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COVER STORY -- WEBER HALL 1988 

Weber Hall is new again! With 23,000 square feet of new space and 30,700 square 
feet of renovated space, Weber Hall is ready to start a new life. Originally called the 
Animal Industries building when it was first occupied in 1957, it was later officially 
named Weber Hall in honor of A. D. "Dad" Weber, former Animal Husbandry 
Department Head and Dean of Agriculture. In 1957, the Department had 18 faculty 
members, 89 undergraduates, and 11 graduate students. Less than 1000 square feet of 
the original building was research laboratories. By 1977, it became obvious that 
something had to be done. There were 403 undergraduates, and 63 graduate students. 
Two ladies' lounges had been converted to offices. Research equipment was operating 
in the halls. The meats laboratory was completely out of date and in danger of being 
shut down by the USDA. 

Leaders of the livestock and meat industry met and agreed on the need to 
upgrade the facility. Largely due to the efforts of those industry leaders, the 1985 
Legislature appropriated $7.2 million to add new space and renovate existing space. 
At the same time, the Livestock and Meat Industry Council agreed to raise $500,000 
for moveable equipment. 

Meats research facilities were expanded and upgraded. The kill floor was 
completely remodeled and re-equipped. New freezer and cooler space was added. A 
new facility was added for research on value-added meats products. A test kitchen 
and taste panel area were provided. Research laboratories were also added for 
monogastric nutrition, and physiology. Cattle holding and working facilities are also 
built in, facilitating physiology research. 

Teaching facilities were developed with an eye toward providing the best possible 
learning environment . Classrooms are all carpe ted and have comf ort able seating. 
Television monitors have been wired into one of the classrooms. "Government Grey"
is notably absent from the color scheme. The new student Commons area makes a 
major contribution to the new learning environment. 

At the top of the front cover is the new east entrance to Weber Hall. It's on 
the southeast corner of the new addition. A bit of Weber Hall's old east wall can be 
seen on the left. The photo on the left depicts research activity in the new 
physiology laboratory. The photo on the right is the Department's new Near Infrared 
Reflectance Spectrometer, a device for forage nutrient analysis. The bottom shows 
Weber Hall's new computer laboratory. Numerous Animal Sciences classes are 
incorporating microcomputer decision-making tools. The laboratory is available for 
general use by our students whenever classes are not being held. 

We'd like to express our appreciation to Joan Istas for the cover photographs, to 
Fred Anderson for cover layout, and to Eileen Schofield for editing help. 
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Influence of Supplemental Protein Versus Energy Level
on Intake, Fill, Passage, Digestibility, and

Fermentation Characteristics of Beef Steers Consuming
Dormant Bluestem Range Forage

Tim DelCurto, Bob Cochran, Tom Avery,
1

and Alison Beharka

S u m m a r y

Two trials were conducted to evaluate effects of protein versus energy level in
milo/soybean meal supplements on intake and utilization of dormant, bluestem forage.
Forage dry matter intake and utilization of dormant bluestem forage appears to
increase at higher levels of supplemental protein. Increased supplemental energy may
be associated with depressed intake and utilization, particularly when supplements are
low in protein.

Introduct ion

Prev ious  r e sea rch  a t  Kansas  S t a t e  Un ive r s i t y  sugges t s  t ha t  w in t e r
supplementation with moderate to high crude protein (CP) supplements is preferable
because of their ability to stimulate forage intake and utilization. Supplements low in
CP (e.g., cereal grains) tended to promote lower levels of forage intake and
significantly depressed fiber digestibility. However, low CP supplements are
frequently much cheaper. The question exists whether feeding increased quantities of
low CP supplements (i.e., increasing the level of energy offered) would sufficiently
offset some of their negative impacts on forage utilization. Therefore, our study was
designed to evaluate how varying the levels of protein and energy in winter
supplements would affect the intake and utilization of dormant, bluestem range.

Experimental Procedures

In two trials, 16 ruminally cannulated steers were randomly assigned within
weight group (avg. = 732 and 884 lb. for trials 1 and 2, respectively) to each of four
treatments. Treatments consisted of supplementing steers with soybean meal
(SBM)/milo mixtures that were combinations of various protein and energy levels
(Figure 9.1). Crude protein (CP) concentrations in supplements and the level at which
they were fed were: 1) 22% CP fed at .3% of body weight (SW); 2) 11% CP fed at .6%
BW; 3) 44% CP fed at .3% BW; and 4) 22% CP fed at .6% BW. Protein concentration
was altered by varying the quantities of SBM and milo. Because SBM and milo are
nearly equivalent in energy value, level of supplemental energy provided was varied by
feeding different quantities of supplement. Dormant prairie hay was provided at
130% of the previous 5-day average intake.

Trial 1 was a 28-day digestion study with 14-day adaptation, 7-day intake, and
7-day fecal collection periods.

29

1
Department of Surgery and Medicine.
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Crude
Protein
(CP)

LOW

Level
in
Supplements

HIGH

Metabolizable Energy (ME) Level in Supplements

LOW HIGH

.3 g CP/lb BW .3g CP/lb BW

4.2 Kcal ME/lb BW 8.4 Kcal ME/lb BW

.6 g CP/lb BW .6 g CP/lb BW

4.2 Kcal ME/lb BW 8.4 Kcal ME/lb BW

Figure 9.1. Treatment Arrangement

Rumen fill values were obtained by complete ruminal evacuations, and subsamples
of solid digesta were collected. The alkaline peroxide lignin component of the
subsamples was used to describe fill and passage of an indigestible component of the
diet. On day 28, CoEDTA was given intraruminally, and rumen samples collected at 0,
3, 6, 9, 12, and 24 hours after feeding to measure liquid volume and passage.

Trial 2 was a 26-day study consisting of 18-day adaption, 5-day intake, and 2-
day ruminal sampling periods. Procedures were similar to those of trial 1, except
fecal collections were not made. On day 26, CoEDTA was given intraruminally, and
rumen samples were taken at 0, 3, 6, 9, 12 and 24 hours after feeding to measure
liquid volume, and passage.

Results and Discussion

In trial 1, influence of protein level on forage dry matter intake (DMI)
depended on the corresponding energy level (Table 9.1). Increased supplemental
energy at the low protein level depressed forage DMI. Influence of protein level on
total diet dry matter digestibility (DMD) was also dependent on the corresponding
energy level. Increased supplemental energy at the low protein level had a positive
influence on total diet DMD. Increased DMD in this case may be explained by the
reduction in forage DMI and the increased consumption of the highly digestible
supplement. However, forage fiber digestibility (e.g., acid detergent fiber) was
increased only by increasing supplemental protein levels. Increased supplemental
energy at the low level of protein depressed forage fiber digestibility. In trial 2,
forage DMI increased in response to high supplemental protein levels but tended to
decrease with increased energy levels (Table 9.2). Liquid volume and flow increased
with higher protein levels.

