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Summary

Twenty Korean native bulls averaging 18] kg body weight were fed a fixed amount (1.5% of live
weight) of cencentrate and free chotce roughage cubes which had four ratios of rice straw and or-
chard grass hay, 100:0, 85:15, 70:30 and 355:45 on a weight basis. Five bulls were assignec to each
treatment and fed for 98 days in a confinciment house. Nuirient digestibility and available encrgy
content af mixed rations (409, concentrate and 60%, roughage cubes) was determined in a digestion
trial with twelve wethers. fn pitro dry matter digestibility (1VDMD) and in situ dry matter disappear-
apce of the roughage cubes were also determined. The ratio of grass hay to rice straw did not
influence dry matiter intake. Sjgnificant improvements in body weight gains and feedfgain ratios were
obtained as grass hay levels increased. Average daily pain and feed/gain for each treaument was
.83, 0.88, 0.98 and 0.9% kg; 7.63, 7.59, 6.83 and 6.4, respectively. Digestibility of the notrients was
improved with increasing levels of grass hay in the cubes. The 1VDMD of roughape samples having
a ritio of 100:0, 85:15, 70:30 and 55:45 between rice straw and orchard grass hay were 31.0, 37.1,
41.8 and 43.4%, respectively. Grass hay improved the [VDMD of rice straw dicts in a linear manner
up 10 30%. fa site dry matter disappearance rate was also increased as the jevel of orchard grass

hay increased.
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Introduction

Over 470 million metric tons of rice straw
is produced in the world (FAQ, 1984). However,
the utilization of rice straw lor teeding animals
is limited because of its low nutrient content and
poar digestibility (Devendra, 1982, Wanapat el
al,, 1984). Various chemical, physical or biological
methods have bheen developed as a means of
improving the nutritive value of rice straw. Al-
though some treatments improve nutritive value
and subscquent animal performance, treating rice
straw  usually requires expensive chemicals or
energy input.

The supplementation of untrcated or treated
crop residues with concentrates or good quality
roughages has been reported to improve dry
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matter digestibility, leed intakc and subsequently
performance of animals. The beneficial effects
of supplementation may be explained by increased
fiber digestion as a result of a more adequate
supply of protein (Lyons ct al, 1970) and
minerals (Tlunt et al_| 1954; Coomke and Christian,
1969) for microbial growth, by improved pala-
tibility of crop residues (Han et al., 1978) or by
an increased nutrient supply to host animals from
the supplements.

Addition of grasses and legumes to untreated
and alkali-treated low quality crop residues has
resulted in positive associative effects on DM
digestibility and daily gain (Maeng et al, 197];
Paterson et al., 198]1; 1982). However. no asso-
ciative incrcasc im energy utilization and animal
performance by legume supplementation to un-
treated rice straw (Moran et al., 1983) and corn-
stalks (Paterson et al, 1981) was observed.

Objectives of present studies were to investigate
effects of combinations of untreated rice straw
and orchard grass hay on the growth of Korean
native bulls and to assess the digestibility of these
combinations with sheep.
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Materials and Methads

Feeding trial

Twenly Korean native bulls with an average
weight (o 181.5 kg were assigned to four treat-
ment groups. The bulls had previously received
the same diet for 2 months, Animals were houscd
in individual stalls with rubber mat floors, and
were fed the experimental diets twice daily for
98 days. A fixed amount of concentrate (about
1.5%, of hve weight) was fed cach day. The
concentrale mixture, containing corn, wheal,
sorghum, wheat bran, soybean meal, molasses,
liestone, wminerals and vitamin A, D, E, was
formulated to contain 16.3% crude protein, 4.48
%, crude f(iber, 1.55% Ca and 0.599, P. Experi-
mental roughage cubes were manufactured tn 2
commercial rice straw pelleling machine to contain
ratios of rice straw (o orchard grass hay of
10(1:0, 85:15, 70:30 and 53:45. The experimental
roughage cubes were offered free choice. Initial
and final weights were the average of three full
bady weights obtaincd on consceutive days. Feeds
offered and refused were recorded daily.

Digestion trial

Twelve Merino-Corriedale wethers averaging
48 kg body weight were used in a totai collection
digestion trial to determine the eftects of the ratio
of rice straw and orchard grass hay on nutrient
digestion and rumen VFA concentrations. The
treatments were the four ratios of rice straw to
orchard grass hay (100:0, 85:15, 70:30 and S55:
45) used in the bull feeding trial. Lambs previ
ously received a rumen cannula were kept in
individual digestion crates. The lambs were fed
3% of body weight with a constant ratio between
cancentrate and roughage (40:60). Feces were
collected for five days after a 7 day adjusiment
period. A 109 (by wcight) sample of daily feces
was composited for each lamb, dried in an for-
ced-air cven at 60C and stored for later analysis.

