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Summary

In view of the wide rauge that occurs in the nutritive value of cercal straw. the factois that may
conlribute are discussed under the heading oft (a) genctic factors; (b) envibonment [uctoss affecting
the pattern of plant growth; and (¢) management faciors assockled with grain harvest and threshing

and sfraw storage.

The possible ways ol improving the nutritive value of cereal straw without pretreatment may be
achicved by sclecting and breeding better cercal straw, by controlling envibenmental [actors, by con-
troiling management practices and by appropriate supplementation strategies to alleviate deficiencics
of essential nutricnts. Thus improverment in the nubritive value of cereal straw would be attained witi-

out pretreatment.

(Key Wards: Cereal Straw, Nuiritive Value, Digestibility, Celinlose, Neufral Detergent Fibre (NDI),

Dry Matter)

1. Introduction

In general, cereal straws as feedstuffs for rumi-
nants are of low quality and this often results in
low voluntary intakes. Therefore, it has been a
long term aim of many researchers to improve the
nutritive value of them for feeding animals. Over
the jast decade or so, considerable interest and
effort has been direcicd towards the possibilities
of pretreating cereal straw by chemical, physical or
biological means to improve the nutritive vale,
Pretreatment processes can improve the feeding
value of straw by increasing its digestible energy
content, andfor by increasing feed intake. Under
experimental canditions, pretreatments have beer,
shown to be successful in linproving the utiliza-
tion ot cereal straws, thereby increasing animal
performance. For example, when rice straw was
treated with sodium hydroxide (10% NaOH), the
in vifro dry matter digestibility increased 20-30
units (Chandra and Jackson, 1971; Robb, 1976-
78). Ensiled rice straw treated with 4% urea for
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four weeks, resulted in increased intakes by
buffalo of 26g DM/Kg"%" (Jayasuriya, 19§0)
compared  with untrested rice straw. Howewer,
because of high cost, few of these treatment
methods have been adopted in practice. Schiere
et al. (1683, 1984) have determined the economics
of feeding slraw either unireated (US) ¢r treated
with 4% wea (TS). The total digestible nutriengs
(TDN) (%DM) of TS was increased 7 units; the in-
take by cow (350 kg (W) was alsc increased 2.8
kg/d. compared with US. However the price of
total digestitle nutrients {TDN) of TS was in
creased 543% compared with US (control group),
In general, i full advantage is not taken of the
increased intake cf treated straw, the economics
may not favour TS over untreaied straw. The mosl
likely situation where prefreatment might be justi-
fied is with lactating cows where the increased
milk producticn results in a higher cash rc¢turn for
the farmer.

The economic evaluation of varions straw pro-
cessing methods conducted by Ranjhan (1983)
throughout South-East Asia showed tnat grinding
and pelleting of straw (physical pretreatment) was
not economically feasitle. The practice of soaking
straw and offering it with a concentrate mixture
increcased the palatability and nutritive value:
chemical freatments such as sodium hydroxide
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treatenent are expensive and may not be cconomi-
cal. The production of singie cell protein {(micro-
bial treatment), utilising straw as the base material,
was also explored. The general conclusion was that
the methads of physical and chentical treatment of
cereal straws for improving nutritive value are
not useful for most farms in South-East Asian
cauntries.

Data on the chemical composition and digesti-
bility of untreated cereal straws indicate that wide
variation occurs in samples from different sources,
For example, the range in in virro ogranic matter
digestibility that has been reported for wheat
straw s from 21% (Braman and Abe, 1977; o
about 60% (Levy et al., 1977), while that for rice
straw is from 35% (Vijchulata and Sanpote, 1982)
ta 55% (Cheva-Isarakul and Cheva-lsarakul, 1983;
Wanapat, 1985). The intakes by cattle have
ranged from 1.2kg/100kg liveweight (Cheva-
Isarakul and Cheva-fsarakul, 1983) to 2.6kg/
100kg liveweight (Wanapat et al., 1984). There-
fore, it is pertinent to ask, firstly, what are the
causcs of such variation? and secondly, is [t possi-
ble to improve the nutritive values of cereal straws
without pretreatment? Also is there a simple
method of identifying which straws arc high in
guality and which ones are low? In order to con-
sider these questions it is necessary to examine the
factors that may affect the quality of straw as it
is fed to animals.

2. Factars affecting cereal straw quality
The factors that cause wvariation in cereal
straw quality are esther genetic, envitopmental or

TABLE 1. COMPOS'TION OF CEREAL STRAWS

a tesult of any genotype environment interacticns.
‘This may be further expressed as the net effect on
intake and digestibility of the particular variety
chosen, and the effeets of and
pattern of growth of the plant, and of harvesting,
threshing, and storage of the crop residue.

It is extremely importsnt to realize when nter-
preting the differences in digestibilities for the
different varieties cited in the literature, that en-
vironmental effects arc always super imposed on
any genetic differences. Thus apparent differences
between varieties must be interpreted with caution.

management

A. Genetic factors affecting cereal straw guality.,
(1) Do different species or varicties have differ-
ent nutritive values?

Firstly, it is very easy to understand that differ-
cnt spcetes have differcnt nutritive values because
of widely differing chemical composition. Several
comparisons of the composition of different cereal
straws have been made, and in some cases, pro-
nounced differences have been reported (table 1).

Many warkers have reparted that cereal straw
of different varieties have given different nutritive
compositions. In some cases, pronounced diffes-
ences have been reported. For example, Sanasgala
and Jayasuriva (1984) obfained an in vitro organic
matter digestibility (IVOMDY) a value of 30% for
rice straw of variety BW 266-7 and 45% {or that
of the varicty BG 380-2, Roxas et al. (1985) re-
ported that JVOMD of rice straw variety H4 as
39% and that of variety IR 36 as 51%. Roxas et al.
(1984) reported that crude protein content of
tice straw varied from 4.8 to 8.7; with a mean

Petcentage of dry matter

Dry Ash (.’rud.e ADF ol Cellulase JlEg)- Lignin (Iude
mglier protein walls cellulose tibre
Cereal straws

Rarley 8Y.4 6.4 2.9 536 773 40.7 238 8.0 41.6
QOat 892 4.4 4.1 57.1 82.3 4490 25.2 11.2 41.0
Rice 9s.0 19.4 3.2 459 R0.7 39.6 34.3 6.3 351
Sorghum 935 6.0 34 49.4 81.4 42.2 1.6 76 4]1.8

Triticale 56 29 58.6 80.6 449 22.0 9.7 -~
Wheat 91.0 6.4 26 57.5 80.2 432 224 9.5 436

Source! Bhattacharya & Taylcr, 1975; Gohl, 1975, Leche & Groenedyk, 1978; Muller, 1978; National Research
Council, 1971; Ranjban, 1978; Rexen, 1979; Sen, Ray & Ranjhan, 1978; Van Scest & Robertson, 1976,
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IMPROVING NUTRITIVE VALUE OF CEREAL STRAW