Results from both trials indicated providing supplemental protein to cattle
grazing dormant winter rangelands increases forage intake. Increasing the level of
supplemental energy at low levels of crude protein appears to decrease intake and
forage digestibility. At higher levels of supplemental protein, this effect is not as
dramatic.
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Table 9.1. Influence of Supplemental Protein versus Energy Level on the Intake,
Digestibility, Fill, and Passage for Cattle Consuming Dormant Bluestem
Range-Forage (Trial 1)

1
.3 g CP/lb BW .6 g CP/lb BW

Energy Level 4.2 8.4 4.2 8.4 SE 
2

Forage  DMI
2  

%  B W ,
Supplement DMI, % BW
TOTAL DMI, % BW
TOTAL DMD, % b c
ADF Digestibility, % b

Dry Matter Fill, lb
APL Fill, lb
APL Passage, %/hr
Liquid Volume, 1
Dilution Rate, %/hr
Liquid Flow, l/hr
1 

Energy Level = kcal ME/lb BW
2 

SE = Standard Error

1.21 .82 1.07 1.15 .05
.30 .60 .30 .60 - - -

1.51 1.42 1.37 1.75 .06
39.1 46.1 45.9 47.5 3.5
31.9 24.3 36.1 34.8 10.6
9.8 9.7 9.9 9.4 2.9

.6 .6 .6 .6 .7
4.0 4.9 4.2 5.4 .7

43.3 36.8 43.6 48.8 16.2
5.9 5.5 4.8 5.6 .3
2.5 2.0 2.1 2.7 .2

3 
Dry matter intake

4 
A l k a l i n e peroxide lignin

a 
response due to protein*energy interaction (P<.10)

b 
response due to protein level (P<.10)

c 
response due to energy level (P<.10)

Table 9.2. Influence of Supplemental Protein versus Energy Level on the Intake, Fill,
Liquid Volume, and Passage for Cattle Consuming Dormant Bluestem
Range Forage (Trial 2)

.3 g CP/lb BW .6 g CP/lb BW
Energy Level 4.2 8.4 4.2 8.4 SE

Forage DMI 
1 
, %  BW  

a
1.30

Supplement DMI, % BW .30
Total DMI, % BW 

a
1.60

Dry Matter Fill, lb
Liquid Volume, 1 

a 23.3
62.7

Dilution Rate, %/hr 5.3
Liquid Flow, l/hr

a
3.3

1

Dry matter intake.
a

response due to protein level (P<.10).

1.17 1.71 1.49 .31
.60 .30 .60 - - -

1.77 2.01 2.09 .34
23.2 26.6 26.5 3.5
63.1 76.4 69.0 4.1

5.6 5.4 5.6 .1
3.6 4.1 3.8 .1
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Influence of Sustained Rumensin Release
on Steer Performance and Forage Utilization

1

Bob Cochran, Eric Vanzant, 
Jack Riley, and Tom Avery 

2

Summary

Steers managed within an intensive-early stocking program and receiving
Rumensin ® via a slow-release bolus tended to have higher average daily gains than
steers not receiving Rumensin. However, forage organic matter intake, fill,
digestibility, and diet selection showed little response to Rumensin administration.

Introduction

Ionophores such as Rumensin play an important role in today’s cattle industry
because of their ability to enhance gain and efficiency. Administration of Rumensin
to grazing cattle has previously been limited to situations in which supplementation
systems were feasible. Recently, a Rumensin-containing, slow release, intraruminal
bolus has been developed. This device allows cattle to be bolused at the beginning of
a grazing period and then slowly releases the ionophore over an extended period.
Although some data are available regarding the response of cattle that have received
the Rumensin bolus, no information is available on how this bolus affects forage
utilization. Therefore, our objective was to compare gains and forage utilization
under intensive-early stocking in cattle receiving a Rumensin bolus.

Experimental Procedures

Performance Trial. Two hundred forty-four crossbred steers were randomly
assigned to each of six pastures grazed at three stocking rates (two pastures per
stocking rate; 1.25, 1.50 and 1.75 acres/steer). Steers grazed the pastures from May
1, 1987 through July 15, 1987. Weights taken after an overnight stand without feed
or water were recorded at trial initiation and termination. At trial initiation, all
steers were implanted with Compudose. Steers assigned to the Rumensin treatment
received a Rumensin bolus at the same time.

Forage Utilization Trial. Eight ruminally and esophageally fistulated heifers
were randomly assigned to two treatments: 1) Rumensin bolus or 2) Control -- no
bolus. Boluses were given 21 days before intake and digestibility measurements started.

1
Appreciation is expressed to Mr. Gary Ritter and Mr. Wayne Adolph for their expert
assistance during the data collection, and to Elanco Products Co., Division of Eli

2Lilly Co., for financial and product support for this trial.
Department of Surgery and Medicine.
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All heifers grazed a single pasture throughout the trial. Forage utilization was
monitored during a 3-day esophageal collection period, a 7-day fecal collection period,
and a l-day ruminal evacuation period. Dates of the sample collection period were
June 5 to June 17, 1987.

Results and Discussion

Average daily gains of steers were not influenced (P>.10) by the stocking rates.
Steers that received a Rumensin bolus tended (P=.09) to gain more than control steers.
(Table 11.1). However, bolusing cattle with the Rumensin device had little effect on
forage utilization. Forage organic matter digestibility, forage acid detergent fiber
digestibility, forage organic matter intake, forage organic matter fill, and quality of
diet selected were all unaffected (P>.10) by the slow-release Rumensin bolus.

Table 11.1. Influence of Rumensin Boluses on Gains, Forage Utilization,
and Quality of Diet Selected

Item Control
Standard

Rumensin Error

Steer Gains (lbs/day) 2.4 2.5 0.03

Forage Organic
Matter Intake (% body wt) 2.9 3.0 0.5

Forage Organic
Matter Fill (lbs) 5.5 6.0 0.5

Forage Organic
Matter Digestibility (%)

Forage Fiber (ADF) 
1

Digestibility (%)

68.7 71.4 1.8

67.4 67.7 1.0

Fiber (ADF) in Grazed
Forage (%) 56.2 53.0 2.2

Crude Protein in
Grazed Forage (36) 13.7 14.2 0.2

1Acid-detergent fiber.
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Effect of Environmental Temperature and

Inoculants on the Fermentation of Alfalfa and

Forage Sorghum Silages 
1

Keith Bolsen, Ahmed Laytimi,

Lesa Nuzback, and Renee Hart

Summary

The inoculants, TriLac 
® 

and Ecosyl 
®

increased the rate and efficiency of the
ensiling process in both high (50%) and low (32.5%) dry matter alfalfa, regardless of
temperature. In both alfalfa trials, the inoculated silages had significantly lower pH,
acetic acid, ethanol, and ammonia-nitrogen values and higher lactic acid values than
their control counterparts. The inoculants worked equally well when fermentation was
at 60 or 90 F. Although similar effects were obtained with forage sorghum, the
differences were not as pronounced as those for the alfalfa silages.

Introduction

Silage-making in Kansas begins in May with crops like alfalfa and winter
cereals and ends in November with late-season forage sorghums. During these 7
months, minimum and maximum daytime temperatures will range from less than 32 F
to over 100 F. How do the air temperature and the temperature of harvested forage
as it enters the silo affect the ensiling process ? Results from the last 2 years using
alfalfa and forage sorghum (KAES Reports of Progress 494 and 514) indicated that
initial fermentation was delayed by a cool temperature and that a warm initial
temperature produced silages with lower pH values and higher acid contents. In
addition, a silage inoculant generally increased the fermentation rate, particularly with
alfalfa when the fermentation temperature was cool.

Our objective was to further document the effect of fermentation temperatures
and inoculants on the rate and efficiency of fermentation in alfalfa and forage
sorghum.

Experimental Procedures

The PVC laboratory silo used in these trials, the treatment methods, and the
silo-filling techniques were similar to those described in the article on page 137 of
this report. The inoculants were applied in liquid form. TriLac contains Lactobacillus
plantarum and Pedicoccus cerevisiae and supplied 2.54 x 10 

5, 2.86 x 10 
5, and 2.90 x

10 
5 

colony-forming units. (CFU) of bacteria per gram of crop in Trials 1, 2, and 3,
respectively. Ecosyl contains Lactobacillus plantarum and supplied 2.90 x 10 

5 
CFU per

gram of crop in Trial 3. Chemical composition and microorganism profile of the pre-
ensiled crops are presented in Table 40.1.

1
Partial financial assistance was provided by Quali-Tech, Inc., Chaska, Minnesota and

C-I-L, Inc., London, Ontario, Canada.
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Trial 1. Silages was made from late-dough stage, post-frost, hybrid forage
sorghum (DeKalb 25E) on October 8, 1986. The direct-cut material contained 29.0%
dry matter (DM) and was approximately 70 to 75 F when ensiled. Four
treatments were compared: (1) control (no inoculant), with the laboratory silos
stored at 60 F (control-60); (2) control, with silos stored at 90 F (control-90); (3)
TriLac-treated, with silos stored at 60 F (TriLac-60); and (4) TriLac-treated, with
silos stored at 90 F (TriLac-90). Eighteen laboratory silos were filled for each
treatment, with three silos per treatment opened at 12, 24, and 48 hours and 4, 7, and
90 days post-filling.

