by grazing (Table 13). Winter 

et al. (1990) concluded that grazing tall winter wheat varieties tends to results in a less 

significant grain yield reduction when compared to short wheat varieties. Variability (CV 

values) for harvest index, grain yield, and percent grain yield reductions were high, 

suggesting that grazing resulted in a grain yield reduction that may not have been 

detected. Literature reviewed regarding grazing impacts on grain yield only addressed 

grazing of grain producing varieties. Willow Creek winter wheat and Trical 102 triticale 

are tall varieties, however, they were developed specifically for grazing and forage 

production, instead of for grain (Cash et al., 2007b; Jackson, 2008). Therefore, producers 

growing Willow Creek winter wheat and Trical 102 triticale for seed should avoid late 

grazing. 

Forage Quality 

Forage Quality of Winter Cereal Pastures 

 Forage quality parameters of ungrazed winter wheat and triticale pastures were 

monitored at different stages of maturity, from 2006 to 2008 (Table 14).  Digestibility (48 

h ISDMD) values at the vegetative stages were very high, and were similar for wheat (84 

to 91%) and triticale (82 to 91%) in 2006 and 2008 (Table 14). However, as plants 

matured through the boot, heading, and anthesis stages, winter wheat maintained a higher 

percent digestibility than triticale. Digestibility of winter wheat declined from 89.6 at the 

vegetative stage to 59.8 at anthesis in 2006. When measured from the vegetative stage to  
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Table 14. Forage Quality Parameters (100% DM Basis) for Ungrazed Winter Cereals, 
2006 - 2008. 
Year, cultivar, maturity 
(Feekes) 

48 h ISDMD, 
% 

 NDF, 
% 

ADF, 
% 

 CP, 
% 

NO3-N, 
% 

2006          
Wheat          

Vegetative (3.00) 89.6a 40.13e 21.99d,e 27.79a * 
Vegetative (8.00) 86.8a 44.38d 22.33d,e 29.40a 0.0746a 
Boot (10.00) 78.1c 53.37b 26.61c 19.95c 0.0461b 
Anthesis (10.53) 59.8e 59.67a 38.89a 14.35d 0.0252c 

Triticale          
Vegetative (3.00) 89.8a 37.76e 20.37e 23.13b 0.0241c 
Vegetative (8.00) 81.8b 47.40c 24.72c,d 19.05c 0.0291c 
Heading (10.30) 66.5d 60.92a 33.21b 11.55e 0.0069d 
Anthesis (10.53) 52.1f 58.47a 36.40a 10.26e 0.0072d 

LSD 3.16 2.93 3.14 2.16 0.0162 
CV % 2.4 3.4 6.5 6.4 30.3 

2007          
Wheat          

Vegetative (6.00) 79.7a 45.10c 22.56d 25.50a 0.0600a,b 
Boot (10.00) 68.6b 55.93b 28.62c 16.60b 0.0600a,b 
Heading (10.50) 51.8d 64.85a 35.98a,b 11.23c 0.0713a 
Milk (11.10) 57.4c 56.93b 31.28b,c 9.28d 0.0513b 
Grain ripe (11.40) 54.0c,d 57.84b 36.70a 8.27d 0.0173c 

LSD 4.04 6.56 5.08 1.91 0.0166 
CV % 4.3 7.8 10.9 8.9 21.2 

2008          
Wheat          

Vegetative (7.00) 90.8a 41.70c,d 23.30b,c 22.36b 0.2389a 
Vegetative (9.00) 83.7a 48.31c 27.17b 15.58d 0.234a 
Boot (10.00) 70.0b,c 60.19a 36.67a 9.32f,g 0.2434a 
Anthesis (10.51) 58.3e 62.45a 37.10a 9.65f 0.0692b 
Dough (11.20) 68.0b,c,d 60.13a 36.97a 6.53h 0.0409d 
Grain ripe (11.40) 29.3g 35.40d 35.40a 7.65g,h 0.0377d 

Triticale          
Vegetative (8.00) 91.3a 37.12d 20.95c 28.40a 0.2425a 
Vegetative (9.00) 89.6a 43.44c,d 23.41b,c 19.44c 0.2377a 
Heading (10.52) 75.0b 60.03a 38.27a 12.28e 0.2433a 
Anthesis (10.52) 62.9c,d,e 62.71a 38.30a 9.48f 0.054c 
Dough (11.20) 60.30d,e 58.67a,b 36.74a 6.74h 0.0368d,e 
Grain ripe (11.40) 39.1f 49.97b,c 40.38a 5.93h 0.0262e 

LSD 8.6 9.08 5.02 1.8 0.0109 
CV % 7.5 10.4 9.1 8.4 4.6 

*Insufficient sample for analysis 
a,b,c,d,e,f,g,h Means within column and years with unlike superscripts differ at P < 0.05. 
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grain ripening in 2007 and 2008, digestibility of winter wheat declined 32 and 68%, 

respectively. Triticale digestibility declined 42% when measured from at the vegetative 

stage to anthesis and 57% when measured from the vegetative stage to grain ripening. 

These results are similar to those reported by Surber et al. (2003b) who reported a 16% 

decline in 48 h ISDMD in barley measured between the boot stage and water stage of 

maturity. Hadjipanayiotou et al., (1996) also reported that ISDMD values of oat and 

barley declined significantly with advancing harvesting stage. 

 Fiber concentrations (NDF and ADF) were similar for winter wheat and triticale 

at the vegetative stages in 2006 and 2008 (Table 14). At haying (anthesis) in 2006, wheat 

and triticale were harvested for hay at anthesis and NDF and ADF concentrations of both 

cultivars were similar. In 2007 and 2008 when forage quality was measured until grain 

ripening, NDF and ADF concentrations of forage increased with maturity and leveled off 

during grain fill. As the crop matures, leaves and stems become more fibrous, but on a 

whole plant basis this is offset by the increased grain starch content as the heads begin to 

fill, demonstrated by a leveling off of fiber content (Khorasanie et al., 1997; Cherney and 

Marten, 1982).  In 2006, when forage quality was measured at anthesis for wheat and 

triticale, that stage of maturity demonstrated the highest fiber contents. In 2006 and 2008, 

NDF concentrations increased 33% and between the first vegetative date measured and 

anthesis.  Similarly, ADF concentrations of wheat increased 43 and 37% in 2006 and 

2008 respectively, when measured at the same maturities. Wheat cut for ha at heading in 

2007, increased 30 and 37% in NDF and ADF, respectively, when measured at the 

heading stage, when cut for hay.  In 2006, triticale was cut for hay at anthesis, at that 
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stage of maturity NDF and ADF concentrations had increased 35 and 44% compared to 

triticale measured at the first vegetative stage. In 2008, when triticale was cut for hay at 

anthesis, NDF and ADF concentrations increased 41 and 45%, respectively, when 

compared to triticale measured at the first vegetative stage. These results document broad 

increases in fiber concentrations from the vegetative stage to the time forage was cut for 

hay at anthesis however, they agree with previously published reports of increasing NDF 

and ADF concentrations with increasing maturity, until grain filling, in cereal forages. 

Acosta et al. (1991) reported a 5% increase in NDF values of barley silages between the 

boot and soft dough stages. 