TABLE 2. CRUDE PRCTEIN, CRUCE FIBRE AND GRQSS ENERGY OF STRAWS FROM DIFFERENT
VARIETIES OF RICE. ALL VALUES ARE EXPRESSED ON A DRY MATTER BASIS
Variety Protcin Crude libre Ash Gress Energy
%) {%%) () MIfkg)
IR 5 PRQO 6.56 31.8 26.7 13.7
upP 719 310 26.0 13.7
IR20 PRQ 6.R1 325 258 238
ur 6.89 31.7 285 13.5
iR 24 PRO 7.14 30.6 28.6 13.3
UP 8§46 29.4 26.3 237
1228 PRO .40 295 251 134
up 7.24 28.3 26.0 14.3
IR 30 PRO 6.90 304 25.1 14.4
uP 8.06 29.3 26.0 14.6
1232 PRO 6.4] 29.7 253 {[240¢]
up 610 284 25.6 133
IR 36 PRO 8.25 299 233 140
UP (.71 317 21.4 14.0
IR 38 PRO* 7.13 30.6 24.5 14.0
up 8.04 30.2 24.7 14
IR 40 PRO 8.60 28.5 26.0 13.8
ur 748 276 26.0 13.8
IR42 PRO 6.71 30.1 764 13.2
up 5.65 30.3 25.0 134
IR 44 PRO 611 3l 25R 13.3
ur 5.25 309 24.5 13.3
IR 46 PRO 5.04 30.7 25.7 12.9
8] 2 4735 318 235 13.7
IR 48 PRO 6.20 29.2 24.2 13.2
ur 494 304 247 13.2
IR 50 PROC 6.96 2%9 26.7 13.4
up 6.67 310 24.1 141
IR 52 PRO 1.32 28.6 27.5 133
upP 749 325 24 3 13.9
Mean PRO** €.96 N4 FAR) 13.5
up 6.86 302 250 13.0
*PRO = protected by Cirboturan and Brodan
up = unprotecied

**No significant differences vecurred between straw from protected and unprotecied plols

Source: Roxas el al. (1984)

value of 6.9%. The chemical composition ol rice

straw of differcnt varieties was shown in tables 2
and 3.
Devendra et al. (1986) reported some dif-

ferences in the chemical composition and FVOMD
of the main parts of rice straw lending support to
the contention that real differences occur between

varieties (table 4).

Roxas et #l. (1984) also reported that wide
variation occurs in the i vitre dry malter and
organic matter digestibilities of rice straw of
different varicties (table 5).

(2) Differences belween morphclogical fractions
and their position an the plant.
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TABLE 3. CELL WALL CONMPONENTS OF STRAW FROM DIFFERENT VARIETIES OF RICE. ALL
VAL UES ARE EXPRESSFD ON A DRY MATTER BASIS
Neutral- Acid- .
. Detergent Detergent Cellulosee Hemi- Lignin Silica
Variety Fibre Fibre (%) C"’(’L/‘c')]“e (%) )
€] (%)
IR 5 PRO 658 56.0 31.2 9.8 6.3 18.6
up 67.6 539 31.2 13.6 6.8 158
IR 20 PRQ 60.6 56.0 343 4.5 740 14.8
up 581 55.8 314 2.4 1.2 17.7
IR 24 PRO 60.5 5588 30.9 4.7 6.6 18.3
ur 563 S2.1 26.8 4.3 6.8 18.5
IR 2&8 PRO 57.4 529 29.4 4.5 6.6 16.9
up 57.4 534 290 4.0 6.5 18.0
IR 30 PRO 56.8 54.5 308 2.3 6.0 13.7
UP 59.0 549 29.8 4.8 5.3 19.1
IR 32 PRO 56.9 54.3 30.3 2.6 5.9 18.2
CP 555 52.1 26.7 34 6.3 12.0
IR 36 PRO 60.2 57.7 325 25 10.3 14.9
up 61.2 533 29.2 73 10.2 13.9
IR 38 PRO 71.4 546 27.1 188 10.1 16.8
up 633 60.6 34.6 2.7 9.3 164
IR 40 [PRO 64.7 61.1 326 37 i0.8 17.7
up 62.0 525 251 9.5 11.5 159
IR42 PRO 58.0 53.9 29.6 41 5% 18.7
ur 55.3 54.6 28.2 0.7 6.9 15.6
IR 44 PRO 6B8.7 555 31.3 132 6.0 16.2
P 61.4 56.0 299 5.4 6.4 19.8
IR 46 PRO 59.1 442 24.3 149 7.1 22.7
up 56.7 55.7 323 1.0 6.6 16.8
[R48 PFRO 53.8 41.3 25.7 12.5 59 19.7
up 56.7 55.8 31.0 0.9 5t 19,7
IR20 PRO 57.4 533 274 472 9.9 16.0
Cp 69.6 58.7 33.2 10.9 10.0 15.5
IR 52 PRQO 66.1 61.3 31.2 48 120 18.0
up 611 59.2 33.2 1.9 10.7 15.3
Mean PRO* 61.2 542 29.9 7.1 7.7 17.8
UP 60.1 552 30.1 49 1.1 174

*No significant differcnces occurred between straws from protected and unprotecicd plots.

Source: Roxas et al. (1984)

The major plant paris in cereal straws are the
leaf blades, the leaf sheaths and the stem. The
stem tnay be divided into internodes and nodes.
The study of individual glant parts has given some
estimates of the variation of quality that occurs
within the plant. To examine this, Winugroho
(1981) dissected 78 samples of mature wheat
plants into seven fractions, grain, hust, rachis,
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stem, internode, stem node, leaf blade and leaf
sheath. The IVOMD value of non-grain fractions
arc shown in table 6.

These results iltustrate the wide differences that
occur between the different parts of the mature
wheat plant and, in particular, that the digesti-
hility of the stem internodc is much lower than
that of the other components.



IMPROVING NUTRITIVE VALUE O CEREAL STRAW

TABLE4, CHENICAL COMPOSITION (% DRY MATTFR) ANC /N VITRO ORGANIC DIGESTIBILITY
{IVOND, %) OF RICE STRAW OF DIFFERENT VARIETIES

