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In Vitro Digestibility of Native Grass Hay1 

J. F. KARN, D. C. CLANTON, AND L. R. RITTENHOUSEZ 

Technician, Professor, and Graduate Student, Department of Animal Science, 
University of Nebraska, North Platte Station, No&h Platte. 

Highlight 

Method of storage had a greater 
effect on the in vitro dry matter di- 
gestibility (DMD) of native grass hay 
than either storage time or date of 
cutting. The nutritive value of native 
hay was maintained better by storing 
it in round bales than by storing it 
in windrows, bunches or letting it re- 
main standing. The first 60 days in 
storage was the period when native hay 
had the greatest loss of nutritive value 
regardless of storage method. There 
was an interaction of cutting date 
and year on DMD. The early cut hay 
in 1962 had a higher DMD (42.7%) 
than the late cut hay (40.3%). There 
was no difference in 1963 (40.6 vs. 
40.1%). 

Native hay is stored in a variety 
of ways, usually for several months 
before it is fed. Relatively large 
quantities of readily soluble nu- 
trients may be lost due to weather- 
ing during this storage period. It 
is possible that the method of stor- 
age might have a profound effect 
on the magnitude of these losses. 

Guilbert et al. (1931) obtained 
losses of 6 to 357, nitrogen-free ex- 
tract in hay samples following arti- 
ficial leaching. Archibald et al. 
(195 1) also, found decreases in nitro- 
gen-free extract, carotene and total 
sugars and an increase in fiber in 
grass hay as storage time increased. 
Moxon et al. (195 1) found that the 
crude protein content of standing 
forage decreased from about 8 to 
less than 3% from July 13 to De- 
cember 7 while the protein content 
of windrowed hay remained rela- 
tively constant during this period. 

The botanical and chemical com- 
position of the forage used in the 

lPublished with the approval of the 
Director as Paper No. 2671 Journal 
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ment Station. Received February 20, 
1970; accepted for publication Sep- 
tember 3, 1970. 

2Present address: Squaw Butte Experi- 
ment Station, Burns, Oregon. 

study discussed here were reported 
by Streeter et al. (1966). The pur- 
pose of this investigation was to 
study the effect that date of cutting, 
method of storage and storage time 
had upon the in vitro dry matter 
digestibility (DMD) of native grass 
hay. 

Methods 

The experimental plots were lo- 
cated on a sands range site in the 
Sandhills of Central Nebraska. The 
following methods of storage were 
imposed upon early (July 13) and 
late (August 27) cutting dates dur- 
ing 1962 and 1963: (1) standing 
forage; (2) windrowed with a dump 
rake; (3) bunched with a basket at- 
tached to the cutter bar of a tractor- 
mounted mower; and (4) round 
baled with a rotobaler. The four 
methods of storage were replicated 
three times within each of the two 
cutting date plots and were ran- 
domized within each replication. 
The forage was sampled immedi- 
ately after each cutting and at the 
end of each month thereafter until 
the end of the storage period in 
January. The study was conducted 
using the same plots two different 
years. The two stage in vitro fer- 
mentation procedure of Tilley and 
Terry (1963) was used to obtain the 
DMD data. Duplicate determina- 
tions were made on each sample 
with replications on two different 
days. The data were corrected for 
dry matter additions to the fermen- 
tations via the inoculum. The least- 
squares analysis of variance was 
used to statistically analyze the data 
because of unequal numbers be- 
tween the early and late cutting 
dates. 

Results and Discussion 

The relationship of cutting date 
and storage time on in vitro DMD 
are presented in Figure 1. All 
methods of storage are pooled 
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within cutting dates. There was a 
sharp decline in DMD between 
July and September for the two 
cuttings bo,th years. However, there 
was essentially no change in DMD 
in either year between September 
and January. The data for 1963 
indicates that there was a much 
greater decrease in DMD between 
July and September than in 1962. 
Although the hays harvested in 
1963 had higher initial DMD, by 
September they had decreased 
below the DMD for the 1962 hays. 
This sharp decrease in DMD in 
1963 was probably due in part to 
rainfall pattern. In 1963 there 
were 12.7 cm of rainfall prior to the 
August sampling date and another 
12.7 between the August and Sep- 
tember sampling dates. In 1962 
there were 22.86 cm of rainfall 
prior to the August sampling date, 
but only 3.56 cm between the Au- 
gust and September sampling dates. 
A summary of the artificial leach- 
ing experiments of Guilbert and 
Mead as discussed by Watson and 
Nash (1960) showed that a series of 
showers with drying conditions be- 
tween will cause more leaching 
than one rain regardless of amount 
and intensity. 

