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ABSTRACT

Chemical composition, nylon bag dry matter disappearance (NBDMD), 
in vitro dry matter disappearance (IVDMD) and iii vitro gas production were 
used to compare the nutritive value of grain and stover from grain sorghum 
hybrids grown under irrigated conditions at the same location in south
eastern Arizona. Hybrids evaluated were: Acco R 109A, Acco R 1029,
Asgrow Dorado, As grow Dorado M, Asgrow Dorado Tx, DeKalb C42A and DeKalb 
E59. Grain and stover were harvested at maturity from three replicates 
of each hybrid. Mean values for chemical composition (% on dry matter 
basis, across hybrid and location) for grain and stover, respectively, 
were: crude protein, 11.8 and 6.7; acid detergent fiber, 8.6 and 42.0;
nitrogen free extract, 75.1 and 37.2; ether extract, 2.5 and 2.1; ash,
2.1 and 12.1; calcium, .03 and .67; phosphorus, .20 and .08.

No differences were observed among the hybrids in any chemical 
component, except ether extract in stover. No differences were observed 
among the hybrids in NBDMD, IVDMD or gas production of stover or grain. 
Replicate (location in the field) differences were observed for all 
parameters measured in stover, except crude protein and phosphorus and 
for protein, phosphorus and NBDMD of grains. The results indicate there 
is little genetic variation among these hybrids in terms of chemical com
position or energy availability, but suggest that environmental effects 
may significantly influence the nutritive value of sorghum grain and 
stover.

vi



INTRODUCTION

Sorghum grain ranks fifth in hectares dedicated to cereal crops
in the world> being exceeded only be rice, wheat, corn and barley (Martin
1970). It is the third leading cereal grain used for human consumption 
in the world and 75% of the total world production is utilized for human 
nutrition (Hahn 1970; Harlan 1972).

Production of this grain is confined to arid and semiarid regions
of the world. In the United States, it is primarily produced in the high
plains and irrigated southwestern regions where it produces grain and 
potential forage for animals under conditions unsuitable for other grain 
crops. In contrast to the extensive use made of this grain for human 
consumption world wide, only, three to five percent of the United States 
production is channeled for this purpose (Viraktamath and Decikachar 1972) 
In cattle feeding states such as Arizona, New Mexico, Texas and California 
it is often the most readily available cereal for use in commercial 
feedlot operations (Hale 1970).

Considerable research has been conducted to develop high yielding 
varieties and hybrids adapted to specific environmental conditions and 
resistant to drought, diseases, insects and birds. However, in selection, 
little emphasis has been placed on the nutritive value of the grain for 
animals.

Studies have shown that differences in nutritive value do exist 
(Hale et al. 1964; McGinty 1968; Loynachan 1970) and suggest that



selection on this basis could improve the utility of this crop. Addition
al information on variation in chemical composition and nutritive value 
of sorghum grains for animals would be useful.

An important part of the grain sorghum crop which has received 
little attention is the vegetative residue (stover) that remains after 
harvest of the grain. Under irrigated conditions, these residues may 
represent as much as one-third to one-half of the total dry matter pro
duced . Because of their high cellulose content these residues are 
potentially useful energy sources for ruminant animals. Low levels of 
stover have been included in beef fattening diets with moderate success, 
but currently, this roughage is not widely used in the feeding industry. 
Much of the stover which is utilized is grazed by cows or incorporated 
into maintenance or growing diets where high rates of performance are not 
required. Considerable quantities of stover would be used by the feeding 
industry if its nutritive value could be improved.

Recent research by Arora et al. (1972) has shown considerable 
variability in nutritive value of forage type sorghum and limited data 
(Arora et al. 1975; Vanderlip, Schneider and Bolsen 1974) suggests that 
similar variation may exist in the nutritive value of stover from differ
ent grain sorghum hybrids. Additional information on nutritive value of 
stover from different grain sorghum varieties and hybrids would be ; 
desirable.

The usefulness of conventional digestibility studies and feeding 
trials as methods for screening potential feedstuffs is limited by the 
time, expense and amount of material needed. This is particularly true
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during the early stages of agronomic selection when only limited amounts 
of material may be available for evaluation. In order to overcome these 
problems, small sample techniques have been developed which give a rapid 
and reasonably accurate evaluation of nutritive quality of different 
feedstuffs.

The purpose of this study was to evaluate the nutritive quality 
of grain and stover from seven grain sorghum hybrids commonly grown in 
Arizona by chemical composition, nylon bag dry matter disappearance 
(NBDMD), in vitro dry matter disappearance (IVDMD) and gas production.



literature Review

Small Sample Techniques for Evaluating Nutritive 
Value of Feedstuffs

In Vitro Dry Matter Disappearance of Forages ,■ v
The use of an in vitro fermentative procedure dates back to Waentig 

and Gierisch (1919). These workers utilized horse cecal liquid to digest - 
sulfite cellulose and rye straw cellulose obtaining 37% digestion in some 
cases.

Pigden and Bell (1955) later used a fermentation procedure to 
evaluate forage quality for ruminant utilization. The in vitro procedure 
provided for the fermentation of a substrate with rumen microorganisms in 
a buffered medium with controlled conditions of ariaerobiosis, temperature 
and pH. They found that a good estimate of organic matter digestibility 
in vivo could be obtained from the determination of anthrone carbohydrate 
after a 48 hour fermentation period. This procedure basically stimulates 
digestive processes occurring in the rumen and has been extensively used 
to evaluate digestibility of forages (Asplund et al. 1958; Reid et al.
1959; Walker 1959; Clark and Mott I960; Tilley, Deriaz and Terry 1960).
In general, these studies have shown correlations ranging from .71 to .98 
between in vivo dry matter digestibility and in vitro dry matter disappear
ance (IVDMD).

4



Although most of the digestion by ruminants takes place in the 
rumen, further digestion, especially of protein, takes place in the 
abomasum and lower digestive tract.

Tilley and Terry (1963) developed a two-stage in vitro technique 
in which the 48 hour fermentation period in buffered rumen fluid was fol
lowed by 48 hour digestion with pepsin and hydrocloric acid. This 
procedure attempts to carry the simulation of the digestive process one 
step further than the rumen, including abomasal action over feedstuffs. 
These workers reported that compared to the one-stage method, the two- 
stage technique, increased in vitro digestibility of. all samples to values 
closer to their in vivo digestibility, and that digestibility of those 
samples having a greater crude protein content increased the most. The 
two-stage technique has been reported by several workers to be a more 
accurate predictor of im vivo forage digestibility than the single-stage 
method (Tilley et al. I960] Oh, Baumgardt and Scholl 1966; Deinum and 
Van Soest 1969). In these studies, correlations between two-stage IVDMD 
and in vivo dry matter digestibility ranged from .88 to .97.

