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ABSTRACT

Thiswork was carried out at Khon Kaen University from April-November
2011 to determine dry matter yields and forage quality of the Purple Guineagrass
(Panicum maximum cv. TD 58) and grass plus legumes grown on Korat soil series
(OxicPaleustults). The 3 Production Methods (PM) were used viz., without legume
(PM1), with Verano stylo, Stylosantheshamata cv., Verano, (PM2) and with Wynn
cassia, Chamaecristarotundifoliacv., Wynn, (PM3). Dry CattleManure (CM) rates
of 0, 8, 16 and 24 t ha™* were used. They were subjected to a3x4 factorial arranged
in a Randomized Complete Block Design (RCBD) with 4 replications. The results
showed that an increase in cattle manure rates highly increased both Dry Matter
Yields (DMY %) of the grass alone and grass plus legumes. The high DMY of
10,596 and 10,673 tonsha~* were attained with the PM 2 and the PM 3, respectively.
An increase in cattle manure rates highly decreased Crude Protein (CP%) of the
grass aone and grass plus legumes mixture. Neutral Detergent Fiber (NDF%) for
the grass alone increased with anincreasein cattle manure ratesonly upto 8t ha*
but the production methods did not. The NDF% of the grass plus legumes mixture
highly increased with an increase in cattle manure rates but a reverse result was
found with the production methods. Acid Detergent Fiber (ADF%) for the grass
alonehighly increased but theincreasewas only up to 8 t ha—*. Production methods
had no significant effect on the ADF%. Anincrease in cattle manure rates did not
significantly affect DMD%, except that of the production methods where an
increase was with the PM2 only.

Keywords: Purpleguineagrass, legumes, cattle manure, crude protein, dry matter
degradability

INTRODUCTION DMY can occur when chemical fertilizers containing NH," is

added to the soil resulting in an increase in soil acidity dueto

It iswell established that farmers normally use chemical
fertilizersto increase Dry Matter Yields (DMY)) of forage for
livestock production. In particular, DMY of grasses could be
increased enormously by nitrogen fertilizer (N) where
Chen et al. (1981) attained their highest yield with the use of
N up to 300 kg N ha™* year™ . However, DMY and forage
quality may not remain at a high stability with the continued
applying of chemical fertilizer to the soil, e.g., a decrease in
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the NH,". The NH," in soil may be oxidized to NO,~ and H*
by soil bacteria (Miller and Donahue, 1990; Teitzel et al.,
1991; Barak et al., 1997; Suksri, 1999) and a process on
“Gassing off” can also occur. The high application rate of
nitrogen chemical fertilizers on pasturelands in Western
Europe has sometimes resulted in the rel ease of N,O and NH,
gases into the atmosphere (Mannetje, 2003). In Thailand, the
use of chemical fertilizers, especially ureahasbeenincreased,
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e.g., inthe 2013 alone an amount of 1.9 billion Baht was spent
on urea (Anonymous, 2013). It is a common practice that the
more the use of the chemica fertilizers for agricultural
production the more theincreasein the environmental hazards
as well as the high cost of investment. In Sweden, it was
reported that organic methods gave along-term sustainability
on livestock production whereorganic food supplieshavebeen
increased, e.g., in the 1998 aone organic milk and dairy
products increased by 3% (Cederberg and Mattsson, 2000).
Organic milk products in the European countries increased
continuously with time, particularly in Sweden, Denmark,
Switzerland and Austriawhere the percentagesincreased were
4.3,7,10and 15, respectively (Rosati and Aumaitre, 2004). It
was reported that eco-methods for conservation play an
important roleinthe European countries, e.g., speciesdiversity
is commonly recognized as a task for organic agriculture in
many European countries (Van Elsen, 2000). Small ruminant
livestock farming amongst the Mediterranean countries such
as sheep farming had used organic methods for the increases
in its sustainability compared with the inorganic farming
(Ronchi and Nardone, 2003). Somepublished datain Thailand
revealed that rotating grazing by beef cattle on organic
grassland increased biological diversity with a long lasting
stability of pastureland andits maintenance (Phonbumrung and
Watanasak, 2007). Therefore, it may be of atangible value to
carry out more experiments concerning the use of animal
manure together with the use of natural nitrogen derived from
nitrogen fixing bacteria in roots of the leguminous crops in
place of nitrogen chemical fertilizers. It has been reported that
grass and legume mixtures provided better soil propertiesthan
theapplication of nitrogenfertilizer aloneandit wasfound that
residua effects derived from root nodules remain in soil for a
long period of time (Partridge and Wright, 1992; Jones and
Jones, 2003). The application of organic materials to the soil
has also been reported by Celik et al. (2004), Pholsen et al.
(2005, 2014a) and Hatch et al. (2007) where they found the
compaction of soilswith theapplication of organicfertilization
waslesser than that of theinorganicfertilizer applications. The
use of organic materials in pasturelands where grass and
legumes are allowed to grow together could improve soil
properties, increase nutritive value of fodders or silages for
animals and also the forage yields can be enormously
increased (Ng and Wong, 1976; Bamikole et al., 2001,
Ahmed et al., 2012). Organic grasslands have shown a huge
potential in increasing animal growth rates and animal
production (Bamikoleet al., 2001; Trevor and Albrecht, 2004).

Therefore, in order to keep pace with the rapid expansion
of many products derived from organic agriculture and ableto
meet the high demand of the markets, farmers in Thailand
should pay more attention to practice organic farming systems
for their pasturelands rather than only applying chemical
fertilizers aone.