After the digestion trial, rumen samples were
collected from the ventral sac of each animal for
the determination of pH and volatile fatty acid
(VFA) concentrations. Samples were collected with
a suction tube 3 hr after fecding and strained
through four layers of cheesecloth. A general
purpose plass electrode was used to measure
cumen fluid pH. Microtial activity of the sampie
was stopped by adding a few drops of saturated
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mercuric chloride solution. For the VFA determi-
nation, 2.5 ml of strained rumen fluid was acidi-
fied and centrifuged at 2,000 rpm for 20 min
as outlined by Erwin et al. (196]). Gas liqud
chromatography as described by Baumgardl
(1964) was used to determine VFA concentration
in the supernatani.

In »itra and in sgeco trial

Twelve wether lambs used in the digestion
trial were mainiained on the same dicts lo
determine the rate of dry matler disappearance
of four experimental ronghages in sidu. These
animals were also the donors of rumen flud for
the determination of in vitro dry matter digesti-
hility (IVDMD) as descnibed by Tilley and Terry
(1963). In the in sacco trial, roughage samp.es
were ground in a Wiley mill with a 2 mm screen.
Duplicate samples (0.5 g) of each experimental
roughape mixtures were placed in 20 X 15 ¢cm
bags on nylen cloth {Thompson & Co. Ltd.,
Montreol) having an average mesh size of 48 rm
and then incwbated for 6, 12,24, 36, 48, 60 or
72 hours in the rumcn of lambs fed the same
ronghage mixture. After retrieval, bags were rinsed
with cald tap water and dried at 60°C. Two bags
from each {reatment which were pot incubated
were also washed as described. Dry matter dis-
appearance rate was calculated as outlined by
Ha and Kennelly (1984).

Proximate analysis of fecd, refusal and feces
were determined by the method of ADAC (1984).
Cell wall components were determined by the
method of Goering and Van Soest (1970), trace
minerals by atomic absarption spectrometer and
gross energy by bomb calonimetry. All data
collected were subjected to analysis of variance.’
When F values ndicated a significant {p <
.08) difference, treatment means were comparced
at a probabibty of .05 using Ducan’s multiple
range lest {Steel and Torre, 1960).

Results and Discussion

Feeding trial

Nutrient composition of the rice straw, orchard
grass hay, and various combinations of two
roughage sources are presented in table | and
2. Rice straw contained a very low level of crude
protein (approximately half of orchard grass hay).
Rice straw was slightly higher in NDF, ADF
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and hemicellulose, but orchard grass hay was
higher in cellulose. Rice straw was much higher
in ash and silica (35% of ash in rice straw) than
orchard grass hay as reported in other studies
(Sharma, 1974; Jackson, 1977; Lee et al., 1983).
Orchard grass hay contained higher levels of
minerals except Fe, Cr and Mn. Mineral levels
in rice straw obtained in the present study are
different from those rcported by others (Jackson,
1977; Han and Garrett, 1986). This 1§ probably
due to differences in straw variety, location and
cultural practices (Jackson, 1977).

Live weight gain, fced intake and feed/gain
of Korean bull calves fed experimentai diets are
presented in table 3. Bulls fed higher levels of
archard grass gained more compared with those
fed higher rice straw diets. Each 15% increment
of grass hay in the roughage cube improved
weight gain by 6, 18 and 199 over the 100%
rice straw group. Only the gains made by the
bulls fed the two higher levels of orchard grass
were higher (p < .05) than (he rice straw only
group. The intake of concentrate and roughage
cubes was not significantly influenced by dictary
treatment. Feedfgain decreased (p < .05) as level
of orchard grass hay in the roughage increased
to 30 and 45% (10% and 169 increase over the
rice straw controls).

