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33; 5-8. (Appendix 14).
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and workshop at the Agricultural Technology Exposition for Indochina. Faculty of
Agriculture, Ubon Ratchathani University, Thailand 25-31 May 2001. 3-10. (Appendix 16).
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6.2 InuTinusISiaRnY]

Tasams WWanfuauinindsoiwandaulunsimasnieduinoinsveun dai
vamavou vieney Feglulasams  TRSuGumiveyuhoudunsiudounndninan
neaquaiymumsidosieanm lussdulSaan Infuninmdoma TuTabgsud  wevmha
'ﬂﬁﬁaq'lmujﬂqﬁwﬁﬂmﬁuquﬁﬂﬁmﬁ WIATIUHUT WINIAL UNIT N ISINYATYDIAULINAT
maas wnAmndvganysi EfudumivmuinhaunaassumlawasaGngeily
Woslfidmsimminndoevasiysiil on1sAnuTyg InvesseRiuminuids
HNHATAIAAT WA AZUY uaznaAsas T s mud TS umsmiuamgumanms fud iy
nsanlunlasnzaaeiin 1 luden jians iminndoeuas il
unfidoTnarinusinai daue 3lumamion

Namdaeng, N. 2002 Study on nitrogen, phosphorus and potassium fertilizer on
growth, yield and quality of Ubon paspalum (Paspalum atratum cv. Ubon). Master of
Science thesis, Department of Soil Science, Kasetsart University. 241 pp (Appendix 9).

Martens, 5. 2001 Yield. feed value and ensilability of 4 tropical grasses in northeast
Thailand. Diploma thesis. Department of Agroecolgy, University of Rostock, Rostock,
Germany. 160 pp (Appendix 10},

Tatasapong, P. 2001 A study of energy and protein requirement of crossbred dairy
heifers. Master of Science Thesis in Animal Production Technology, Suranaree University
of Technology 156 pp. (Appendix 11).

Gruben, LE. 2001 Management of forage legumes in Ubon paspalum (Paspalum
atratum). (Strip establishment of Ubon paspalum and forage legumes). Diploma thesis.
Department of Agroecolgy, University of Rostock, Rostock, Germany. 70 pp. (Appendix
13L

¥
6.3 Sundaiuya A aava

Tnaams Wuamadiiudmnni I 8 fsdszaunududs luns 1 Tnunumady
'lmtﬂmHtﬂ'ﬂ"l’:ﬁmm:ﬁuiuﬂstmﬁ'lﬂu 11-.!in_ﬁluﬂzﬁlL‘?ilﬁﬂuﬂ‘iﬂg1ﬂnﬁﬁﬂﬂ1ﬂn TaoTalvhin
@ 17.3 Alandwiaiu nondagagadels (169 Alansy) TAnnuamdmandugun tos
Tughagady wnnsedaosdailudasfiganldlunlamdweniduguadionfoufoudu

HAFNUUALAZDITTIAIN



6.4 DUABANENEAF MU IHEMIN

Y g 1 £ o - bl

Tnsans lAuaaalfifiud g maanduguafinuasnsdgnitevimdminansmiiy

aomye = Vo -LE ¥ !
Haesugiv e Tavee ldnanouunususie 3,200 u/ls Fagandin lannnisdgnd ediels
o W ¥ ag B o‘: L] [l (] : A =1
na Tuilvetiuds lilisaadmiunavagauazua min lutsdanuas sl weannda il

< ¥ i = o a 3 ' Pl

Wiiumafwwalny ludmauiiinwe uenani asdangiraTuringduiazisaungud
= o R [ e A = v e Y
Fansaiunamlgnuaziuifeadn TathuSesnniisgmiaussamasdang

3 B U
6.5 InganiainynInsdinos inuuumaim

=1 3

d ! e e M)
Tazamslszaunnudissunsaiulunsiiosas 50 vpunvasnIndm@en Bl
3 o o [ - | [ 3 i i [
Ugnaranlaand fala invasnsswmnnndaiuinfudewniisalgn 1aile waziams
k] P | k1 i o :u LT |
uilaanan waswIndananat e sad lulawsnaanansil Hlaymannfa