Crude protein was the highest for crops at the vegetative stages, at 15.6 to 29.4%, 

and declined similarly in winter wheat and triticale with plant maturity (Table 14). In 

2006, CP was higher in wheat harvested for hay at anthesis, compared to triticale 

harvested at anthesis. However, in 2008, CP was similar in wheat and triticale when both 

crops were harvested for hay at anthesis. Crude protein declined in both crops as the 

plants matured. Winter wheat had a CP decline of 48 and 57% when maturing from a 

vegetative stage to anthesis, in 2006 and 2008. In 2007, CP declined 56% when maturing 

from a vegetative stage to heading, at hay harvest. The CP concentration of triticale 

declined 56% as the crop matured from the vegetative stage to anthesis, when it was cut 

for hay, in 2006. In 2008, triticale experienced a decline in CP of 67% when measured 

between the first vegetative stage and anthesis, when the crop was cut for hay. During 

2006, winter wheat maintained higher levels of CP across the sampling dates compared to 

triticale, however in 2008 CP concentration was similar at each sampling date between 



72 
 

 

 

the crops. Brown and Almodares (1976) reported that the CP content of triticale forage at 

comparable stages of growth was similar to rye, wheat, and oat. The results reported in 

this study regarding protein decline with maturity agree with previously published 

literature. Khorasani et al. (1997) reported that on average, CP of cereal forages declines 

35% from the boot stage to the soft dough stage. Twidwell et al. (1987) measured forage 

quality of winter wheat and triticale at the boot stage and soft dough stage and reported a 

45% decline of CP concentration. Finally, Surber et al. (2003b) found that CP content 

was 53% lower in barley forage measured at the water stage when compared to the boot 

stage.  

 While nitrate-nitrogen (NO3-N) is not usually considered a forage quality 

parameter, nitrate accumulation in cereal forages has a direct impact on feeding value 

(Surber et al., 2003a). Nitrate-nitrogen values were greatest for both crops when 

measured at the first vegetative stage each year and declined with plant maturity (Table 

14). In 2006, NO3-N concentrations were significantly higher for winter wheat compared 

to triticale at each stage of maturity. However, in 2008 NO3-N concentrations of wheat 

and triticale were similar across maturity levels, until anthesis, when NO3-N 

concentrations were greater in wheat. Nitrate-nitrogen concentrations in wheat declined 

66% from the second vegetative date measured to hay harvest at anthesis in 2006. In 

2007, by haying at the heading stage, NO3-N concentrations of winter wheat remained 

the same as they had been when measured at the vegetative stage, and did not decline 

significantly until after the milk stage. In 2008, NO3-N concentrations of winter wheat 

declined 71% from the first vegetative stage measured to hay harvest at anthesis. In 2006 
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and 2008 NO3-N concentrations of triticale declined 70 and 78%, respectively, from the 

first vegetative date measured to anthesis. These results are similar to Surber et al. 

(2003b) who found that NO3-N concentration was 45% lower for barley at the water 

stage compared to the boot stage. Additionally, Surber et al. (2003a) reported that barley 

forage NO3-N concentrations were highest at the boot stage, intermediate at anthesis, and 

lowest at harvest. Finally, Khorasanie et al (1997) found that the nitrate concentration in 

barley and triticale declined rapidly with plant maturity.   

The highest NO3-N value was in 2008, when wheat at the boot stage of maturity 

had a NO3-N concentration of 0.2434%. Cash et al. (2002) recommend that forages with 

NO3-N values of 0.1130 to 0.2260% be limited to 25 to 50% of a ration for nonpregnant 

animals and restricted from use in rations of pregnant animals. The NO3-N concentrations 

in 2006 and 2007 ranged from 0.0072% to 0.0746.  It is likely that the increased nitrate 

concentrations reported in 2008 were due to cold stress. Compared to 2006 and 2007, the 

2008 growing year was the coolest (Table 4A and 4B), with the least amount of 

accumulated GDD (Table 4D). Cereal forages in Montana tend to be prone to nitrate 

toxicity due to the harsh environmental conditions including frost, drought, and shade. 

 Plant maturity affects forage quality more than any other single factor, however 

environmental and agronomic factors also play a role in forage quality (Fahey, 1994; 

Khorasani et al., 1997; Buxton, 1996). The results of this study found decreasing forage 

quality parameters with advancing maturity. Generally, as winter wheat and triticale 

mature, digestibility and CP concentration decrease and fiber content increases to an 

extent. However, nitrate content decreased with plant maturity, resulting in safer forage 
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for livestock. Additionally, cool and wet weather conditions (Tables 1A, 1B, and 1C) in 

2008 caused plant maturity to progress slower than in 2006 and 2007. Delayed pant 

maturity in 2008 resulted in higher CP and digestibility of triticale. Cold stress and 

delayed plant maturity in 2008 was likely the cause of increased nitrate levels compared 

to 2006 and 2007.   

Forage Quality of Forage Yield Components 

 Forage yield components (leaves, heads, and stems) of winter cereals in 2008 

were analyzed for forage quality (Table 15) when harvested for hay at anthesis (Feekes 

10.50). No interactions were found between jar and component (P > 0.05), therefore all 

samples were bulked for analysis. In vitro digestibility of leaves and heads for both crops 

was significantly higher than that of stems.  Additionally, NDF and ADF concentrations 

of stems were significantly higher than that of leaves and heads. Leaves of both crops 

consistently had the lowest fiber concentration. Crude protein content was greatest in the  

leaves and lowest in the stems. Nitrate-nitrogen concentrations were generally the 

greatest in the leaves and stems and lowest in the heads.  

In vitro digestibility of winter wheat heads was higher than that of triticale heads, 

however IVDMD of leaves and stems were similar for the cultivars (Table 15). Biomass 

of heads was also greater in winter wheat compared to triticale, resulting in more 

digestible matter. Concentrations of NDF were lower in winter wheat heads than in 

triticale heads, but NDF concentrations of leaves and stems were similar between crops. 

The ADF concentrations were similar between crops for each component. Crude protein  
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Table 15. Forage Quality Parameters (100% DM Basis) of Forage Yield Components of Winter Cereals When Harvested for 
Hay at Feekes 10.50 in 2008.  

Cultivar, component Component biomass, kg ha-1 % of Biomass IVDMD, % NDF, % ADF, % CP, % NO3-N 
Wheat            

Leaves 2018c,d 19c,d 47.8b 48.9d 28.5c 16.1b 0.1227a 

Heads 4398a,b 41a,b 52.7a 58.4c 29.3c 12.4c 0.0452c 

Stems 4272a,b,c 40b,c 40.8d 
 

71.4a 56.8a 5.7d 0.1015a,b 
Triticale          

Leaves 2342b,c,d 25b,c,d 49.2b 47.7d 27.1c 18.9a 0.0667b,c 

Heads 1139d 12d 46.4b,c 

75

65.6b 32.0b,c 13.3c 0.0374c 

Stems 5851a 63a 43.7c,d 69.3a 44.5a,b 6.1d 0.0786a,b,c 
LSD 2322 22 3.4 1.7 9.3 1.2 0.0325 
CV % 39.0 37.0 8.9 2.2 20.4 5.6 34.3 

 a,b,cMeans within column with unlike superscripts differ at P < 0.05.
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concentration of triticale leaves was 18.9%, where as CP concentration of wheat leaves 

was 16.1%. The CP content of heads and stems of triticale and wheat were similar 

between the cultivars.  

