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Comparison of Energy Intake and Efficiency of
Utilization of Metabolizable Energy for Gain
on Grazed Festuca and Lolium Pastures

Yuzo Kurokawa®, Tadakatsu Okuso, Shiro ITANO,
Kanji MaTsut and Hitoshi MocHIMARU

Synopsis

Kuroxawa, Y., T. OxuBo, S. Irano, K. MaTtsul. and H. MocHIMARU
(1993) : Comparison of energy intake and efficiency of utilization of
metabolizable energy for gain on grazed Festuca and Lolium
pastures. J. Japan. Grassl. Sci. 38, 396-407.

For investigating the influence of digestibility on energy efficien-
cies for grazing heifers, following energy constituents were estimated
from some measurements on Italian ryegrass (Ir) pasture and peren-
nial ryegrass (Pr) pasture. Let available herbage energy supply
(HA), grazing intensity based on fasting metabolism (GI) and
consumed herbage energy by heifers (HCE) be described using unit of
GJ/10 a/grazing period; and energy retention (DRE; estimated by
ARC’s method) and heat prodution (DHP; estimated from heart
rate), metabolizable energy intake (DMEL; DRE + DHP) be described
by unit of MJ/F/day, where F is fasting metabolism estimated by
ARC’s method. Using GI and HA, HCE was expressed as following
equation : HCE =12.6GI — 70.5GI%HA —0.248 (R*=0.81). The values
of HCE estimated from this equation were similar to those estimated
on tall fescue pasture in the previous report. Relationships between
DMEI and DRE were expressed as follows: on Ir pasture in spring,
DRE =0.63 DMEI—1.76; on Pr pasture in spring, DRE = 0.65 DMEI
—1.72; on Ir and Pr pasture in summer, DRE = 0.43 DMEI — 1.04. The
regression coefficients in above equations, including those on tall
fescue pasture in the previous report, were positively correlated to in
vitro dry matter digestibility in each pasture significantly.

Key words : Digestibility, Efficiency of utilization of metabo-

lizable energy, Grazing, Herbage intake.

Introduction

Digestibility of herbage plays an important role in energy flow on grazed pasture. OKUBO

1 1D

et a reported that lower digestibility of subtropical grass, in comparison with temperate

grass pasture, caused lower animal production in spite of higher plant production. TAKAHASHI

Animal Husbundery Experimental Station, Faculty of Agriculture, The University of Tokyo,
Iwama, Ibaraki, 319-02 Japan.

* Present address: University Farm, Faculty of Agriculture, Tokyo University of Agric. and
Tech., 3657-1, Nagatake, Tsukui, Kanagawa 220-02, Japan.
A part of this work was presented at the 45th meeting (September 1990) of Japanese Society
of Grassland Science.
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et al.'® reported seasonal change in in vitro dry matter digestibility, and discussed that it is
one of the causes of seasonal change in animal production. Digestibility affects not only a
process from gross energy intake to digestible energy but also some other processes from

1.2 and Osoro and MERCEDES CEBRIAN'® reported

herbage to animal gain. HODGSON et a
correlation between digestibility and intake by animals. ARCX have proposed a system for
predicting efficiency of utilization of metabolizable energy (k) using metabolizability which is
seriously affected by digestiblity.

Therefore, influence of digestibility on energy flow on grazed pasture should be evaluated
comprehensively. Modelling approach is one of the most effective ways for such evaluation.
Tsuik: et al.'” investigated an effect of increase in digestibility on animal gain using their
model developed.

In the present report, energy efficiency from herbage available to animal gain on Italian
ryegrass and perennial ryegrass pastures was investigated and compared with that on

1. and Kurokawa et al.”. Such comparison

tall fescue pasture reported by OKUBO et a
enabled us to discuss the effect of difference in digestibility between species of grasses on each

process of energy conversion.