Trial 2. Silage was made from fifth cutting, post-frost alfalfa on October 16,
1986. The 24-hr wilted material contained 51.0% DM and was 75 F when ensiled. The
treatments and opening times were the same as those described in Trial 1.

Trial 3. Silage was made from second cutting alfalfa on June 19, 1987. The 3-
to 4-hr wilted material contained 34.0% DM and was 80 F when ensiled. Both TriLac
and Ecosyl were included as treatments at 60 and 90 F.

Results and Discussion

Presented in Figures 40.1 to 40.6 are temperature and inoculant effects on
silage fermentation dynamics during the first 7 days post-filling in the three trials.
Silage fermentation results for the 90-day silages is shown in Table 40.2.

In Trial 1, both 90 F forage sorghum silages had sharply lower pH values and
higher lactic acid contents at 24 hours than the two 60 F silages (Figures 40.1 and
40.2). Beginning at 4 days post-filling, the TriLac-60 silage had lower pH and higher
lactic acid values than the control-90 silage. The 90-day, Trilac-90 and TriLac-60
silages had lower pH, acetic acid, ethanol, and ammonia-nitrogen and higher lactic
acid values (P<.05) than the control-90 and control-60 silages (Table 40.2).

In Trial 2, the control-90 and control-60 alfalfas fermented very slowly and
were still above pH 5.40 and below 3.2% lactic acid at 7 days post-filling (Figures 40.3
and 40.4). In contrast, the inoculated silages had significantly lower pH and higher
lactic acid values than the control-90 silage, beginning at 48 hours for TriLac-90 and
7 days for TriLac-60 silages. The 90-day, TriLac-90 and TriLac-60 silages had
significantly lower pH, acetic acid, ethanol, and ammonia-nitrogen and higher lactic
acid values than the two control silages (Table 40.2).

The temperature and inoculant effects on fermentation dynamics and 90-day
chemical composition of the alfalfa silages in Trial 3 were nearly identical to those
obtained in Trial 2 (Figures 40.5 and 40.6 and Table 40.2). Both inoculants, TriLac
and Ecosyl, increased the rate and efficiency of silage fermentation over the control.
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Table 40.1. Chemical Composition and Microorganism Profile of the Pre-ensiled
Crops in Trials 1, 2, and 3

DeKalb 25E Alfalfa
Trial 1 Trial 2 Trial 3

Item 1986 1986 1987

Dry Matter, % 29.0 51.0 32.5
pH
Water Soluble Carbohydrates 

1 5.85 6.1 5.95
7.25 6.2 5.4

Crude Protein 
1

7.2 22.0 20.7
Buffer Capacity 

2
20.2

Mesophilic Bacteria 
3

8.9 x 10 
7 59.5

7.2 x 10 
7 52.6

Lactic Acid Bacteria 
3

6.0 x 10 
4

Yeasts and Molds 
3

1.3 x 10 
4

6.8 x 10 
4 3.8 x 10 

7

3.4 x 10 
3 6.2

x 10 
3x 10 

5

7.0
1 

Expressed as a % of the crop dry matter.2 
Milliequivalents NaOH per 100 grams of crop DM required to raise the pH of
the fresh material to 6.0.3 
Colony-forming units per gram of crop.

Table 40.2. Chemical Analyses of the 90-day Silages in the Three Trials

Crop, and Dry Lactic Acetic
Treatment Matter p H Acid Acid Ethanol NH -N

3

% - - - - - - -% of the Silage DM- - - - - - - 

Trial 1: Forage Sorghum
Control-60 28.5 3.92 

b

TriLac-60 28.8 3.87 
a

Control-90 28.5 3.98 
c

TriLac-90 28.5 3.88 
a

Trial 2: Alfalfa
Control-60 49.2 4.82 

b

TriLac-60 49.8 4.34 
a

Control-90 50.1 4.97 
c

TriLac-90 50.5 4.43 
a

Trial 3: Alfalfa
Control-60 33.1 4.59 

c

TriLac-60 34.1 4.32 
a

Ecosyl-60 33.6 4.38 
a

Control-90 33.4 4.58 
a

TriLac-90 34.1 4.45 
b

5.66 
b

6.42 
a

4.99 
a

6.53 
a

1.45 
b

.96 
a

1.34 
b

.76 
a

.304 
b

.231 
a .043

.345 
c .029

.270 
a .050

.032

6.55 
b

9.31 
a

6.05 
b

9.99  
a

1.94 
c

1.12 
a

1.41 
b

1.00 
a

.272 
c

.095 
a

.170 
b

.089 
a

.205  
b

.133 
a

.217 
b

.130 
a

3.54 
b

6.44  
a

6.23 
a

4.41 
b

6.43 
a

6.25 
a

3.78 
d

2.08 
a 

2.71 
b

3.23 
c

2.11 
a

.322 
b

.104 
a

.126 
a

.400 
b

.116 
a

.269 
ab

.192 
a

.200 
a

.312 
b

.245 
ab

Ecosyl-90 33.0 4.46 
b

2.64 
b

.171 
a

.234 
ab

a b c d
Values in the same column within a trial with different superscripts differ (P<.05).
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Relationship between Agronomic and Silage

Quality Traits of Forage Sorghum Cultivars

Jim White, Keith Bolsen, and Brett Kirch

S u m m a r y

Results from two trials evaluating 11 forage sorghums as silage crops indicated
that silage quality traits of voluntary intake, digestibility, and crude protein content
were linearly associated with the agronomic characteristics of days to half bloom and
plant height. Intake was negatively associated with plant height (r = -.49);
digestibility was negatively associated with days to half bloom (r = -.39) and plant
height (r = - .49); and crude protein was negatively associated with days to half bloom
(r = - .51) and plant height (r = -. 71). Within the same cultivar, but between years,
voluntary intake varied by as much as 30 percent, digestibility by 13 percent, and
protein content by 12.5 percent. Forage sorghums were also compared to grain
sorghum and corn hybrids.

I n t r o d u c t i o n

Historically, Kansas has been the leading state in the production of forage
sorghum. Producers who grow their own forage sorghum tend to select cultivars
based upon agronomic traits, such as tonnage yield or resistance to lodging. The
feeding value of these silages depends upon the management of the crop when ensiled
and silage quality factors, such as voluntary intake, digestibility, and crude protein
and fiber content. The objectives of this study were (1) to determine the
associations between selected agronomic and silage quality traits of forage sorghums
and (2) to identify those cultivar characteristics that are associated with superior
silage. Grain sorghum and corn hybrids were included for comparison.

Experimental Procedures

Trial 1: 1986. Seven forage sorghum and five grain sorghum cultivars were
grown in 1986. The forage sorghum cultivars included two early season (Buffalo
Canex and Pioneer 956), three mid season (Atlas, DeKalb FS-5, and Pioneer 947), and
two late season (Golden Acres T-E Silomaker and DeKalb 25E). The grain sorghums
included Funk’s G-522, Pioneer 8493, Asgrow Topaz, NC+ 174, and DeKalb 41Y.
Cultivars were selected to represent a cross section of plant height, season length,
and grain to forage ratios.

The sorghums were grown under dryland conditions on a silt loam soil near the
Kansas State University campus in Manhattan. The plots were planted on May 31.
One month earlier, 100 lb/acre of anhydrous ammonia was applied. Soil tests
indicated that phosphorus and potassium were adequate. Furdan 15G® insecticide was
applied in the furrows at planting, and the following day, Ramrod® was used as the
pre-emergence herbicide. In July, Cygon 400® was used to control greenbugs. The
sorghums were randomly assigned to plots in a block design, each with three
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replicates. Each plot had six rows 30 inches apart and 200 ft long. All plots were
harvested when the kernels were in the late-dough stage of maturity. Previous
research at Kansas State University (KAES Reports of Progress 494 and 514) has
indicated that harvest at that stage optimizes both silage yield and nutritive value of
sorghum silages.

