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Effects of Different Forages 
and Methods of Feeding Concentrate 

on Dry Matter Intake and M'ilk Production 
in Dairy Cows Fed Complete Diets 

J. W. HIBBS, H. R. CONRAD, and R. W. VAN KEUREN1 

INTRODUCTION 
Continued interest in the convenience and reduced labor in me­

chanized f ecding has prompted a series of experiments to assess the rela­
tive merits of ensiling the concentrate with different forage crops to make 
a complete feed compared to ensiling the forage alone and adding the 
concentrate at feeding time. When corn silage is made, a significant 
share of the concentrate portion of the diet (kernels) is unavoidably 
ensiled with the forage. 

Pardue et al. ( 4) found no difference in performance of cows fed a 
complete feed corn silage diet with the concentrate added at ensiling com­
pared to grain added at feeding time using a 20.6% protein grain mix­
ture as 40% of the total ration DM. Hooven et al. (2) compared a com­
plete feed corn silage diet containing 40% grain concentrate (27.9% 
protein) with control cows fed corn silage free choice plus alfalfa hay at 
0.5% body weight and the same concentrate mixture fed at the rate of 
1 kg to 3 kg of milk produced. In early lactation ( 0-120 days), the 
control cows ate more DM and produced more milk than cows fed the 
complete feed silage. In late lactation (121-240 days), there was no 
difference in performance between the two diets. 

In a previous OARDC study ( 1), complete corn silage diets in 
which the concentrate was added at time of ensiling were compared in 
three experiments with complete corn silage diets in which the concen­
trate was added at feeding time. In these three experiments with the 
cows fed complete silage, concentrate added at time of ensiling, average 
dry matter (DM) intake was 16.1 kg/d, 4% fat corrected milk (FCM) 
was 21.5 kg/ d, and average rate of decline in 4% FCM was 0.07 kg/ d. 
When the concentrate was added at time of ensiling, the cows in all three 
experiments consumed an average of 0.7 kg/d less DM, produced 0.5 
kg/ d more 4% FCM, and declined in milk production 0.017 kg/ d slower 
than when the concentrate was added at feeding time. 

Pratt and Conrad ( 5) had previously shown that DM intake and 
milk production were higher when ground ear corn was fed with high 

1Professor and Associate Chairman, Dept. af Dairy Science, Professor of Dairy Science, and 
Professor of Agronomy, respectively, Ohio Agricultural Research and Development Center, 
Wooster, Ohio. 

3 



moisture (24-32% DM) grass-legume silage than when high moisture 
ear corn silage was used as the concentrate. The nitrogen (protein) 
from alfalfa hay also was utilized more completely than that from alfalfa 
silage. It was concluded that for highest DM intake and milk produc­
tion, some unfermented concentrate or hay is needed to supplement high 
moisture grass legume silage. 

In the experiment reported here, vernal alfalfa and several grasses 
were ensiled in layers separated by plastic sheets in two 10 x 40-foot con­
crete stave silos. The control (north) silo had no concentrate added 
at time of ensiling; rather, the concentrate was added as 50% of the 
DM twice a day at feeding time. In the experimental (south) silo, 50% 
of the DM was concentrate mixed with the forages in each layer at time 
of ensiling. 

An opportunity was thus afforded to observe the effect of the vari­
ous cnsiled forage crops on voluntary intake and milk production and 
to further assess the effect of adding the concentrate at time of ensiling 
compared to mixing the concentrate with the silage at feeding time. 

The complete silage concentrate mixtures were fed on a free choice 
basis so that voluntary intake could be expressed. 

EXPERIMENTAL PROCEDURE 
Between May 13 and May 21, 1969, six different grasses were har­

vested as near as possible in the same stage of maturity (boot-pre-emer­
gence). Included were early (Potomac) orchardgrass harvested May 
13, late (Pennlate) orchardgrass harvested May 13, reed canarygrass 
harvested May 15, early (common) timothy harvested May 16, smooth 
(Lincoln) bromegrass harvested May 21, and late (Essex) timothy har­
vested May 21. Vernal alfalfa harvested May 26 in the pre-bloom stage 
was included for comparison with the grasses. 