TABLE [. NUTRIENT COMPOSIT CN OF RICE STRAW
AND ORCHARD GRASS HAY

Roughage
Nutrients' Rice Orchard
straw grass hay

Crude protem (%) 46 5.3
Ether extract (%) 1.6 1.4
Crade ash (%) 179 8.0
NDF (%) 71.6 68.1
ADF (%) 478 457
Hemiceflulose (%) 238 224
Cellulose (%) 303 364
Lignin (%) 6.0 8.1
Silica (%) 9.8 .57
Ca (%) 36 .80
P (%) n 32
Na (%) 07 A2
K (%) 93 3.48
Mg (%) 65 1.81
Fe (%) .06 .04
Cu {mg/kg) 1.90 6.48
Co (mgfkg) 1.90 2.14
Zn (mg/kg) 2,30 4.48
Cr {(mg/kg) 2.86 2.21
Mn (mg/kg) 301 204

" Dry matter basis

TABLE 2. NUTRIENT COMPOSIT ONS OF ROUGHAGE CUBES, %

Ratio of rice straw and orchard hay (%)

=0 100 : 0 85:15 701 30 55:45
Crude protein 4.6 5.5 6.3 7.7
Ether extract 1.6 1.6 1.5 14
Crude ash 17.9 15.8 138 124
Crude fiber 257 26.5 29.6 294
NDF 71.6 71 71.0 69.7
ADF 47.8 47.5 47.6 46.2
Hemicellulose 23.8 23.6 23.3 235
Cellulose 30.3 31.8 332 331
Lignin 6.0 6.4 6.6 7.3
Silica 98 9.7 85 sS4
Ca 35 40 45 .53
P 10 13 15 21

" Dry matier basis.

Previously reported results are conflicting.
Mbatya et al. (1985) indicated that supplementa-
tion with grass did not affect straw intake, while
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others (Most and Buticrworth, 1985) observed
reduced straw intake, but increased total dry
matter intake when supplemented with legume
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hay. Also it appears that effect of legume sup-
plementation on feed intakc might be altered by
alkali treatment. Moran et al (1983) reported
that alkali-treated rice straw supplemented with
alfaifa increased straw intake by up 1o 30%, but
the same treatment dcpressed the intake of un-
treated rice sttaw. Animals used in present study
may have received enough energy and crude

protein from concentrate. Improved body weight
gain and feed/gain may be attributed to increased
nutrient digestibility and available cnergy in the
diets containing 30 and 45%, of the roughages
as orchard grass (table 4). Similar response with
Korean native bulls has been reported by Ahn
et al. (1984), who compared the growth of bulls
fed rice straw with or without grass hay.

TABLE 3. RODY WEIGHT GAIN, FEED INTAKE AND FEED: GAIN RATIO OF KOREAN BULLS AS AFFFCTED
BY THE RATIQ OF RICF STRAW AND ORCHARD GRASS HAY

Treatment Initial Final Total Avg. daily Feed intake Feed/Gain
(RS:0G)* body wt.  hody wi. pain gain Concentraic  Roughage
O O S S TP TP PP PP
100:0 IRE6+8.72 2634414 818440 834 .04° 271412 362418 7634 .22%
85:15 181.6+7.7 2683+09.6 86.74+4.1°> 881.04% 268+4.10 4.0i+20 7.594-.19%
70:30 1814150 277.747.5 963+43%  98F 03P 215407 394408 6.834.12°
55:45 I81.2:£6.6 278.14+7.6 969439 09 04b 27808 353412 641KL (90

' RS:0G is ratip of rice straw and orchard grass hay.

* Vyloes are the mean+SE.

*» Means in the same column with differsnt superscripts dilfer {p < .05).

TABLE 4. NUTRIENT DIGESTIBILITY AND AVAILABLE NUTRIENTS OF EXPERIMENTAL DIETS IN SHEEP!

Digestibility (%)

Trc.atmer:t Dy Crude Ether Crude
(R$:0G) .
_ N _ matter protein extract fiker
100:0 50.24 848 59.143.92% 69.146.84° 29.24+2 R0
85:15 50.7:£1.948 66.0-4:1.34° 72.143.6980 2624327
70:30 56,14 .59° 71.54 49° 1894 470 44.6 11.04"
55:45 58.241.04° 68.941.35° 81.7+1.79 37.7+£2.30°
M ibility (<

Treatment Digestibility (%) TDN DE

(RS:0G)* NFE NDF ADF (%) {(Mcallkg)
100.0 48.7+2.33% 382:£1.65" 24.0+£2.062 5784 640 2.03+.03%
85:15 50.7-+1.94° 3484279 20.6+4.322 57.24.9% 2.05+.07"
70:30 56.14% .59° 41.6+ 31P 337411690 61.94.33° 2.291.02°
55:45 58.2+1.04° 473+ 1.26° A5.141.790 60.7+.51° 2.34 4+ .05°

' All values #re reposied in means+SE.