Multiple factors have been shown to affect the in vitro technique 
The main sources of variation include substrate concentration, particle 
size, individual animal differences, diet of donor animal, inoculum proc
essing differences, buffering capacity of the medium, buffer to inoculum 
ratio, substrate concentration and 1ength of fermentation (Johnson 1963, 
1966, 1969).

A collaborative study was conducted by Barnes (1967) to determine 
the among-laboratory variation in in vitro evaluation of standard forages



Estimates of digestibility were obtained for alfalfa meal, alfalfa hay 
and bromegrass hay at 17 different laboratories using the in vitro 
technique in current use at each laboratory. Criteria used by the labora
tories were in vitro cellulose digestibility and IVDMD. Values for IVDMD 
were reported by five laboratories and ranged from 39 to 53%. This study 
demonstrated that absolute values for IVDMD were different among and 
within laboratories; however, no significant differences were observed in 
the relative ranking of the substrates by the different laboratories.

A second collaborative study was conducted by Barnes (1969) to 
determine the among-laboratory variations in IVDMD when a standardized 
procedure was used. Twelve forages representing different species and 
stages of maturity and with known in vivo digestibility values were ana
lyzed by 19 laboratories using a modification of the two-stage technique 
described by Tilley and Terry (1963). Mean IVDMD for individual forages 
ranged from 50 to 70%. These values were comparable to those found for 
in vivo dry matter digestibility that ranged from 50 to 67%. Individual 
laboratories reported in vitro and in vivo dry matter digestibility cor
relation ranging from .79 to .97, The grand mean for all analysis was 61% 
with values ranging from 57 to 64% among laboratories. The difference 
between laboratories with high and low in vitro values in this study was 
half of that found in the initial collaborative study and varied depend
ing on the substrate analyzed.

Gas Production of Forages
Another approach used to evaluate feedstuffs has been the manometric 

measurement of gas produced during in vitro incubation. The basis of this



procedure is that the rumen microbial activity over any feedstuff will 
produce gaseous products of digestion. Primary gases produced are carbon 
dioxide, .methane and hydrogen. The ratio of methane to volatile fatty 
acids (indicating microbial activity) remains relatively constant when 
the diet and post-prandial period are maintained constant, consequently, 
the measurement of gas is indicative of nutrient availability to rumen 
microorganisms (Hungate 1964).

Relative amounts of gas produced during in vitro incubations have 
been used to evaluate nutritive value of different feedstuffs. McBee . 
(1953) studied the rate of fermentation of various carbohydrates using mano 
metric measurements and found that glucose, starch, hemicellulose and 
cellulose had different rates of fermentation according to their solubil
ity. Soluble carbohydrates (glucose, starch and himicellulose) had a 
faster fermentation rate than cellulose. He suggested the possibility of 
using this criteria to evaluate diets and dietary supplements without the 
necessity of prolonged feeding trials.

Perez and Story (1960) used in vitro gas production to evaluate 
effects of nitrogen fertilization oh nutritive value of mountain meadow 
hay. They reported that gas production decreased as the amount of nitro
gen fertilization increased. Forage quality of sudan grass was evaluated 
by Reid, Clark and Jung (1964), comparing in vitro gas production and 
conventional digestion trials with sheep. These workers reported that 
in vitro cellulose digestion at 12, 24 and 36 hours paralleled the rate of 
gas production and were significantly correlated to in vivo digestibility. 
They also, reported a significant correlation of .97 between in vivo dry



matter digestibility and IVDMD when the inoculum was taken from sheep fed 
sudan grass. A lower, but also significant, correlation of .91 was found 
when the inoculum was obtained from sheep fed timothy hay.

Gas Production and In_ Vitro Dry Matter Disappearance of Grains
Although gas production and IVDMD techniques were developed first 

for evaluation of forages, the techniques were rapidly adapted for. grain 
evaluation. Shorter fermentation periods are usually used for evaluation 
of grains since rumen microorganisms degrade soluble carbohydrates more 
rapidly than they do cellulose and the rapid accumulation of end products 
makes it more difficult to maintain optimum pH for microbial activity.

Trei (1966) and Trei, Hale and Theurer (1970) studied variables 
affecting IVDMD and gas production of processed sorghum grain and found 
that sample size, fineness of grind, diet fed to the donor steer, animal 
and day differences were all important. Although these differences exist
ed, they concluded that these in vitro techniques, when properly standard
ized, offer a rapid evaluation of sorghum grain utilization by rumen 
microorganisms. They found a significant correlation between percent 
IVDMD and gas production (ml/g dry matter incubated) and indicated a pre
ference for the gas production technique because less manipulation was 
involved. McGinty (1968) evaluated grain from seven grain sorghum hybrids 
using in vitro gas production and conventional digestion trials with 
steers. Correlation coefficients of .79 and .91 were obtained between in 
vivo dry matter digestibility and in vitro gas production in two different 
trials. Correlation coefficients between in vitro gas production and in 
vitro dry matter and starch disappearance were ,94 and .95, respectively.
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Hale (1973) reviewed the influence of processing methods on grain 

utilization by ruminants and observed that in vitro assay techniques, such 
as IVDMD and gas production appear to be good estimators of in vivo grain 
utilization.

Nylon Bag Dry Matter Disappearance of Forages
The nylon bag technique consists of introducing small, fine-weave 

nylon bags containing a substrate into the rumen of a fistulated animal. 
The fine weave permits rumen fluid to enter the bag and digested particles 
to exit, but does not allow the undigested substrate to escape. Disappear
ance of dry matter from the bag during an incubation period is taken as 
an estimate of in vivo rumen digestion (Johnson 1966). The advantage of 
this technique compared with in vitro procedures is that fermentation 
conditions, more nearly like those in intact animals, can be maintained 
for longer periods of time and the extent of fermentation is less affected 
by accumulation of metabolic end products.

Variables affecting the technique have been studied by many work
ers (Erwin arid Elliston 1959; Van Keuren and Heinemann 1962; Van Dyne 
1962; and Heathery 1969). These workers all reported that sample size 
was inversely related to digestibility of the substrates for comparable 
fermentation periods and that particle size had less effect on digesti
bility as incubation period increased.