After wilting, the forages were chopped and alternate loads were 
stored in two 10 x 40-foot silos in layers separated by plastic sheets in 
the order indicated above. In the experimental (south) silo, concen­
trate was mixed with the chopped forage at the rate of 50% concen­
trate to 50% forage dry matter at time of ensiling. No concentrate was 
added to the control (north) silo at time of ensiling. However, 50% 
concentrate was mixed with the control silage on the dry matter basis 
at feeding time during the subsequent feeding experiment, making the 
composition of the complete control diet similar to the complete experi­
mental diet. 

The composition of the concentrate used (D-189-69) was ground 
shelled corn, 97 % ; diammonium phosphate ( Duofos), 2.0%; and 
iodized salt, 1.0% ( 11 % total protein). When mixed with the grasses, 
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250 g of ground limestone per 100 lb was added to the concentrate to 
provide additional calcium. No limestone was added when the forage 
was alfalfa. 

The number of days each layer of silage was fed varied from 7 to 
18 days, averaging 12.3 days depending on the amount of silage in each 
layer. Changes from one layer to the next were made abruptly with no 
transition period. 

Four Holstein cows were included in each group. The control 
group averaged 628 kg body wt at the beginning of the experiment. 
Average day of lactation at the beginning of the experiment on June 18 
was 134 days for the control group and 128 for the experimental group. 

RESULTS AND DISCUSSION 
Table 1 shows the average percent dry matter and the average per­

cent total protein in the silages sampled as fed during the feeding experi­
ment extending from June 18, 1969, until Sept. 11, 1969. Table 2 
shows the effect of the different ensiled forages and the two methods of 
feeding concentrates on dry matter intake and actual milk production. 

As the silage layers were fed in complete diets beginning with alfal­
fa, there were marked differences in DM intake. Based on the least 
squares mean of both the control and experimental group, there was a 
significant reduction in DM intake from 18.3 kg/d to 14.8 kg/d when 
the silage was changed from alfalfa to late timothy. The next layer was 
smooth bromegrass with a DM intake of 16.4 kg/ d, significantly less 
than alfalfa but not significantly more than late timothy. Dry matter 

TABLE 1.-Average Dry Matter and Total Protein Content of the Si­
lages Sampled as Fed. 

Forage in Dry Matter, Percent Total Protein, Percent 

Silage Layer North Silo South Silo North Silo South Silo 
(Top Down) Control* Experimentalt Control* Experimentalt 

Vernal Alfalfa 41.6 57.4 25.4 19.0 
Essex Timothy 29.7 44.5 19.2 14.4 
Lincoln Bromegrass 36.3 51.5 20.0 15.3 
Early Timothy 31.0 49.0 18.4 15.7 
Reed Canarygross 36.1 51.3 19.9 15.5 
Late Orchardgrass 43.8 61.8 21.5 17.0 
Early Orchardgrass 35.8 51.1 18.1 15.7 

Average 36.3 51.5 20.4 16.1 

*50 % concentrate dry matter mixed with 50 % silage dry matter at feeding time, making 
the composition of both complete diets similar. 

t50 % concentrate dry matter mixed with 50 % forage dry matter at time of ensiling to 
make a complete diet. 
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intake for early timothy and smooth bromegrass, reed canarygrass, late 
orchardgrass and early orchardgrass averaged 16.8 kg/d, 16.7 kg/d, 
and 15.6 kg/ d, which were significantly higher than either of the timothy 
varieties and not significantly different from alfalfa or smooth brome­
grass. 