Wheat leaves had a higher nitrate concentration than did triticale leaves. The 

highest concentrations of NO3-N were found in winter wheat leaves and stems and 

triticale stems. The heads of both cultivars contained similar concentrations of nitrate. 

The nitrate concentration of 0.1227% in the leaves of winter wheat falls within the values 

where Cash et al. (2002), recommends that forages be limited to 25 to 50% of a ration for 

nonpregnant animals and restricted from use in rations of pregnant animals. 

These results are consistent with those of Cherney and Marten (1982) who found 

that the stem of barley and oat was the least digestible when measured for IVDMD. 

However, the authors also reported that on average, leaves were 18 percentage units 

higher in IVDMD than that of stems (Cherney and Marten, 1982). Results from this study 

show the average IVDMD of leaves of wheat to be 6 percentage points higher than stems. 

Additionally, Cherney and Marten (1982) reported that CP of leaves was about 20 

percentage units higher than that of stems, which is a higher than these results, by an 

average 12 percentage units difference between leaves and stems.  Stems of forages 

generally have a higher concentration of cell walls than leaves; therefore they are usually 

lower in digestibility than leaves (Buxton, 1996). The CP values of leaves in relation to 

stems presented in this study are similar to those presented by Buxton (1996) who 

reported that leaf blades generally have twice as much CP as stems. Finally, Khorasani et 

al. (1993) reported that CP content of forage yield components of triticale are as follows 
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leaves > heads > stems and that leaves were 6 percentage units higher in CP than stems. 

However, the observation of high nitrate levels in leaves in 2008 (Table 15) has not been 

previously reported in the literature and while nitrate distribution is unequal between 

plant parts, the leaf blades have a lower nitrate concentration than stems (Cardenas-

Navarro et al., 1999) 

Rate of Digestion of Pasture and Hay Forage 

 In vitro dry matter digestibility of winter wheat and triticale, sampled at the 

vegetative (Feekes 3.00 and 5.00 respectively) stage and anthesis (Feekes 10.53 and 

10.52, respectively), were measured over time, at 0.0002, 4, 8, 12, 24, 36, and 48 hours 

(Table 16) (Figure 4) (Appendix D). Wheat and triticale sampled at the vegetative stage 

were meant to represent winter cereal pasture. Wheat and triticale sampled at anthesis 

were meant to represent winter cereal hay.  

 

Table 16. Rate of  DM In Vitro Digestibility of Winter Cereal Pasture and Hay. 
Cultivar, (Feekes) 0.0002 h 4 h 8 h 12 h 24 h 36 h 48 h 
 IVDMD % 

Wheat pasture (3.00) 19.2a 26.9a 30.8a 35.6a 51.2a 54.5a 58.7a 
Wheat hay (10.53) 20.1a 26.6a 28.1b 30.4b 43.4b 47.9b 51.5b 
Triticale pasture (5.00) 20.1a 26.5a 28.1b 29.1b 43.3b 44.5bc 49.7b 

Triticale hay (10.52) 19.4a 25.5a 25.1c 27.4b 38.7c 41.8c 44.1c 
a,b,c Means within columns with unlike superscripts are differ (P < 0.05).  

 

 

Digestibility increased for both cultivars over time (Table 16) (Figure 4) 

(Appendix D). At 0.0002 hours, samples were rinsed in cold water to represent no 
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digestion, and there were no differences between sampling dates or cultivar. No 

differences between sampling date or cultivar were found after 4 hours of digestion. From 

hours 8 to 48, winter wheat sampled at the vegetative stage had the highest IVDMD. 

During that same time period (with the exception of hour 12), triticale sampled at 

anthesis had the lowest IVDMD. Wheat sampled at anthesis and triticale sampled at the 

vegetative stage had intermediate digestibility from 8 to 48 hours. At 48 hours, wheat 

sampled at the vegetative stage had the highest IVDMD, followed by wheat sampled and 

anthesis and triticale sampled at the vegetative stage, finally, the lowest IVDMD was 

from triticale sampled at anthesis. These results suggest that winter wheat has a higher 

rate of digestion at both stages of maturity. The rates of digestion for wheat sampled at 

the vegetative stage and anthesis were 1.7 and 1.2% each hour, respectively. The rates of 

digestion for triticale sampled at the same dates were 1.1 and 0.9% each hour, 

respectively (Figure 4) (Appendix D). 

The rates of digestion in this study were similar to previous reports; however, 48 

hour IVDMD values were slightly lower. Twidwell et al. (1987) compared IVDMD of 8 

winter wheat varieties to ‘Doublecrop’ triticale at the boot, flower, milk, and soft dough 

stages. The authors reported that IVDMD for winter wheat at the flowering stage 

(anthesis) was 63% on average, while the IVDMD of triticale was 57%, at the same stage 

of maturity (Twidwell et al., 1987). The authors went on to report that at anthesis, 

IVDMD of the triticale was 6 percentage units less than that of the wheat (Twidwell et 

al., 1987). Results presented in this study found digestibility of triticale 9 percentage units 

lower than that of wheat, at anthesis. Twidwell et al (1987) concluded that the 
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Doublecrop triticale was inferior to the wheat cultivars at nearly every stage of maturity, 

and contributed the lower digestibility to greater plant height and consequently more stem 

material. Cherney and Marten (1982) compared IVDMD of wheat, triticale, oat, and 

barley, at 6 stages of maturity, boot to the dough stage, and found wheat and triticale to 

have similar IVDMD in 3 of the 4 year trial. Cherney and Marten (1982) concluded that 

the average IVDMD concentration of all species declined with maturation, and estimated 

that IVDMD of small grain crops declined about 15 percentage units between the boot 

stage and anthesis. Results of this study found digestibility of winter wheat and triticale 

declined 7 and 6 percentage units, respectively, when maturing from the vegetative stage 

to anthesis.  Willow Creek winter wheat and Trical 102 triticale are cultivars developed 

specifically for forage production, where the cultivars reported in the literature are grain 

varieties. 

Nutrient and Mineral Analyses of Cereal Pastures 

 Nutrient and mineral analyses of winter cereals grown during the years of 2006 to 

2008, were conducted by Midwest Laboratories. Millequivelents of K, Mg, and Ca were 

used to calculate a tetany ratio to assess potential tetany risk of forages (Table 17). Due to 

costs, the mineral analyses in this study were intended as a survey comparison of winter 

cereals at different stages of maturity only, and are presented with no statistical analyses 

as no replications were available. Minerals and trace minerals appear to be generally 

adequate for most livestock according to the Committee on Animal Nutrition (Nutrient 

Requirements of Sheep, 1985).Using the ratio of K to (Mg+Ca), it was found that of the 

13 forage samples tested,  representing the 3 year grazing trial, 8 of those presented a  
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Table 17. Nutrient and Mineral Analyses of Winter Cereal Pastures, 2006 - 2008, at Fort Ellis, MTŦ 
Year, cultivar, Date sampled N, P, K, Mg, Ca, S, Na, Fe, Mn, B, Cu, Zn Tetnay 
Feekes (Julian date) % % % % % % % ppm ppm ppm ppm ppm ratio¥ 
2006               

