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SUMMARY 
 
Estimates of the extent of DM and CP degradation were determined for alfalfa, bromegrass, and 
endophyte-free tall fescue,  and endophyte-infected in four stages of maturities across the first spring 
growth.  Forages were collected form April 27 to June 6, 1994, chopped and incubated in two rumen 
cannulated Simmental x Angus steers.  Patterns of DM and CP degradation were fitted using a non 
linear model, and the extent of degradation (ED) was estimated using a rate of passage of 6.0%.  The 
ED were regressed using days after May 12 for alfalfa, and days after April 27 for grasses, as the 
independent variable.  The ED of DM (EDMD) and CP (ECPD) decreased in alfalfa at a rate of 
.69%/d and of .40%/d for EDMD and ECPD, respectively, from May 12.  The estimated EDMD in 
early bud (5/20) and early flowering (5/26) were 69.6% and 67.5%, respectively.  The EDMD and 
ECPD decreased in grasses at a rate of .75%/d and .39%/d, respectively from April 27.  The 
estimated EDMD for tillering (4/27) and stem elongation (5/12) were 68.8% and 57.5%, 
respectively. The EDMD was always higher than ECPD.  For the first spring growth, the grazing of 
grasses at their maximal EDMD (tillering) was 15 d before compared to the grazing of alfalfa at the 
early flowering stage, recommended for the grazing initiation.  If grazing starts at grass tillering, 
alfalfa will be at early to mid vegetative stage.  If grazing starts when alfalfa is at early flower, 
grasses will lose almost 10% of EDMD, and it will also not be possible to have a high efficiency of 
utilization of the standing forage during grazing.     
 
INTRODUCTION 
 
Most of the information about forage digestion and utilization by cattle comes from experiments 
done with low quality forages.  Most of grazing areas in Illinois are suitable for pastures including 
tall fescue, bromegrass, alfalfa, and red clover which have high qualities depending on time of the 
year and forage management.  However, it is well known that animals grazing high quality forages 
often perform at levels below expectations.  Fresh forages have inefficiencies in the conversion of 
forage N into animal products (Poppi and McLennan, 1995), and they have continuous changes in 
the nutritive value across the grazing seasons (Reid and Jung, 1982).  Patterns of ruminal DM and 
CP degradation are different among forage species and changes in maturity within forages, which 
can also affect forage intake and pasture utilization.  Mixed pastures of legumes and grasses require 
a more complex forage management mainly because each forage should be utilized not only when 
the maximum quality is attained but also accounting for plant survival, maximal forage production 
and reduced risk of nutritional problems such as bloat.  Our goal was to compare the extent of the 
ruminal DM and CP degradation in different forages (alfalfa, bromegrass, tall fescue endophyte-free, 
and endophyte-infected) as affected by forage species and period of utilization. 
 



MATERIALS AND METHODS 
 
First growth of perennial tall fescue (Festuca arundinacea Schreb. cv Kentucky 31) with or without 
infection with Acremonium caenophyalum (Morgan-Jones and Gams, 1982), bromegrass (Bromus 
biebersteinii Roem & Schult.) and alfalfa (Medicago sativa L. cv Agripro Dawn), were sampled in 
the spring of 1994 at the South Farms of the University of Illinois at Urbana-Champaign. 
 
Forages were sampled on eleven dates through different physiological stages during the first growth 
starting in April 27, 1994.  Sample collection began with tillering of the grasses and with the 
vegetative stage of alfalfa and was finished in the seed ripening stage for grasses and in full 
flowering for alfalfa.  At each date of sampling, plants were morphologically evaluated according to 
Simon and Park (1983) for the grasses and by the Guide to Determining Alfalfa Maturity Stages 
(Rohweder, D., Field Card A 3415, University of Wisconsin, Madison) for alfalfa.  
 
Four stages of maturity were chosen for each forage according to the changes in morphology (Table 
1).  Two rumen-cannulated Simmental x Angus steers fed orchardgrass ad libitum were used to 
compare effects of both the stage of maturity and different forages on in situ CP and DM 
degradation.  Polyester Dacron bags were used in duplicates for each forage and maturity stage.  
Bags were placed in the ventral sac of the rumen at 60, 48, 36, 24, 18, 12, 9, 6, and 3 h.  The CP 
content (AOAC, 1990) was determined for each residue and original forage.   
 
