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ABSTRACT

The study was carried out to evaluate the forage yields, nutritive values and in vitro fermentation parameters of herbaceous
legumes. Five varieties of introduced herbaceous legumes; Stylosanthes guianensis cv. Ubon stylo, Macrotyloma axillare
cv. Archer, Centrosema brasilianum cv. Ooloo, Stylosanthes guianensis cv. Stylo 184 and Macroptilum bracteatum cv.
Cadarga were evaluated at the research farm, University of Veterinary Science, Yezin, Myanmar. No fertilizer and no
irrigation were applied for cultivation to test drought resistance. Dry forage yield, nutritive values and gas production at
four harvesting times were measured with 4 X5 factorial arrangement (5 legumes and 4 harvesting time) in randomized
complete block design. There was no interaction between legumes and harvesting time on forage yield, nutritive values
and fermentation parameters but they were affected by main effects of legume types and harvesting time. Among the
legume forages, the highest dry forage yields was found in Ooloo, Ubon stylo, and Stylo 184, and followed by the DM
vield of Archer and Cadarga. The DM yield of second harvest was significantly higher (p<0.05) than those of first,
third and fourth harvest which were not significantly different from each other. As chemical composition, the DM
content of Archer was lower (p<0.05) than those of other varieties. Among the legumes forages, the lower CP content
was found in Cadarga. The higher NDF was observed in Ooloo. Ooloo, Ubon stylo and Cadarga showed higher ADF
in comparison with the other two varieties. Among the harvesting time, the lowest DM content was found at first
harvest. The highest CP content was found at third harvest. The NDF content was not significantly different. The
lowest ADF content was found in fourth harvest. According to the dry forage yield, Ubon stylo and Ooloo had highest
dry forage yield and in term of nutritive values, Stylo 184 and Archer had higher nutritive values. As the main effect
of forages, Stylo 184 and Archer had higher gas production in comparison with the other varieties. As the main effect
of harvesting time, fourth harvest had highest gas production in comparison with other harvesting time. It could be
better for cultivation by application of fertilizer and irrigation to get more forage yield and quality.
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INTRODUCTION

As the forages and crop residues are poor in nutritive values,
commercial concentrates were used for their livestock as

The forage biomass containing large amount of complex
carbohydrates, those mainly relied by ruminants as proper feeds
are not digested by intestinal enzymes and cannot be used by
monogastric animals. Crop residues and forages are inclusion
in such kind of feed stuffs. The ruminants can use these forages
efficiently and they have the ability to convert waste material
to uscful products (Speed & Pugliese, 1991).

supplementation, while also they are relying on home-made
feeds such as acacia pods, maize and groundnut stover, crushed
cowpeas mixed with maize, and crushed sunflower seed mixed
with maize. There is needed to replace with good quality
legumes to reduce the amount of concentrates, which are
expensive for the smallholder farmers. One of the alternative
ways to improve the utilization of such crop residue is by proper
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supplementation with leguminous forage because legumes can
provide extra protein, as they have much higher levels of protein
in their leaves and also provide essential minerals and vitamins

for animal growth (Poppi & McLennan, 1995).

High quality sown forage such as leguminous fodder has been
found to provide adequate supplementation in dry season and
improve the productivity of grazing cattle. The legumes are
fugitively recognized as protein banks and those can also be
called under sown in food crops. It can be grazed, harvested and
fed fresh or stored as hay or silage (Harricharaan et al., 1988).
As another option, cultivated forage legumes can provide high-
quality feed, in cheaper price which can greatly enhance the
ability to produce of traditional agricultural systems. Because
of their higher nitrogen (N) content compared with grasses,
it makes legumes to improve intake of forage, digestibility of
fibre and reduce carbon dioxide (CO,) and methane emissions,
through a more proficient utilization of the energy content of
the ingested forage in ruminants (Mannetje, 2000). As legumes
have root nodules which can fix atmospheric nitrogen, they
are mostly in the crucial role to reduce the input of nitrogen
fertilizer to maintain sward yields at satisfactory soil condition

(Michiels et al., 2000).

A wide range of feedstuffs are applied in the feeding system
in the tropical and subtropical, predominantly the crops and
agricultural by-products, grasses, legumes, trees and shrubs.
Because of rapid growth of grasses, plentiful biomass is produced
after the onset of the rains, but protein concentration declines
as grasses grow and mature. During the dry season, the crude
protein (CP) concentration in the native grasses can drop below
3% dry matter (DM) (Adjolohoun et al., 2008). Fodder tree is
not sufficient and is of low quality in Myanmar (Myo & Tin,
2007). Shrubs represent an enormous potential source of protein
for ruminants in the tropics (Devendra, 1992).

Browses which are rich in protein and minerals are used freshly
lopped in the dry season or as dry leaves conserved for feed
after collection. The larger cultivated area at the expense of
grazing land produces more low quality crop residues and
N supplementation in the form of browse can enhance the
nutritive values of these crop residues. Herbaceous legumes
can be intercropped with cereal crops as a relay within or as a
rotation with cereals. Through bacterial activity in root nodules,
atmospheric N fixation can access by herbaceous legumes
and contribute to subsequent cereal crops. The growing of

herbaceous legumes provides a cheaper and more suitable to
drought resistant (Nulik et al., 2013).