Agronomic data collected for each plot included days to half bloom, plant
height, and whole-plant DM and grain yields. Days to half bloom (number of days
between planting and the date when half of the main heads exhibited some florets)
was used to measure season length. Plant height was measured to the tallest point of
the head immediately prior to harvest. Lodging score is the number of plants lodged
divided by the number of plants in a row. Lodged plants are those with broken stalks
or plants inclined less than 45 degrees from the soil surface. Silage yield was
determined by harvesting three inside rows of each plot with a Field Queen forage
harvester. After harvest, the chopped material was inoculated with Biomate® and
ensiled in plastic lined, 55 gallon pilot silos. The silos were stored at ambient
temperature for approximately 100 days prior to the intake and digestion trial. The
two outside rows were left as borders, and heads were clipped from the remaining row
from a random 60 ft to determine grain yield. The heads were dried and threshed
with a stationary thresher.

Thirty-six crossbred wether lambs (avg. wt. of 113 lb) were randomly assigned
to each silage (three per silage) in a two-period voluntary intake and digestion trial.
Each period had a 10-day preliminary phase, a 7-day voluntary intake phase, a 2-day
adjustment to 90% of voluntary intake, and a 7-day collection phase. The rations
were 90% silage and 10% supplement on a DM basis. All were formulated to 11.5%
protein and met NRC requirements for vitamins and minerals. Between the two
periods, the lambs were randomly reassigned to the silages.

Trial 2: 1987. Ten forage sorghum cultivars, one grain sorghum hybrid (DeKalb
42Y), and one corn hybrid (Pioneer 3183) were grown at the same field location and
under similar practices as the cultivars in Trial 1. The forage sorghums included
Pioneer 956 and 947, DeKalb FS-5 and 25E, PAG 455, Funk’s G 102F, Golden Acres T-
E Silomaker, NK 300, Cargill 200F, and Atlas. The corn plots were planted on May 6,
and all sorghum plots were planted on June 3. All agronomic and silage data were
collected by methods used in Trial 1. A voluntary intake and digestion trial was
carried out following the same procedures as described in Trial 1; however, only the
results from the first period are reported.

Results and Discussion

In both Trials the silages appeared to be well preserved, with no off odors or
indications of clostridial fermentation. During the feed-out periods, there were no
indications that the silages were deteriorating from exposure to air.

Results from Trial 1 are shown in Table 43.1. The grain sorghums consistently
yielded less silage DM per acre than did the forage sorghums. However, the grain
sorghums had higher crude protein values, voluntary intakes, and DM digestibilities.
Within the grain sorghums, there were no statistical differences in voluntary intakes
or digestibilities. This is not surprising, considering that commercial grain sorghum
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hybrids have been developed almost exclusively using a cytoplasmic male sterile
system, with Milo cytoplasm and Kafir restoring genes. At the outset it  was
anticipated that substantial differences within the grain sorghum hybrids would be
found because grain sorghum has not been ruthlessly selected for silage quality
criteria. However, because of the consistency found in Trial 1, it was decided that
only one grain sorghum would be included as a relative standard with the forage
sorghum cultivars in Trial 2.

Results from Trial 2 are shown in Table 43.2 and are preliminary. Data from
only one period of the digestion trial are available at this time. The corn silage had
disappointingly low grain yield, silage yield, crude protein, and voluntary intake.
These results support earlier research indicating that corn silage was superior to
sorghum silage only when the environment favored corn production.

The grain sorghum silage in Trial 2 again had higher intake, digestibility, and
crude protein than the forage sorghums. Within the forage sorghums, similar
extensive variations was found in Trial 2 as had been observed in Trial 1, and the
cultivars were influenced by year. The 1986 growing season favored early season
cultivars, but 1987 favored late season hybrids. There were also substantial variations
in silage quality traits between years. Within a cultivar, intake varied by as much as
30% between years, digestibility by as much as 13%, and protein by as much as 12.5
percent.

Considering the limitations of making and evaluating large numbers of silages, if
agronomic traits could be used to predict subsequent silage quality of a cultivar, the
selection process would be facilitated. Listed in Table 43.3 are correlations (linear
associations) of agronomic traits and silage quality traits.

The results show intake to be negatively correlated (r = -.49) with plant height
(i.e., as plant height decreases, intake increases). Dry matter digestibility was
negatively correlated to both days to half bloom (r = -.39) and plant height (r = -.49).
Crude protein content was negatively correlated with both days to half bloom r =-
.51) and plant height (r = -.74). Results indicate that silage DM yield was not
statistically correlated with silage quality traits. Hence, to select for improved silage
quality, these data suggest starting with short, early season cultivars.
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Table 43.1. Agronomic and Silage Quality Traits of the 12 Forage and Grain Sorghum Cultivars
in Trial 1

Cultivar
Harvest
Date DHB 

1 Plant Whole-plant 
2

Vol.
Height D M  Y i e l d  D M  C P

Grain
Yield

3
Intake

 4
DM Dig. 

5

Forage Sorghum

Canex 66.5
a b c d

58.7
b c d

58.0
c dPioneer 956 57.6

c d

Pioneer 947 61.5
b c d

58.6
b c d

57.7
c dDeKalb FS-5 70.5

a b

53.7
eDeKalb 25E 53.3

c

Silomaker 55.9
d

52.3
e

Atlas 54.4
d

56.8
d

Grain Sorghum

Funk's G-522

Pioneer 8493

NC + 174

Asgrow Topaz

DeKalb 41Y

1986 Inches Ton/A. % % Bu/A. %

Aug. 20 57 108 5.5 25.3 7.8 51

Aug. 20 57 105 6.0 30.5 7.6 93

Sept. 4 61 108 7.3 34.4 7.4 105

Aug. 30 60 106 6.6 27.9 7.3 87

Oct. 6 87 131 7.0 27.9 6.6 68

Oct. 6 85 112 8.2 30.0 7.4 98

Sept. 4 64 103 6.9 27.5 7.2 52

Aug. 21 51 59 5.6 33.7 9.0 106

Aug. 21 51 54 5.2 35.1 9.8 99

Aug. 23 52 62 5.6 34.0 9.8 106

Aug. 26 53 55 5.5 33.6 9.2 113

Aug. 29 55 51 5.7 33.6 9.2 110

68.l
a b c d

69.5
a b

.

74.5
a b

72.0
a b

72.5
a b

60.7
a b

61.5
a b

61.4
a b

63.8
a

61.4
a b

1
DHB = days to half bloom.

2
DM = dry matter and CP = crude protein on a DM basis.

3

Adjusted to 12.5% moisture.
4

Voluntary intake expressed as grams of DM per kg of metabolic body weight (kg
. 7 5) .

5
DM Dig. = dry matter digestibility.

a b c d
Means in a column with different superscripts differ (P<.05).
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Table 43.2. Agronomic and Silage Quality Traits of the 12 Forage Sorghum, Grain Sorghum and
Corn Cultivars in Trial 2

Cultivar
Harvest Plant Whole-plant 2

DHB
1

Grain
Date Height DM Yield DM CP Yield

3

1 9 8 7 Inches Ton/A % %
Forage Sorghum
Cargill 200F Aug. 25 59 73 4.9 41.4 8.3
Pioneer 956 Aug. 25 58 77 4.5 38.1 8.6
Pioneer 947 Sept. 3 65 75 5.1 33.0 9.4
DeKalb FS-5 Aug. 28 61 77 4.8 29.4 8.3
DeKalb 25E Sept.29 78 88 7.3 30.3 7.5
Silomaker Sept 21 77 73 6.3 32.0 8.1
Atlas Sept 2 66 73 4.3 27.0 7.9
Funk’s 102F Sept 24 77 77 6.6 30.7 8.5
NK 300 Sept 19 71 59 6.0 34.1 8.4
PAG 455 Sept 24 77 65 7.0 33.4 7.7

Grain Sorghum
DeKalb 42Y Aug 28 59 41 3.8 37.2 9.7

Corn
Pioneer 3183 Aug 7 - - 81 4.7 35.4 7.7

B u / A . %

75 63.8 62.8
72 64.1 56.5
72 64.7 59.8
69 66.1 59.0
90 54.6 58.0
76 79.8 60.1
35 60.9 58.8
92 57.8 59.1
92 72.6 60.8
94 71.8 59.0

78 74.8 63.9

66 58.0 67.5

Vol.
Intake 

4 
DM Dig.5

1
DHB = days to half bloom.2
DM = dry matter and CP = crude protein on a DM basis.3
Adjusted to 12.5% moisture.

4
Voluntary intake expressed as grams of DM per kg of metabolic body weight (kg

.75 ).5
DM Dig.= dry matter digestibility.

a b c d
Means in a column with different superscripts differ (P<.05).

