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Abstract: This third year work was carried on at Khon Kaen University during the 2008-2009 to mvestigate dry
matter yields of grass, grass plus legumes, grown on Korat soil series (Oxic Paleustults). The experiment
consisted of twelve-treatment combinations of a 3»4 factorial arranged in a Randomized Complete Block Design
(RCBD) with four replications. The results showed that Dry Matter Yields (DMY) of Ruzi and Guinea grass were
similar with mean values of 6,585 and 6,130 kg ha™' whilst Napier gave the lowest (884 kg ha™"). With grass plus
leguime, grass species and production methods gave highly significant dry matter yields where Guinea and Ruzi
gave dry matter yields of 7,165 and 7,181 kg ha™", respectively and Napier was the least (2,790 kg ha™). The
production methods with the use of cattle manure gave the highest DMY (grass alone) of 10,267 kg ha™
followed by Wynn and Verano with values of 6,064 and 3,623 kg ha™, respectively. Guinea plus cattle manure
gave the highest DMY of 14,599 kg ha™' whilst Ruzi gave 12,977 kg ha™". Guinea plus Wynn gave DMY
of 7,082 kg ha™. Ruzi plus Verano gave DMY of 6,501 kg ha™'. Forage qualities of crude protein were highest

with those grown with grass plus legumes. Some prospects in improving production were discussed.
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INTRODUCTION

Codex Alimentarius Commission advocated that
organic agriculture 1s a holistic production management
system that avoids the use of synthetic fertilizers,
pesticides and genetically modified organisms, mimmizes
pollution of air, soil and water, and optimizes the health
and productivity of interdependent commumties of
plants, animals and people (Codex Alimentarius
Commission, 2001). To accomplish this destination,
organic agriculture farmers need to implement a series of
practices that enable to optimize nutrient and energy
flows and minimize risk, e.g., crop rotations enhanced crop
diversity, different combinations of livestock and plants,
symbiotic mitrogen fixation with legumes, application of
organic manure and biological pest control. All these
strategies seek to make the best use of local resources.
Hence, organic systems are inherently adapted to
site-specific endowments and limitations.

In the past decades, it was found that there are many
countries have engaged in producing organic products,
e.g., in Sweden packages of milk ready for drink printed at

a side of the package as Aorganic up to 3%
(Cederberg and Mattsson, 2000). Rosati and
Aumaitre (2004) reported that in the 2003 orgamc farming
for use m rasmg dairy cows m Sweden, Denmark,
Switzerland and Austria has been increased up to 4.3, 7,
10 and 15%, respectively. In general, it is a common
practice for farmers to increase their pasture and forage
crop for use in feeding thewr livestock with the use of
chemical fertilizers. After a number of vears in using
chemical fertilizers, it could turn out that their annual
forage yield did not remain stable and their soils could
turn mnto a high degree of soil acidity especially with the
use of NH," as a source of nitrogen where this NH," may
oxidize into NO,” and H' by soil bacteria (Miller and
Donahue, 1990, Teitzel etal., 1991, Suksri, 1999). The lngh
applied rate of mnitrogen chemical fertilizers on
pasturelands in Western Euwrope has been becoming a
hazardous impact on the release of N,O and NH, into the
atmosphere (Mannetje, 2002).

Phonbumrung and Watanasak (2007) reported that
Thai native beef cattle being raised under a free range
system by rotating them to graze on organic pastureland
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for a long period of time largely increased biclogical
diversity much better than the practices in using chemical
supplies. Orgame pastureland being established with the
use of pastire and legume mixture could increase soil
carbon more than natural pasturelands those without any
interference up to 1.5 folds (Fisher et al., 1994). The use of
organic composts or cattle manure could help in
L proving soll properties and increases forage
production and also help in holding soil carbon more than
those grasslands with the applied chemical fertilizers
(Smith et al., 1997; Pholsen et af., 2005; Salazar et al.,
2005; Gl et al., 2008). Orgamc forage of natural grasslands
where grass and legume crops are grown together, the
legume plants could be able to supply some adequate
amount of nitrogen from root nodules sufficient to
produce orgamc meat production (Kumim, 2002). Nitrogen
fixation in roots of legume crops could provide adequate
amount of nitrogen for growth of the legume crops as well
as providing nitrogen for grass plants and it revealed that
the mixture of legume and grass together largely increased
nitrogen contents in the grass  plant materials
(Johansen and Kerridge, 1979). Furthermore, it largely
umproved forage quality where Crude Protein (CP) i grass
materials tremendously increased. Some other workers
have also advocated the large benefits derive from the
growth of grass species and legume together in terms of
high quality of forage feeding materials, safety products
and friendly environmental conditions such as Shehu and
Akinola (1995) and Bamikole et al. (2001). Therefore, the
objectives of this investigation include (1) The search for
an 1deal grass species, (2) The most suitable method on
organic production to be recommended to farmers where
cattle manure and legume crops were used, (3) The
ultimate yield and quality of pasture and forage producion
when cattle manure, grass species and legume crops were
used for their combmations.

