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ADDlTlVE-TREATED CORN AND FORAGE SORGHUM
SILAGES FOR GROWING CATTLE 

1,2,3 ,4 ,5 ,6 ,7

K. K. Bolsen, A. Laytimi, R.A. Hart

F. Niroomand, and J. Hoover

S u m m a r y

Whole-plant corn silages were treated with Ecosyl®  or Foraform® in one trial and
Biomate®  or Biomate + Cold-flo® in the second trial. In both trials, the silages were well
preserved, but all were highly unstable in air during the first 3 to 4 weeks of the feed-out
period. Foraform-treated silage was 2 to 6 degrees F cooler than its control, but Cold-flo-
treated silage was 2 to 8 degrees F warmer during the first 10 days post-filling. Laboratory
silo results showed that both control silages fermented extremely fast; however, inoculated
silages had slightly lower pH and higher lactic acid values through the first 4 to 7 days post-
filling. Foraform lowered the initial pH of the ensiled material, restricted subsequent
fermentation, and produced a silage with about one-half the acid content compared to its
control. Cold-flo raised the initial pH and delayed the start of fermentation, but resulted in a
silage with greater acid content and an increased dry matter loss. Though not significant, calves
fed Ecosyl, Foraform, and Biomate silages had about 6 percent better feed conversion than
those fed control silages and gain per ton of crop ensiled was also higher for the three treated
silages. Cold-flo-treated silage produced 3.5 lb less gain per ton of crop ensiled than its control.

1
Ecosyl® contains Lactobacillus plantarum and is a product of C-I-L, Inc., London, Ontario,
Canada.

2

Biomate® contains Lactobacillus plantarum and Pediococcus cerevisiae and is a product of
Chr. Hansen’s Laboratory, Inc., Milwaukee, Wisconsin.

3
Foraform ® contains ammonium tetraformate, a salt of formic acid, and is a product of BP
Chemicals, LTD, London, England.

4
TriLac ® contains Lactobacillus plantarum and Pediococcus cerevisiae and is a product of
Quali Tech, Inc., Chaska, Minnesota.

5
Silagest ® contains multiple strains of lactic acid bacteria and is a product of Interbio, Inc.,
Naperville, Illinois.

6
Cold-flo® is a non-protein nitrogen product of USS Agri-Chemicals Division of United States
Steel, Atlanta, Georgia.

7
C-I-L, Inc.; Chr. Hansen’s Laboratory, Inc.; BP Chemicals, Ltd; Quali Tech, Inc.; and Interbio,
Inc. all provided partial financial assistance.
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Whole-plant forage sorghums were treated with TriLac® in one trial and Silagest® in
the second trial. Inoculated silages had slightly lower ensiling temperatures than controls. All
silages fermented rapidly, but both inoculants increased ensiling efficiency as indicated by higher
lactic to acetic acid ratios (in laboratory silos) and decreased dry matter losses (in farm-scale
silos). Calves fed Silagest silage outperformed those fed control silages, and both inoculants
increased gain per ton of crop ensiled over control silages.

Introduction

Corn is the nearly ideal silage crop in the US and around the world. It has a high
tonnage yield, a suitable dry matter content, a high level of fermentable sugars, a low buffer
capacity, and, under normal conditions, can be harvested over a 2 to 3 week period without
significant loss of yield or quality. Several management practices can improve corn and sorghum
silages, including harvesting at the optimum maturity and moisture, fine chopping, rapid silo
filling and packing, tight sealing, and a fast feed-out rate.

Numerous silage additives are marketed for corn and other crops, and many of these
have been evaluated here during the past 10 years (KAES Reports of Progress 448, 514, and
539). Our objective was to continue documenting how commercial additives affect both
conservation efficiency and nutritive value of corn and forage sorghum silages. Four biological
inoculants (Ecosyl, Biomate, TriLac, and Silagest) and two chemical products (Foraform and
Cold-flo) were evaluated using laboratory and farm-scale silos.

Experimental Procedures

Trial 1. Three whole-plant corn silages were compared: (1) control (no additive), (2)
Ecosyl ®, and (3) Foraform®. All three silages were made by the alternate load method in 10
x 50 ft concrete stave silos on August 11 and 12, 1987, from Ohlde 0-230 corn harvested in the
mid to full-dent stage at 38 to 39% dry matter (DM). Ecosyl was applied at the blower as a

liquid and supplied an average of 1.25 x 10 
5 

colony-forming units (CFU) of lactic acid bacteria

(LAB) per gram of crop. The corn, as harvested, contained an average of 9.5 x 10 
6 

CFU of
indigenous LAB per gram. Foraform was applied as a liquid at the blower and at a rate of 5.0
liters per ton of crop.

Each silo was partitioned vertically into thirds as it was filled, approximately 16 tons
per third. The partitions were separated by plastic mesh fencing. Five thermocouple wires
were placed in the vertical center of each third, and ensiling temperatures were monitored for
the first 4 weeks of storage. Twice during the filling of the stave silos, fresh forage was
removed from randomly selected loads and control and treated material was ensiled in PVC
laboratory silos, 18 silos each. Triplicate silos were opened at 6, 12, 24, and 48 hours and 4 and
90 days post-filling.

The farm-scale silos were opened on December 23, 1987 and emptied at a uniform rate
during the following 14 weeks. Samples were taken three times weekly for DM recovery
calculations and chemical analyses. Each silage was fed to 15 steer and heifer calves (three pens
of five calves per silage) in an 84-day growing trial, which began on December 24, 1987.
Rations were full-fed and contained 87.6% silage and 12.4% supplement on a DM basis.
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Rations were formulated to provide 12.0% crude protein (DM basis); 200 mg of Rumensin®

per animal daily; required amounts of calcium and phosphorus; and vitamins A, D, and E.
Supplements were top-dressed and partially mixed with the silages in the bunk. Feed offered
was recorded daily for each pen, and the quantity of silage fed was adjusted daily to assure that
fresh feed was always available. Feed not consumed was removed, weighed, and discarded every
7 days or as necessary.