Materials and Methods

1.- Pasture and grazing animals

- The present study was carried out at three sites of pastures in the Animal Husbundry
Experiment Station, Faculty of Agriculture in the University of Tokyo. This station is
located at the Ibaraki Pref. Japan. The three sites are called A, B and C, and their areas were
38 a, 39 a and 36 a, respectively. In the sites A and B used for meadow till 1988, regrowth of
Italian ryegrass (Lolium multiflorum Lam.) and reed canarygrass (Phalaris arundinacea) was
used for grazing in 1989. In autumn of 1989, perennial ryegrass (Lolium perenne L.) pastures
were established by plowing at the sites of A and B. The site C was tallfescue pasture grazed
till summer of 1989, in which in autumn of 1989 Italian ryegrass pasture was established by
resowing. At the time of plowing or resowing, compound fertilizer (N:P0O;:K,0=12:8:
10), lime material and fused magnesium phosphate were spread at the rate of 40 kg/10 a,
100 kg/10 a and 110 kg/10 a, respectively. During grazing season, compound fertilizer (30-50
kg/10 a) was applied two times a year at the end of each grazing period.

Groups of 3-5 head of Holstein heifers (4-20 months in age) were rotated in the three sites
of pasture (Table 1). Concentrated feed (1-2kg/head/day) was fed to grazing heifers
according to their body weight. At the end of grazing on each pasture, trimming was carried
out. During the periods when herbage in the all pastures was insufficient, hay or haylage and
above concentrated feed were fed to heifers on the other weed-dominant paddok than the three
sites. o '
2.  Sampling methods

In the present report, observations were carried out under following 3 conditions : (1)
condition under grazing on Italian ryegrass (Ir) pasture in spring, (2) condition under grazing
on-perennial ryegrass (Pr) pasture in spring and (3) condition under grazing on Ir and Pr
pasture in summer. Energy efficiency from herbage available to heifers gain was investigated
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Table 1. Outline of grazing.

Grazmg period Pasture® Number of Number of  Total mean Herbage Daily
grazing grazing body weight . -~ intake ~gain
days heifers

(days) (head/pasture)  (kg/10a) (gDM/kg BW)(kg/head/day)

89 4/25-5/11 Ir 16 3 227 29.5 1.65°

89 5/15-26 ‘ Ir 11 3 244 34.5° 0.45

89 6/16-29 Ir 13 3 213 -0 19.8 0.68

89 6/21-7/4 Ir 13 4 300 )  44.0 1.04

'89 7/21-8/4 Ir 14 4 280 . 24.3 ‘ —0.20 ,

90 4/10-23 Pr 13 5 420 - 31.2 1.08

'90 4/24-5/7  Pr 13 5 431 40.1 '1.66

"90 5/9-19 Ir 10 5 496 33.4 1.82

90 5/28-6/10 - Pr- 13 5 497 30.6 -0.94

90 6/13-23 - - Ir 10 5 535 26. 5 0.15

90 7/18-28 : Pr . 10 4 313 15.4 -0.70

"90 7/30-8/9 Ir: 10 4 328 } 32.9 ‘,_ 0.13

a) Ir: Italian ryegrass pasture. Pr: Perennial ryegrass pasture.

I 12)

by the same methods as ones by OxUBO et al. 1.7

and KUROKAWA et al.

The amount of herbage higher part than 5 cm above ground surface, on the assumption
that it is available. part, was measured by cutting method and the amount of herbage
consumed by heifers was calculated from the equation by LINEHAN et al.®. The amount of
available herbage supply during each grazing period was calculated from herbage consumed
during each grazing period plus the amount of available herbage left uneaten at the end of
each grazing period. ‘Body weight of heifers was measured at the beginning and the end of
each grazing period in successive 2 or 3 days repeatedly. Heart rate was measured by MaTsuz
and OkUBO’s method® for 24 hours, more than twice, around. the middle of -each grazing
period. o .

From the abové measurements, energy constituents presented in Table 2 were calculated on
the basis of two kinds 'of unit. The values of herbage dry matter were converted to energy
values, by multiplication-of calolific values'®. DDEI was calculated as follows :

DDEI = {Dig X (DGEI from herbage) + (digestibility of concentrated. feed)
. X (DGEI from concentrated feed)}/100, , . .
where Dig is digestibility of herbage available (/ ). Dig was calculated by the following
formula : : . : .
Dig = sum of {(corrlposition ratio of each portion of each grass) X (IVDMD
of each portlon of each grass)}

Here, IVDMD was meastred by the method by IowerTH et al.” and corrected by the equatlon
presented in their report.{ IVDMD and composition ratio of each grass including dead plant
portion and weeds were investigated at the beginning of grazing period. .How to calculate
other energy constituents are. summarized in Table 2. Two heifers were applied to heat
production measurements in'each grazing period. HA, HCE, GI, RE, DGEI and DDEI are. the
values for the whole group of grazing heifers, whereas DMEI and DRE are the values for each
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Table 2. Energy constituents.

