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Synopsis
HiraTa, M., S. Ocura, K. FukuvaMma, S. Kuroxr, T. INoug, T.
Hipaka, T. Yuce, M. TakAauAsHI and K. NomuraA (2003) :
Herbage production and utilization in a bahiagrass (Pas-
palum notatum Fliigge) pasture grazed by breeding beef
cows. Grassland Science 48, 477-484.

Herbage production and utilization in a bahiagrass
(Paspalum notatum Fliigge) pasture rotationally grazed
by breeding Japanese Black cows were quantified in a
cow-calf system in coastal Miyazaki, southwestern Japan.
Herbage mass (range=20-421 g DM/m? increased during
the pre-grazing season (mid-April to late May), and there-
after repeated a decrease during a grazing period and an
increase during a rest period in the grazing season (late
May to late October). Dry matter digestibility and nitro-
gen concentration of herbage (range=471-593 and 13-26
g/kg DM, respectively) decreased from May to October.
The rate of herbage production (range=2.4-8.8 ¢ DM/m?/
day) tended to peak in early July, with the potential rate
(range=3.0-13.7g DM/m?/day) being high until early July
and decreasing thereafter. The rate of herbage consump-
tion and dry matter intake by cows ranged from 19.9-59.2
g DM/m?/day and 14.8-42.9g DM/kg LW/day, respective-
ly. Total herbage production and consumption from mid-
April to late October (=growing season) were respectively
1025-1033 (mean =1029) g DM/m? and 892-941 (mean=916) g
DM/m? with degrees of utilization of 0.86-0.92 (mean=
0.89). The study shows that a bahiagrass pasture, which is
intermediately productive among sown pastures in Japan,
is highly utilized by breeding Japanese Black cows, pro-
viding sufficient digestible energy and protein.

Key words : Bahiagrass, Breeding beef cow, Digestibility,
Nitrogen, Production, Utilization.

Introduction

Quantifying herbage production and utilization in
grasslands is an important theme in studies on graz-
ing systems, because it enables us to characterize the
systems in terms of biotic (e.g. plants and animals)
and abiotic factors (e.g. climate, soil, topography) and

management by human (e.g. fertilizer application,
grazing intensity). A number of studies have there-
fore quantified herbage production and utilization in
various types of grazed grasslands, as shown by
examples in Japan®!"18:2023.25.27, 28

Bahiagrass (Paspalum notatum Fligge), a sod-for-
ming, warm-season perennial, is widespread in the
sotuthern USA and Central and South America®. It
is also grown in the low-altitude regions of south-
western Japan and used for both grazing and hay.
Some previous studies for quantifying herbage pro-
duction and/or utilization in grazed grasslands in
Japan have dealt with bahiagrass pastures in graz-
ing systems with such animals as beef steers®”, dairy
heifers® and lactating dairy cows!”. However, it
seems that few studies dealt with a bahiagrass pas-
ture grazed by breeding beef cows, despite the fact
that bahiagrass pastures in the low-altitude regions
of southwestern Japan are mainly used for feeding
this type of animal. It is widely recognized that
bahiagrass is more suitable to animals having low
energy and nutrient requirements such as breeding
beef cows than to animals with high requirements
for growth and production, because of low herbage
quality particularly in summer-autumn. In fact, gra-
zing systems rearing young growing animals (e.g.
heifers and steers) on a bahiagrass pasture are often
characterized by low pasture utilization®*” and low
liveweight gain of animals®2"26:27, ,

In the present study, herbage production and utili-
zation in a bahiagrass pasture rotationally grazed by
breeding Japanese Black cows were quantified for 2
growing seasons (inclusive of 2 grazing seasons) in a
cow-calf system in coastal Miyazaki, southwestern
Japan. Digestibility and nitrogen (N) concentration
as measures of herbage quality were also quantified.
The aim of the study was to characterize the system
mainly in terms of herbage production and utiliza-
tion and energy and nutrient intake by cows, by
comparing the results with those in the literature.
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Materials and Methods

1. The site, pasture and animals

The study was conducted in a 1.06-ha paddock of a
Pensacola bahiagrass pasture at the Sumiyoshi Live-
stock Farm (31°59’N, 131°28’E), Miyazaki University,
Japan. The paddock was one of 5 paddocks (total
area=6.3 ha) rotationally grazed by Japanese Black
cows and calves during the grazing season from late
May to late October-early November.

