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Effect of Variety and Stage of Maturity on Nutritive Value of Whole Crop Rice
Silage for Ruminants: /n situ Dry Matter and Nitrogen Degradability and
Estimation of Metabolizable Energy and Metabolizable Protein

M. R. Islam*, M. Ishida, S. Ando', T. Nishida', N. Yoshida® and M. Arakawa®
Animal Production Research Division. Bangladesh Livestock Research Institute. Savar. Dhaka 1341. Bangladesh

ABSTRACT : The effect of eight varieties of whole crop rice silage (WCRS) harvested at four stages of maturity were investigated
for in sitt DM and N degradability, ME and MP vield and content in an 8x4 factorial experiment. The vareties were Akichikara,
Fukuhibiki, Habataki, Hamasari, Hokuriku 168, Kusanami, Tamakei 96 and Yumetoiro. Hamasari and Kusanami were forage varieties
while all others were grain varieties. Forages were harvested on 10, 22, 34 and 45 davs after flowering, ensiled and kept in airtight
condition. Between 435 and 49 days after ensiling, silages opened, chopped and milled green to pass through 4 mm screen. Samples were
incubated in the rumen of two Holstem steers for 0, 3, 6, 9, 12, 24, 48, 72 and 96 h over eight 4 d periods. Bags at 0 h were washed in a
washing machine. Variety atfected DM (p<0.001: except “a+b’, p<0.01) and N (p<0.001) degradability characteristics of WCRS. Stages
of maturity alse affected DM (p<0.001: except "a+b’, p<h03: ‘¢’, p<0.08) and N (p<0.01: except “¢’, p<0.03) degradability
characteristics of WCRS. Interactions between varnety and stages of maturity occurred in all DM (p<0.001) and N (p<0.001)
degradability characteristics except (p>0.05) for DM *b’, DM “¢”, DM "atb’and N ‘¢’. Eftective DM degradability was higher in grain
varieties than forage varieties and degradability increased with maturity. N availability decreased only slightly with maturity. Variety
was the key factor for N degradability charactenistics of WCRS since variety accounted for most of the total varianon for degradability
characteristics. Both ME and MP content and vield were lugher (p<0.001) in grain vaneties, and they increased (p<(.001) with the
maturitv. The results clearly demonstrated that the grain tvpe varieties contained higher ME and MP content than forage varieties, and

increase in maturity increases both ME and MP content of WCRS. (dsian-Aust. J. Anim. Sci. 2004. Vol 17, No. 11 : 1541-1552)

Key Words : Whole Crop Rice, Variety, Maturity, /# sinir Degradability, Metabolizable Energy, Metabolizable Protein

INTRODUCTION

Buxton (1996) reported that maturity is the most
important factor influencing forage quality. A number of
workers (Yahara et al.. 1981; Hara et al., 1986: Nakui et al.,
1988) reported that the increase in maturity also increases
dry matter (DM) intake, DM and organic matter (OM)
digestibility. but decreases crude protein (CP) and fiber
digestibility of whole crop rice silage (WCRS) by both
sheep and cattle. In contrast, many workers reported that the
DM or OM digestibility (in vitro or in wvivo). or
degradability decreases with the increase in maturity in
whole crops such as sorghum (Snyman and Joubert. 1996),
corn (Bal et al.. 1997: Firdous and Gilani. 1998) and wheat
(Adesogan. 1996), and in grasses (Bum et al., 1997;
Mbwile and Uden, 1997; Vieira et al, 1997) and grass
silages (Rinne et al.. 1997). Therefore. in contrast to other
crops, WCR mayv not need to compromise vield with
nutritive value (Crovetto et al.. 1998) with the increase in
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maturity. However, CP digestibility (in vive) of WCRS
decreased with the increase in maturity (Hara et al.. 1986:
Nakui et al., 1988). which was similar to other forages
(Mitchell et al.. 1997). All studies with WCRS used only
one variety at different stages of maturity in vivo. These
studies. therefore, did not describe the differences in
nutritive value of WCRS due to variety at different stages of
maturity as well as their interactions. Moreover. information
on rate of degradability is important because digestion rates
determine the amount of nutrients to be supplied to the
animals. Allen (1996) reported that the differences in
runinal degradation of forage components affect energy
intake. absorbed nitrogen or metabolizable protein and
subsequent production. There is. however. no information in
the literature on ruminal degradation charactenstics of
WCRS. To formulate an effective ration for dairy and beef
animals, it is important not only to know the degradation
characteristics of WCRS. but also important to know which
variety at which stage of maturity is suitable for these
animals.

Diet formulation also requires information on
metabolizable energy (ME) and metabolizable protein (MP)
content of feeds (AFRC, 1993). Therefore, accurate diet
formulation based on WCRS needs information on the ME
and MP content of different varieties at different stages of
maturity. The present study will therefore investigate the
effect of variety and stages of maturity on in situ
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degradability of DM and N as well as ME and MP content
of WCRS.

MATERIALS AND METHODS

Agronomy, variety and sample preparation

A detailed description of sample preparation was
presented in Islam et al. (2004a: 2001). Differences among
varieties. maturities, and proportion of head and straw in
each variety can also be seen in I[slam et al. (2004a). In
short, eight varieties of rice (Akichikara. Fukuhibiki.
Habataki, Hamasari, Hokuriku 168. Kusanami. Tamakei 96
and Yumetoiro) were grown under identical condition at
Saitama. Japan in 1997. and harvested in 1998. Two of the

varieties. Hamasari and Kusanami are regarded as “feed’ (i.e.

forage) tvpe rice while others are “grain’ tvpes. All varieties
were harvested at four stages of maturity. 10 (MS1). 22
(MS2). 34 (MS3) and 43 (MS4) davs after flowering and
ensiled. Silages were opened between 45 and 49 days after
ensiling. chopped by a machine (Yamamoto P-156. Japan)
and stored at -18°C until further processing.

All samples from each variety at each maturity stages
were ground green through a 4 mm screen (Retsch.
Germany).