qc;n 3 g =) B & - =t
IMHAT ﬂ'ﬁ‘uﬂﬂuuﬂﬂ‘u?ﬂlﬁﬂmﬂﬂﬁﬂﬂ'I'l!’:l'li 1ﬂ14'l.|’ﬂilﬂﬁ

6.6 UHBAAANY TN EWIAYDE

a4 - s R ¥ o i e &
(1) INATBRUF UV IATINT IARGINDT HlwTwiduguaRDUTHBIRB TUET-Tu Y
s = = 2 o N e e o = Y
niseanasn wadeyaiiilss Temidanisiamsngunentandaiug Tuilisnizdos
8y = 4 ¥ ETIL I VR s )
dgnnainsunmiudsunguniny uazlulfigedssdosdana isindiduasy
A4 o = 4
nIngMINoNzHAAWHA 14
= e ' = w e 5 g = -:gJ e o =
2) WSnaums i nhosdaiugramanduguamuiunn 1,944 flanduhal 2543
o
= (¥ Lel ar c 1 d e o = o
dhu 2,530 ATanduludl 2545 Tassnsmanisneimimudaiuiianua 5,986 i lanfi
ELT LT ] = o =1 gro oo = o
windluiagiiunmelil 2546 Guyuvyudeudmivadaiuilszaunimduiann i
3 - . o, o VY o Yo e I
IMaukdawaaiuimisaeglaateanes Tagldnninddoniisnu uazhidedieaue
AusiAnIndMinaunaauminmIiumTite
= = woa Y [T = i 5
() Tlsuasumssdamdaiugudmmdugualszaunsmdiduiiuvadann va
- oo 1 e ar (Y - W ¥
wirnduguaiilufisesugiviliddmiunvasnstumiin. Tasmunsondieaela
(] [ a ] e e & =l o ] W
a1 10,000 v/15Al snmsimhowdaanug wasluuensdl st ok
o wi: oo 5 (] . e - -..::.q
aauazAuniAle sRmiuEganAuguaves Insansiveiduanalszmelundnil
A & & 1 e e g o n
AMAMFS 1HB49I0 [ATIMTNMNORWIZILAANUTNUTTHUALOAT UAINIONTA LA
o = =
UATIUTANT T
W [ w £y o
6.7 snutlana s unmidhuousuiungmnaugis
P i = ¥ = o -
asgndaalalansudhueusmfmgwmanduguasnnsalszaunaduis 1d ludu

L4 ¥
¥ o (5 -

Ahithiniuds daiu SaflunsdSulgaTsfunnuveslasd



[ o ey
6.8 UM AN

e o ]
msdgnvahosnATnansadszeunnuduse i laems 1 lvadgniuuunire nas
s o ad i o ] o = of L o a 5
msAAnENn 40 Jusauiunis laieluTaswudas 40 Alanduraauainn 60 Tuszi 1 ldwa
HORTIA
6.9 Pulssiiustiavan Brachiaria s uiluemisdaiuazHaaAANUT
Wil Brachiaria brizantha STuuassiuuazng@nuualirananingiagandmag
F i =t oot ar 'i i -;1 [ 1] i rl = a5 =] = o‘1 3 .=|',.=| i
Fomaihioday Teomvizomaselugagauas oeslsname MIHGALGRARLE lUnggFANT
A ' e el & (1 oY ed s :"’.; = e 5! [ =
IR IINUTOUN 40199 TR HAHAAL AR LA MI 0 TARGAW AR Tusanaio N T
. 3 = = = - 4 e n’khirdqt ']J ll o 1 =
gadu waanuualifnunHRIEKGMUnANUE 187 luilsemang uAiissnnylenIsosnanni
= o & [ ot er d " = =
pruIReunsngIRudstunsudaiughiiduanmin ingasnstunudinakianga

ar . L1 a3 .:l.‘t ..-:.
ﬁuﬂﬁfu'ﬁfﬂﬁu!ﬁuﬁ1uﬂﬂ’1ﬂﬁﬂﬂ



35

) 3L 4
3 &
A R

Sustainable forage systems

for dairy farmers in

Northeast Thailand

Final Report
November 1 1999 to April 30 2003

Faculty of Agriculture

Ubon Ratchathani University



36

Abstract

The Sustainable Forage Systems for Dairy Farmers in Northeast Thailand
project was conducted at the Faculty of Agriculture, Ubon Ratchathani University from
Movember 1999 to April 30 2003.

Thirteen papers and one manual were written during the project and the project
maintained a high scientific output, both nationally and internationally.