For 3 days before the start of the feeding trail, all cattle were limit-fed a forage sorghum
silage ration to provide a DM intake of 1.8% of body weight. Cattle were then weighed
individually on 2 consecutive days after 16 hr without feed or water. For 2 days before the final
weighing, the cattle were fed their respective silage rations at a restricted DM intake of 1.8%
of body weight.

Trial 2. Three whole-plant corn silages were compared: (1) control (no additive), (2)
Biomate® , and (3) Biomate + Cold-flo ® . Both additives were applied at the blower. Biomate
supplied an average of 1.5 x 10 

5 
CFU of indigenous LAB per gram of crop and Cold-flo

ammonia was added at 8.0 lb per ton of crop. The corn, as harvested, contained an average of
1.4 x 10 

6 
CFU of indigenous LAB per gram. The silages were made by the alternate load

method in 10 x 50 ft concrete stave silos on August 19 and 20, 1987 from Pioneer 3183 corn
harvested in the full-dent stage at 38 to 40% dry matter. Each silo was partitioned vertically
into thirds as it was filled, approximately 20 to 22 tons per third. All other procedures for
filling and emptying the silos and the cattle feeding period were identical to those described
in Trial 1. The laboratory silos were opened at 5, 10, 20, and 40 hours and 7 and 90 days post-
filling.

The cattle feeding periods for Trials 1 and 2 were conducted concurrently.

Trial 3. Two whole-plant forage sorghum silages were compared: (1) control (no
additive) and (2) TriLac®. Both silages were made by the alternate load method in 10 x 50
ft concrete stave silos on September 23, 1987. The sorghum hybrid was Funk’s 102F, harvested
in the late-dough stage of kernel development at 30 to 32% dry matter. TriLac was applied as

a liquid at the blower at 2.0 liters per ton and supplied an average of 4.6 x 10 
5 

CFU of LAB
per gram of crop. The sorghum, as harvested, contained an average of 4.3 x 10 

6 
CFU of

indigenous LAB per gram and 3.5 x 10 
5 

yeast and mold per gram.

Each silo was partitioned vertically into thirds as it was filled, approximately 14 to 17
tons per third. The partitions were separated by plastic mesh fencing. Five thermocouple
wires were placed in the vertical center of each third. Ensiling temperatures were monitored
for the first 5 weeks of storage. During the filling of the middle third of the silos, fresh forage
was removed from a randomly selected load, and control and inoculated material were ensiled
in PVC laboratory silos, 42 silos each. One-half of the silos from each treatment were stored
at 60 F, one-half at 90 F. Triplicate silos were opened at 6, 12, 24, and 48 hours and 4, 7, and
90 days post-tilling.

Each silage was fed to 15 crossbred yearling heifers (three pens of five cattle per silage)
in a 75-day growing trial, which began on March 30, 1988. Rations were full-fed and contained
87.6% silage and 12.4% supplement on a DM basis. All other procedures for the rations and
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feeding management were as described in Trial 1. For 3 days before the start of the feeding
trial, all cattle were limit-fed a prairie hay and grain sorghum ration to provide a DM intake of
1.8% of body weight. Other weighing procedures were as described in Trial 1.

Trial 4. Two whole-plant forage sorghum silages were compared: (1) control (no
additive) and (2) Silagest®. The silages were made on consecutive days (October 10 and 11,
1987) in 8 ft diameter AgBags® using a Kelly Ryan Bagger®. The sorghum hybrid was DeKalb
25E harvested in the late-dough stage at 32 to 33% dry matter. Silagest was applied as granules
at the bagger at a rate of 500 grams per ton. Silagest supplied an average of 2.0 x 10 

6 
CFU

of LAB per gram of crop. The forage, as harvested, contained an average of 1.4 x 10 
5 

CFU

of indigenous LAB per gram and 2.9 x 10 
5 

yeast and mold per gram.

Five thermocouple wires were placed in each Ag Bag during filling and ensiling
temperatures were monitored for the first 5 weeks of storage. On the first filling day, fresh
forage was removed from a randomly selected load and control and inoculated material were
ensiled in PVC laboratory silos, 21 silos each. Triplicate silos were opened at 6, 12, 24, and
48 hours and 4, 7, and 90 days post-filling.

All procedures for rations and cattle feeding were identical to those described in Trial 3.
The cattle feeding periods for Trials 3 and 4 were conducted concurrently.

Results  and Discuss ion

Trials 1 and 2. Ensiling temperatures are shown in Table 21.1. The initial forage
temperatures ranged from 90.0 to 92.9 F in Trial 1; 84.3 to 87.8 F in Trial 2. Change from
initial temperature was 1.6 to 5.7 F lower for Foraform-treated silage compared to its control,
but Cold-flo addition dramatically increased ensiling temperature over its control during the first
10 days post-filling. Neither inoculant affected ensiling temperatures.

Silage fermentation dynamics for the six silages in the two trials are shown in Tables
21.2 and 21.3. Control and inoculated silages underwent very rapid fermentations, reaching a
pH of 4.05 or below within the first 40 to 48 hours post-filling. Ecosyl and Biomate silages
still had lower pH and higher lactic acid values at some opening times, even though the control
silages fermented quickly. Inoculated and control 90-day silages had very similar chemical
compositions. In Trial 1, Foraform, which breaks down in the silo to formic acid, lowered the
initial pH of the ensiled material from approximately 5.8 to 4.5. The subsequent fermentation
was both delayed and restricted, and the Foraform-treated silage had lower lactic and acetic
acids. In Trial 2, Cold-flo raised the initial pH from approximately 6.0 to 8.7 and delayed the
start of fermentation, However, by days 7 and 90 post-filling, the Biomate + Cold-flo-treated
silages had 1 ½ to 2 times the level of lactic acid and much less ethanol than Biomate or
control silages.

