








Biological Variability and Chances of Error 

The variability among individual animals in an experiment leads to problems 
in interpreting the results. Although the cattle on treatment X may have had a 
larger average daily gain than those on treatment Y, variability within treatments 
may mean that the difference was not the result of the treatment alone. 
Statistical analysis lets researchers calculate the probability that such differences 
were from chance rather than the treatment . 

In some of the articles that follow, you will see the notation "P<.05". That 
means the probability of the differences resulting from chance is less than 5 % . If 
two averages are said to be "significantly different", the probability is less than 
5% that the difference is from chance- the probability exceeds 95% that the 
difference results from the treatment. 

Some papers report correlations; measures of the relationship between 
traits. The relationship may be positive (both traits tend to get bigger or small 
together) or negative (as one traits gets bigger, the other gets smaller). A perfect 
correlation is one (+l or -1). If there is no relationship, the correlation is zero, 

In other papers, you  may see a mean given as  2.50+ .10. The 2.50 is the 
mean;  .10 is the "standard error". The standard error is calculated to be 68% 
certain that the real mean (with unlimit number of animals) would fall within one 
standard error from the mean, in this case between 2.40 and 2.60. 

Many animals per treatment , replicating treatments several times, and using 
uniform animals increases the probabili ty  of finding real differences when they 
exist. Statistical analysis allows more valid interpret at ion of the results regardless 
of the number of animals. In nearly all the research reported here, statistical 
analyses are included to increase the confidence you can place in the results. 
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   king Rate and Supplementation of Steers Grazing
Bluestem Pasture in Early Summer

Clenton Owensby1, and R.R. Schalles
Ed F. Smith, Ronald W. Graber, Jack Riley

Summary

Native bluestem pastures were grazed from May 8 to July 18, 1984 by
steers with an average beginning weight of 553 lb, at stocking rates of 1.7, 1.5,
and 1.25 acres per steer. Gains per acre were higher (P<.0l) with increased
stocking rate (97, 111, 132 lb/acre). Daily gains were similar for the three stocking
rates (2.34, 2.35, 2.36 lb/day). Daily supplementation with about 1.5 lb sorghum
grain plus Rumensin® per head significantly increased gains.

Introduction

Early-season intensive stocking (May 1 to July 15) of native bluestem
pastures produces daily gains similar to those made during the same period at
normal stocking rates season long. This trial evaluated different intensive stocking
rates and the value of self-fed Rumensin® in a salt-limiting, sorghum grain
mixture.

Experimental Procedures

One 63-acre and five 60-acre pastures were assigned randomly to one of
three stocking rates: 1.7, 1.5, or 1.25 acres per steer from May 8 to July 18, 1984
with two pastures per stocking rate. Steers in one pasture at each stocking rate
received a Rumensin® -sorghum grain supplement (Table 2.2), while steers in the
other pastures received only salt.  The steers, primarily of British breeding,
averaged 553 lb initially.

Results

Results in Table 2.1 and Table 2.2 show no differences in daily gain among
stocking rates. Supplementat ion increased (P<.0l )  gains  of  s teers  over
nonsupplemented steers for all stocking rates. Steers on the high and low stocking
rates showed the best response to supplementation. Economically it makes sense at
present cattle prices and interest costs to supplement with low levels of grain,
since about 1 lb of added gain was made for each 4.2 lb of supplemental feed
containing Rumensin® . Gains per acre were increased with both the highest
stocking rate and supplementation.

Grass remaining after mid-July was greater at the lowest stocking rate and
decreased with increased rates (Table 2.3 and 2.4). Forbs remaining after mid- July
were significantly higher for the medium stocking rates than for the high or low
stocking rates.

1 Department of Agronomy.
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Table 2.1. Effect of Stocking Rate on Performance of Steers Grazing Intensive
Early Stocked Bluestem Pastures for 71 Days

Item

Stocking Rate (acres per steer)

1.7 1 . 5 1.25

Steers per Treatment 70 80 96
Beginning Wt., lb 565 550 544
Total Gain per Steer, lb 165 166 165
Daily Gain per Steer, lb 2.33  2.34 2.32
Gain per Acre, lb 97a 111b 132c

a b c
Values in same row with different superscripts differ significantly (P<.0l).

Table 2.2. Effect of Grain Supplementation on Performance of Steers Grazing
Intensive, Early-Stocked Bluestem Pastures

Supplemented
Stocking Rate (acres/steer) 1.7 1.5 1.25

Nonsupplemented
1.7 1.5 1.25

Steers per Treatment 35 40 48 35 40 48

0 0 0
0 0 0
0 0 0

Supplement per Head Daily (self-fed):
Ground Sorghum Grain, lb 1.09 1.56 1.58
Salt, lb .16 .24 .25
Rumensin® , mg 105 151 162

Total Gain per Steer, lb 180 172 180 150 161 150
Daily Gain per Steer, lb 2.54 2.42 2.53 2.12 2.26 2.12
Gain per Acre, lb 106 115 144 88 107 120

Supplemented vs Nonsupplemented:
Total Gain per Steer, lb   177 a

Daily Gain per Steer, lb    2.50
Gain per Acre, lb    121a

a
154 b

105b
2.17 b

a b Values in the same row with different superscripts differ significantly (P<.0l).
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Table 2.3. Grass Remaining in Mid-July and Early October following Grazing at
Indicated Stocking Rates from May 8 to July 18, 1984

Grass Yield, Lb per Acre
Supplemented Nonsupplemented

Stocking Rate (acres/steer) 1.7 1.50 1.25 1.7 1.50 1.25

Range Site:

Loamy Upland

Breaks

2230

1918

Mid July

1654 1054 1594 1268 1263

1033 674 817 759 685

Early October

Loamy Upland 2057 1739 1326 1676 1290 1271

Breaks 1580 996 753 846 846 661

Table 2.4. Forbs Remaining in Mid-July and Early October following Grazing at
Indicated Stocking Rates from May 8 to July 18, 1984

Forb Yield, Lb per Acre
Supplemented Nonsupplemented

Stocking Rate (acres/steer) 1.7 1.50 1.25 1.7 1.50 1.25

Range Site:

Loamy Upland

Breaks

Loamy Upland

Breaks

276 415 231

159 162 258

188 416 357

213 201 335

Mid July

203 551

135 273

Early October

155 456

114 114

398

119

296

95
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Effect of Treating Tall Fescue Pasture with Mefluidide

on Performance of Grazing Steers1

Lyle Lomas2  and Joe Moyer2

Summary

Mefluidide (Embark® ) delays maturity and suppresses seed head formation in
grasses. Mefluidide treatment increased the crude protein content of fescue
pasture and improved daily gain of grazing steers by 14.3% (.21 lb per head daily).

Introduction

Mefluidide is a relatively new plant growth regulator, which is capable of
improving forage quality and subsequently increasing weight gains of livestock. It
increases forage quality by delaying maturity and suppressing seed head formation.
In 1984, the Environmental Protection Agency approved an experimental use permit
for evaluation of mefluidide on tall fescue, orchardgrass, and smooth bromegrass in
Kansas. Using that permit, we evaluated the effect of treating tall fescue with
mefluidide on performance of grazing steers.

Experimental Procedures

Four 5-acre Kentucky 31 fescue pastures with an average Epichloe typhina
endophyte infestation level of 85% were used to evaluate the effect of mefluidide
treatment on grazing steer performance. All pastures were topdressed with
80-40-40 lb of N-P2 O5 -K2 O per acre on February 6, 1984 and with 50 lb of N per
acre on September  13, 1984. On April 17, 1984, 1 pint of Embark 2-S® i n  3 0
gallons of water (with X-77 surfactant) was applied per acre to two of the
pastures, using a field sprayer with flat fan nozzles. At the time of application,
the fescue was approximately 4 inches tall. The two untreated pastures were
designated as controls.

Thirty-two Angus x Hereford steers were implanted with Ralgro® , wormed
with Tramisol®, and randomly assigned to the four pastures, eight steers per
pasture on April 17. Grazing was initiated on control pastures on April 17, but
steers were not allowed to graze the mefluidide-treated pastures until May 1
because of the 14-day grazing restriction following mefluidide application. Those
steers grazed smooth bromegrass and then were reweighed before they were turned
onto the fescue. Initial and final weights were taken following a 16-hour shrink
without  feed and water . Forage samples were analyzed for crude protein
throughout the study. All steers received 150 mg of Rumensin®  in 2 lb rolled milo
per head daily and were reimplanted with Ralgro®  on August 21. The study ended
on November 27, 1984.

1 Mefluidide and partial financial assistance were provided by 3-M Agricultural
Products, St. Paul, MN.

2 Southeast Kansas Branch Experiment Station.
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Results

A summary of the effect of mefluidide on fescue crude protein content is
presented in Table 5.1. Mefluidide increased (P<.05) average crude protein content
of fescue pasture with the greatest increase occurring in late June.