In situ degradation

In sity degradation procedure followed was principally
the same as described by Hoffman et al. (1993). Each
variety at each stages of maturity was incubated over eight
4 d (96 h) periods. One variety with all four maturity stages
was incubated in each period. Two steers fitted with rumen
cannulag (648 kg. SD 25: 3.5 vears old) were used to
incubate sample. Nylon bags (polvester made bags: 10x20
cm: pore size 45 pm: T-NO. Tetron Screen. NBC Industries.
Tokyo) were filled with fresh sample (ca. 3 g on DM basis).
Bags were placed in a polyester mesh bag secured to the
ruminal cannula via a nvlon cord. At each time point. bags
were incubated in the steers in a reverse order for 0, 3. 6. 9.
12. 24. 48. 72 and 96 h. The advantage of incubation in a
reverse order enable to bring out all bags at the same time
after incubation which minimizes error because all bags
were washed at the same time (von Keyserlingk et al.
1996). A standard forage. alfalfa. was also incubated in the
rumen of those two steers for 12. 24 and 48 h and DM
degradability was determined to investigate the effect of
period. Bags at 0 h were included in all cases but not
incubated in the rumen. After removal of the bags from
rumen. the polyester mesh bags including all nylon bags
were immersed in ice water (for 10 min) to stop microbial
activity. The polyester bag. including the nylon bags was
rinsed with cold water to remove particulate material. The
bags were then removed from the polvester bags and placed
in a domestic washing machine (Hitachi PS-555. Japan).
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The machine washed the bags (including 0 h bags) for 10
min and agitates for 3 min prior to drain water. After
removing the bags from washing machine. bags were
washed again by hand with cold tap water until the water
became clear. All bags were dried at 60°C for 48 h in a

forced draft air oven.

Animals, feeding and feed analysis

The Holstein steers fitted with mumen cannula fed a diet
consisting of 10 kg of alfalfa hay offered once in a dayv.
They were also fed on mineral block and water ad fibitum.
N content of WCRS was determined from fresh sample
while N content of in sifr residues of WCRS was
determined from dried sample. All analysis was done in
duplicates.

Data fitting

The disappearance of DM and N at each individual
incubation time was calculated as the difference between
the feed and the portion remaining after incubation in the
rumen. These values were fitted to the model developed by
Orskov and McDonald (1979) as p=atb (1-¢™), where.
p=disappearance (%) of DM and N from the bags at time t.
a=proportion of immediately soluble DM or N, b=
proportion of degradable fraction which degrade at a
fractional rate ¢ (% per h). Solubility of DM and N was
determined similarly by washing of 0 h bags, which was
subjected only to washing procedure. Data were fitted by
SAS (1988).

Effective degradability (ED) or availability of DM and
N was calculated by fractional rate of passage of the
particulate matter in the umen at 5% per h (ED5) by the
model of McDonald (1981) as ED=a+(bc/(c+kp)). where, a.
b. ¢ are described as above and k=passage rates.

ME and MP estimation

The ME (MJ kg' DM) was estimated according to
Terada et al. (1988) and total digestible nutrients
(TDN, %DM) was estimated according to Abe et al. (1988)
as follows:

ME = -1.312+0.0603 xCP+0.05x0a+0.0215x0Ob
+0.0305 xNCWFE

TDN = 54.18+0.287x (OCC+0a)-0.183x0b

The chemical composition was assaved based on
enzymatic analysis of Abe et al. (1979).

The fermentable metabolizable energy (FME. MJ kg’
DM). ME from fats and oils (MEF, MJ kg" DM). ME from
fermentation of acids (MEA, MJ kg'1 DM) were estimated
according to AFRC (1993). However. the values of fat and
oils, and organic acid content of whole crop rice given in
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Table 1. Effect of variety and stages of maturity on DM degradability characteristics of whole crop rice (% or as stated)

Variety (V) Maturity (M)’ 48 h DM loss Washing loss b (a+b) c(h) ED3
Akichikara MS1 34.6 317 26.3 36.6 0.038 44.4
MS2 38.9 41.7 20.1 60.9 0.030 3.6
MS3 38.1 437 17.2 61.2 0.046 321
MS4 57.4 494 10.2 595 0.044 54.0
Fukuhibiki MS1 613 331 36.6 67.7 0.036 46.4
MS2 66.5 46.9 26.3 72.0 0.030 354
MS3 64.2 457 243 70.2 0.034 557
MS4 64.0 46.3 214 68.3 0.036 55.8
Habataki MS1 634 41.1 282 673 0.061 344
MS2 9.7 51.0 21.0 72.3 0.047 61.4
MS3 632 37.9 293 67.5 0.067 54.8
MS4 63.6 46.1 209 66.2 0.062 56.6
Hokuriku 168 MS1 52.9 221 357 39.8 0.039 39.6
MS2 56.0 34.4 299 66.3 0.024 46.0
MS3 54.2 44.1 35.5 81.8 0.008 51.0
MS4 39.5 46.7 308 79.0 0.017 333
Tamakei 96 MS1 61.6 298 39.1 67.7 0.049 478
MS2 63.6 39.7 30.2 69.2 0.036 51.6
MS3 63.6 46.1 246 70.3 0.030 54.9
MS4 37.3 4.3 151 60.3 0.043 322
Yumetoiro MS1 60.3 338 325 65.3 0.041 475
MS2 66.1 46.2 224 68.3 0.040 557
MS3 63.0 253 232 69.5 0.041 357
MS4 674 59.1 93 69.0 0.037 63.4
Hamasari MS1 56.1 29.0 37.7 65.3 0.034 42.8
MS2 59.1 374 30.3 67.5 0.029 48.3
MS3 38.1 41.3 251 66.1 0.029 3.3
MS4 59.4 41.6 19.9 61.8 0.039 50.7
Kusanami MS1 54.7 300 329 62.1 0.035 422
MS2 38.4 40.7 291 68.9 0.023 48.6
MS3 60.4 429 256 68.0 0.038 32.6
MS4 56.3 416 274 68.9 0.019 49.0
Grain MS1 59.4 319 33.1 64.1 0.047 467
MS2 63.5 433 2350 68.2 0.038 333
MS3 614 43.3 26.0 70.1 0.038 54.0
MS4 61.5 487 18.0 67.1 0.040 55.9
Forage MS1 354 293 333 63.7 0.033 423
MS2 38.8 39.1 297 68.2 0.027 483
MS3 59.3 42.1 254 67.1 0.034 51.5
MS4 57.9 416 237 65.4 0.029 499
Overall Grain 61.4 418 233 673 0.041 323
Overall Forage 57.8 381 283 66.1 0.031 481
Overall Mean 60.5 409 263 67.0 0.038 514
SED 1.08 1.32 1.42 1.11 0.003 0.93
R 0.92 0.99 0.82 0.69 0.76 0.98
V 728(** 16*3* 32*8(8( 42** 74*** 42***
M ll:k** 61*** 49**# 15* NS 43***
S * NS NS NS NS NS
VxM 16%* 23w NS NS NS 1 5%