The objectives of this research work include how the
purple Guinea grass plants responded to 2 species of legume
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crops when grow together and also 4 rate of cattle manure
application on both forage yield and forage quality. To be
more precise, it is of atangible value to determine the effects
dueto both cattle manure application rates and the production
methods used.

MATERIALSAND METHODS

Thiswork was conducted at the Experimental Farm, Khon
Kaen University, Khon Kaen, Thailand from 2009-2011 where
the work was carried out for more than a 3 year period and
only the results of the third year (April-November 2011) are
included in this study. The experiment was laid out in a 3x4
factorial arranged in a Randomized Complete Block Design
(RCBD) with 4 replications. Purple Guinea grass (Panicum
maximum cv., TD 58) was used alone and together with 2
legume species under 3 Production Methods (PM), i.e,, PM1
IS grassaone, PM2 IS grass with VVerano stylo (Stylosanthes
hamata cv., Verano) and PM3 IS grass with Wynn cassia
(Chamaecrista rotundifolia cv., Wynn). The 4 Cattle Manure
(CM) rates (0, 8, 16 and 24 t ha™') were used in each
production method. Thus there were 12 treatment
combinations with 48 plots altogether and each plot has a
dimension of 4.5x4.5 minwidth and length, respectively with
awalking path in between the plots of 75 cm. The land
area being used was a 1,600 m? of a Korat soil series
(Oxic Paleustults). The land area was ploughed twice and
harrowing once. Soil samples of this third year experimental
period were initialy taken from each plot to the depth of
approximately 25 cm and they were used for soil analysison
soil properties. Root stocks of the Purple Guinea grass were
planted into rows by hand at distances between rows and
withinrowsof 75x75 cm, respectively. Legume seedsat arate
of 10 kg ha™* were sown into the soil in between the grass
rows. Each cattle manure sample was divided into 2 equal
portions. The first half was applied by hand on the 30th of
May 2011 and the second half was applied on the 7th of
August 2011. A quadrat with adimension of 0.75x0.75 min
width and length was used in each samplefor plant dry weight
determinations. The plantswere cut off at 10 cm above ground
level and 4 quadratic areas of the plantswere randomly cut out
from each plot. For thethird year cuttings, DMY were carried
out 7 timesin the rainy season (every 28 days) and once again
in the dry season. The plant samples were oven dried at 60°C
for 72 h and then weighed out for DMY . A portion of each dry
matter sample from each replication was ground to pass
through a 1 mm sieve screen and then kept separately in
plastic bagsfor plant tissueanalysis. TheDMY obtainedinthe
dry season was not included in the plant tissue analysis due to
its small quantity. Chemical component analysis of the rainy
season samples was carried out for Crude Protein (CP) by
Kjeldahl method (AOAC., 1990), Neutral Detergent Fiber
(NDF) and Acid Detergent Fiber (ADF) using the method of
Van Soest et al. (1991). Dry Matter Degradability (DMD)
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analysis was carried out with the nylon bag technique
(Orskov et al., 1980). The quality of grass plus legume was
calculated by the formula described by Nakamanee et al.
(2004) asfollow:

Quality (%) (Quality of grass (%) x DMY of grass)+(Quality of legume (%) x DMY of legume)
6) =
y DMY of grasstDMY of legume

The obtained data were statistically calculated where
appropriate using a SAS computer program (SAS., 1998).

RESULTS

Meteorological data and soil properties. With monthly
rainfalls, it was found that monthly rainfalls ranged from
10.2-355.6 mm for the months of November and September,
respectively with atotal amount of rainfallsup to 1,433.9 mm
(within 103 days of rainfalls) throughout the experimental
period (Table 1). Mean values of minimum and maximum
temperatures were 23.60 and 32.50°C, respectively with an
average value of 28°C and average value of relative humidity
of 91%. For dry cattle manure analysis data, it was found that
mean values of pH, OM, total N, total P and total K of 9.16,
43.16, 1.47, 1.07 and 3.84%, respectively.

Initial and final soil properties. Soil analysisdataof thethird
year experimental period for the PM1 reveaed that initial
mean values of soil pH, OM, total N, extractable P and
exchangeable K were 4.92, 0.86 and 0.039%, 7.5 and 85 ppm,

respectively (Table2), for the PM2 with the valuesof 4.96,
0.81 and 0.043%, 7.0 and 133.5 ppm, respectively and for the
PM3 with the values of 5.17, 0.85 and 0.042%, 8.0 and
155.5 ppm, respectively. Soil analysis data due to the cattle
manure applications on their ranges of soil pH, OM, total N,
extractable P and exchangeable K were 4.53-5.44 for 0 and
24t ha™*, 0.80-0.87% for 8and 0 t ha™*, 0.039-0.042% for
Oand24tha™? 3.7t013.3 ppm for 0 and 24 t ha* and
68.7-221.7 ppm for 0 and 24 t ha™, respectively.

For the final soil analysis data, the results showed that
mean values of soil pH, OM, tota N, extractable P,
exchangeable K were 5.30, 0.99 and 0.061%, 7.4 and
219.0 ppm for the PM1, 5.29, 1.02 and 0.054%, 7.4 and
190.6 ppm for the PM2 and 5.45, 1.05 and 0.061%, 7.6 and
199.6 ppm for the PM 3, respectively. With the applications of
cattle manure, the ranges of soil pH, OM, total N, extractable
P and exchangeable K were 4.91-6.13 for 0 and 24t ha™,
0.99-1.05% for 16 and 24 t ha™*, 0.056-0.063% for 16 and
24tha™, 2.7-16.5 ppmfor 0 and 24 t ha—*and 34.2-371.5 ppm
for 0 and 24 t ha™?, respectively.