MATERIALS AND METHODS

The experiment was carried out at the Experimental
Farm, Khon Kaen University, Khon Kaen, Thailand during
the 2006-2008 in searching for the most suitable grass
species and legume crops combination for use in
establishing a high output pastureland for livestock
production. For this work, only the results of the third
year (April 2007-2008) are included. The experiment was
laid m a 3x4 factonal arranged i1 a Randomized Complete
Block Design (RCBD) with four replications. Three grass
species were used, i.e. Ruzi (Brachiaria ruziziensis),
Purple Guinea (Panictm maximum cv. TD38) and Hybrid
Napier (Pennisetum purpureum cv. Taiwan) and four
organic systems were used, 1.e., (1) Control (no fertilizer
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added), (2) Cattle manure at a rate of 25 tons ha™, (3)
Verano legume (Stvlosanthes hamata cv. Verano) and (4)
Wymn legume (Chamaecrista rotundifolia cv. Wynn).
Thus there were 12 treatment combinations and 48 plots
were used and each plot has a dimension of 3.50x4.50 m
in width and length, respectively. The Korat soil series
{Oxi1c Paleustults) was used. The land area was ploughed
twice and harrowing once then measured the 48 replicated
plots separately and allowing 1 m walking path in between
the plots then evenly applied cattle manure by hand to its
respective plots and left out for two weeks. Soil sample of
each replicated plot was taken out to the depth of 25 cm.
The soil samples were used for the analysis of soil
property. Seeds of Ruzi and Purple Guinea grasses were
sown separately by hand into the soil under a
transparency plastic tumel. Cuttings of Napier grass were
carried out leaving three buds for each cutting and then
buried the cuttings into the soil leaving one bud above
the ground level for germinations. This was taken under
a transparency plastic turmel. Watering was carried out
daily with the use of a mini sprinkler system. Three weeks
after emergence, seedlings of both Ruzi and Purple Guinea
grasses were transplanted into polythene bags, one
seedling for each bag and each bag has a dimension of
10=15 em in width and length, respectively. Four weeks
after transplanted into the bags, seedlings were
transplanted again into their respective plots of
treatments. Two weeks later seeds of Verano and Wynn
legumes each at a rate of 10 kg ha™' were evenly
broadcasted by hand into their respective plots of
treatments. The seeds were incorporated into the soil by
mechanical means. Daily imigation water near field
capacity (13%) was given to the plots for one week by a
mini sprinkler imrigation system, thereafter the ramy
season provided rainwater to the plants in plots in the
month of June hence some yearly required meteorological
data were recorded. The germination of seeds was taken
place within a few days and then the plants were allowed
to grow for three weeks. The height of the three grass
species 1n the plots was cut down at 10 cm above ground
level as initial cutting. This was to provide a similar
amount of growth for the beginning of the experimental
period. The third year cuttings for dry matter yields in the
rainy season were carried out for four times at 42 days
intervals where the commencing of the counting on the
number of days was started from the day of initial cutting
from 11 June to 18 October 2008. The cuttings for dry
matter yields were carried out twice mn the dry season
(2 December 2008-28 April 2009). A 0.50=0.50 m quadrat
was used for sampling area for dry matter yields. Four
quadratic measurements in each replication were randomly
carried out. The plant samples were oven dried at 60°C for
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72 h and then weighed out for dry matter yields. A portion
of each dry matter yield of each replication was ground
into meshes to pass through a 1 mm sieve screen and then
kept separately in plastic bags where the samples were
ready for plant chemical analysis. The analysis was
carried out for Crude Protein (CP) by Kjeldahl method
(ADAC, 1990), Neutral Detergent Fiber (NDF), Acid
Detergent Fiber (ADF), Acid Detergent Lignin (ADL) with
the method of Van Socest et ol (1991). Diy Matter
Degradability analysis (DMD) was carried out with the
method of Orskov et al. (1980).