Heathery (1969) reported that, depending on the roughage being 
evaluated, time to obtain maximum disappearance varied, and that for a 
72 hour fermentation, the diet fed to the fistulated steer did not affect 
maximum disappearance of the roughages tested.
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Hopson, Johnson and Dehority (1963) evaluated alfalfa, bromegrass 

and timothy and reported that cellulose digestion at 9 and 15 hours was 
higher when nylon bags were incubated in fistulated wethers fed alfalfa 
hay, compared to those fed bromegrass or timothy. These workers also 
compared the cellulose disappearance from nylon bags to in vivo cellulose 
digestibility for alfalfa, bromegrass and timothy. Correlation coefficients 
of .52 and .54 were obtained between in vivo digestibility and in vitro 
cellulose disappearance at 36 and 42 hours, respectively.

Lusk, Browning and Miles (1962) used the nylon bag technique to 
evaluate coastal bermuda grass and alfalfa using longer fermentation 
periods of 48 and 96 hours. They found significant correlations of .66 
and .83 between in vivo and in vitro cellulose digestion of these forages 
at the two times. ,

Lowfey (1969) compared nylon bag dry matter disappearance (NBDMD) 
and. dry matter digestibility of coastal bermuda grass and millet with . 
steers. The NBDMD at 24, 48 and 72 hours was significantly correlated 
(.57, .87, .88, respectively) to in vivo dry matter digestibility.

In general, all workers found that the incubation period required 
for maximum dry matter disappearance varied depending on the quality of 
forage being evaluated and the diet fed to the fistulated animal. The 
diet fed significantly influenced the NBDMD when shorter fermentation 
periods were used.

Cadena (1963) compared digestion of barley and milo with steers 
using digestion trial, nylon bag dry matter disappearance (NBDMD) and in 
vitro starch digestion. He found that the three experimental procedures
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paralleled each other and were able to determine differences in the rate 
of digestion of the two grains tested.

Monson, Lowrey and Forbes (1969) compared the nylon bag technique 
with a two-stage in vitro technique for estimating dry matter digestibil
ity of forages. They reported a correlation coefficient of .92 between 
the two methods for bermuda grass samples selected at 5% dry matter 
digestibility intervals to give 11 classes ranging from 5 to 60% digesti
bility. A correlation coefficient of .81 between NBDMD and IVDMD was 
obtained for 159 samples of non-selected forages.

Neathery (1972) studied seasonal effects on bermuda grass quality 
using conventional digestion trials with sheep and NBDMD in steers fed 
the experimental harvests. He reported correlation coefficient values 
between in vivo dry matter digestibility and NBDMD of .43 and .52 for 48 
and 72 hours, respectively. Digestion coefficient curves for TDN, dry 
matter disappearance, NFE, protein, fiber, ash and EE determined by the 
two techniques were presented arid show that digestion coefficients of 
different components varied according to the stage of maturity of the 
bermuda grass.

Nylon Bag Dry Matter Disappearance of Grains
Erwin and Elliston (1959) used the nylon bag technique to estimate 

digestibility of barley and sorghum grains by cattle and reported that 
sample size and particle size affected digestibility; however, these 
effects were reduced as the incubation period increased from three to nine 
hours.



' 12 v
A comparative study to determine digestibility of diets with dif

ferent 'barley:alfalfa ratios was conducted by Bailey and Hironaka (1970), 
Two fistulated steers were used and dry matter digestibility was .measured 
by digestion trial and maximum dry matter loss in nylon bags. They re
ported that values for maximum NBDMD paralleled those of apparent dry 
matter digestibility for diets having 1:1; 2:2; 3:1 ratios and an all 
barley diet.

Figroid, Hale and Theurer (1972), investigated variables affect
ing the nylon bag technique to estimate rumen utilization of grains. The 
effects of length of incubation, cloth type, bag size, sample size, grain 
species, grain processing, diet fed the steer, water soluble dry matter 
losses and chain position in the rumen on rumen utilization of grain were 
studied. These workers reported that dry matter disappearance differed 
between steers, days and diet fed. However, in spite of these sources of 
variation, the technique ranked different grains in the same order as did 
feeding trials.

Small sample techniques have been effectively used to evaluate 
forages and grains and have been found highly correlated to animal perform
ance and conventional dry matter digestibility. Any of these methods, when 
properly used and standardized, can be effective in evaluating the nutri
tive quality of feedstuffs. However, it should be emphasized that once 
promising feedstuffs have been selected using these techniques, they 
should be further evaluated by conventional digestion and feeding trials 
in order to assess their real nutritive value.
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Nutritive Value of Grain Sorghum 

Field observations in feedlots suggested that barley was more 
efficiently utilized by cattle than sorghum grain when high concentrate . 
diets were fed. However, tables on feed composition listed the feeding 
value of sorghum as being higher than barley for cattle. Saba et at.
(1964) and Keating et al. (1965) found that grain sorghum starch was less 
digestible than barley starch when equivalent high concentrate diets were 
fed to fattening cattle.

These observations led investigators to seek ways of improving 
the feeding value of sorghum grain. Many processing methods have been 
developed which improve the utilization of sorghum grain by cattle, in 
comparison with simple grinding or dry rolling. The increased utilization 
is apparently due to improved availability of starch and, to a more limited 
extent, protein in the grain. Hale and Theurer (1974) have recently re
viewed the many methods available for processing grain and their effects 
on nutrient utilization and animal performance.

Investigators have also attempted to identify grain sorghum hybrids 
and varieties with higher nutritive value for animals. Hale et al. (1964) 
conducted group feeding trials with steers to compare hegari and hybrid 
sorghum grains from Arizona and Texas. Steers fed hegari made higher daily 
gains and were more efficient than those fed the two hybrids. Trei (1966) 
used gas production to evaluate sorghum grains grown at different locations 
and found no significant differences between sorghum grain grown in 
California, Texas and two locations in Arizona. McGinty (1968) screened 
27 varieties by using IVDMD and gas production as measures of energy



availability, and differences were found. Seven varieties with different 
endosperm characteristics were selected and two feeding trials with steers 
were conducted. The varieties evaluated and their average IVDMD (%), 
in vivo digestibility (%) and gas production (ml/250 mg) were, respec
tively: Tx 09 (67, 68, 19); 7078 (65, 67, 19); D O W  Feterita (64, 65, 16)
Tx 2536 (64, 67, 18); Martin (60, 62, 16); Kaoliang (35, 55, 14); Darset 
#28 (30, 51, 14). He found that IVDMD, in vivo digestibility and gas . 
production of Darset and Kaoliang varieties were consistently lower than 
the other grains evaluated. Darset and Kaoliang are brown-seeded grains 
with soft, starchy endosperm. He concluded that a tannin-like material 
present in the pericarp decreased nutritive value of these varieties.
This effect was further demonstrated by Saba, Hale and Theurer (1972) who 
found that tannic acid present in a bird resistant variety (Arkansas 614) 
depressed IVDMD and in vitro gas production. Loynachan (1970) evaluated 
five grain sorghum hybrids using NBDMD after 8 hour fermentation in a 
fistulated steer fed a 60% concentrate diet. He reported that dry matter 
disappearance of Funk 527 was significantly higher than the other four 
hybrids and values for all hybrids ranged from 23 to 34%.

