OVERCOMING THE NUTRITIONAL LIMITATIONS OF
RICE STRAW FOR RUMINANTS
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Summary

Forty bull calves of Szhiwal crosses were fed either wrea treated or untreated rice straw with 4
levels of Gliricidia (0, 1, 2 and 4 kg fresh material). Dry matter intake (DMI) of straw and Gliricidia was
measured during 2 periods. Straw intakes in pericd | and 2 were significantly different (P < 0.001).
Supplementation of Gliricidia depressed the DMI of straw during the second period (P < 0.01), but
not in the first period. Urea-amimonia freatment increased straw infake and total intake in both
periods, but the increase in dry matter digestibility (DMD) of the ratiun was not significant (P >> (1.05).
Livewejght gain (LWG) was increased significantly, both by wrea ammonia treatment (P < 0.01) and
ty supplementation with Gliricidia (P << 0.001). Animals on treated straw gained on an average 137

g'rf' more than those on untreated straw.
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Introduction

Rice straw is a major feed resource for rumi-
nants in many tropical countries, especizlly during
the dry seasan. Despite frequently occurring short-
ages of roughage the straw is often burned in the
field for disposal. Straw contains too little digesti-
kle energy, protein and certain minerals to sustain
even maintenance of animals. (O’Donovan, 1983;
Doyle et al, 1986; Schiere and Ibrahim, 1989).

Essentially 2 ways can be choscn to overcome
this deficiency of nutrients. The first method is to
improve (he quality of the straw through treat-
ment with several chemicals {Ibrahim, 1983) of
which urea has been proven ta be very practical
(Perdok et al, 1982; Saadullah et al, 1982;
Schiere et al., 1988).

Ancther method is to obtain the deficient
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nutrients from supplements, either concentrates
or green feeds (Creek et al., 1984, Ghebrehiwet
¢t al., 1988 Preston and Leng, 1984; Schiere ¢t
al., 198S5). 1n order to quantify the effect of cheap
preen feeds as a supplementi versus urea treatment
of rice straw, an experiment was conducted using
Gliricidia maculata, a common legume tree (Chad-
hckar, 1982, Smith and van Houtert,1987), as a
supplement at several levels o treated and to un-
treated rice straw. The highess level (4 kg fresh
Giiricidia leaves) supplemented to untreated straw
increases the crude protein content of the ration
above 7-8%, which is the approximate crude pro-
tein level befow which a decline in intake occurs
(Milford and Minson, 1965: Van Saest, 1982).

Materials and Methods

Animals, diefs and experimental design

Forty young bulls, crosses of Sahiwal, Sindhi,
Jersey and local Sri Lankan catile of 75-104 kg
initial liveweight, were allocated to cight groups of
five animals according ta body weight. The ani-
mals were housed, tethered in two rows and
cquipped with individual feed troughs., The ani-
mals were fed unchopped untreated rice straw
{US) or urea ireated rice straw (TS), with a Gliri-
cidia supplement at four levels (0, 1, 2 and 4 kg
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fresh material).

The straw comnsisted of a mixture of several
varieties harvested at nearby government farms.
The treated straw was prepared from the same
batch as the untreated straw and according to
Schierc and Ibrahimn (1989), 100 kg of straw was
sprayed with 100 | of water containing 4 kg of
urea. After that, the straw was stored far treat-
ment in three unsealed stacks (approx. 1.50 x 1.50
x 1.50 m?) under a roof. After being left for eight
days it was fed during four days. The straw was
fed unchopped and ad {ibiturn, i.e. the guantity
offered was approximately 150% of the guantity
consumed.

The Glincidia was cut daily from irees around
the experimental facility. Gliricidia was fcd on
top of-the straw, half of it in the morning, half of
it in the afternoon. Other supplements, minerals
or salt were not fcd. The animals had frec access
to water.

Measurement

The experiment lasted for 14 weeks, consisting
of a four week adaptation period and a ten week
measurement period. Daily individual dry matter
intake (DMI) was estimated during two periods
ol eight days and ten days, respectively. During
these two periods samgples of the offered straw
were collected from the troughs at the time of
feeding. The refusals were collected daily in the
morning before feeding. Samples of the refused
feed were collected from a mixed bulk. Dry
matler digestibility (DMD) was measured during
the sccond intake peried by total collection.
Faeces was collected for 24 hows a day during
five days. The faeces was sampled daily and of
compesite samples dry matter content was deter-
mined. Livewcight gain (LWG) was measured
during a period of ten weeks, in which the animals
were weighed weekly in the morning before feed-
ing.

Statistical analysis

Dry matter intake dry matter digestibilifty and
liveweight gain were tested using analysis of
varignce (Snedecor and Cochran, 1980), The
period effect on dry matter intake was also tested.
Initial liveweight was included as a covariable in
all analyses. The Student-Newman-Kenls’ test was
used to check differcnces between trcatment
groups (Steel and Tarrie, 198Q). The liveweight
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gain values as well as the relationship beiween
glidcidia intake and liveweight gain were obtained
by means of linear regression analysis (Snedecor
and Cochran, 1980).