The various methods described in this investigation
were applied to the plants in every year of the
experimental periods where appropriate, i.e., soil samples
were randomly collected mcluding the application of cattle
mamure hence data collections were carried out as a repeat
of the previous two years of the experimental periods. The
obtained data were statistically calculated using a SAS
Computer Program (SAS, 1996).

RESUTLS

Meteorological data and soil conditions: For the third year
experimental period, it was found that the highest and
lowest mean values of monthly rainfall were 461.6 and
0.00 mm for September and January, respectively (Table
1). Average mean values of temperature ranged from
22.2- 294°C for the months of January and June,
respectively. Monthly mean values of relative humidity
ranged from 75-91% for February and September,
respectively. Monthly mean values of sunshine ranged
from 5.1-9.4 h for September and February, respectively.
Monthly solar radiant energy values ranged from
186.8- 230.9 cal cm ™ day ™' for the months of September
and February, respectively.

With soil property values before and after the
experimental period, for the plots of grasses before the
experimental period, the results showed that the ranges of
soil pH, Orgamc Matter (OM%), total mitrogen (%oIN),
extractable phosphorous (P, ppm) and exchangeable
potassium (K, ppm) were 5.00-5.50,1.44-1.73, 0.051-0.054,
9.5-10.75 and 38.50-49.00, respectively (Table 2). With
organmic production system, Cattle Mamuwe plots (CM)
gave much higher values in all items than the control and
the rest with the mean values of soil pH, OM %, total N %,
extractable P and exchangeable K of 5.87,3.01, 0.061, 34.67
and 109.00, respectively. For the control and legume
crops, ranges of mean values of pH, OM, total, extractable
P and exchangeable K were 4.83-5.20, 1.13-1.25,
0.046-0.054, 2.00-2.33 and 18.67-23.67, respectively.

Soil property values analyzed after the final sampling
period for the three forage grass species on soil pH, OM,
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total N, extractable P and exchangeable K
ranged from 4.55-475, 1.21-1.23, 0.045-0.051%,
12.00-15.50 and 23.00-41.25 ppm, respectively. With
control, Cattle Manwe (CM), Verano and Wynn
legumes, soil property values for soil pH, OM, total N,
extractable P and Exchangeable K ranged from 4.43-4.60,
1.03-1.20, 0.041-0.048%, 3.67-5.00, 16.00-21.67 ppm,
respectively.

Dry matter yields of grass alone and grass legume
mixture: With dry matter yields of the three grass
species, the results showed that both grass species and
orgarmic production methods gave highly significant effect
on dry matter yields (p<0.01). However, there was no
statistical difference found between Ruzi and Purple
(Guinea on dry matter yields with the mean values of 6585
and 6130 kg ha™, respectively yet Ruzi grass seems to
possess a tendency to give more dry matter yield than
Purple Guinea whilst Napier gave the lowest with a mean
value of 884 kg ha™' (Table 2). The production methed of
Purple Guinea plus cattle manure gave the highest dry
matter yield up to 14,599 kg ha™ but not statistically
differed from Ruzi plus cattle manure with a yield of
12,977 kg ha™'. Napier plus cattle manure gave the lowest
dry matter yield of 3,226 kg ha™" whilst that of the control
and Napier plus Verano legume treatments failed to give
any dry matter yields.

For the grass plus legume mixture, the results
revealed that both grass species and production methods
gave highly significant effect on dry matter yields
{(p<0.01). However, Purple Guinea and Ruz gave a similar
dry matter yields with values of 7,165 and 7,181 kg ha™',
respectively. Dry matter yield of Napier was the least with
a value of 2,790 kg ha™". The production method on the
use of cattle mamure gave the highest dry matter yield
{(grass alone) of 10,267 kg ha™' followed by the Wynn
legume with a value of 6,064 kg ha™" whilst that of the
mixture between grass and Verano legume gave the lowest
dry matter yield of 3,623 kg ha™".

The application of cattle mamwe to both grass
species gave highly significant effect on diy matter yields,
purple Guinea plus cattle manure gave the highest dry
matter yield up to 14,599 kg ha™' whilst that of Ruzi gave
dry matter yield up to 12,977 kg ha™'. There was no
statistical significant difference between the two grasses
on dry matter yields. Purple Guinea plus Wynn legume
gave dry matter yield of 7,082 kg ha™" whilst Ruzi grass
plus Verano legume gave dry matter yield of 6,501 kg ha™".