Steer performance results are shown in Table 5.2. Steers on mefluidide
treated pastures gained 14.3% more (.21 lb per head daily) than controls and
tended to shed their winter hair earlier in the summer. Pastures treated with
mefluidide produced 37 lb more steer gain per acre than untreated controls.
Mefluidide application resulted in 90 to 95% fescue seed head suppression.

If approved for use, mefluidide may be a useful management tool for
producers that graze fescue during the summer months.

Table 5.1. Effect of Mefluidide on Fescue Crude Protein Content.

Date
% Crude Protein, Dry Basis

Control M e f l u i d i d e  

May 3
29

June 12
26

July 10
25

Aug. 6
Sept. 28
Oct. 19

AVERAGE l2.2a 13.5b

20.1
9.6
7.9

11.4a

6.5
8.4
9.6

13.4
22.6

21.6
10.6
10.8
15.4b

7.2
9.4

10.3
15.6
21.0

a bMeans with different superscripts differ significantly (P<.05).

Table 5.2. Effect of Mefluidide on Grazing Steer Performance.

Item Control Mefluidide

No. Steers 16 16
Initial Wt., lb 416 446
Final Wt., lb 746 799
Total Gain per Steer, lb 330 353
Days on Trial 224
Average Daily Gain, lb 1.47 a

210
1.68 b

Stocking Rate, steers/acre 1.6 1.6
Liveweight Gain, lb/acre 528 565

a b Means with different superscripts differ significantly (P<.0l).
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Drought-stressed, Irrigated, and Additive-treated

Corn Silages for Growing Cattle 1 , 2

Keith Bolsen, Harvey Ilg, Russell Smith,
Jim Hoover, and Dirk Axe

Summary

Cattle fed drought-stressed corn silage gained about 10% slower but were
just as efficient as cattle fed irrigated corn silage. Because the irrigated corn out
yielded the drought corn (17.4 VS. 8.2 tons per acre), the irrigated silage gave a
much higher cattle gain per acre (1928 VS. 940 1b). Silo Guard II® -treated silage
had an advantage in DM recovery and feed conversion over its control and
produced 4.6 more pounds of cattle gain per ton of crop ensiled. Cattle fed H/M
Inoculant®- treated silage gained significantly faster than cattle fed the control,
however, the treated silage gave only slight improvements in DM recovery and gain
per ton of crop ensiled.

Experimental Procedures

Two corn varieties (Ferrie Morse 4020 and Pioneer 3183) were grown with
irrigation or without (drought-stressed) in 1983. Silages were made by the
alternative load method in 10 x 50 ft concrete stave silos. Corn was harvested in
the late-dent stage;
irrigated.

August 16 for the drought-stressed and August 31 for the
The dought-stressed corn had a grain yield of 20.5 bu per acre; the

irrigated corn, 128. One silo of irrigated and one of drought-stressed corn served
as controls. One silo of drought-stressed corn was treated with Silo Guard II®  a n d
one silo of irrigated with H/M Inoculant® . Ensiling temperatures were monitored
for the first 42 days in all four silos and nylon bags (nine per silo) were buried for
additional observations of silage DM recoveries. The silos were opened on February
8, 1984.

of four cattle per silage.
The silages were fed to light weight yearling steers and heifers in six pens

Silages were full-fed and all cattle received 2.0 lb of
supplement daily (as-fed basis). Rations were formulated to provide 12% crude
protein (DM basis), 200 mg of Rumensin® per animal daily, and equal amounts of
calcium, phosphorus, and vitamins A, D, and E.

1 Silo Guard II® contains enzymes, sodium sulfate, and sodium sulfite and is
manufactured by International Stock Foods, Inc.,
financial assistance.

Waverly, which provided partial

2 H/M Inoculant® contains Streptococcus faecium, Lactobacillus plantartum, and
Pediococcus fermentation products and is marketed by Triple “F” Feeds, Des
Moines, IA, which provided partial financial assistance.
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The silos were emptied at a uniform rate and samples taken twice weekly.
Feed offered was recorded daily for each of the 24 pens and the quantity of silage
was adjusted daily to assure that fresh feed was always in the bunks. Feed not
consumed was removed, weighed, and discarded every 7 days.

All calves were weighed individually on two consecutive days at the start
(February 8 and 9, 1984) and at the end of the 84-day trial (May 2 and 3).
Intermediate weights were taken before the A.M. feeding on days 28 and 56.

Three aerobic stability (bunk life) measurements were made on each silage.
Approximately 60 lb of fresh silage was obtained from 3 ft below the surface in
the center of each silo, while feeding out the top, middle, and bottom thirds of the
silos. These were divided into 4.0 lb lots and each lot was placed in an expanded
polystyrene container lined with plastic. A thermocouple wire was placed in the
center of each container and cheesecloth stretched across the top. Containers
were stored at 18 to 20 C and the silage temperature was recorded twice daily.
After a designated number of days of air exposure, replicated containers of each
silage were weighed, mixed, and sampled and dry matter loss was determined.

Results and Discussion

Visual appraisal indicated that all four silages were well preserved.
Chemical analyses are shown in Table 20.1. The drought silages, which were much
wetter at harvest than the irrigated silages, had more extensive fermentations with
higher lactic and acetic acids and lower insoluble nitrogen and pH values. Neither
additive significantly affected chemical composition.

Adjusted ensiling temperatures are shown in Figure 20.1. The maximum
ambient temperature on the day of harvest was 108 F for the drought silages and
91 F for irrigated. As a result, initial temperature of the forage entering the silos
was 7.7 degrees higher for the drought silages (99.4 VS 91.7).

Silage DM recovery and loss results are shown in Table 20.2. In the
concrete stave silos, DM lost during fermentation, storage, and feedout was 36%
higher for the drought silages (8.25%) than for the irrigated silages (5.25%). The
buried nylon bags gave results similar to the silos, with irrigated silages having
lower losses than drought silages. Feedable DM recoveries for the treated silages
were slightly higher than their controls: 90.9 VS. 89.0% for Silo Guard II and 93.0
VS. 92.2% for H/M Inoculant.

Aerobic stabilities of silage from the top, middle, and bottom thirds of each
silo are shown in Table 20.3. In general, stability increased as feeding progressed
and the additives had little influence on stability.

Performance by cattle fed the control and treated silages is shown in Table
20.4. Cattle fed Silo Guard II -treated silage gained slightly faster and more
efficiently than those fed its control. Cattle fed H/M Inoculant-treated silage
gained faster (P<.05) and consumed 4.7% more feed than those fed its control. Also
shown in Table 20.4 are cattle gains per ton of corn ensiled. These data combine
silage recoveries (Table 20.2) and cattle performance. Silo Guard II silage produced
4.6 extra pounds of gain and H/M Inoculant, 2.3 extra pounds when compared with
their control silages.
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Performance by cattle fed the drought and irrigated silages is shown in
Table 20.5. Cattle fed irrigated silage consumed more (P<.05) feed and gained
faster (P<.05) than those fed drought silage. However, drought silage was utilized
just as efficiently as irrigated silage. Also shown in Table 20.5 are cattle gains per
ton of corn ensiled and per acre. The nutritive value of irrigated and drought
silages was similar and a ton of each produced about the same amount of cattle
gain. However, irrigated silage had double the yield per acre of drought silage
(17.4 VS. 8.2 tons) and gave double the cattle gain per acre (1928 VS. 940 lb).

Table 20.1. Chemical Analyses of the Four Corn Silages Made in the Concrete
Stave Silos

Item
Drought Silage

Control Silo Guard II

Dry matter:
Pre-ensiled, % 30.4 30.6 40.0 40.6
Silage, % 29.7 29.6 39.3 40.1

% of the Silage DM

Lactic Acid 8.0 8.6 5.9 5.5
Acetic Acid 3.5 3.7 1.9 1.6

Total Fermentation Acids 1 11.6 12.3 7.9 7.2

Crude Protein 10.0 10.1 8.0 8.0

% of Total Silage N

Hot Water Insoluble N 33 33 49 45
ammonia N 9.0 7.3 6.4 6.6

pH 3.88 3.85 3.94 3.98

Lactic:Acetic Ratio 2.3 2.5 3.2 3.6

1 Only traces of other acids (ie. propionic or butyric) in any of the silage samples.
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Table 20.2. Dry Matter Recoveries and Losses From the Concrete Stave Silos and
Buried Bags for the Four Corn Silages

Item

DM Recovery DM Lost During
Non-feedable Fermentation, Storage,

Feedable (Spoilage) and Feedout

% of the DM Ensiled

89.0 2.2 8.8
7.71.4

1.8 8.25

Drought Corn:

90.9
89.95

Concrete Stave Silos
Control
Silo Guard II
Average

Buried Nylon Bags
Control ---
Silo Guard II ---
Average

92.9
93.5
92.2

7.1
6.5
6.8

Irrigated corn:

5.4
5.1
5.25

2.4
1.9
2.15

93.0
92.6

92.2
Concrete Stave Silos

Control
H/M Inoculant
Average

Buried Nylon Bags
Control ---

H/M Inoculant - - -
Average

93.8
94.55

95.3 4.7
6.2
5.45

Top Third
Control
Silo Guard II

Middle Third
Control
Silo Guard II

Bottom Third
Control
Silo Guard II

2.5 120
4.2 117

7.9 123
7.8 110

13.5
*

76
*

Irrigated Corn:

3
4

13
13

14
*

Top Third
Control
H/M Inoculant

Middle Third
Control
H/M Inoculant

Bottom Third
Control
H/M Inoculant

6.9 106 7
3.5 106 4

6.8 119
6.0 129

7.5 108
* *

12
10

9
*

Table 20.3. Aerobic Stabilities of the Four Corn Silages

Day of Initial Day of
Temp. Rise Above Maximum Maximum

Silage Treatment Ambient (64 F) Temp. (F) T e m p .