Starch types have been recognized that affect nutritive value of 
grain sorghum. Sherrod, Albin and Furr (1969) determined net energy 
values of regular and waxy sorghum grains for finishing steers and found 
that waxy starch grains (greater than 75% amylopectin) provided a more 
readily available energy source and, consequently, higher net energy 
values than regular grain (75% amylopectin, 25%.amylose). Nishimuta, 
Sherrod and Furr (1969) reported that digestibility by sheep was higher
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when diets contained grains with waxy starch compared to those fed regu
lar grains..

Nutritive Value of Grain Sorghum Stover 
Stover which remains after harvest of grain sorghum is a potentially 

useful energy source for ruminant animals. Energy values in current use 
for sorghum stover date back to compilations made by Schneider (1947) and 
Morrison (1959). Values commonly used show TDN of sorghum stover to be 
57% on a dry matter basis. These values were compiled from analyses pub
lished by agricultural research institutions of the United States and 
abroad. No environmental or geographical differences were recognized.
Many changes have occurred since these values were compiled, including: 
changes in grain varieties and hybrids, use of higher rates of fertiliza
tion, increased irrigation and new methods of harvesting. The effect of 
these factors on the nutritive value of stover has not been fully 
determined. ' :

Recent studies at the Arizona station (Loynachan 1968, Swingle 
and Waymack 1975) determined TUN value of sorghum stover to be approxi
mately 50% on a dry matter basis, when fed as 40 to 90% of all roughage . 
diets. It is unclear if the lower TDN values found in these studies 
simply reflect georgraphical variation in stover quality or whether the 
values in current use do not accurately represent the energy value of 
stover from grain sorghum hybrids being grown today.

Effects of cultural practices on nutritive value of milo stover 
have been studied using in vitro techniques. Martin and Wedin (1974) 
studied the effects of fall weathering, in two consecutive years, on crude
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protein and IVDMD of grain sorghum stover. They found that crude protein 
content gradually increased from 6.1 to 6.9% from grain harvest until 
December. This increase was apparently due to regrowth of the sorghum 
plant after grain harvest and was not a consequence of weathering. They 
also report that IVDMD varied little (56 to 57%) before frost and dropped 
to 51% after frost in late November.

Vanderlip et al. (1974) determined crude protein and IVDMD of 
stover from two varieties of grain sorghum grown at two experimental 
farms in 1971 and 1972. Crude protein content and IVDMD for hybrids 
RS 650 and RS 750 varied from 4 to 9% and 27 to 46%, respectively; and 
variations due to year, locations and hybrids were noticeable.

Perry and Olson (1975) reported that crude protein of sorghum 
residues significantly increased (5 to 7%) with higher nitrogen fertili- . 
zation rates in two consecutive years. They also found that IVDMD was 
relatively unaffected (ranging from 45 to 49%) by rate of fertilization.

Arora et al. (1975) determined structural components and IVDMD of 
stover from 11 varieties of grain sorghum. Acid detergent fiber content 
ranged from 31 to 38%; crude protein from 3 to 6% and IVDMD from 59 to 66%. 
These workers concluded that considerable genetic variability for these 
constituents existed among the varieties studied.



EXPERIMENTAL PROCEDURE

Source of Material
Samples of grain and stover from seven grain sorghum hybrids were

1provided by The University of Arizona, Department of Plant Sciences for 
evaluation in this study. Hybrids evaluated were Acco R 109, Acco R 1029, 
Asgrow Dorado, Asgrow Dorado M, Asgrow. Dorado Tx, DeKalb C42A and DeKalb 
E59. All hybrids were grown in the same location in southern Arizona 
(Stevenson Farm, Cochise County) as part of a grain yield test. Nitrogen 
fertilization was provided (225 kg actual nitrogen/ha) as anhydrous ammonia 
and irrigation water (approximately 30 cm/ha) by a center pivot sprinkler.

At maturity, heads and stover were harvested by hand from single 
457 cm x 96 cm rows (4.4 m2) of each hybrid at three locations in the same 
field. Locations I and II were near the perimeter of the field, while 
Location III was adjacent to the center pivot. The harvested materials 
were air-dried and then ground through a hammermill. Samples of ground 
grain and stover were retained by location for each hybrid. Prior to 
analysis, the individual samples were reground in a laboratory Wiley mill 
to pass a 20 mesh screen.

1. Courtesy of R. E . Dennis, Extension Agronomist and D. K.
Parsons, Assistant Agricultural Agent-Field Testing.

17



18
Analytical Procedures

Chemical Analysis
Duplicate determinations of moisture, crude protein, ether ex

tract and ash were conducted on each sample as described by A.O.A.C.
(1970). Acid detergent, fiber (ADF) was determined using the method of 
Goering and Van Soest (1970). Calcium was determined by atomic absorp
tion spectrophotometry and phosphorus by the method of Fiske and Subbarov 
(1925), except that ferrous sulfate was used as the reducing agent. 
Samples were prepared for these mineral analyses by wet ashing with 
nitric and perchloric acids as described by A.O.A.C. (1970).

Nylon Bag Dry Matter Disappearance
Nylon bag dry matter disappearance (NBDMD) was determined on 

grain and stover samples as described by Figroid, Hale and Theurer (1972). 
Ten grams of the appropriate substrate were weighed into 10 x 17 cm 
nylon bags (constructed of parachute cloth) which previously had been 
dried at 100 C and weighed. The bags were tied closed and secured to 
weighted chains using nylon twine. The chains were then placed in the 
rumen of a fistulated steer and incubated for a specified period of time. 
After incubation, the bags were rinsed in tap water until the water re
mained clear and dried at 50 C for 24 hours in a forced air oven. The 
bags were removed from the chains and redried for 24.hours at 100 C in a 
vacuum oven. Percent dry matter disappearance was calculated from the 
difference between initial and final weights.
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Duplicate NBDMD determinations were conducted for all stover 
samples on each of two days. Samples were incubated for 48 hours in the 
rumen of a fistulated steer fed an all-alfalfa hay diet.