In 1998 and 1999, the paddock was mown to a
height of about 10cm above ground level in mid-
April, to remove spring weeds. Then, during the
grazing season, the paddock was grazed 6 times by
30-34 cows (mean liveweight=450kg) and 9-13
calves (mean liveweight=70-100kg) for 4-7 days
(0900-1600 h each day) at intervals (rest periods) of
11-38 days (Table 1). The total duration of grazing
was 30-32 days.

Calves consumed negligible amounts of herbage in
the paddock, because they were at a pre-weaning
stage (<4 months old) and separately fed with con-
centrate (TDN=74%, CP=20%) and roughage
(mainly Italian ryegrass hay). The mean amounts of
concentrate and roughage were 0.4 and 0.3kg/head/
day as fed, respectively. Cows were rarely supple-
mented when they grazed the paddock (inclusive of
the previous day of each rotational grazing period).
Except these periods, cows were supplemented with
Ttalian ryegrass, guineagrass, rhodesgrass and/or
bahiagrass hay (2-14 (mean=>5.4) bales/month ; 270~
280 kg each as fed) in a barn where they spent night.
In addition, they were supplemented with corn silage
in early June (b days ; 600 kg as fed at each time) and
early to mid-October (3 days ; 800-1200kg as fed at

Table 1. Outlines of grazing management.

. . Mean
Ve Guung  Dumton  Number gewsin
1998  21-25 May 5 32 444
17-23 Jun. 7 32 444
18-24 Jul. 7 32 458
12-16 Aug. 5 32 455
20-23 Sep. 4 31 444
23-26 Oct. 4 34 453
1999  22-25 May 4 33 440
21-25 Jun. 5 30 448
3-7 Aug. 5 32 438
13-18 Sep. 6 32 440
22-25 Oct. 4 32 455
6-11 Nov.” 6 32 455

a) With 9-13 calves (mean liveweight=70-100 kg).
b) Not included in the study.

each time) in 1998, and with Italian ryegrass silage in
mid-August (2 bales ; 400kg each as fed) and early
October (1 bale ; 400 kg as fed) in 1999.

The paddock received compound fertilizer and
urea. The fertilization rates in 1998 were 97kg N (60
kg in April and 37kg in September), 26 kg P (April)
and 40kg K (April) per ha. The rates in 1999 were 70
kg N (30kg in April and 40kg in August), 1Tkg P
(April) and 20kg K (April) per ha.

2. Measurements

Herbage mass (dry matter (DM) per m? above a 3
-cm height) was estimated in mid-April and at the
beginning and the end of each rotational grazing
period (Table 1), using an electronic capacitance
probe (PastureProbe™, Mosaic Systems Ltd., New
Zealand). In mid-April, herbage mass was quantified
for 8 permanent quadrats (20 cm X 20 cm) in the pad-
dock. Pre- and post-grazing herbage masses during
the grazing season were quantified for 182 fixed loca-
tions (50cm X5b0cm) along 2 permanent 90-m line
transects crossing the paddock. Details of the meas-
urements and estimation for mid-April and grazing
season are described in HiraTA and Pakiping'® and
HiraTa!V, respectively.

Dry matter digestibility (DMD) and N concentra-
tion of herbage were quantified 5 times between
mid-May and mid-October in 1999. On each occasion,
8-10 locations (50 cmX50cm) whose herbage mass
covered the range of herbage mass in the paddock at
approximately constant intervals were sampled to a
3-cm height, and the samples were oven-dried, weigh-
ed and ground to pass a I-mm screen. DMD was
determined with a pepsin-cellulase technique, and
corrected by a calibration equation to give predicted
in vivo DMD?. N concentration was determined ac-
cording to AOAC®. More details of the measure-
ments are described in Ocura et al.'®. Because of the
non-random sampling, the mean DMD and N concen-
tration of herbage in the paddock on each occasion
were estimated as a mean value over 2-3 locations
which showed closest herbage masses to the mean
herbage mass over the 182 locations along the trans-
ects on the nearest measurement date.

3. Calculation of rates of herbage production and
utilization, potential rate of herbage production
and digestible energy intake :

Herbage production during the pre-grazing season
(mid-April to late May) and during each rest period in
the grazing season (between grazing periods in Table
1) was calculated as net accumulation in herbage
mass during the period. Herbage consumption
during each grazing period was calculated as : appar-
ent herbage consumption (difference between pre-
and ﬁ)ost~grazing herbage masses) plus herbage pro-
duction during grazing, i.e. disturbed herbage accu-
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Fig. 1. Meteorological conditions during the study. Ten- or 11-day means
of maximum (-—--- ), mean (——) and minimum (- ) daily air
temperatures, daily total short-wave solar radiation, and 10- or 11

-day totals of rainfall.

mulation. Disturbed herbage accumulation was es-
timated using Equation 1 (see below). Herbage utili-
zation was defined as a proportion of consumption to
production (not to standing herbage mass).