In 1962 there was a much greater 
difference between the DMD of the 
early and late cut hays than in 1963 
(Fig. 1). A significant (P < .Ol) 
year by cutting date interaction 
showed a greater decline in DMD 
between early and late cut hay in 
1962 (42.7 vs. 40.3%) than in 1963 
(40.6 vs. 40.1%). One of the reasons 
for the wide difference in DMD 
between the early and late cutting 
in 1962 was probably related to 
forage yields. The 22.86 cm of rain 
which fell between the early and 
late cutting dates in 1962 resulted 
in a yield of 74.5 kg/ha more forage 
for the late cut hay than for the 
early cut hay. As a result, the late 
cut hay was coarse and more highly 
lignified than the early cut hay 
which no doubt contributed to its 
lower DMD. Kamstra et al. (1958) 
reported that as plants mature 
lignin content increases and in 
vitro cellulose digestion decreases. 
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FIG. 1. The relationship of cutting date and storage time on in vitro DMD. 

Prichard et al. (1963) found that 
the most rapid decline in in vitro 
digestibility begins with head 
emergence. They also observed 
that the rate of decline in in vitro 
digestibility was greater for the 
heads and stems than for the leaves. 
In 1963 there were only 18.7 kg/ha 
greater yield from the late cut than 
from the early cut hay. There was 
much less forage growth between 
cuttings in 1963 than in 1962, and, 
hence, less physical change in the 
forage which would be reflected in 
its digestibility. 

In vivo apparent energy digesti- 
bility values reported by Streeter 
et al. (1966) on the forages that 
were baled would tend to sub- 
stantiate the in vitro DMD differ- 
ences as related to year and cutting 
date (Fig. 1). These values8 were 
1.81 and 1.38 megcal/kg in 1962 
and 1.71 and 1.72 megcal/kg in 
1963 for the early and late cut hays, 
respectively. 

The DMD of the baled hay re- 
mained higher (P < .Ol) through- 
out the storage period than the 
DMD of hay stored by other 
methods (Fig. 2). However, analy- 
sis of these forages for nitrogen, 
phosphorus and lignin failed to 

show a coasistent nutritional ad- 
vantage for baled hay as a method 
of storage (Streeter et al., 1966). 
There was much less difference be- 
tween the DMD of baled hay and 
the DMD of forage stored by the 
other methods in 1962 than in 1963. 
In 1962 the DMD for the bunched 
and windrowed hays declined much 
less than the standing forage. How- 
ever, in 1963 there was little differ- 
ence between the windrowed, 
bunched and standing forage. It 
is possible that the greater yield of 
forage in 1962 might have afforded 
more protection against weather- 
ing for the bunched and windrowed 
hays and hence, less decline in their 
DMD was noted. It should also be 
pointed out that while the DMD 
of the baled, bunched and wind- 
rowed hays for both years declined 
only until October, the standing 
forage continued to decline until 
November or December. 

The in vivo DMD values of the 
1963 early and late cut baled hays 
obtained by C. L. Streeter (unpub- 
lished data) were 47.6 and 46.6%, 
respectively, while the in vitro 
DMD were 44.2 and 47.6a/,, re- 
spectively. Although the in vivo 
and in vitro DMD were of the same 
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FIG. 2. The relationship of method of 
storage and storage time on in vitro 
DMD. 

magnitude there was not a differ- 
ence (P > .lO) between the in vivo 
DMD of the early and late cut hays 
while the in vitro DMD for the 
late cut hay was higher (P < .05) 
than the in vitro DMD for the early 
cut hay. 