'MS1. MS2, MS3 and MS4 are maturity stages at harvest means harvesting on 10. 22. 34 and 43 days after flowering respectively: ED3 is effective
degradability at the passage rate of 5% per h; S=effect of steer. R* is the proportion of variation accounted for by the model.

this series (Islam et al., 2004a) were used in calculation. protein (DUP). microbial crude protein (MCP). digestible

For protein (g kg’ DM). quickly degradable protein microbial true protein (DMTP) and metabolizable protein
(QDP). slowly degradable protein (SDP). mmen degradable (MP) were also calculated according to AFRC (1993) from
protein (RDP). effective rumen degradable protein (ERDP), the in site nitrogen degradability data of this paper. and CP
undegradable protein (UDP). digestible undegradable content and ADIN of whole crop rice given in this series
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Table 2. Means of main effect of variety and stages of maturitv on in siree DM degradability characteristics of whole crop rice (% or as

stated)
n 48 h DM loss Washing loss b ¢ (b)) (atb) ED3
Vanety
Akichikara 8 57.2% 4169 18.5¢ 0.049°F 59.6° 50.3°
Fukuhibiki 8 64.0 430° 27.2% 0.034% 69.5" 53.3°
Habataki 8 63.5° a4 .0° 24.8% 0.059° 68.3%° 36.8°
Hokuriku 168 8 5569 36.88 33.0° 0.022° 71.7° 47.3f
Tamakei 96 8 61.5" 40.0° 27.3% 0.040% 66.9" 51.6°
Yumetoiro 8 64.7¢ 454° 22.4% 0.040% 68.0" 556"
Hamasar 8 582° 3738 28.3%° 0.033% 65.2° 480t
Kusanami 8 37.3° 38.8¢ 28,8 0.029% 67.0° 48.1f
Grain 48 61.4 418 255 0.0475 67.3 525
Forage 16 57.8 38.1 285 (1.031 66.1 481
Maturity stages'
MS1 16 58.3° 31.3° 33.6° 0.044 64.0° 45.7°
MS2 16 62.3 423 262" (1.035 68.2° 52.2°
MS3 16 60.8° 43.0° 2340 0.037 69.3° 33.4°
MS4 16 60.6° 46.9° 19.4¢ (1.038 66.6%° 54 4°

PMS 1, MS2. MS3, MS4, and EDS5 as deseribed in Table 1.

ab.cded

(Islam et al.. 2004a). For FME content. 3 times maintenance
level of feeding was used and hence all parameters (e.g.
MCP. DMTP. MP) related to FME are applied to dairv cows
only.

ME vield (MJ ha'y was calculated from its ME content
and DM vyield. Similarly. MP (kg DM ha') content was
calculated from MP content and DM yield.

Statistical analysis

Data on variety and stages of maturity was analyzed by
SAS using general linear model procedure (SAS. 1988) in
an 8x4 factorial experiment with reps, which includes 8
varieties at 4 mamrity stages. The statistical model was as
follows:

Y = PtV AM+SHV M), +E

Where. Y =dependent variable. p=population mean.
V=average effect of variety i. M=average effect of
maturity stage ). Sy=average effect of steer k: (VxM)=
average effect of interaction of variety i and maturity j. and
E;j=residual error. assumed to be normally. identically and
independently distributed. All means were tested by least
square difference (SAS. 1988).

RESULTS

DM degradability

Variety affected (p<0.001) 48 h DM loss. washing loss
("a’). all /n situ parameters (“a+b’. p<0.01) and ED at all
passage rates. Stage of maturity also affected (p<0.001) the
48 h DM loss, washing loss. in sifr degradability
characteristics (*at+b”, p<0.03: ‘¢’, p<0.08) and ED at all
passage rates. Interactions between varety and maturity

£ Values with different superscripts in a column within the same subclass differ (p=0.001 to (.01).

existed (p<0.001) for washing loss. and ED. but there were
no interactions (p>0.05) on 'b’. "a+b” and ‘c’. Steers did not
affect (p>0.03) the in sity degradability parameters (p>0.03)
except for 48 h DM loss (p<0.05). Washing loss increased.
but in contrast "b” decreased with the increase in maturity.
Rate of degradation generally decreased with the increase in
maturity. Potential degradability increased from MSI1 to
MS3. but remain similar or decreased slightly at MS4
compared to MS3. ED increased with the increase in
maturity (Table 1).

DM solubility at 0 h was higher (p<0.001) in “grain’
varieties than “forage’ varieties with the exception of a grain
variety. Hokuriku 168 of which DM loss was the lowest.
Moreover. "¢’ was higher in grain varieties but in contrast,
'b" fraction was higher (p<0.001) in forage varieties. The
‘at+b’ was highest (p<0.001) in Hokuriku (71.7%) and the
lowest in Akichikara (59.6%). ED was higher (p<0.001) in
grain varieties than forage varieties at all passage rates
(Table 2).