Nylon bag dry matter disappearance of the grains was determined 
after 8, 12 and 24 hour incubation periods. Duplicate determinations 
were made for each grain sample on two days for each incubation period.
The fistulated steer used for determination of NBDMD of the grains was 
fed a 50% concentrate diet with the following composition: 50% steam
processed flaked sorghum grain, 6% cane molasses, 43% ground alfalfa hay, 
.5% dicalcium phosphate, .5% salt, 2200 lU/kg of Vitamin A.

In Vitro Dry Matter Disappearance and Gas Production
In vitro dry matter disappearance (IVDMD) of stover samples was 

determined using a modification of the two-stage technique described by 
Tilley and Terry (1963). One grain sample was incubated with 80 ml of 
artificial saliva buffer (McDougall 1949) and 20 ml of rumen inoculum in 
125 ml polyethylene bottles. Blank tubes containing only artificial 
saliva and inoculum were also incubated. Incubations were carried out in 
a constant temperature water bath at 39 C. The artificial saliva was pre
warmed to 39 C and saturated with carbon dioxide prior to use.

Rumen inoculum was prepared in the following manner. Whole rumen 
contents were obtained from a fistulated steer, maintained on alfalfa hay, 
and through four layers of cheesecloth. The filtrate was retained and the 
solid residue resuspended in a volume of phosphate buffer equal to the 
volume of filtrate. The phosphate buffer contained 1.059 g NagHPO^ and 
0.436 g KH2PO4 per I of distilled water, was prewarmed arid saturated with
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carbon dioxide prior to use. The resuspended pulp was filtered through 
four layers of cheesecloth. The filtrates were combined and allowed to 
stand at 39 C until two distinct layers formed. The lower layer (inoculum) 
was removed by aspiration and the upper layer containing bulky feed 
particles was discarded.

After addition Of the inoculum, the bottles were flushed with 
carbon dioxide and connected by means of tygon tubing to manometers for 
measurement of gas production as described by Trei et al. (1970). The 
glass manometers were approximately 60 cm long and 18 mm inside diameter. 
The manometric fluid consisted of water adjusted to pH below 3 with 
sulfuric acid to minimize solubility of the fermentation gases (Umbreit, 
Burris and Stauffer 1957). Tygon tubing was connected to the bottom of 
each manometer and extended into receiving flasks. Following a 48 hour 
incubation period with the buffered inoculum, gas production was recorded 
and 4 ml of pepsin: HC1 solution (2.0 g pepsin in 100 ml 2.2 N HC1) and
4 drops of isoamyl alcohol (antifoaming agent) were added to each bottle, 
and the incubation continued for another 48 hours« Contents of the 
bottles were then filtered through tared sintered glass crucibles (porosity 
C). The residue was dried at 100 C, weighed and used to calculate dry 
matter disappearance. Triplicate determinations were made for all stover 
samples. Samples from each location were run on different days.

In vitro dry matter disappearance and gas production of the grain 
samples were determined after 4, 8, 12 and 24 hour incubations with buf
fered rumen inoculum. Approximately .5 g samples of grain were incubated 
with 20 ml of artificial saliva buffer and 10 ml of rumen inoculum in 50 
ml plastic centrifuge tubes. The inoculum was prepared as previously
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described, except that the rumen contents were, obtained from a fistulated 
steer fed a 50% concentrate diet. Duplicate IVDMD determinations were 
made for each sample at 4, 8, 12 and 24 hours. Fermentation tubes stopped 
at 4, 8 and 12 hours were fitted with bunsen valves. Readings of gas 
produced were taken in the 24 hour tubes at 4, 8, 12 and 24 hours. Grain 
fermentation was stopped by placing the centrifuge tubes in an ice water 
bath. Tubes were centrifuged at 5000 rpm for 10 minutes at 5 C. The 
supernatant was decanted and residues were dried for 24 hours in a vacuum 
oven at 100 C.

Stover and grain IVDMD were determined by weight difference using 
the following formula:

dry sample weight - dry residue  ̂dry blank inoculum x
dry sample weight

. Statistical Procedure
Analysis of variance, Duncan’s new multiple range test and linear 

correlation analysis, were used for statistical treatment of the data 
(Steel and Torrie 1960). These procedures were conducted on the data 
according to the Statistical Package for Social Sciences (Nie et al. 1975) 
using the CDC 6400 computer at the University of Arizona Computer Center. 
The .05 level of probability was chosen to designate significant differ
ences .



RESULTS

Stover
Mean values for chemical composition, NBDMD, IVDMD and gas pro

duction of stover from the different hybrids (across location) are shown 
in table 1. No differences (P>.05) were observed among hybrids in any of 
the chemical components determined, except ether extract. Acco R 109A 
contained less (P<.05) ether extract than all other hybrids, except 
DeKalb E59. DeKalb E59 contained less (P<.05) ether extract than Asgrow 
Dorado and DeKalb C42A. Since all of the hybrids contained less than 
2.5% ether extract, it is unlikely that these differences would have much 
influence on the nutritive value of the different stovers. Mean values 
for chemical composition of all hybrids (% on dry matter basis, across 
location) were: crude protein, 6.7; ADF, 42,0; NFE, 37.2; ether extract,
2.1; ash, 12.1; calcium, ,,67; phosphorus, .08.

Availability of energy from the different stovers was not differ
ent (P>.05) as evaluated by NBDMD, IVDMD or gas production. Mean values 
for these measures across hybrid and location were 59.9%, 53.9% and 75.9 
ml/g dry matter incubated, respectively.

As shown in table 2, NBDMD, IVDMD and gas production were corre
lated (P<.05) with all major chemical components except crude protein.
All three measures of energy availability were correlated positively with 
percent NFE and ether extract in the stover and negatively with content
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TABLE 1. MEAN CHEMICAL COMPOSITION, DRY MATTER DISAPPEARANCE AND GAS PRODUCTION OF STOVER
FROM GRAIN SORGHUM HYBRIDSa