Neutral Acid

Vaciety (:IUd? et detesgent detergent ety Cellutose Lignin RELa) Silica IVOMD
pratejin  asht fibre fibre cellulese ash
Kadariaa) In* 23 16 82 64 17 48 6 10 10 40
Sh 3.9 25 82 62 21 37 5 21 20 43
B4 4.8 22 80 56 24 33 6 19 i9 47
Kadaria (by) in 1.5 13 83 55 28 38 4 13 - 14
Sh 2.1 18 83 61 22 49 6 6 - 38
Bl 3.9 18 78 50 28 30 6 14 - 31
Sri Malaysia  In 34 14 83 59 25 47 4 8 - 45
{a) Sh 36 18 BS 56 29 40 4 12 - 44
Bt 3.8 16 81 52 29 34 4 14 - 41
Sri Mulaysia  In 2.2 19 77 64 13 49 5 10 10 51
(b) Sh 35 23 83 SR 24 39 4 16 15 52
Bl 4.6 19 76 50 25 K} 6 14 14 52
Sri Malaysia [I [n 24 16 85 62 22 48 5 9 - 42
Sh 33 22 R4 58 27 34 4 19 - 50
i3! 34 21 79 54 25 31 5 18 . 53
Sekencang{a) In 23 117 TR 63 1] 49 5 9 9 42
Sh 2.8 22 80 58 21 a9 q 16 16 46
B 33 22 73 51 22 28 é 17 17 46
Sekencang (h) In 22 14 80 60 20 48 5 7 #l 46
Sh 3.1 19 81 56 25 37 4 14 i4 54
Bl 3.9 20 14 50 25 28 R 15 14 59
Setanjung {a) In 2.1 14 81 63 1R st 5 8 8 42
Sh 3.8 18 80 56 24 40 4 12 12 41
Rl 5.6 15 76 50 26 32 7 11 10 46
Setanjung (b) I[n 1.9 14 81 56 25 45 4 1 6 40
Sh 30 16 84 56 29 4] 4 10 i0 39
Bl 42 14 76 47 29 33 5 9 9 39
Sri Setanjung  1In 2.1 14 81 56 25 44 S 6 6 41
Sh 40 14 85 54 31 39 5 10 i0 43
Bl 5.4 14 76 4R 29 31 7 10 9 49
MR1 (a) in 21 13 83 61 23 48 6 7 i/ 39
Sh 24 16 86 57 29 42 4 10 10 44
B 335 13 179 50 30 35 6 8 8 47
MR1 (L) In 2.6 12 81 59 23 47 5 6 6 41
Sh 4.2 14 84 55 28 41 5 9 9 4]
Bl 5.3 12 74 4R 27 32 R 4 7
MR71 (a) In 2.6 12 81 61 20 50 5 6 S 45
Sh 3.0 15 B2 58 24 44 3 10 10 46
BI 4.6 14 76 51 25 35 6 10 10 49
MR7?1 (b) In 2.3 13 83 62 21 5C 6 Q 5 a0
S5h 26 16 85 S8 27 42 5 11 i0 44
Bl kK 15 71 50 2? 34 ) 10 10 39
Mahsaii (a) In 1.7 11 83 63 20 S1 & 6 6 35
Sh 2.0 15 85 5§ 30 39 4 12 1] 44
3l 3.8 14 76 49 27 32 7 10 10 34
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TABLE 4, CONTINUFD
Vaticty S0l dI:::llgl_-::lt d;:i(;cm Hemi- o tose Lipnin No2MU! giura IVOMD
pratein ash _ . cellulose ash
fibre fibre
Mahsuri (b}  [n 2.3 15 79 61 18 48 6 7 7 41
Sh 2.7 18 83 51 26 38 s 14 14 48
BI 3.7 21 (¥ 53 23 30 7 17 16 46
Jaya In 2.2 19 7€ 60 16 46 5 9 g 42
Sh 33 22 78 56 22 35 4 17 17 40
Bl 4.5 21 73 50 23 27 i 16 16 36
Masria In 33 20 79 60 19 45 5 11 11 51
Sh 44 26 79 S8 21 33 5 20 20 51
Bl 4.5 25 18 54 21 27 7 20 20 43
Pulut Malaysia In 3.2 16 77 58 19 417 4 8 54
1 Sh 3B 22 82 57 24 38 4 15 - 53
Bi 3.9 20 79 55 24 30 8 17 - 49
Murni In 6.4 17 82 58 24 42 5 11 10 43
Sh 6.9 24 81 57 24 33 S 2{) 20 36
Rl 8.6 22 76 52 24 28 f 18 18 36
iR42 In 2.9 13 79 58 21 4R 4 6 6 50
Sh 3.3 17 84 S5 28 40 4 12 12 56
BI 4.5 13 76 S0 25 34 d 9 9 52
Ria In 3.6 19 7 58 20 43 S 11 11 40
Sh 4.4 25 77 55 22 35 § 16 16 44
Bl 4.6 24 71 51 20 28 6 17 17 43
Malinja in 2.6 16 80 60 21 47 5 7 9 36
Sh 2.8 24 81 59 22 38 6 15 15 4]
Bl 4.1 23 77 53 22 32 5 18 17 37
Sekembang  In 4.1 16 79 61 18 46 i 8 8 37
Sh 5.9 22 83 59 24 39 5 16 15 19
Ri 7.7 20 79 54 25 30 6 17 17 34

(2) (h) The same variety grown under different conditions or in a diffetent location.

*In = stem internode; Sh = leaf sheath; Bl = leaf blade
(Source: Devendra, Kent and Pearce, 1986)

Fractions of mature barley plants and oat
plants probably plants and oat plants probably
show differences similar to wheat, bui in rice
straw the stem is usually more digestible than the
leaf. This is illustrated again by the data of Winu-
groho (1981) from 35 samples of mature rice
plants (table 7).

Kshanika et al. (1984) reported that nine varie-
ties of rice straw separated into (ive morphological
components {o determine their chemical composi-
tion and in vitro organic matter digestibility
(I'VOMD) (table 8). These results showed that
wide variability in the composition of different
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plant parts existed. Crude protein content varied
from 3.1 to 5.6%, being lowest [n stem and fughest
in lcaves. While the variation in ND3’ was marginal
(73-76%) considerable variation occurred in ADF
(38-50%). The IVOMD was highest for the nodes
(47%) and lowest for the leaf and leaf sheath {(31-
32%).

This indicated variation in the cellulose, hemi-
cellulose and crude protein content for different
parts of straw from different varieties. Jt also in-
dicated that nodes of rice straw tended to have a
higher digestibility than other plant parts, But,
Winugroho (1981) and Purser {1982) have shown
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TARLE&. WV VITRO DRY MATTER {IVDMC] AND TARLEG !N VITRO ORGANIC MATTER DIGESTI-
QAGANIC MATTFR (1vOMLC) DIGESTI BILITY {IVOMD) VALUES OF FRAC-
BILITIES OF STRAW FROM CIFFERENT TIONS OF MATURE WHEAT PLANTS
RAICE VARIETIES
IVOMD %
Variety IVDMD IVOMD Fiaction ” Standard
(%) (%) = deviation o eF
IR 5 PRO 35.9 37.0 Husk $3 50 44-66
up 38.2 38.7 Rachis 43 4.1 14-52
[R 20 PRO 359 35.1 Stem internode 27 2.8 21-35
up 331 31.1 Siem node 41 37 3450
IR 24 PRO 34.1 34.4 Leaf bladc 68 4] 1817
upP 35.6 36.3 Leaf sheath 53 39 4563
[R 28 PRO 377 38.3 Stem (internode+nede) 29 2.3 24-36
ur 39.1 40.3 Leaf (blade+sheath) 59 37 5168
IR 32 PRO 40.0 42.1 Whole piaat.
up 390 423 excluding grain 43 29 36-30
IR 3¢ PRO 35.5 37.5
oup 341 34.9 Source: Wimigroho (1981)
IR 38 PRO 331 31.8
up 30.9 309
[R 40 lPJI;O ;?631 gég TABLE 7. N VITRO ORGANIC VATTER DIGESTI-
1 . BIL TY (IVOMD) VALUES OF FRAC-
IR 42 PRO 390 41.4 TIONS OF MUTURE RICE PLANTS
up 389 41.9
IR 44 PRO 390 41.0 WOMD %
upP 393 422 Fracti
racticn
IR 46 PRO 39.9 41.5 Mean Standard —_—
up 429 45.8 deviation
IR 48 PRO 41.0 42.6 B
UP 40.7 43.8 llusk. 20 37 16-38
IR 50 PRO 34.8 33.6 Rachis 5 2 B
up 37 ] 378 Stem internade 54 6.6 42-77
IR 52 PRO 333 332 Stem node 58 4.5 43-70
up 36.0 136 Leaf blade 52 34 4560
= T 6 iy :te:l;s(hi:j;]:ncde+node) :: 23 :Z:i
Up 36.8 377 i i o ' )
T eal (kladetsheath) 48 2.8 41-36
*Na significant differences acenrred hefween straws from WiolelplankieslbtioegEain g £ 36-53
pictected and unprotected plats
Saurce :  Roxaset al (1984) Source: Winugroho (1981)
PRO = protected by Carbofuran Brodan
up = unprotected
46, 54 and 59%, respectively, while another
that the leaf is much more digestibte than the yielded values of 31, 531 and 42%, respectively.

stem.