Dry matter yields of grass alone, grass plus legume and
weeds: The results on dry matter yields showed that an
increase in cattle manure rates significantly increased grass
dry matter vyields with mean vaues ranged from
931-10,153 kg ha* for cattle manure rates of 0 and 24 t ha™,
respectively. Thedifferenceswerelargeand highly significant
(Table 3). The grass dry matter yield due to the effect of
production methodswas aso large with valuesranged from

Table 1: Monthly rainfalls (mm), numbers of days with rainfall, daily temperatures and relative humidity from May to November 2011 recorded at the

experimental Farm, Khon Kaen University (Anonymous, 2011)

Rainfalls Temperatures (°C)
Months Amount Days Minimum Maximum Average Relative humidity (%)
May 98.3 11 242 344 29.3 90
June 209.5 13 249 33.6 29.3 87
July 314.0 17 24.2 331 28.7 91
August 236.9 21 238 31.7 27.8 93
September 355.6 23 241 31.6 279 95
October 209.4 16 23.0 311 271 90
November 10.2 2 20.7 31.9 26.3 89
Total 14339 103
Average 204.8 15 23.6 325 28.0 91
Table 2: Soil analysis data of theinitial and final sampling periods as influenced by both cattle manure rates and production methods

Production methods (PM) Cattle manure rates (CM, t ha™?)

Items PM1 PM2 PM3 0 8 16 24
Initial
pH (1:2.5) 492 4.96 517 453 4.82 5.26 5.44
OM (%) 0.86 0.81 0.85 0.87 0.80 0.86 0.83
Total N (%) 0.039 0.043 0.042 0.039 0.042 0.040 0.042
Extrt. P (ppm) 75 7.0 8.0 37 53 7.7 13.3
Exch. K (ppm) 85.0 1335 155.5 68.7 90.0 1183 221.7
Final
pH (1:2.5) 5.30 5.29 5.45 491 4.85 5.48 6.13
OM (%) 0.99 1.02 1.05 1.01 1.02 0.99 1.05
Total N (%) 0.061 0.054 0.061 0.058 0.058 0.056 0.063
Extrt. P (ppm) 74 74 7.6 27 39 6.8 16.5
Exch. K (ppm) 219.0 190.6 199.6 34.2 136.9 269.7 3715

OM: Organic matter, Extrt. P: Extractable phosphorus, Exch. K: Exchangeable potassium, N: Nitrogen
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Table 3: Dry matter yields (kg ha™) of grass alone, grass+legume and weeds asinfluenced by cattle manure rates and production methods, grown on Korat soil

series at Khon Kaen University Farm, Khon Kaen, Thailand

Cattle manure rates (t ha™)

Production methods 0 8 16 24 Mean
Grass
PM1 609 4658 5512 9436 5054°
PM2 1363 5286 5639 10499 569748
PM3 820 5880 8138 10525 63414
Mean 931° 5275° 6430° 10153*
Grasstlegume
PM1 609 4658 5512 9436 5054°
PM2 3537 7614 6755 10596 7125%
PM3 4415 7538 8768 10673 78497
Mean 2853° 6603° 7012° 10235*
Weeds
PM1 3467 4277 3863 3085 3673
PM2 943 2690 1664 2186 1871
PM3 605 1923 1910 2415 1714
Mean 1672 2963 2479 2562

Significant levels

PM CM PMxCM CV (%) SEM (%)
Grass *x *x ns 19.47 554.56
Grasst+legume *x *x ns 17.42 581.41
Weed > > * 25.39 307.11

Letter(s) in each row and in the final column of meansindicated least significant differences of the Duncan’ s Multiple Range Test (DMRT) at probabilities (p)
of **0.01 and *0.05, CV %: Covariant percentages, SEM: Standard errors of means, ns: Non significant, CM: Cattle manure, PM: Production method

5,054-6,341 kg ha™* for the PM 1 and the PM 3, respectively.
However, the PM 1 was similar to the PM2 and the PM2 was
similar to the PM3 yet the differences between the PM1 and
the PM3 were large and highly significant. With grass plus
legume, the results showed that an increase in cattle manure
rates significantly increased dry matter yields yet an increase
in the cattle manure rate of 16t ha* did not differ from the
8t ha*. Nevertheless, at the highest rate (24 t ha™) of dry
metter yields were significantly higher than the rest with
values ranged from 2,853-10,235 kg ha™* for 0 and 24 t ha™,
respectively. The difference was large and highly significant.
With the effects due to the production methods, the results
showed that the PM2 was significantly higher than the PM1
but the PM3 was similar to the PM2 with values ranged from
5.054-7.849 kg ha™*, respectively. The differences were large
and highly significant. For weeds, anincreasein cattle manure
rates significantly increased weed dry meatter yields but the
increase was only up to 8 t ha*. Further increases did not
increase weed dry matter yields with values ranged from
1,672-2,963 kg ha™* for 0 and 8 t ha™, respectively. The
differences were large and highly significant. For the
interaction between production methods and cattle manure
rates, the results reveal ed that there was no effect due to both
production methods and cattle manure rates but significantly
found with that of the weeds dry matter yields.