Table 43.3. Linear Associations of Agronomic and Silage Quality Traits in the Two
Trials

1

Agronomic Trait

Silage Trait
Day to Plant Whole-plant Grain
Half Bloom Height DM Yield DM CP Yield

Voluntary Intake
DM Digestibility
CP Content

N S -. 49 NS NS NS  N S
-.39 -.49 NS NS NS  N S
-.51 -.74 NS NS NS  N S

1
Correlations significant at P<.05 and NS is not significant.
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Selecting Forage Sorghum Cultivars for Silage

Jim White, Keith Bolsen,
Brett Kirch, and Lyle Pfaff

S u m m a r y

Eighty forage sorghum cultivars were compared in 1986 for agronomic and silage
quality traits. Silage yield ranged from 5.3 to 10.0 tons (t) of dry matter (DM) per
acre (mean, 7.4 t); grain yield, from 13 to 113 bushels (bu) per acre (mean, 66 bu).
Percent lodging was extremely high, with a mean of 51% and only one cultivar free of
lodging. Pre-ensiled DM content ranged from 22.2 to 35.4% (mean, 27.4%) and plant
height from 85 to 180 inches (mean, 121 inches). Silage quality results showed that
in vitro DM digestibility ranged from 44.6 to 62.1% (mean, 53%); crude protein from
4.5 to 8.2% (mean, 6.8%); neutral detergent fiber from 48.3 to 71.9% (mean, 58.4%); and
acid detergent fiber from 27.1 to 49.8% (mean, 35.7%).

From the 80 cultivars in 1986, 60 were selected for the 1987 trial. When
compared to 1986, the 1987 means showed slightly lower silage (7.0 t) and grain (63
bu) yields and much shorter plants (93 inches). Lodging scores were dramatically
lower in 1987 (10%), and DM content was higher (29.1%). The year to year effect
influenced all of the agronomic traits measured. The 1986 growing season favored the
early maturing forage sorghums, whereas 1987 favored the late maturing cultivars.

Introduction

Results of a 1986 Kansas State University survey of sorghum seed dealers
indicated that there were more than 100 forage sorghum cultivars available in Kansas.

Prior to the interest in hybrid sorghum in the late 1950’s, nearly all
commercially grown forage sorghum could be traced to less than 20 introductions.
Improved cultivars have been developed from a rather narrow germplasm base, with 50
to 60% of the sorghum currently grown in the United States having similar germplasm.
Although two forage sorghum cultivars might have similar germplasm and appearance,
their value as silage crops could be distinctly different.

Often cultivar recommendations and/or selections are made primarily on the
basis of agronomic traits (i.e., silage yield, lodging score). Although silage yield is an
important criterion, it is only a part of the silage resource, and it may not be the
most important. A producer could be most interested in maximum silage yield for
over-wintering cows. However, for backgrounding cattle, a producer would be
interested in the most economical feed cost per pound of gain and, thus, silage quality
would also be an essential criterion. Choice of a forage sorghum cultivar should be
based upon a number of traits, including yield potential of forage and grain,
adaptation, handling and ensiling characteristics, and feeding value of the silage.
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Within the forage sorghum complex there is tremendous biological variation.
Our objective was to provide documentation for the agronomic and silage quality
traits of many of the forage sorghum cultivars available in 1986 and 1987.

Experimental Procedures

Trial 1: 1986. From the available forage sorghum cultivars identified in the
1986 survey, 80 were selected for use in Trial 1. The selections represented a broad
range of agronomic characteristics.

The cultivars were grown under dryland conditions on a silt loam soil near the
Kansas State University campus in Manhattan. The plots were planted on June 4.
One month earlier, 100 lb/acre of anhydrous ammonia was applied. A soil test
indicated that phosphorus and potassium were adequate. Furdan 15G® insecticide was
applied in the furrow at planting, and the following day Ramrod®was used as the
pre-emergence herbicide. In July, Cygon 400® was used to control greenbugs.

The cultivars were randomly assigned in a block design, each with three
replicates. Each plot was 30 ft long and four 30-inch rows wide. All grain-
producing cultivars were harvested at the late-dough stage of kernel maturity. The
sterile hybrids were harvested when the kernels in the unbagged heads reached the
late-dough stage. Nonheading hybrids were harvested on the first frost date (Oct.
15). Before harvest, all plots were reduced to 20 ft in length, and one of the two
inside rows was harvested with a modified one-row forage harvester to determine
silage yield. The heads from the other inside row were hand-cut, dried, and threshed
to measure grain yield. The chopped forage was ensiled in 5-gallon plastic laboratory
silos. Silos were opened after 90 days, and samples taken for chemical analyses.

Agronomic data collected for each plot included days to half bloom, plant
height, lodging score, silage yield, and grain yield. Silage quality traits measured for
each plot included dry matter (DM), crude protein (CP), in vitro DM digestibility
(IVDMD), neutral detergent fiber (NDF), and acid detergent fiber (ADF).

Trial 2: 1987. From the 80 cultivars used in Trial 1, 60 were selected to use in
a similar study in 1987. The plots were planted six rows wide (rather than four) and
silage yield was measured by harvesting two inside rows (rather than one). All
agronomic and silage data were collected by the methods used in Trial 1.

Results and Discussion

Presented in Table 44.1 are the agronomic and silage quality results of Trial 1
and agronomic results of Trial 2. For certain categories, five cultivars are identified
as being extreme high and low observations.

Trial 1: 1986. Silage DM yield ranged from 5.2 to 10.0 tons per acre, with an
average of 7.4 tons. The cultivar with the highest yield was Funk’s G 1990; the
lowest was the variety, Ellis. Other high yielding cultivars were PAG 55F (9.9 t),
Golden Harvest (GH) SI Gro 3 (9.6 t), Garrison Sile-all (9.3 t), and DeKalb FSla+ (9.2



1 7 9

t). Low yielding cultivars were Casterline Suline (6.0 t), Warner Sweet Bee Sterile
(6.0 t), Ketgen KFS-2 (5.7 t), and Triumph SSll (5.6 t).

Grain yield (not determined for the 11 sterile or nonheading hybrids) ranged
from 12 to 113 bu per acre, with an average of 66 bushels. The highest yielding
cultivar was Golden Acres (GA)-TE Silomaker; the lowest was Northrup King (NK)
Sucrosorgo 405. Other high yielding cultivars were Cargill 200F (106 bu), DeKalb FS-
5 (92 bu), Pioneer 947 (89 bu), and Pioneer 927 (89 bu). Other low yielding cultivars
were PAG 466 (35 bu), Oro Red Top Kandy (30 bu), and Hoegemeyer 615F (27 bu).

Days to half bloom ranged from 53 to 106, with an average of 71 days. The
earliest cultivar was Buffalo Canex; the latest was NK Sucrosorgo 405. Five cultivars
bloomed in 55 days or less, and five bloomed after 85 days. Lodging score ranged
from 0 to 100%, with an average of 51 percent. Only one hybrid, McCurdy F65, did
not have any lodged plants, whereas GA-TE Milkmaker, GA-TE Silomaker, and NK 326
were 100% lodged. Some plots (replicates) were so badly lodged that they were
judged to be unharvestable (i e., rep 1 of Hoegemeyer 615F and rep 2 of Terra Ho-K).
Plant height ranged from 85 to 180 inches, with an average of 121 inches. The
shortest were DeKalb FSla+ and the variety, Rox Orange; the tallest was Pioneer 931.-
Other short cultivars were McCurdy XF65, NK 300, and PAG 455. Other tall cultivars
were NK Sucrosorgo 405, Funk’s G 1990, Oro Red Top Kandy, and Sokota 320F. Pre-
ensiled DM content ranged from 22.2 and 35.4%, with an average of 27.4 percent. The
wettest cultiver was Hoegemeyer 615F; the driest was Asgrow H8551. Only seven
cultivars contained over 30% DM, and nine contained under 25% DM at harvest.