Wheat               
8.00 153 d 4.26 0.45 3.44 0.24 0.49 0.36 0.018 272 66 17 34 35 3.4 
10.00 167 d 3.10 0.35 2.79 0.20 0.32 0.27 0.016 197 38 4 67 32 2.3 

Triticale                
8.00 153 d 2.90 0.36 2.79 0.17 0.44 0.23 0.002 180 59 4 49 27 2.3 
10.30 167 d 1.87 0.29 2.21 0.12 0.24 0.15 0.001 85 37 4 54 20 3.2 

2007               
Wheat               

6.00 151 d 3.88 0.50 3.55 0.16 0.52 0.31 0.006 142 47 5 5 19 1.7 
10.00 165 d 2.73 0.43 3.23 0.13 0.27 0.21 0.002 90 39 4 4 19 2.3 
10.50 179 d 1.82 0.32 2.59 0.11 0.24 0.17 0.001 69 39 3 3 14 1.7 

2008               
Wheat          

80      
7.00 154 d 3.76 0.39 3.13 0.16 0.42 0.27 0.014 251 75 4 5 17 1.7 
9.00 168 d 2.71 0.36 2.80 0.15 0.39 0.20 0.011 181 67 3 4 14 2.0 
10.00 182 d 1.65 0.28 2.07 0.13 0.24 0.14 0.002 53 43 4 4 14 2.6 

Triticale                
8.00 154 d 4.87 0.56 3.10 0.23 0.58 0.35 0.025 1022 96 2 7 37 2.3 
9.00 168 d 3.34 0.46 2.70 0.20 0.50 0.26 0.016 212 61 17 6 27 2.0 
10.20 182 d 2.15 0.23 1.82 0.15 0.30 0.15 0.014 52 50 4 4 16 2.2 
               

Normal valuesj   2.80 0.36 2.6 0.18 0.45 0.28 0.020 60 42 10 9 32  
ŦAnalyses conducted by Midwest Laboratories (www.midwestlabs.com), in Omaha NE.  
¥Tetany ratio calculated by the Millequivalent ratio of K/(Ca+Mg)                
jNormal recommended values for crop nutrient demands.  
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tetany hazard. Milliequivalent ratios of K/(Ca+Mg)  of 2.2 or higher are considered 

hazardous (Grunes et al., 1970). Most of the forage sampled was deficient in Mg, with 

the exception of triticale at Feekes 8.00 and 9.00 in 2008. Grass tetany often results from 

a deficiency of available dietary magnesium (Mg) and generally occurs in grasses or 

cereals that have recently experienced rapid growth (Robinson et al., 1989; Grunes and 

Welch, 1989; Mayland et al., 1976; Fontenot et al., 1989; Bohman et al., 1983). In 

addition to forage being deficient in Mg, they were also often deficient in Ca as well. 

Finally, several of the samples presenting a tetany hazard were also amplified by an 

excess of K in the forages. These results agree with Mayland et al., (1976) who calculated 

tetany ratios of wheat, barley, oat, and rye at early spring vegetative growth and found 

wheat to present the highest tetany risk as that forage had increased K concentrations and 

decreased Ca concentrations compared to oat, barley, and rye. Cherney and Marten 

(1982) reported that tetany ratios of wheat were significantly higher than barley, oat, or 

triticale; however, the authors were comparing forage means averaged over 6 increasing 

plant maturities. Much of the literature regarding tetany in cereal forages focuses on 

wheat; however the results of this study suggest that triticale also presents a risk when 

grazed at the vegetative of heading stages. These data were also useful indicators of 

micronutrient concentrations of winter cereal forages, which can often become limited 

with maturity. With maturity, K, Ca, and Mg concentrations often decrease, however in 

this study tetany risk ratios were found to be variable with forage maturity. 
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Whole Animal Digestion Trial of Hay 

A conventional digestion trial, using 10 lambs, was used to assess the potential of 

winter wheat hay as a maintenance diet.  The diets of mixed grass alfalfa hay and a winter 

wheat hay were analyzed for forage quality, nutrient, and mineral content along with 

fecal samples from the trial (Table 18). 

Daily intakes of all nutrients measured met or exceeded daily requirements for 

sheep maintenance recommended by the Committee on Animal Nutrition (Nutrient 

Requirements of Sheep, 1985), with the exception of Na in both diets and Zn in the 

winter wheat hay diet. (Table 18). Acid detergent fiber, Ca, and NO3 were significantly 

different between the winter wheat and grass-alfalfa diets. Results of lab analyses show 

some nutrients were present in higher amounts in the feces than in both diets, including S, 

P, Mg, Ca, and Na.   

 Lambs on the grass alfalfa hay lost an average of 2 kg, over the 10 day trial, while 

lambs on the winter wheat hay did not lose any weight (Table 19). The results from this 

experiment indicate that winter wheat hay appears to have similar digestibility compared 

to traditional grass alfalfa hay, grown in Montana. Additionally, net energy for lactation, 

net energy for maintenance, and net energy for gain (Mcal kg-1) were found to be 

significantly lower in winter wheat hay when compared to the grass alfalfa hay (Table 

19). However, daily dry matter intakes for lambs on the grass alfalfa mix were 0.43 kg 

day-1 higher than those fed winter wheat hay. Dry matter and organic matter digestibility 

were found to be similar for both diets. Additionally, some minerals were also present in 

higher amounts in the feces, including Mn, Cu, and Zn in both diets and Fe in the winter  
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Table 18. Nutrient and Mineral Analyses of Diet and Fecal Samples for Whole Animal Feeding Trial of Grass Alfalfa and Wheat 
Hay. 

 Grass alfalfa Winter wheat Diet Grass alfalfa Wheat Fecal 
Item hay diet hay diet P - valueŦ hay fecal hay fecal P - valueŦ 
CP, % 7.66 8.92 0.053 - - - 
ADF, % 35.33 37.07 0.029 - - - 
Total digestible nutrients, % 60.57 60.30 0.644 - - - 
NEL Mcal kg-1 0.28 0.28 0.649 - - - 
NEM Mcal kg-1 0.27 0.27 0.686 - - - 
NEG Mcal kg-1 0.16 0.16 0.384 - - - 
Sulfur, % 0.13 0.15 0.080 0.19 0.18 0.056 
Phosphorus, % 0.23 0.25 0.139 0.50 0.57 0.012 
Potassium, % 2.08 1.92 0.114 0.82 1.00 0.130 
Magnesium, % 0.17 0.15 0.102 0.34 0.27 0.003 
Calcium, % 0.58 0.24 0.019 1.39 0.69 0.000 
Sodium, % 0.01 0.02 ¥ 0.13 0.24 0.042 
Iron, ppm 269.33 122.00 0.229 207.00 382.60 0.000 
Manganese, ppm 33.67 34.67 0.678 70.00 80.40 0.054 
Copper, ppm 6.33 7.00 0.184 17.60 17.00 0.849 
Zinc, ppm 15.67 17.00 0.562 39.00 38.60 0.941 
NO3-N 0.09 0.75 0.007 - - - 

Tetnay ratioj 1.24 2.03 0.000 - - - 
ŦDifferences are significant at P < 0.05. 
¥Error means square to small to calculate difference. 

jTetany ratio calculated by the ratio of milliequivalents of K/(Ca+Mg).     
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Table 19. Dry Matter Intake, Digestibility, and Daily Intake of Diet Components by lambs  
in a Whole Animal Digestion Trial.  