Chemical Composition,
% Dry Matter 
Disappearance

ml/g DM 
Incubated 

Gas 
Production^CP ADF NFE EE Ash Ca P . NBDMDC . IVDMDd

Acco R 109A 7.5 42.7 35.8 1.7® 12.3 .69 .07 58.7 52.8 66.8
Acco R 1029 6.9 42.5 36.3 2.1fg 12.2 .68 .09 59.7 53.8 79.2
Asgrow Dorado 6.7 43.1 34.6 2.3g 13.4 .62 .09 60.3 53.9 80.6
Asgrow Dorado M 6.7 41.0 38.3 2.1fg 11.9 .73 .08 59.6 53.3 71.6
Asgrow Dorado Tx , 6.2 40.5 40.5 2.0% 10.8 .67 .08 61.2 57.8 81.0
DeKalb C42A 6.4 42.3 36.2 2.3g 12.9 .64 .08 58.8 51.9 71.9
DeKalb E59 6.8 41.6 38.5 1.9ef 11.2 .67 .08 61.1 54.1 80.6
Mean, all hybrids 6,7 42.0 37.2 2.1 12.1 .67 .08 59.9 53.9 76.0
Standard deviation .9 1.5 3.2 ,2 ' 1.5 .15 .00 2.8 3.0 8.8

aAll values on dry matter basis.
^Each value is the mean of 6 determinations (duplicate determinations from 3 locations).
GEach value is the mean of 12 determinations (duplicate determinations on two days from 3 

locations). 
dEach value is the mean of 9 determinations (triplicate determinations from 3 locations).
e,^’®Values in the same column with different superscripts are significantly different

(P<.05). ■
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TABLE 2. CORRELATION COEFFICIENTS AMONG MEASURES OF ENERGY 

AVAILABILITY AND SELECTED CHEMICAL COMPONENTS OF 
HYBRID GRAIN SORGHUM STOVER

Measure of 
Energy 

Availability
Chemical Constituent, Energy Availability

CP ADF NFE EE Ash NBDMD IVDMD GP

nbDmd .17 -. 80a . 61a . 618 -. 618 " .798 .66a
IVDMD -.04 -.69a , 64a .52a -. 678 . 7 9a — - .868
Gas Production -.11 -.43s .418 .45a - , 43a .668 .86a ---

a(P<.05).



of ADF and ash. Positive correlations (P<.05) were also observed among

the three measures of energy availability.

Chemical composition, NBDMD, IVDMD and gas production for the 
stovers by location (in the field) are presented in table 3. Differences 
(PS.05) due to location were found in all chemical fractions except crude 
protein and phosphorus. Stover from hybrids grown at location III 
(adjacent to the center pivot sprinkler) were consistently different from 
those grown at locations I and II. Acid detergent fiber and ash were 
lower at location III (40.4 and 10.4% vs approximately 43 and 13% for 
locations I and II); while NFE (39.9 vs 36%), ether extract (2.6 vs 1.8%), 
calcium (.86 vs .58%) and NBDMD (63.1 vs 58%) were higher. Values for 
IVDMD and gas production are not shown in table 3, since the location 
effects were confounded with day (run) effects in the in vifro study.

Grain
No differences (P>.05) were observed among the hybrids evaluated 

in either chemical composition (table 4) or energy availability (table 5) 
of the grain, Mean values for chemical composition (% on dry matter basis, 
across hybrids and location) were: crude protein, 11:8; ADF, 8.6; NFE,
75.1; ether extract, 2.5; ash, 2.5; calcium, .03; phosphorus, .20. Dry 
matter disappearance and gas production increased as the length of the 
incubation period increased, but no differences (P>.05) were detected 
among hybrids in any of these parameters at any time period studied.

Correlations among the different measures of energy availability 
and chemical composition of grains were inconsistent (table 6). Crude 
protein content of the grains was correlated (P<.05) negatively with
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TABLE 3. MEAN CHEMICAL COMPOSITION AND NYLON BAG DRY MATTER
DISAPPEARANCE OF GRAIN SORGHUM STOVER BY LOCATION3

Item
Location

I II III

Crude protein, % 6.8 6.6 6.7
Acid detergent fiber, % 42.4 43.0 40.4b
Nitrogen free extract, % 36.4 35.2 39.9b
Ether extract, % 1.8 1.7 2.6b
Ash, % 12.5 13.4 10.4b
Calcium, % .59 .56 00

Phosphorus, % .09 o Op o 00

NBDMD, % 59.3 57.6 63. lb

aValue for each location in the field is the mean of seven 
hybrids. All values on a dry matter basis.

bSignificantly different (P<.05) from other values in the same
. row.
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TABLE 4. MEAN CHEMICAL COMPOSITION OF GRAIN FROM 
SORGHUM HYBRIDS3"

Hybrid
Chemical Composition, %

CP ADF NFE EE Ash G A P

Acco R 109A 11.6 9.3 74.2 2.5 . 2.4 .04 .20
Acco R 1029 12.1 9.1 73.7 2.8 2.3 .03 . .23
Asgrow Dorado 11.2 8.2 76.0 2.5 2.0 .03 .20
Asgrow Dorado M 12.1 7.6 76.0 2.4 1.9 .02 .19
Asgrow Dorado Tx 11.9 8.2 75.8 2.1 2.0 .03 .19
DeKalb C42A 11.9 9.2 74.0 2.7 2.2 .03 .20
DeKalb E59 11.9 8.5 75,8 2.1 1.7 .02 .19
Mean, all hybrids 11.8 8.6 75.1 2.5 2.1 .03 .20
Standard deviation .9 1.2 2.5 .9 .3 .01 .09

^Each value is the mean of three locations. All values on a 
dry matter basis. . .



TABLE 5. DRY MATTER DISAPPEARANCE AND GAS PRODUCTION FROM SORGHUM GRAIN HYBRIDS DURING
DIFFERENT INCUBATION PERIODS*

Hybrid

Hours Incubated
4 8 12 24

IVDMDb Gasc NBDMDd IVDMD Gas NBDMD IVDMD Gas NBDMD IVDMD Gas

Acco. R 109A . 12.6 20.9 26.2 19.0 42.8 29.7 28.1 67.9 42.4 42.1 128.4
Acco R 1029 13.2 25.3 27.1 20.4 59.7 30.9 28.0 86.3 42.3. 41.3 135.7
Asgrow Dorado 13.5 22.1 25.4 19.5 47.7 32.1 29.0 73.9 42.9 44.2 138.4
Asgrow Dorado M 12.0 19.3 25.9 18.6 41.0 30.7 28.4 66.1 42.2 42.6 127.5
Asgrow Dorado Tx 13.0 22.3 28.0 20.2 48.0 32.5 27.9 76.9 42.1 41.2 126.1
DeKalb C42A 12.1 22.1 26.3 20.2 46.5 31.5 28.2 75.0 45.5 42.9 140.1
DeKalb E.59 13.1 19.5 26.3 19.0 43.0 30.2 28.1 69.1 40.0 40.9 130.7
Mean, all hybrids 12.8 21.6 26.5 19.6 47.0 31.1 28.3 73.6 42.5 - 42.2 132.4
Standard deviation 1.0 2.8 1.4 1.2 7.6 2.1 1.0 8.9 2.5 2.3 10.5

aAll values on a dry matter basis.
^Percent in vitro dry matter disappearance, each value is the mean of 6 determinations 