In vitro DM disappearance ranged from 44.6 to 62.1%, with an average of 53
percent. The hybrid with the highest IVDMD was Cargill 250S (a sterile); the lowest
was NK Sucrosorgo 405, which also had the lowest grain yield. Only two other
cultivars were 60% digestible or above; Early Sumac and Buffalo Canex; 20 cultivars
were less than 50% digestible. Crude protein ranged from 4.5 to 8.2%, with an
average of 6.8 percent. The NDF fraction ranged from 48.3 to 71.9%, with an average
of 58.4 percent. The ADF fraction ranged from 27.1 to 49.4%, with an average of 35.7
percent. Buffalo Canex had the lowest NDF and second lowest ADF, whereas Pioneer
931 had the highest NDF and ADF fractions.

Results from Trial 1 indicated that the late maturing, nonheading cultivars had
the highest silage yields. However, these high yielding cultivars (i.e., Pioneer 931 and
Funk’s G 1990) tended to have low IVDMD, low protein, and high fiber fractions.

Trial 2: 1987. Silage DM yield ranged from 4.2 to 10.2 tons per acre, with an
average of 7.0 tons. The highest yielding cultivar was DeKalb 25E; the lowest was
Pioneer 956. Other high yielding cultivars were Funk’s G 1990 (9.8 t), GH SI Gro 3
(9.5 t), Pioneer 931 (9.5 t), and Terra Ho-K (9.4 t). Low yielding cultivars were NK
Sucrosorgo 301 (5.1 t), Early Sumac (5.0 t), PAG Mor-Cane (4.8 t), and Cargill 200F
(4.6 t).

Grain yield ranged from 35 to 112 bushels per acre, with an average of 63
bushels. The highest yielding cultivar was McCurdy XF65; the lowest was the variety,
Atlas. Other high grain-yielding cultivars were McCurdy F75A (102 bu), DeKalb 25E
(100 bu), Garst 333 (100 bu), and PAG 55F (100 bu). Low grain-yielding cultivars
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were Rox Orange (55 bu), NC + 935 (54 bu), Warner 2 Way DR (50 bu), and GH SI
Gro 2 (42 bu).

Days to half bloom ranged from 56 to 106 days, with an average of 73 days.
The earliest cultivar was NK Sucrosorgo 301; the latest was NK Sucrosorgo 405. Five
cultivars bloomed in 59 days or less, and five bloomed on or after 85 days. Lodging
score ranged from 0 to 61%, with an average of 10 percent. Several cultivars had no
lodged plants, including Atlas, DeKalb FS-5, Funk’s G 1990, Keltgen KFS, McCurdy
XF65, NK 300, PAG 455, Pioneer 947, and Pioneer 931. The cultivar with the most
lodged plants was NK Sucrosorgo 301. Other badly lodged cultivars were Rox Orange
(31%), Keltgen (KFS-1 (34%), Hoegemeyer 610F (39%), and Sokota 320F (43%). Plant
height ranged from 67 to 143 inches with an average of 93 inches. The shortest was
DeKalb FSla+; the tallest was Pioneer 931. Other short cultivars were NK 300,
McCurdy XF65, Keltgen KFS-2, and PAG 55F. Tall cultivars were GH SI Gro 3, Oro
Red Top Kandy, Funk’s G 1990, and NK Sucrosorgo 405. Pre-ensiled DM content
ranged from 24 to 34.8%, with an average of 29.2 percent. The wettest cultivar was
PAG Mor-Cane; the driest was Cargill 200F. In contrast to Trial 1, 20 cultivars
contained over 30% DM and only two contained under 25% DM at harvest.

Differences Between Years. The 1986 growing season favored early maturing
forage sorghums, whereas 1987 favored the late maturing cultivars. In 1987, all
cultivars tended to be a few days later in reaching half bloom; however, they matured
to the late-dough stage and were harvested earlier than in 1986 (Table 44.2). The
last harvest date in 1986 was October 15; in 1987 it was October 7. The average
plant height in 1987 was over 2 ft shorter than in 1986 (93 vs. 121 inches). In 1986,
the forage sorghums had higher averages for silage yield (7.4 vs. 7.0 t), grain yield
(66 vs. 63 bu), and lodging score (51 vs. 10%).

Across years, the late maturing, nonheading cultivars tended to have the highest
silage yields; however, they also tended to have the lowest IVDMD, lowest protein,
and highest fiber fractions.
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Table 44.2. Minimum, Maximum, Mean, and Standard Deviation for the Data in Trials 1 and 2

Item

Days to Silage Quality Traits 
1

Half Plant Silage Yield, Grain Yield, Pre-ensiled Lodging
Bloom Ht., Inches Tons DM/A Bu/A. DM, % Score, % IVDMD, CP NDF A D F

% (% of Silage DM)

1986 1987 1986 1987 1986 1987 1986 1987 1986 1987 1986 1987 1986 - - - - 1 9 8 6 - - -

Minimum 53 56 85 67 5.3 4.1 13 35 22.2 24.0 0 0 44.6 4.5 48.3 27.1

Maximum 106 106 180 143 10.0 10.2 113 112 35.4 34.8 100 61 62.1 8.2 71.9 49.4

Mean 71 73 121 93 7.4 7.0 66 63 27.4 29.2 51 10 53.0 6.8 58.4 35.7

Std. Dev. 14 12 17 17 1.0 1.5 20 29 2.0 2.5 35 12 4.4 1.6 4.8 4.5

1

IVDMD = in vitro dry matter digestibility, CP = crude protein, NDF = neutral detergent fiber, ADF = acid detergent fiber.

Small experimental forage harvester used for harvesting forage plots and measuring
their production.



































1 9 9

Effect of Enzyme and Inoculant Additives on Preservation
and Feeding Value of Wheat

and Forage Sorghum Silages 
1,2,3

Ahmed Laytimi, Keith Bolsen, Joe Schurhammer,
and Brett Kirch

Summary

Enzyme and inoculant additives produced more efficiently preserved wheat and
forage sorghum silages and improved their feeding value. In general, treated silages
had lower pH, acetic acid, and ammonia-nitrogen values and higher lactic acid and
lactic to acetic acid ratios than untreated silages. In two of the three trials, cell
wall and acid detergent fiber fractions were lower in treated than untreated silages.
In Trial 2, the treated sorghum silages were extremely unstable in air and cattle
performance was similar for control and treated silages. In Trial 3, gains and feed
conversions in steers were improved for those fed treated forage sorghum silages.

Introduction

Kansas is the leading state in wheat production and one of the leaders in
forage sorghum production. Silage made from these two crops has often been
associated with high ensiling losses, low intakes, and low digestibilities, particularly
when harvested in the dough stage. Our objective was to evaluate the effect of
enzymes and bacterial inoculants on the preservation and feeding value of whole-plant
wheat and forage sorghum silages.

Experimental Procedures

Trial 1. Four whole-plant, soft-dough stage, Centurk wheat silages were
compared: 1) control (no additive), 2) Clampzyme experimental (X)-treated, 3) SI
Concentrate 40 A/F (SI Conc) inoculant-treated, and 4) Clampzyme X + SI Conc-
treated. Clampzyme X was applied in liquid form at .4 liters per ton and SI Conc at
4 grams of product diluted in 1.0 liter of water per ton. The wheat was swathed on
May 24, 1985 and chopped immediately with a Field Queen forage harvester.