Shown in Tables 21.4 and 21.5 are DM losses and fermentation end-products for the
six corn silages in the farm-scale silos. Chemical composition of these silages was consistent
with results from the PVC silos. The DM loss was slightly lower for the inoculated silages in
both trials; however, Cold-flo addition increased DM loss by about 4 percentage units over
Biomate or control silages.
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Performance by calves during the 84-day growing trials is presented in Table 21.6.
Rates and efficiencies of gain were exceptional, due to the high grain content of the two corn
hybrids and the mild weather during the feeding period. In Trial 1, DM intakes were similar
for the three silage rations and, although calves fed Ecosyl and Foraform silages gained about
5 to 6% faster and more efficiently than those fed control, these differences were not statistically
significant. In Trial 2, calves fed the three silage rations had similar gains, but those receiving
Biomate silage were 6.6% more efficient than those fed control silage because of an unexpected
lower feed intake coupled with nearly equal gain.

When the data for farm-scale silage recoveries (Table 21.6) were combined with cattle
performance, Ecosyl, Foraform, and Biomate-treated silages produced 7.2, 6.2, and 7.9 lb more
gain per ton of crop ensiled, respectively, compared to control silages. Adding Cold-flo to the
inoculated silage reduced gain per ton by over 10 lb compared to Biomate silage.

Trials 3 and 4. Ensiling temperatures, as change from initial forage temperature, are
shown in Table 21.7. The initial temperatures were about 84 F in Trial 3, and TriLac-treated
silage was consistently 1.5 to 3.0 F cooler compared to its control during the first 7 days post-
filling. Although Silagest-treated silage was always numerically cooler than its control, the
treated material had a 6.0 F lower initial temperature, which could have accounted for this
difference.

Silage fermentation dynamics for the silages in the two trials are shown in Table 21.8.
In Trial 3, fermentation was delayed in the 60 F silages, especially during the first 24 to 48
hours post-filling. Both 90 F silages reached a pH of about 4.10 in 48 hours, while both 60 F
silages did not reach pH 4.10 until 7 days. Although all four silages were well preserved, the
TriLac 60 and 90 F silages had significantly lower acetic acid and ethanol values than their
control counterparts. In Trial 4, both silages fermented rapidly but the Silagest-treated silage
had a significantly lower pH and/or higher lactic acid content at three opening times during the
first week and lower acetic acid at 90 days.

Performance by calves during the 75-day growing trials is presented in Table 21.9.
TriLac and control silages supported similar performance in Trial 3, but calves fed Silagest-
treated silage in Trial 4 gained faster (P<.05) and more efficiently (P<.05) than those fed
control. Both inoculants increased silage DM recoveries by about 1.0 percentage unit, which
increased gain per ton of crop ensiled by 3.0 lb for TriLac-treated silage and 5.4 lb for Silagest.
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Table 21.1. Ensiling Temperatures as Change from Initial Temperature for Control and
Treated Corn Silages in Trials 1 and 2

Days Post-filling Control

Trial 1 Trial 2
Biomate +

Ecosyl Foraform Control Biomate Cold-flo 
1

1 +9.6
2 +11.4
3 +11.9
4 +11.7
5 +11.2
6 + 10.6
7 +9.7

10 +8.5
14 +6.2
21 +1.1
28 -1.4

- - - - - - - - - Initial Forage Temperature, F - - - - - - - - - - - -

92.9 90.0 91.6 84.6 84.3 87.8

 - - - - - - - - - - - Change from Initial Temperature, F - - - - - - - -

+9.3
+11.0
+11.6
+11.8
+11.8
+11.6
+ 10.7
+ 10.0

+8.8
+3.1

-.2

+3.9
+6.1
+7.3
+8.0
+8.2
+8.2
+7.2
+6.9
+5.6

-.1
-1.2

+7.3 +8.2 +8.8
+ 10.5 +11.5 + 13.5
+11.3 + 12.2 + 16.3
+11.5 + 12.3 + 17.3
+11.1 +11.1 + 16.9
+11.4 + 12.4 + 16.8
+ 10.0 +11.6 +14.7
+9.1 +9.1 + 17.2
+7.8 +8.9 + 12.0
+5.5 +7.8 +6.0
+1.1 +2.8 +2.4

1
Mean of only six wires, as difficulties in placing the thermocouples gave inaccurate readings
for several wires.
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Table 21.2. pH and Chemical Composition over Time for the Corn Silages in Trial 1

Time Post-filling Replication 1: August 11 Replication 2: August 12
and Item 

1
Control Ecosyl Foraform Control Ecosyl Foraform

Initial: pH 5.79 5.76 4.52 5.80 5.78 4.56

Hour 6: pH 5.09 5.09 4.48 4.95 4.94 4.51
Lactic .44 .45 .15 .52 .63 .14

Hour 12: pH 4.55 4.49 4.56 4.61 4.60 4.59
Lactic 1.01 1.00 .17 1.10 1.19 .16

Hour 24: pH 4.18 4.17 4.54 4.30 4.28 4.61
Lactic 2.40 2.70 .15 2.34 2.40 .12

Hour 48: pH 4.05 4.04 4.55 4.01 3.98 4.60
Lactic 3.61 3.64 .36 3.56 3.63 .32

Day 4: pH 3.89 3.89 4.39 3.89 3.88 4.41
Lactic 4.27 4.77 1.10 4.47 4.74 1.58

Day 90: pH 3.92 3.91 4.08 3.91 3.91 4.09
Lactic 4.24 4.30 2.41 4.16 4.12 2.21
Acetic 1.07 1.04 .45 1.01 .96 .47
Ethanol .87 .78 1.67 1.17 1.16 1.83
NH 3 -N .063 .061 .117 .058 .058 .133

1
 Acids, ethanol, and NH 3 -N are reported as a % of the silage dry matter.
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Table 21.3. pH and Chemical Composition over Time for the Corn Silages from the Concrete
Stave Silos in Trial 2