The rate of herbage production was calculated by
dividing herbage production during the pre-grazing
season or during each rest period by the duration
(day) of the period. The rate of herbage consumption
was calculated similarly by dividing herbage con-
sumption during each grazing period by the duration
(day) of the period.

HiraTA!Y measured the rate of herbage production
(undisturbed accumulation) in the current system
during May-October 1996, and showed that the rate

(G, g DM/m?/day) was quadratically related to herb- -

age mass (M, g DM/m?), i.e. herbage accumulation
followed the logistic growth curve, with the poten-
tial or maximal rate (Gmax, & DM/m?/day) changing
with season and the herbage mass for Gu.x being
around 400 g DM/m? :

G =G max(1— (M —400)%/160000) €Y
Using this equation, Gmax during the study period
was estimated from G and M quantified as above, in
order to highlight the seasonal dynamics in the po-
tential herbage production, i.e. removing the effect of
herbage mass on the production rate.

DM intake by cows was calulated from the rate of
herbage consumption, paddock size (1.06 ha) and the
number and liveweight of cows (Table 1). Intake of
digestible energy was estimated on assumptions that
gross energy concentration of herbage equals 18.4
kJ/g DM and energy digestibility equals DMD.

Results and Discussion

1. Meteorological conditions

The meteorological conditions during the study
are shown in Fig. 1. Compared with the long-term
average (1961-1990), the growing season (May-Octo-
ber) of 1998 showed higher mean air temperature
(25.2 vs. 23.3°C) and similar mean solar radiation (15.6
vs. 155MdJ/m?/day) and total rainfall (1719 mm vs.
1761 mm). The growing season of 1999 showed simi-
lar mean air temperature (23.6°C), lower mean solar
radiation (14.2 MdJ/m?/day) and higher total rainfall
(2111 mm).

2. Herbage mass and herbage quality

Herbage mass (range=20-421 g DM/m?) increased
during the pre-grazing season (mid-April to late
May), and thereafter repeated a decrease during a
grazing period and an increase during a rest period
in the grazing season (Fig. 2). Herbage mass in 1998
peaked in July, whereas that in 1999 in September-
October. The later peak in herbage mass in 1999 than
in 1998 may be attributed mainly to different season-
al patterns of air temperature and rainfall. In 1998,
air temperature peaked in mid-August with relative-
ly low rainfalls in July-August (Fig. 1). By contrast,
in 1999, air temperature peaked in late August and
decreased slowly until mid-September with relative-
ly high rainfalls in August-September.

DMD and N concentration of herbage (range=471-
593g/kg DM and 13-26g/kg DM, respectively) de-
creased from May to October (Fig. 3). Such a decreas-
ing trend of seasonality in DMD broadly accords
with previous observations on herbage digestibility
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Fig. 2. Changes in herbage mass. Vertical bars
indicate SE of mean (usually smaller than the
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Fig. 3. Changes in dry matter digestibility (DMD)
and nitrogen (N) concentration of herbage in
1999.
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Table 2. Herbage production and consumption in in-
dividual periods.

Year Period® D1.(1dration Productiozn Corésglénp-
ay) (g DM/mY) (o pv/m?)
1998 13 Apr.-20 May (PGS) 38 225 —
21-25 May (G) 5 33 126
26 May-16 Jun. (R) 22 142 —
17-23 Jun. (G) 7 48 139
24 Jun-17 Jul. (R) 24 212 —
18-24 Jul. (G) 7 45 260
25 Jul-11 Aug. (R) 18 85 —
12-16 Aug. (G) 5 23 130
17 Aug-19 Sep. (R) 34 81 —
20-23 Sep. (G) 4 11 123
24 Sep.~22 Oct. (R) 29 116 —
23-26 Oct. (G) 4 4 162
Total 197 1025 941
1999 20 Apr.-21 May (PGS) 32 89 —
22-25 May (G) 4 14 116
26 May-20 Jun. (R) 26 149 —
21-25 Jun. (G) 5 25 155
26 Jun-2 Aug. (R) 38 246 —
3-7 Aug. (G) 5 35 158
8 Aug.-12 Sep. (R) 36 259 —
13-18 Sep. (G) 6 33 226
19 Sep.-21 Oct. (R) 33 174 —
22-25 Oct. (G) 4 10 237
Total 189 1033 892

a) Pre-grazing season (PGS), rotational grazing period -

(G) and rest period (R).