Forage quality of grassalone: The results on Crude Protein
(CP) showed that an increase in cattle manure rates
significantly decreased the CP from 0 up to 8 t ha™* only.
Further increases in the cattle manure rates gave a similar
level as that of the 8 t ha™* with the values ranged from
9.21-10.16% for 24 and 0t ha?, respectively. Thedifferences
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werelargeand highly significant (Table4). For the production
methods, the resultsindicated that the PM2 gave significantly
higher CP than the PM1 but the PM2 was similar to the PM3
with the values ranged from 9.21-9.81% for the PM1 and the
PM3, respectively. The differences were large and highly
significant. A statistical significant interaction between the
PMxCM wasal sofound. With Neutral Detergent Fiber (NDF),
an increase in the cattle manure rates significantly increased
the NDF up to 8 t ha™ only. Further increases did not
significantly increase the NDF of the forage with the values
ranged from 72.93-74.46% for 0 and 16 t ha™*, respectively.
Thedifferenceswerelargeand highly significant. For theNDF
on the PM, PM did not affect the NDF%. There was no
interaction between cattle manure rates and production
methods found on the NDF. With Acid Detergent Fiber
(ADF), an increase in cattle manure rates significantly
increased the ADF up to 8 t ha™* only. Further increases did
not significantly increase the ADF% with values ranged from
40.19-43.04 for 0 and 24 t ha™?, respectively. The differences
were large and highly significant. For the production
methods, the results showed that there was no significant
effect due to the production methods with values ranged from
41.65-42.33% for the PM 1 and PM 2, respectively. Similarly,
there was no significant interaction effect dueto the PMxCM.
For Dry Matter Degradability (DMD), an increase in cattle
manure rates did not increase the DMD of the forage. A
similar result was found with both the production methods
used and the PMxCM, i.e., no significant effect on the DMD
was found.

Foragequality of grasspluslegumemixture: Theresultson
the effect due to cattle manure application rates on forage

| Volume 18 | Issue 7 | 2015 |
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Table 4: Forage quality of the grass aone, grown on Korat soil series (Oxic Paleustults) in the rainy season asinfluenced by cattle manure rates and production

methods

Cattle manure rates (t ha™)

Production methods 0 8 16 24 Mean
CP (%)
PM1 8.96 9.54 9.27 9.08 9.218
PM2 10.85 9.57 9.37 9.43 9.814
PM3 10.67 10.19 9.28 9.10 9.814
Mean 10.16* 9.77% 9.31° 9.21°
NDF (%)
PM1 72.90 74.43 74.41 73.92 73.91
PM2 73.52 74.68 74.26 74.58 74.26
PM3 72.39 73.96 74.72 74.34 73.85
Mean 72.93° 74.36* 74.46% 74.28*
ADF (%)
PM1 39.71 42.13 41.99 42.76 41.65
PM2 41.44 42.76 4252 43.07 42.33
PM3 39.87 42.28 43.11 43.28 42.14
Mean 40.19° 42.397 42.542 43.04*
DMD (%)
PM1 69.91 7217 72.10 72.81 71.74
PM2 73.40 72.32 7242 71.05 72.29
PM3 72.30 70.86 7174 71.47 71.59
Mean 71.87 71.78 72.08 71.77

Significant levels

PM CM PMxCM CV (%) SEM (1)
CP *x *x * 6.72 0.323
NDF ns *x ns 122 0.450
ADF ns *x ns 1.96 0.412
DMD ns ns ns 2.70 0.971

Letter(s) in each row and in the final column of means indicated |east significant differences of the Duncan’s Multiple Range Test (DMRT) at probabilities (p)
of **0.01 and *0.05, CV%: Covariant percentages, SEM: Standard errors of means, ns: Non significant, PM: Production method, CM: Cattle manure,
CP: Crude protein, NDF: Neutral detergent fiber, ADF: Acid detergent fiber, DMD: Dry matter degradability

quality of grass plus legume showed that an increase in cattle
manureratessignificantly decreased Crude Protein (CP) inthe
tissues of the grass and legume mixture. The decrease was
persistently found and highly significant throughout the
experimental period. The crude protein values ranged from
9.24-12.03% for 24 and Ot ha*, respectively (Table 5). With
the production methods, it was found that the PM1 was the
lowest followed by the PM 2 and the highest waswith the PM 3
with values ranged from 9.21-11.22%, respectively. The
differences were large and highly significant. With an
interaction between the PMxCM, it was found that there was
ahighly significant effect due to the PMxCM interaction. For
Neutral Detergent Fiber (NDF), a reverse result from that of
the CPwasfound with the NDF wherean increasein the cattle
manure rates significantly increased the NDF% with values
ranged from 63.74-74.08% for O and 24 t ha™, respectively.
The differences were large and highly significant. With the
production methods, the resultsreveal ed that the PM 3 attained
the lowest followed by the PM2 and highest with the PM1
with values ranged from 66.85-73.79% for the PM3 and PM 1,
respectively. Thedifferenceswerelargeand highly significant.
It was also found that the PM xCM interaction on the NDF%
was highly significant. With Acid Detergent Fiber (ADF), an
increase in cattle manure rates significantly increased the
ADF% with values ranged from 39.07-43.03% for O and
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24t ha™*, respectively. The differences were large and highly
significant. For the Production Methods (PM), there was no
significant effect due to the production methods. There was a
highly significant effect due to the PMxCM on the ADF%.
With Dry Matter Degradability (DMD), the results showed
that an increase in cattle manure rates did not increase the
DMD% yet with the production methods the DMD% of the
PM2 was significantly higher than the PM1. However, the
PM1 was similar to the PM3 hence the PM2 may be
considered asthe best method to be chosen with values ranged
from 71.74-74.26% for the PM1 and PM2, respectively. The
differences were large and highly significant. A highly
significant effect was found with an interaction between the
PMxCM.