Time Post-filling
and Item 

1

Replication 1: Aug. 19
Biomate +

Control Biomate Cold-flo

Replication 2: Aug. 12

Control Biomate

Initial: pH 5.98 5.98 8.68 5.97 5.98

Hour 5: pH 5.31 5.31 8.63 5.79 5.75
Lactic .31 .33 .22 .18 .30

Hour 10: pH 4.73 4.73 8.44 4.70 4.61
Lactic .56 .60 .29 .80 1.04

Hour 20: pH 4.23 4.19 6.15 4.25 4.20
Lactic 1.45 1.53 .90 2.44 2.61

Hour 40: pH 3.91 3.90 4.93 3.97 3.96
Lactic 3.63 3.75 3.46 3.76 4.33

Day 7: pH 3.79 3.78 4.04 3.88 3.88
Lactic 4.10 4.24 7.16 4.43 5.05

Day 90: pH 3.81 3.79 4.00 3.91 3.91
Lactic 5.05 5.36 7.83 6.15 6.35
Acetic 1.27 1.19 1.11 1.96 .94
Ethanol 1.41 1.15 .15 .88 .84
NH 3 -N .070 .068 .494 .050 .045

l 

Acids, ethanol, and NH 3 -N are reported as a % of the silage dry matter.
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Table 21.4. Dry Matter Losses and Fermentation End-products for the Corn Silages from the
Concrete Stave Silos in Trial 1

Treatment and
Location in the Silo

Lactic Acetic
No. of DM DM, Acid Acid Ethanol  NH 3 -N
Samples Loss 

1
% p H ----------- % of the Silage DM ------------

Control: Top 11 6.89 40.78 4.17 4.27 .92
Middle 16 6.10 40.41 4.10 4.45 1.33
Bottom 11 4.41 37.45 4.00 4.99 1.63

Avg. 38

.87 .076

.68 .083

.81 .077

.77 .079

.74 .070

.43 .076

.52 .087

.56 .078

1.04 .123
1.14 .120
1.43 .131

1.16 .127

5.80 39.60 4.09 4.57 1.30

Ecosyl: Top 10 4.32 41.45 4.10 4.61 .95
Middle 13 4.62 39.71 4.06 4.70 1.01
Bottom 13 3.61 38.71 4.01 5.11 1.70

Avg. 36 4.18 39.55 4.06 4.82 1.23

.75

.53

.86

Foraform: Top 11 7.17 37.59 4.15 3.52
Middle 16 5.58 40.75 4.17 3.10
Bottom 9 7.36 38.45 4.15 3.60

Avg. 36 6.70 39.19 4.16 3.22 .68

1 
Percent of the dry matter ensiled.

Table 21.5. Dry Matter Losses and Fermentation End-products for the Corn Silages from the
Concrete Stave Silos in Trial 2

Treatment and
Location in the Silo

Control: Top
Middle
Bottom

Avg.

Biomate: Top
Middle
Bottom

Avg.
Biomate
+ Cold-flo Avg.

Lactic Acetic
No. of DM DM, Acid Acid Ethanol NH 3 -N
Samples  Loss 

1
% pH --------- % of the Silage DM ---------

11 10.08 37.01 3.91 5.60 1.27 .90 .073
12 8.94 34.77 3.78 6.06 2.61 .53 .103
13 3.70 36.10 3.79 5.94 3.09 1.13 .114

36 7.57 35.91 3.82 5.88 2.37 .86 .098

9 9.56 35.14 3.79 5.68 1.20 1.26 .076
12 8.59 34.50 3.80 6.07 2.52 .69 .101
13 3.28 35.99 3.77 6.11 3.00 .81 .110

34 7.14 35.26 3.78 6.00 2.35 .88 .097

41 11.84 35.52 4.24 7.66 2.65 .23 .731

l
 Percent of the dry matter ensiled.
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Table 21.6. Performance by Cattle Fed Control and Additive-treated Corn Silages in Trials
1 and 2

Item

Trial 1

Control Ecosyl Foraform SE

Trial 2
Biomate +

Control Biomate Cold-flo SE

No. of Cattle 15 15 15 15 15 15

Initial Wt., lb 568 573 567 556 567 557

Final Wt., lb 732 746 739 746 755 746

Avg. Daily Gain, lb 1.95 2.06 2.05 .07 2.26 2.24 2.25 .07

Daily Feed Intake, lb 
1

15.52 15.49 15.22 .40 17.08 
a

15.78 
b

16.81 
ab

.40

Feed/lb of Gain, lb 
1

7.95 7.52 7.44 .23 7.55 7.05 7.48 .23

Silage DM Recovery,
% of t h e DM Ensiled 94.2 95.8 93.6 92.4 93.2 88.1

Silage Fed,
lb/Ton Ensiled 

2
1884 1916 1872 1848 1864 1762

Silage/lb
o f Gain, l b  

2
19.92 18.82 18.58 18.91 17.63 18.70

Cattle Gain/Ton of
Crop Ensiled, lb  

2
94.6 101.8 100.8 97.7 105.7 94.2

1 
100% dry matter basis.

2
Adjusted to 35% dry matter.

a b
Means in the same row within a trial with different superscripts differ (P<.05).
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Table 21.7. Ensiling Temperatures as Change from Initial Temperature for the Control and
Inoculated Forage Sorghum Silages in Trials 3 and 4

Days Post-filling
Trial 3 Trial 4

Control TriLac Control Silagest

 - - - - - - - - Initial Forage Temperature, F - - - - - - - - -

83.7

1 + 8.0
2 + 9.4
3 +11.5
4 + 12.4
5 + 13.0
6 + 12.7
7 + 12.0
8 + 12.2
9 + 10.2

10 + 9.3
14 + 8.4
18 + 4.0
21 + 2.1
28 - 1.4
35 - 6.3

84.7 72.3

Change from Initial Temperature, F

66.3

+ 6.5 + 9.5 + 3.3
+ 7.7 +10.1 + 9.8
+ 9.5 + 14.7 +13.8
+ 9.8 + 16.5 + 16.4
+ 10.0 +18.1 + 16.9
+ 10.5 + 17.1 + 16.6
+ 10.2 + 16.3 + 16.0
+ 10.8 +16.1 + 15.6
+9.6 + 15.8 + 15.2