in bahiagrass®®'®1%20 though there may be some
recovery in digestibility in autumn®'®'"?  Further-
more, the ranges of DMD and N concentration almost
agree with previous values of 480-675g/kg DM?®&10
and 13-24 g/kg DM, respectively, though the spring
DMD in the present study is lower than previous
values.
3. Herbage production and utilization

Herbage production and consumption during the
pre-grazing season and individual grazing and rest
periods were estimated as shown in Table 2. Herb-
age production during grazing accounted for 2-34%
(mean=16%) of herbage cohsumption, showing a
tendency of higher contributions in spring and
summer than in autumn. This indicates that herbage
accumulation under grazing (disturbed accumula-
tion) is too large to neglect in estimating herbage
consumption particularly in summer, as already well
pointed out'®. Total herbage production and con-
sumption for the period of mid-April to late October
(=growing season ; 189-197 days) were respectively
1025 and 941 g DM/m? in 1998 (utilization=0.92), and
1033 and 892g DM/m? in 1999 (utilization=0.86),



HIRATA et al. : Production and Utilization of Bahiagrass Pasture 481

5 10 4
5 o
T= & A
a3 o N
o> 61 o A
% E o 8
~

2= 4 e}
3 O
e s o
(o] 24
9
[0
o 0 : . — . T

15 7

ay

s 12
2 o a
£ 9 o
s a e} A
)
2 ¢ ° )
5
E 34 o
G

0 T T r T T T

A M J J A S 0]
Month

Fig. 4. Changes in rate of herbage production and
potential rate of herbage production (Gmax) in
1998 (O) and 1999 (A). Rates are for the
pre-grazing season.and individual rest peri-
ods (Table 2). Refer to Equation 1 for Gpax.

averaging 1029 and 916 g DM/m? (utilization =0.89).

The rate of herbage production for the pre-grazing
season and individual rest periods (range=2.4-88g
DM/m?/day) tended to peak in early July (Fig. 4).
Such high rates of herbage production in summer are
characteristic of tropical grasses. Removing the
effect of herbage mass, the potential rate of herbage
production (Gmax ; Tange=3.0-13.7g DM/m?/day)
tended to be high until early July and decreased
thereafter (Fig. 4). The high potential rates in April-
May compared with the relatively low air tempera-
tures (Fig. 1) are considered to reflect a spring flush.
Consequently Gmax Was not significantly correlated
with air temperature (r=—10.365, P>0.1). There was
also no significant correlation between Guax and rain-
fall (r=0.137, P>0.1).

The rate of herbage consumption and DM intake
by cows ranged from 19.9-59.2g DM/m?/day and
14.8-429g DM/kg LW/day, respectively (Fig. 5).
None of these variables showed specific relationships
to the amount of substrate, i.e. pre-grazing herbage
mass and pre-grazing herbage allowance, respective-
ly. Here, excluding one data set with a considerably
overestimated intake of 429g DM/kg LW /day, the
range of DM intake was 14.8-28.3g DM/kg LW /day,
which agrees closely with intakes estimated in the
current system in 1996 (14.9-254g DM/kg LW/
day)?. Furthermore, without the data set, the rela-
tion of DM intake to herbage allowance may be
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Fig. 5. Relationship between rate of herbage con-
sumption and pre-grazing herbage mass, and
between dry matter (DM) intake and pre-
grazing herbage allowance in 1998 (O) and
1999 (A\). Rates are for the individual grazing
periods (Table 2).

taken to form a part of a commonly observed curve
where intake increases with a saturating trend as
allowance increases (e.g. Gizs and TreacuER?Y, LE Du
et al.™ and NRC®). In this case, the maximal intake
(asymptote)} is estimated at about 25 g DM/kg LW/
day, which is common to grazing animals.

Compared with values from grazed grasslands in
Japan, the total herbage production averaged over 2
years (1029g DM/m?; from Table 2) was almost in-
termediate among sown temperate and tropical pas-
tures (Fig. 6). By contrast, the mean total herbage
consumption (916g DM/m? and mean utilization
(0.89) were relatively high (4th and 3rd highest, re-
spectively) among the sown pastures. Although
values of herbage production and consumption in
grazed grasslands would vary with management
such as fertilizer rate and grazing intensity, compar-
ison of the values provides us with information on a
rough position of the system in the present study.
4. Energy and nutrient intake by cow