* R8:0G is ratio cf rice straw and orchard grass hay.

4> Means in the samc column with diffcrent superseripts differ {p < .05).

Digestion trial

Substituting grass hay for rice straw signifi-
cantly increased the digestibility of all the nutrients
in a lincar manner. The increasc was snost

apparent when the level of orchard grass was
30% or more of the roughage. Present results
clearly show that grass hay substitution for rice
straw improved nutiient digestion without a sig-
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nificant increase in feed intake and this probably
¢xplains the improved animal performance. The
significant improvement in protein digestibility by
the addition of pgrass may have been the effect
of increased level of dietary crude protein as
discussed by Ha and Kennclly (1984).

Paterson et al. (1982) reported the dry matter
digestibility of corn cob was increased by &%,
when alfalfa was added to lhe diet. A similar
assaciative effect on digestibility has been reported
by Maeng et al. (1971). In the current study,
digestibility of a total mixed diet was determined

without a digestion trial for the individual rou-
ghage sources. Therefore, it is not possible [o
determine whether digestibility of rice siraw was
improved by grass hay supplementation. Positive
associative increase in digestion of rice straw
could be possible if additional protein and mineral
from grass hay stimulated microbial activity
(Burroughs et al, 1950; Hunt et al., 1954).

No major differences were observed in rumen
pH and VFA concentrations {table 5) except that
concentrations of isovaleric and valeric acids were
increased with high levels of grass hay.

TABLE 5. VFA CONCENTRATIONS AND RUMINAL pH AS INFLUENCED BY THE RATIO OF RICE STRAW AND

ORCHARD GRASS HAY

Treatment  Total VFA Composition {%} Ruminal
(RS:0G) muiole/L Acetic Propionic Butyric Isovalcric Valeric pH
100:0 115.644.17 5244721 13.342.1 1284 .1 654.148 864 .04% 635+.15
8s:18 1132491 535+41  30.9+4.1 136+1.0  934.03% 1204.12¢ 6.474+.09
70:30 103.74+4.9 542417 297445 1414 .5 9440790 [.124.02%%  6.504.06
55:435 1244456 530427 32941.1 1284 9 1.104.08% {144 .05 650+.01

' RS:0G is ratio af rice straw and orchard grass hay.

* All valucs are reported in means+SE,

tee Means in the same column with different supcrseripts differ (p < .05).

in vitro and in secca trial

In witro dry matter digestibility (IVDMD) of
experimental roitghapges used in the bull feeding
and the lamb digestion trial was improved as
the level of orchard grass hay increased in the
roughage cube. The magnitude of improvement
in IVDMD by including grass bay at 5%, 30
% and 45% was 6.19, 4.7% and 1.6% units,
indicating a positive response which declined in
magnitude as the level of grass hay increased.
The IVDMD of orchard grass hay was 454+
2.13%. When IVDMD of rice straw and orchard
grass mixtures {85:15, 70:30 and 55:45) were
calculated based on the IVDMD of rice siraw
and orchard grass, the results was 33, 35 and
377, Therefore, determined IVDMD of grass
supplemented rice straw were higher than calcu-
lated values by 12, I8 and 16%. This i1s an
evidence for @ positive associative effect of
orchard grass on rice straw IVDMD. Positive
associative effects of prass-rice straw combinations
abserved in present study is in agreement with
thec data of Paterson et al. {(1981) and Brandt
and Klapfenstetn (1986). The IVDMD of unirea

z

ted rice straw has been reported as 32.29 to
35.8% (Willis et al, 1980), 379 (Devendra, 1983)
and  33.6%-38.3%, (Maeng et al, 1979). The
value obtained in the present study is slightly
lawer (31%), possibly due to the difference in
variety and growing conditions.

TABLE 6. /N VITRO DRY MATTER DIGESTIBILITY
(IVCMD) OF ROUGHAGE MIXES

'(rfzcs“:‘?)g, IVDMD (%)°
100:0 31.0+3.76°
85:15 37,141,948
70:30 418+4.18
55:45 43441450

' RS:OG is ratio cf rice straw and orchard grass hay.