Uniteeeeeeerees GJ/10a/grazing period

HA : Amount of available herbage energy supply.
HCE : Herbage energy consumed by heifers.
GI : Grazing intensity based on F?#.
(total F of whole group of heifers)
RE : Total energy retention® by the group of heifers.

Unlt .................. MJ/F/day

DGE!L : Daily gross energy intake®.

DDEIL: Daily digestible energy intake®.
DRE : Daily energy retention®.

DHP : Daily heat production?.

DMEI : Daily metabolizable energy 1ntakee’

a) F:Fasting metabolism of each heifer (MJ/day) calculated
using ARC’s method?.
b) Energy retention was estimated by ARC’s method?2®.
¢) DGEI and DDEI consist of energy from herbage and concentrated feed.
Herbage intake was estimated using cutting method and Linehan
etal.’s equation® .
d) Heat production was estimated from heart rate using Yamamoto
- etal.’s method!®,
e) DMEI was calculated from DHP+DRE.
30 ; 600

Mean air temperature (C)

Fig. 1.

25 4
20
15 1

104

b 500
- 400
- 300

- 200

Monthly precipitation (mm)

- 100

Ten-day-mean air temperature (——) and monthly precipitation (Dj in
1989 and 1990.

heifer applied to heat production measurements.

3.

Air temperature and precipitatioh were recorded at this Station.

Weather condition

-Ten day mean air

temperature and monthly precipitation from January, 1989 to September, 1990 are shown in
The periods from April to middle July and from late July to early September are

Fig. 1.

defined as spring and summer, respectively due to the previous description (OxUBO et al.’®).
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Table 3. Sward

Grazing period Pasture® At the beginning of grazing
Coverage(%) Sward Amount of
height herbage
Italian Perennial Reed available
ryegrass ryegrass canarygrass (cm) (kgDM/10a)
89 4/25-5/11 Ir 67.8 — 31.1 37.6 321
89 5/15-26 Ir 93.9 — 5.1 27.8 198
89 6/16-29 Ir 93.9 — 6.0 27.9 124
89 6/21-7/4 Ir 83.6 — 14.3 52.0 297
89 7/21-8/4 Ir 69.3 — 27.9 38.1 146
90 4/10-23 Pr 1.5 94.4 1.3 27.5 353
90 4/24-5/7 Pr .6 87.5 4.9 40.7 622
90 5/9-19 Ir 95.6 — — 31.6 210
90 5/28-6/10 Pr 3.3 93.7 3.1 49.8 397
90 6/13-23 Ir 97.9 — — 35.4 221
90 7/18-28 Pr 5.1 79.0 15.8 21.5 198
90 7/30-8/9 Ir 37.8 — — 20.4 335

a) Ir : Italian ryegrass pasutre. Pr: Perennial ryegrass pasture.

Results

1. Sward condition, herbage intake and daily gain

As shown in Table 3, coverage of Italian ryegrass in Ir pasture at the beginning of grazing
was higher than 83% in spring except for the first grazing in 1989, and decreased to less than
70% in summer. Coverage of perennial ryegrass on Pr pasture at the beginning of grazing
was higer than 79% in spring and summer. The amount of available herbage on Ir pasture in
spring, on Pr pasture in spring and on Ir and Pr pasture in summer ranged as 124-321, 353-622
and 146-335 kgDM/10 a at the beginning of grazing, respectively and 121-317, 261-357 and
95-349 kgDM/10 a at the and of grazing, respectiveiy. The range of herbage intake by heifers
on Ir pasture in spring, on Pr pasture in spring and on Ir and Pr pasture in summer were
20-44, 31-40 and 15-33 gMD/kgBW, respectively. Daily gain ‘of grazing heifers on the
respective pasture was 0.45-1.8, 0.9-1.7 and —0.2-0.70 kg/head/day.