Dry matter yield of weeds: The results showed that
orgamic production methods gave highly sigmficant effect
on dry matter yield of weeds (p<0.01) where the Napier
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Table 1: Third year soil property values as influenced by forage grass species and production methods, grown on Korat soil series (Oxic paleustults) at Khon

Kaen University, Thailand

Forage grass species Production methods
Itemns Ruzi Guinea Napier Control CM Verano Wynn
Initial
pH(1:2.5) 5.50 50.00 50.15 4.83 50.87 40.97 50.20
OM (%5) 1.73 10.73 10.44 1.13 30.01 10.14 10.25
Total N (%) 0.054 00.051 00.054 0.049 00.061 00.0406 00.054
Extrt. P (ppm) 9.50 10.75 10.50 2.00 34.67 20.00 20.33
Exch. K (ppm) 43.00 38.50 49.00 18.67 109.00 22.67 23.67
Aflter
pH(1:2.5) 4.55 40.55 40.75 4.47 40.97 40.60 40.43
OM (%5) 1.21 10.21 10.23 1.03 10.45 10.18 10.20
Total N (%) 0.046 00.045 00.051 0.043 00.057 00.041 00.048
Extrt. P (ppm) 12.00 13.75 15.50 3.67 42.00 40.33 50.00
Exch. K (ppm) 27.50 23.00 41.25 16.00 65.33 19.33 21.67

CM: Cattle manure

Table 2: Dry matter yields (kg ha™') as influenced by forage grass species (G): Ruzi, Purple guinea and Napier and production methods (PM) of grass alone
and grass plus legumes, grown on Korat soil series (Oxic paleustults) at Khon Kaen University, Thailand

Forage grass species (G)

Production methods (PM) Ruzi Purple guinea Napier Means
Grass
Control 4601° 4082% o 2804F
Cattle manure 12977 14599 3226 10267%
Verano 3942 1783 2 1908"
Wynn 4821° 4055% 311¢ 3062¢
Means 0585 0130* 884°
Grass+tlegume
Control 46015 4082+ 03 2894%
Cattle manure 12977 14599 3226° 10267%
Verano 46450 2897¢ 33278 3023°
Wynn 6501 7082" 460954 §054Y
Means T181* T165% 27900
Weed
Control 11054 2140% 5093° 277
Cattle manure 166 171¢ 11449 3920%
Verano 5908 1638+ 2239 1489Y
Wynn 88! 7681 3726% 1527¢
Means 487 1179° 5627°

Significant levels
Ttems G PM G<PM CV (%) SEM (&)
Grass il A A 35 804
Grass+legiume o *# *# 29 832
Weed * ok ok 77 933

Letter(s) indicate least significant differences of DMRT at probability of 0.05, ##p<0.01, CV: Coefficient of variations, SEM: Standard error of means

grass plots gave the lghest dry matter yield of weeds up
to 5,627 kg ha™'. Dry matter yields of weeds in Ruzi and
Purple Guinea plots were not statistically significant with
values of 487 and 1,179 kg ha™, respectively. Dry matter
vield of weeds was highest with those of cattle manure
plots with a value of 3,929 kg ha™ whilst other three
production methods gave a similar dry matter yield of
weeds. Napier grass plus cattle mamuwe gave the lghest
dry matter yield of weeds up to 11,449 kg ha™' and the
least was found with Ruzi plus Wynn with a value of
88 kg ha™".

Forage quality of grass and grass plus legume: The
results on dry matter yields of the dry season were not
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included since the amounts attained were very small thus
only the results of the four harvesting periods carried out
in the rainy season were determined. With Crude
Protein (CP), the results showed that crude protein values
of both Ruzi and Purple Guinea grasses (CP, G) were
similar with values of 7.20 and 7.05%, respectively
(Table 3). The production methods of Wynn legume gave
the lnghest CP of 7.55% followed by Verano legume with
a value of 7.41%, respectively whereas Control and cattle
manure gave CP values of 6.88 and 6.65%, respectively.
There was a highly significant effect due to production
methods on crude protein content. For CP of grass plus
legume (CP, G+L), the results revealed that grass species

and production methods gave highly significant
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Table 3: Forage quality (%6) as influenced by grass species: Ruzi, Guinea and Napier (&) and Production Methods (PM), grown on Korat soil series