As Myanmar is one of the tropical countries, it is needed to solve
the problem of feed shortage during dry season by cultivating
good quality forages which are drought resistance. In Myanmar,
Nang (2015) evaluated 16 kinds of grasses for selection of good
quality grass in terms of yield and nutritive values. However,
there is still limited information on evaluation of the legume
forage species. Therefore, this study was conducted to evaluate
dry matter yield and nutritive values of herbaceous legume
forage varieties through analysis of chemical composition and
in vitro gas method.
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MATERIALS AND METHODS
Experimental Site and Experimental Design

The experiment was conducted at the research farm of
University of Veterinary Science, Yezin, Nay Pyi Taw, Myanmar.
For planting, a randomized complete block design with 4 blocks
was used in this experiment. In each block, there were five
introduced herbaceous legumes plots which were randomly
assigned in a (4 X 5) factorial experiment. Rainfall, minimum
and maximum temperature of experimental area were recorded
monthly (June, 2014 to December, 2014) and harvesting times
are shown in Table 1. Soil condition of the study arca was
observed and shown in Table 2.

The herbaceous legumes species used in this experiment were
Stylosanthes guianensis cv. Ubon stylo, Macrotyloma axillare
cv. Archer, Centrosema brasilianum cv. Ooloo, Stylosanthes
guianensis cv. Stylo 184, and Macroptilum bracteatum cv.

Cadarga.
Sample Collection and Measurements

All of the plants were harvested for four times at 8 weeks
intervals. The harvestings were made every eight weeks interval
for four times. The forage legumes were cut about 5em to
ground level and total fresh forage yield was recorded. Then,
500g of sample were taken from fresh yields of each plot. When
weight of the sample was stable after sun-dried, the sample

Table 1: Monthly minimum and maximum temperature and
rainfall during the experimental period in 2014 and 2015°

Month

Minimum Maximum Monthly  Harvesting
temperature (°C ) temperature (°C ) rainfall (mm) time

June 28 32 50

July 28 32 116

August 28 30 326.4 1t
September 29 32 183.3

October 29 31 61

November 28 31 0 2nd
December 29 31 0 3rd
January 29 32 0 4th

Table 2: Soil test of the study area

Description Value Rating
pH 6 Moderately acid
EC 0.06dS/m Non saline
Available N 85mg/kyg Medium
Available P 11mag/kg Medium
Available K 92mg/kyg Low
Organic matter 1.5% Low
Soil Textural Class Loamy sand
Water soluble SO,-S 0.2 mag/kg Low
Exchangeable Ca 2cmol , /kg Low
Exchangeable Mg 1 cmol . /kg Medium
Exchangeable Na 0.1cmol , /kg Low
DTPA extractable Zn 1 mg/kg Marginal
DTPA extractable Fe 12 mg/kg Adequate
Cl- 56 mg/kg Non critical for salinity
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were ground for analysis of chemical composition to determine
the dry forage yields and nutritive values. In vitro fermentation
parameters were measured by in vitro gas method described by

(Menke & Staingass, 1988).

Determination of Nutritive Values through Chemical
Analysis

Ground samples of feedstuffs were analyzed for dry matter
(DM) and organic matter (OM) by the method described
by (AOAC, 1999). Neutral detergent fibre (NDF) and Acid
detergent fibre (ADF) were analyzed according to the method
of (Goering & van Soest, 1970). All herbaceous legume samples
were analyzed for nitrogen by using Kjeldahl method (Fross
2020 digester and Foss 2100 Kjeltec distillation unit) and CP
was calculated as 6.25 X N (AOAC, 1990).

In vitro Gas Method

Before the collection of rumen fluid, the fistulated bull (360 kg)
was fed with the ration containing CP 13% (9 kg of rice straw
and Zkg of groundnut meal) twice a day for 14 days as adaptation
period. Rumen fluid was collected from the experimental
animal before morning feeding. The procedure for in vitro gas
production was as described by (Menke & Steingass, 1988).
Rumen fluid was mixed with buffer medium at ratio of 1:2
(v/v) under a continuous stream of carbon dioxide (CO,). The
200+10mg weight for experimental forage with four replicates
was introduced into the 120ml calibrated syringe and followed
by adding of 30ml inoculums. Blanks sample were also included
for gas production. Incubation was carried out at 39°C using
water bath. In vitro gas production was recorded at 1, 6, 12,
24, 48, 72 and 96 hours and cumulative gas production was
calculated using the following equation.

Cumulative gas production (ml/200 mg DM) = [(V-V  —
G,)/Feed (mg)] x 200 Where; V = Reading after incubation
V, = Reading just before incubation, G, = Gas produced in
blank syringes

Statistical Analysis

The data were analyzed by analysis of variance in 4 X 5 factorial
arrangement (4 harvesting times and five forage species) using
SAS software, version (9.0) (2002). Duncan’s Multiple Range
Test (DMRT) was applied to compare the treatment means for
different parameters at significant level of p<0.05.

RESULTS

Dry Forage Yield and Chemical Compositions of
Selected Herbaceous Legumes

The effects of harvesting time on yield of forage legumes are
shown in Table 3. No significant interaction (p>0.05) was
found between forage species and harvesting time. Among
the forage varieties, the highest dry forage yields of Ubon stylo
(1.47t/ha) was not significantly different (p>0.05) from those
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Table 3: Dry forage yield (t/ha) and Chemical composition of (%)
of herbaceous legumes

Herbaceous legumes Dry forge DM oM CP NDF ADF
yield
Ubon stylo 1.38% 25,537 91.17%®® 11.01% 47.05¢ 39.42®
QOoloo 1.47%  27.19% 88.28" 10.57* 54.71% 42.01°
Archer 1.07®* 15.76° 90.09%®® 11.32% 45.22¢ 35.6°
Stylo 184 0.74° 24.83* 91.64* 11.37% 44.63° 36.1*
Cadarga 1.22% 28.57* 88.59" 9.62" 50.43" 38.86%
p value 0.001 0.000 0.044 0.003 0.000 0.000
Harvesting time
First harvest 0.90° 22.72° 88.67° 9.78® 49.36 40.12°
Second harvest 2.49%  24.22% 88.42° 10.08" 47.57 38.32°
Third harvest 0.51° 27.06* 90.62° 14.9% 49.3 39,592
Fourth harvest 0.81° 23.51* 92.09* 8.25° 48.08 36.13°
p value 0.0001 0.000 0.044 0.000 0.000 0.000
Forage X Harvesting 0.61 0.9219 0.1179 0.0001 0.064 0.091
time

2 b9in<0.05 significantly differences treatment means within the same
column are indicated by dissimilar superscripts

of Ooloo (1.38t/ha), Archer (1.22t/ha) and Stylo 184 (1.07t/ha)
however it was significantly higher than Cardarga (0.74t/ha)
in dry forage yield. Ooloo, Archer and Stylo 184 and Cardarga
were not different (p>0.05) in dry forage yield. Regarding to
the harvesting time, the second harvest had highest total dry
forage yields compared to the other harvesting times.

