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Nutritional quality of dormant high-sugar corn forage 
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ABSTRACT: Our objective was to determine the nutritional quality of dormant male-sterile, high-sugar corn forage (Cargill HS 60A).  Beginning on November 4, two ruminally cannulated Gelbvieh x Angus rotationally crossbred steers (BW = 450 kg) continuously grazed a 1 ha pasture of non-irrigated high-sugar corn forage. Ruminal masticate samples were collected at 1300 on d-0, 7, 21, and 35 for determination of OM, NDF, ADF, N, rate and extent of in vitro OM digestibility (IVOMD), and in vitro VFA.  Data were analyzed as a randomized complete block design using steer as the block effect. Effects of sampling date were evaluated using polynomial orthogonal contrasts. Masticate OM decreased from 95.2% on d 0 to 92.9% on d 21, then increased to 95.4% on d 35 (quadratic, P < 0.05).  Masticate N decreased (linear, P < 0.05) from 2.2% on d 0 to 1.6% on d 35.  A cubic effect was detected (P < 0.05) for masticate NDF (d 0 = 61.1%; d 7 = 81.6%; d 21 = 78.1%; d 35 = 86.2%).  Masticate ADF increased linearly (P < 0.05) from 23.5% on d 0 to 44.2% on d 35. Extent of IVOMD at 3, 6, 9, 12, 24, and 48 h decreased (48 h IVOMD = 83.1 to 69.9%) linearly (P < 0.05), which coincided with a linear decrease (P < 0.05) in rate of IVOMD (13.1 to 6.4 %/h) with the advancement of the grazing period.  Total VFA in ruminal fluid collected from the in vitro tubes declined linearly (P < 0.05), whereas acetate:propionate ratio increased linearly  (P < 0.05) as the grazing season progressed.  The decrease in masticate N, extent and rate of IVOMD, and in vitro VFA with concomitant increases in NDF and ADF suggest that nutritional quality of dormant high-sugar corn forage declined as the grazing season progressed.   
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Introduction

Because of added cost of equipment and labor involved in harvesting forage, stockpiling forage for fall and winter grazing became the targeted solution to reduce the cost associated with stored forage. Although corn is typically grown for grain or silage, corn's high production of nutrients warrants investigation into its use as stockpiled forage. Corn residues following grain harvest is low in nutrient content because most nutrients are translocated into the grain. Under unlimited roughage supply, leaf plus husk, and residual grain are the primary components of the diet of cattle grazing cornstalks.  


High-sugar corn is a high yielding forage-type corn that is primarily grown for silage (Kercher et al., 1986). A male-sterile variety (Cargill HS 60A) concentrates sugar in the stalks and leaves and produces ears, but not grain unless pollinated by other corn. Nutrient content of male-sterile corn would be expected to be more uniformly distributed throughout the plant, however such data has not been reported. Our objective was to determine the nutritional quality of high-sugar corn forage (Cargill HS 60A) throughout a winter grazing period.

Materials and Methods

On May 17, 1999, a high-sugar corn variety (Cargill HS 60A) field was established as described by Yun et al. (1999). Rainfall was higher than normal (24.5 cm from May through August).  Beginning on November 4, 1999, two ruminally cannulated Gelbvieh x Angus rotationally crossbred steers (BW = 450 kg) continuously grazed a 1 ha pasture of dormant high-sugar corn forage.  Steers were placed on the experimental plot after 7 d adaptation to a separate forage-corn pasture.  Surgical procedures and animal care followed procedures approved by the University Animal Care and Use Committee.  Additionally, steers had ad libitum access to water and trace mineralized salt (Champion's Choice, Akzo Salt, Inc.; guaranteed analysis [percentage of DM]: NaCl, 95 to 99; Co, Cu, I, Mn, Zn, and Fe, less than 1) throughout the study. Steers were allowed ad libitum access to bromegrass hay  after a 35-d grazing period.