(Oxic paleustults) at Khon Kaen University, Thailand

Forage grass species (G) Production methods (PM) Significant levels
Itemns Ruzi Guinea Napier SEM Control Cattle manure  Verano Wynn SEM G PM GxPM
CP({G& 7.20 7.05 - 0116 6.88" 6.65 7.41° 755 0.164 NS e NS
CP (G+L) 8.06¥ 8.86° - 0.110 0.88° 6.65° 9.71° 10.5% 0.156 i ok ok
NDF (G) T4.717 7708 - 0.331 75.43 76.96 75.12 76.07 0.468 el NS NS
NDF (G+L) T3.07" T1.89¢ - 0.288 75.43° 76.96 69.16° 6838 0.407 i ok ok
ADF (G) 35.52¢ 43,68 - 0.444 38.76" 42,000 38.18° 39.46° 0.628 el e NS
ADF (G+L) 35.767 42,85 - 0.39%4 38.7¢° 42,000 37.57 38.93° 0.557 i ok NS
ADL (&) 5.22 4.75 - 0.214 4.67 521 4.59 546 0.302 NS NS NS
ADL (G+L) 5.55 5.43 - 0.217 4.67 5.21° 5.40° 6.68 0.306 NS ok NS
DMD (&) 75.10% 00,757 - 0.332 71.12 71.01 71.01 70.51 0.470 el NS NS
DMD (G+L) 74.68 67.237 - 0313 71.12 71.01 71.57 70.14 0.442 ok NS *

xyz, abcd: Means of the same row with different letter () of its superscripts indicate least significant differences (p<0.05), *p<0.05, ** p<0.01, NS: Non

significant, SEM: Standard error of means

differences where the Puwrple Guinea gave higher CP
than the Ruzi grass with values of 886 and 8.06%,
respectively. Wymn legume gave the kghest CP%
followed by Verano legume with values of 10.59 and
9.71%, respectively. The control and cattle mamue
methods gave values of 6.86 and 6.65%, respectively and
no statistical difference found between two production
methods, 1.e., grass alone and grass plus legume.

With Neutral Detergent Fiber (NDF) of grass alone,
the results showed that Ruzi grass significantly (p<0.001)
produced lower NDF% than the Guinea grass. With the
production methods, there was no statistical significant
difference found. For grass plus legume, the results
revealed that forage grass species gave a reverse result as
that found with that of the grass alone. The differences
were large and highly significant. For production
methods, it showed that NDF% of grass plus legume of
Verano and Wynn were similar (p=>0.05) but NDF% of
both were lower than that of the control and the cattle
manure.

ADF% of grass alone, a similar trend as that of the
NDF of grass alone was found but ADF of the grass plus
legume for the Ruzi grass was sigmficantly lower than the
Purple Guimnea grass. The effect due to production
methods revealed that ADL% of the cattle mamure was
highest and highly significant over the rest. This result
was similar to that of the grass alone.

For ADL values for grass alone, it showed that there
were no statistical differences found in all methods of
production, ie. the forage grass species and the
production methods. With ADL for grass plus legume, it
revealed that only the production methods gave
significant differences, i.e., the Wynn legume gave a mean
value of 6.68% which was highest and highly significant
over the rest.

With DMD% for grass alone, the results showed that
a highly significant effect due to treatment was found with
grass alone (p<0.01) but was not found with the
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production methods and also an interaction between
grass species and production methods. For glass plus
legume, it showed that DMD% produced a similar trend to
that of the DMD?% of grass alone except of the interaction
between grass species and production methods where it
gave a significantly result (p<0.05).

DISCUSSION

With the results attamed at the third year
experimental period, it was found that the crop plants both
grass and legume were successfully grown up throughout
the rainy season due to the adequate amounts of both
annual rainfalls (1,611.7 mm) and total amount of radiant
energy (186.8-268.0 Callh™ day )' with mean
temperatures of 28.9-35.5°C (Anonymous, 2008). It was
found that soil pH values ranged from 5.00-5.50 (1:2.5 soil:
Water by volume). This level of soil pH may not be
suitable for the growth of the crop plants since the release
of soil nutrients was relatively low (except that of cattle
manure treatment) especially soil extractable P and
exchangeable K where the amounts should not below
25 ppm for P and 80 ppm for K and pH values of 6-6.5
(Shelton et al, 1979; Mengel and Kirkby, 1987,
Suksn, 1998, 1999). The high values of P and K nutrients
for treatment of cattle manure must be attributable to the
application of cattle manure when this manure contained
total P of 1,700 ppm and total K of 1,170 ppm (from cattle
manure analysis, not included) thus P and K of the cattle
manure plots attamed high mean values of both nutrients
(Pholsen et al., 2005). The low mean values of soil
nutrients at the third year experimental period must be
attributable to the depletion of soil nutrients as a result of
the previous amounts of dry matter yields harvested
during the past two years.