2. In vitro dry matter digestibility

Seasonal changes in IVDMD of Italian ryegrass, perennial ryegrass and reed canarygrass
for leaf-brade and stem with leaf-sheath, are shown in Table 4. IVDMD of each species
tended to be highest in April or May and to decrease in summer. IVDMD of leaf-brade in
Italian ryegrass, perennial ryegrass and reed canarygrass ranged from 69 to 78%, from 74 to
81% and from 59 to 71%, respectively. IVDMD of stem with leaf-sheath of Italian ryegrass,
perennial ryegrass and reed canarygrass ranged from 63 to 77%, from 67 to 82% and from 63
to 77%, respectively.

Digestibility for the whole herbage available (Dig) was 66-76% (mean=69.3%) on Ir
pasture in spring, 70-73% (mean ="70.9%), and 64-71% (mean =67.7%) on Ir and Pr pasture
in summer (Table 4). ' :
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condition.
At the end of grazing ;
Coverage(%) Sward Amount of

height herbage

Italian Perennial Reed available

ryegrass ryegrass canarygrass (cm) (kgDM/10a)

34.8 — 2.8 29.1 317
62.4 — 4.4 22.9 167
96.1 — 3.4 17.8 121
81.0 — . 15.6 24.2 230

55.4 — © 32,6 16.7 94.6
0.8 94.6 2.1 16.0 261
2.9 92.6 4.0 19.9 357
94.1 — — 14.5 131
9.4 88.8 : — 14.1 289
94.7 — — 14.6 159
’ 1.4 86.6 10.9 13.9 181
27.8 - - . 184 349

Table 4. Seasonal changes in in vitro dry matter digestibility AIVDMD, %).

Sampling Itarian ryegrass Perennial ryegrass Reed canarygrass Dig?
date

Leaf-  Stem with Leaf-  Stem with Leaf- Stemn with
brade leaf-sheath brade leaf-sheath  brade leaf-sheath

'89 5/15 76.5 64.8 — — 71.0 63. 4 66.

3
'89 6/16 74.2 70.0 - — 70.2 61.2 71.1
'89 6/21 69.0 62.9 - — 58.6 56.2 60.6
'89 7/21 1.7 67.8 — — 64.6 62.5 64.1
90 4/10 — — 80.9 81.6 — — 69.6
"90 4/24 — — 76.0 76.9 — = 72.9
*90 5/9 7.9 6.5 — — — — 76.1
90 5/28 — — 75.7 69.6 — — 70.3
90 6/13 75.0 73.0 — — - — 72.5
'90 7/18 S - — 74.0 66.5 — C— 70,5
90 7/30 72.5 73.7 — - — . — 68.5

a) Digestibility of the whole herbage available at the beginning of grazing.

3. Energy budget of grazing

Table 5 shows the energy budget per 10a per each grazing period. In accordance with the
form of the equation represented by OKUBO et al.'?, the relationship among HA, GI-and HCE
on Ir and Pr pasture in spring was investigated, using the data in Table 5. As shown in
Fig. 2, the surface (solid line) descnblng the HA-GI-HCE relationship is expressed by the
following equation :

HCE =12.6 GI —70.5 GI/HA — 0.248. (R*= O 81) :

The surface describing that on tallfescue pasture (dotted line), cited from OKUBO et al B s
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Table 5. Energy budget of grazing.

Grazing period pasture® HA HCE GI RE® DMEI/DGEI
: —GdJ/10a/grazing period—
‘89 4/25-5/11 Ir 7.69 1.96 0.273 0.351 0.38
'89 5/15-26 Ir 3.24 1.72 0.201 0.055 0. 60
'89 6/16-29 Ir 3.24 1.01 0.213 0.113 0.62
'89 6/21-7/4 Ir 7.41 3.16 0.292 0. 214 0.32
‘89 7/21-8/4 Ir 3. 60 1.86 0.294 —0.092 0.36
90 4/10-23 Pr. 7.68 - 2.97 0. 394 0.301 0. 46
'90 4/24-5/17 Pr 10.5 4.09 0.402 0.492 0.32
90 5/9-19 Ir 5.52 3.08 0.357  0.521 0.42
'90 5/28-6/10 Pr 8.93 3.45 0. 442 0. 341 0.50
90 6/13-23 Ir 5. 59 2. 64 0.375 0.020 0.37
90 7/18-28 Pr 4.26 0.89 0.234 0.103 0. 59
90 7/30-8/9 Ir 8.49 2.01 0.251 0.014 0.35

a) Ir:Italian ryegrass pasutre. Pr : Perennial ryegrass pasture.

b) RE, DMEI and DGEI includes energy originated from subsidiary concentrated feed.
The relationship among HA, GI and HCE on Ir and Pr pasture in spring is-described
in Fig. 2.