Dry matter and CP disappearance were calculated as the percentage of the incubated CP and DM 
after substraction of the residues.  Estimates of the kinetics of  DM and CP degradation were 
obtained using the model of Orskov and McDonald (1979): D = A + B(1 - e-kd*t) where D = 
disappearance at time (t), A = soluble fraction (%, wash value at 0 h), B = insoluble potentially 
digestible fraction (%), and kd = rate of degradation (%/h).  Model estimates were obtained  using 
the nonlinear (NLIN) procedure of SAS (1995).  The extent of DM and CP degradation (ED) was 
calculated according to Orskov and McDonald (1979), ED = A + [(B x kd)/(kd + kp)], where  kp = 
the fractional rate of passage ( 6.0%/h).  Regression analyses were performed for the extent of DM 
and CP degradation using days after April 27 for grasses or days after May 12 for alfalfa as 
independent variable. 
 
RESULTS AND DISCUSSION 
 
Variation in the extent of DM degradation for alfalfa and grasses during the first growth are shown 
in Figure 1.  On April 27, alfalfa was in early vegetative stage reaching the mid vegetative stage by 
May 12 and the flowering stage by the end of May corresponding with a 45 d period between the 
initiation of growing and flowering.  From April 27, grasses were in tillering stage until May 1, and 
then initiated the period of stem elongation.  Grasses started to grow by April 10 and were ready for 
grazing at the end of April or beginning of May.  Maturity stages were reached earlier in grasses 
than in alfalfa.  Alfalfa had the greater decrease for EDMD between early bud and early flowering.  
For grasses the greater decrease in the extent of DM degradation occurred when forages were 
between heading and flowering (Figure 1).  Regressions for the EDMD using days from May 12 for 
alfalfa and from April 27 for grasses as independent variable, were significant for all the forages: 
 

EDMD alfalfa (%) = 85.57 - .70 * day, r2 = .51, P < .027 



EDMD bromegrass (%) = 65.45 - .69 * day, r2 = .95, P < .0001  
EDMD t. fescue end. free (%) = 69.3 - .70 * day, r2 = .71, P < .005 
EDMD t. fescue end. infected (%) = 71.4 - .75* day, r2 = .95, P < .001 
 

Since there were no differences (P > .05) in the regression coefficients among grasses, a common 
relationship was fitted : 

ED grasses = 68.8 - .75* day, r2 = .86, P < .001 
 

The EDMD was higher in alfalfa than in grasses but decreased at almost the same rate as grasses.  
Alfalfa is grazed or cut for haying when plants are close to the flowering initiation.  The estimated 
EDMD degradation in alfalfa was 69.6% and 67.5% for early bud (5/20) and in early flowering 
(5/26), respectively.  For legumes with apical meristems such as alfalfa, the bud is usually removed 
during grazing, forcing them to regrow from the base.  In alfalfa, the rate of forage growth must rely 
on root reserves in each cycle of basal stem initiation; therefore it is important to let the plant 
accumulate enough reserves which can be completed at the end of the bud stages or at the beginning 
of the flowering stage. 
 
From April 27, the estimated EDMD in grasses at tillering (4/27) and stem elongation (5/12) stages 
were of 68.8% and 57.5%, respectively.  High quality forage or pasture is most likely if plants are 
managed to minimize the proportion of  plants with reproductive stages. Grasses need to be cut early 
before boot (Nelson and Moser, 1994) which occurred at the end of April.  Therefore, for the first 
growth in central Illinois, there is a difference of 15 days between the optimal time for grazing 
grasses (coincidental with the maximal EDMD (tillering at the end of April) and the optimal time for 
grazing alfalfa (early flowering stage for grazing initiation).  If grazing starts at tillering for grasses, 
alfalfa will be in young stages and bloat problems may also arise.  If the decision is to start grazing 
when alfalfa is at late bud, grasses will lose almost 10% in the EDMD, affecting DM intake, and 
performance. If animal selection in grasses in reproductive stages is allowed, a high efficiency of 
forage harvesting by the animal will not be possible.  Grasses will have a high proportion of stems 
after April 10 which usually decreases the harvest efficiency.  Therefore, most of the forage grown 
will be lost as death material and will probably decrease the amount of forage grown and utilized 
during the next regrowth. 
 