Results

The dry matter intakes of straw in the two
periods were significantly (P < 0.001) different
(see box 1 for analyses of variance), so the results
are presented for cach period separately (tabie 1).

The intake of straw was increased in both
periods by treating the straw (table 2), in the first
period with 31% (P < 0.001), in the second period
with 13% (P < 0.01). Consequently, total intake
was also increased by straw treatment, in the first
period with 24% (P < 0.001), in the second period
with 8% (P < 0.05),

In the first period straw was replaced with
Gliricidia (P < 0.01) at a substitution rate of 53%,
while the substitution rate m the second period
was still considerable (31%), but statistically not
significant (P 2> 0.05). As a consequence, Gliricidia
supplementation increased total intake only slight-
ly in the first period (P <{ 0.05), while in the
second period supplementation with Gliricidia at
a level of 2 kg fresh matter or more increased total
intake (P < 0.001).

The gliricidia intake was lower for the animals
on treated straw than for the animals on untreated
straw (P < 0.05, both periods). At the highcst
Gliricidia levels (2 and 4 kg fresh matter+d™), the
animals on treated straw tended to refuse some
This indicates an intcraction straw
treatment x Gliricidia level, which was significant
in the second period (P < 0.01). Initial livewcight
(as 4 covariable) affected Gliricidia intake slightly
(P < 0.05) in the first period.

The dry matter digestibility (table 3) was not
affected by Gliricidia addition (P > 0.05). The
digestibility was increased by urea treatment
(55.1% for TS versus 50.9% for US), however,
not significantly (P > 0.05).

The increase in total dry matier intake due to
urea treatment and Gliricidia suppilementation
was associated with an increase in Jiveweight pain
due to straw treatment (P < 0.01) and level of
Gliricidia (P < 0.001). The regressions of live-
weight gain (LWG) on Gliricidia intake (Glir DMI)
for untrcated straw and treated straw shown
in figure 1 are represented by the following re-

Gliricidia.
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BOX 1. RESULTS OF THE ANALYSES QF VARIANCE ON INTAKE DATA

A. OVER BOTH PERIODS (Incl. Periad effect and

effect of initial liveweight)

Dependent Variakle: Intake of Straw

B, OVER SEPARATE PERIODS

PERIOD 1. Dependent Varlable: Intake of Straw

Period 1 0.00511  40.05 0.0001 Sh.a.w"r_reatmem 1 0.005% 47.27 0,0001
Straw Treatment 1 0.00577 4524  0.0001 o 3 GUEsl == 0002
3 L
Gliricidia 3 0.0026 97.03 0.0003 Interaction 3  0.00021 0.80 0.50
Straw * Glir 3 0.00059 1.54 0.21 PFRIOD 1. Dependent Variakle: Total Intake
Initial Weight 1 0.00008 0.65 0.42
SOURCE DF 88§ F value TROB>F
Dependem Variable: Tatal Intake Straw Treatment 1 0.00533 40.57 0.0001
SQURCE DF S8 Fvalue PROB>F Gliricidia 3000126 3.9 0.036
[ i 3 d R g
Pericd 1 000541 428  0.0001 nteraction (FOBUSASS SUGY et
Straw Trcatment 1 0.00454 3599 0.0001 PERIOD 2. Dependent Variable: Intake of Straw
Gliricidia 3 0.0037¢ 9.93 (0.0001
Straw * Glir 3 0.000585 145 0.24 SOURCE DF SS Fvalve PROD>F
Initial Weight 1 0.00024 1.89 0.17 Straw Treatment 1 0.0009) 8RS 0.0055
Glizicidja 3 0.00062 2.00 0.13
Intcraction 0.00052 1.69 0.19
PERIQOD 2. Dependent Variable: Total Intake
SOURCE DF 8§ I value PROB>F
Straw Treatment 1 0.00050 5.11 0.031
Gliricidia 0.00276 945 0.0001
Interaction 3 0.00045 1.52 0.23
TABLE1. DRY MATTER INTAKES AS AFFECTED BY PERIOD OF MEASURING, STRAW TREATMENT
AND LEVEL OF GLIRICIDIA SUPPLE?\«'1E|\1TA'[']ONl
Untreated straw Treated straw
Level of .
Gliricidia(ke) 0 1 7 4 0 1 2 4
Period ]
Dry matter intake
(g/kg 73 BW)
Straw 87.9b¢  g34bc  78.8¢C 69.64 11612 100.4ab 109.82 91.9bc
Gliricidia 0.0 8.0 16.8 350 0.0 8.2 14.7 31.4
Tatal 87.7Y 91.4Y 93 6Y 104.6%¥ 116.1% 108.6%¥ 124.6% 122.4X
Periond 2
Dry mattcr intake
(gikg 75 BW)
Straw 79036 73586 gg.qab 64.8b 80.6ab  79.6ab 89.12 74.33b
Gliricidia 0.0 8.1 16.9 35.2 0.0 8.1 140 28.1
Total 79.0% 81.72 gaoyz  100.1%¥ 20.62 87792 103a%  102.5%

I¥/alues within the same line with the same superscripts are not significantly different (p >>0.03).
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PEACENTAGE INCREASE IN INTAKE
DUF TO STRAW TRFATMENT FOR EACH
LLEVEL OF GLIRICIDCIA SUPPLEMENTA-
TION 10,1, 2 AND 4 KG]

TABLE 2.