+ 8.7 +15.1 + 14.9
+ 7.2 + 14.0 +13.3
+ 3.5 +12.1 +11.6
+ .5 +10.1 + 9.6
- 2.2 + 4.8 + 4.7
- 7.3 + 2.5 + 2.2
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Table 21.8. pH and Chemical Composition over Time for the Control and Inoculated Forage
Sorghum Silages in Trials 3 and 4

Time Post-filling
and Item 1

Trial 3
Control TriLac

60F 90F 60F 90F
Trial  4

Control Silagest

Initial:

Hour 6:

Hour 12:

Hour 24:

Hour 48:

Day 4:

Day 7:

Day 90:

pH 5.97 5.98 5.97 5.96 5.89 5.90

pH 5.92 5.80 5.91 5.68 
y

5.78 5.76
Lactic .23 .27 .26 .30 .58 .58

pH 5.91 4.78 5.79 
x

4.66 
y

5.71 5.69
Lactic .31 1.12 .33 1.40 

y
.57 .58

pH 5.44 4.44 5.29 
x

4.34 
y

4.48 4.40 
z

Lactic .51 2.27 .61 2.81 
y

1.42 1.53

pH 4.59 4.11 4.49 
x

4.07 4.24 4.20
Lactic 1.25 3.90 1.49 4.18 2.61 2.63

pH 4.33 3.96 4.23 
x

3.95 4.07 4.01 
z

Lactic 2.56 5.79 4.05 5.92 4.19 4.99 
z

pH 4.11 3.94 4.08 3.93 3.93 3.88 
z

Lactic 4.55 5.96 4.68 6.46 
y

5.26 5.50

pH 3.97 3.93 3.95 3.90 3.92 3.90
Lactic 6.04 6.33 6.24 6.56 5.98 6.25
Acetic 1.91 1.62 1.61 

x
1.31 

y
2.40 2.20 

z

Ethanol .624 .740 .589 .745 2.050 2.012
NH 3 -N .038 .049 .039 .048 .041 .042

1

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

Control 60 F vs. TriLac 60 F means differed (P<.05).
y

Control 90 F vs. TriLac 90 F means differed (P<.05).z 

Control vs. Silagest means differed (P<.05).
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Table 21.9. Performance by Heifers Fed the Control and Inoculated Forage Sorghum Silages
in Trials 3 and 4

Item
Trial 3 Trial 4

Control TriLac Control Silagest

No. of Heifers 15 15 15 15

Initial Wt., lb 607 604 602 600

Final Wt., lb 762 760 730 738

Avg. Daily Gain, lb 2.07 2.08 1.71 
b

1.84 
a

Daily Feed Intake, lb 
1

18.43 18.00 15.04 15.13

Feed/lb of Gain, lb 
1

8.94 8.70 8.82 
b

8.23 
a

Silage DM Recovery,
% of the DM Ensiled 90.8 92.0 84.3 85.3

Silage Fed, lb/Ton
E n s i l e d  

2
1,816 1,840 1,686 1,706

Silage/lb of Gain, lb 
2

26.00 25.27 25.68 24.01

Cattle Gain/Ton of
Crop Ensiled, lb 

2
69.8 72.8 65.7 71.1

S i l a g e  D M ,  % 30.11 30.19 31.97 31.92

Silage pH 4.09 4.00 3.93 3.89

1

100% dry matter basis.2

Adjusted to 30% dry matter.
a b

Control vs. Silagest means differed (P<.05).
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EFFECT OF FORAFORM   ON FERMENTATION OF
ALFALFA, CORN, AND FORAGE

SORGHUM SlLAGES 1,2

®

1

K.K. Bolsen, A. Laytimi, and A.D. Drysdale
3

Summary

Foraform 
®  

was evaluated in four trials using alfalfa, corn, and two forage sorghums
harvested in 1987 and ensiled in PVC laboratory silos. There was a dramatic crop by Foraform
interaction, with Foraform delaying and restricting the fermentations, as expected, in alfalfa and
corn. In both forage sorghum hybrids, although the ensiling process was delayed about 24 hours
by the Foraform treatment, end-product silages had lower pH values and equal or higher lactic
acid levels than untreated silages. Foraform was effective at both 60 to 90 F temperatures in
alfalfa, with treated silages having lower lactic and acetic acids, ethanol, and ammonia-nitrogen
contents and higher lactic to acetic acid ratios than untreated alfalfa silages. Similar results
occurred in corn, except Foraform-treated silage had a twofold higher ethanol content than
control. Although overall silage fermentation in the forage sorghums was apparently not
reduced by Foraform, treated silage did have higher lactic to acetic acid ratios and lower ethanol
levels, which are both indications of improved preservation.

Introduct ion

The relatively high fermentable sugar content of corn and sorghum has often produced
silages with high organic acid levels and signs of excessive heating. In contrast, the relatively
low sugar content of alfalfa, when combined with high moisture conditions, can produce silages
that have high pH’s, high butyric acid and/or ammonia-nitrogen levels, and low intake potential
and nutritive value when fed.

In the wet climatic conditions of Northern Europe, the United Kingdom, and
Scandinavia, mineral (i.e., sulfuric) and organic (i.e., formic) acids have been used throughout
much of the 20th century to preserve grass as silage through direct acidification. Safer, less
corrosive, easier to handle forms of these “acid” additives are available, but how these “acid-
salts” affect the preservation of the traditional silage crops in Kansas is not known.

Foraform contains ammonium tetraformate, a salt of formic acid, and is a product of BP
Chemicals, LTD, London, England.

2
Partial financial assistance was provided by BP Chemicals, LTD.

3
International Commercial Development Manager, BP Chemicals, LTD.
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Our objective was to determine how Foraform, a complex liquid salt of formic acid,
would affect the ensiling dynamics and silage fermentation end-products of alfalfa, corn, and
forage sorghum. The effect of Foraform on preservation and feeding value of corn silage is
presented on page 54 of this report.