Devendra ct al. (1986) reparted the compasi
tior and IVMD values of 24 varictics of rice straw
callected in Malaysia for internodes, leaf sheaths
and leaf blades (table 9). Orne sample vyielded
(VM1 values for internodes, sheaths and blades of
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Thus, the digestibility af the leaf blades may he
appreciably higher or appreciakly lower than of
the internodes in material from different scurces.
Many studies have been conducted on bulk
samples of paris, such as leaves, intcrnodes, nodes
ar whole stems. 1t is possible to get a clearer view
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of the variation in quality by investigating parts
from specified positicns on the plant, e.g. flag
leaves separate from sccond, third ete. The same
also applied ta stem parts, that is, to study changes
in the top segment (which will be the youngest)
(o the bottomn segment (oldest). Digestibitities of
leaf sheaths, nodcs and internodes at the top of
plants were more digestible than those of the
corresponding fraclions lower down (Krueger et
al,, 1969. Willnan et al., 1982). Hacker et al.
(1981) reported that, because of their positions
on the culm, the youngest leaves of grass or cereal
strtaw were more digestible than the older ones
(figurc 1) and generally all the vepetative parts
were highly digestible at an early stage of develop-
ment (Terry and Tilley, 1964). Therefore one may

74F

66|

Digestibility

b b

Bl |

SH » : . 1 1 . ] '

1 3 5 7 9 1y 13 15 17
Leal No.

Figure 1. Digestibility of successive leaves of
Penniselum typhoides from the top
(1) to bottcm ({18) of the culm
{zfter Burion, 1956).

Source: Hacker and Minson {1981)

expect the upper parts of plants to be gencrally
more digestible than the lower components.
{3) Within marphological fractions; ccll contents
compared with cell walls.

The cell contenis of cereal straw, can be esti-
mated as neutral detergent salubles (NDS=100-
NDF), this includes soluble protein, non-protein
nitrogen compounds, sugars, siarch, lipids and
minerals (Van Soest, 1982). The NDS content in
rice straw ranges from 14 to 46%. Generally, the
digestibility of the NDS is high, being reported as
98% (Van Soest, 1976) and 86 to 92% (Meir,
1974, 1982) for a wide range of grasses; 92% for
rice straw internodes (Pearce, 1984) and Wilman
et al. (1977) have reported values close to 100%.

Because of the gencrally high digestibility of
cell contents, its level can influence the organic
matier digestibility of straw to g great extent.
Where the NDS is very highly digestible, its pro-
portions in the feed can have an important cffect
on the averall utilization of that feed. This may be
all the mare important in the utilization of fibrous
materials.

The main components of the cell wall are cellu-
lose, hemicellulose, lignin and residual ash. The
mean content of rice straw ranged from 30 to 51%
of the dry matter (Roxas et al., 1984; Cheva-
Isarakul et al,, 1983); hemicellulose content
ranged fram 6 to 28% (Roxas et al., 1984, Sannas-
gala et al_, 1984) and lignin cantent from 4 to 10%
(Wanapat ¢t al.,, 1982; Sannasgala et al., 1985).
Kent (unpublished data) has obtsined cell wall
digestibility value of rice straw internodes measur-
ed n vitrg, ranging from approximately 35 to
50%. In addition, the cell wall in different parts
of plants may bte widely different in their diges-
tibility.

The ratio of cell contents fo call wall varies
from plant to plant and different plant parts. In
general, leaf cell walls {except rice straw) are more
digestible than stem cell walls, so that the plants
with a higher leaf 1o stem ratio are expected to be
more digestible (Morrison, 1979), The different
types of cells may also have walls of different
chemical compositions, and digestibility. This may
account for differences in digestibility between or
within a plant part (Gordon et al,, 1377 ; Morrison,
1979).

(4) Within cell contents, what are different?
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IMPROVING NUTRITIVE VALUL OF CERFAIL STRAW

TABLE 8. MEAN CHEMICAL COMPOSITION AND /M VI/TRC ORGANIC MATTER DIGESTIBILITY
{IVOMD) OF THE ENTIRE FLANT ANO VARIOUS PLANT PARTS FROMNINE VARIETIES
OF RICF
Plant Crude protein Crude fibre Ash IVOMD
compohent (%) (%) (%) {%)
Entire planl 5.410.92(3.8-6.6) 35.0%5.1(30.2-45.0) 12.1£2.6(6.7-15.6) 35.424.8(30.445.1)
Teaf 5.610.52(4.5-6.4) 30.3%2.9(26.1-36.8) 11.241.5(9.5-13.4) 31.9410.1¢20.2-51.7)
Leaf Sheath 3.910.74(2.24.5) 33.9%1.96(30.6-36.1) 11.2%1.5(8.6-12.9) 30.9%6 .9(23.6-45.3)
Stem 3.1+0.84(2.3-5.1) 38.2%£3.1(32.8-41.8) 9.617(6.2-11.9) 43.5%5.5(34.7-50.4)
Nades 5.2%1.30(3.6-7.2) 27.9%2.9(23.2-31.4) 10.612.3(4.9-12.7) 47.044.8(41.8-55.3)
Panicle 4.510.67(3.5-5.4) 33.2£3.1(27.5-37.0) 8.0+4.1(1.5-17.1) 34,247 .1(27.3-46.7)
Neu(ral detergent Acid detergent Cellulose Hemicellulose Silica
fibre (%) fibrc (%) (%)

(%)

(%)

Fntire plant
Leaf
ELeal-Sheath
Stem

Nades
Panicle

76.6£3.2(72.2-80.6)
73.244.5(54.4-717.9)
76.0%3.9(67.2-19.8)
14.3+5.9(64.9-80.8)
73.143.5(67.9-18.7)
75.146.3(63.8-81 8)

48.942 1(45.4-51 9)
44.9+2.2(43.149.5)
50.03.7(40.2-53.2)
49.8%4.5(44.2-55.9)
38.3+3.6(36.147.6)
48.114,5(40.4-54.,5)

38.942.2(36.2-42.5)
27.844.3(20.8-33.3)
33.7+5.8(23.5-43.9)
36.939.4(21.8-48.8)
30.6%3.7(24.3-35.6)
35.115.6(26.643.3)

27.748.1(22.8-33.7)
31.7%3.9(20.4-38.6)
27.8%4.3(20.8-33.3)
33.3%5.8(23.543.9)
36.919,4(2]1 .848.8)
30.633.7(24.3-35.5)

7.1%1.1(4.6-8.4)
5.843.0(0.7-9.1)
5.713.2(0.4-9.0)
2.1*1.4(0.3-4.3)
4,1%2.4(0.4-7.3)
3.6%1.9(0.4-5.1)

Values are means * standard deviations with the tange in values given in parentliesis
Source: Kaulianika et al {1984)

TABLE €.