DISCUSSION

For the third year experimental period carried out from
May to November 2011 at Khon Kaen University, the results
showed that amounts of rainfalls were adeguately received
in al months of the experimental period with the amount of
rainfals up to 1433.9 mm indicating that soil moisture
contents were adequately available hence no drought
condition was taken place. Mean values of the relative
humidity, minimum and maximum temperatures were 91%,
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Table 5: Forage quality of grass pluslegumein rainy season as influenced by production methods and cattle manure rates

Cattle manure rates (t ha™)

Production methods 0 8 16 24 Mean
CP (%)
PM1 8.96 9.54 9.27 9.08 9.21¢
PM2 12.54 11.06 10.13 9.48 10.80°
PM3 14.60 11.38 9.74 9.17 11.22*
Means 12.03* 10.60° 9.72° 9.244
NDF (%)
PM1 72.90 74.43 74.41 73.92 73.91*
PM2 66.29 71.44 72.37 74.83 70.40°
PM3 52.02 68.41 72.89 74.05 66.85°
Means 63.74° 71.43° 73.22° 74.08*
ADF (%)
PM1 39.71 42.13 41.99 42.76 41.65
PM2 40.08 41.84 41.70 43.39 41.38
PM3 37.42 41.38 42.79 43.21 41.20
Means 39.07° 41.78° 42.16° 43.03*
DMD (%)
PM1 69.91 7217 72.10 72.81 71.748
PM2 77.57 74.88 73.76 70.85 74.26"
PM3 72.74 71.63 72.18 7153 72.028
Means 73.40 72.89 72.68 71.73

Significant levels

PM CM PMxCM CV (%) SEM (+)
CP *x *x *x 5.10 0.265
NDF ** ** ** 171 0.603
ADF ns ** *k 1.58 0.326
DMD *H ns *H 2.35 0.854

Letter(s) in each row and in the final column of meansindicated least significant differences of the Duncan’s Multiple Range Test (DMRT) at probabilities (p)
of **0.01 and *0.05, CV%: Covariant percentages, SEM: Standard errors of means, ns: Non significant, PM: Production method, CM: Cattle manure,
CP: Crude protein, NDF: Neutral detergent fiber, ADF: Acid detergent fiber, DMD: Dry matter degradability

23.6 and 32.5°C, respectively. Thisclimatic condition may be
considered as the most suitable environment for the growth of
the grass and legume crops (Anonymous, 2011). Cook et al.
(2005) reported that Guinea grass plants grew well with an
annual rainfall above 1,000, 1000-2000 mm for Verano stylo,
900-1500 mmfor Wynn Cassia. It wasfound that mean values
of minimum and maximum temperatures were 20.7 and
34.4°C, respectively with amean value of arelative humidity
of 91%. This condition should have favored the growth of the
Purple Guinea grass and the legume crop plants. Whiteman
(1980) reported that tropical grasses and legume crops show
maximum growth at different temperatures ranged from
35-45°C for grasses and 30°C for legumes.

The results on cattle manure analysis for mean values of
pH, Organic Matter (OM), total nitrogen (N), total phosphorus
(P) and total potassium (K) were 9.16, 43.16, 1.47, 1.07 and
3.84%, respectively. These mean values of nutrients in the
cattle manure indicated a high amount of nutrients and it is
considered as normal cattle manure for usein crop cultivation
(Pholsen et al., 2005).

Theresultsoninitia and final soil properties of the Korat
soil series (Oxic Paleustults) as influenced by production
methods and cattle manure rates indicated that soil pH ranges
from 4.53-5.44. These values of soil pH may be considered as
poor soil conditions since suitable pH values must be within a
range from 6-6.5 (1: 2.5, soil: water by volume) in order to
achieve arapid release of soil nutrients (Mengel and Kirkby,

Www.ansinet.com

1987; Miller and Donahue, 1990; Suksri, 1998, 1999). Oxic
Paleustults, agreat soil group isgenerally known asapoor soil
of high acidity with low availability of soil nutrients
(Trelo-Ges et al., 2002). Both soil organic matter and total
nitrogen valueswere at amoderatelevel for most tropical soils
yet the percentages of the extractable phosphorus (P) were
relatively inadequate for growth of the crop plants. An
adequate level of the extractable P should not be lesser than
25 ppm whilst the exchangeable potassium (K) should be at
least 80 ppm (Mengel and Kirkby, 1987; Suksri, 1999;
Kasikranan, 2011). At the end of the experimental period, the
soil analysis data revealed that in most cases soil conditions
were relatively improved, except that of the extractable P
where P values due to treatments were relatively low yet only
the high rate of the cattle manure did slightly improve. The
results indicated that soil phosphorus available for the third
year experimental period was relatively low due to perhaps a
large amount of soil P could have been utilized by the second
year crop hence a relatively low value of extractable P was
attained. However, it was found that the exchangeable K was
enormously improved with the application of cattle manure
rates, particularly with the highest rate hence cattle manure
largely improved soil K. Theresultsconfirmthework reported
by Pholsen and Higgs (2014).