Percentage increase in dry matter

Camparative intake (%)

froups Fist ;:e;igd_ Second periad
Straw Total Straw Tatal
TSo > USq 32 32 2 2
T8, >us, 20 19 8 7
TS, > US; 39 30 31 21
TS4 > USqy 3t 17 15
TS >US 34 24 13 8
TABLE 3. BRY MATTER DIGESTIRILITY %) AS

AFFECTED BY STRAW TREATMFENT AND
LEVEL OF GLIRICICIA SUPPLEMFNTA
TION iIN FRESH MATTER)?

Level of Gliricidia supplementation

Type of (kg/duy)

st

fraw 0 1 9 4 Mean
Untreated 512 517 490 517 50.9°
Treated 556 522 551 512 5517
Mean 5312 519% 5217 5607

I These differences are not significant (P 2 0.05).
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Figure 1. Liveweight gain {LWG) as afiected by
Gliricidia intake (DM Gliricidia) of ani-
mals given untreated rice straw {(US) or
treated rice straw (TS).
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gression equations:

= —[2] +3.3Glix DMI(r? = 0.83, n=4)
—4+ 5.3 Glir DM} (r* =0.78, n = 4)

LWGys
ILWG g

No interactive effect of urea treatment and Glirici-
dia supplementation on liveweight gain was pre-
sent (P > 0.05), which is visualized in figure [ by
the non-converging response curves.

Discussion

Gliricidia maculata contains approximately 22-
23% crude protein (Chadhokar, 1982; Smith and
van Houtert, 1987). One might expect that addi-
tion of such a protein supplement to untrealed
straw would have a larger effcct on livewcight gain
than addition of fhe supplement to urea treated
straw, which already has a higher crude protein
content (Jayasuriya and Perera, 1983), The
absence of this kind of interaction agrees with
Creek et al. (1984) and with Gebrehiwet et al.
(1988), who found no interaction between urea
treatment and rice bran supplementation when
anitnals were fed unireated or treated straw with
several levels of rice bran. Data of Perdok et al.
{1982) on lactating cows supplemented with
Gliricidia suggest converging liveweight gain res-
pansc curves, bui nan-converging milk produc-
tion response Curves,

Although Gliricidia addition to both untreated
and treated rice straw improved LWG, it did not sti-
mulate straw intake or digestibility. This may be
due to the presence of tannins in Gliricidia, which
lowers the level of soluble protein (Marshall el
al., 1979). Protein digestibility is depressed in the
presence of tannins by the formation of complexes
with dietary protein and the inhibition of pro-
teolytic enzyme activity (D'Mcllo, 1982). Many
studies have reported partial substitution of the
basal rations by legume supplement (Moran et
al., 1983; Mosi and Butterworth, 1983). 7The
merit of including a legume supplement is the
increase in tota! dry watter intake, which is
generally also reflected in improved animal per-
formance (Elliott, 1987}, like was also shown in
this study.

Evaporation of ammonia from the open freat-
ment heaps may have caused the low response in
terms of digestibility and LWG at zero supple-
ment. Generally, digestibility of the ration in-
creases some S to 8 points by airtight urea treat-



UREA AMMONIA TREATMENT FOR GROWING SAHIWAL BULLS

ment (Jayasuriya and Perera, 1983; Doyle et al,
1986; Ghebrchiwet et al., 1988; Schiere et al.
19891, Whether the use af cpen treatment systeins
affects the efficiency of urea treatment, depends
cn the size of the open heap and the compacti-
hility of the straw.

The intake levels of untreated and treated straw
as estimated in the second period of this experi-
ment correspond with recent work of Schiere el
al. (1989), wha reported intakes of untreated
straw and treated straw (closed heaps) aronnd &0
and 100 g'kg'075 -1, respectively During the
first perind  the animals
consumed considerallly more straw, which may

intake measurement
have teen caused by campensatcry intake, al
though the amimals had been given their respec-
tive rations for four weeks. Differences in straw
intake beiween reriods were also okserved Ly
Ghehrehiwet ¢t al. (1988) and can probably be
attributed to differences in straw quality.

Conclusion

Urea treatment increased dry matter intake of
straw, total dry matter intake and liveweight gain,
but did not significantly increase digestibility.
Gliricidia addition depressed straw intake, hut
increased total dry matter intake and liveweight
gain, but did not have effcct on digestibility. The
nutritional limitations in rice straw can be over-
come both by treatment, supplementation or their
combinatioh. Na majar interactions are likely to
disturb this general pattern. The dccisions on
which approach to take, depend on cost and
economics of treatment and of supplementation
as worked out by Nell et al. (1986) and Pannell
and Benneatt (1987).
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