Drought Corn:

*No rise in temperature or visible aerobic deterioration occurred during 14 days of
exposure to air.
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Table 20.4. Performance by Cattle Fed the Four Corn Silages and Cattle Gain
per Ton of Corn Ensiled

Item
Drought Silage Irrigated Silage

Control Silo Guard II Control H/M Inoculant

No. of Cattle
Initial Wt., lb
Avg. Daily Gain, lb
Daily Feed Intake, lb1

Silage
Supplement
Total

1Feed/lb of Gain, lb

24 24 24 24
481 478 476

2.28b
476

2.10 2.14 2.43a

11.63 11.63 13.39 14.10
1.80 1.80 1.80 1.80

13.43 13.43 15.19 15.90
6.42 6.29 6.66 6.56

Silage Fed, lb/Ton
Ensi led2

Silage/lb of Gain, lb
2

1780 1818 1843 1859
15.8 15.5 16.8 16.6

Cattle Gain/Ton of
Crop Ensiled, lb2 112.7 117.3 109.7 112.0

a b P<.05 for irrigated control VS. H/M Inoculant.
1 100% dry matter basis.
2 All values are adjusted to the same silage DM content, 35 percent.

Table 20.5. Performance by Cattle Fed the Drought and Irrigated Corn Silages,
Cattle Gain per Ton of Corn Ensiled, and Cattle Gain per Acre

Item Drought
Corn Silage

Irrigated

No. of Cattle
Avg. Daily Gain, lb
Daily Feed Intake, lb1

Feed/lb of Gain, lb1

48 48
2.12b

13.43b
2.36a

15.55a

6.36 6.61

Silage Fed, lb/Ton Ensiled
Silage/lb of Gain, lb2

2

Cattle Gain/Ton of
Crop Ensiled, lb2

Silage Yield, Tons/Acre 2

Cattle Gain/Acre, lb2

1800 1851
15.7 16.7

114.6 110.8
8.2 17.4

940 1928

1 100% dry matter basis.
2 All values are adjusted to the same silage DM content, 35 percent.
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Figure 20.1. Ensiling Temperature (Rise Above Initial Forage Temperature) for
the Two Drought Silages (August 16 to September 27, 1983) and the
Two Irrigated Silages (August 31 to October 12, 1983).
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Effects of Delayed Filling and H/M Inoculant®
on Preservation and Quality of Corn Silage1

Keith Bolsen, Mark Hinds, Harvey Ilg,
and Jim Hoover

Summary

Eight whole-plant corn silages were evaluated using laboratory silos.
Treatments were: 1) control (no additive); 2) H/M Inoculant applied to the fresh
crop at the forage harvester (H/M-field); and 3) H/M Inoculant applied to the fresh
crop at the time of ensiling (H/M-silo). The control and H/M-field treatments were
ensiled at 0, 4.5, and 12 hours post-harvest with the fresh crop remaining in the
forage wagons until ensiled. The H/M-silo treatment had the inoculant applied
immediately prior to ensiling at 4.5 and 12 hours post-harvest.

All eight corn silages were well preserved and underwent predominantly
lactic acid fermentations. H/M Inoculant did not influence lactic acid content or
1actic:acetic and lactic:DM loss ratios. However, H/M-field silage ensiled
immediately showed small improvements in quality over the control silage, as
judged by lactic acid content and the two fermentation efficiency ratios. H/M
Inoculant did not effect DM recovery at any ensiling time. However, when
averaged across inoculant treatment, silages made at 4.5 hours post-harvest had
the highest DM recoveries; silages at 12 hours, the lowest. All 4.5 and 12 hour
post-harvest silages had less lactic and total acids than those made at harvest. The
silages made as soon as possible after harvest had a faster accumulation of lactic
and total fermentation acids  than the same fresh crop ensiled 12 hours
post-harvest.

Introduction

Our primary objective was to determine the efficacy of H/M Inoculant for
whole-plant corn silage. A secondary objective was to document the effects of
time of inoculation and time of silo filling on silage quality.

Experimental Procedures

Silages were made from whole-plant corn, harvested on September 1, 1983
in the late-dent stage at 62 to 64% moisture. The corn was grown under irrigation
near Manhattan and had a grain yield of 128 bu per acre. The following three
additive treatments were used: 1) control (no additive); 2) H/M Inoculant applied to
the fresh crop at the forage harvester (H/M-field); and 3) H/M Inoculant applied to

1 H/M Inoculant® contains Streptococcus faecium, Lactobacillus plantarum, and
Pediococcus fermentation products and is marketed by Triple “F” Feeds, Des
Moines, IA.
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the  f r e sh  c rop  a t the silage blower (H/M-silo). The control and H/M-field
treatments were ensiled at 0, 4.5, and 12 hours post-harvesting. Harvested crop
remained in the forage wagons until  ensiled. Fresh crop for the H/M-silo
treatments had the inoculant applied immediately prior to ensiling at 4.5 and 12
hours post-harvesting. The temperature of the pre-ensiled, fresh crop in the forage
wagons was monitored from 0 to 12 hours post-harvesting with four thermocouples.
The incomplete factorial experimental design is summarized in Table 21.1.

All silages were. made in 5-gallon capacity plastic laboratory silos using a
hydraulic press to fill all silos to the same density. Five silos for each of the eight
treatments were opened at 56 days post-filling. In addition, ensiling dynamics were
measured for  control  and HM-fie ld  t rea tments  ens i led  a t  0  and 12 hours
post-harvesting by opening three silos per treatment at 0.5, 1, 2, 4, and 7 days
post-filling.

Chemical analyses of all samples included dry matter (DM) total nitrogen,
hot water insoluble-nitrogen, pH, lactic acid, and volatile fatty acids. Aerobic
stability of the eight end-product, 56-day silages was determined using procedures
described on page 60 of this Report.

Results and Discussion

56-Day Silages. All eight corn silages were well preserved and there were
no obvious visual differences among them (Table 21.2). H/M lnoculant did not
affect DM recovery at any ensiling time. However, H/M Inoculant applied at the
silo 12 hours post-harvest gave a higher (P<.05) DM recovery than H/M Inoculant
applied in the field and ensiled 12 hours post-harvest. When averaged across
inoculant treatment, silages made at 4.5 hours post-harvest tended to have the
highest DM recoveries; silages at 12 hours, the lowest.

All silages underwent predominantly lactic acid fermentations, as evidenced
by low pHs (range of 3.76 to 3.86), high lactic acids (range of 5.18 to 6.46%), and
low acetic acids (range 1.26 to 1.56%). H/M Inoculant did not influence the lactic
acid content or lactic:acetic or lactic:DM loss efficiency ratios. However, H/M
Inoculant silage made immediately after harvest showed small improvements in
quality over the control silage, as judged by lactic acid content and the two
fermentation efficiency ratios. In general, all silages made at 4.5 and 12 hours
post -harvest  had less  lac t ic  and to ta l  ac ids  than those  made a t  harvest .
Preservation of plant protein, as determined by hot water insoluble-nitrogen
(HWIN), was influenced by ensiling time but not by H/M lnoculant. Surprisingly,
silages made at harvest had lower HWIN than silages made at 4.5 hours and 12
hours post-harvest (0.60 vs. 0.68 and 0.73%, respectively).

Aerobic stability, as measured by day of initial temperature rise, was not
affected by inoculant treatment or ensiling time. All eight silages were only
moderately stable. The average initial temperature rise occurred on day 4,
approximately 86 hours after the silos were opened.