CHENMICAL COMPOSITION

(% OF DRY MATTER) AND /N W/TARO ORGANIC MATTER

DIGESTIBILITY (IVOMD, %) OF INTFRNODES SHEATHS AND Bl ADES 0OF RICE STRAW

Internodes Skeaths Blades

nican range mean range mean ianyge
Crude protejn 2.7 1.76.4 35 2.06.9 4.6 32-8.6
Talal ash 15 11-20 20 14-25 18 12-25
Residual ash 8 6-13 14 6-20 14 8-20
Neutral detergent Mbre 81 17-85 82 77-86 76 71-81
Acid detergent fibre 60 55-64 57 5462 51 47-56
Hemicellulose 21 13-28 25 21-31 25 20-29
Cellulase 47 38-51 39 3349 31 27-35
Lignin 5 4-6 4 4-6 6 4-8
{(VOMD 42 34-54 45 39-55 44 31-5%

Source: Devendra, et al. {1986)

Cell contents are estimated as neutral deter-
gent solubles according to Van Soest (1967). They
consist of soluble protein, non-protein nitrogen
compounds, sugars, starch lipids and minerals,
within individual internodes and leaf shcaths, the
upper portions have also been shown to contain
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less soluble carbohydrates and tatal cell contents,
Since the proportion of cell contents is positively
related fo organic matter digestibility, the lower
in vitro digestibility of the upper portion of grass
internodes (compared with lower portians) report-
ed by Pritchard et al.(1963) was probably due to
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TABLE 10,

CHEMICAL COMPOSITION (% DRY MATTER) AND N VITRO ORGANIC MATTER DIGES-

TIBILITY (IVOMD, %) OF RICE STRAW FOLLOWING VARYING LEVELS OF NITROGEN

FERTIH IZER APPLICATION

Camposition of straw

[ertitizer
(le(;j:la} L dr:l»,::::;]u de?e:rI:enl Hemi- o~ flose  Lignin Sifice  1VOMD
protein  ash fihre fibro cellulose

50 34 21 72 50 22 31 7 11 39
100 4.4% 22 7] 49 22 31 7 8 36
150 17 19 72 49 23 32 8 8 40
Y Meany of three varieties of rice,
B. Roxas et al (1985)

(0 Wel seasan 56 20 67 - - 31 6 16 48
30 6.2 21 67 - - 28 6 17 48
60 6.2 22 66 - - 29 6 17 48

120 6.9 21 65 - 29 & 17 48

0 Dry scason 6.1 18 68 - 33 5 15 44
30 6.0 18 67 - - 32 5 15 44
60 6.6 18 68 - 32 6 i3 42

1204 6.9 19 66 — - 33 6 16 46

2 Means of faur varieties of rice

Source: Sannasgala et al (1985)

the laower NS content.

Blacklow and Incoll (1981) reparied that dur-
ing the reproductive stage of winter wheat, therc is
a peneral decline in the tnass and proportion of
soluble substances such as carbohydrates and pro-
tein in the stem. This is attributed to the trans.
location to the devcloping grain of photosynthates
accumulated in the culm prior to anthesis (Gallag-
her et al. 1975), andjor those accumulated in the
inlernodes during the 28 days after anthesis
{Blacklow and I[ncoll, 1981).

(5) Within cell wall, what are the differences?

The ccll wall is a complex unit and forms the
structural elements of the plant. It consists mainly
of structural carbohydrates. The praportion of celt
wall is estimated by neutral detergent fiher(NDF).
The principal components of cell walls are cellu-
lnse, hemiceliulose, lignin, residual ash, pectins and
minerals.

Different types of cells may have walls of
differcnt chemical ¢composition, and digestibility.
The presence of lignin and/or interactions between
lignin and other cell wall components appear to
limit the extent of cell wall break down, (Minson,

1976; Marrison, 1579), Lignin does nol appear to
te utilized to any significant degree by ruminants
{Kelfard, 1958; Theender, 1982 and Hartley 1982).

B. Environmental factors affecting cereal straw
quality.

Much of the variation in the characteristics of
cereal stiaw may be caused by the environment in
which the plants grow. For normal growth, a plant
needs specific conditions to meet its requirements
at different stages of development. There is some
opportunity for differentiation associated with the
availability of soil nutrients, the supply of water,
the ambient temperature and femperature range,
the intensity and daily duration of light and the
incidence of diseases.

(1) Soil nutrients

The nutrient status of the soil can influence the
extent of accumulation and translocation of plant
nutrienis. These factors may cause changes in
chemical composition and digestibility. The means
by which the effects are expressed are, firstly, by
change in the proportions of main morphological
fractions of planis (i.e. Jeaf blades, leaf sheathes
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and stem internodes) and, secondly, by variation
in chemical composition within each of these
main fractions.

in (his context, nitrogen seems to be one of the
limiting factors. Evidence for this is the growth
response to N-fertilizer application (Minson, 198Q)
and the response to soil N build-up from Jegume-
grass swards (Joneset al., 1967). Wilson (1982) has
pointed out the variable responses that have been
oktained to nitrogen fertilizer application on the
digestibility of grass. [ncreased digestibility may te
obtained from the stimulation of new growth
with a2 high protein content and a low cefl wall
content.

Recently, scveral
made on rice straw fertilized with varying levels of
nitrogen (table 10).

The crude protein contents differed (P < 0.01)
being 3.4% at the lower level of nitrogen applica-
tion 4.4% at the intermediate level and 3.7% at the
highest level, But in these data the only pronounc-
ed effect was the nitrogen fertilizer application
increased markedly the nitrogen of the straw
analysed by Roxas (1985). There were no changes
in the proportion of cell contents and cell wall
and consequently no marked or consistent effects
on IVOMD occnrred in either experiment.

measurements have been

(2) Water stress

Bardy (1973) and Christie {1975) found that
water stress could cause accelerated leaf sencence
{wheat straw) and suggested that 1t also induced
early maturity in plants. Both result in increased
cell wall content and a decline in the proportion
of cell cantents. Aspinall ¢t al.{1964) found that
there was always a tendency for soil water stress
to reduce stem internode elongation of barley
straw and grain numkbers when such stress occurs
hetween slamen initiation and anthesis. stress
after anthesis is found to causc a severe reduction
in grain size. Under condition of irrigation, the
rate of reanslocation of set sugar to the grain
(wheat) could be high {Cooper, 1980). Straws
from such a crop are likely to be low in cell
contents.

(3) Temperature

In general, the effect of increasing temperature,
in the case of both tropical and temperate grasses,
is to reduce their digestibility. Dirven and Denum
{(1977) attributed the decrease in digestibility to
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more tapid growth of the plant, particularly of
stem, resulting in a lower proportion of soluble
carbohvdrates and a corresponding increase in the
cell wall content at different stages of growth.
Decreases in cell wall digestibility have been rec-
ported (Deinum and Dirven, 1976: Moir et al.,
1977), attributed to apparently greater lignifica-
tion (Ford et 2l.,, 1979), In cereals, high tempera-
tures are known to hasten anthesis, reduce the
maturation period and grain weight (Spiertz,1974;
Kolderup, 1979) as a resuit of mcreased carbon
cvaporation (Wardlaw et al,, 1980) and a reduction
in net photosynthesis (Marcellose and Single,
1972). The consequence of this is the mobilization
of accumulated nutricnts from the vegetative parts
tc the developing prain (Spiertz, 1974, Wardlew
et al.,, 1980). This again will tend to result in resi-
dues of poor guality.