Chemical compositions of herbaceous legumes are shown in
Table 3 and 4. There was no interaction between forage legumes
and harvesting time on nutritive value except CP which show
interaction between forage legumes and harvesting time.

In the aspect of the main effect of legume forage, the dry
matter content of Ubon stylo, Ooloo, Stylo 184, Cadarga were
not significantly different (p>0.05) from each other but they
were significantly higher (p<0.05) than that of Archer. As effect
of harvesting time, the mean dry matter content of selected
legumes at second harvest, third harvest and fourth harvest were
not significantly different (p>0.05) from each other but they
were significantly higher (p<0.05) than that of the first harvest.

Comparison between forage varieties as main effect, the
organic matter (OM) content of Stylo 184 was not significantly
different (p>0.05) from those of Ubon stylo and Archer but
it was significantly higher (p<0.05) than those of Ooloo and
Cadarga. Ubon stylo and Archer, Ooloo and Cadarga were not
significantly different (p>0.05) from each other. As harvesting
time, the highest OM content found at fourth harvest was
significantly higher (p<0.05) than those of first harvest, second
harvest and third harvest.

In the aspect of neutral detergent fibre (NDF) between forage
varieties, the NDF content was observed in Ooloo. Cadarga was
significantly higher (p<0.05) than Stylo 184, Ubon stylo and
Archer which were not significantly different (p>0.05) from
each other. As the main effect of harvesting time, all of the
harvesting time was not significantly different from each other.
The acid detergent fibre (ADF) content of Ooloo, Ubon stylo,
Cadarga were not significantly different (p>0.05) from each

JSciAgric e 2021 e Volsg



other but Ooloo was significantly higher (p<0.05) than Stylo
184 and Archer. Ubon stylo was not significantly different from
those of Stylo 184 and Cadarga while it was significantly higher
(p<0.05) than Archer. As harvesting time, the ADF content
of selected legumes at first harvest, second harvest and third
harvest were not significantly different (p>0.05) from ecach
other but they were significantly higher (p<0.05) than that of
fourth harvest in ADF content.

There was significant interaction (p<0.05) between forage
species and harvesting time on CP contents indicating that
harvestings time influenced on the CP content of forage
species. At first harvest, the CP contents of Stylo 184 was not
significantly different (p>0.05) from that of Ubon Stylo and
Cardaga but it was significantly higher (p<0.05) from that
Ooloo and Archer in CP contents. At second and third harvest,
the similar CP contents were found in all forage legumes. At
fourth harvest, Ubon Stylo and Cardarga showed similar CP
contents with Ubon stylo and Ooloo but they gave higher CP
contents compared to Archer.

Gas Production of Herbaceous Legumes

The gas productions of forage legumes are shown in Table 5.
There was no significant interaction (p>0.05) between
legumes forage and harvesting time on gas production. The
gas production was influenced by main effect of forage and
harvesting time. From the incubation period of 24 to 96h, the
higher gas productions were found in Archer and Stylo 184. After
these two forages, Ubon stylo showed higher gas production
only at 72 and 96h. As the main effect of harvesting time, the
gas production of selected forage legumes in fourth harvest was
significantly higher (p<0.05) than that of first harvest, second
harvest and third harvest which were not significantly different
(p>0.05) from cach other.

Organic Matte Digestibility (OMD) and Short Chain
Fatty Acid (SCFA) of Herbaceous Legumes

The organic matte digestibility (OMD) and short chain fatty
acid (SCFA) of experimental herbaceous legumes are shown
in Table 6 and 7. There was significant interaction (p<0.05)
between forage species and harvesting time on OMD (M]/kg
DM) contents indicating that harvestings time influenced on
the OMD content of forage species. At third harvest, Archer
had the highest (p<0.05) OMD and followed by Ooloo and
Stylo 184. The OMD (M]J/kg DM) of Ubon stylo and Cardarga
were not significantly different (p<0.05) from each other. At
first harvest, second harvest and fourth harvest, the OMD of
legume forages were not significantly different.

It was observed no significant interaction (p<0.05) between
forage species and harvesting time on SCFA (mmol/200mg
DM). Harvesting and forage varieties, as main effect influenced
on SCFA of Stylo 184 and Archer were significantly (p<0.05)
higher than those of Ubon Stylo, Ooloo and Cardarga. The
SCFA (mmol/200mg DM) of Ubon stylo was significantly
(p<0.05) higher than those of Ooloo and Cardarga. As the
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Table 4: Crude protein (%) of herbaceous legumes

Herbaceous legumes First Second Third Fourth
harvest harvest harvest harvest
Ubon stylo 9.52% 10.09° 16.64% 7.80%
Ooloo 8.24° 9.61° 16.64° 7.80%
Archer 6.78° 10.57¢2 11.212 5.39°
Stylo 184 12.91¢ 8.81? 14.56* 9.19?
Cardaga 9.03% 8.78a 11.712 8.982
P value 0.0373 0.9328 0.1303 0.0664

2b)ip<0.05 significantly differences treatment means within the same
column are indicated by dissimilar superscripts