Ensiling Dynamics. The results for fermentation dynamics of the control and
H/M-field silages made at 0 and 12 hours post-harvest are shown in Table 21.3 and
21.4. There were only small differences among control and H/M Inoculant silages at
any of the six post-filling times. The silages made at harvest fermented very
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rapidly and had lactic acid contents of near 4.0% by 24 hours and pH values below
4.0 after 48 hours. In the 12-hour post-harvest silages, some fermentation occurred
while the crop was in the forage wagons, as evidenced by the pH (about 5.1) and
amount of total acids in the material at silo-filling (about 1.0%). Since the material
was not tightly packed in the wagons, considerable plant cell respiration likely
took place, which elevated the crop temperatures from about 30 C at harvest to
over 45 C after 12 hours. The crop DM loss in the wagons was estimated (using
buried nylon bags) to be 1.0 to 1.5 percent. H/M lnoculant did not affect the
temperature or DM loss during the 12 hours and both control and H/M-field silages
underwent rapid lactic acid fermentations after ensiling.

Table 21.1. Corn Silage Treatments and the Number of Laboratory Silos per
Treatment

Additive Time of Ensiling (hrs Post-Harvesting)
Treatment 0 4.5 12

4.4bc 3.9 c d 3.8 d 4.7ab 4.5 ab 3.8 d

Lactic:DM Loss1  1.0b

Control 20 5 20
H/M-Field 20 5 20
H/M-Silo -- 5 5

Lactic Acid 6.21 ab

Acetic Acid
6.46 a 5.86 bc  5.96 abc 5.70c

1.30 a
5.89 bc  5.60 cd 5.18 d

1.35 a b 1.35 1.26a 1.56 b
Total Fermentation

Acids 7.56ab 7.75 a 7.23ab 7.05 bc 7.11 bc  7.28 ab 
7.25ab

0 hrs Post-Harvest 4.5 hrs Post-Harvest 12 hrs Post-Harvest

Control H/M-Field Control H/M-Field H/M-Silo Control H/M-Field H/M-Silo

Silage DM, % 35.3 35.1 35.1 35.3 36.1 37.0 34.7 37.0

% of the DM Ensiled

DM Recovery 93.96 b c 94.04bc 94.33ab 95.85 a  94.43 ab 93.10 bc 92.48 c 94.47 ab

Table 21.2. Dry Matter Recoveries, Chemical Analyses, and Aerobic Stabilities of the Eight
End-product Corn Silages

Item

% of the Silage DM

1.36
ab 1.45 ab a b 1.32 ab

 6.53
c

Efficiency Ratios:
Lactic:Acetic 4.6ab 5.0 a

1.2 a b
1.1 b 1.5

a .9 b .9b .8 b 1.1 b

pH: At Ensiling 5.74 5.32 5.25

Silage 3.82
5.85

b c
3.79 ab

5.22 5.06

3.76 a
5.40
3.79ab  3.80 ab

5.11
ab

3.79 3.79
ab

3.86 c

Aerobic Stability:
Day of Initial
Temp. Rise After
Exposure to Air 3.8 4.0 4.1 3.2  4.3

abcd Values in the same row with different superscripts differ P<.05.

3.0 3.4  2.9

1 Percent lactic acid: Percent of the DM lost.
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Table 21.3. Chemical Analyses and Dry Matter Recoveries over Time for the
Control and H/M-Field Silages Made at Harvest.

Efficiency Ratios
Time Post-Filling Silage DM

Recovery
1
 pH

Fermentation Acids
2

Lactic:
Lactic Acetic Total DM Loss 3

Lactic:
and Treatment DM, % Acetic

1 Percent of the DM ensiled.

2 Percent of the silage DM.

3 Percent lactic acid: percent of the DM lost.

Day 0 (harvest)

Control -- --

H/M-Field -- --
SE

37.5
37.1

--

--
-- -- -- -- - - -- - - - -

5.74 .21 .19 .4
5.85 .19 .05 .3

1.5 2.3
2.2 2.7

.71 .06

.45 1.5

.48 1.8

.02 .06

.51 4.5

.71 4.8

.04 .18

.55 5.0

.59 5.3

.10 . 5 1

.69 5.9

.82 5.7

.05 .25

.72 5.9

.82 6.2

.05 .28

1.36 7.6
1.30 7.8
.06 .14

37.1 98.9 5.20 1.03
36.9 99.3 5.22 1.27

.18 .48 .03 .04

Day .5
Control
H/M-Field
SE

Day 1
Control
H/M-Field
SE

36.6 97.4 4.08 3.97
36.6 98.3 4.14 4.08

.10 .28 .01 .16

1.7 8.0
2.5 5.7

.28 .64

1.6 9.2
1.6 8.3

.33 2.41

36.4 97.0 3.97 4.42
36.2 97.1 3.99 4.68

.15 .40 .0 l .51

Day 2
Control
H/M-Field
SE

Day 4
Control
H/M-Field
SE

Day 7
Control
H/M-Field
SE

36.4 96.8 3.95 5.23
35.8 96.0 3.97 4.85

.15 .40 .0l .28

36.2 96.5
35.9 96.2

.10 .27

3.96 5.17
3.96 5.35

.0 l .25

1.6 7.6
1.3 6.1

.19 .61

1.5
1.4
.10

1.1
1.2

.14

7.2
6.6

.26

4.6
5.0

.23

35.3 94.0 3.82 6.21
35.1 94.0 3.79 6.46

.22 .60 .10 .06

Day 56
Control
H/M-Field
SE
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Table 21.4. Chemical Analyses and Dry Matter Recoveries over Time for the
Control and H/M-Field Silages Made at 12 Hours Post-harvest

Time Post-Filling Silage DM
Recovery 1  pH

Fermentation Acids 2
Efficiency Ratios

Lactic:
Lactic Acetic Total DM Loss 3

Lactic:
and Treatment DM, % Acetic

Day 0 (12 hrs Post-Harvest)

Control 39.3 - - --
H/M-Field 37.0 - - --
SE

- -
- -
--

5.11 .69 .38 1.2
5.06 .44 .39 .9

-- -- -- -- -- - - - -

Day .5
Control
H/M-Field
SE

Day 1
Control
H/M-Field
SE

Day 2
Control
H/M-Field
SE

Day 4
Control
H/M-Field
SE

38.3 97.3 3.92  4.72
36.0 97.0 3.89  4.93

.12 .27 .0l .17

38.3 97.2 3.94  4.49
36.4 98.1 3.92  3.24

.22 .54 .02 .26

38.5 97.7 4.03  3.93
36.6 98.9 4.00  3.62

.12 .32 .0l . l l

38.6 98.1 4.37 2.09
36.9 99.5 4.31 2.53

.07 .20 .02 .09

.44 2.6

.45 3.1

.0l .09

.60  4.6

.51  4.2

.07 .14

.61 5.2

.77 4.1

.05 .25

.72  5.5

.90  5.9

.06 .15

.80 5.3

.96 6.1

.07 .34

1.26 7.1
1.32 7.3

.05 .17

1.1 4.7
5.1 5.6

.82 .14

1.9 6.9
3.4 7.1

.35 .74

1.8
1.9

.38

7.4
4.3

.48

1.8 6.5
1.7 5.6

.15 .48

Day 7
Control
H/M-Field
SE

Day 56
Control
H/M-Field
SE

37.0 93.1 3.79 5.86
34.7 92.5 3.79 5.96

.19 .51 .02 .13

38.3 97.1 3.91  4.43
36.2 96.2 3.88  5.06

.23 .51 .0l .27

. 9

. 8

. 0 8

4.7
4.5

.14

1.6 5.6
1.8 5.3
.20 .14

1

2

3 Percent lactic acid: percent of the DM lost.

Percent of the silge DM.

Percent of the DM ensiled.
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Whole-Plant Forage, Grain, or Nonheading
Sorghum Silages for Growing Cattle

Russell Smith, Keith Bolsen, Harvey Ilg,
Jim Hoover, and John Dickerson

Summary

Three sorghum hybrid types were used to make six silages in the fall of
1983. Eight silage rations were compared using 160 steer calves in an 84-day
growing trial. Using forage sorghum silage as a base (100), grain sorghum silage had
a feeding value of 133, and nonheading sorghum silage 89, when evaluated for
comparative rates and efficiencies of gain. Silages from concrete stave silos
produced faster and more efficient steer gains than silages from Silopress® bags.
Rolling the grain sorghum silages at feeding time to break 95% of the grain
significantly improved steer performance. The feeding value of corn silage was not
enhanced by processing.

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

Unlike corn, sorghums have a wide range of grain yield, plant height, and
forage dry matter content. Therefore, large variations in feeding value often occur
among sorghum varieties. A producer must choose a variety (or type) that will best
fit the needs of his livestock and return the greatest economic benefit.