The project showed that it is possible to successfully graze dairy cows on pastures
in Thailand. all day and all night. Over the dry season on irrigated pastures, cows
produced on average, 12.2 kg milk/cow/day in the first dry season and 15.6 kg
milk/cow/day in the second dry season with higher production from signal grass pastures.
In the wet season. cows averaged 17.3 kg milk/cow/day from July to October with the
highest production per rai (16.9 kg/day) from Ubon paspalum pastures. A higher stocking
rate can be carried on Ubon paspalum pastures during the wet season compared to signal
vrass and Jarra digit grass

The project demonstrated that Ubon paspalum grown by farmers for silage is an
economic proposition and will return. on average. a gross income of 3200 baht per rai.
This return is higher than that from rice. However, currently in Ubon Ratchathani there is
no market for either fresh forage or silage as there are not enough large commercial
farms.

The village farm project was partially successful in that only 50% of the selected
farmers have good pastures. Many farmers still find 1t very difficult to grow, fertilise and
manage pastures and they rely on rice straw to provide the bulk of roughage feed during
the year. A major problem is that farmers have very little land for the number of cows
they own.

Basic research by the project proved that Ubon paspalum has a long-short day
flowering response that affects agronomic management of seed crops. Seed sales of Ubon
paspalum increased from 1944 kg in 2000 to 2530 kg in 2002 and we expect to sell all of
the 3986 kg currently in stock in 2003, The rotating seed fund has been very successful,
enabling seed production to stand alone. hire one researcher and not to request more seed
funds from TRF. Ubon paspalum is a valuable cash crop for village farmers, generating
over 10,000 baht/rai/year from seed and in some cases forage and seedlings for sale.
Ubon paspalum seed from the project has a reputation throughout Thailand for high
quality as only seed of a high seed weight, high seed germination and high seed purity is
sold.

On soils that are not waterlogged, stylo cultivars can be successfully planted in
strips with Ubon paspalum, thereby improving the crude protein of the pasture sward.

Jarra digit can be successfully planted by stolons in wide rows and optimum
forage production is obtained from cutting every 40 days and applying 40 kg/ha N every
60 days.

Two cultivars of Brachiaria brizantha and signal grass produced significantly
more dry matter than ruzi grass, particularly during the dry season. However, seed
production of ruzi grass is better and easier than the other cultivars, which either
produced low seed vields or produced seed over a long period of time in the wet season.
Potentially signal grass will produce good seed yields in Thailand, but because of the
extended period of flowering from July to September. during the period of heavy rainfall,
farmers find seed production very difficult.
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3. Period of report

November 1 1999 to April 30 2003
4. Project applied research results
4.1 Milk production grazing trials
Methods

Three milk production grazing trials were conducted on the Faculty of
Agriculture. Ubon Ratchathani University farm from 2001 to 2003. Each mal consisted
of 3 grass species grazing treatments (Ubon paspalum. signal grass and Jarra digit) and 3-
6 cows per treatment. The pastures were fenced into | rai paddocks and the cows
rotationally grazed around the paddocks every 3-7 davs depending on pasture growth. The
cows grazed the pastures day and night.

In all trials the cows were fed concentrate at a rate of 1 kg per 2.5 kg milk
produced. Milk yields per cow were measured twice a day and samples taken for quality
testing.

Before paddocks were grazed. 8 x 0.25 m” quadrats were cut from each paddock,
weighed fresh and divided into leaves and stems for dry weight and nutrient analvsis.
Fertiliser as NPK (15:15:15) was applied at a rate of 25 kg/rai.

For milk data statistical analysis the cows were regarded as replications and for
pasture data analysis there were 6-7 replications,

Trial 1

The trnial ran for 16 weeks from September 25 2001 to January 14 2002. Cows
commenced grazing the pasture treatments in August 2001. Pastures were irrigated
weekly from November to January. Each pasture treatment had 5 milking cows rotated
around 6 paddocks (Table 1). The grazing interval was 7 days for Ubon paspalum and
signal and 4-5 days for Jarra digit.

Trial 2

The trial ran for 14 weeks and commenced on July 21 2002 and finished on
October 27 2002. The trial was divided into 2 periods; an early lactation period of 6
weeks (July 28 to September 1) and a mid lactation period of 8 weeks (September 8 to
October 27). Before each period there was a one week adaptation period. Data were
analysed for 5 wecks in period 1 and 7 weeks in period 2. Each treatment had 3 milking
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cows rotated around fields. At the end of period 1 the cows were re-randomised for
period 2. Pasture areas varied according to growth of each species (Table 1).
Table 1 Area of each pasture in grazing trials

Pasture | Trial 1 Trial 2 Trial 3

1 Period 1 Period 2
Ubon paspalum 6 rai 3 rai 4 rai 10 rai
Signal grass 6 rai 4 rai 5 rai 10 rai
Jarra digit grass 6 rai 4 rai 6 rai 11 rai

Trial 3

The trial ran for 16 weeks from November 11 2002 to March 3 2003. The 3
grazing treatments varied in area (Table 1). There were 6 cows per treatment.