DM solubility at 0 h increased (p<0.001). but ‘b’
fraction decreased (p<0.001) with the increase in maturity.
The ‘¢’ decreased (p<0.001) from MS!| to MS3. but "¢’ at
MSH4 did not differ (p>0.03) with the rate at other stages of
maturity. In contrast. “a+b’ increased (p<0.001) from MSI1
to MS3. but ‘a+b’ at MS4 did not differ (p>0.05) with other
stages of maturity. However. ED increased (p<0.001) with
the increase in maturity at all passage rates (Table 2).

N degradability

Variety affected (p<0.001) on 48 h N loss, washing loss.
in sitn degradability characteristics and availability of N.
Maturity similarly affected (p<0.001) 48 h loss, washing
loss. in sitr degradability characteristics (*¢™. p<0.05) and
availability. Interactions between variety and stages of
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Table 3. Effect of variety and stages of maturity on in situ N degradability characteristics of whole crop rice (% DM or as stated)

Vanety (V) Maturity (M) 48 h N loss N Washing loss b c(h™) (atb) ED3
Akichikara MS1 89.3 1.13 774 10.4 0.100 882 84.7
MS2 83.6 (1.80 739 9.8 0.083 838 80.1
MS3 82.6 (.76 70.9 11.0 0.081 81.8 77.3
MS4 83.6 083 76.8 5.6 0.104 83.1 81.2
Fukuhibiki MSI1 87.2 1.16 764 11.0 0.079 86.5 82.2
MS2 87.1 093 78.9 8.4 0.054 87.3 83.2
MS3 84.4 0.89 733 11.6 0.061 853 80.1
MS4 85.0 087 722 124 0.075 850 80.0
Habataki MSI1 91.0 1.11 80.9 10.1 0.118 90.8 87.8
MS2 89.2 (.89 79.3 9.3 0.113 88.9 86.1
MS3 86.5 (.93 637 20.6 0.113 86.3 79.9
MS4 86.3 (.91 729 12.3 0.103 834 81.4
Hokuriku 168 MS1 84 .4 1.67 64.7 207 0.061 84.9 73.6
MS2 80.8 1.30 63.0 14.0 0.066 79.4 73.2
MS3 78.9 1.08 61.3 16.0 0.046 77.6 69.3
MS4 70.1 095 53.3 14.5 0.085 69.4 63.9
Tamakei 96 MSI1 91.3 1.53 80.8 10.9 0.076 91.6 87.3
MS2 90.3 123 79.7 11.1 0.052 90.6 85.1
MS3 86.2 1.04 74.0 12.3 0.053 86.9 80.9
MS4 814 1.13 73.1 7.7 0.044 81.3 77.2
Yumetoiro MS1 88.5 1.04 738 152 0.083 883 82.6
MS2 87.8 (.89 737 13.1 0.034 883 82.0
MS3 87.3 (.91 70.3 18.8 0.032 89.0 79.7
MS4 88.7 1.16 82.6 6.9 0.070 88.0 85.1
Hamasan MSI1 90.7 1.50 80.7 10.4 0.060 91.0 86.2
MS2 9001 1.30 833 6.8 0.067 90.0 87.0
MS3 89.3 1.30 82.8 6.8 0.059 89.8 86.6
MS4 87.6 1.31 79.5 7.5 0.073 874 84.4
Kusanami MSI1 834 092 68.2 154 0.072 837 77.3
MS2 82.1 0.72 66.0 15.9 0.046 833 75.0
MS3 81.7 0.67 69.0 147 0.049 839 76.1
MS4 79.7 0.64 67.0 132 0.054 80.7 74.2
Gram MS1 88.7 1.3 73.7 13.1 0.087 884 83.4
MS2 86.8 1.0 734 11.0 0.071 86.4 81.6
MS3 843 1.9 69.3 15.1 0.068 84.3 77.9
MS4 825 1.0 71.8 9.9 0.080 82.0 78.1
Forage MS1 87.1 1.2 743 129 0.066 87.4 81.8
MS2 86.1 1.0 74.7 11.4 0.037 86.7 81.0
MS3 835 1.0 759 10.8 0.054 86.9 81.4
MS4 83.7 1.0 733 10.4 0.064 84.1 79.3
Overall Grain 85.6 1.05 730 122 0.076 853 80.3
Overall Forage 85.6 1.05 74.6 11.3 0.060 86.2 80.9
Overall Mean 855 1.05 734 12.0 0.072 855 80.4
SED 1.11 .06 1.24 (.69 0.004 (.81 (.97
R’ 0.97 0.99 0.98 0.78 .99 {1.99
V 62*** 72*** SO#*S‘ 74*5(5( 62*** 74***
M 22*** 8*** ]7#*5‘ 10* 2{:]*** 12***
S NS #* NS NS NS NS
VxM 1G#+* Pkl 3344 NS ] 7HE [ 3#*#

PMST. MS2. MS3. MS4. ED3. S and R* are as described in Table 1.

maturity occurred (p<0.001) in all above parameters.
Solubility at 0 h was the highest (p<0.001) in Hamasari

(forage variety) despite its lowest DM solubility. In contrast.

N solubility of Kusanami (forage variety) and Hokuriku
(grain variety) was low. which was similar in pattern to DM
solubility. Hamasari, on the other hand. contained the
lowest (p<0.001) but Hokuriku contained the highest ‘b’

fraction. Rate of degradation was the highest (p<0.001) in
Habataki. Potential degradability and availability (at all
passage rate) was the highest (p<0.001) in Hamasari and
lowest in Hokuriku (Table 4).