Experimental Procedures

The PVC laboratory silo used in these trials, the treatment methods, the silo-filling
techniques, and the chemical and microbiological analyses were similar to those described on
page 67 of this report. Foraform was applied as a liquid at 5.0 liters per ton. In Trial 1, the
alfalfa was field-wilted 3 to 4 hours; temperature was approximately 80 F when ensiled. The
control and Foraform-treated silos were stored at 60 and 90 F.

In all four trials, triplicate silos per treatment were opened at 12, 24, and 48 hours and
4, 7, and 90 days post-tilling.

Results and Discussion

Presented in Table 23.1 is a description of the crops, harvest dates, chemical
compositions, and micoorganism profiles. Each crop was representative of those produced in
the I987 growing season.

Shown in Table 23.2 are pH’s, fermentation dynamics, and chemical compositions for
the Foraform-treated and control silages in the four trials. Trials 1 and 2, with alfalfa and
corn, produced contrasting results to Trials 3 and 4, with forage sorghums.

Foraform gave a consistent response at both 60 and 90 F in alfalfa, with treated silages
having lower lactic and acetic acids, ethanol, and ammonia-nitrogen contents than untreated
alfalfa. Similar results were obtained with corn--a sharply restricted fermentation and a lower
total acid end-product silage. However, Foraform-treated corn silage had a twofold higher
ethanol content than control.

There was a dramatic difference when Foraform was applied to the two forage sorghums.
Foraform delayed and restricted the fermentations in alfalfa and corn, but end-product forage
sorghum silages had lower pH values and equal or higher lactic acid levels compared to
untreated controls. Although the ensiling process was delayed for only about 24 hours in the
sorghums, the Foraform-treated silages underwent more efficient fermentations, as evidenced by
greater lactic to acetic acid ratios and lower ethanol values.
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Table 23.1. Description, Harvest Date, Chemical Composition, and Microorganism Profile for
the Crops Used in Trials 1 to 4

Item Trial 1 Trial 2 Trial 3 Trial 4

Crop
Hybrid/Variety
Harvest Date, 1987
Dry Matter, %
Buffer Capacity 

1

Alfalfa Corn Forage Sorghum Ibag Sorghum
Kansas Common Oldhe 0-230 DeKalb FS-5 Pioneer 947
June 19 Aug 11 & 12 Aug 28 Sept 4
32.5 40.1 28.8 35.2
52.6 20.2 26.6 27.7

- - - - - - - - - - %  of  the  Crop  DM - - - - - - - - - - - -

Crude Protein
Acid Detergent

Fiber
Water Soluble

Carbohydrates

20.7 6.3 8.3 8.4

33.7 24.7 28.0 27.2

5.4 7.0 8.6 8.1
2

Indigenous Microbes: - - - - - - - - - - - - CFU  / g r a m  of Crop - - - - - - - - - 

Mesophilic 3.8 x 10 
7

1.6 x 10  
8

3.4 x 10 
7

4.4 x 10 
7

Lactic Acid Bacteria 6.2 x 10 
5

1.1 x 10 
7

4.4 x 10 
5

5.8 x 10 
6

Yeast and Mold 7.0 x 10 
3

6.2 x 10 
5

5.5 x 10 
4

4.0 x 10 
4

Milliequivalents of NaOH per 100 grams of crop dry matter required to raise the pH of the fresh
material from 4.0 to 6.0.
Colony-forming units.

1

2
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Table 23.2. pH and Chemical Composition over Time for the Foraform-treated and Control
Silages in the Four Trials

Trials 3 and 4: Forage Sorghum 
3

Time Post- Trial 1: Alfalfa 
2

Trial 2: Corn 
3

DeKalb FS-5 Pioneer 947
filling Control Foraform
and Item  60 F 90 F 60 F 90 F Control Foraform Control Foraform Control Foraform1

Initial:
pH

Hour 12:
pH
Lactic 1.45

Hour 24:
pH
Lactic .76 1.71

Hour 48:
pH
Lactic

Day 4:
pH
Lactic

3.40

Day 7:
pH
Lactic

---
---

Day 90:
pH
Lactic
Acetic
Ethanol
NH 3 -N

5.5 5.95 5.05 5.05 5.78

5.97 5.53 5.05 5.11 4.57
.42 .23 .30 1.06

5.63 5.39 5.11 4.94 4.24
.21 .32 2.37

5.41 5.09 5.02 4.92 4.03
1.52 .25 .98 3.58

5.20 4.92 5.04 4.79 3.89
2.20 4.20 .43 1.38 4.37

4.95 4.82 5.02 
x

4.60
3.42 5.27 .88 1.96

4.59 4.58 4.41 4.38 3.91
3.54 4.41 3.03 3.01 4.20
3.78 3.23 1.37 1.41 1.04

.332 .400 .101 .093 1.020

.269 .312 .208 .254 .060

4.48 5.92 5.36 5.93

4.58 
x

4.93 5.40 4.75
.17 .94 .28 1.04

4.63 4.40 4.92 4.64
.15 1.52 .57 1.87

4.63 4.14 4.01 4.41
.34 3.02 2.86 

x
3.68

4.40 3.91 3.84 
x

4.21
1.33 5.42 5.80 

x
4.80

- - - 3.85 3.83 4.18
--- 6.84 6.34 4.70

4.08 3.86 3.84 
x

4.10
2.31 6.01 7.67 5.60

.46 1.56 .83 1.42
1.750 1.579 1.046 .695

.125 .040 .055 
x

.071

5.24

5.25
.24

5.04
.58

4.40 
x

2.70

4.05
5.06 

x

4.01
5.24 

x

3.99
5.62 

x

1.00
.371
.086

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

2 
Statistical analyses showed control vs Foraform means at the same temperature differed (P<.05),
unless the Foraform mean has a superscript (x).

Foraform mean has a superscript (x).