HA, HCE, RE, GI, DMEI: see Table 2.

also shown in Fig. 2 for comparison.

DMEI/DGEI on Ir pasture in spring, on Pr pasture in spring and on Ir and Pr pasture in
summer was 0.47, 0.44 and 0.40, respectively. "Including all three conditions, correlation
between DGEI and DMEI was not significant (r = 0.46), whereas that between DDEI and DMEI
was significant (DMEI = 0.38 DDEI +1.21, r =0.64, p<0.05). Here, DMEI is mean value of
DDEI of two heifers applied to heat production measurements.

Fig. 3 shows the relationship between DMEI and DRE. Within each condition, there was
significant positive relationship between DMEI and DRE. The relationships were expressed by
the following regression equations : ’

on Ir pasture in spring DRE = 0.63 DMEI - 1.76 (r = 0.87, p<0.01)
on Pr pasture in spring DRE=10.65 DMEI - 1.72 (r = 0.97, p<0.01)

_on Ir and Pr pastufe in summer DRE = 0.43 DMEI — 1.04 (r =0.90, p<0.05)
Differences in regression coefficients between conditions were not significant. The regression
lines on tall fescue pasture in spring and autumn and that in summer, cited from KurokaAwA
et al.” are also shown in Fig. 3.

Discussion

Digestibility has two aspects. One is ratio of matter or energy digested to that ingested,
which is measured by in vivo method. The other is index of quality of herbage, which is
measured by in vitro method. Originally in vitro method was developed for estimating in
vivo digestibility. In the present report, we used in vitro dry matter digestibility IVDMD)
on above two aspects. Compared in the same season, IVDMD. of Italian ryegrass and
perennial ryegrass shown in Table 4 was about 10% higher than that of tall fescue in OxuBo
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HCE
(GJ/10a/grazing period)

Gyl
J/Joa/gra2.7
1,
HA & perjod) )

Fig. 2. Relationship among available herbage energy supply (HA),
grazing intensity caluculated using fasting metabolism (GI)
and consumed herbage energy by heifers (HCE) on Italian
ryegrass pasture and perennial ryegrass pasture in spring
(—), HCE =12.6 GI— 70.5 GI¥HA - 0.248 (R*=0.81)
Regression surface on tallfescue pasture in spring and
autumn (o ), cited from Oxruso et al. 2 is also shown for
comparison. .

HCE=12.3GI—49.2 GIZ/HA —0.709 (R*=0.94)

et al.'® Mean Dig (average of digestibility of whole herbage available on each pasture in
each season) in the present report was about 5% higher than that of tall fescue pasture in

1.'”  The effect of this difference on energy conversion at grazed pasture is

OxuBo et a
discussed here.

As OKUBO et al.'® stated, the relationship among HA, GI and HCE (Fig. 2) represents
" energy conversion from herbage available to consumption by animals. That is, under given
GI, HA is converted to HCE according to the eqation expressing the HA-GI-HCE relationship.
As shown in ' Fig. 2, within the range of HA and GI values in'the present report, the estimated
values of HCE on Ir pasture and Pr pasture was only a little higher than those on tall fesce
pasture cited ‘from OxuUBO ‘et al.'” Thus, the effect of difference in digestibility between
grass species could not be detected on the process from HA to HCE. HopasoN et al.® and
Osoro and MERcEDES CEBRIAN'® reported correlation between digestibility and intake by
animals. Other factors than those considered in the present report, for example sward

characterisites®, may have affected this process.
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0.5 —

DRE (MJ/F/day)

! ~0.5 <y | T T T T

DMEI (MJ/F/day)

Fig. 8. Relationship between dailjr metabolizable energy intake
(DMEI) and daily energy retention (DRE).