One objective of this trial was to further substantiate previous results
concerning the feeding values of grain-type, grain producing forage-type, and
nonheading forage-type sorghum silages. Another objective was to determine the
effect of storage structure, concrete stave silo VS. Silopress®  bag, on the feeding
value of the forage and nonheading sorghums. Previous research has shown that
processing (rolling) whole-plant sorghum silages is not cost effective (Reports of
Progress 427 and 448). This trial measured the response to processing grain
sorghum silages harvested at two stages of maturity.

Experimental Procedures

Six silages were made from three sorghum hybrids in the fall of 1983. The
crops were: 1) DeKalb FS 25A+ forage sorghum; 2) Funk’s G 1990 nonheading
sorghum and 3) DeKalb 42Y grain sorghum. The forage sorghum (late-dough stage
of maturity) and nonheading sorghums were harvested in concrete stave silos (10 x
50 ft) and Silopress ®  bags. The grain sorghum was harvested at two stages of
maturity and ensiled in a 12 x 60) ft concrete stave silo (late-dough) or a 14 x 40
ft Harvestore ® (hard-grain). The harvest dates, dry matter (DM) contents, and type
of structure are shown in Table 22.1.
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Table 22.1. Crops, Harvest Dates, Dry Matter Contents, and Storage Structures

Forage

Nonheading

Grain

Sept. 28 27.9 Silopress bag
Sept. 30 29.2 Concrete stave
Sept. 28 26.9 Silopress bag
Sept. 29 27.1 Concrete stave
Aug. 28-30 42.1 Concrete stave
Sept. 15-16 50.8 Harvestore

1983 % DM
Harvest Dates at Harvest

Type of
StructureSorghum

All crops were direct-cut using a Field Queen forage harvester. About 80
to 85% of the sorghum grain was whole when ensiled.

Growth Trial. Eight silage rations were compared: each of the six silages
fed without further processing, and the two grain sorghum silages fed after
processing through a Roskamp® roller mill to break 95% of the grain. Each silage
ration was fed to 20 crossbred steers (four pens of five steers per ration). The
silages were full-fed with 2 lb of supplement per steer daily (as-fed basis). Rations
were formulated to provide 12.0% crude protein (DM basis), 200 mg of Rumensin®

per calf daily, equal amounts of calcium and phosphorus, and vitamin A. The steers
received hormonal implants at the start of the trial. The growing trial lasted 84
days, December 15, 1983 to March 9, 1984.

To minimize fill effects, all steers were fed forage sorghum silage to
provide a DM intake of 1.75% of body weight for one week before the trial began.
Then the steers were weighed individually on two consecutive days after 16 hr
without feed or water at the start and end of the trial. The average initial weight
was 571 pounds.

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

Digestion Trial. Thirty-six steers similar to those in the growth trial were
individually fed six silage rations. The two grain sorghum silages fed in the growth
trial and a whole-plant corn silage (40% DM) were each fed unprocessed or rolled.
The corn silage is described on page 60 of this report. Chromic oxide was used as
a marker to determine digestibility.

The trial consisted of a 14-day adaptation period followed by a 7-day fecal
collection period. Fecal samples were taken twice daily according to an advancing
2 hr schedule designed to minimize diurna1 variations in digestion.

Results and Discussion

Chemical analyses and dry matter recoveries of the six silages are shown in
Table 22.2. The DM contents ranged from 24.9% for the nonheading sorghum from
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the concrete stave silo to 50.9% for the late harvested grain sorghum silage. There
was little difference in the DM content of the forage and nonheading sorghums. In
previous trials (Report of Progress 448), the nonheading silage was wetter.

In spite of the fact that the drier grain sorghum silages underwent less
extensive fermentations than the other four silages, as is indicated by their higher
pH values and lower acid contents, they were adequately preserved. As a result of
their more limited fermentations, DM recoveries were higher. DM recoveries from
Silopress bags were slightly higher than those from the concrete stave silos.

Growth Trial. Performance by steers fed the three whole-plant silages made
in concrete stave silos is shown in Table 22.3. Grain sorghum produced the fastest
gains and highest intakes, nonheading sorghum the slowest gains, and forage
sorghum the lowest intakes. Relative feeding values were assigned to each sorghum
type based on comparative rates and efficiencies of gain. Performance by steers
fed forage sorghum silage was given a value of 100. Grain sorghum had a relative
feeding value of 133, reflecting its higher grain content. Nonheading sorghum
silage had a relative feeding value of 89, which was likely the result of its higher
fiber content.

Data on steer performance from the silo-type comparison are shown in
Table 22.4. Silages from the concrete stave silos produced faster gains (P<.05) than
the silages from the Silopress bags. Intake was higher (P<.05) for the nonheading
silage from the concrete stave silo than for that made in the bag, however, intakes
were numerically lower for the forage sorghum silage from the stave silo when
compared to its respective bag silage. Feed efficiencies were better for the stave
silo silages.

Performance by steers fed the grain sorghum silages is shown in Table 22.5.
Processing the silages prior to feeding significantly improved steer performance.
For the earlier harvested silage, processing increased (P<.05) gain by 11% and
improved (P<.l0) feed efficiency by 12%, but did not affect DM intake. The
responses to processing the grain sorghum silages in this trial were much greater
than those observed in our two previous trials (Reports of Progress 427 and 448).
However, both grain sorghum silages fed in this trial were harvested at a more
mature stage and both contained much higher estimated grain to forage ratios than
those fed in previous years.

Digestion Trial. Apparent digestibility coefficients of the six silage rations
are shown in Table 22.6. There was no difference between DM digestibility and
organic matter (OM) digestibility within any of the silages. For the earlier
harvested grain sorghum silage, processing increased DM digestibility by 15% and
starch digestibility by 22 percent (P<.05). For the later harvested silage, DM
digestibility was increased only 5% but starch digestibility was improved 22
percent (P<.05). Digestibilities of acid detergent fiber (ADF), cellulose, and crude
fiber were not affected by processing the grain sorghum silages. However, ADF,
cellulose, and crude fiber digestibilities were decreased when the corn silage was
processed. A possible explanation for this lower fiber digestibility is that
processing the corn silages reduced the particle size of the corn cob and increased
the intake of that portion of the silage. There was a greater refusal of the cobs in
the unprocessed corn silage. Corn silage also showed a slightly negative response
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in DM and OM digestibilities due to processing. Starch digestibility was increased
by 8% when the corn silage was processed.

These results suggest that the benefits from processing grain sorghum silage
are influenced by grain maturity and grain content. The higher intake of the more
mature grain sorghum silage compared with the dough stage silage (Table 22.5) is
likely related to differences in DM content (Table 22.2).

When comparing the two unprocessed grain sorghum silages, the lower
starch digestibility of the more mature silage (51 VS 65%) accounts for much of the
difference in feed efficiency (8.68 VS. 7.75). Even though the processed late-dough
grain sorghum silage was numerically more digestible (DM, OM, and starch) than
the more mature sorghum silage, the higher intake of the hard-grain silage
appeared to compensate for the improvement in digestibility. This was evident in
the nearly identical average daily gains of steers fed these two silages (Table
22.5).

Table 22.2. Chemical Analyses and Dry Matter Recoveries for the Six Silages

Item

Forage Sorghum Nonheading Sorghum Grain Sorghum
Concrete Silopress Concrete Silopress Late- Hard-
Stave Silo Bag Stave Silo Bag Dough Grain

Silage DM, % 25.1 25.8 24.9 25.8 42.3 50.9
DM Recovery, % of the

DM Ensiled 86.5 90.2 86.4 89.8 96.7 97.9
pH 3.82 3.78 3.75 3.69 4.19 4.34

 % of the Silage DM

Lactic Acid
Acetic Acid
Butyric acid
Total Fermentation

Acids

8.78 9.45 9.61
2.43 1.96 3.01
trace trace none

ll .26 ll .42 12.62

9.26
2.26
none

ll.52

5.92 4.56
1.54 1.22
trace trace

7.48 5.81

Acid Detergent Fiber 38.8 39.8 40.3 42.0 23.3 23.1
Neutral Detergent Fiber 63.9 64.3 64.9 65.8 40.1 45.2
Lignin 6.6 7.4 6.8 7.5 3.8 4.0
Cellulose 28.5 28.8 30.3 30.9 17.3 16.6
Hemicellulose 24.3 24.0 23.9 23.5 17.1 22.2
Crude Protein 6.2 6.0 6.1 6.2 10.9 10.1

% of the Total N

Ammonia-N 4.2 4.8 5.2 4.8 6.5 5.0
Hot Water Insoluble-N 55.2 51.7 47.1 44.1 46.7 56.3
Acid Detergent-N 14.0 14.5 15.8 10.6 11.1 13.3
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Table 22.3. Performance by Steers Fed the Three Whole-plant Silages Made in
Concrete Stave Silos

Item
Nonheading Forage Grain
Sorghum Sorghum Sorghum 1

No. of Calves 20 20 20

Initial Wt., lb 572 572 573
Final Wt., lb 677 687 762

Avg. Daily Gain, lb 1.25 1.37 2.25

Avg. Daily Feed, lb
2

12.62 11.94 19.41

Feed/lb of Gain, lb2 10.12 8.87 8.68

Relative Feeding Value 3 89 100 133

1

2
Late-dough stage of maturity, unprocessed.

3
100% dry matter basis.
Based on comparative rates and efficiencies of gain, with performance of steers
fed forage sorghum silage assigned a value of 100.