* Values are reported in mcans+SE.

b Means with different  superscripts
05).

differ (p <

In sacco dry matter disappearance of rough-
ages mixtures is piven in table 7. Except at 0
and 6 hr incubation time, DM disappearance were
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higher when rice straw was replaced with orchard
grass, but among grass hay leveis, no significant
differences were faund in DM disappearance rate.
The reasan lor the higher DM disappearance rate
of rice straw ([00:0) and the 5% grass hay
mixtures carly during incubalion is not apparent,
but could reflect some readily fermentable com-
ponent of rice straw. However, disappearance rate
at the early phases of incubation is influenced
more by sample particle size than hy actual
microbial digesiion (Ha and Kennelly, 1984).
Nry matter digestibility may be calculated from

nylon bag disappearance if salid ontflew rate 1s
determined for cach sample. Linkerg (1983) claim-
ed that in wivo DM digestibility could be
predicted from DM disappearance at 48 hr in-
cubation time. Since in witro method (Tilley and
Terry, 1963} adapls 48 br incubation, it might
be logical to compare 1VDMID and 48 hr dis
appearance data. Towever, daia presented in table
6 and 7 indicate that n situ DM disappearance
was much higher than IVDMD. Therefore, it
appears that direct comgparison of DM digestibility
measured by twa different methods are not sound.

TABLE 7. DRY MATTER D!/SAPPEARANCE OF ROLGHAGE WIXES FROM NYLCN BAGS SUSPENDED IN THE

RULMFN OF SHEFP (24

Treaiment

~_Incubation time (hr)’

(RS:0GY 0 6 12 24
0o 294+ &+ 3174 .59 3594 8 4564+ &°
BS |5 B4 3¢ 1204 3# 37.94 1 28® 48 74-1.3*
70:30 1974 4Y 28.1+ .3® 40.54 .5° 5024 48
$5:45 21 3¢ W 29.44-1.32¢ 39.24 8 50.0+1.30
Treatment Incubation time (hr)'

(RS:0G)* 16 4% 60 72 B
100:0 497+1.7% 543+ 1.4° 55.6+1.8° 55.742.12
85:18 5384 3b 56.5+ .98 58,64 50 5974+ 2%
70:30 54.94 .2b 59.4-t 1P 60.64+ 7 61.24 .6°
£5:45 53.7+ 4k 5774+ .6° 0.0+ 7P 6194+ .60

" All values are reported in means:£SE.

* R8:0G is ratio of rice straw and orchard grass hay.
** Mcans :q the same colump with different superscripts differ (p < .05).

Literature Cited

Abn, D. W, Y. H. Kim and B. H Ahn. 1984 Effec
of feeding rice straw only and lorage with rice
straw as 4 roughage source cn growth of Korean
native bulls. Korean 1. Anim. Sci. 26:40].

AOAC. 1984. Official Metheds of Analysis (14th Fd).
Assaciation of OQfficial  Agricultural Chemists
Washington, I. C

Raumpgardt, B. R 1964, Practical observations on the
quantitative analysis af free volatile fatty acids
(VFA) in aqueous sofutions bty gas liquid chrama
tography Bull. 1 Univ. of Wiscansin

Arandt, R. T., Ir. and T. 1 Klopfensiein. 1686, Bva-
luation of alfalfa-corn eab asseciative action. 1.
Interactions betiveen alfalfa hay aed ruminal escape
prctein an growth of lambs and steers J. Anim
Sci 63:894.

Burroughs, Wise, H. G. Headley, R. M. Hcthke and

266

Paul Gerlaugh. 1940, Cellulose digestion in gcod
and paar quality roughages using a artficial ramen.
1. Anim. Sci. 9:513

Coombe, . B and K. R Christian. 1969. The cffect
of urca on the utilization of the ground pelleied
roughage by penned sheep. . Utilization of
arganic matler, niirogen and minerals 1. Apr. Soi.
72 261.

Devendra, € 1982 Perspectives in (he ulilization of
unireated rice straw by ruminants in Asia. In: "The
utilizaticn of fibtcus apricultural residues as animal
feeds™. pp. 7-26. (Editcr- P. T. Doyle). Scheol of
Agric & Foresiry, Univ ol Melhourne Parkville,
Vic.

Devendra, €. 1983, Physical treatment of tice straw
for geats and sheep and the response to substitv-
tion with variable levels c¢f cassava (Manihat
Esculeata Graniz), leuczena (Leucaena Leucrcep
hala) and gliricida (Gliricidia Maculata) forages.



GRASS HAY ON RICE STRAW UTILIZATION

MARDI] Res. Bull 11, 3272

Erwin, E. S, G 1. Marco and E. M. Emery. 1961.
Valatile fatty acid analysis of klood and rumen
flui¢ ky gas chromalegraphy. ] Bairy Sci. 44
17¢8

FAO. 1984, Production Yearbook.
Rome.