1Enzymes and partial financial assistance were provided by Finnish Sugar Co., Inc.,
Shamburg, Illinois; Espoo, Finland; and Redhill, England.
2Clampzyme 

® 
(experimental) and Clampzyme 

®
contain cellulases, hemicellulases, and

glucose oxidase.
3SI Concentrate 40 A/F 

®
silage inoculant contains L. plantarum, L. brevis,

P.acidilactici, S. cremoris, and P. diacetylactis and was provided by Great Lakes
Biochemical Co., Inc., Milwaukee,  Wisconsin.
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Silages were made in 55-gallon capacity, plastic lined, pilot silos and stored at
ambient temperature for approximately 120 days. Each silage was fed to four wether
sheep in a three-period voluntary intake and digestion trial. Rations were 90% of
the appropriate silage and 10% supplement on a DM basis and other procedures were
similar to those described on page ## of this report.

Trial 2. Four, whole-plant, hybrid forage sorghum silages were compared: 1)
control (no additive), 2) Clampzyme X-treated, and 3) Clampzyme X + SI Cone
inoculant-treated silages from DeKalb 25E, and 4) a control (no additive) silage from
Pioneer 947. The silages were made in 8 x 50 ft Ag Bags® and were harvested in the
late-dough stage (30 to 32% DM for DeKalb 25E on October 31 and 34% DM for
Pioneer 947 on September 24, 1985). The silos were opened on December 6, 1985 and
emptied at a uniform rate during the following 12 weeks.

Each silage was fed to 16 steer and heifer calves (four pens of calves per
silage) in a 70-day growing trial. Two pens on each silage received a ration
containing 87.6% silage and 12.4% supplement; the other two pens received 62.6%
silage, 25.0% rolled grain sorghum, and 12.4% supplement (DM basis). Rations were
formulated to provide 12.0% crude protein (DM basis), 200 mg of Rumensin® per calf
daily, and required amounts of calcium, phosphorus, and vitamin A. All calves
received hormonal implants at the start of the trial.

For 1 week before the growing trial, all calves were limit-fed a grass hay and
grain ration to provide a DM intake of 1.75% of body weight. Calves were weighed
individually on two consecutive days after 16 hr without feed or water at the start
and end of the trial. For 2 days before the final weighing, the calves were fed
their respective silage ration at a restricted intake of 1.75% of body weight.

Samples of each silage were taken twice weekly. Feed intake was recorded
daily for each of the 16 pens, and the quantity of silage fed was adjusted daily to
assure that fresh feed was always in the bunks. Feed not consumed was removed,
weighed, and discarded as necessary.

During the filling of the DeKalb 25E Ag Bags, fresh forage was removed from a
randomly selected load and the following treatments were prepared and ensiled in
PVC laboratory silos: 1) control (no additive), 2) Clampzyme X-treated, 3) SI Conc-
treated, and 4) Clampzyme X + SI Conc-treated. Duplicate silos were opened at 12
and 24 hours and 4, 14, and 90 days post-filling for each treatment.

Trial 3. Three whole-plant, DeKaIb 25E silages were compared: 1) control (no
additive), 2) Clampzyme-treated, and 3) Clampzyme + SI Conc inoculant-treated.
Clampzyme was applied at .2 liters per ton and SI Conc at 4 grams per ton. The
silages were made in 10 x 50 ft concrete stave silos and the crop was harvested in
the late-dough stage at 28 to 29% DM on October 17 and 18, 1986. The silos were
opened on March 27, 1987 and emptied at a uniform rate during the following 10
weeks.

Each silage was fed to 16 yearling steers (four pens of four steers per silage) in
a 65-day growing trial. Rations, implants, pre-trial feeding, and beginning and ending
cattle weight procedures were identical to those of Trial 2.



201

During the filling of the concrete silos, fresh forage was removed from a
randomly selected load on each of the two days and the following treatments were
prepared and ensiled in PVC laboratory silos from each: 1) control (no additive); 2)
Clampzyme; 3) SI Conc; and 4) Clampzyme + SI Conc. Duplicate silos were opened at
12, 24, and 48 hours and 4, 14, and 90 days post-filling for each treatment.

During the cattle growing trial, silage from each of the three silos was fed to
eight mature wether sheep in a two period, total collection digestion trial. Period
one consisted of 7-day silage adaption, 5-day voluntary intake, and 7-day fecal
collection phases. Period two consisted of a 7-day silage adaption and 7-day fecal
collection phases. Rations were 90% of the appropriate silage and 10% supplement on
a DM basis.

Results and Discussion

Trial 1. Voluntary intake, nutrient digestibility, and chemical composition of the
four wheat silage rations are shown in Table 47.1. Although intake and DM
digestibility tended to be higher in treated silages, none of the values was
statistically different. However, NDF and ADF values for the Clampzyme X-treated
silages were lower than the values for control silage. Clampzyme X-treated silages
also had higher lactic acid and lower ammonia-nitrogen contents than control. SI
Conc-treated silage had lower acetic acid, ethanol, and ammonia-nitrogen values than
control  s i lage . These data indicate that Clampzyme X decreased cell wall
concentrations in the wheat silage and SI Conc improved the efficiency of the
ensiling process. The data also indicate that the effects of the two additives were
complementary.

Trial 2. Performance by calves fed the eight silage rations in Trial 2 and silage
analyses are shown in Table 47.2. Calves fed Pioneer 947 silage had faster gains,
higher DM intakes, and better feed conversions than those fed DeKalb 25E silages.
Grain addition improved calf performance from all four forage sorghum silages.

The two additive treatments, Clampzyme X or Clampzyme X + SI Conc, did not
affect gain, intake, or efficiency, regardless of grain addition treatment. One
possible explanation could be the extremely unstable nature of the treated silages
which heated within 24 to 48 hrs after exposure to air. It was difficult to keep the
exposed silage surfaces from heating prior to feeding.

Chemical composition of the silages actually fed to the cattle from the two
treated silage Ag Bags showed higher pH and lower lactic acid values compared to
silage from the control Ag Bag. In contrast, analyses of silages from the PVC
laboratory silos showed just the opposite, with treated silages having lower pH and
higher lactic acid values than control silage.

Trial 3. Performance by steers fed the six silage rations in Trial 3 and silage
fermentation-results are shown in Table 47.3. Steers fed each of the three silages
with 25% additional grain had faster gains, higher DM intakes, and better feed
conversions, which is consistent with results in Trial 2 and results of similar trials
contained on pages ## and ## of this report.
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Both of the silage additive treatments improved steer performance, with steers
fed Clampzyme silage gaining faster (P<.05) and more efficiently (P<.05) than those
fed control silage. In contrast to results in Trial 2, all three silages from the stave
silos were stable in air, even during the mild spring weather. When compared to
control silage, treated silages had lower pH, lower acetic acid and ammonia-nitrogen
contents, and higher lactic acid contents --all characteristics of more efficiently
preserved silage.

Results of the digestion trial and chemical composition of the three silages are
shown in Table 47.4. Lambs fed Clampzyme-treated silage had a higher DM intake
than those fed control silage. In general, there were only small differences in
nutrient digestibilities, although values for treated silages tended to be slightly
higher than those for control silage.

Silage analyses results clearly indicate that Clampzyme decreased cell wall fiber,
because both treated silages had lower NDF and ADF values than control. This
explains, at least in part, the improved feed conversions by steers fed the treated
silage rations.
(Table 47.5) were

Silage fermentation results from both the digestion trial and PVC silos
consistent with results from silages fed in the cattle trial -- lower

pH, acetic acid, and ammonia-nitrogen and higher lactic acid values for the two
treated silages.

Small laboratory silos (lower right) are a valuable research tool for following silage
fermentation dynamics.
using a hydraulic press.