Table 22.4. Performance by Steers Fed the Forage Sorghum and Nonheading
Sorghum Silages

Item

Forage Nonheading
Concrete Silopress Concrete Silopress
Stave Silo Bag Stave Silo Bag

No. of Calves 20 20 20 20

Initial Wt., lb 572 570 572 571
Final Wt., lb 687 669 677 647

Avg. Daily Gain, lb 1.37 a 1.18 b

Avg. Daily Feed, lb1 11.94 a b 12.46 a b 12.62
a

11.84b

Feed/lb Gain, lb 1 8.87
a

10.60 a 10.12a 13.42b

1.25 a b .91c

a b c Means with different superscripts differ significantly (P<.05).
1

100% dry matter basis.
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Table 22.5. Performance by Steers Fed the Grain Sorghum Silages

Table 22.6. Apparent Digestibilities of the Six Grain Sorghum and Corn Silage
Rations

Item
Late-Dough Hard-Grain

Unprocessed Processed Unprocessed Processed

No. of Calves 20 20 20 20

Initial Wt., lb 573 570 569 570
Final Wt., lb 762 780 746 776

Avg. Daily Gain, lb 2.25 b 2.50 a 2.11b 2.45a

Avg. Daily Feed, lb1 19.41
d

19.37d 19.86c d 20.82c

Feed/lb Gain, lb1 8.68
d

7.75 c 9.44e 8.53d

ab Means with different superscripts differ significantly (P<.05).
c d e

Means with different superscripts differ significantly (P<.10).
1 100% dry matter basis.

Item

Grain Sorghum Silage
Late-Dough Hard-Grain Corn Silage

Unproc. Proc. Unproc. Proc. Unproc. Proc. SE

Apparent Digestibility:

60.9 b 2.8653.7b 61.9a b

65.0c 79.0 b

53.7 b 61.9a b

49.5 a b 49.9 a b

60.1a b 58.9 a b

58.8a b 58.5 a b

42.7
a b

51.5
a

55.0b 57.8 b

50.7d 65.4 c

55.1 b 57.8 b

55.8 a 56.1
a

62.4 a 62.9a

65.3 a 64.3 a

38.2 b 42.5
a b

Dry Matter

Starch

Organic Matter

ADF

Cellulose

Crude Fiber

Crude Protein

63.1 a

86.2a b

63.2 a

50.7
a b

59.4
a b

59.4a b

37.9 b

93.4a 3.16

61.0 b 2.86

42.8 b 3.60

52.4b 3.25

54.0b 3.01

32.6
b

4.49

%

a b c d Means with different superscripts differ significantly (P<.05).
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Effects of Hybrid Maturity and Growth Stage on Yield and
Composition of Forage and Grain Sorghums when Harvested as Silage

John Dickerson, Russell Smith,

Keith Bolsen and Ted Walter1

Summary

Thirteen sorghum hybrids chosen to represent a range of sorghum types
were evaluated in two separate trials. Each was harvested at three stages of grain
development: milk to early-dough, late-dough, and hard-grain.

Among the forage sorghums, there was a 26-day range in days to half bloom
from early to late maturing varieties. Harvest date did not affect crude protein
content. However, whole-plant DM yield was significantly lower at the last
harvest for the three latest maturing varieties. Grain yield increased over time in
the early and intermediate hybrids. Lodging increased significantly over time for
all varieties except DeKalb FS-25E.

Among the grain sorghums, there was only a 4-day range in days to half
bloom and very little difference in plant height. The forage sorghum was later
maturing and taller. Whole-plant DM yields for the grain sorghums were highest at
late-dough. Grain yields and grain to forage ratios generally increased with
maturity, except when there were losses due to birds. Grain sorghums started to
lodge by the hard-grain stage.

Introduction

Sorghum’s importance as a feed grain and silage crop has increased steadily
in the High Plains region during the past 25 years. In recent years, more acres and
tons of sorghum were harvested, stored, and fed as silage in Kansas than corn.
Today, improved sorghum hybrids often give DM yields comparable to corn with
lower production costs. But, there are often large variations among sorghum
hybrids. Research in Texas indicates that whole-plant grain sorghum harvested and
fed as silage produces about one-third more cattle gain per acre than harvesting
and feeding only the grain portion.

Our objective was to determine how sorghum hybrids with different
characteristics are affected by stage of development at harvest.

Experimental Procedures

Two separate experiments were conducted under dryland conditions during
the  summer of  1984. The forage sorghum tr ia l  included two ear ly ,  two
intermediate, and two late maturing hybrids. Included in the grain sorghum trial
were two early, two intermediate, and one late maturing hybrids. A forage
sorghum, intermediate in maturity, also was included in the grain sorghum trial for

1 Department of Agronomy.
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comparison purposes. Hybrids were chosen to represent a range of sorghum
pedigrees, which included variations in maturity, plant height, and grain and forage
yields. Each variety was harvested at three stages of grain development; milk to
early-dough, late-dough, and hard-grain. Treatments were arranged in a split-plot
design with stages of harvest as main plots and varieties as sub-plots with four
replications.

About 90 lb per acre of anhydrous ammonia and a broadcast pre-emergence
herbicide spray (Ramrod-atrazine) were applied before planting. Soil tests indicated
that phosphorus and potassium were adequate. All plots were planted June 1, but
heavy rains during emergence ruined stands on the forage sorghum plots, so they
were replanted on June 25. The grain sorghum stands were a little thin in spots,
but acceptable. Furadan insecticide was placed in the furrows at planting and
Cygon insecticide spray was applied July 31 for greenbug control. Each plot
consisted of six rows, 30-inches apart and 30 ft in length. Two to three weeks
after emergence, the plots were thinned to 34,848 plants per acre (six inches
between plants).

Agronomic data collected on each plot included days to half bloom, plant
height, lodging, whole-plant DM, and grain yields. Days to half bloom measured
maturity, and is defined as number of days between the planting date and the date
half of the main heads had some florets in bloom. Plant height was measured to
the tallest point of the head immediately prior to harvest. Whole-plant yields for
each plot were determined by harvesting a 20 ft length from each of the two
center rows with a modified one-row forage harvester. Chopped forage from each
plot was weighed, sampled for DM, and collected for silage-making. Silage was
made from each plot in a 5-gallon capacity plastic laboratory silo. Grain yields
were determined by hand clipping the heads from 20 ft of one of the remaining
rows. Then, the heads were dried and threshed in a stationary thresher.

Results and Discussion

Forage Sorghum Trial. Shown in Table 23.1 are days to half bloom and plant height
of the six varieties of forage sorghum. There was a 26-day range in days to half
bloom from early to late maturing varieties. Unexpectedly, plant height was highest
for the earlier maturing varieties and lowest for the intermediate maturing
varieties. The re la t ively  la te  plant ing date  (June 25)  and an ear ly  f reeze
(September 27) probably were responsible for this unusual relationship.

The data for yield and composition by variety are also shown in Table 23.1.
An early freeze damaged the late maturing DeKalb FS-25E and resulted in a much
lower grain yield and grain to forage ratio than in the other five varieties. Forage
DM content was significantly higher at the third harvest for all varieties, except
DeKalb FS-25E. No significant differences in whole-plant crude protein (CP) due to
harvest date were observed in any variety. Forage DM yield was significantly
lower for the three latest maturing hybrids (Silomaker, Cow Vittles, and DeKalb
FS-25E) at the hard-grain stage. Grain yield was highest (P<.05) for the late-dough
and hard-grain harvests in the early and intermediate varieties. Grain to forage
ratios were numerically lowest at the milk to early-dough stage for all varieties.
Lodging percents were significantly higher at the last harvest date for all
varieties, except DeKalb FS-25E.
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* * * * * *

The data for yield and composition by variety are also presented in Table
23.2. Whole-plant DM content for the grain sorghums was significantly higher at
each successive harvest, while Pioneer 947 remained constant after the first
harvest. About 10 days elapsed between each successive harvest stage. The effect
of harvest stage on CP content was significant for only one variety (TX 2752 x TX
430), however there was a trend for CP content to decrease with maturity for all
varieties except Asgrow Colt.  A1though differences were not statistically
significant, all grain sorghum varieties produced their highest DM yields at the
late-dough stage of development, while the forage sorghum declined in DM yield at
each successive harvest. Grain yields and grain to forage ratios generally increased
with maturity, but due to severe damage by birds in some plots, grain yields were
reduced at the third harvest for three of the grain sorghum varieties. Lodging
increased significantly at the third harvest for four of the five grain sorghums.
The forage sorghum also lodged more as maturity progressed, however these values
were likely inflated since it was not surrounded by a crop of similar height.