Table 5: Gas productions (ml/200mg DM) of forage legumes
Incubation period (h)
24 36 48 72 96

Herbaceous legumes

Ubon stylo 28.65° 33.12° 34.53% 37.03* 38.95%
Ooloo 24.28¢ 28.24° 29.77% 32.66° 34.46°
Archer 31.30% 35.56® 36.61* 39.32* 40.58%
Stylo 84 32.00° 36.05* 37.61* 40.35* 41.65%
Cadarga 26.00¢ 30.28° 31.77% 34.00* 35.21°

Harvesting time

First harvest 26.31° 31.20° 32.10° 35.06° 36.84°
Second harvest 28.13> 32.00° 33.51° 35.97° 37.13"
Third harvest 27.00° 31.23" 32.76"* 35.38" 36.75°
Fourth harvest 32.00° 35.83* 37.25* 40.02* 41.33°

0.000 0.000 0.0001 0.0001 0.0001
0.3396 0.4222 0.7319 0.6530 0.6592

p value
Forage X Harvesting time

2 b e Mean value with different superscripts with the same column are
significantly different (p<0.05)

Table 6: Organic matter digestibility and short chain fatty acid
contents of herbaceous legumes

Herbaceous legumes OMD (%) SCFA (mmol/dl)
Ooloo 41.75¢ 0.53¢
Ubon stylo 45.,12¢ 0.63"
Stylo 184 48.7° 0.712
Cadarga 42.67¢ 0.58¢
Archer 52.07¢ 0.68%
p value 0.0001 0.0001
Harvesting time
First harvest 43.37¢ 0.59°
Second harvest 45.20 0.62°
Third harvest 45.83° 0.60°
Fourth harvest 49.85% 0.70%
p value 0.0001 0.0001
Forage X Harvesting time 0.000 0.181

b 9n<0.05 significantly differences treatment means within the same
column are indicated by dissimilar superscripts

Table 7: Organic matter digestibility (%) of herbaceous legumes

Herbaceous legumes First Second Third Fourth

harvest harvest harvest harvest
Ooloo 40.2712 43.4012 46.171®  49.908%
Ubon stylo 43.038% 43.972?2 43.314>  47.389°
Stylo 184 41.750% 43.084* 44.515% 46.9952
Cardarga 48.861? 46.038% 43.661° 52.883°
Archer 43.072? 50.304° 50.094* 53.915°
P value 0.5379 0.2268 0.1099 0.6723

2b)ip<0.05 significantly differences treatment means within the same
column are indicated by dissimilar superscripts.
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effect of harvesting time, the highest SCFA (mmol/200mg DM)
of legumes was found at fourth harvest. First harvest, second
harvest and third harvest were not significantly different
(p>0.05) between each other.

DISCUSSION

In this experiment, the dry forage yields of Ubon stylo
(1.47t/ha) was not significantly different from those of Ooloo
(1.38t/ha), Archer (1.22t/ha) and Stylo 184 (1.07t/ha) but it
was significantly higher than Cardarga (0.74t/ha) in dry forage
yield. However, the DM vyields of all forages were lower than
the other reports. (Cook et al., 2005) reported that Stylo is a
high yielding forage legume that can produce 10-20t DM/ha
depending on soil fertility. However, in this study, Ubon stylo
Ooloo and Stylo had mean values of 1.47, 1.38 and 1.07t/ha
for 4 harvestings, respectively. The highest total dry matters
yields of over 11.5t/ha were recorded in the N applied and the
buffel and legume mixes of Ooloo, Milgarra and Maldonado
(Shehu, & Akinola, 1995). The dry matter yield of Cardaga
was (.74t/ha and this result was lower than report of (Cox
et al., 2003). They reported that the production of Cadarga
ranged from (1.0t/ha) in first year to (1.1t/ha) at second year.
Archer is a summer-growing perennial best adapted to frost-
free subtropical or tropical environment with 1000mm or more
annual rainfall (Cameron, 1986; Oram, 1990). High yield of
Archer can be achieved; a crop sown in December in north
Queensland produced 3-4t/ha by (Staples, 1978). (Parbery,
1967) obtained 5-15t/ha yield of Archer on a Kununurra clay
under irrigation. The reason for low DM vyield of forages in
the current study might be due to no application of fertilizer
and irrigation. Therefore, no re-growth was found after 4
harvest (January 2015) in this experiment. (Jacobson et al.,
1996) reported that increased yield could be due to application
of N fertilizer. This finding was supported by (Mahmut &
Binali, 2011) who stated that increased DM yield of forages
was because of application of N fertilizer. All of the former
experiments mentioned applied fertilizer and irrigation.

When compared mean dry forage yields of introduced legumes
between the harvest times in this experiment, the mean dry
forage yield was higher in the second harvest than those of
first harvest, third harvest and fourth harvest. This finding
was supported to (Tudsri et al., 2002) who stated that the
high forage yield was found when the forages were cut at the
end of rainy scason. The increase in mean dry forage yield of
introduced forage legume in the second harvest compared to
the first and third harvest may be due to increasing number
of tillers per plant at the highest rainfall during the period of
second harvest (October). The production of legume biomass
was significantly increased in the subsequent re-growths after
first cut (Olivio et al., 2009). Although higher quality forages
can be obtained from carlier maturity harvests, repeatedly
harvestings at immature stage can make reduction in stand
longevity, vigor, and yield (Sheaffer et al., 1997). Generally, it
was discussed that climate, soil condition, plant spacing, plant
stock used, management history and age of plant at harvest
affect the forage yield (Skerman et al., 198§).