N solubility and ¢’ decreased (p<0.001) from MSI1 to
MS3. but increased slightly at MS4. Slowly degradable
fraction (b) was. however. the highest (p<0.001) at MS3
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Table 4. Means of main effect of variety and stages of maturity on in siru N degradability of whole crop rice (% DM or as stated)

n N 48 h Nloss  Washing loss b c(hh (a+b) ED3
Vanety
Akichikara 8 0.88¢ 83.5° 74.7% 9.2° 0.092° 84.3° 80,99
Fukuhibiki 8 0.96° 85.9° 75.2% 10.9¢ 0.067° 6.0 8144
Habataki 8 0.96° 882" 74.7° 13.1¢ 0.112° 87.9% 83.8"
Hokuriku 168 8 1.23° 78.5° 61.17 16.3° 0.064° 77,88 70,3
Tamakei 96 8 1.23° 87.3° 76.9° 10.5¢ 0.056° 87.6° 82.6°
Yumetoiro 8 1.00°¢ 83.1" 757 13.5¢ 0.065° 88.4" 82.3"
Hamasari 8 1.35° 89.4° 81.6" 7.9 (1.065° 89,5 86.0°
Kusanami 8 0.74° 81.7 67.5° 14.8° 0.055° 82.9f 73,7
Grain 48 1.03 85.6 73.0 122 0.076 85.3 80.3
Forage 16 1.05 836 74.6 113 (1.060 86.2 80.9
Maturity’
MS1 16 126 88.0° 75.4° 13.0° 0.081° 88.1° 83.0°
MS2 16 1.01° 86.6" 75.2¢ 11.1¢ 0.067" 86.5" 81.5"
MS3 16 0.95° 84.6° 70.9° 14.0° (0.064" 85.1°¢ 78.8°
MS4 16 0.97% 82 8¢ 72.2° 10.0¢ 0.076° 2.6 7849

PMS 1. MS2, MS3. MS4 and ED3 as described in Table 1.
aboealef

and lowest at MS4. Potential degradability and availability
at all passage rates decreased (p<0.001) with the increase in
maturity (Table 4).

Metabolizable energy and metabolizable protein

Both variety and stages of maturity affected (p<0.001)
the FME. ME. TDN and ME vield. These parameters
increased. but MEF and MEA decreased with the increase
in maturity in all varieties (Table 3). There were no
interactions (p=>0.05) between variety and maturity on those
parameters. The FME. ME, TDN and ME vield of grain
varieties were higher (p<0.001) than forage varieties (Table
6).

All QDP. SDP. RDP. ERDP. UDP, DUP. MCP, DMTP,
MP and MP vield differed (p<0.001) due to the variety and
stages of maturity. There were no interactions (p=0.03)
between variety and maturity on these parameters (Table 7).
The ERDP. MCP. MP and MP vield was generally higher in
grain varieties than forage varieties. and these parameters
increased with maturity (Table 8).

DISCUSSION

DM degradability

Buxton (1996) reported that maturity stage is the most
important factor influencing forage quality. The results of
this study suggest that both variety and maturity are equally
important in determining quality of WCRS because they
accounted for by similar proportion of variation on effective
DM degradability. but variety accounted for by most of the
variation for effective N degradability (Tables 1 and 3).
Therefore. both selection of variety and harvesting at a
suitable maturity are equally important.

The rapidly degradable DM increased (12-17%). but

£ Values with different superscripts in a column within the same subclass differ (p=0.001 to (1.03).

slowly degradable DM decreased (8-14%) in most varieties
with the increase in maturity. In contrast. Hoffman et al.
(1993) reported that both rapidly and slowly degradable
DM fractions of most grasses and legumes decreased with
the increase in maturity. Despite these contrasting results.
the range of slowly and rapidly degradable DM fractions of
WCRS was in agreement with the ranges reported by
Hoffman et al. (1993). The range of rapidly degradable DM
fraction was also in agreement with the ranges of comn
silage (44-57%) and grass silages (28-59%) reported by von
Keyvserlingk et al. (1996). while the range of slowly
degradable DM fraction (31-42% and 13-58%. respectively)
reported by them contrasts with WCRS. However, it is
worth to mention that unlike the present study. von
Keyserlingk et al. (1996) did not described the variety and
maturity status of forages they studied. In the present study,
the contrasting characteristics of both slowly and rapidly
degradable fraction may be explained by the differences in
botanical fractions of varieties at different maturity stages.
Grain varieties contained a higher proportion of head than
straw compared to forage varieties. which might lead to
higher rapidly and lower slowly degradable fraction in the
former varieties than the latter. It is also worth to mention
that both rapidly and slowly degradable DM were mostly
similar in all varieties at MS1. while rapidly degradable
fraction increased. slowly degradable fraction on the other
hand decreased with the increase in maturity. This
phenomenon also likely to be due to the fact that. while
proportion of head increased, proportions of straw on the
other hand decreased with the increase in maturity.

The rate of degradation of DM was generally higher in
grain varieties than forage varieties presumably because the
rate of degradation of DM of head was higher than leaf or
stem. which might lead to higher rate of degradation of
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grain tvpe varieties. In general, rate of DM degradation at
MSI was higher than other stages of maturity (Table 1). The
rate of DM degradation of varieties at different maturities
did not follow any trend. which disagreed with the data of
Hoffman et al. (1993) where rate of degradation of forages
generally decreased with the maturity. The range of rate of

DM degradation of grasses (Hoffman et al., 1993) and
hybrid maize (Verbi¢ et al.. 1995) was in agreement with
the range of rate of degradation of WCRS in the present
study. Ovenell-Roy et al. (1998) on the other hand reported
a much higher rate of degradation (9-15%) for barley
cultivars.