Dry matter yields of Purple Guinea and Ruzi grasses
were similar but lowest with Napier. The reasons for this
may be attributable to type of grass when they possessed
different growth characteristics (Cook et al, 2005). The
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Napier plots had a high amount of weeds in the plots so
there was a high competition for nutrients plus the
destruction by termites then the growth was relatively low
and disappeared from the plots. For grass plus legume
mixture, the results showed that the treatments of Purple
Guinea with cattle manure gave the highest dry matter
yields (14,599 kg ha™"). This could have been due to the
adequate supply of nutrients from cattle manure n soil
whereas the three grass species mixing with Verano and
Wynn legumes gave significantly lower dry matter yields.
The results indicated that both legumes contributed some
certain amount of nitrogen from its root nodules
(Tohansen and Kerridge, 1979) yet when the supply of
other macronutrients were not adequately supplied due to
the low amounts available in soil, hence mtrogen derived
from root nodules alone failed to provide high amounts of
dry matter yields. Therefore, in any pastureland when
there is a need to attain contributions from legume crops,
growers must provide other nutrients apart from nitrogen,
thus soil analysis is needed so that the needed amount of
soil nutrients could meet the requirements for growth of
the crop plants. Dry matter yields attained were lower than
other published data since no chemical fertilizers were
added to the soil. Ezenwa and Aken’Ova (1996) showed
that common Guinea grass - Verano Stylo mixture gave
dry matter yield of 6400 and 1,000 kg ha™, respectively.
This study gave more grass dry matter yield than the
present work but Verano Stylo gave less due to the effect
of chemical fertilizer (15-15-15 NPK) application when
common Guinea grass is a C, plant hence it grew faster
than Verano (C,) thus created shading effect. Napier grass
required lugh amount of chemical fertilizers, particularly N
for high diy matter yields (Vicente-Chandler et al., 1959).
Tudsni et al. (2002) reported that Napier grass applied with
60 kg N ha™ gave 6.4 folds dry matter yield greater than
the present work where no chemical fertilizer was used.
With forage quality, the results showed that Crude
Protein percentages (CP) of grass plus legume with
respect to production methods of both Verane and Wynn
legumes, they gave the highest reaching a mean value of
10.59% for Wynn but Wynn was significantly lngher than
Verano. CP of Guinea plus legume was sigmficantly higher
than Ruzi plus legume. The high values of CP of Both
Wynn and Verano must be attributable to the contribution
of the legume plants. The results on CP of grass plus
legume revealed that CP of Purple Guinea plus legumes
gave the highest. With production methods, Wynn gave
the highest CP followed by Verano. The results indicated
that legume crops aided in increasing CP, hence any
pastureland required grass plus legume mixture in order to
attain high percentages of CP. With Acid Detergent Fiber
(ADF) of grass plus legume, the results showed that the
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highest was found with Guinea plus legume whilst that of
the production methods, Verano and Wynn was the
lowest. This led to the sigmificantly lower DMD of Guinea
plus legumes than Ruzi plus legumes. This must be
attributed to the high amount of legume plants in the
mixture growing of the crops.

CONCLUSION

For the 3-year investigation of dry matter yields and
quality of forages derived from grass species and organic
production methods, it could be mferred that the Purple
Guinea grass was the most suitable species to be used
within the orgamc production method where 24 t ha™' of
cattle manure were used. This production method
produced the highest dry matter yields of 14,599 t ha™".
With grass species plus Verano Stylo and Wynn Cassia
grass-legume mixtures, they gave high values of CP
contents of 9.71 and 10.59% and DMD values of 71.57 and
70.14%, respectively. Therefore, the success in
establishing pasturelands should be definitely nvolved
with the use of legume crops and organic manure,
especially the cattle manure.
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