16

In the results, average CP% of Stylo 184 had 11.37% and CP%
of Ubon stylo and Ooloo at third harvest had 16.64%. It might
be due to the suitable pll of soil condition for this species.
(Cadisch et al., 2000) reported that native habitat of Ooloo was
acidic to very acidic (pH of 4.1-6.3) soils. (Peter et al., 1998)
reports that a range of 11.8%-19.6% of CP for Ooloo were found
in large collections evaluated in Colombia and Nigeria during
sampling at ages of 6-18 weeks, respectively. Blumenthal and
Staples (1993) reported that Archer had 12-23% CP at the
rainfall of 750mm to 1,700mm and temperature was ranged
from 18 to 26°C. (Miller et al., 1997) reported that Stylo 184
and Ubon stylo had 12-20% CP at the rainfall of 700-5,000mm
per year and temperature had 23°C to 27°C in Colombia and
French Guiana. In this study, CP% of Stylo 184, Archer and
Ubon stylo had 11.37%, 11.32%, 11.01% respectively. The total
rainfall was 736.7mm while the temperature was ranged from
28°C to 32°C. This environment was not as good as the other
report so that the CP value was in the minimum range. On the
other hand, the CP content of forages positively correlated with
the soil fertilizer of N content of soil (Mahmut & Binali, 2011).

Moreover, in the current experiment, soil nutrient showed
medium in N and low potassium, water soluble phosphate,
organic matter and calcium. (Jutzi & Haque, 1984; Mohamed-
Saleem & Von Kaufmann, 1985) reported that phosphate
increase nodulation and hence increase N or crude-protein
content, phosphate concentration or uptake by the plant.
They interpreted that increasing N and phosphate fertilization
probably effects on N (Mohamed-Saleem, 1985); (Messman
et al., 1991) and CP content of forage (Gillen & Berg, 1998).
In this study, there were no irrigation and fertilizer in forage
cultivation.

In the current data, CP% of legumes had more than 6-8%.
(Minson, 1981) reported that CP content of forage was above
the critical level for ruminants of 6-8%. Among the forage
species, Stylo 184, Ubon Stylo and Archer had highest CP% than
other species and among the harvesting time, third harvest had
highest CP% than other harvesting time. It might be possible
that forage quality was most likely influenced by environmental
conditions and species composition. At the time of third harvest,
the growth of forage is slower than other harvesting times as
a result lower maturation in third harvest. The fourth harvest
showed lower CP contents. It might be due to flowering stage
of legume at fourth harvest. The crude protein yield generally
decreased at flowering because of low protein concentration in
the herbage (Bertilsson & Burstedt, 1983). The weather is known
to influence forage quality (Thorvaldsson, 1987; Thorvaldsson,
& Bjornsson, 1990) along with management, harvest dates
(Pelletier et al., 2008) and applied fertilizer (Zemenchik et al.,
2002). The CP content was affected by seasonal variations, with
a higher CP content in the wet season than in the dry season.
Similar findings have been reported by (Hare et al., 2004).

In this study, the NDF content of legume forages were ranged
from 44.63 to 54.71%. (Singh & Oosting, 1992) pointed out
that roughage feeds containing NDF values of less than 45%
to be classified as high, those with values ranging from 45%
to 65% as medium and those with values higher than 65% as
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low quality. Therefore, the Ooloo and Cadarga were included
in medium quality legume forges. The NDF content of forage
varies widely, depending on species, maturity, and growing
environment (Nelson & Moser, 1994; Buxton & Fales, 2004;
Mahyuddin, 2007). Therefore, each plant species presents
a unique NDF-ADF ratio in the feed. (Van Saun, 20006) is
considered forlegumes, <40% NDF content is classified as good
quality forage, while more than 50% as poor quality forage. The
Stylo 184, Archer and Ubon stylo could be assumed high quality
forages because the NDF contents of these legume forages were
lower than 50% and they also had lower ADF content. (Nastis,
1982; Papachristou et al., 1993; Papachristou & Papanastis,
1994) reported that the gradual increase in the NDF contents
was due to the progressive lignifications and fibre formation of
cell walls consumable parts of woody shrub species depending
on the season.

In this study, Stylo 184 and Archer had higher gas production
than other species. It might be due to higher CP contents as
well as lower fibre contents in these forages. (Buxton, 1996)
reported that maturity strongly influences the digestibility of the
forage and the higher degradability may be linked to its higher
CP content which provides more N for microbial utilization
(Abdulrazak et al., 1997). McSweeny et al. (2001) reported that
NDF and ADF were negatively correlated with gas production.
(Haddi et al., 2003) stated that the higher NDF and ADF
contents could decrease the gas production. (De Boever et al.,
2005) reported that the higher NDF contents caused the lower
gas production. High quality forage has high digestibility, low
fiber content and high concentration of protein (McDonald

et al., 2002).

Among the harvesting time, the fourth harvest showed higher
gas production due to lower ADF content and higher OM
content although lower CP content at fourth harvest. (Makkar,
2012) stated that gas production is a result of fermentation
of carbohydrates to acctate, propionate and butyrate. Gas
production from protein fermentation is relatively small as
compared to carbohydrate fermentation. (Afshar et al., 2011)
stated that high rate of gas production possibly influenced
by carbohydrate fractions readily availability to the microbial
population. In the results, Archer had the highest OMD and
followed by Stylo 184 and Ooloo at third harvest while OMD
of forage legume at other harvest were not different. As main
effect of comparison in forage varieties, the higher SCFA was
also observed in Archer and Stylo 184. The higher OMD and
SCFA of forage were observed in fourth harvest. The higher
value in OMD and SCFA might be related with the greater
amount of 24 gas production. The production of SCFA which
was based on carbohydrate fermentation was closely related with
in vitro gas production from different class of feed (Blummel
et al., 1990). The molarity of ruminal short chain fatty acid was
positively correlated with ruminal digestibility of feed (Kara,
2019). Availability of quality of forage to livestock is the main
influencing factor for animal performance (Lazzarini et al.,
2009; Woolley et al., 2009). Herbaceous and shrub legumes
are promising sources of protein for supplementing diets of
ruminants consuming low-quality forages (Hess et al., 2003).
As this study was conducted for the application of lowest input,
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the DM yield and quality of forages are lower than other report.
Therefore, the experiment on the application of fertilizer and
irrigation to these herbaceous legumes should be carried out.