Patterns of extent of CP degradation for alfalfa and grasses across days are shown in Figure 2.  There 
also was a significant relationship between the extent of CP degradation (ECPD) and days after May 
12 for alfalfa, and days after April 27 for grasses: 
 

ECPD alfalfa (%) = 88.8 - .40 * day, r2 = .78, P < .002 
ECPD bromegrass (%) = 77.31 - .32 * day, r2 = .65, P < .009  
ECPD t. fescue end. free (%) = 82.45 - .28 * day, r2 = .44, P < .04 
ECPD t. fescue end. infected (%) = 84.21 - .5 * day, r2 = .81, P < .001 

 



Neither regression coefficients nor intercepts were different among grasses. Therefore, a common 
regression for the ECPD across days, was calculated for grasses: 

ECPD grasses (%) = 81.3 - .39 * day, r2 = .67, P < .001 
 

For every day from April 27 the extent of CP degradation decreased, on average, .4% in alfalfa, and 
.39%, on average, in grasses.  The ECPD was always higher than the EDMD.  The decrease of 
ECPD is almost a half of the EDMD degradation (.69%/d and .75%/d for alfalfa and grasses, 
respectively).  Moreover, in fresh forages with a high CP content, the amount of CP degraded in the 
rumen usually exceeds the CP requirements of the microbial population compared to the availability 
to provide energy for bacteria through fermentation.  However, the amount of CP degraded in the 
rumen is not only related with changes in the extent of CP degradation but also with changes in the 
CP content of the forage.  Delaying the beginning of the grazing in order to decrease the amount of 
CP degraded in rumen (and also increase the escape of CP) will not be useful because it will have 
almost a twice the negative effect on DM degradation and, by extent on the amount fermented by 
rumen bacteria, and also on the DM intake.  
 
From these results, it is important to find a forage management strategy in order to decrease the 
period of time between the optimal utilization of grasses and of legumes in mixed pastures.  Grasses 
should be planted alone or with legumes that do not require long resting periods prior to the 
utilization, especially during the first growth (i.e., white clover, birds foot trefoil).  However, this 
combination may lead to a less productive and drought resistant pasture (Nelson and Moser, 1994).  
However, the more complex is the composition of the pasture, the more difficult is the management 
for keeping the pasture at the highest quality, and at a high harvesting efficiency by the animals.  
Currently, it is possible to find varieties of grasses and legumes with different growth patterns that 
may allow to reduce the difference between periods of optimal utilization for grasses and legumes.  
Varieties of grasses with high requirements of low temperatures and long day lengths (late flowering 
varieties) should be recommended when alfalfa is present in the mixtures.  Alfalfa varieties which 
can reach the early flowering stage sooner than others, should be selected in order to have a better 
quality in mixed pastures.   
 
CONCLUSIONS 
 
There were differences among forage species in CP and DM degradation as affected by maturity. In 
grasses, for each day after April 27, the extent of DM and CP degradation decreased .75%/d and  
.39%/d, respectively.  For alfalfa the decrease from May 12 was .69%/d and .40%/d for DM and CP, 
respectively.  When grasses were ready for grazing, alfalfa needed 15 days more in order to let the 
plant have a physiological stage compatible with stand persistence and the avoidance of bloat 
problems.  Provided that mixed grasses and legume are recommended, it is necessary to reduce the 
period between the optimal time for grazing utilization between grasses and legumes through variety 
selection and forage management. 
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Table 1.  Dates of harvest selected for the in situ study 
 
 
Forage 

 
Dates and physiological stages 

 
 

 
 

 
 

 
 

 
 

 
Alfalfaa 

 
5/12 Mid 

Vegetative (1.2) 

 
5/20 Early bud 

(3.8) 

 
5/26 Early 

Flower (5.9) 

 
6/6 Late 

Flower (6.7) 
 
 

 
 

 
 

 
 

 
 

 
Bromegrassb 

 
4/27 Tillering 

(25) 

 
5/12 End of stem 
elongation (39) 

 
5/20 Heading 

(58) 

 
6/1 Flowering 

(68) 
 
 

 
 

 
 

 
 

 
 

 
T. Fescueb 
End. Free 

 
4/27 Tillering 

(25) 

 
5/12 End of stem 
elongation (39) 

 
5/20 Heading 

(58) 

 
6/1 Flowering 

(68) 
 
 

 
 

 
 

 
 

 
 

 
T. Fescueb 
End. Inf. 

 
4/27 Tillering 

(25) 

 
5/12 End of stem 
elongation (39) 

 
5/23 Heading 

(58) 

 
6/1 Flowering 

(68) 
 

aValues in parenthesis represent maturity stages, 1: mid - vegetative, late - vegetative, 
3: early bud, 4: late bud, 5: early flower, 6: late flower. Rohweder D. (1988), Field Card 
A3415.  Agric. Bull. 30. U. of Wisconsin, Madison. 

bValues in parenthesis represent stages of development according to Simon and Park 
(1983):20 to 29 describes tillering, 31 to 39 refers to stem elongation, 50 to 58 to inflorescence 
emergence, 60 to 68 anthesis, and 75 to 93 to seed ripening, End. Free and End. Inf: 
endophyte free or infected with Acremonium caenophyalum (Morgan-Jones and Gams, 1982). 
 

 



 



 