At 1300 on d 0 (November 11), d 7 (November 18), d 21 (December 2), and d 35 (December 17), steers were completely evacuated of their ruminal contents, and the ruminal lining was washed.  After grazing for approximately 1 h, fresh masticate was removed and original ruminal contents were replaced (Lesperance et al., 1960).  Masticate samples were rinsed once with distilled water to remove salivary contaminants and dried in a 50( forced-air oven.


Dried ruminal masticate samples were ground in a Wiley mill to pass a 1-mm screen.  Ground masticate was analyzed for DM, ash, and Kjeldahl N (AOAC, 1990).  Neutral and acid detergent fiber were analyzed using the non-sequential methods of Goering and VanSoest (1970).


Following 21-d adaptation to the bromegrass hay, approximately 500 mL of ruminal fluid was collected from each steer.  Ruminal fluid was strained through four layers of cheesecloth, and prepared within 1 h of collection for determination of in vitro OM digestibility (IVOMD; Judkins et al., 1990). Rate and extent of IVOMD was determined on masticate samples incubated in ruminal fluid at 0, 3, 6, 9, 12, 24, and 48 h.  Rate of OM disappearance was calculated using nonlinear regression as described by Mertens and Loften (1980).


Using GLM procedures of SAS (Version 4.1; release 7.0, 1998; SAS Institute, Cary, NC), data were analyzed by ANOVA for a randomized complete block design.  Steer was included in the model as the block effect, and sampling date was included as the main treatment effect.  Data were evaluated using  polynomial contrasts for sampling day effects (Steel and Torrie, 1980).

Results and Discussion
Yun et al. (1999) reported that although plant height was extremely variable (60 to 185 cm), the high-sugar corn variety Cargill HS 60A showed greater drought tolerance than corn grain varieties planted at the Archer Research and Extension Station and plant population was similar to that of Cargill HS 60A high-sugar corn grown under irrigation (Koch et al., 1999). Conversely, Yun et al. (1999) noted that leaf DM of high-sugar corn grown under dryland conditions was approximately two times greater than that reported by Koch et al. (1999) for irrigated high-sugar corn. The dryland high-sugar corn variety also produced similar total DM and leaf yield (Yun et al., 1999) to grain varieties grown under similar conditions in Nebraska (Fernandez-Rivera and Klopfenstein, 1989b).

Masticate OM decreased (P < 0.05) from 95.2% on d 0 to 92.9% on d 21 and then increased (P < 0.05) to 95.4% on d 35 (quadratic, P < 0.05); (Table 1). High-sugar corn forage is characterized by high biomass, and as the plant ages leafiness and CP decrease while fiber content and yield increase. In this study, similar trends were observed.  Masticate N decreased (P < 0.05) from 2.2% at the beginning of the grazing season to 1.6% at the end of the grazing season.  A significant linear increase (P < 0.05) was observed for masticate ADF and NDF. Masticate ADF was 23.5, 35.4, 37.3, and 44.2% on d 0, 7, 21, and 35, respectively.  Masticate NDF was higher on d 35 (86.2%) and d 7 (81.6%) compared to d 0 (61.1%).  Fernandez-Rivera and Klopfenstein (1989a) reported similar trends in fiber and N content of masticate samples collected from steers consuming dryland grain corn forage.  Furthermore, steers in our study selected a diet with a N content comparable to that reported by Fernandez-Rivera and Klopfenstein (1989a).  Masticate NDF content reported herein was similar to leaf, husk, stem, and cob portions of dryland grain corn forage (Fernandez-Rivera and Klopfenstein (1989b).  Likewise, our values for masticate ADF were within ranges reported for husks, leaf blades, stems, and cobs of grain corn harvested from late October to late December (Gutierre-Ornelas and Klopfenstein, 1991).


A linear decrease (P < 0.05) over the 35 days was observed for the rate and the extent of OM disappearance (Table 2).  At 48 h of incubation,  IVOMD decreased (P < 0.05) from 83.1% on d 0 to 69.9% on d 35 which coincides with a decrease (P < 0.05) in the rate of IVOMD from 13.1%/h on d 0 to 6.4%/h on d 35.  The lower extent of forage digestibility combined with a slower rate of digestion suggest a lower nutritive quality of high-sugar corn that has been stockpiled longer.