(4) light Intensity and Day-length

The effect of prowing grasses under low light
intensities has been shown to decrease their diges-
tihility. Usually the decreases have been small (1-5
percentage units) but Wong (1978) reduced diges-
bibility by 10-12 units by growing panicum maxi-
murm undcr conditions of 60 or 40 percent shade
for 2 to 4 months. Such decreases are apparently
caused by a reduction in the proportion of soluble
carbohydrates in the plant (Smith, 1973), in-
creases in cell wall components (Burton et al,
1959) and a dccrease in the proportion of meso-
phyll in relation to epidermis (Evans, 1964). The
extent fo which such changes may occur in rice
grown under pormal conditions in  different
regions is not known. Aitken (1966) reported that,
in some yyegrass species, flower initiation and
development could be hastened by long days.
Higher light intensity tends to increase the diges-
tibility of forages (Van Soest, 1978) perhaps due
to its role in photosynthetic aclivity.

(S) Diseases and Pests

Diseases and pests cgn be have a tremendous
effect on plant grouth. A common effect is that
photosgnthetic activities are reduced which leads
to low sugar and starch production. Khush, Q. S.
(1977) and Khush, Q. S. and Kumar, 1, (1986)
reported that diseases, such as bacterial tlight,
tlast, sheath blight, sheeth rot and stem rot, and
insects such as leaf and plant hoppers and stem
borers usually attack the leaves, then proliferate
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and consume the whole soft vegetative parts
leaving the stem which is often also badly eaten.
Since the cell contents are a targei for many
diseases and pests, it is presumed that, in many
instances, the resuit will be a deduction in the
praportion of cell contents, and hence a reduction
in digestibility.

C. Management faciors assaciated with grain
harvest, threshing and siraw storage.

The effects of management can be grouped
under the general heading of environment, How-
ever they are under human control and therefore,
offer some mechanism that can be medified with
relative ease, to maximize straw qualily. Because
of wide differences in the nutritive value of differ-
ent fractions of mature plants, various methads of
harvesting and processing might resulf in products
of varying quality.

(1) Barvesting mcthod

Since the proportion of ccll wall components
varies with time, the time for harvesti is of para-
mount importance in relation to final straw
quality.

The nutritive value may also be associated with
different harvesting methods. Tor example, in
some parts of Asia only the panicles are yemoved
at grain harvest and any straw conserved is the
result of subsequent straw coliection. {n most
areas, however, part of the stern and the top leaves
are harvested with the panicle. In this case the
conserved straw is that retained after threshing.
Obviously variation in final straw guality may
interact with hejght of cutting because this varies
substantially also.

Hart and Wanapat (1985) found rice stubble to
be of higher digestibility (48 vs 42%) than rice
straw. In general, however, it is more usual {or the
top of plants to be more digestible than the bot-
tom. Therefore, different cutting heights may
subsequently lead to straws of different qualities.
The cutting height is significant in that the chemi-
cal composition and digestibility of the straw
change from the top of the plant to the bottom.
Wherc the plant has sencsced it may be expected
that the upper parts of the plant would be more
digestible than the lower parts, as occurs in narmal
dryland farming conditions. However, in many rice
growing areas the irrigation procedures adopted
allow the plant to remain vegetatively active even

though the grain is mature and in these situations,
the lawer parts of plant may be more digestible
than the upper parts. For example, Kent (1986)
has found bottom intcrnodes of rice plants at
grain maturity to have 1VOMD values of 70% or
more while the IVOMD of top internodes was
about 50%.

(2} Threshing method

The method of threshing may also influence
straw quality. Different procedures may result in
the removal of varying proportions of leaf and
stem from the fraction which is retained for feed-
ing to animals. HHilmersen et al (1984) have
suggested that machine-threshed straw may be a
better feed than manually-threshed material as
the straw surface may be fractured and this may
render it softer for animals to eat, and increase the
surface area for microbial attack, in effcct being
synonymous with physical pretreatments. Wanapat
(1985), however, found no difference in the intake
and digestibility of machine and hand-threshed
straw.

{3) Storage

Subsequent to grain harvest, the conditions
under which the straw is slored may affect its
guality. The degree of protection from the cn-
vironment appears to determine the extent of
storage associafed losses in guality. Under good
storage conditions the general exgperience 18 that
little deterioration in nutritive value occurs. How-
ever, under temperate conditions, wheat and oat
stubbles left unharvested for several months dec-
clined in in pitro digestibility by 0.15 units/day
(Round and Jacka, 1976). Devendra (1982) re-
proted a preliminary investigation of (he cffects
of storage conditions on the chemical composition
of straw. The three conditions investigated werc
fully exposcd straw, partiaily exposed straw and
straw kept under shelfer. Exposure to the weather
decreased crude protein content froin 5.6 1o 3.4%
Ca from 0.31 to 0.21%, P from 0.11 to 0.02% but
did not affect total ash or Mg content, Pearce
{1986) reported following grain harvest, wheat
stubble in sifu changes little in digestibility for at
least several weeks provided that the weather
remaijns fine. However, heavy rain may leach out
the cell contents resulting in a lowering of the
digestibility (Pearce et al, 1979). Similar effects
would be expected under conditions of inade-
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quate protection from moisture when cut straw
is stored. In addition, mouldiness may reduce ithe
acceptability of the material to animals. Shaif
(1984) obtained reduced intake and digestibility
by sheep fed stored straw compared with fresh
matcrial. All these data indicate that post-harvest
handling and stcrage of straw can have important
effects on finat straw quality.

(4) Method of feeding to animals

The cereal straw is usually fed in an unchaffed,
or long form. In this case, the animals can select
from the diet offercd. For example, animals
generally prefer leaf rather than stcem. In some
arcas, however, such as India, the straw may be
chaffed hence reducing sclection and wastage. On
the other hand, many Asian farms offer some
forage, concentrate and additives with rice straw
to stall-fed ruminants. Devendra (1984) reported
that small quantities of roadside grasses (green
forage) can improve the utilization of straw diets
through increases in intakce and digestion. While
concentrate supplements are generally fed to milk
producing or dairy replacement animais. Concen-
trate supplements, such ag rice bran, coconut cake,
cassava chips, can provide limiting nutrienls in
talanced amounts or for specific purposes.

3. The possible ways far improving the nutritive
value of cereal straw without pretreatment.
There is ample evidence to show that consider-

able variation exists for the chemical compaosition
and digestibility of straw in the germplasm collec-
tions of cercal crops. This variability could pre-
sumably be exploited te improve the nutritional
value of straw of these cercals.

The possible ways of improving the nutritive
value of cereal straw without pretrecatment may
be achieved by selecting and breeding beticr
cereal straw, by controlling environmental lactors,
by controlling panageinent practices and by
appropriate supplementation straiegics to alleviate
deficiences of essential nufrients.

A. Improving nutritive valve of cereal siraw

tlrough selection and breeding.