CONCLUSION

According to the findings, Ubon stylo, Ooloo, Archer and Stylo
184 showed higher DM yields and CP contents. The highest
total CP content of forage legume was found in the third
harvest. Stylo 184 and Archer showed the lower fibre content
and higher gas production as well as higher OMD and SCFA.
The lowest ADF content and highest gas productions of forage
legumes were found in fourth harvest. Therefore, Archer and
Stylo 184 could be assumed as good quality forage in terms of
DM yields, high CP contents, low fibre contents and higher gas
production in natural condition without fertilizer application
and without irrigation. Application of fertilizer and irrigation
would be preferable to get better forage quality and yield.

ACKNOWLEDGEMENTS

The authors would like to thank the staffs from the Department
of Physiology and Biochemistry and Department of Animal
Nutrition, University of Veterinary Science, Myanmar for their
co-operation during the research work.

REFERENCES

Abdulrazak, S. A., Muinga, R. W., Thorpe, W., & Orskov, E. R. (1997).
Supplementation with Gliricidia sepium and Leucaena leucocephala
on voluntary intake, digestibility, rumen fermentation and liveweight
of crossbred steers offered Zea mays stover. Journal of Livestock
Production Science, 49(1), 53-62. https://doi.org/10.1016/S0301-
6226(97)00018-3

Adjolohoun, S., Buldgen, A., Adandedjan, C., Decrcyenaere, V., &
Daradenne, P (2008). Yield and nutritive value of herbaceous and
browse forage legumes in the Borgou region of Benin. Journal of
Tropical Grasslands, 42, 104-111.

Afshar, M. A., Naser, N. S., Hormoz, M., Razeghi, M. E., Shayegh, J., &
Abolfazl, A. G. (2011). Evaluation nutritional value of apple pomance
for ruminants using in vitro gas production technique. Journal of
Annals of Biology Research, 2(1), 100-106.

AOAC. (1999). Official methods of analysis (15" Eds.), Association of official
analytical chemists, Washington DC.

Bertilsson, J., & Burstedt, E. (1983). Effects of conservation method and
stage of maturity upon the feeding value of forages to dairy cows.
Swedish Journal of Agricultural Research, 13, 189-200. https://doi.
org/10.1016/S0021-8634(05)80144-1

Black, A. L., & Wight, J. R. (1972). Nitrogen and phosphorus availability in a
fertilized rangeland ecosystem of the northern Great Plains. Journal
of Range Management, 25, 456-460. https://doi.org/10.2307/3897007

Blumenthal, N. J., & Staples, |. B. (1993). Origin evaluation and use of
Macrotyloma as forage. Journal of Tropical Grasslands, 27, 16-29.

Blimmel, M., @rskov, E. R., Becker, K., & Soller, H. (1990). Application
of the Hohenheim gas test for evaluating the kinetics of rumen
fermentation. Journal of Animal Physiology and Animal Nutrition,
64, 56-57.

Buxton, D. R. (1996). Quality-related characteristics of forages as influenced
by plant environment and agronomic factors. Journal of Animal Feed
Science and Technology, 59(1-3), 37-49. https://doi.org/10.1016/0377-
8401(95)00885-3

Buxton, D. R., & Fales S. L. (1994). Plant environment and quality. G. C.
Jr., Fahay, M. Collins, D. R., Mertens & L. E. Moser (Eds.), In Forage
quality, evaluation and utilization ((pp. 155-199) Lincoln, NE: ASA,
CSSA & SSSA.

Cadish, G., Hairiah, K., & Van, M. (2000). Quantification of biological

17



Gyue, et al.

nitrogen fixation of hedgerow trees in Northern Lampaung.
Netherlands Journal of Agricultural Science, 48(2000), 47-59. https://
doi.org/10.1016/S1573-5214(00)80004-4

Cameron, D. G. (1986). Tropical and sub-tropical pasture legumes. Axillaris
(Macrotyloma axillare ); a legume with limited roles Queenland.
Journal of Agricultural Science, 112, 59-63.

Cook, B. G., Pengelly, B. C., Brown, S. D., Donnelly, J. L., Eagles, D. A.,
Franco, M. A., Hanson, J., Mullen, B. F, Partridge, I. J., Peters, M., &
Schultze-Kraft, R. (2005). Tropical forages: an interactive selection
tool. Lablab purpureus. CSIRO, DPI and F(Qld), CIAT, and ILRI,
Brisbane, Australia. http://www.tropicalforages.info/key/Forages/
Media/Html/Lablab

Cox, C. H., Whitbread, A., Pengelly, B. (2003, February 2-6). Establishing
Grass-Legume Pastures on Rundown Cropping Soils of the Western
Downs in Southern Queensland. Solutions for a Better Environment.
Conference on 11" Australian Agronomy.

De Boever, J. L., Aerts, J. M., Vanacker, J. M., & De Brabander, D. L. (2005).
Evaluation of the nutritive value of maize silage using a gas production
technique. Journal of Animal Feed Science and Technology, 123,
255-265. https://doi.org/10.1016/j.anifeedsci.2005.04.019

Devendra, C. (1992). Nutritional potential of fodder trees and shrubs as
protein sources in ruminant nutrition. Journal of Animal Production,
702, 95-113.

Gillen, R. L., & Berg, W. A. (1998). Nitrogen fertilization of a native grass
planting in western Oklahoma. Journal of Range Management, 51,
436-441. https://doi.org/10.2307/4003330

Goering, K. H., & van, Soest, P J. (1970). Forage fibre Analysis, Agricultural
Handbook No. 379. USDA, Washinton DC.