Withtheeffect dueto thetreatmentson Dry Matter Yields
(DMY), the results showed that grass dry matter yields alone
increased with an increase in the cattle manure rates. The
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results indicated that this Korat soil series (Oxic Paleustults)
isarelatively poor soil even at the highest cattle manure rate
the increase in dry matter yield was not fall hence further
experiment with higher rate of cattle manure may be required
in order to find out the maximum amount of the DMY. This
trend was aso found with the effect due to the Production
Methods (PM), i.e, a fall on the DMY was not found.
However, the effect due to the PM was highest up to the PM3
yet the PM 3 was similar to the PM2. Thus the PM2 may be
recommended for further use. For grass and legume mixture,
the results showed that the highest rate of the cattle manure
rates gave the highest DMY although therate of 8t ha™ gave
asimilar DMY to that of the 16 t ha™*. This may be dueto the
competition between grass and legume plants where the grass
plants were able to compete for more nutrients and better
growth than the legume plants hence a contribution on the
amount of DMY from the legume was relatively small.
Nevertheless, the growth of the legume plants together with
the Purple Guinea grass could have been partly assisted by
cattle manure rates by added more nutrients and improved soil
conditions for the growth of the crop plants (Kataoka et al.,
1994; Pholsen et al., 2005, 2014b; Gil et al., 2008). The
Production Methods (PM) gave the highest DMY with the
PM2 only. Thus the PM2 may be recommended for further
use. With the results on weeds, the weed dry matter yields
were similar in all rates of the added cattle manure where it
indicated that all plots with cattle manure rates gave asimilar
result.

With the grass Crude Protein (CP), an increase in cattle
manure rates highly decreased the CP yet the effect due to the
production methodswas up to the PM 2 only indi cating that the
PM2 was suitable for the grass growing. On the other hand,
when the grass plus legumes were grown together, it was
found that the CP% dueto the production methodswas highest
with the PM 3. This must be attributabl e to the high amount of
dry matter yields of thelegume plantsassisted intheincreased
value of the CP%. The decline in the CP% due to an increase
in cattle manure rates must be attributable to the high amount
of the DMY of the grass diluted the CP% of the legume crops
hencethe percentages of the CP dueto anincreasein the cattle
manure rates were relatively declined. The results agree with
the works reported by Nakamanee et al. (2004) and
Pholsen et al. (20144). There was a significant interaction
between the PMxCM for the grass alone and a highly
significant between the PMxCM for the grass plus legume
mixture. Thus there is aways a need to grow grass plants
together with legume crops in order to achieve the utmost
benefits. With Neutral Detergent Fiber (NDF) for grassalone,
the effect due to an increase in cattle manure rates was
significantly found up to 8 t ha~* only further increases gave
asimilar NDF% yet there was no significant difference dueto
the production methods found. However, the NDF% of the
grass plus legumes was significantly increased with an
increase in the cattle manure rates whilst areverse was found
with that of the production methods, i.e., the PM 1 ranked the
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highest and the lowest waswith the PM 3 hence the production
methods decreased the NDF% due to a large amount of the
DMY derived from the legume plants. The lower NDF
concentrations of the legumes than that of the grasses were
reported by Mupangwa et al. (1997) and Angthong et al.
(2004). Therefore, the added amountsof DMY of thelegumes
decreased the fiber concentrations in the plant tissues. There
was no interaction between the PMxCM for the grass alone
but highly significant between the PMxCM for the grass plus
legume mixture hence again legume is always needed when
pastureland must be established. For the grass alone on Acid
Detergent Fiber (ADF), theresultsrevea ed that the effect due
to an increase in the cattle manure rates was found only up to
8t ha™* and the further increases gave a similar result as that
of the 8 t ha™*. The reason for this may be due to a large
amount of growth of stems of the legumes where it topped up
thetotal dry matter yieldssince stems contained a high amount
of fibers. It was found that dry matter yields of the legume
were higher than that of the grass DMY hence the ADF% of
the grass plus legume was relatively declined. There was no
interaction between the PMxCM for thegrassalone but highly
significant for the grass plus legume mixture. Again, legume
is always needed for pasturelands where it contributed a
relatively high DMY . With Dry Matter Degradability (DMD),
it was found that the DMD% in the grass alone did not differ
from one another whilst that of the grass pluslegume mixture,
the DMD% increased with the PM2 only. This may be
attributable to the higher amount of lignin contents in the
legume plants of the PM3 than that of the PM2 hence the
DMD% was lower for the PM3 than that of the PM2. In
general, the legume plants may have produced alarge amount
of lignin when the DMY attained was relatively high hence
lower the DM D% of the PM 3 than that of the PM 2. Thiscould
possibly be the case (Pholsen et al., 2014b). There was no
significant effect between the PMxCM interaction for the
grass aone but highly significant for the grass plus legume
mixture. Therefore, successful pasture establishment could not
do away without the use of the legume crops.

CONCLUSION

To sum up, the results of the third year experiment
showed that amount of rainfallsin therainy season of the 2011
was adequately available for the growth of grass and legume
crops. Other contributing factors such as soil pH, nutrients,
environmental temperatures and others were at a moderate
level asthat of the tropical climatic conditions except that of
the soil pH valuesand soil extractable P, whichwerevery low.
An increase in the cattle manure rates highly increased dry
matter yields of the grass alone and grass plus legume. The
high dry matter yields (DMY) of 10,596 and 10,673 kg ha™*
were attained with the use of the production method 2 (PM2),
where the Verano stylo, Purple Guineagrass plus 24 t ha™* of
the cattle manure rates were used and the production
method 3 (PM3) where the Wynn Cassia, Purple Guinea

| Volume 18 | Issue 7 | 2015 |



Pak. J. Biol. i, 18 (7): 324-332, 2015

grass plus 24t ha ' of cattle manure were used. The legume
crops showed a highly significant role in the amounts of dry
matter yields of the pasture production. An increase in the
cattle manurerates highly decreased Crude Protein (CP) of the
grass alone and the grass plus the legumes. Neutral Detergent
Fiber (NDF) for the grass alone increased with an increase in
the cattle manure rates up to 8 t ha™* only yet the production
methods did not. The NDF% of the grass plus legume highly
increased with an increase in the cattle manure rates but a
reverse was found with the production methods, i.e., the PM1
had the highest NDF and least with the PM 3. The difference
was large and highly significant. Acid Detergent Fiber (ADF)
for the grass alone highly increased with an increase in the
cattle manure rates but the increase for the grass plus legume
wasonly upto 8t ha*only. Dry Matter Degradability (DMD)
did not increase with an increase in the cattle manure rates yet
anincrease wasfound with the PM 2 for the grass pluslegume.