Intakes of digestible energy and crude protein
were almost equal to or above the requirements
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Fig. 6. Comparison of herbage production and con-
sumption in the present study (%) with those
in grazed pastures in the literature (O, native
pasture ; [], sown temperate pasture; A\,
sown tropical pasture). Values for the pre-
sent study are for the period of mid-April to
late October (=growing season), and those for
the literature are on a basis of annum, graz-
ing season or growing season. Pastures in
the literature are: (I, 2) Nezasa-type grass-
lands (YaMAMOTO et al.?® and OkuBo et al.??,
respectively) ; (3) orchardgrass pasture (FUKU-
YAMA et al?);(4) Italian ryegrass-orchard-
grass pasture (OKUBO et al.?); (5, 6) redtop
pastures (OkaJIMA ef al.?® ; conventional and
high N fertilizer rates, respectively); (7, 8)
mixed temperate-species pastures (TAKAHASHI
et al.® ; light and heavy grazing intensities,
respectively) ; (9) Italian ryegrass pasture
(SHINDO et al.?®); (10, 11) perennial ryegrass
dominant pastures (NISHIMICHI et al.'® ; pre-
grazing sward heights of 20cm and 30cm,
respectively) ; (12-14) bahiagrass pastures (on-
and-off grazing and whole-day grazing with-
out supplementation in TAKIMOTO et al.?” and
Miaki et al.'”, respectively); (15) bahiagrass-
Vicia pasture (OkuBO et al?). Values for
TAKAHASHI et al.” were calculated on an as-
sumption that energy concentration of herb-
age equals 18.4kJ/g DM. Values for TAKI
MOTO et al.?” were calculated on an assump-
tion that dry matter concentration of herbage
equals 0.26 g/g. 7

recommended in Jépanese feeding standard for beef
cattle® ; i.e. requirements for maintenance of a 450
kg LW cow with and without additional require-
ments during the last 2 months of pregnancy or for
daily milk production of 6.5 kg (Fig. 7). It is reported
that the daily milk production by a Japanese Black
cow during the lactation period peaks 1 week after
parturition with a value of 6-7 kg and decreases
thereafter'®'?, This indicates that allowing 6.5kg

milk production gives close estimates of the maximal
requirements by a lactating cow. The present study
estimated DMD and N concentration of the whole
herbage above a 3-cm height in locations representa-
tive of the mean herbage mass over the paddock.
Because all grazing animals are selective in their diet,
actual intakes of digestible energy and crude protein
are considered to be higher than the estimations in
this study. Supporting these, cows maintained their
liveweight throughout the grazing season in both
years (Table 1). Fukuvyama et al.V reported that calf
productivity by cows in the current cow-calf system
was similar during the grazing season and the non-
grazing season.

Conclusions

Bahiagrass is well adapted to the low-altitude
regions of southwestern Japan and forms an impor-
tant feed resource mainly for breeding beef cows.
The results of the present study show that a bahi-
agrass pasture, which is intermediately productive
among sown pastures in Japan, is highly utilized by
breeding Japanese Black cows, providing sufficient
digestible energy and protein.

A major goal of the management of a grazing
system is to maximize pasture production and utili-
zation quantitatively and qualitatively without ad-
verse effects on persistence of the pasture. In the
grazing system of this study, pasture production
may be maximized by maintaining herbage mass at
400g DM/m? (Equation 1). However, this greatly
delays the beginning of the grazing season (Fig. 2).
At the same time, herbage quality (e.g. DMD and N
concentration) decreases with progressing season
(Fig. 3) and increasing herbage mass in summer-
autumn'®. In terms of herbage intake by cows, herb-
age allowance of 100-200g DM/kg LW is needed for
ensuring an intake of 25 g DM/kg LW /day (2.5% of
LW) (Fig. 5). This allowance corresponds to variable
herbage masses depending on the paddock size and
the number and liveweight of cows (e.g. 127-256¢g
DM/m? when thirty 450 kg cows graze a 1.06-ha pad-
dock). Sufficient allowance needs to be maintained
throughout each rotational grazing period, taking
account of daily herbage production and consump-
tion. Thus, search of an optimal management is not
simple, and may need a modeling and simulation
approach. For this purpose, further accumulation
and analyses of data are needed, particularly to
model Gmax, DM intake and quality of herbage.

HraTA ef al.” estimated that a bahiagrass pasture
is persistent when utilization (proportion of herbage
consumption to net primary production) is below
0.93. Considering the fact that the utilization in the
present study is defined as a proportion to herbage
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Fig. 7. Changes in intakes of digestible energy (DE) and crude protein
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the last 2 months of pregnancy or for daily milk production of 6.5
kg. See text for estimation of DE intake.

production, i.e. not including production of stubble,
belowground plant parts and litter, the utilization
values of 0.86-0.92 (Table 2 and Fig. 6) are regarded to
be well below the critical value.
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