[J, ———: on Italian ryegrass pastures in spring.
DRE =0.63 DMEI —-1.76 (r =0.87)
O, ----: on perennial ryegrass pastures in spring.
DRE =0.65 DMEI - 1.72 (r=10.97)
V¥, ---: on Italian ryegrass or perennial ryegrass pastures in
summer.

DRE =0.43 DMEI —1.04 (r = 0.90)
Regression lines on tallfescue pasture in spring and autumn
(“4, DRE =0.47 DMEI —1.16) and in summer (--—, DRE
=—0.02 DMEI - 0.092) cited from Kurokawa et al.” are also
shown in the figure for comparison.

Significant correlation between DDEI and DMEI suggests that the low correlation between
DGEI and . DMEI might partly owe to large variation in digestibility. DMEI/DGEI (q) in the
present report was higher than that on tall fescue pasture (0.36 in spring and autumn and 0.31
in summer).. This difference in g partly owes to difference in digestibility. DMEI/DDEI in
the present report (0.61 on Ir pasture in spring, 0.56 on Pr pasture in spring and 0.59 on Ir and
Pr. pasturre in summer) were also higher than those on tall fescue pasture (0.53 and 0.46).
NRC® has used fixed value (0.82) for DMEI/DDEL  We could not detect the reason for such
differences in DMEI/DDEI. Lower DMEI/DDEI in the present report than that in NRC* may
owe mainly to overestimation of herbage intake by cutting method, because cutting method
often causes overestimation of herbage intake'™.

The regression coefficients of DRE on DMEI (Fig. 3) are equal to efficiency of utilization

20)

of metabolizable energy (k) ARC™ has proposed a system predicting k and maintenance

requirement ‘for DMEI (DMEI,,) using q. According to the system using g in the present
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Fig. 4. Relationship between mean digestibility of herbage available
and efficiency of utilization of metabolizable energy for gain
(k).

: on Italian ryegrass pasture in spring.

: on perennial ryegrass pasture in spring.

:on Italian ryegrass or perennial ryegrass pasture in

summer.
: on tall fescue pasture in spring and autumn.
: on tall fescue pasture in summer.

o0 »[>[]

report, k; (k for gain) on Ir pasture in spring, that on.Pr pasture in spring and that on Ir and
Pr pasture in summer was 0.37, 0.35 and 0.32, respectively. All of the values of k; are lower
than k in the present report. It is partly because g has been underestimated oWing to
overestimation of DGEI'®. Even if that is considered, the values of k (0.63 or 0.65) on Ir or
Pr pasture in spring seems too high because q should be more than 0.75 if k; were predicted to
be more than 0.60 by ARC’s method”®, and digestibility should be more than 0.92 if q were
more than 0.75 (DMEI/DDEI=0.82)"". CaMMmELL et al.” reported k, for perennial ryegrass
fed to housed growing cattle was 0.42. Their value was also lower than k on Ir pasture and
Pr pasture in spring, and similar to k on Ir and Pr pasture in summer. DMEI on Ir pasture
in spring, Pr pasture in spring and Ir and Pr pasture in summer were 80%, 68% and 51%
higher than predicted values, respectively, i.e., 2.79, 2.65 and 2.41 v.s. 1.55, 1.57 and 1.60.

As shown in Fig. 4, k looks significantly related to mean Dig. - Dig and k on tall fescue
pasture were cited from OKUBO et al.'® and KUROKAWA et al.”, respectively. Fig. 4 suggests
that seasonal changes in k in the present report and the report by Kurokawa et al.” depended
on seaéonal change in digestibility. of herbage. ARC® tells that there is a correlation
between k and g, (q at maintenance), and q,, seriously depends on digestibility.

Thus, we agreed with ARC® on tendency to correlate between digestibility and k. On the
other hand, on the values of k or DMEI,, we did not agree with ARC*®. Higher DMEI than
ARC’s prediction® appears to express higher.energy expenditure of grazing animals against
housed animals'”. Concerning k, more observations are required.
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Systems approach' will permit us to integrate the results obtained in the present study,

and to evaluate the effect of difference in grass species or digestibility on energy flow on

16

grazed pasture. Such approach is needed for investigating the effects of air temperature™ or

growing stage of grasses”® on energy flow, because it is known that they affect digestibility.
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