Sorghum Performance Tests

Sorghum Performance Tests are conducted annually
by the  Kansas  Agricul tural  Exper iment  Sta t ion to
p rov ide  f a rmer s ,  Ex tens ion  worke r s ,  and  p r iva t e
research and sales personnel with unbiased agronomic
information on many sorghum hybrids marketed in
Kansas. Cooperating seed firms nominate test entries,
select test sites, and pay entry fees to cover part of
the test costs. Because the program is voluntary, not all
hybrids grown in the state are included in tests, and
hybrids are not grown uniformly at all locations.

Results of the 1984 Sorghum Performance Tests
are summarized in Report of Progress 465. It can be
obtained through Extension personnel, or the Kansas
Agricultural Experiment Station.

Grain Sorghum Trial. The earliest and latest maturing grain sorghum varieties
differed by only 4 days to half bloom (Table 23.2). Likewise, plant heights were
similar for all grain sorghums. The forage sorghum (Pioneer 947) was later maturing
and significantly taller than the grain sorghums.

******
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Grain:
Forage Lodging
Ratio %Variety

Yield/Acre
Whole-plant  Whole-
DM CP2

Harvest 1 % %
p l a n t  G r a i n
tons2 bu3

Table 23.1. Yield and Composition of the Six Forage Sorghum Varieties Harvested
at Three Stages of Maturity

(55 , 86 )4 5 2
3

Warner Sweet-Bee 1
(62, 93) 2

3

.28 b

4

1 Harvest 1, milk to early-dough; harvest 2, late-dough; harvest 3, hard-grain.

2 100% dry matter basis.

3 Adjusted to 12.5% moisture.

Days to half bloom.

Plant height, inches.

a b c Means within a variety with same letter are not different (P<.05).

5

5.5b 45.8 b

6.1a 58.6ab
.26 15.8b

.31 34.3a b

6.6a 64.3
a

.31 44.0a

24.8c

26.8 b
6.9
6.8

30.4
a

6.7

.20 3.0a b

.30 2.0b

.28 12.3
a

0
0
0

.04

.05

.04

De Kalb FS-25 E 1
(81, 82) 2

3

26.9a

24.7b
8.3 6.7 a 9.6
7.9 6.3 ab 11.6
8.1 6.2b 10.6

Late Maturity
Conlee Cow Vittles 1
(79, 84) 2

3

24.5b

26.0a

25.8a

8.1 6.3a 23.3
7.7 6.2a 35.5
7.7 5.6b 41.9

27.0b

30.5 a

30.1 a

Golden Acres T-E 1
Silomaker 2
(76, 71) 3

9.1 5.6 49.0b

8.7 6.1 82.5 a

9.1 6.4 77.l a

8.2 6.2a b 41.3 b

8.5 6.6a 61.5 a

8.6 5.8 b 49.9
a b

Intermediate Maturity
Pioneer 947 1
(68, 81) 2

3

30.5b

31.7b

41.9
a

.10 b

.16a b
6.0

10.8
.24

a 28.5

2.8ab

7.3a

27.2b 7.1
25.8c 5.7
29.2

a
6.8

5.4 c

5.9a b
35.3b

54.7
a

6.2
a

55.1
a

.20

.30

.28

0.0c

7.5a b

11.5
a

Early Maturity
Buffalo Canex 1

.8b

.51a

.44a

24.7 b
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86.7a b .76
a b

0.0 a

107.4 a a
c

1 . 0 5a

Funk’s G-522DR 1
(63, 42) 2 43.8b

 34.2a

3 55.1c
10.3 
10.5

9.8

(62, 43) 2
3

Intermediate Maturity
TX 2752 x TX 430 1

Northrup-King 2778 1
(61, 43) 2

3

Table 23.2. Yield and Composition of the Sorghums in the Grain Sorghum Trial

Variety

Yield/Acre
Whole-plant  Whole- Grain:
DM CP2

Harvest1 % %
plant   Grain Forage Lodging-
tons 2 bu3 Ratio %

Early Maturity
DeKalb DK-42Y 1
(614 , 435 ) 2

3
41.9b
32.2a

50.9
c

10.9
10.5
10.1

5.1
5.5
5.3

4.8
5.4
5.0

31.4a

41.5b
10.7

49.9
c 10.5

9.4

70.6
96.0
85.5

64.2b

101.0a

.51a

.76 a
0.0

.65a b
0.0
2.2

.51b

.86 a
0.0 a

0.0 a

6.2 b

. 4 9 b

. 8 4a b 0.0
l5.0 b

.49 b

. 7 1a b
0.0 a

0.0
a

. 8 3
a

11.5

5.5 72.6 b

5.9
5.3 107.5 a

5.4b 70.5b

6.2a

5.6
a b 102.9 a

103.9 a

35.1a

42.9 b
10.8 a

10.5 a

53.1 9.3 b

b

Late Maturity
Asgrow Colt 1
(65, 44) 2

3

31.4a

39.2
b

10.0

47.6
c 10.0

10.0

5.2 63.0 .41 0.0 a

5.9 102.2 .76 0.0 a

4.8 85.3 .79 11.7
b

6.2 83.4 .50 47.6a

6.1 85.5 .53 62.9a

5.8 91.2 .62 70.0b

39.1a

45.2b
9.4

45.5b
8.8
8.5

Pioneer 947 (forage) 1
(72, 78) 2

3

5

1 Harvest 1, milk to early-dough; harvest 2, late-dough; harvest 3, hard-grain.

2 100% dry matter basis.

3 Adjusted to 12.5% moisture.

4
Days to half bloom.

Plant height, inches.

a b cMeans within a variety with same letter are not different (P<.05).
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Urea and Limestone Additions to
Forage Sorghum Silage

Keith Bolsen, Harvey llg, Dirk Axe,
and Russell Smith

Summary

Adding urea or limestone to forage sorghum silage increased lactic and
acetic acids compared with untreated silage. Urea also elevated the ensiling
temperature and increased the DM loss in the silo. Although calves fed the three
silages had similar performance, those fed the urea-treated silage tended to have
the highest consumption but poorest feed conversion. There were no apparent
improvements in silage conservation or feeding value from either urea or limestone.

Introduction

In four previous trials with corn and sorghum silages (Reports of Progress
377, 394, and 448), non-protein nitrogen (ammonia or urea) has increased the crude
protein content by 3 to 5 percentage units, increased the amount of fermentation
acids, and extended the bunk life of the silage. However, adding NPN to the silage
general ly  decreased cat t le  performance when compared to  an a l l -natural
supplement, and decreased silage dry matter recovery. Although ammonia is a
cheaper source of NPN, urea is safer to handle and a higher percent of the
nitrogen is retained in the silage. Limestone has been added to corn in the past to
increase the calcium and lactic acid contents of silage, but little is known about
its use with wetter forage sorghum silages.

Our objectives were to further document the effects of urea and limestone
on the conservation and feeding value of sorghum silages.

Experimental Procedures

Three whole-plant forage sorghum silages were compared: 1) control (no
additive); 2) urea (10 lb/ton of fresh crop); and 3) limestone (15 lb/ton of fresh
crop). Urea was applied in a 50% water solution; limestone, in dry form. The
silages were made by the alternate load method in 10 x 50 ft concrete stave silos
on September 27 and 28, 1983 from Pioneer 947 forage sorghum harvested in the
hard-dough stage at 27 to 28% dry matter (DM). Ensiling temperatures were
monitored for the first 42 days and nylon bags of crop (six per silo) were buried
for additional observations of silage DM recoveries. The silos were opened on
November 16 and emptied at a uniform rate during the following 14 weeks.

Each silage was fed to 12 crossbred steer calves housed in individual pens.
The 84-day growing trial began November 17, 1983 and ended February 9, 1984.
Silages were full-fed and all calves received 2.0 lb of supplement daily (as-fed
basis). Rations were formulated to provide 12.5% crude protein (DM basis), 150 mg
of Rumensin ® per calf daily, and equal amounts of calcium, phosphorus, and
vitamin A.



Results and Discussion

No. of Calves 12 12 12

Initial Wt., lb 466 467 466

Avg. Daily Gain, lb 1.10 1.08 1.01

Avg. Daily Feed, lb1 ll.38 ll.87 ll.55

Feed/lb of Gain, lb1 11.0 l l .3 ll.8

1 100% dry matter basis.

Table 24.1. Performance by Calves Fed the Control, Urea, and Limestone Silages

Silage Treatment
UreaControl LimestoneItem

Performance by calves fed the three forage sorghum silage rations is shown
in Table 24.1. Calves fed the limestone silage gained slowest; those fed urea silage
had the highest DM intake; and those fed control silage had the lowest feed to
gain ratio. None of the performance differences were statistically significant.