Item Grass alfalfa hay Winter wheat hay P - value 
Difference in animal weight, kg -2 0 0.0176 
DM intake, daily, kg 1.53 1.1 0.0068 
Digestibility      

DM, % 30 40 0.2391 
OM, % 34 43 0.227 

       
Daily intake      

Proteing,  116.92 98.28 0.077 
ADF, g 539.25 408.46 0.0136 
TDN, kg 0.92 0.66 0.0064 

NEL, Mcal kg-1 0.43 0.31 0.0073 

NEM, Mcal kg-1 0.41 0.3 0.0074 

NEG, Mcal kg-1 0.25 0.17 0.0042 
Sulfur, g 1.93 1.69 0.1514 
Phosphorus, g 3.48 2.76 0.0284 
Potassium, g 31.7 21.19 0.0027 
Magnesium, g 2.65 1.65 0.0014 
Calcium, g 8.8 2.64 0.0002 
Sodium, g 0.15Ŧ 0.22Ŧ 0.0033 
Iron, mg 411.08 134.42 0.0002 
Manganese, mg 51.39 38.2 0.0104 
Copper, mg 9.66 7.71 0.0314 
Zinc, mg 23.92 18.73Ŧ 0.0231 
NO3-N 1.36 8.4 0.0001 

ŦDaily intakes did not meet requirements recommended, Nutritional Requirements of Sheep (1985). 
 

wheat hay diets. This is a reflection of the higher presence of these compounds in the 

feces compared to the diet. It is likely that this can be explained by the allowance of each 

lamb access to a small trace mineral salt lick during confinement. The salt lick contained 

98500 ppm NaCl, 387,500 ppm Na, 3,500 ppm Zn, 2000 ppm Fe, 2000 ppm Mn, 300 

ppm Cu, 70 ppm iodine, and 50 ppm Co. Grunes and Welch (1989) suggest that 

milliequivalent ratios of K/(Ca+Mg) of 2.2 or higher can predispose lactating cattle to 
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tetany. Tetany ratios for each diet were calculated and it was found that both hays were 

well below the suggested 2.2 ratio.  

 Bolsen and Berger (1976) used a lamb digestion study to compare wheat and 

barley forage at hay harvest (milk, dough, or ripe). The authors reported that DMD was 

higher for barley than for wheat (Bolsen and Berger, 1976). The authors reported DMD 

for wheat silage to be 61% (Bolsen and Berger, 1976).  Acosta et al. (1991) used a heifer 

digestion trial to measure dry matter and organic matter digestibly of barley silage. The 

authors reported that DMD was 75% and OMD was 76% when barley was harvested for 

silage at the boot stage. Results presented in this study report DMD of winter wheat hay 

to be at 40% and the OMD to be at 43%, while published studies discussed above were 

measuring DMD of cereal grain silage. Todd et al., (2007) reported that  steers in a 

backgrounding trial fed winter wheat hay had lower DMI (8.84 kg) than steers fed winter 

wheat silage (15.53 kg), while ADG for the steers on the wheat hay diet was higher (1.15 

kg day-1) compared to winter wheat silage (1.08 kg day-1). The authors also reported that 

winter wheat hay had similar DMI to both ‘Haybet’ and ‘Hays’ barley hays.  

 In this study, sheep on the maintenance diet composed solely of winter wheat had 

a DMI of nearly one-third less than sheep on a diet composed solely of traditional grass-

alfalfa hay. Additionally, DM and OM digestibility were not different between sheep 

consuming winter wheat hay and sheep consuming grass-alfalfa hay. Therefore, winter 

wheat hay can be used as an adequate maintenance diet for sheep in place of a traditional 

grass-alfalfa hay, and with lower DMI may be a more economical choice for producers. 
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Forage Quality of Grazed Winter Cereals 

Forage quality parameters were evaluated for ungrazed control forages, and for 

grazed forage which were measured repeatedly at 14 day intervals after grazing (Tables 

20 – 24).  

 Digestibility of ungrazed control plots decreased over time with maturity (Table 

20). Regrowth of grazed winter cereals had increased digestibility compared to ungrazed 

control forage measured at the same date (Table 20). At forage termination date (Julian 

date 186) in 2006, 48 hour ISDMD of winter wheat grazed at the boot stage was 20% 

higher than the ungrazed control winter wheat. Additionally, at the same date, ISDMD of 

triticale grazed at the boot stage was 25% higher than ungrazed control triticale. In 2006, 

winter wheat ISDMD was generally higher than that of triticale when the same treatments 

were compared at the same dates. In 2007, regrowth of grazed winter wheat had higher 

ISDMD than did ungrazed control plots at all dates. However, winter wheat grazed at 

heading had the lowest ISDMD when compared to all other grazing date and control plots 

at JD 194 and 239. The decline in digestibility is likely due to forage maturing very 

quickly during hot and dry environmental conditions later in the growing season (Tables 

4A – 4C), as a rise in temperature normally increases the rate of plant development and 

reduces leaf:stem ratio and digestibility (Buxton, 1996). In 2008, grazing of both 

cultivars increased subsequent ISDMD of regrowth when compared to ungrazed control 

plots at the same date. In 2008 however, mean digestibility for each treatment at each 

date were similar for winter wheat and triticale. 
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Table 20. Digestibility (48 hour ISDMD, 100% DM Basis) of Control and Grazed Winter Cereals, 2006-
2008. 
Year, Cultivar, treatment (Feekes) Date measured (Julian date) 
2006 139 days 153 days 167 days 186 days     

Wheat % ISDMD 
Control, not grazed 89.6a 86.8b 78.1c 59.8b,c   
Regrowth       

Grazed at 3.00  89.5a 80.8b 62.5b   
Grazed at 8.00   85.7a 68.7a,b   
Grazed at 10.00    75.0a   

Triticale       
Control, not grazed 89.8a 81.8c 66.5d 52.1c   
Regrowth       

Grazed at 3.00  86.7d 67.8d 63.8b   
Grazed at 8.00   81.6b 62.3b   
Grazed at 10.30    69.3a,b   

LSD - 2.0 2.7 9.1   
CV % - 1.2 2.0 8.2   

2007 151 days 165 days 179 days 194 days 239 days   
Wheat % ISDMD 

Control, not grazed 79.7 68.6a 51.8b 57.4b 53.96a  
Regrowth       

Grazed at 6.00  69.5a 61.6a 57.4b 51.92a  
Grazed at 10.00   60.9a 65.2a 54.43a  
Grazed at 10.50    49.4c 43.63b  

LSD - 6.5 5.0 5.1 5.4  
CV % - 5.4 5.3 5.8 6.8  

2008 154 days 168 days 182 days 196 days 210 days 232 days 
Wheat % ISDMD 

Control, not grazed 90.8a 83.7b 70.1c 53.3c 68.0b 29.3c 
Regrowth       

Grazed at 7.00  86.9a,b 75.1b,c 65.9a,b 58.9c 37.7b,c 
Grazed at 9.00   78.2b 66.3a,b 68.2b 41.3b,c 
Grazed at 10.00    68.2a,b 79.0a 58.9a 
Grazed at 10.51     * * 

Triticale       
Control, not grazed 91.3a 89.6a 75.0b,c 62.9a,b,c 60.3c 39.1b,c 
Regrowth       

Grazed at 8.00  91.0a 77.6b 60.8b,c 67.4b 49.1a,b 
Grazed at 9.00   86.3a 69.5a 73.1a,b 46.0a,b 
Grazed at 10.20    *  80.8a 51.1a,b 
Grazed at 10.52     * * 

LSD - 3.8 6.2 6.8 6.9 13.5 
CV % - 2.3 4.6 6.0 5.8 17.7 

a,b,cMeans within a column and year, with unlike superscripts differ at P < 0.05.    
*Inadequate sample for analysis.         
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Crude protein concentrations declined over time in the ungrazed control plots (Table 21). 