Geering, H. K. and P. 1. Van Scest. 1970, Forage liher
analysis. Agr. Handkeok Ne. 3760 ARS, USDA,
Washington, DC.

Ha, 1. K ard I ). Keooclly. 1584, in suw dry matter
and prolein degradation cf various prowin sources
in dairy cattle. Can. ) Anim. Sci. $4:443.

Han, | K., D. H, Bae, T. H. Kaag and S. Y. Baik
1578, Effect of addition of urea and molasses on
the nutritive value af rice straw Annval Res. Rep.
Livestack Expt. Sta. (1978):179.

Han, I K. and W N. Garrewt. 1986, Improving the
dry wmatter digestitility and valuanlary intake of
lew qualily rcoghages by various treatment: A
Review Kor. 1. Anien Sci 2B:199.

Hunt, €. H.,, Q. G. Bentley, T. V. Hershberger and
J. H. Cline. 1954 The effect of carbohydrates and
sulfur an B-vitamins synthesis, cellulese digestion
and wrea ulilizaticn by rumen micraorganisas in
vitro ) Arim. Sci. 12:550.

Jackson, M. G. 1977. Rice straw as livestock feed. Wid
Anim. Rev. 23:25,

Leec, N. H., C. S. Yeon, C. W. Kim and C. S Kim
1683. Study on the uutrient utilization and mincral
halance of straw manure silage in sheep. Kerean
J. Anim. Sci. 25:234.

Linberg, 1. E 1983, Factars affecting predictions of
rumen degradab:lity using the nylan hag techrique
and a comparison heiween in Livo and in seeco
degradability measurements. Swedish Univ, of Agri.
Sci. Reprat No. §9.

lycrs, T, P J Caffrey and W J. O'Cognell. 1970,
The effect of energy, pratein and vilamin supple-
mentation an the performance and voluntary intake
of barley straw by cattle. Anim. Prad. 12:323.

Maerg, W. 1., . N Mawat and W. K. Bilanski.
1971. Digestibjlity of sodium hydroxide-ireated
straw fed alone or combinaticn with alfalfa silage

Vo! 138 FAQ.

567

Can. J. Anim Sci. £1:743.

Mbaiya, P B. A, M. Kay, R. |. Smart and § Ken-
nedy. 1985, Methods of impreoving the util:zation
af cereal siraw hy ruminanls. Y. The effect of
intake af level of supplementation with urea and
dried grass. Anim. Feed. Sci. Technol. 13:2%1.

Moran, J. B, K. B Satoto and ). E. Nawson. 1983 The
vlilization of rice straw fed to Zvbu cattle and
swamp bulffalo as influenced by alkali treatment
and leucaena supplementation Aust. ). Agric. Res.
34:73.

Masi, A. K. and M. H. Buticrworth. 1985, The volun-
1ary intake and digestihility of comhinations of
cereal crap residues and legume hay for sheep
Animi. Feed Sci Technal. 12-24)

Patersan, 1 A.. T. 1. Klopfenstein and R A Brittan.
[98]. Ammania trcatment of corn p.ant residnes:
Digestibilities and growth rate. J. Amm S $3:
1592.

Paierson, J. A, T 1. Klcpfenstein and R A Britton.
1982, Digestihility of sodium  hydroxide-treated
crops residues when fed with alfalfa hay. ). Anim.
Sei. 54 10564,

Sharma, S. D. 1974, A study of roughage silica solu-
bility. M. §. Thesis. G. B Pant Univ.. Pantmagar.
p. 71.

Steel, R G D, and 3. H. Torrie. 1960. Principles and
pracedures of statistics. MceGraw-Hill Beek Co.,
New Yaork.

Tilley, 3 M. A and R. A, Terty. 1963, A two-stage
technique far the in vitro digestien of lorage crops
J. Brit. Grassl. Soc. [8:104

Wanapai, M., P. Sriwattanasombat and S Chanthai
1984, The utilization of diets comaining untreated
rice straw, urca-ammonia treated tice straw and
urea-ammania treated rice straw and wales hya-
cnth. In: “The utilization of fibreus agricultural
residues as leeds". pp. 1%96-1€5. (Editor:
P. T. Dayle). Schoal of Agric and Farestry, Univ
of Meclkcurne, Parkville, Vic.

Willis, C. M., O.T. Stailcup and B. L Kreger. 1980
Influence of sodium hydroxide and enzyme addi-
tions on nutritive valve of rice straw. J. Anim.
Sci 50:303.

animal