The tnal was divided into two 8 week periods. Data were analysed for 7 weeks in
each period, with the first week of each period an adjustment period. At the end of period
1 the cows were re-randomised for period 2.

Pastures were irrigated weekly.

Resulty

Trial 1

There were no significant differences in milk production from the 3 grass species
(Table 2). However, milk yields were between 11 and 16% higher from cows grazing
signal grass compared to cows grazing Ubon paspalum and Jarra digit. Milk fat was 5%
higher and milk protein levels 5% lower on Ubon paspalum treatments compared to the
other two pasture treatments. Milk lactose levels were similar but milk SNF levels were
2% lower on the Ubon paspalum treatments.

Table 2 Effect of grazing 3 pasture grasses on milk vield and milk quality (Trial 1).

Treatment Milk vield Milk fat | Milk protein | Milk lactose Milk
(kg/cow/day) (%) (%) (%) SNF

| (“0)
Ubon paspalum 11.96 a 433a 29%a | 485a 8.58 a
Signal 13.34a 4.08 a 3.12a 4.95a 8.81a
Jarra digit 11.47 a 4.16 a 321a | 484a 8.80a

In a column, means followed by a common letter are not significantly different at the 5% level by Duncan's
Multiple Range Test,

Table 3 Dry matter vields, stem and leaf levels and crude protein yields in 3 pasture
species prior to being grazed by dairy cows (Trial 1).

Treatment Total dry Y% stem | % leaf | CP% | CP % CP yield
matter yield fresh fresh stem leaf (kg/ha)
(kg/ha) welght | weight
Ubon paspalum 4026 a 24 b 76 a 6.6b | 105¢c 391 ab
Sipnal 3496 a 42a 58b | 103a | 14,1b 438 a
Jarra digit 2205 b 40 a 60b | 10.7a | 16.3a 302 b

In a column, means followed by a common letter are not significantly different at the 5% level by Duncan's
Multiple Range Test. '

The higher milk yields produced by the cows grazing signal grass were probably
due to the higher pasture crude protein yields on these pastures compared to Ubon
paspalum and Jarra digit pastures (Table 3). Even though signal prass dry matter yields
were jower than yields from Ubon paspalum, signal grass had 50% and 38% higher crude
protein levels in stems and leaves, respectively, compared to Ubon paspalum. However.,
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the high crude protein levels in Jarra digit could not compensate for low drv matter
production resulting in lower crude protein yields/ha compared to the other two pasture
treatments and subsequently lower milk yields. The high leaf percentage and high dry
matter yields of Ubon paspalum enabled cows to overcome the low crude protein levels
compared to signal and Jarra digit and produce reasonable milk yields.

Trial 2

There were no differences in daily milk yields per cow between the 3 grazing
treatments (Table 4). In period 1, both Uben paspalum and signal grass produced higher
fat. lactose, protein and SNF than Jarra digit . In period 2, milk fat was similar between
treatments but Ubon paspalum produced lower milk protein. lactose and SNF than the
other 2 treatments.

Because of the higher stocking rate on Ubon paspalum, milk production per rai
was 35-55% higher than from signal grass and Jarra digit pastures (Table 4). This was
because of the higher dry matter production and higher leaf content in the Ubon paspalum
pastures (Table 5), which allowed a higher stocking rate to be used (Table 1). Ubon
paspalum dry matter vields were 19-30% higher than signal grass vields and 76-80%
higher than Jarra digit yields. Even though crude protein levels were higher in the signal
grass and Jarra digit pastures, this higher quality could not compensate for the lower dry
matter yields and leaf content.

Table 4 Effect of grazing 3 pasture grasses on milk yield and milk quality (Trial 2).