Regrowth of winter cereals resulted in a similar effect on CP content as digestibility 

(Table 21). Regrowth of grazed winter cereals had increased CP concentration when 

compared to ungrazed control plots measured at the same dates. In 2006 and 2008, at 

each date CP was measured, the highest value was from the most recently grazed plot. In 

2006, winter wheat generally had a higher CP content than triticale when the same 

treatments were compared at the same dates. In 2007, CP concentration of regrowth 

winter wheat forage increased compared to control plots until forage was grazed at the 

heading stage, when CP concentration was no different than ungrazed forage at that date. 

Hot and dry weather later in the growing season (Tables 4A – 4C) likely increased plant 

development and decreased quality at those dates. In 2008, CP concentration of triticale 

were similar to or sometimes even higher than winter wheat. Crude protein of winter 

wheat and triticale at JD 210 was 56 and 58% higher, respectively, when grazed at 

anthesis compared to ungrazed control plots measured at the same date.  
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Table 21. Crude Protein (100% DM basis) of Control and Grazed Winter Cereals, 2006 - 2008. 
Year, Cultivar, treatment (Feekes) Date measured (Julian date) 
2006 139 days 153 days 167 days 186 days     

Wheat % CP 
Control, not grazed 27.8a 29.4a 20.0c 14.4c,d   
Regrowth       

Grazed at 3.00  30.5a 24.1b 15.7b,c,d   
Grazed at 8.00   29.2a 18.4a,b   
Grazed at 10.00    21.4a   

Triticale       
Control, not grazed 23.1b 19.1c 11.6e 10.7e   
Regrowth       

Grazed at 3.00  26.6b 14.9d 10.3e   
Grazed at 8.00   27.1a 13.8d,e   
Grazed at 10.30    17.6b,c   

LSD - 1.4 2.3 3.7   
CV % - 2.8 6.2 13.9   

2007 151 days 165 days 179 days 194 days 239 days   
Wheat % CP 

Control, not grazed 25.5 16.6a 11.2b 9.3b 8.3b  
Regrowth       

Grazed at 6.00  20.0b 15.1a 10.4b 9.8a,b  
Grazed at 10.00   11.9b 18.3a 11.7a  
Grazed at 10.50    8.16b 7.85b  

LSD - 3.0 3.1 2.6 2.2  
CV % - 9.4 15.1 14.7 15.1  

2008 154 days 168 days 182 days 196 days 210 days 232 days 
Wheat % CP 

Control, not grazed 22.4b 15.6a 9.3d 9.7c 6.5c 7.7c,d 
Regrowth       

Grazed at 7.00  20.1a 13.6b,c 9.0c 8.6b,c 6.6c,d 
Grazed at 9.00   10.9c,d 9.00c 7.9b,c 8.8c 
Grazed at 10.00    9.6c 14.9a 11.7b 
Grazed at 10.51     * * 

Triticale       
Control, not grazed 28.4a 19.4a 12.3b,c,d 9.5c 6.7c 5.9d 
Regrowth       

Grazed at 8.00  13.2a 16.0b 11.2b,c 9.4b 7.8c,d 
Grazed at 9.00   21.0a 13.5a,b 9.6b 8.8c 
Grazed at 10.20    14.9a 16.1a 11.8b 
Grazed at 10.52     * 15.52a 

LSD - 14.1 3.9 3.4 2.6 2.6 
CV  % - 41.9 15.8 17.8 14.9 16.9 

a,b,cMeans within a column and year, with unlike superscripts differ at P < 0.05.    
*Inadequate sample for analysis.       
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Fiber concentrations (NDF and ADF) were unaffected when winter cereals were 

grazed at the first date each year (Tables 22 and 23). The effect of grazing winter cereals 

on fiber at subsequent dates was variable and differed largely by year. In 2006, grazed 

winter wheat generally had lower fiber concentrations at all dates than triticale with the 

exception of the forage termination date (Julian date 186), when both crops were similar. 

In 2006, wheat grazed at the second date (Julian date 153) and regrowth was measured at 

the third date (Julian date 167) were found to be 12% higher in NDF concentration and a 

36% in ADF concentration when compared to ungrazed wheat plots measured at the 

same date. However, winter wheat and triticale grazed at the third grazing date (Julian 

date 167) and measured 2 weeks later significantly lower levels of ADF and NDF. 

Increasing temperatures and decreasing precipitation from June to July in 2006 (Table 

4C), likely caused forage growth to retard on cereals grazed at Julian date 167, therefore 

causing increased forage quality (Buxton, 1996). In 2007, winter wheat grazed at the 

second grazing date (Julian date 165) and regrowth was measured at the next grazing date 

(179 d) was 10 and 14% lower in NDF and ADF concentrations, respectively, than 

ungrazed winter wheat measure at the same date. However, when grazed at the third 

grazing date (Julian date 179) in 2007, and measured at 194 days and 239 days, fiber 

concentrations of regrowth winter wheat were higher, compared to ungrazed wheat 

measured at the same date. The increase in fiber was likely due to the moisture received 

in June coupled with the very hot temperatures of July, causing the forage to mature more 

quickly and increase in cell wall content (Buxton, 1996). Additionally, in 2007, forages 

were allowed to mature almost a month longer than in 2006, giving grazed forages more  
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Table 22. Neutral Detergent Fiber (100% DM basis) of Control and Grazed Winter Cereals, 2006 - 2008. 
Year, Cultivar, treatment (Feekes) Date measured (Julian date) 
2006 139 days 153 days 167 days 186 days     

Wheat % NDF 
Control, not grazed 40.1a 44.4b 53.4c 59.7a,b,c   
Regrowth       

Grazed at 3.00  43.3b 49.8d 59.9a,b,c   
Grazed at 8.00   60.8a 57.3c,d   
Grazed at 10.00    54.3d   

Triticale       
Control, not grazed 37.8a 47.4a 60.9a 58.5b,c,d   
Regrowth       

Grazed at 3.00  46.8a 56.2b 63.5a   
Grazed at 8.00   62.5a 62.2a,b   
Grazed at 10.30    55.0d   

LSD - 1.5 2.1 4.3   
CV % - 1.8 2.1 4.2   

2007 151 days 165 days 179 days 194 days 239 days   
Wheat % NDF 

Control, not grazed 45.1 55.9a 64.9a 56.9b 57.8b  
Regrowth       

Grazed at 6.00  53.0a 62.0a,b 58.3b 49.5b,c  
Grazed at 10.00   59.1b 55.1b 48.2c  
Grazed at 10.50    65.9a 73.6a  