Table 5. Effect of variety and stages of maturitv on energy characteristics of whole crop rice (MJ kg'! DM or as stated)

Vanety (V) Maturity stages (M)’ MEF MEA TDN (%) FME ME ME vield (MTha'')
Akichikara MSI 0.75 1.30 356 3.99 6.04 58,584
MS2 .93 1.03 39.2 3.03 7.00 74,360
MS3 0.66 0.34 62.5 7.53 8.54 107,098
MS4 .73 0.63 62.4 7.01 8.40 104,344
Fukuhibiki MSI 0.65 1.10 49.5 2.80 4.55 35,927
MS2 (.80 0.74 36.0 483 6.37 68,246
MS3 (.58 0.37 60.7 7.20 8.16 98,469
MS4 0.538 0.26 60.6 743 8.26 100,014
Habataki MS1 .67 1.39 316 2.69 4.73 33,779
MS2 0.73 0.69 63.7 6.90 8.31 104,970
MS3 .73 0.45 63.9 749 8.69 119,621
MS4 0.60 0.48 65.4 8.30 9.38 148,182
Hoekuriku MS1 .68 0.86 338 443 3.97 61,974
MS2 0.79 0.58 535 4.24 5.6l 62,869
MS3 .63 0.31 382 6.26 7.40 92,431
MS4 0.72 0.52 59.5 6.48 7.72 100,058
Tamake1 MS1 .72 1.44 34.6 33 3.32 33,202
MS2 0.83 0.77 52.6 3.57 5.16 62,240
MS3 .61 0.31 36.6 .70 6.81 83,432
MS4 0.54 0.02 56.3 5.93 6.48 85,680
Yumetoiro MSI 0.68 1.25 51.2 257 4.50 53,583
MS2 .73 0.66 378 321 6.60 81.473
MS3 0.63 0.39 60.8 6.85 7.87 126,578
MS4 .43 0.07 60.0 7.07 7.37 122,116
Hamasari MSI 0.75 1.03 48.5 2.26 4.04 43,204
MS2 (.84 0.61 337 423 3.67 68,838
MS3 0.76 0.78 55.6 4.79 6.33 90,853
MS4 .67 0.30 334 327 6.24 92.210
Kusanami MSI 0.66 1.29 49 .4 2.58 4.52 51,552
MS2 ().87 0.68 336 389 343 70211
MS3 0.79 0.69 558 448 5.95 87.439
MS4 .67 0.18 36.6 3.69 6.33 103,634
Grain MSI 0.69 1.22 53.1 3.31 5.22 52,842
MS2 0.80 0.75 57.1 4.96 6.51 75,693
MS3 ().64 0.43 603 6.84 7.91 104,608
MS4 0.60 0.33 60.7 7.04 7.97 110,066
Forage MS1 0.71 1.16 49.0 242 4.28 47,378
MS2 0.86 0.65 537 4.06 5.56 69,535
MS3 .78 0.74 337 4.64 6.14 89,146
MS4 0.67 0.24 56.0 548 6.39 98.932
Overall Grain .69 ().68 378 3.5 6.90 83,802
Overall Forage 0.75 0.70 336 4.15 5.59 76,248
Overall Mean .70 (.69 368 319 6.37 83,413
SED 0.993 0.920 077 (.999 0.999 4,715
R® (.02 .07 (.998 0.30 (.23 (.906
V 25*** 4*** 35*** 20*’3‘* 30*** 21***
M 50*** 80*** _-_l()*** 69*5!# 56*5‘* 7()***
R NS NS NS NS NS -
VXM 25*** 17*** 163‘** ]l*** l._"*** -

' MS1. MS2, MS3, MS4. ED5. S and R are as deseribed in Table 1.
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Table 6. Main effect means of variety and stages of maturity on metabolizable energy characteristics (M kg' DM or as stated) of whole

CIOp Tice
n MEF MEA FME ME TDN (%) ME vield (kg ha™)
Variety
Akichikara 8 0.77 0.83° 5.89° 7.49° 59.9" 86.097%
Fukuhibiki 8 0.65f 0.62° 5.56° 6.83¢ 56.7° 75,664
Habataki 8 0.694 0.75° 6.34° 7.7 61.1° 106.638*
Hokuriku 168 8 0.70° 0.622 3,334 6.67¢ 36,78 79,338
Tamakei 96 8 0.67 0.69¢ 4.64°% 3.99¢ 35.(° 71,1394
Yumetoiro 8 0.628 0.59" 5.42¢ 6.63" 57.4° 95 938"
Hamasari 3 0.75" 0.68° 4.13¢ 557 53.3% 73,7814
Kusanami 8 0.75° 071¢ 4,16 561° 53.8f 78,714
Grain 48 0.69 0.68 3.33 6.90 378 83.802
Forage 16 0.75 0.70 413 3.39 33.6 76,248
Maturitv stages'
MS1 16 0.69" 1.21° 3.08¢ 4.98¢ 52.0¢ 51.476°
MS2 16 0.81° 0.72" 473 6.27 56.3° 74.153"
MS3 16 0.68° 0.51° 6.28° 747° 59.3° 100,743
MS4 16 0.62¢ 0.314 6.64° 757 39,30 107.282*

PNS1. MS2, MS3 and MS4 as described in Table 1.

abcdefe &

Availability of DM at all passage rates was higher for
grain type varieties (except Hokuriku) compared to forage
tvpe. As stated earlier. grain tvpe varieties contained a
higher proportion of grain than straw (Islam et al.. 2004a).
Furthermore, ED of head was higher than leaf or stem
(Islam et al., 2004b: accepted Manuscript ED 402) which
may lead to higher availability of grain tvpe varieties than
forage type. Increased availability of DM with the increase
in maturity also likely to be due to the fact that proportion
of grain increased with the maturity.

N degradability

Variety is the kev factor affects N degradability of
WCRS as it accounted for by 30-84% of the total variation
in contrast to 8-20% of the total variation accounted for by
maturity (Table 3). On average 73% of the N in WCRS
solubilized immediately. In contrast to DM solubility, which
was the lowest. rapidly degradable N of Hamasari was the
highest. However. N solubility of another forage variety,
Kusanami and grain variety, Hokuriku was lower than other
varieties. similar to the pattern of DM solubility. The reason
for high N solubility of Hamasari and low N solubility of
Kusanami or Hokuriku was not clear and cannot be
explained by the proportion of botanical fractions. N
solubility rather may be associated with the intemal
structure of each of botanical fraction (Ramanzin et al.
1986 Verbi¢ et al.. 1995). The rapidly soluble N content of
WCRS was twice than those reported by von Keyserlingk et
al. (1996) for corn and grass silages. and much higher than
other silages. grasses and legumes (AFRC. 1993 Hoffman
et al.. 1993). In contrast. the slowly degradable fraction of
WCRS was much lower than those reported for different

alues with different superseripts m a columm within the same subclass difter (p+0.001).

forages and silages (AFRC. 1993; Hoffman et al., 1993: von
Keyserlingk et al.. 1996).