Haddi, M. L., Filacorda, S., Meniai, K., Rollin, F, & Susmel, P (2003). In vitro
fermentation kinetics of some halophyte shrubs sampled at three
stage maturity. Journal of Animal Feed Science and Technology,
704(1-4), 2156-225. https://doi.org/10.1016/S0377-8401(02)00323-1

Hare, M. D., Gruben, I. E., Tatsopong, P, Lunph, A., Saengkham, M., &
Wangpicher, K. (2004). Inter-row planting of legumes to improve and
create protein concentration on Paspa/um abatum cv. Ubon pastures
in north-east Thailand. Journal of Tropical Grasslands, 38, 167-177.

Harricharaan. H., Morris, J., & Denvers, C. (1988). Mineral content of some
tropical forage legumes. Journal of Tropical Agriculture, 65, 132-136.

Hess, H. D., Monsalve, L. M., Lascano, C. E., Carulla, J. E., Diaz, T. E., &
Kreuzer, M. (2003). Supplementation of a tropical grass diet with
forage legumes and Sapindus saponaria fruits: effects on in vitro
ruminal nitrogen turnover and methanogenesis. Australian Journal
of Animal Sciences, 54(7), 703-713. https://doi.org/10.1071/AR02241

Jacobsen, J. S., Lorbeer, S. H., Houlton, H. A. R., & Carlson, G. R. (1996).
Nitrogen fertilization of dry land grasses in the northern great
plains. Journal of Range Management, 49(4), 340-345. https://www.
doi:10.2307/4002594

Jutzi, S., & Haque, I. (1984, June 11-16). Some effects of P and N/P
fertilization on the growth, nodulation and seed set of three African
clovers on a P deficient Vertisol. Paper presented at the 9" world
Fertilizer Congress, Budapest, Hun-gary.

Kara, K. (2019). The in vitro digestion of neutral detergent fibre and other
ruminal fermentation parameters of some fibrous feedstuffs in
Damascus goat (Capra aegagrushircus). Journal of Animal Feed
Science and Technology, 28(2), 159-168. https://doi.org/10.22358/
jafs/108990/2019.

Lazzarini, I., Detmann, E., Sampaio, C. B., Paulino, M. F, Valadares Filho, S. C.,
Souza, M. A., Oliveira, F A. (2009). Intake and digestibility in cattle
fed low-quality tropical forage and supplemented with nitrogenous
compounds. Journal of Tropical Grasslands, 38, 2021-2030. https://
doi.org/10.1590/S1516-35982009001000024

Mahmut, D., & Binali, C. (2011). Effects of fertilization on forage yield and
quality in Range sites with different topographic structure. Turkish
Journal of Field Crops, 76(1), 15-22.

Mahyuddin, P (2007). Chemical composition of leaf and stem of tropical
grasses at different stage of growth. Journal of Animal Production,
9(2), 163-159.

Makker, H. P S. (2012). Recent advances in the vitro gas method for
evaluation of nutritional quality of feed resources. pp. 55-80.

Mannetje, L. T. (2000). Influence of human activities on carrying capacity
of grazing land in semi-arid area at Kileminodo locality, North Darfur
state, Sudan. Journal of Current Microbiology and Applied Sciences,
4(4), 793-799.

McDonald, P, Edwards, R. A., Greenhalgh, J. F D., & Morgan, C. A. (2002).

18

In'S. R. McWillians & W. H. Karasov (Eds.), Animal nutrition (pp. 33-47,
176, 270-271, 281-289).

McSweeny, C. S., Palmer, B., McNeill, D. M., & Krause, D. O. (2001).
Microbial interactions wih tannins: nutritional consequences for
ruminants. Journal of Animal Feed Science and Technology, 91(1-2),
83-93. https://doi.org/10.1016/s0377-8401(01)00232-2

Menke, H. H. & Steingass, H. (1988). Estimation of the energetic feed value
obtained from chemical analysis and /n vitro gas production using
rumen fluid. Journal of Animal Research Development, 28, 7-55.

Messman, M. A., Weiss, W. P, & Erickson, D. O. (1991). Effects of nitrogen
fertilization and maturity of bromegrass on in situ ruminal digestion
kinetics of fiber. Journal of Animal Sciences, 69, 1151-1161. https://
doi.org/10.2527/1991.6931151x

Michiels, B., Babatounde, S., Dahouda, M., Chabi, S. L. W., & Buldgen, A.
(2000). Botanical Composition and Nutritive Value of Forage
Consumed by Sheep during the Rainy Season in a Sudan — Guinean
savanna (central Benin), Journal of Tropical Grasslands, 34(34), 43-47.

Miller, C. P, Rains, J. P, Shaw, K. A., & Middleton, C. H. (1997). Commercial
development of Stylosanthes pastures in northern Australia. Il.
Stylosanthes in the northern Australian Beef Industry. Journal of
Tropical Grasslands, 31, 509-514.

Minson, D. J. (1981). Nutrition difference between tropical and temperate
pastures. In: Grazing animals. (Ed. Morley, F H. W.).

Mohamed-Saleem, M. A., & Von Kaufmann, R. (1985). Evaluation of
stylosanthes for forage improvement in the sub-humid zone of
West Africa, |. Effect of phosphorus application on the productivity
and quality of three stylosanthes cultivars. African Journal of Plant
Science, 9, 615-459.

Myo, K., & Tin, M. A. (2007, March 5-7). Important role of forages in
smallholder farming systems in Myanmar. A pathway to prosperity for
smallholder farmers (Eds. Hare MD and Wongpichet K). Conference
on Faculty of Agriculture (pp. 353).