(1) Breeding and selection of high quality cereal
varicties.
[t is possible to improve nutritive value of
cereal straw through selecting and brecding. The

variation it chemical composition and digestibility
of straw in the germplasm collections of cereal
crops could presumably be exploited to improve
the nutritional vatlue of the straw. White et al,,
{1981) found that differcnces in straw digesti-
bility among cultivators of winter and spring
wheats, barley and oats were greater than the differ-
ences between crops and, in addition, cultivators
with higher straw digestibility did not have lower
grain yields and were not more susceptible (o lodg-
ing. Differences in the vitre digestibility of rice
straw grown at particular sites within countries have
becn shown to differ by as little as 2 percentage
units and as much as 18 percentage units. Studies
such as these indicate that it may Le possible tc
select for straw-quality within a cereal species. In
some species, linprovement can be effccted by
selecting for ieafiness, since teaves have both a
higher cell wall digestibility and high proportion
of cell contents, than stem, But a greater under-
standing of the overall mechanisms that determine
dipestikility must be achieved first. FFor instance
the variaticns due to enviromment may be large
and mask and genetic differences that occur. Fur-
ther if significant interactions occur between
environment and genolype Lthe ranking of varieties
in terms of straw quality, may vary a£ross environ-
ments. At present very few data exist to answer
these guestions, Selection for improving these
components can also possible be done on pheno-
typic basis as in the case of brown midrib-3 (bm
3) gene which is known to lower the lignin content
by a margin of 30-40% in maize (Sheldrick, 1979;
Keith, 1979 and Ryadchikov et al,, 1981).

The silica content in leaf apd culms is reported
to be correlated (Yein, 1981) and high silica con-
tent is known to increase lodging resistance. How-
ever, positive correlation with digestibility as
obscrved bty Roxcs et al.(1984) daes not seem to
pose any problem with digestibility of high yield
ing dwarf rice varieties,

The plants high in nitrogen do not necessarily
transfer all of the nitrogen to the grains. The straw
in such cases wculd possibly be rich in N and
protein.

Cereal crop breeders ure also sclecting for
liigher biomass producticn to increases yield which
in furn would also increase the vield of straw. The
elfect of this on straw quality is unknown.

To improve the grain yield and grain quality
further, breedets also select for plants having
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higher photo synthetic rates and late leaf senes-
cencae. Thc varietics having late leaf senescence
ntay have more carbohydrates and thus provide a
maore nutritious diet for ruminants.

Improved varicties are lodging resistant and are
highly responsive to nitrogenous fertilizers, There-
forc use of fertilizers has increased many fold with
the introduction of high yielding varieties. Crop
biomass have a higher protein content from
fertilized than unfertilized plots. On the basis the
nutritional value of straw produced in modern
agriculture js perhaps better than the siraw pro-
duced in traditional agricultuere. But, it is not
always so, since i increase in the absolute value is
no( necessarily incrcase the nutritive value,

{2) Innovative breeding results in better quality
straw.

Preliminary observations indicate that there is
heferosis for protein contenf in grain and straw
of hybrid varicties of rice and wheat. Thus these
innovative breeding approaches may resuit in the
availability of better quality straw.

(3) Breeding and selecting cereal varieties of short
growth duration.

With the development of short duration and
photaperiod insensitive varieties of rice, many
arcas are now growing two or three crops of rice
per year. The straw of thege rice varieties is stored
for shorter periods of time and therefore is pro-
bably more palatable and of higher quality than
the straw from long lerm storage (Khush et al,
19846).

{(4) Breeding and sclecting diseasc and insect
resistant varieties.

Plant breeders are striving to impraove cereal
crop yields by breeding disease and insect resis-
tant varietics. The discase not only reduces the
grain vyield but also lowers the quality of the
straw. Feeding of diseased or infected straw may
also be harmful to the animals as well as being less
palatable. Ricc varietics with multiple discase
and insect resistance have been bred by incorporat-
ing resistance genes into a singie variety. (Khush,
1977).

B. Improving nutritive value of cereal straw

through controlling environment fac¢tors.,

(1) Control soil type

It is possible by conirolling soil mositure to
create suitable conditions for cereal crons to grow,
producing abundant grain and perhaps maximising
the quality of the straw. Patel and Shah (1967)
observed that straw from irrigated wheat had a
highr proportion or crude fibre compared with
that from non-irrigated crops. Purser (1982)
observed that cereal straws grown in the high rain-
fall district of Western Australia were less digesti-
ble than those in drier arcas. McManus (1981)
atirihuted this to less water passing through the
plant causing less accumulation of mineral matter.

The fertilizer type and amounts applied have to
be controlled to obtain higher quality cereal
straw. Induced early maturity and translocation
of solnble carbohydrates and protein to the matur-
ing grain in low-N-crops were reported by Black-
low and Incell (1981). Calcium has also been im-
plicated in the lgnification of plant tissues.
Wilman et al, (1977) observed that fertilizing with
N is profitable only during the early stage of
pasture growth bul as the plant matures it causes
more rapid death of Jeaves.

{2) Control sowing period

The most appropriate sowing time can be defer-
mined so that the cereal crops can grow and
mature in a suitable climate to achieve high guality
cereal straw. Raxas et al. (198%) reported that wel
season straws generally had a higher in vitro
digestibility than dry season straw, but organic
matter and NDF content were lower.

(3) Light incidence

The amount of incident light is a funciion of
hght intcnsity and day-length. This can be con-
trolled under experimental conditions. Reduction
in the level of soluble carbohydrates in pastures
occurs at night {Smith, 1973) and increascs during
the afternoon (Wilson and Mannetje, 1978). 1t was
also noted by Wilson and Mannetje (1978) that the
jevel of total non-structural carbohydrates in
Buffe] and Green Panic leaves were highest in
spring, largely due to an increase in starch, and
lowest in late summer and avtumn, Ience vegeta-
tive parts harvested at night and in summer-
autumn are expected to have less cell content.
In contrast to the above adverse effects, higher
light intensity tends to increase the digestibility
of forage (Van Soest, 1978} perhaps due to its role
in phatosynthetic activity.
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(4) Control discasc and insects

khush (198€) reported that higher quality
cereal  straw  could be chieved by contralling
diseasc and insccts. Diseases like bacterial blight,
blast, sheath blight, sheath rot and stem rot, and
insects such as leaf and planthoppers and stem
borers not only reduce the grain yield but also
lower the quality of the straw. To ¢nsurc that the
cereal straws are not damaged from these diseases
and insects it would necessary to use insecticides
and fungicides.

C. Improving nutrifive value of cereal straw

through management practices.

(1) Harvest time

The quality of cereal straw can be optimised by
harvesting the grain and siraw at the most appro-
priate time. The best harvesting time is obviously
that where yield of grain is optimised, and also
when higher quality straw can be achieved. Differ-
ent cereal crops have different growth periods,
times of development, and harvesting time, so
different cereal crops have different appropriate
harvest time with different verieties and different
area.

(2) Suitable height of cutting

It has heen shown that different plant parts
have different nutritive values. There may also be
trends in digestibility from the top to the bottom
of the plant. 1t would be of great advantage to
determine the reasons for the graduation in diges-
tibility to allow cutting heights to be made to
optimisc the digestibility of the collected and
stored straw.