Period |
Treatment Milk yield Milk yield Milk Milk Milk Milk
(kg/eow/day) | (kg/rai/day) fat protein | lactose SNF
(%) (%0) (o) (%)
Ubon paspalum 18.77 a 131 438a | 2.84a | 499a §.56a
Signal 18.77 a 98 417ab| 2.85a | 493a 8.51 a
Jarra digit 18.81 a 99 4.05b | 2.73b | 4.77b 8.24 b
Period 2
Ubon paspalum 1572 a 106 4.12a | 2.8lc 4.64 ¢ 8.21b
Signal 1557 a 77 435a | 293b 487 a 8.54 a
Jarra digit 15.94 a 68 4:10a | 299a | 473b 8.47a

Table 5 Dry matter yiclds, stem and leaf levels and crude protein yields in 3 pasture
species prior to being grazed by dairy cows (Wel season 2002)

Perod |
Treatment Total dry % stem | % leaf | CP % CP % CP yield
matter vield | fresh fresh stem leaf (kg/ha)

(kg/ha) weight | weight

Ubon paspalum 3772 a 30b 70 a 6.7b 9.2b 3184a
Signal 3151 ab 50 a 50b |10.1a [11.7ab 340.6a
Jarra digit 2133 b 54a 46 b 8.5ab [ 149a 226.8b

Period 2
Ubon paspalum 2769 a 32b 68 a 59b 9.0¢ 2402 a
Signal 2131b 45a 55b 89a 123 b 2406 a
Jarra digit 1325 b 48 a 52b 9.6a 14.7a 198.0 b

In a column, meane followed by a commen letter are not significantly different al the 5% level by Duncans
Multiple Range Test.
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Trial 3

In period 1, cows grazing signal grass produced 12 and 8% respectively, more
milk/cow/day than cows grazing Ubon paspalum and Jarra digit (Table 6). In period 2,
cows grazing Ubon paspalum produced 10 and 11% respectively, more milk/cow/day
than cows grazing signal grass and Jarra digit. Cows grazing signal grass in both periods
produced milk with higher protein and lower lactose than cows grazing Ubon paspalum
and Jarra digit (Table 6). Grazing different pastures produced no differences in milk SNF
but in period 1, milk fat levels were lower from cows grazing Jarra digit.

Milk production per rai was 11% higher on signal grass pastures compared to the
other pastures in period 1 but in period 2, milk production on Ubon paspalum pastures
was Y and 22% higher respectively, compared to milk production from signal and Jarra
digit pastures.

Table 6 Effect of grazing 3 pasture prasses on milk yield and milk quality (Trial 3).

Period | (18 November 2002-6 January 2003)
Treatment Milk vield Milk vield Milk Milk Milk Milk
(kefcow/day | (ke/rai/week) fat protein | lactose SNF
) (Yo) (Vo) (*o) (Vo)
Ubon paspalum L3 75%¢ 66 441 a 2.84 b 492 a 8.50 a
Signal 17.60 a 74 427ab| 299a | 474b 8.52a
Jarra digit 16.34 b 66 4.20b | 2.82b 4.89a 845a |
Period 2 (13 January 2003-3 March 2003)
Ubon paspalum 1580 a 66 425a | 297¢ 4.89a 8.57a
Signal 1437 b 60 424 a 3.06a 475 b 8.55a |
Jarra digit 1417 b 54 417 a 3.0I'b 4,87 a 8.62a

In a column, means followed by a common letter are not significantly different at the 3% level by Duncan's
Multiple Range Test.

Table 7 Dry matter yields, proportions of stem and leaf and crude protein vields in 3
_pasture species prior to being grazed by dairy cows (Trial 3).

Period 1 (18 November 2002-6 January 2003)
Treatment Total dry % stem | % leaf | CP % CP % CP yield
matter yield fresh fresh stem leal {(kg/ha)
(kg/ha) weight | weight
Ubon paspalum 3628 a 18 ¢ 82a 59¢ 10.4 ¢ 345 a
Signal 2970 a 42a S8 ¢ 9.4 h 15.0b 375a
Jarra digit 1608 b 34b 66 b 129 a 184 a 268 b
Period 2 (13 January 2003-3 March 2003)
Ubon paspalum 2268 a 17¢ 83 a 39¢ 8.2¢c 175 b
Signal 2114 a 40 a 60 ¢ 5 | 12.78 224 a
Jarra digit 1170 b 3lb 69b | 103a 16.4 a 170 b

In a column, means followed by 4 common letter are not significantly different at the 5% level by Duncan's
Multiple Range Test.

In both periods Jarra digit produced significantly lower pasture dry matter vields
than the other 2 species. Crude protein levels in Jarra digit were double the levels in Ubon
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paspalum (Table 7) and levels in signal grass were intermediate between the 2 species.
Ubon paspalum produced significantly higher leafistem ratios than the other 2 species in
both periods.