3Statistical analyses showed control vs. Foraform means within a trial differed (P<.05), unless the

77













INFLUENCE OF PLANT PARTS ON IN VITRO
DRY MATTER DISAPPEARANCE OF

FORAGE SORGHUM SILAGES

J. White and K.K. Bolsen

S u m m a r y

Five mid- to late- season forage sorghum hybrids were used to plot the changes in silage
in vitro dry matter disappearance (IVDMD) when their proportions of grain, leaf, sheath, and
stalk were altered. The average IVDMD of the parts were: grain 76.9%, leaf 57.7%, sheath
52.7%, and stalk 60.8 percent. The grain proportion had a large positive effect on silage
IVDMD dynamics, whereas the sheath plant part had a negative effect.

Introduction

Historically, Kansas has been the leading state in forage sorghum silage production.
Forage sorghum silage is often the feed of choice for producers who are over-wintering cows
and stockers. Numerous studies indicate that grain sorghum silage is nutritionally superior to
forage sorghum silage. It has a higher protein content and is more digestible than forage
sorghum silage. Our previous trials have shown that only high-grain producing forage sorghum
hybrids approach the feeding value of grain sorghum hybrids when they are fed in high-silage
growing rations.

This experiment was conducted to examine the influence of the grain fraction on the
in vitro dry matter disappearance (IVDMD) of forage sorghum silages. It was hypothesized that
the IVDMD of the silage would be the sum of the IVDMD of the ensiled plant parts. Our
objectives were to: 1) monitor changes in IVDMD as the ensiled plant parts were blended to
comprise various proportions of the reconstituted silage dry matter; 2) develop regression
equations to predict the IVDMD of forage sorghum silages based on plant part ratios; and 3)
determine which plant part(s) concentrations would be the most useful criteria when selecting
for improved silage digestibility.

Experimental  Procedures

Five mid- to late-season forage sorghum hybrids were planted on June 3, 1987 and grown
under dryland conditions on a Smolan silty clay loam soil near the Kansas State University
campus in Manhattan. The hybrids included were Cargill 455, DeKalb 25E, Funk’s 102F,
Golden Acres-TE Silomaker, and Northrup King 300. One month prior to planting, 100 lb/acre
of anhydrous ammonia was applied. A pre-plant soil test indicated that phosphorus and
potassium were adequate. Furdan 15G® (Carbofuran, 1.0 lb/acre) was applied in the furrow at
planting, and Atrazine® (2.5 lb/acre) was used as the pre-plant herbicide. Cygon (Dimethoate,
.5 lb/acre) was used to control greenbugs, spider mites, and grasshoppers. A randomized
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complete block design with three replications was used, with each plot containing six rows, 30
inches apart and 200 feet in length.

All plots were harvested at the hard-dough state of kernel maturity. Stage of maturity
was determined by visual and physical evaluation of several heads per plot. Silage yield was
determined by harvesting three inside rows of each plot with a precision forage chopper. Grain
yield was determined by clipping all heads from a random 60 foot section of the remaining
inside row of each plot and threshing the heads in a stationary thresher. Three subsamples of
five plants each were taken from the remaining inside row at harvest to determine plant part
ratios. Plants were cut 2 inches above the soil surface, separated into grain, leaf blade (removed
at the collar), sheath (removed at the node), and stalk. Separated materials were manually
chopped to about 3/8-inch in length. Samples containing l/4 to l/2 pound of separate plant
parts were then placed in nylon bags with a pore size of 1 mm. The nylon bags containing
the plant part samples were ensiled along with their respective whole-plant material in plastic-
lined, 55 gallon pilot silos, with two silos per hybrid. The silos were stored at outside ambient
temperature for 120 to 135 days prior to opening. At opening, the nylon bags were recovered
for chemical analyses. The pH was determined on the individual plant part samples and the
surrounding silage. Samples were dried in a forced air oven at 130 F for 72 hours and then
ground in a Wiley mill to pass a 1 mm screen.

The IVDMD of each silage sample was determined in triplicate. Earlier research in our
laboratory (KAES Report of Progress 539) has shown a high correlation between silage IVDMD
and in vivo apparent dry matter digestibility. To determine IVDMD dynamics for sorghum
hybrids having different proportions of plant parts, each of the five forage sorghum silages and
plant parts within each hybrid were combined in such a way that the samples had a specific
plant part increased in 50 mg increments from the initial infield proportion to 1.0. These
samples were adjusted to weigh 500 mg of DM + 10 mg and were digested in duplicate. The
IVDMD of each plant part of each hybrid was determined in triplicate.

Using plant part ratio data, the silages of the hybrids were reconstituted using the ensiled
plant parts. The reconstituted silage IVDMD was determined in triplicate. The summation
IVDMD of a hybrid was calculated by multiplying the proportion of the DM per part by the
IVDMD of the respective part and then adding the four values.

Results and Discussion

Agronomic data for the five forage sorghum hybrids are shown in Table 25.1. The
hybrids reached half bloom 71 to 77 days after planting and were harvested 108 to 118 days after
planting (data not shown). Silomaker had the lowest grain yield, and NK 300 had the lowest
silage yield. There were no significant differences among the hybrids for the proportion of the
whole-plant DM as leaf or sheath. DeKalb 25E had the highest proportion of stalks and the
highest forage to grain ratio.

All whole-plant silages and ensiled plant parts were well preserved, as indicated by the
terminal pH values of approximately 4.0 and no observed spoilage or off odors (Table 25.2).
The pH values of the grain were the highest. There were significant differences among the
hybrids for IVDMD of the ensiled plant parts (Table 25.3). For all hybrids, the grain
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proportion had the highest IVDMD, whereas the sheath had the lowest. Our data suggest that
increasing the grain proportion of forage sorghum would improve silage digestibility to a greater
extent than increasing leaf proportion in forage sorghum hybrids.

The effects of increasing the proportion of each ensiled plant part in the reconstituted
silages on IVDMD response are shown in Figures 25.1 to 25.4. For all silages, plots of IVDMD
against increasing proportions of grain were positive (Figure 25.1), whereas plots of IVDMD
against the proportion of sheath were negative (Figure 25.2). Plots of IVDMD against
proportion of leaf (Figure 25.3) and stalk (Figure 25.4) produced less variation than did those
against grain or sheath.