(3) Correct storage method

The correct slorage method of straw can en-
sure that logses in quality do not occur. Pearce
(1979) reperted that rain-damaged cereal straw
has lower quality than wndamaged straw, The
straws that bad suffered rain damage had in vitro
organic matter digestibility from 25 to 34%,
comparcd with 30 to 49% for the undamaged
straw. 1t is likely that leaching of water soluble
carbohydrates was the inajor effect of the rain
damage, but under prolonged showcery conditions,
micrabial and fungal action may also depress the
concentration of fermentable constituents. To
optimise the feeding value of cereal straw it is
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preferable to store them under cover, and keep
them in a dry condition,

(4) Correct threshing method

There are two main methods of threshing,
namely mannal threshing and machine threshing.
The machine-threshing straw may be better feed
than manually threshed material. Because this pro-
cess reduces the straw to short lengths and the
straw surface may be fractured and this may ren-
dery it softer for animals to eat. In addition, thresh-
ing cereal crops as quickly as possible after harvest-
tng will avoid damage from rain and high tempera-
ture,

D. Improving efficiency of use of absorbed
nutrients.

Ruminants fed cereal straw as @ high proportion
of their diet lose weight and the major reason for
this is a low voluntary intake. Contributing factors
are low digestibility and a limited supply of pro-
tein, minerals and vitamins in the siraw, Both the
level of intake and the digestibility of cereal straw
may be increased by providing supplcmentary
nutrients. The methods of practical supplementa-
tion are:

(1) Supplementation of ceical straw with non-
protein nitrogen

Urea and molasses supplementation of low
quality roughages has been found fo reduce weight
losses in cattle (Beames, 1959) and sheep
{Coombe, 1959). These effects are due to increases
in the intake and digestion of the basal diet in
response Lo Lhe provision of rumen degradable
nitrogen (Redman et al.,1980; Egan and Doyle,
1985). Other sources of non-protein nitrogen,
such a biuret, have been shown o be as effective
as urea in reducing or preventing weight losses in
grazing cattle (Winks ef al., 1979). As regards a
slow release nitrogen supplement, Erust et al.
(1978) reported that biuret improved the intakc of
cereal straw and liveweight performance of stears.

Further, uric acid, a component of poultry
litter (Jacobs and Leibholz, 1977), and laclosy!
urea (Merry et al., 1982a, 1982b) which are more
slowly degraded in the rumen provide RDN
(rumen degradable nitrogen) which may be more
efficiently used for microhial protein synthesis
than urea.

In some circumstances, il is importance to pro-
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vide & source of rcadily avaiable cnergy, such as
malasses, to ensure cfficient use of urea due to its
rapid degradation. Alse, when the sulphur content
of the basal diet is low, supplements of this ele-
ment can also imprave the efficiency of use of
urea-nitrogen (Sicbert and Kennedy, 1972). The
requirement far sulphur is related to its use in the
synthesis of sulphur containing amino acids by the
microbial population. As with other low guality
feeds, non-protein supplementation increases the
intake andfor digestion of cereal straw resulting in
improved animal performance.

(2) Supplementation of cereal straw with concen~
trates.,

The traditianal approach o overcoming the low
intake of fibrous feed and the conscquent low
supply of nufrients fo ruminants has been to
dilute these feed with large quantities of grain and
protein. By-products from concentrates which are
used as supplements are often classified as energy
or protein feeds bases on their chemical composi-
tion. These feedstuffs as protein supplements may
also provide useful amounts of energy.

Agro-industrial by-product, such as copra cake,
palm kernel cake, soyabean cake, groundnut cake
are valuable sources of protein. If these feeds are
used as supplements for ruminants, they can in-
crease the utilization of the cereal siraw leading to
improvements in animal performance,

Creek et al. (1983) reported that increasing the
level of an energy protein-mineral supplement
from 1 to 7 kg DM/day cecreased the intake of
rice straw by cattle. The supplement increascd diet
digestibility apparently through the provision of
RDN andfor minerals required Ly the microbial
population of reticulo-rumen, and possibly also
contributed to increased production through the
provision of specific nutrients, amino acids andfor
minerals, which improved Lhe cfficiency of
absorbed nutrients at the tissue level.

(3) Supplementation of cercal straw with forage

Ranjhan (1983) vecommended that feeding
straw mixed with green fodders, whether these
are grasses or keguines, in the ratios of 3:1 or 1:1
should meet the requirements of ruminants for
maintenance and growth, respectively. Preston and
Leng (1984) have suggested that green f{orage,
preferably legume, be given at up to maximuim of
abont 0.7% (DM basis) of liveweight or about

130

25% of diet, Supplements of leucacna had little
cffect on diet digestibility even when they com-
prised a significant proportion of the diet (Deven-
dra, 1983; Moran et al., 1983), Vearasilp (198])
reporled that when high quality leucaena or gliri-
cidia leaf was included at between }0 and 12% cf
dietary dry matter of a rice straw-bascd diet live-
weight losses by sheep were small over a 45-day
period.

Some forage supplements particularly the leaves
of cassava, gliricidia, leucaena and sesbania provide
praiein to the amimals.

{(4) Supplementation of other erop residues.

Materials such as sugarcane tops, majze stovers
and residues from leguminous crops, such as
graundnut and coupea vines, arc potentially valu-
able [ceds. These resources should be considered
when develaping year round feeding strategies for
particular area. Cheva-Isarakul (1982) reported
that pcanut hay, if harvested by cutting the tops
prior to uprooting the peanuts, and sweet corn
stalks are as good as or better than rice straw as a
feed for ruminants when properly conserved.

Consideration needs to be given to the feeding
value of these feeds, if they arc of higher quality
than rice straw they should be used in preference
to, or with, rice straw as the basal diet for rumi-
nants. Some of these feeds contain more nitrogen
or minerals than rice styraw and could all eleviate
the need for supplements.

Preston and Leng (1984) have suggested the
following priorities for supplementing poor quality
roughage: firstly, the fermentable nitregen con-
tent of the diet should be raised to a minimum of
30g/kg DOM; sccondly, green forage should he
provided up to a minimum of about 0.7% of live-
weight (25% of the diet); and thirdly, oilseed meal
or an animal by-product should be given in
amounts not to exceed 25% of the total dietary
dry matter,

4. Conclusion

On the basis of results accumulated over the
last decade or so it has been shown that consider-
able variation cxists for chentical composition and
dipestitility of straw in the germplasm collection
of cereal crops. This variability could presumable
be exploited to improve the nutritional vatue of
straw of these ccreals.

There is evidence that variation might be duc
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to the genctic make up of different varieties, that
if may be affected by enviranmental conditions
determining the pattern of growth, and that the
nature of straw made avalable for fecding to
animals may be affected by procedures associated
with grain harvest, threshing and stcrage of the
straw, It is thercfore neccessary to atfempt to
caniral these factoss during the prowth and de-
velopment of the crop, and assaciated processes
of collection, storage and feeding of the cereal
straw. Thus improvement in the nutritive valne of
cereal straw would be attained without pretreat-
meni.
With
ledge, new approaches to improved utilization of
the feed resources, and
applicaticn of what is already kncwn have set

the availabilifty oi accumulated know-
real apportunities for

the stage for aparticularly challenging task for the
future.

It is haped that animal nutritionists will co-
aperate with plant breeders lo collect and breed
new cereal crop varieties which have high grain
and straw yields as well as nutritional quality of
both the grain and straw in cereal crops by mani-
pulating the genetijc variation.
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