High milk production yields from cows grazing signal grass in period 1 were
probably due to the higher crude protein yields in the pastures. However, in period 2,
despite producing higher crude protein yields, milk production from signal grass was not
as high as Ubon paspalum. Ubon paspalum pastures are very leafy (>80%) and even
though crude protein levels are low, the high proportion of leaf results in high
digestibility. Ubon paspalum compensates for low crude protein levels by producing high
yields of digestible leaf. This is in contrast to Jarra digit, which even though produced
very high crude protein levels in both stems and leaves, produced significantly lower dry
matter yields. Cows grazing Jarra digit had to be rotated every 2-3 days.

Conclusion

The project has demonstrated that it is possible to successfully graze dairy cows
on pastures day and night in Thailand. Signal grass and Ubon paspalum are both suitable
grass species for dairy production. Ubon paspalum does have low quality but makes up
for this by producing high dry matter yields and a high leaf:stem ratio. Signal grass
maintains good quality and produces high crude protein yields all year round. Even

though Jarra digit is a very high quality grass, the low dry matter production lowered milk
production per rai.

Plate 1 Dairy cows grazing Jarra digit (foreground) and signal grass (background) at
Ubon Ratchathani University.
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4.2 Regional grass and legume evaluation trials

Seven legumes sown in pure swards and 7 grasses sown with legumes and
fertilised with N were evaluated in a series of trials at 7 low lowing sites in northeast
Thailand over 2-3 years from 1997-2000. The sites were at Ubon Ratchathani University,

Jbon Ratchathani Agricultural Technology College Farm, Yasothon Animal Nutrition
Station, Yasothon Agricultural Technology College Farm, Mukdahan Animal Nutrition
Station, Sisaket Agricultural Technology Farm and a village in Det Udom district of
Ubon Ratchathani Province.

Full details of the trials are presented in Appendix 1 in the published paper:

Hare, M.D., Kaewkunya, C., Tatsapong, P. and Saengkham, M. 2003

Evaluation of forage legumes and grasses on seasonally waterlogged sites in

north-east Thailand. Tropical Grasslands, 37: 20-32,

Conclusion

The highest legume yield in pure swards was in the year of sowing from
Aeschynomene americana cv. Lee, which produced over 14 t/ha DM at one site. All
legumes failed to persist beyond the second wet season under cutting. Stylosanthes
guianensis cv. Tha Phra (CIAT 184) showed some promise as a legume at some sites that
were not deeply waterlogged but only in a few places was it able to persist into the second
dry season. No legumes performed well enough to be recommended for such sites under
the existing management system.

The best grasses on deeply waterlogged sites were Paspalum atratum cv. Ubon. P.
plicatulum (common Thailand type) and Setaria sphacelata var. splendida cv. Splenda.
These 3 grasses performed well at all sites and were the most consistent in terms of
persistence and yield. On less waterlogged sites, Panicum maximum cv. Purple was very
productive, producing in excess of 30 tha DM in the second 6-month wet season at 2
sites. Brachiaria ruziziensis (common Thailand type), B. decumbens cv. Basilisk. and
Digitaria milanjiana cv. Jarra grew well only on sites that did not become inundated with
water. No legumes were able to persist in the nitrogen-fertilised (100-120 kg/ha N) grass
swards beyond the second wet season.

Plate 2 TRF team
at Mukdahan
Animal Nutrition
Station regional
trial.
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4.3 Effect of cutting on yield and guality of Ubon paspalum

Two trials were conducted from 1998-1999 at Ubon Ratchathani University to
determine the effect of varying cutting height and interval on growth and forage quality of
Ubon paspalum grown on low fertility soils.

Full details of the trials are presented in Appendix 2 in the published paper:

Hare, M.D., Saengkham, M., Kaewkunya, C., Tudsri, S., Suriyajantratong,

W., Thummasaeng, K. and Wongpichet, K. 2001 Effect of cutting on yield and

quality of Paspalum atratum in Thailand. Tropical Grasslands, 35: 144-150.
Conclusion

In Tnal 1, an increase in cutting height (0 to 20 cm above ground level) increased
total DM yield at 20-d cutting intervals, had no effect at 30 days and decreased yields at
60-d cutting intervals. Cutting interval significantly increased DM yields in Trial 1 with
the major response between 30- and 60-d intervals, Increasing the interval between
harvests reduced concentrations of CP, K and P but increased the concentrations of NDF
and ADF. In Trial 1 increases in cutling interval and cutting height increased stubble and
root DM per plant.

In Trial 2, Ubon paspalum DM yields generally were significantly different only
between 20- and 60-d cutting intervals. Cutting every 20 days over a 240-d period
produced 74% (21.6 t’ha) of the total DM yield from cutting every 60 days (28.9 t/ha) but
crude protein concentration was nearly twice as high (10.0 vs 5.3%).