The 1962 in vivo DMD (Streeter, 
1964) were lower (P < .Ol) than in 
vitro DMD. The in vivo DMD for 
these hays were 39.5 and 33.4y0, re- 
spectively, for the early and late 
cut hay as compared to 48.3 and 
44.4%for the in vitro DMD. It is 
probable that the animals from 
which the 1962 in vivo data were 
obtained were not receiving enough 
protein without a supplement to 
meet their requirements, thus, were 
not fully utilizing the available en- 
ergy in the forage. This would ex- 
plain the low in vivo DMD and 
hence explain the discrepancy be- 
tween the in vivo and in vitro data. 
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Highlight 
Twenty-four IO-acre plots were burned in the Southern 

Mixed Prairie of Texas under a variety of weather and 
fuel conditions to determine their effect on 3gnition, burn- 
down, and mortality of mesquite that had been top-killed 
by spraying. The number of trees that ignited on each 
plot varied from 33.6 to 94.9% of the total, whereas the 
number of trees that burned down varied from 14.4 to 
89.1%. Mortality varied from 0 to 24%. Large trees 
were easier to burn down and kill than small trees. Equa- 
tions that incorporate wind speed, relative humidity, and 
total fuel were developed to predict ignition and burn- 
down. 

Previous research conducted in west Texas indi- 
cates that fire has the potential to burn down- 
that is to burn standing dead stems off at the base 
and have them fall to the ground-and kill mes- 
quite (Prosopis glandulosa var. glandulosa) in a 
tobosa (Hilaria mutica) community (Stinson and 
Wright, 1969), but prescribed techniques are lack- 
ing. This study was designed to measure the range 
of weather and fuel conditions under which top- 
killed mesquite with resprouts can be ignited, 
burned, and killed. 

Taylor (1964) expressed concern for the role 
of weather in fire behavior. He stated that pre- 
scribed burning has been attempted throughout 
a range of fire weather conditions from too wet to 
too dry. When conditions are too wet, only spotty 
removal of part of the litter material is accom- 
plished. When conditions are too dry, fire runs 

l Received Ja nuary 31, 1970; accepted for publication Sep- 
tember 5, 1970. 

on nutritive value of Sandhills up- 
land hay. J. Range Manage. 19:55- 
59. 

TILLEY, J. M. A., AND R. A. TERRY. 
1963. A two stage technique for the 
in vitro digestion of forage crops. 
J. British Grassland Sot. 18: 104- 
111. 

WATSON, S. J., AND M. J. NASH. 1960. 
The conservation of grass and forage 
crops. Oliver and Boyd, Edinburgh 
and London, England. 2nd Ed. 

uncontrolled through the burn area and is stopped 
at the control line only by a change in weather. 

Relative humidity plays an important role in 
fire behavior, especially in fine fuels. Countryman 
(1964) stated, “the moisture content of hygroscopic 
fuels is very closely associated with relative hu- 
midity. In finely divided fuels, the moisture con- 
tent follows the relative humidity very closely.” 
Fine fuels are usually defined as any material less 
than %-inch in diameter.2 

McArthur (1963), in reporting the results of 
fire behavior studies conducted during the spring 
months in the grasslands of Central Queensland, 
noted the following relationships between fine fuel 
moisture contents for different relative humidities 
at 80 F: 

Relative humidity (%) Fuel moisture (o/o) 
5 4 

50 11 

A similar range is reported for higher temper- 
atures, which results in lower fuel moisture at 
higher relative humidity readings. 

Mobley (1967) g ave a range of fine fuel moisture 
which is conducive to efficient controlled burns. 
He stated that for most prescribed burning, the 
preferred range of actual fine fuel moisture is 
from 5 to 10%. When fuel moisture is less than 
5%, the fire will be more intense and may cause 
damage to overstory and soil. When fuel moisture 
is higher than lo%, fires tend to move irregularly 
and more slowly. Such burns are often incomplete. 
Stinson and Wright (1969) reported that the most 
intensive fire in their study occurred when the air 
temperature was 80 F, the relative humidity was 
25x, and th e f ine fuel moisture was 19.8%. 

Vareschi (1962) reported that the ignition tem- 
peratures of the wood and bark of the Chaparro 
and Chaparro Manteca in a dry state ranged from 
290 C to 330 C. On the other hand the ignition 

2Personal communication with George R. Fahnestock, Fuel 
Appraisal Systems, 4507 Univ. Way NE, Seattle, Washing- 
ton. 