The rate of N degradation was similar to the rate of
degradation of grasses (Hoffman et al.. 1993). but was
lower than corn and grass silages (von Kevserlingk et al..
1996). In fact, rate of degradation of N of leaf and stem of
WCRS was too low (Islam et al, 2004b; accepted
Manuscript ED 402) may be due to the ash content of the
former and association of fiber content in the latter which
might lead to lower rate of degradation of WCRS. Generally.
the grain varieties have higher rate of degradation than
forage varieties may be due to fact that rate of N
degradation of head was higher than leaf or stem (Islam et
al.. 2004b: accepted Manuscript ED 402).

Like rapidly soluble N. availability of N was high for
Hamasari and low for Kusanami and Hokuriku. Availability
of miminal N of WCRS was higher than those reported for
forages and silages (AFRC. 1993: Hoffinan et al.. 1993: von
Keyserlingk et al.. 1996). This may be due to the higher
rununal solubility of N from WCRS compared to other
forages. Availability of N generally decreased at all passage
rates with the increase in maturity was in agreement with
Hoffman et al. (1993), but the magnitude of decrease in
WCRS was not as sharp as reported by those workers.

In situ residues were not corrected for microbial
contamination in the present study. While several workers
reported that the microbial contanmuination might affect
results (Mathers and Aitchison. 1981; Varvikko and
Lindberg. 1985: Waters and Givens. 1992). Hoffian et al.
(1993) reported no significant bacterial contamination in
forages. Moreover. since all samples were treated similarly
in the present study. effect of microbial contamination. if
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any. is likely to be similar in all cases and hence nullified proportions of head than straw. The increase in both ME
each others effect (von Kevserlingk et al., 1996). and TDN content with the increase in maturity also likely to
Metabolizable energy and metabolizable protein be due to the fact that the proportion of head also increased

The higher ME and TDN of grain type varieties than with the maturity. In addition to the lower proportion of
forage tvpes mayv be due to their (grain varieties) higher head. the lower FME and ME of forage varieties was in fact

Table 7. Effect of variety and stages of maturitv on rumen degradable and metabolizable protein (g kg'' DM or as stated) of whole crop
Tice

Variety (V) MF&‘;}“ ODP SDP RDP ERDP UDP DUP MCP DMIP MP (k:[gg/[‘ig.l |
Akichikara MSI 678 50 728 %3 143 44 435 77 31 312
MS2 614 41 655 332 174 81 548 3490 430 436
MS3 551 42 593 483 184 90 8201 523 614 766
MSY 624 24 649 524 156 65 764 487 553 683
Fukuhibiki MSI 700 51 751 61 177 63 305 195 257 203
MS2 657 28 685 553 148 49 526 336 385 410
MS3 579 40 619 503 167 67 785 500 567 681
MST 376 48 623 308 171 68 800 516 384 202
Habataki MSI 811 60 871 709 133 26 203 187 213 241
MS2 715 S0 765 622 135 28 752 479 508 637
MS3 557 102 659 547 189 70 816 520 591 808
MST 657 62  T20 388 180 50 904 376 626 983
Hokuriku MSI 63 78 642 529 235 144 482 307 451 469
MS2 553 53 606 495 241 146 461 294 440 492
MS3 458 44 501 410 242 128 682 435 363 699
MS? 413 55 168 386 284 170 706 450 620 799
Tamakei MSI 718 47 765 621 124 33 366 233 266 257
MS2 679 37 716 580 138 54 389 248 30 362
MS3 579 38 616 3001 159 66 621 396 462 562
MS3 678 25 7053 368 218 60 646 412 472 619
Yumetoiro MSI 663 71 734 600 173 71 280 179 250 297
MS2 625 44 669 544 163 70 568 362 432 53]
MS3 589 62 650 333 188 98 747 476 374 916
MST 783 30 813 657 152 06 770 401 497 732
Hamaseri MSI 652 36 688 557 121 17 246 157 174 186
MS2 600 22 622 502 100 12 461 294 306 371
MS3 363 19 382 469 96 15 522 333 348 496
MS4 577 26 602 487 119 32 574 366 398 585
Kusanami MSI 512 sS4 s66 464 183 $5 281 179 264 302
MS2 493 42 533 436 196 105 424 270 373 482
MS3 494 38 332 433 182 $8 488 311 399 581
MS4 464 36 S00 407 188 96 619 395 491 789
Grain MSI 689 60 749  6L1 164 64 360 230 293 297
MS2 641 42 683 354 167 71 341 345 416 48]
MS3 552 55 606 496 188 87 745 475 362 739
MS4 622 41 663 539 194 70 767 489 559 756
Fomge MSI 82 45 627 511 152 51 264 168 219 244
MS2 547 32 579 469 148 39 443 282 34 1027
MS3 329 20 3557 451 139 32 505 322 374 539
MS4 2.1 30 S50 447 154 64 597 381 445 687
Overall Grain 626 49 615 550 178 73 603 383 457 568
Overall Forage 344 34 378 469 148 56 452 288 344 1474
Overall Mean 6054 455 6508 5208 1707 687 565 360 429 545
SED 162 031 163 132 074 071 330 211 230 178
R 0997 0964 0997 099 0993 0993 0999 099 0999 0.905
v SORER  S3ERE DEAR GyRER JgEKR glEsk  Q(kER  J(RAR  JgEkk 7%
M 21*** 17*** 24*** 25*** 5*** 2*** 69*## 695‘*5‘ 635‘5‘* 83***
R NS NS NS NS NS NS NS NS NS .