LSD - 4.2 3.1 4.5 8.9  
CV % - 4.5 3.1 5.0 10.1  

2008 154 days 168 days 182 days 196 days 210 days 232 days 
Wheat % NDF 

Control, not grazed 41.7a 48.3a 60.2a 62.5a 60.1a,b 35.4c 
Regrowth       

Grazed at 7.00  43.1a,b 56.5a,b 63.3a 58.2a,b 36.7b,c 
Grazed at 9.00   52.05c,d 55.56a,b 60.05a,b 54.92a 
Grazed at 10.00    57.8a,b 56.0b 55.5a 
Grazed at 10.51     * * 

Triticale       
Control, not grazed 37.1a 43.4a,b 60.0a 62.7a 58.7a,b 50.0a,b,c 
Regrowth       

Grazed at 8.00  40.8b 54.1b,c 62.4a 55.9b 56.2a 
Grazed at 9.00   47.8d 60.9a,b 63.8a 50.8a,b 
Grazed at 10.20    51.9b 62.8c 56.1a 
Grazed at 10.52     * * 

LSD - 5.1 4.3 10.4 6.5 15.0 
CV % - 6.2 4.4 10.1 6.7 17.6 

a,b,cMeans within column, within year, with unlike superscripts differ at P < 0.05.  
*Inadequate sample for analysis 
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Table 23. Acid Detergent Fiber (100% DM) Basis of Control and Grazed Winter Cereals. 
Year, Cultivar, treatment (Feekes) Date measured (Julian date) 
2006 139 days 153 days 167 days 186 days     

Wheat % ADF 
Control, not grazed 22.0a 22.3b 26.6c 38.9a   
Regrowth           

Grazed at 3.00  22.0b 27.3c 30.1d   
Grazed at 8.00   41.7a 28.7d   
Grazed at 10.00    29.5d   

Triticale       
Control, not grazed 20.4a 24.7a 33.2b 36.4a,b   
Regrowth          

Grazed at 3.00  24.3a 30.8b 35.6a,b,c   
Grazed at 8.00   42.1a 33.3b,c,d   
Grazed at 10.30    30.5c,d   

LSD - 1.3 2.5 5.3   
CV % - 3.0 4.1 9.4   

2007 151 days 165 days 179 days 194 days 239 days   
Wheat % ADF 

Control, not grazed 22.60 28.6a 36.00a 31.2b 36.7b  
Regrowth            

Grazed at 6.00  27.6a 32.6b 31.6b 29.8c  
Grazed at 10.00   30.8b 28.3b 25.0c  
Grazed at 10.50    41.7a 46.9a  

LSD - 1.8 2.2 3.9 6.8  
CV % - 3.7 4.1 7.7 12.8  

2008 154 days 168 days 182 days 196 days 210 days 232 days 
Wheat % ADF 

Control, not grazed 23.30 27.2a 36.7a,b 37.1a 37.0a 35.4a,b,c 
Regrowth            

Grazed at 7.00  24.4a,b 33.6a,b,c, 38.3a 34.0a,b 36.7a,b,c 
Grazed at 9.00   31.4b,c 30.5a 32.7a,b 29.6a,b,c 
Grazed at 10.00    33.6a 26.9b,c 28.0b,c 
Grazed at 10.51     - - 

Triticale       
Control, not grazed 21.00 23.4b 38.3a 38.3a 36.7a 40.4a 
Regrowth            

Grazed at 8.00  21.5b 34.6a,b 37.4a 30.9a,b 38.6a,b 
Grazed at 9.00   27.2c 36.2a 34.2a,b 25.5c 
Grazed at 10.20    29.6a 33.17c 30.0a,b,c 
Grazed at 10.52     * * 

LSD - 3.6 5.4 9.6 7.7 11.7 
CV % - 7.7 8.9 15.7 13.8 33.2 

a,b,cMeans within a column and within year with unlike superscripts differ at P < 0.05.  
*Inadequate sample for analysis. 
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time for regrowth and to increase in maturity. In 2008, fiber concentration of grazed 

winter wheat and triticale were generally similar at each date measured. In 2008, 

regrowth of grazed winter cereals at each date had lower or similar fiber concentrations 

than ungrazed crops measured at the same dates. Environmental conditions in 2008 were 

cooler with more available precipitation falling during June and July (Table 4C), 

allowing grazed forages to mature more slowly and retain forage quality (Buxton, 1996). 

Additionally, in 2008, maturities of grazed cereal forages remained immature longer into 

the growing season (Table 5). 

Nitrate-nitrogen concentrations increased in the regrowth of cereal forages at all 

dates in 2006 (Table 24). At the forage termination date, grazed wheat and triticale had 

NO3-N concentrations that were 56 and 75% higher compared to ungrazed forage 

measured at that date. During this year, winter wheat had higher NO3-N concentrations 

than triticale. In 2007, NO3-N concentrations where similar for grazed and ungrazed 

forage when measured at all dates except Julian date 179, when grazed regrowth of 

forage had lower NO3-N concentrations than ungrazed forage. In 2008 NO3-N 

concentrations of grazed and ungrazed forages were similar until the forage termination 

date (Julian date 196). After the forage termination date nitrate levels of regrowth forage 

were found to be significantly higher than ungrazed forage measured at the same date. 

During this year, winter wheat and triticale were generally similar in NO3-N 

concentrations. Nitrate concentrations in grazed forages in 2006 and 2007 would be 

considered generally safe for most livestock. However, forages at most of the dates 

before forage termination in 2008 would not be recommended for feeding early term  
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Table 24.Concentration of NO3-N (100% DM basis) of Control and Grazed Winter Cereals. 
Year, Cultivar, treatment (Feekes) Date measured (Julian date) 

2006 
139 
days 153 days 

167 
days 186 days     

Wheat % NO3-N 
Control, not grazed, % * 0.0746c 0.0461c 0.0252b   
       
Grazed at 3.00, %  0.1097a 0.0611c 0.0348b   
Grazed at 8.00, %   0.1124a 0.0531a   
Grazed at 10.00, %    0.0579a   

Triticale       
Control, not grazed, % 0.0241 0.0291d 0.0069e 0.0072c   
       
Grazed at 3.00, %  0.0886b 0.0241d 0.0065c   
Grazed at 8.00, %   0.0876b 0.0255b   
Grazed at 10.30, %    0.0285b   

LSD - 0.0127 0.0151 0.0176   
CV - 8.9 15.1 34.1   

2007 
151 
days 165 days 

179 
days 194 days 239 days   

Wheat % NO3-N 
Control, not grazed, % 0.0600 0.0600a 0.0713a 0.0514a,b 0.0173a  
       
Grazed at 6.00, %  0.0689a 0.0866a,b 0.0456b 0.0239a  
Grazed at 10.00, %   0.0531b 0.0699a 0.0142a  
Grazed at 10.50, %    0.0625a,b 0.0171a  

LSD - 0.0203 0.0297 0.0225 0.0114  
CV - 18.2 26.4 25.5 40.8  

2008 
154 
days 168 days 

182 
days 196 days 210 days 

232 
days 

Wheat % NO3-N 
Control, not grazed, % 0.2389a 0.2340c 0.2434a 0.0692c,d,e 0.0409a 0.0377c,d 
       