Here, silage is uniformly packed into the laboratory silos
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Table 47.1. Voluntary Intake, Nutrient Digestibility, and Chemical Composition of
the Four Wheat Silage Rations in Trial 1

1Item Control
Clampzyme
X SI Conc

Clampzyme X
+ SI Conc

D , %2 30.7 31.7 31.0 31.1
VI 35.5 37.3 38.3 44.4

Digestibility - - - - - - - - - - - - - - - - - - - - - - - - - - - % - - - - - - - - - - - - - - - - - - - - - - - - -

DM
CP
NDF
ADF
Cellulose
Hemicellulose

Silage Analyses

CP

NDF
ADF
Cellulose
Hemicellulose

Lactic Acid 8.27 10.25 8.25 10.26
Acetic Acid 3.54 3.47 2.59 2.57
Ethanol .62 .62 .45 .37
Ammonia-N .34 .25 .23 .22

51.9 51.5 53.3 53.9
64.8 63.7 62.8 63.4
48.5 47.7 47.3 48.7
48.2 45.6 47.5 45.6
59.5 58.4 59.8 57.8
49.0 52.5 50.2 54.6

----------------- % of the Silage DM -----------------

12.1 12.1 12.1 12.1

62.1 59.6 60.8 58.9
42.5 40.1 40.8 39.7
30.8 29.0 29.6 27.9
19.6 19.4 20.0 19.8

pH 4.07 3.87 4.00 3.86

1
 DM = dry matter, VI = voluntary intake, CP = crude protein, NDF = neutral
detergent fiber, ADF = acid detergent fiber.

2
Kg of dry matter per kg of body wt. .75
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Table 47.2. Performance by Calves Fed the Four Forage Sorghum Silages with and
without Additional Grain and Chemical Composition of the Silages in Trial 2

DeKalb 25E**
Clampzyme X

Silage* : Control Clampzyme X + SI Conc Pioneer 947
Item Grain*: w/o w w/o w w/o w w/o w

No. of Calves

Initial Wt., lb

Avg. Daily Gain, lb

Daily Feed Intake, lb 
1

Feed/lb of Gain, lb1

Silage Analyses

Dry Matter, %

pH

Aerobic Stability, hrs

32.4 32.6 33.0 37.0

4.04 4.11 4.12 - - -

120 37 46 - - -

-------------------% of the Silage DM-----------------------

Lactic Acid 4.87 4.51 4.62 - - -
Acetic Acid 2.15 1.61 1.59 - - -
Ethanol .84 .92 1.00 - - -
Ammonia-N .054 .038 .039 - - -
Acid Detergent Fiber 37.8 38.1 37.8 32.6

8 8 8 8 8 8 8 8

543 539 543 531 544 530 536 537

1.34 1.95 1.22 2.13 1.25 1.93 2.04 2.44

1.65 1.68 1.59 2.24

12.71 14.92 11.98 15.47 11.79 14.64 14.62 16.79

13.8 13.7 13.2 15.7

9.6 7.7 9.8 7.4 9.5 7.6 7.2 6.9

8.7 8.6 8.5 7.0

1 100% dry matter basis.

*Statistical analyses showed that both main effects, hybrid (25E vs. 947) and grain
addition (w/o vs. w), influenced (P<.05) gain, feed intake, and feed/gain.

**Silage treatments within DeKalb 25E (control vs. Clampzyme X vs. Clampzyme X + SI
Conc) did not significantly influence calf performance.
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Table 47.3. Performance by Steers Fed the Three DeKalb 25E Silages with and without
Additional Grain in Trial 3 and Chemical Composition of the Silages

Item
Silage 

1

Grain :
Control

w/o w
Clampzyme
w/o w

Clampzyme
+ SI Conc

w/o w

No. of Steers

Initial Wt., lb

Avg. Daily Gain, 1

Daily Feed Intake, lb2

13.67 16.19 13.77 16.86 13.20 16.86

Feed/lb of Gain, lb2
10.0 

b
 8.1 

y
9.2 

a 
7.4 

x
9 . 3  

a
7.9 

y

Silage Analyses

pH

Lactic Acid
Acetic Acid
Ethanol
Ammonia-N

8 8 8 8

607 609 611 612

1.38 
b 

2.01 
z

1.50 
a 
2.29 

x

1.69 1.89

14.9

9.0 8.3

15.3

8 8

607 606

1.43 
ab 

2.15 
y

1.79

15.0

8.6

4.14 3.92 3.97

- - - - - - - - - - - - - - - - - - % of the Silage DM -- - - - - - - - -

3.55 5.13 5.48
2.37 1.71 2.27

.317 .354 .319

.087 .060 .062

1Statistical analyses showed that both main effects, silage (control vs. Clampzyme vs.
Clampzyme + SI Conc) and grain addition (w/o vs. w), influenced gain and feed/gain;
only grain addition influenced feed intake.

2
100% dry matter basis.

a b Silage treatments (w/o grain) differ (P<.05).

xyz
Silage treatments (w grain) differ (P<.05).
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Table 47.4. Voluntary Intake, Nutr ient  Digest ib i l i ty ,  and Chemical
Composition of the Three DeKalb 25E Silage Rations in Trial 3

I t e m Control Clampzyme
Clampzyme
+ SI Conc

VI, kg DM/Day 1.59 
b

1.83 
a

1.69 
ab

Digestibility

DM
OM
CP
NDF
ADF
Cellulose
Hemicellulose

Silage Analyses ----------- % of the Silage DM -------------

CP 7.3 7.1 7.3
Ash 6.6 6.1 6.4
NDF 58.2 54.6 55.0
ADF 36.9 34.5 35.0
Cellulose 26.6 24.4 24.9
Hemicellulose 21.0 20.1 20.0

Lactic Acid 3.76 5.86 5.70
Acetic Acid 2.79 1.23 1.52
Ethanol .22 .24 .27
Ammonia-N .08 .05 .05

- - - - - - - - - - - - - - - - - - - - % - - - - - - - - - - - - - - - - - - - -

54.2 55.1 54.3
55.1 56.7 55.6
59.7 60.8
34.9 

b
37.7 

a 60.3
35.2 

b

31.0 33.6
38.1 

b
42.2 

a

42.0 
b

45.1 
a

31.3
39.4 

a b

42.1 
b

pH 4.19 3.93 3.93

1 
VI = voluntary intake, DM = dry matter, OM = organic matter, CP = crude

protein, NDF = neutral detergent fiber, ADF = acid detergent fiber.
a b  

Means on the same line having different superscripts differ (P<.05).
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Table 47.5. pH and ChemicaI Composition over Time for the Forage Sorghum Silages in Trials 2 and 3

Time Post  l Filling
and Items

Trial 2 Trial 3
Clamp X +

Control Clamp X SI Conc SI Conc
Clamp +

Control Clamp SI Conc SI Conc

Initial: pH

Hour 12: pH

Lactic Acid

Hour 24: pH

Lactic Acid

Hour 48: pH

Lactic Acid

Day 4: pH

Lactic Acid

Day 14: pH*

Lactic Acid*

Day 90: pH*

Lactic Acid*

Acetic Acid

Ethanol

NH 3 -N

5.92 5.91 5.92

4.84 4.82 4.79

.73 .76 .83

4.52 4.52 4.53

1.18 1.39 1.32

--- --- ---

--- - - -

4.09 4.02

3.61 4.00

4.00 3.88

4.25 5.13

4.04 3.92

4.54 5.22

1.57 1.85

.279 .286

.082 .073

- - -

4.09

3.54

4.01 
x

4.21 
x

4.07 
x

4.58 
x

1.67

.270

.069

5.93

4.86

.71

4.51

1.38

- - -

- - -

4.01

3.66

3.88

5.01

3.91

5.29

1.77

.290

.057

5.96 5.95 5.96 5.95

4.79 4.77 4.78 4.72

1.21 1.15 1.19 1.54

4.38 4.35 4.34 4.30

2.01 2.32 2.15 2.16

4.08 4.07 4.06 4.01

3.36 3.79 3.77 4.64

4.01 3.97 3.99 3.94

4.59 4.33 4.39 5.22

3.89 3 . 8 4  
x

3.90 
x

3.81

6.33 6.32 
x

6.58 
x

6.99

3.97 3.91 
x

3.97 
x

3.89

6.01 6.54 
x

6.18 
x

6.93

1.58 1.52 1.61 1.53

.327 .329 .302 .347

.057 .052 .054 .053

1

Acids, ethanol, and NH 3 -N are reported as a % of the silage dry matter.

*
Statistical analyses showed control vs. treatment means differed (P<.05) within a trial, unless the
inoculant mean has a superscript(x).
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