Nang, K. H. (2015). Evaluation on forage yield and chemical compositions of
introduced forage grasses. Master Thesis. Department of Physiology
and Biochemistry, University of Veterinary Science, Myanmar.

Nastis, A. S. (1982). Nutritive value of oak browse (Quercus coccifera L.)
foliage for goats at various phenological stages. In Z. M. Parissi & A.
S. Nastis (Eds.), Nutritive values of white oak (Quercus pubescens
Wild) browse by goats.

Nelson, C. J., & Moser, L. E. (1994). Plant factors affecting forage quality. In:
Forage quality, evaluation, and utilization (Eds. Fahey, G. C., Collins, M.,
Mertens, D. R., & Moser, L. E.). American Society of Agronomy,
Madison, WI, USA. https://doi.org/10.2134/1994.foragequality.c3

Nulik, J., Dalgliesh, N., Cox, K., & Gabb, S. (2013). Integrating Herbaceous
Legumes in Crop and Livestock System in Eastern Indonesia. Journal
of Tropical Grasslands, 3, 104-111.

Olivio, B. B., Secundino, L., Ricardo, G., Alfredo, C. (2009). Influence
of harvest season, cutting frequency and nitrogen fertilization of
mountain meadows on vyield, floristic composition and protein
content of herbage. Journal of Animal Feed Science and Technology,
38, 596-604. https://doi.org/10.1590/S1516-35982009000400002

Oram, R. N. (1990). Register of Australian Herbage Plant Cultivars. 3" ed.
Melbourne.

Papachristou, T. G., & Papanastasis, V. P. (1994). Forage value of
Mediterranean deciduous woody fodder species and its implication
to management of silvo-pastoral systems for goats. Agroforestry
System, 27, 269-282.

Papachristou, T. G., Nastis, A. S., & Platis, P D. (1993). Nutritive value of five
browses species in different phenological stages in northern Greece.
Small Ruminant Research, 20(1), 15-22. https://doi.org.10.1016/0921-
4488(95)00767-9

Parbery, D. P (1967). Pasture and fodder crop plant introduction at
Kimberley Research Station, W.A., 1963-64: Part |. Perennial legumes.
Technical Memorandum Number 67/6. CSIRO Australia, Division of
land Resources.

Pelletier, S., Tremblay, G. F, Bélanger, G., Seguin, P, Drapeau, R., & Allard, G.
(2008). Delayed harvest affects mineral and NDF concentrations,
and digestibility of timothy. Canadian Journal of Animal Science, 88,
325-329. https://doi.org/10.4141/CJAS07123

Peters, M., Kramer, H., Tarawali, S. A., & Schultze, K. (1998). Characterization
of a germplasm collection of the tropical pasture legume Centrosema
brasilianum in subhumid west Africa. Journal of Agricultural Science,
130, 139-147.

Poppi, D. P, & McLennan, S. R. (1995). Protein and energy utilisation by

JSciAgric e 2021 e Volsg



ruminants at pasture. Journal of Animal Science, 73, 278-290. https://
doi.org/10.2527/1995.731278x

Sheaffer, C. C., Jewett, J. G., Barnes, D. K., Lueschen, W. E., Swanson, D.R., &
Matthison, R. (1997). Alfalfa persistence under infrequent cutting.
Journal of Production Agriculture, 10(4), 558-561.

Shehu, Y., & Akinola, J. O. (1995). The productivity of pure and mixed grass-
legume pastures in the Northern Guinea Savanna zone of Nigeria.
Journal of Tropical Grasslands, 29, 115-121.

Singh, G. P, & Oosting, S. J. (1992). A Model for Describing the Energy
Value of Straws. Indian Dairyman XLIV. pp. 322-327.

Skerman, P J., Cameron, G. D., & Riveros, F (1988). Tropical Forage
Legumes. 2" ed. Food and Agriculture Organisation of the United
Nations, Rome.

Speedy, A., & Pugliese, P L. (1991, October 14-18). Legume trees and other
fodder trees as protein sources for livestock. Proceedings of the FAO
expert consultation held at the Malaysia Agriculture Research and
development institute (MARDI) in Kuala Lumpur, Malaysia. http://
www.fao.0rg/3/T0632E00.htm.

Staples, I. B. (1978). Macrotyloma axillare seasonal growth at Boomerang.
Progress report 1975-78, WRS P86 MR. Agriculture Branch,
Queensland Department of Primary Industries, Brisbane.

JSciAgric e 2021 e Volsg

Gyue, et al.

Thorvaldsson, G.(1987). The effects of weather on nutritional value of timothy
in Northern Sweden. Journal of Acta Agriculturae Scandinavica, 37,
305-319. https://doi.org/10.1080/00015128709436561

Thorvaldsson, G., & Bjérnsson, H. (1990). The effects of weather on growth,
crude potein and digestibility of some grass species in Iceland.
Journal of Icelandic Agricultural Sciences, 4, 19-36.

Tudsri, S., Jorgensen, S. T., Riddach, P, & Pookpakdi, A. (2002). Effect of
cutting height and dry season closing date on yield and quality of
five Napier grass cultivars in Thailand. Journal of Tropical Grasslands,
36, 248-252.

Van Saun, R. J. (2006). Determining forage quality: Understanding feed
analysis. Lamalink.com August, 3(8), 18-19.

Woolley, L. A., Millspaugh, J. J., Woods, R. J., Rensburg, S. J., Page, B.R., &
Slotow, R. (2009). Transpecific strategic responses of African
elephants to temporal variation in forage quality. Journal of Wildlife
Management, 73, 827-835.

Zemenchik, R. A., Albrecht, K. A., & Shaver, R. D. (2002). Improved nutritive
value of kura clover- and birdsfoot trefoil-grass mixtures compared
with grass monocultures. Journal of Agronomy, 94, 1131-1138.
https://doi.org/10.2134/agronj2002.1131

19