Chemical analyses and ensiling temperatures of the silages are shown in
Table 24.2. All three silages appeared well preserved, although the urea silage was
a darker brown and reached higher ensiling temperatures than the other two
silages. Urea and limestone produced much more extensive fermentations with
higher pH and total acid values, and lower lactic to acetic acid ratios than
untreated silage. Approximately 95% of the urea-nitrogen added to the fresh crop
was recovered in the silage.

Silage DM recovery and loss results are shown in Table 24.3. In the
concrete stave silos, the DM lost during fermentation, storage, and feedout was
highest for the urea silage. The silage in buried nylon bags was similar to that in
the silos, with the control and limestone silages having lower losses than urea
silage. Al1 three silages were highly stable in air, in spite of a rather slow feeding
rate.

There were no apparent benefits with either urea or limestone. The greater
DM loss in the silo from adding urea agrees with our previous trials. NPN silages
have usually given poorer performance with calves, but not in this trial. We were
surprised that limestone gave a DM recovery nearly identical to the control, since
the increased acids indicate more extensive fermentation.

Calf weights, silage samples, and silage bunk life procedures were similar to
those described on page 60 of this report.



Table 24.2. Chemical Analyses and Ensiling Temperature for the Control, Urea,
and Limestone Silages Made in the Concrete Stave Silos 1

Item
Silage Treatment

Control Urea Limestone

Dry Matter:
Pre-Ensiled, % 27.0 27.2 28.4
Silage, % 25.0 25.4 27.4

Maximum Temp. Rise From
Initial Forage Temp., ºF 17 23 19

Day of Maximum Temp. 7 10 7

% of the Silage DM

Lactic Acid
Acetic Acid
Total Fermentation

Acids

Crude Protein

7.96 10.91 10.72
2.25 4.50 4.96

10.4 15.6 15.8

4.8 9.9 5.2

pH 3.86 4.21 4.36

Lactic:Acetic Ratio 3.8 2.9 2.5

1 Each value is the mean of 14 samples.

Table 24.3. Forage Sorghum Silage Recoveries and Losses From the Concrete
Stave Silos and Buried Bags for the Control, Urea, and Limestone
Silages

Silo and Silage
Treatment

DM Recovery
Non-feedable

Feedable (Spoilage)

DM Lost During
Fermentation, Storage,

and Feedout

% of the DM Ensiled

Concrete Stave Silos:
Control 86.5 2.0 l l .5
Urea 79.3 2.0 18.7
Limestone 86.9 2.2 10.8

Buried Nylon Bags:
Control
Urea
Limestone

93.5 - 6.5
90.1 - 9.9
93.6 - 6.4
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Sodium Bicarbonate and Sodium Bentonite Supplements

for Cattle Fed Corn or Sorghum Silages 1 , 2

Dirk Axe, Keith Bolsen, Kate Jacques,
and Dave Harmon

Summary

Supplementing forage sorghum silage rations with sodium bicarbonate
(NaHCO 3 ) improved performance of growing cattle over the control supplement.
However, neither NaHCO 3 nor sodium bentonite supplementation to corn silage
rations improved cattle performance.

Introduction

Beef cattle research with sodium bicarbonate (NaHCO3 ) has involved mainly
high concentrate feeding programs with little emphasis on silage-based rations for
growing/backgrounding cattle. In two previous trials at Manhattan, addition of
NaHCO3 to high silage rations has improved rate and efficiency of gain (Reports of
Progress 427 and 448).  Sodium bentonite (colloidol clay), an inert material, is not
new to the cattle feeding industry, but results have been inconsistent. These trials
further evaluated NaHCO3 and sodium bentonite supplements for growing cattle fed
forage sorghum and corn silage rations.

Experimental Procedures

Trial 1. Forage sorghum silage (Pioneer 947) was fed to 36 individually
housed calves for 84 days, beginning November 17, 1983. Eighteen calves per
treatment received supplements containing either no additive (control) or NaHCO3
fed at l.0% of the ration dry matter (DM) intake (approximately 43 grams per calf
daily). The silages were full-fed and all calves received 1.8 lb of supplement daily
(DM basis). The rations were formulated to provide 12.5% crude protein, 150 mg of
Rumensin ® per calf daily, and NRC recommended amounts of calcium, phosphorus,
and vitamins A, D, and E.

Trial 2. Drought-stressed and irrigated whole-plant corn silages were fed to
light weight yearling steers and heifers for 84 days, beginning February 9, 1984.
Eight pens of four cattle were fed supplements with: 1) no additive (control), 2)
NaHCO3 , and 3) sodium bentonite. NaHCO3  was fed at 1% of the ration DM intake
(about 66 grams per animal daily), and sodium bentonite, at 2% of the ration DM
intake (about 132 g per animal daily). Silages were full-fed and all cattle received

1 The sodium bicarbonate and partial financial assistance. were provided
and Dwight Co., Inc., Piscataway, NJ.

by Church

2The sodium bentonite was supplied by American Colloid Co., Skokie, IL.
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1.8 lb of supplement daily (DM basis). Rations were formulated to provide 12%
crude protein, 200 mg of Rumensin ® per animal daily, and NRC recommended
amounts of calcium, phosphorus, and vitamins A, D, and E.

Supplements in both trials were top-dressed and partially mixed with the
silages in the bunk. All calves were weighed individually on two consecutive days
at the start and at the end of the trials. Intermediate weights were taken at 28
and 56 days.

Results

Shown in Table 25.1 are performance results of the cattle in trial 1. The 0
to 84 days results show that NaHCO3 improved rate of gain (8.8%), feed intake
(2.0%), and efficiency of gain (7.5%) over the control supplement. However, the
differences were not statistically significant. During days 0 to 28, the NaHCO3
supplement gave an advantage in performance and during days 29 to 56, a period
of extremely cold weather, NaNCHO 3 produced a significant response in gain and
feed/gain over the control supplement. A similar response was observed a year
earlier (Report of Progress 448) under comparable cold weather conditions. There
was some compensating performance for cattle fed the control supplement in the
final 57 to 84 days.

Shown in Table 25.2 are performance results for trial 2. In general, neither
NaHCO3 nor sodium bentonite supplementation gave a performance advantage over
the control supplement. Cattle fed sodium bentonite gained slower (P<.05) and
were 4.7% less efficient than those fed the control.

Table 25.1. Performance by Cattle Fed Control and NaHCO3  Supplements in Trial 1

Item Control N a H C O3

No. of Calves 18 18
Initial Wt., lb 467 467
Final Wt., lb 553 560

0 to 28 days
Avg. Daily Gain, lb 1.37 1.45
Avg. Daily Feed, 1b1 9.85 9.97
Feed/lb of Gain, lb 1 7.6 7.1

29 to 56 days
Avg. Daily Gain, lb .52b .83a

Avg. Daily Feed, lb1

Feed/lb of Gain, lb 1
11.86
31.8 b

12.25
18.6 a

57 to 84 days
Avg. Daily Gain, lb 1.16 1.05
Avg. Daily Feed, lb 1 12.87 12.85
Feed/lb of Gain, lb 1 12.3 15.8

0 to 84 days
Avg. Daily Gain, lb 1.02 1.11
Avg. Daily Feed, lb 1 11.48 11.71
Feed/lb of Gain, lb 1 11.8 10.9

a bValues in the same row with different superscripts differ (P<.05).
1 100% dry matter basis.
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0  t o  2 8  d a y s

Avg. Daily Gain, lb

Avg. Daily Feed, lb1

Feed/lb of Gain, lb 1

29 to 56 days

Feed/lb of Gain, lb 1 7.1

57 to 84 days

Avg. Daily Gain, lb 2.82 2.73

Avg. Daily Feed, lb 1 15.57 15.41

Feed/lb of Gain, lb 1 5.5a 5.6a

0 to 84 days

Avg. Daily Gain, lb 2.28a 2.25ab

Avg. Daily Feed, lb 1 14.51 14.34

Feed/lb of Gain, lb 1 6.4 6.4

ab Values in the same row with different superscripts differ (P<.05).
1 100% dry matter basis.

2.59

15.93

6.1
b

2.18 b

14.61

6.7

Avg. Daily Gain, lb 2.37 2.28 2.17

Avg. Daily Feed, lb1 14.75 14.98 14.96

1.69 1.72 1.77

12.66 a 13.00a b 13.21 b

7.6 7.6 7.5

Table 25.2. Performance by Cattle Fed Control, NaHCO3 , and Sodium Bentonite
Supplements in Trial 2

Item Control NaHCO3 Sodium Bentonite

No. of Cattle 32 32 32

Initial Wt., lb 482 474 476
Final Wt., lb 673 663 659

6.3 6.6




