ACKNOWLEDGMENTS

The authorswish to thank Khon Kaen University, Higher
Education Research Promotion and National Research
University Project of Thailand and Office of the Higher
Education Commission through the Food and Functional Food
Research Cluster of theKhon Kaen University for thefinancial
assistance. Thanksare dueto Associate Professor K. Sommart
for his kindness in supervising and allowing authors to use
laboratory facilities, the staff members and the laboratory
personnel in the Faculty of Agriculture for their kind
assistance.

REFERENCES

AOAC., 1990. Officia Method of Anaysis. 15th Edn.,
Association of Official Analytical Chemists, Washington,
DC., USA.

Ahmed, SA.,R.A. Haimand M.F. Ramlan, 2012. Evaluation
of the use of farmyard manure on a Guinea grass
(Panicum maximum)-stylo (Stylosanthes guianensis)
mixed pasture. Pertanika J. Trop. Agric. Sci., 35: 55-65.

Angthong, W., S. Pongpeajan and V. Panichpol, 2004. Table
of nutritive value of feed raw materias. Division of
Animal Nutrition, Department of Livestock Development,
Ministry of Agriculture and Cooperatives, Thailand.

Anonymous, 2011. A record of meteorology of the 2011.
Department of Plant Science and Natural Resources,
Faculty of Agriculture, Khon Kaen University, Khon
Kaen, Thailand.

Anonymous, 2013. Price indices of food commodities.
Chemical Fertilizers, Department of Internal Trade,
Thailand.

Bamikole, M.A., I. Ezenwa, A.O. Akinsoyinu, M.O. Arigbede
and O.J. Babayemi, 2001. Performance of West African
dwarf goats fed Guinea grass-Verano stylo mixture, N-
fertilized and unfertilized Guinea grass. Small Rumin.
Res., 39: 145-152.

Www.ansinet.com

Barak, P., B.O. Jobe, A.R. Krueger, L.A. Peterson and
D.A. Laird, 1997. Effects of long-term soil acidification
due to nitrogen fertilizer inputsin Wisconsin. Plant Soil,
197: 61-69.

Cederberg, C. and B. Mattsson, 2000. Life cycle assessment
of milk production-a comparison of conventional and
organic farming. J. Clean Prod., 8: 49-60.

Celik, 1., I. Ortas and S. Kilic, 2004. Effects of compost,
mycorrhiza, manure and fertilizer on some physical
properties of a chromoxerert soil. Soil Tillage Res.,
78: 59-67.

Chen, C.P., S.S. Ajit and T.R. Evans, 1981. Beef production
from three nitrogen-fertilized grasses in Peninsular
Malaysia. MARDI Res. Bull., 9: 207-224.

Cook, B.G., B.C. Pengelly, S.D. Brown, J.L. Donnelly and
D.A. Eagleset al., 2005. Tropical forages: Aninteractive
selection tool. CSIRO, DPI and F(QId), CIAT and ILRI,
Brisbane, Australia. http://cgspace.cgiar.org/handle/
10568/33575

Gil, M.V., M.T. Carballo and L.F. Calvo, 2008. Fertilization
of maize with compost from cattle manure supplemented
with additional mineral nutrients. Waste Manage.,
28: 1432-1440.

Hatch, D.J., G. Goodlass, A. Joynes and M.A. Shepherd,
2007. The effect of cutting, mulching and applications of
farmyard manureon nitrogenfixationinared clover/grass
sward. Bioresour. Technol., 98: 3243-3248.

Jones, R.M. and R.J. Jones, 2003. Effect of stocking rates on
anima gain, pasture yield and composition and soil
properties from setaria-nitrogen and setaria-legume
pastures in coasta South-East Queensland. Trop.
Grasslands, 37: 65-83.

Kasikranan, S., 2011. An investigation on different
harvesting methods on young pods of KKU # 922 maize
(Zea mays L.) cultivar for baby corn production. Pak. J.
Biol. Sci., 14: 461-465.

Kataoka, K., S. Udchachon, W. Sumamal and
O. Rodchompoo, 1994. JRCAS progress report on
development of technology for forage crop management
in Northeast Thailand. Under the Collaborative Research
between Thailand and Japan.

Mannetje, L.T., 2003. Advances in grassland science.
NJAS-Wageningen J. Life Sci., 50: 195-221.

Mengel, K. and E.A. Kirkby, 1987. Principles of Plant
Nutrition. 4th Edn., International Potash Institute, Bern,
Switzerland, Pages: 687.

Miller, W.M. and R.L. Donahue, 1990. Soils: An Introduction
to Soils and Plant Growth. 6th Edn., Prentice Hall,
Englewood Cliffs, NJ.,, USA., ISBN: 9780138202262,
Pages: 768.