Plate 3 Cutting Ubon paspalum in a village in Ubon Ratchathani.
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4.4 Ubon paspalum seed production trials
Two field trials were conducted from 1998-1999 at Ubon Ratchathani University
to determine which planting methods produce the best seed vields and what is the most
suitable time of the year to establish seed crops of Ubon paspalum. In addition, data were
collected from the village farmer seed project.
Full details of the trials are presented in Appendix 3 in the published paper:
Hare, M. D., Kaewkunya, C., Tatsapong, P., Wongpichet, K.,
Thummasaeng, K. and Suriyajantratong, W. 2001 Method and time of
establishing Paspalum atratum seed crops in Thailand. Tropical Grasslands, 35
19-25
Conclusion

Seed crops of Paspalum atratum cv. Ubon established by sowing seed produced
no seed at all in the first year of establishment in Thailand. By comparison, seed Crops
planted with tillers at the beginning of the wet season in May, produced 132 kg/ha seed 5
months after planting in one trial and 330 kg/ha seed in a second trial, In the second trial,
delay in planting tillers until June and July severely reduced seed yields from a high of
330 kp/ha when 2plan[ed in early May to a low of 25 kg/ha when planted in mid-July.
Inflorescences/m™ and seeds/inflorescence had the largest effect on seed yield.

Twenty village farmers in a small seed production project successfully harvested
1834 and 2207 kg of Ubon paspalum seed in 1998 and 1999, respectively. The method of
hand knocking mature seed from seed heads into bags every day enabled farmers to
harvest mean seed yields of 632 and 651 kg/ha in 1998 and 1999, respectively. This
harvesting method, combined with slow drying in the shade and thorough cleaning,
produced seed of a very high quality with a thousand-seed weight of 3.1 g, a seed purity
of more than 99% and a germination of 81% in 1998 harvested seed and 91% in 1999
harvested seed after 5 months post-harvest storage.

i B T [T ™ k s <
A AnDe A I -4

Plate 4 Farmers collecting freshly harvested Ubon paspalum seed at Bark Kud Waay
village in Ubon Ratchathani.
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4.5 Juvenility and day length requirements for flowering of Ubon paspalum

A study was conducted at Ubon Ratchathani University to examine the flowering
behaviour of Ubon paspalum under controlled growth room conditions to determine
whether or not a juvenile phase exists and whether or not there is a long-short day
requirement for flowering.

Full details of the study are presented in Appendix 4 in the published paper:
Hare, M.D., Wongpichet, K., Saengkham, M., Thummasaeng, K. and
Suriyajantratong, W. 2001 Juvenility and long-short day requirement in relation to
flowering of Paspalum atratum in Thailand. Tropical Grassiands, 35: 139-143,
Conclusion

Paspalum atratum cv. Ubon was confirmed as a long-short day plant exhibiting a
quantitative response to long days followed by a qualitative response to short days. Plants
20, 40 and 60 days of age exposed to a full period of 60 long days in a plant growth
chamber (14 h light) fully flowered after being placed outside in natural shortening day-
lengths. Plants that were planted as sprouted seeds in the growth chamber at the
beginning of the 60 long day period took 2-3 days for first leaves to appear and
incomplete flowering (88%) resulted when they were exposed to natural shortening day-
lengths. Plants that received 0, 20 and 40 long days did not flower after being exposed to
natural shortening day-lengths. Plants that were not transferred outdoors but remained
growing under long-day conditions in the growth chamber also did not flower.

The study also confirmed that no juvenile stage exists in Ubon paspalum because
all plants after being exposed to 60 long days in a growth chamber at 20, 40 and 60 days
of age flowered following exposure to natural shortening day-lengths.

Plate 5 Ubon paspalum flowering inflorescence with anthers
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4.6 Waterlogging tolerance of Ubon paspalum and other tropical grasses

The waterlogging tolerance of 6 tropical grass species were studied under
controlled conditions in plastic buckets in a greenhouse at Ubon Ratchathani University.
Thailand in 1997 and 1998. In Trial 1 the species were Paspalum atratum cv. Ubon,
Brachiaria ruziziensis (common Thailand type), Paspalum plicatulum (common Thailand
type), Digitaria milanjiana cv. Jarra, Brachiaria decumbens cv. Basilisk and Panicum
maximum cv. Purple. Five plant waterlogging treatments were imposed (Non-waterlogged
control plants after 0. 10 and 20 days and waterlogged plants for 10 and 20 days). In Trial
2 effects of waterlogging were examined in detail on Ubon paspalum with 4 waterlogging
duration treatments (0, 10, 20 and 30 days waterlogging) and 3 plant ages (30, 60 and 90
days of age).