(duplicates from 3 locations).
cGas production, ml/g dry matter incubated, each value is the mean of 6 determinations 

(duplicates from 3 locations),
J
Percent nylon dry matter disappearance, each value is the mean of 12 determinations 

(duplicates on two days from 3 locations).
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TABLE 6. CORRELATION COEFFICIENTS AMONG MEASURES OF ENERGY 

AVAILABILITY AND SELECTED CHEMICAL COMPONENTS OF 
GRAIN SORGHUM HYBRIDS

Measure of 
Energy Chemical Constituent, % Energy Availability

Availability CP ADF NFE EE Ash NBDMD IVDMD GP

NBDMD
8 hours. ..49* -.47% .43*'. .28 -. 31 --- -.08 . 44a
12 hours -.38a -. 50a . 37 a . 36 -. 38a --- -. 38a .34
24 hours -.40a -.07 .13 .27 - .01 —- .02 ,07

IVDMD
4 hours .13 .18 .18 -. 67a -.14 — — — - —  - -. 53a
8 hours .06 .18 .04 -.36 .01 - • 08 -.17
12 hours .62a -. 06 -.73a -.07 -. 38a -— -,47a
24 hours . .04 -. 07 ,10 - .20 .10 ,02 -.07

Gas Production
4 hours -.6la -.20 .03 . S3a .09 -. 53a
8 .hours -. 38a -.19 .04 .57* -.04 .44 a -.17 -A — —,
12 hours -.26 -.12 —. 03 .50a -.04 .34 - .47a —-
24 hours -.07 .08 -.22 . 43a .08 .07 -.07 — ■

a(P<.05).
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NBDMD at 8 hours (-.49), 12 hours (-.38) and 24 hours (-.40), positively 
with I.VDMD at 12 hours (.62) and negatively with gas production at 4 hours
(-.61) and 8 hours (-.38). Acid detergent fiber and NFE were correlated
(P<.05) only with NBDMD at 8 hours (-.47 and .43) and at 12 hours (-.50 
and .37), respectively. Percent ether extract was correlated negatively 
with IVDMD at 4 hours (-.67) and 12 hours (-.73) and positively with gas
production at 4 hours (.83), 8 hours (.57), 12 hours (.50) and 24 hours
(.43). In general, magnitude of the correlations between measures of 
energy availability and chemical composition Of grains decreased as length 
of the incubation period increased.

Correlations among the three measures of energy availability were 
not consistent (table 6). Significant correlations (P<.05) were observed 
only between NBDMD and gas production (.44) at 8 hours, NBDMD and IVDMD 
(-.38) at 12 hours and IVDMD and gas production at 4 hours (-.53) and 12 
hours (-.47).

Chemical composition and NBDMD for the grains by location in the 
field are presented in table 7. Crude protein and ether extract were the 
only constituents to differ (P<,05) among, locations. Crude protein was 
higher (13.1% vs 11.2%) and ether extract lower (1.4% vs 3.0%) at loca- - 
tion III than at locations I and II. The lowest NBDMD was found in grains 
from location III, although the differences were significant only for 
location II vs I at 8 hours (25.5% vs 27.4%) and 12 hours (30.0% vs 42.8%). 
Gas production and IVDMD are not shown in table 7, since the location 
effect and day (run) effect were confounded in the in vitro study.
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TABLE 7. MEAN CHEMICAL COMPOSITION AND NYLON BAG DRY MATTER

DISAPPEARANCE OF GRAIN SORGHUM HYBRIDS BY LOCATION^

Item
Location

I II III

Crude protein, % 11.3 11.0 13.lb
Acid detergent fiber, % 8.3 8.5 9.0
Nitrogen free extract, % 75.1 75.7 74.4
Ether extract, % 3.3 2.7 1.4b
Ash, % 2.0 2.1 2.0
Calcium, % .02 .03 .03
Phosphorus, % .19 .20 .21
NBDMD, %

8 hours 27.4C 26,5b<? 25.5b
12 hours 33.0C 30.3bc 30.0b
24 hours 42.8 43.1 41.6

- Value for each replicate (location in field) is the mean of
seven hybrids. All values on a dry matter basis, 

b c’ Values in the same line with different superscripts are 
significantly different (P<.05).



DISCUSSION

Stover
Stover in this study was similar in chemical composition to that 

evaluated in other investigations at this station (Loynachan 1968; Swingle 
and Waymack 1975), except that it contained a higher level of crude pro
tein (6.7% vs approximately 3.4%) . This higher value is within the 
range of crude protein levels reported for grain sorghum stover by other 
workers (Foster 1974; Martin and Wedin 1974; Vanderlip et al. 1974; Perry 
and Olson 1975; Arora et al. 1975), but is approximately twice as high as 
that listed in tables of feed composition (Morrison 1959; N.A.S. 1971). 
Higher crude protein value determined in this study may be due, partly, 
to the time when stover was harvested. Stover evaluated in this study 
was cut immediately after grain harvest and allowed to air-dry inside a 

1 shed. Under field conditions, it is a common practice to delay harvest 
of stover until after a killing frost, in order to reduce the moisture 
content of the stover and, also, to lessen the danger of prussic acid 
poisoning (Burns, and Wedin 1964). Crude protein content of grain sorghum 
stover has been shown to decline with time after harvest by some (Foster 
1974), but not all, workers (Martin and Wedin 1974). In the latter study, 
regrowth of the plant following harvest may have contributed to the main
tenance of protein content in the stover following harvest of the grain.

Theoretically, stover containing 6.7% crude protein should be 
nutritionally superior to that containing only 3 to 4% for maintaining
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mature cows, since their crude protein requirement is approximately 6% of 
the diet (N.R.C. 1970). However, it is doubtful this advantage would be 
observed under practical feeding conditions, since digestion studies at 
the Arizona station (Loynachan 1968; Swingle and Waymack 1975) indicated 
digestibility of Crude protein in sorghum stover is very low and can, 
for practical purposes, be considered as zero.

The results of this study and those reported by Arora et al.
(1975) suggest there is little genetic variation in crude protein content 
of grain sorghum stover. However, other studies have demonstrated quite 
clearly that the crude protein content of stover differs among locations 
and years (Vanderlip et al. 1974) and is influenced by rate of fertiliza
tion (Perry and Olson 1975) and date of harvest (Foster 1974; Martin and 
Wedin 1974; Burns and Wedin 1964).