Only small differences in IVDMD were observed among the whole-plant silages, but
significant differences in lVDMD occurred among the ensiled plant parts. These data indicate
that the IVDMD of a forage sorghum silage is not the sum of the IVDMD of its ensiled plant
parts. However, the IVDMD of the reconstituted silages were very close to the sum of the
IVDMD of the ensiled plant parts (Table 25.4). There appeared to be an associative effect, i.e.,
a non-linear IVDMD response, when ensiled plant parts were blended to various proportions
of the reconstituted silages. The proportion of grain in an ideal forage sorghum hybrid would
be limited by such associative effects. Other research has demonstrated that 15 to 30% grain
in a sorghum grain and silage-based ration increased digestibility and DM intake, but higher
proportions of grain (45 to 60%) did not result in further improvement.

Regression equations were generated for predicting the influence of plant parts on the
lVDMD of each of the live hybrids (Table 25.5). In all cases, grain entered the model first,
providing additional evidence that the proportion of grain in forage sorghum hybrids has the
greatest influence on the subsequent IVDMD of the whole-plant silage.

Table 25.1. Dry Matter Yields and Plant Part Percentages of the Five Forage Sorghum Hybrids

Hybrid

DM Yield Plant Part

Grain Silage Grain Leaf Sheath Stalk

Cargill 455
DeKalb 25E

Funk’s 102F

GA-TE Silomaker

NK 300

LSD (P = .05)

SE

- - Tons/Acre - - - - - % of the Whole-plant DM - - -
2.9 

a

8.8 
a

37.1 
ab 20.8 12.4 29.5 

bc

2.7 
a

9.2 
a

28.2 
a

21.0 10.7 40.l 
d

2.9 
a

8.2 
b

37.4 
ab

2 1 . 0 12.7 28.9 
bc

2.4 
b

8.0 
b

39.9 
ab

2 1 . 5 13.3 25.3 
abc

2.8 
a

7.7 
b

41.3 
b

2 2 . 9 17.0 19.5 
ab

. 2 1  .50

4.42 1.78 1.99 2.30

abcd 
Means within a column with different superscripts differ (P<.05).
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Table 25.2. pH Values for the Whole-plant and Plant-part Silages of the Five Forage Sorghum
Hybrids

Hybrid

Whole-

plant

Plant Part

Grain Leaf Sheath Stalk

Cargill 455

DeKalb 25E

Funk’s 102F

GA-TE Silomaker

NK 300

SE

-----------------pH-----------------

4.06 
c

4.32 
a b

4.18 
c

4.02 
b

4.10 
b

3.88 
a

4.42 
a 

4.04 
a

3.97 
a

3.80 
a

4.07 
c

4.36 
a b c

4.22 
d

4.26 
d

4.16 
c

3.98 
b

4.41 
bc 

4.28 
e

4.16 
c

4.14 
bc

4.06 
c

4.68 
d

4.10 
b

4.06 
b

4.24 
d

.011 .017 .010 .012 .013

abcde 
Means within a column with different superscripts differ (P<.05).

Table 25.3. IVDMD of the Plant-part Silages of the Five Forage Sorghum Hybrids

Plant Part

Hybrid Grain Leaf Sheath Stalk

Cargill 455

DeKalb 25E

Funk’s 102F

GA-TE Silomaker

NK 300

Mean

SE

- - - - - - - - - - - - - %  o f  t h e  D M   -  -  -  -  -  -  -  - - - - - - -  

72.4 
aw

56.6 
by

49.0 
az

60.8 
bx

77.5 
bw

61.4 
cx

54.2 
b y

60.4 
b x

78.2 
bw

56.5 
a b y

53.2  
b y

55.3 
a y

77.3 
bw

6 0 . l  
b c y

57.2 
c z

65.3 
cx 

79.2 
bw

54.0 
a y

49.6 
a z

62.2 
b x

76.9 
b w

57.7 
b y

5 2 . 7  
b z

60.8 
b x

- - - - - - - - - - - - - 1 . 0 3 - - - - - - - - - - - - - - -

abcd  
Means within a column with different superscripts differ (P<.05).

wxyz 
Means on the same line with different superscripts differ (P<.05).
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Table 25.4. IVDMD of Whole-plant Silage, Reconstituted Silage, and the Sum of the Plant
Parts

Hybrid
Whole-plant Reconstituted

Silage Silage

Sum of the
Plant Parts

Silage

Cargill 455

DeKalb 25E

Funk’s 102F

GA-TE Silomaker

NK 300

SE

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

58.4 
by

63.3 
bz

62.8 
z

58.2 
by

66.4 
az

64.8 
z

58.8 
by

63.4 
bz

63.8 
z

61.5 
ay

67.7 
az

67.9 
z

61.7 
ay

63.9 
bz

65.6 
z

.238 .662

ab 
Means within a column with different superscripts differ (P<.05).

yz 
Means on the same line with different superscripts differ (P<.05).

Table 25.5. Regression Equations for Predicting Silage IVDMD of the Five Forage Sorghum

Hybrids

Hybrid Intercept Grain Leaf Sheath Stalk SE R 2

Cargill 455 54.9 14.5 --- -7.8 1.6 .49 .97

DeKalb 25E 55.2 19.1 --- -4.0 .2 1.03 .89

Funk’s 102F 50.9 27.2 2.4 --- --- .77 .95

GA-TE Silomaker 53.2 20.1 3.7 --- 1.1 1.40 .77

NK 300 50.8 30.4 ---- -1.9 9.3 1.04 .95
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      NOTICE 
 
 
 Kansas State University makes no endorsements, express or implied, of any 
commercial product.  Trade names are used in this publication only to assure clarity of 
communication. 
 
 Some of the research reported here was carried out under special FDA clearances 
that apply only to investigational uses at approved research institutions. Materials that require 
FDA clearances may be used in the field only at the levels and for the uses specified in that 
clearance. 
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