Grazed at 7.00, %  0.2352b,c 0.2453a 0.1018b 0.0552a,b,c 0.0270d 
Grazed at 9.00, %   0.1713a 0.0657d,e 0.0692a,b 0.0538b,c 
Grazed at 10.00, %    0.0956b,c 0.0813a 0.0715b 
Grazed at 10.51, %     * * 

Triticale       
Control, not grazed, % 0.2425a 0.2377a,b 0.2433a 0.0540e 0.0367c 0.0262d 
       
Grazed at 8.00, %  0.2394a 0.1945a 0.0823b,c,d 0.0485b,c 0.0218d 
Grazed at 9.00, %   0.1769a 0.1087b 0.0792a 0.0326d 
Grazed at 10.20, %    0.1621a 0.0688a,b 0.0688b 
Grazed at 10.52, %     - 0.1381a 

LSD - 0.00 0.0877 0.0266 0.0271 0.0211 
CV - 0.72 23.20 17.61 26.35 26.32 

a,b,cMeans within a column and year with unlike superscripts differ at P < 0.05.    
*Inadequate sample for analysis 
Bold values indicate concentrations that should be not be fed to pregnant livestcock, and limited to 
25-50% of the diet in non pregnant livestock. 
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pregnant livestock (Cash et al., 2002) (Table 24). Nitrate of grazed forage in 2008 were 

higher than those of 2006 and 2007, this was likely due to cool environmental 

temperatures (Tables 4A and 4B) during the early growing season during that year.  

Stage of maturity has the most impact on forage quality of all factors; however, 

environmental conditions also play an important role in the quality of forages (Fahey, 

1994; Khorasani et al., 1997; Buxton, 1996). Buxton (1996) reported that a 1 week delay 

in harvesting alfalfa will decrease digestibility and CP by 20% and increase cell wall 

concentration by 30%. Nitrate concentrations also tend to decline as forage matures, and 

immature forage is often the most prone to present nitrate toxicity (Cash et al., 2002; 

Khorasani et al., 1997; Surber et al., 2003a). These data indicate that regrowth following 

a single grazing event followed the same trends. Regrowth forage from wheat and 

triticale plots that were grazed was generally less mature when compared to ungrazed 

control plots, with the exception of the last dates measured (Table 9). Immature forages 

have higher forage quality when compared to more mature forages. Additionally, hot 

weather will cause forages to mature more rapidly and will decrease forage quality, while 

cooler weather will delay forage maturity and often increase quality (with the exception 

of nitrate content) (Fahey, 1994; Khorasani et al., 1997; Buxton, 1996). Therefore, the 

results of this study indicate that grazing winter wheat and triticale during the spring will 

delay forage maturity and increase forage quality when compared to ungrazed crops. 

Under rainfed conditions, the level of forage regrowth and its quality are largely 

dependent on the temperature and rainfall following defoliation. The variability in nitrate 

levels among years is similar to previous studies on barley forage grown in Montana 
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(Surber et al., 2003a). For pasture-hay systems in Montana, nitrate toxicity in winter 

cereals will remain a concern. 
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CHAPTER 5 

CONCLUSIONS AND IMPLICATIONS 

Livestock producers in Montana are often confronted with the challenge of 

obtaining feed that is affordable while still providing adequate nutrition to foster animal 

performance. Cereal forage crops are an inexpensive and reliable source of winter feed 

for livestock in Montana. Winter cereal forages are rapidly gaining acceptance by 

Montana producers as a source of livestock hay. In 2006 through 2008, Willow Creek 

winter wheat and Trical 102 triticale were evaluated for potential spring pasture 

production, when grazed at three different stages of maturity, under dryland conditions.  

The cereals matured from the vegetative stage to 100% headed between 

accumulated GDD 1090 to 1245 (between July 7 and July 13). Each year, triticale 

reached 100% headed before winter wheat. During late May to late June, winter crops 

underwent very rapid growth, increasing in height by 1.4 to 2.6 cm daily and producing 

87 to 248 kg ha-1 daily. These data demonstrate that winter cereal forages grow very 

rapidly, and produce very high levels of forage biomass that could potentially be 

available for livestock grazing in the spring. 

Forage quality of winter cereals was excellent at the vegetative stage, with 80 - 

91% ISDMD and 22 – 25% CP. At all growth stages, winter wheat and triticale had 

similar levels of forage quality, however rate of digestibility (IVDMD) of winter wheat 

pasture and hay were greater than that of triticale. Forage quality declined in winter 

cereals from the vegetative stage to the forage termination date, to 57 – 68% ISDMD and 

7 to 14% CP. Grazing of winter cereals by sheep at increasing stages of maturity resulted 
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in variable effects on forage regrowth yield and quality. Delaying grazing until later 

stages of maturity coincided with hot and dry summer growing conditions and limited 

forage regrowth potential. Regrowth winter cereals also demonstrated the same decline of 

forage quality with advancing maturity as ungrazed control cereals. Availability of 

minerals and trace minerals appear to be adequate for most livestock. Nitrate 

concentrations were found to be of concern in one year of the three year trial. 

Additionally, grass tetany could be a potential problem when winter cereals are grazed at 

the early vegetative stages.  

Winter wheat hay was found to have similar digestibility compared to traditional 

grass alfalfa hay, when used in a whole animal digestion study, with winter forage as the 

sole feed in a maintenance diet. Sheep consuming a maintenance diet of winter wheat had 

a DMI of nearly one-third less than sheep on a grass-alfalfa hay diet. Producers looking 

for hay to use as a maintenance diet may find winter wheat to be a more economical 

choice when compared to grass-alfalfa hay. 

Based on the results of this study, winter cereals can provide viable pasture 

options for producers looking for a pasture-hay system in Montana. Maximum total 

biomass was generally achieved when winter cereals were harvested for hay only. 

However grazing winter cereals very early, and harvesting regrowth forage late and 

grazing winter cereals very late (resulting in no regrowth) resulted in a similar total 

biomass production compared to ungrazed winter cereals. Therefore it will be necessary 

for livestock producers to consider available biomass, value of pasture and hay, spring 
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climatic conditions, and forage quality and anti-quality factors, when using winter cereals 

in a pasture-hay system in Montana. 
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WINTER WHEAT AND TRITICLE MATURITY AND GDD 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



109 
 

 

 

Figure 1. Regression of wheat and triticale Feekes scale of maturity on accumulated growing degree days (GDD base 5 Cº), at Fort 
Ellis, MT, in 2006 – 2008. Plants are 100% headed at Feekes stage 10.50. 
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APPENDIX B 

PROGRESS OF PLANT HEIGHT OF WINTER CEREALS 
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Figure 2. Plant height of winter wheat and triticale forage, 2006 – 2008, at Fort Ellis, MT. 
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APPENDIX C 

PROGRESS OF BIOMASS ACCUMULATION OF WINTER CEREALS 
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Figure 3. Progress of forage DM biomass accumulation of ungrazed winter wheat and triticale, 2006 – 2008, at Fort Ellis, MT. 
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APPENDIX D 

RATE OF IVDMD OF WINTER WHEAT PASTURE AND HAY 

 

 

 

 

 

 

 

 

 

 

 

 



 
115

115 
 

 

Figure 4. Rate of IVDMD of winter wheat and triticale pasture (vegetative) and hay (anthesis) over time. Refer to Table 16 for 
IVDMD % statistics and each interval. 
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