Masticate total in vitro VFA decreased (P < 0.05) from 40.0 mM on d 0 to 19.1 mM on d 35 and the acetate:propionate ratio was higher (P < 0.05) on d 35 (2.5) compared to d 0 (2.0); (Table 3).  Masticate IVOMD in the present study was greater than that of leaf blades, stems, and cobs, but lower than that of husks of grain corn forage harvested from late October to late December (Gutierre-Ornelas and Klopfenstein, 1991).

Conclusions

Masticate OM digestibility and N content of dormant high-starch corn were higher early in the grazing period, then decreased progressively with time after frost kill Furthermore, an increase in masticate ADF and NDF suggests a decline in soluble plant material, which impaired the digestibility of the high-sugar corn forage.  This would likely have been the lower stalks, as that is the last portion of plants grazed.

Implications

Despite detection of statistical differences, nutritional quality of high-sugar corn forage was maintained throughout most of the winter grazing period.  Thus, high-sugar corn is a satisfactory alternative forage crop for winter grazing systems.
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Table 1.
Chemical and nutrient analysis of masticate collected from steers grazing Cargill HS 60A high-sugar corn from November 4, 1999 through December 17, 1999.



Sampling date


Item
November 11
November 18
December 2
December 17


(d 0)
(d 7)
(d 21)
(d 35)
SEM

DMa
%
97.9
98.2
98.2
99.5
0.3

OM,b
% of DM
95.2
93.5
92.9
95.4
0.4


-------------------------------------------% of OM-----------------------------------------------------

N
2.2
2.0
2.1
1.6
0.1

NDFa,c
61.1
81.6
78.1
86.2
1.4

ADFa
23.5
35.4
37.3
44.2
2.0

aSignificant (P < 0.05) linear effect.

bSignificant (P < 0.05) quadratic effect.

cSignificant (P < 0.05) cubic effect.

Table 2.
In vitro rate and extent of forage organic matter disappearance for masticate collected from steers grazing Cargill HS 60A high-sugar corn from November 4, 1999 through December 17, 1999.






Sampling date







Item
November 11

November 18

December 2

December 17
    SEM


(d 0)
(d 7)
(d 21)
(d 35)

Incubation time, h


-----------------------------------------OM disappearance, %---------------------------------------

3a
35.0
17.8
21.6
13.2
1.6

6a
45.5
26.1
32.6
21.3
2.3

9a
53.3
44.9
41.7
30.1
2.4

12a
58.8
50.4
49.5
40.5
2.0

24a
70.7
63.2
61.5
56.3
1.7

48a
83.1
74.3
71.7
69.9
2.0

Rate %/ha 
13.1
9.5
9.9
6.4
0.5

aSignificant (P < 0.05) linear effect.

Table 3.
Ruminal volatile fatty acid of masticate collected from steers grazing Cargill HS 60A high-sugar corn from November 4, 1999 through December 17, 1999








Sampling date





Item
November 11
November 18
December 2
December 17
SEM


(d 0)
(d 7)
(d 21)
(d 35)

Total VFA, mMa
40.0
30.6
27.8
19.1
2.0



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

Acetate, mMa
24.1
19.5
17.7
12.5
1.2

%a,b
60.1
63.9
63.8
65.3
0.3

Propionatea
12.2
8.1
7.5
4.9
0.6

%b
30.4
26.5
27.0
25.8
0.3

Butyratea
3.2
2.3
2.1
1.4
0.2

%a
7.9
7.6
7.5
7.2
0.04

Isovalerateb
0.2
0.2
0.1
0.1
0.01

%a
0.5
0.6
0.5
0.5
0.02

Valeratea
0.4
0.3
0.3
0.2
0.02

%a
1.0
1.0
0.9
0.8
0.01

Acetate:propionatea,b
2.0
2.4
2.4
2.5
0.04

aSignificant (P < 0.05) linear effect.

bSignificant (P < 0.05) quadratic effect.