Mupangwa, J.F., N.T. Ngongoni, J.H. Topps and P. Ndlovu,
1997. Chemical composition and dry matter degradability
profiles of forage legumes Cassia rotundifolia cv. Wynn,
Lablab purpureus cv. Highworth and Macroptilium
atropurpureum cv. Siratro at 8 weeks of growth
(pre-anthesis). Anim. Feed Sci. Technoal., 69: 167-178.

| Volume 18 | Issue 7 | 2015 |



Pak. J. Biol. i, 18 (7): 324-332, 2015

Nakamanee, G., S. Wittayanupapyuenyong, S. Thinnakornand
A. Panyaparu, 2004. Augmenting purple Guinea with
foragelegumes. An Annual Research Report, Division of
Animal Nutrition, Department of Livestock Devel opment,
Ministry of Agriculture and Cooperatives, Thailand.
http://ncna-nak.dld.go.th/ol dweb/r11.pdf.

Ng, T.T. and T.H. Wong, 1976. Comparative productivity of
two tropical grasses as influenced by fertilizer nitrogen
and pasture legumes. Trop. Grasslands, 10: 179-185.

Orskov, E.R., F.D.D. Hovell and F. Mould, 1980. The use of
the nylon bag technique for the evaluation of feedstuffs.
Trop. Anim. Prod., 5: 195-213.

Partridge, 1.J. and JW. Wright, 1992. The vaue of
round-leafed cassia (Cassia rotundifolia cv. Wynn) in a
native pasture grazed with steers in South-East
Queendand. Trop. Grasslands, 26: 263-269.

Pholsen, S. and D.E.B. Higgs, 2014. Effects of potassium
fertiliser and dolomite on the dry matter yield and forage
quality of Signal grass (Brachiaria decumbens) grownon
Korat soil series(Oxic Paleustults) in Northeast Thailand.
Pensee J., 76: 253-260.

Pholsen, S., P. Lowilai and Y. Sai-Ngarm, 2005. Effects of
ureaand cattle manure onyield and quality of signal grass
(Brachiaria decumbens Stapf. cv. Basilisk) in Northeast
Thailand. Pak. J. Biol. Sci., 8: 1192-1199.

Pholsen, S., P. Rodchumand D.E.B. Higgs, 2014a. Dry matter
yields and quality of forages derived from grass species
and organic production methods (year 11l) Pak. J. Bial.
Sci., 17: 898-904.

Pholsen, S., P. Rodchum, K. Sommart, M. Ta-un and
D.E.B. Higgs, 2014b. Dry matter yield and quality of
forages derived from three grass specieswith and without
legumes using organic production methods. Khon Kaen
Agric. J., 42: 65-80.

Phonbumrung, T. and S. Watanasak, 2007. Biodiversity
richness: Positive impact indicators of organic pasture
under beef cattle grazing. In: Forage: A Pathway to
Prosperity for Smallholder Farmers, Hare, M.D. and
K. Wongpichet (Eds.). Ubon Ratchathani University,
Thailand.

Www.ansinet.com

Ronchi, B. and A. Nardone, 2003. Contribution of organic
farming to increase sustainability of Mediterranean
small ruminants livestock systems. Livestock Prod. Sci.,
80: 17-31.

Rosati, A. and A. Aumaitre, 2004. Organic dairy farming in
Europe. Livestock Prod. Sci., 90: 41-51.

SAS,, 1998. SAS/STAT User's Guide. Version 6.12,
SAS Ingtitute Inc., Carry, NC., USA..

Suksri, A., 1998. Effects of dolomite on growth and seed
yields of soybeans (Glycine max L.) grown on oxic
paleustult soil in Northeast Thailand. Pak. J. Biol. Sci.,
1. 215-218.

Suksri, A., 1999. Some Agronomic and Physiol ogical Aspects
in Growing Cropsin Northeast Thailand. 1st Edn., Khon
Kaen University Press, Khon Kaen, Thailand, Pages: 212.

Teitzel, JK., M.A. Gilbert and R.T. Cowan, 1991. Sustaining
productive pastures in the tropics. 6. Nitrogen fertilized
grass pastures. Trop. Grasslands, 25: 111-118.

Trelo-Ges, V., S. Ruaysoongnern and T. Chuasavathi, 2002.
Effect of earthworm activities (Pheretema sp.) on the
changesin soil chemical propertiesat different soil depths
of nampong soil series (ustoxic quartzipsamment) in
Northeast Thailand. Pak. J. Biol. Sci., 5: 32-35.

Trevor, JH. and G. Albrecht, 2004. Cattle Production
from Sylosanthes Pastures: High-Yielding
Anthracnose-Resistant Sylosanthes for Agricultural
Systems. In: High-Yielding Anthracnose-Resistant
Stylosanthes for Agricultural Systems, Chakraborty, S.
(Ed.). Australian Centre for International Agricultural
Research, Australia

Van Soest, P.J., JB. Robertson and B.A. Lewis, 1991
Methods for dietary fiber, neutral detergent fiber and
nonstarch polysaccharidesin relation to animal nutrition.
J. Dairy Sci., 74: 3583-3597.

Van Elsen, T., 2000. Species diversity as a task for organic
agriculture in Europe. Ecosyst. Environ., 77: 101-109.

Whiteman, P.C., 1980. Tropical Pasture Science.
Oxford University Press, New York, USA,
ISBN-13: 9780198594710, Pages. 392.

| Volume 18 | Issue 7 | 2015 |



	PJBS.pdf
	Page 1