VxM D{pFEE 3 IPELE 13%%% 1 7Hk* 1G##* [2*%% 125 1] %** .
UMST. MS2, MS3.MS4. EDA. S and R are as described in Table 1.
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Table 8. Means of main effect of varietv and stages of maturity on rumen degradable and metabolizable protein (g kg'' DM or as stated)

of whole crop rice

n ODP SDP RDP ERDP UDP DUP MCP DMIP MP (kgb‘ﬁﬁ] )
Variety
Akichikara g 61.7¢ 3.04%  656° 53.3° 16.4%¢ 7.02¢ 642" 409 479" 5550l
Fukuhibiki 8 628 414% 6697 3448 166° 6174 6065 387 4K 499
Habataki 8 68.5° 687 734 61T 13.9° 4367 6910 44.1* 48.4° 667
Hokuriku 168 8 497 5.75% 3542 45 5% 25,1 14,70 58.3¢ 37.2¢ 51.9° 615"
Tamakei 96 8 66.3" 367 T0.0° 56.7¢ 16.0% 531 505 32.2¢ 3750 450
Yumetoiro 8 66.3° 317 LT 384° 169° 612¢ 3919 377 43¢l 624%°
Hamasari 8 39.8° 257 624 50.4° 10.9¢ 1912 451f  287F 30.68 410
Kusanami g 49.1° 4264 5330 435t 18.7¢ 935 453f 289 38.2° 53904
Grain 48 62.6 493 675 550 17.8 728 603 38.5 457 568
Forage 16 344 341 378 46.9 14.8 363 432 288 344 474
Maturitv stages'
MS1 16 66.2° 559" 718 58.6° 16.1° 6.03¢  336° 21 4¢ 27.5¢ 284¢
MS2 16 61.7° 3965 6365 333°  162° 683 3165 329 397 468"
MS3 16 34.6¢ 481% 594t 48 54 17.6° 797 685" 43.7° 51.4° 689*
MS4 16 397 382 635° 51.5¢ 18.3¢ 683" 724" 462° 53.0° 739°
PMS1, MS2. MS3 and MS4 as described in Table 1.
*bel L8\ lnes with different superseripts in a columm within the same subelass difter (p=0.001).

reflected in their lower fermentation quality (Islam et al.,
2004a) and poor DM degradability characteristics compared
to grain varieties. However. both FME and ME of all
WCRS used in this study were lower than those of WCC
reported by AFRC (1993) may be partly because of the poor
fermentation quality and hence deduction of energy from
acids. The fact that WCRS used in this study was high in
moisture content, which might lead to poor fermentation
quality. The increase in ME content of WCRS with the
increase in maturity contrasts with many smdies using
whole crop wheat (Crovetto et al.. 1998: Adesogan, 1996)
and alfalfa forage (Belvea et al., 1999) who reported that
the ME and net energy content respectively decreased. This
result is very important because nutritive value of WCRS
does not need to compromize with vield with the increase in
maturity as suggested by some workers (Adesogan. 1996:
Crovetto et al., 1998). Moreover. increase in maturity
decreases organic cell wall. ADF. ADL (Islam et al.. 2004a).
hemicellulose. cellulose (Yahara et al.. 1981) and silica
(Nakui et al, 1988) but increases water soluble
carbohydrate (Yahara et al.. 1981). nitrogen free extract and
starch (Hara et al.. 1986. Fukume et al.. 1979). ME vield
was optimized at physiological mature stage in WCRS
which was usually 2 to 3 times higher than harvesting at 10
davs after flowering (ie. MSI1). These improvements in
quality and quantity of WCRS with maturity may help in
improving farm economy to a greater extent.

The higher QDP of grain varieties is the reflection of
higher CP and higher solubility of CP of grain varieties than
forage varieties. The lower MCP and MP in forage varieties
were due largely to the lower FME and partly because of
the lower N content of forage varieties than grain varieties.
The ERDP and UDP of WCRS at the same outflow rate was

similar to winter forages. but was much lower than that of
spring and some of the summer and autumn forages
reported by Wales et al. (1999). However, UDP of WCRS
was similar to the cereal silages reported by AFRC (1993).
although ERDP of WCRS was lower than those reported by
AFRC (1993).

In contributing to MCP or MP. N content or mmen
degradability of protein of WCRS had a lesser effect than
that of FME. Generally. an increase in matunty also
increased FME. which ultimately contributed to higher
MCP or MP. However. it can be seen that the MCP
content of some varieties was higher than ERDP (Tables 7
and 8) suggesting that the MCP vield of these varieties may
be increased with the additional supply of nitrogen sources
such as urea.

AFRC (1993. p62) reported that a 600 kg cow losing
0.5 kg per d and giving 30 kg milk with 4.06% fat and
3.29% protein per litre fed on (DM per d) grass silage (10.5
kg) and compound feed (7.0 kg) requires (per d) 205 MJ
ME and 1.6235 g MP. A diet formulated using Habataki MS4
(9.34 MJ ME. Table 5: 62.6 g MP. Table 7) at the rate of
10.5 kg DM d" may supply 98.5 MJ ME and 657 g MP
which is 48 and 40% respectively of the total requirement.
A diet formulated using Habataki MS1 may provide two-
third of ME and only one third of the MP supplied by
Habataki at MS4, which emphasizes the importance of
maturity in improving nutritive value of WCRS.

CONCLUSIONS

Both DM and N availability. ME and MP content and
their yield in grain varieties were higher than forage
varieties. Availability of DM and N. ME and MP content
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and their vield also increased consistently with the increase
in maturity. These results therefore clearly suggest that
grain varieties at physiological mature stage optimize both
vield and nutritive value of WCRS. Therefore. both grain
and forage varieties at different maturity stages should be
tested using animals before using grain varieties because of
the problems related to the excretion of grain with the
increase in maturity.
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