Fiber values determined for stover in this investigation, while 
in good agreement with the value reported by Swingle and Waymack (1975), 
are considerably higher (42 vs 34%) than those reported by Arora et al. 
(1975) and in much of the other literature (Morrison 1959; N.A.S. 1971).
In the case of Arora et al. (1975), the discrepancy can be explained on 
the basis of plant maturity. The material analyzed in that study was • 
harvested in the initial stage Of flowering while that analyzed here was 
harvested after maturation of the grain. The effect of increasing fiber 
content due to plant maturity is well established (Van Soest 1967). The 
fiber values reported here were determined using the acid detergent method 
of Van Soest (1963), while most literature reports crude fiber (Weende 
method) as described by A.O.A.C. (1970). Acid detergent fiber values are
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higher than Weende crude fiber values, in most cases, because ADF includes 
the lignin that is solubilized by alkali treatment by the Weende method, 
as well as insoluble ash. The acid detergent fiber method has been 
accepted as superior to the older Weende method by most workers, because 
the cell wall carbohydrate fractions are partitioned in a more realistic 
manner. Total carbohydrate (fiber + NFE) content of stover is approxi
mately 80% using either method for fiber analysis.

Ether extract, ash, calcium and phosphorus values determined for 
stover in this study are comparable to values listed in the commonly used 
tables of feed composition (N.A.S. 1971).

The inverse relationship between fiber content of feedstuffs and 
their digestibility is well established (Van Soest 1967). The high posi
tive correlations between ADF and NBDMD, IVDMD and gas production observed 
in this study reconfirm this relationship. The magnitude of the correla
tion coefficients was somewhat surprising in view Of the small differences 
in chemical composition and energy availability seen among the hybrids 
evaluated. Contrary to the results of Arora et al, (1975), ho differences 
were observed in energy availability among any of the hybrids evaluated 
in this study.

Chemical composition of stover grown at location III differed 
consistently from that grown at locations I and II. Plant growth and 
grain yields were also lower in location III than in location I and II.
The differences are believed to be due to uneven water distribution, which 
resulted in leaching of nutrients from the soil at location III (D.
Parsons, personal communication) ..
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All three methods for estimating energy availability ranked the 

hybrids in nearly the same order, in spite of the small differences in 
chemical composition. It appears that any of these methods will adequate
ly detect differences in digestibility of stover which are large enough 
to be of significance in practical diets. The nylon bag technique is a 
simple and reliable method, but requires the largest sample size of the 
methods used. Gas.production is the least time consuming method and 
allows direct monitoring of the fermentation process, but was the least 
precise method in this study. It is suggested that IVDMD would be the 
most suitable method for routine evaluation of large numbers of forage 
samples, particularly if the amount of material is limited.

Grain
Values for crude protein, ether extract, ash, calcium and phos

phorus determined for sorghum grain in this study are similar to those 
found in the literature (Wall and Ross 1970; Rao and House 1972; N.A.S. 
1971) . Waymack (1975) reported that crude.protein content of 118 samples of 
sorghum grain analyzed at the Arizona station in recent years ranged from 
7.3% to 12.5% with a mean of 10.1% on an as-fed basis. The mean value 
determined in this study (11.8% on dry matter basis; 10.6% as received) 
is well within this range.

Fiber content of the grains, determined using the acid detergent 
method, averaged 8.6%. This is considerably higher than the crude fiber 
value (2.7%) listed in current tables of feed composition (N.A.S. 1971) . As 
discussed previously, it is not unusual for acid detergent fiber values 
to be higher than crude fiber values, but it seems unlikely that the
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difference for grains should be as large as is suggested by this data.
Other investigatorsFonnesbeck and Harris (1970) have found that the 
detergent methods for cell wall analysis are unsuitable, without modifi
cation , for use with high energy feeds. They conclude that the difficulty 
with, the procedures is incomplete solubilization of protein, which results 
in difficult filtration and unusually high fiber values. These workers 
overcame the filtration difficulties by digesting samples with pepsin 
prior to treatment with a modified detergent solution. Cell wall contents 
of corn and barley grain determined with the modified method were 9.3% 
and 9.9%, respectively, and these values are in reasonable agreement•with 
the ADF values determined for sorghum grain in this study. Additional 
information is needed on the validity of detergent methods for determina
tion of fiber components in grains.

Although statistically significant differences were seen in crude 
protein, the differences in ether extract and NBDMD of grains grown at 
location III compared with those grown at locations I and II are probably 
not large enough to influence the nutritive value of the grains in practi
cal diets. Nevertheless, it does demonstrate that cultural or environmental 
effects may influence the composition and availability of nutrients in 
sorghum grain, although the grains are apparently influenced less than 
the stovers.

Grains from the different hybrids evaluated were remarkably simi
lar in chemical composition and estimated energy availability. Consequently, 
it is difficult to evaluate whether the inconsistent and generally low 
correlation coefficients obtained reflect the true associations among
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these parameters. Even in_vivo methods lack the sensitivity to detect 
differences in nutritive value of grains of the magnitude seen in this 
study.

It is disturbing that IVDMD and in vitro gas production, as measures 
of energy availability in the grains, were negatively correlated (-.53) in 
this study. Others (Trei 1966; McGinty 1968) have found IVDMD and gas 
production of sorghum grain to be highly correlated (.79 to .94). The 
method used in this study differed from that of Trei (1966) only in the 
type of inoculum used (buffered rumen fluid vs washed cell suspension) 
and level of substrate incubated (.5 g vs 2.0 g). Unless nutrient content 
of the inoculum is a factor, it seems unlikely these modifications would 
influence the relationship between IVDMD and gas production. Available 
nutrients in this study were apparently not a problem, since gas produc
tion from blank tubes (no substrate added) was always extremely low and 
often zero. The relative usefulness and validity of the methods used in 
this study for evaluating of nutritive quality of grain should be reevalu
ated using grains with demonstrated differences in in vivo utilization.



CONCLUSIONS

There appears to be little genetic variation among the hybrids 
evaluated in terms of chemical composition or energy availability of 
either stover or grain. Stover and grain from hybrids grown in the field 
replicate adjacent to the center pivot sprinkler differed in chemical 
composition and nylon bag dry matter disappearance from those grown in 
the replicates near the perimeter of the field. While the reasons for 
these differences could not be determined, the results suggest that 
environmental effects and/or cultural practices may significantly alter 
the nutritive value of sorghum grain and stover.

Evaluation of the different methods used to estimate energy avail
ability was difficult because of the very small differences observed among 
hybrids; It appears that all three methods are equally suited for 
evaluation of stover and other low quality roughages, but additional 
research is needed to evaluate the relative usefulness of sample tech
niques suitable for estimating nutritive value of grains.
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