The combined average DM intake of all the silage layers for thr 
experimental group ( 50% concentrate mixed with forage at time of cn­
siling) was 15.7 kg/d, significantly less than the 17.8 kg/d average DM 
intake for the control group. This result is in line with the previous 
experiment ( 1) where 0.7 kg less DM was consumed daily by lactating 
cows fed corn silage with 50% concentrate mixed with corn silage at 
time of ensiling compared to the control group where 50% concentrate 
was mixed with the corn silage at feeding time. 

In Table 2, DM/body weighbg is also shown so that DM as percent 
BWki: can be compared both for the different forages and the method of 
feeding concentrates. 

Milk production dropped significantly when the cows were shifted 
from the preliminary pasture plus concentrate diet to the alfalfa silage 
diet. Based on the least squares mean of both control and experimental 
groups, there was a further significant drop in milk yield from 26.6 kg/ d 
to 23.0 kg/d when the change was made from alfalfa silage to late timo­
thy. Average production when fed the diet containing 50% reed canary­
grass, 24.0 kg/d, was not significantly different from late timothy, 23.0 
kg/ d. Milk production when the cows were fed any of the other grasses 
was significantly less: smooth bromegrass, 22.0 kg/d; early timothy, 21.8 
kg/d; late orchardgrass, 22.3 kg/d; and early orchardgrass, 22.0 kg/d. 
Average milk production was significantly higher in the control group 
than in the experimental group where the concentrate was mixed with 
the forage at time of rnsiling, a reflection of the 2.1 kg/ d higher DM 
intake in the control group. The control cows gained 0.33 kg BW per 
day while the experimental cows lost 0.23 kg daily. The difference in 
mean body weight change was not significant ( P = .05). 

The overall average milk production throughout the experimental 
feeding period was lower than the expected production compared to a 
normal decline from the initial level of 0.109 kg/dafter the peak of pro­
duction in herdmates fed a balanced 50% concentrate diet ( 1 part con­
centrate/! part alfalfa hay/l part corn silage-DM basis) (Table 2). 

It is concluded that even when high quality grasses are frd as silage, 
DM intake will be less than when high quality alfalfa silage is fed, ap­
parently due to slower rate of cellulose digestion of the grasses ( 3). The 
reduction in DM intake will be reflected in lowered milk production, 
further emphasizing the value of high quality alfalfa in maintaining 
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TABLE 2.-Effects of Different Ensiled Forages and Methods of Feeding Concentrates on Dry Matter Intake and Milk 
Production. 

Expected 
Forage Dry Matter Intake Dry Matter Intake/BWk Milk Production Milk 

in Silage 
Control* Control* Control* 

Production 
Layer Days Experimentalt LSMt Experimental t LSM'f Experimenta F LSMt Average** 

(Top Down) Fed kg/d kg/d kg/d % BNkg % BWkg % BWkg kg/d kg/d kg/d kg/d 

Preliminary -- Pasture -- -- -- -- -- -- -- 32.5 31. l 29.2att 31.8 

Vernal Alfalfa 13 19.8 17.8 18. 3att 3.03 2.83 2.85 29.5 27.9 26.6b 30.8 

Essex Timothy 18 16.8 13. 3 l4.8c 2.57 2.12 2.30 24.8 23.3 23.0cd 29.0 

Lincoln Bromegrass 9 18.0 15.0 16.4bc 2. 75 2.39 2.56 24.7 19.9 22.od 27.6 

Common Ti mo thy 16 15.3 14.9 15.2c 2.34 2.37 2.37 22.4 20.4 21.8d 26.2 

Reed Canarygrass 13 18.5 16.8 18. lab 2.83 2.68 2.82 24.0 21. 9 24.0c 24.6 

Late Orchardgrass 7 18.5 16.7 18. lab 2.83 2.66 2.82 21.3 19.5 22.3d 23.5 

Early Orchardgrass 10 17.8 15.6 17. 3ab 2.72 2.48 2. 70 19.3 20.0 22.0d 22.6 

AVERAGE 12.3 17.Be l5.7f 16.9 2.72 2.50 2.63 24.89 23.oh 23.9 27.0 

*concentrate mixed with forage at feeding time -- (50% of dry matter) -- complete diet fed free choice. 

tconcentrate mixed with forage at time of ensiling -- (50% of dry matter) -- complete diet fed free choice. 

tleast squares means (milk production adjusted for day of lactation -- average 131 days at beginning of experiment). 

**Based on 0.109 kg/d decline after the peak in herdmates fed a balanced 50% concentrate diet (l part concentrate/] part alfalfa hay/l part 
corn silage -- dry matter basis). 

Hsuperscripts which differ indicate a statistically significant difference (P < .05) -- least squares analysis of variance. 



maximum DM intake in high producing cows without excessive grain 
feeding. When the concentrate is mixed with the forage at time of en­
siling, dry matter will be lower compared to mixing the same amount of 
the same concentrate with silage made from the same forage at feeding 
time. The lowered dry matter intake can then be expected to be re­
flected in lowered milk yield. 

REFERENCES 
1. Hibbs, J. W. and H. R. Conrad. 1976. Complete Ensiled Corn 

Rations for Lactating Dairy Cows. Ohio Agri. Res. and Dev. Ctr., 
Res. Bull. 1089. 

2. Hooven, N. W., Jr., R. M. Johnson, and R. D. Plowman. 1971. 
Complete Feed Corn Silage Ration Fed at Two Stages of Lactation. 
J. Dairy Sci., 54:782. 

3. Hopson, James D., Ronald R. Johnson, and Burk A. Dehority. 
1963. Evaluation of the Dacron Bag Technique as a Method for 
Measuring Cellulose Digestibility and Rate of Forage Digestion. 
J. Anim. Sci., 22 :448. 

4. Pardue, F. F., 0. T. Fosgate, G. D. O'Dell, and C. C. Brannon. 
1973. Effects of Complete Ensiled Ration on Milk Production, 
Milk Composition and Rumen Environment of Dairy Cattle. J. 
Dairy Sci., 56:648. 

5. Pratt, A. D. and H. R. Conrad. 1965. The Need for Unfcrmented 
Grain or Forage with High Moisture Grass-Legume Silage for Dairy 
Cattle. Ohio Agri. Res. and Dev. Ctr., Res. Bull. 979. 

8 



BETTER LIVING IS THE PRODUCT 
of research at the Ohio Agricultural Research and Development Center. 
All Ohioans benefit from this product. 

Ohio's farm families benefit from the results of agricultural re­
search translated into increased earnings and improved living condi­
tions. So do the families of the thousands of workers employed in the 
firms making up the state's agribusiness complex. 

But the greatest benefits of agricultural research flow to the mil­
lions of Ohio consumers. They enjoy the end products of agricultural 
science-the world's most wholesome and nutritious food, attractive 
lawns, beautiful ornamental plants, and hundreds of consumer prod­
ucts containing ingredients originating on the farm, in the greenhouse 
and nursery, or in the forest. 

The Ohio Agricultural Experiment Station, as the Center was called 
for 83 years, was established at The Ohio State University, Columbus, 
in 1882. Ten years later, the Station was moved to its present loca­
tion in Wayne County. In 1965, the Ohio General Assembly passed 
legislation changing the name to Ohio Agricultural Research and De­
velopment Center-a name which more accurately reflects the nature 
and scope of the Center's research program today. 

Research at OARDC deals with the improvement of all agricul­
tural production and marketing practices. It is concerned with the de­
velopment of an agricultural product from germination of a seed or 
development of an embryo through to the consumer's dinner table. It 
is directed at improved human nutrition, family and child development, 
home management, and all other aspects of family life. It is geared 
to enhancing and preserving the quality of our environment. 

Individuals and groups are welcome to visit the OARDC, to enjoy 
the attractive buildings, grounds, and arboretum, and to observe first 
hand research aimed at the goal of Better Living for Alf Ohioans! 
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