Full details of the study are presented in Appendix 5 & 6 in 2 papers:

Saengkham, M., Hare, M., Tudsri, S. and Wongpichet, K. 2003 Effects of
waterlogging on yield and quality of Ubon paspalum. Proceedings of the seminars
and workshop at the Agricultural Technology Exposition for Indochina. Faculty of
Agriculture, Ubon Ratchathani University, Thailand 25-31 May 2001. 84-91,

Hare, M.D., Saengham, M., Tatsapong, P., Wongpichet, K. and Tudsri, S.

Waterlogging tolerance of some tropical pasture grasses. (submitted November

2002 to Tropical Grasslands).

Conclusion

In Trial 1 the species most tolerant of waterlogging were plicatulum followed by
Ubon paspalum and Jarra digit. Purple guinea showed medium tolerance and ruzi and
signal poor tolerance with 50% plant mortality afier 20 days waterlogging. Ten days
waterlogging reduced plant dry weights of all species compared to non-waterlogged
control plants. After 20 days waterlogging there were no significant differences in plant
dry weights between waterlogged and control plants of plicatulum, Ubon paspalum and
Jarra digit.

In Trial 2 duration of waterlogging significantly reduced plant and tiller dry
weights of Ubon paspalum plants, 30 and 90 days of age at the commencement of
waterlogging, but had no significant effect on 60 day-old plants. In older plants (60 and
90 days of age) following waterlogging, leaf tips shriveled and turned greenish-red. lower
leaves on the plants died and some new leaves developed. Nitrogen levels in Ubon
paspalum plants were not significantly affected by waterlogging and phosphorous levels
increased in all plants the longer the duration of waterlogging.
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Plate 6 Waterlogged
Ubon paspalum
plants growing well
at Ubon Ratchathani
University.
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4.7 Effect of cutting interval and time of nitrogen application on production and
quality of Jarra digit grass.

Two trials were conducted in 2001 and 2002 at Ubon Ratchathani University to
determine the effect of varying cutting intervals and rates and time of nitrogen application
on growth and forage quality of Jarra digit pastures in order to provide recommendations
on cutting and nitrogen management to farmers.

Full details of the study are presented in Appendix 7 in the following paper:

Hare, M.D., Tatsapong, P., Lunpha, A. and Wongpichet, K. Effect of plant
spacing, cutting and nitrogen on production of Digitaria milanjiana cv. Jarra in
north-east Thailand. (submitted April 2003 to Tropical Grasslands).

Conclusion

In Trial 1, increasing the cutting interval and increasing the nitrogen rate
significantly (P=0.05) increased both total DM and stem DM yields. The effect of cutling
interval on leaf DM was slight but leaf DM yields significantly increased when nitrogen
was applied. Cutting every 20 days over a 240-d period produced 70% (13.2 t/ha) of the
total DM yield obtained by cutting every 60 days (18.8 tha) but crude protein
concentrations were 30-50% higher and fibre concentrations (ADF and NDF) 7-10%
lower. 20 kg/ha N applied every 60 days increased Jarra digit total DM yields by 36%
above yields in control plots. Applying higher nitrogen rates every 60 days only increased
total DM yields by 13% (40 kg/ha N vs 20 kg/ha N) and 7% (80 kg/ha N vs, 40 kg/ha N).
The yield response (kg DM/kg N) from applying nitrogen as urea ranged from 23 (320
kg/ha N) up to 52 (80 kg/ha N).

In Trial 2, applying 20 kg/ha N every 30 days. compared to every 60 days,
increased dry matter yields of leaves and stems by approximately 16%. Applying 40
kg/ha N every 30 days, compared to every 60 days, increased leaf DM but not stem and
total DM yields. Increases in cutting interval (20 vs. 60 days) and time of nitrogen
application (30 vs. 60 days) reduced leaf and stem crude protein concentrations by up to
40% and increases in nitrogen rate (20 vs. 40 kg/ha) increased leaf and stem crude protein
concentrations by 15%.

Plate 7 Cutting
Jarra digit at
Mukdahan Animal
Nutrition Station.
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4.8 Effect of plant spacing on establishment of Jarra digit grass

One trial was conducted from 2000 to 2001 at Ubon Ratchathani University to
examine the effect of planting stolons at varying row spacings on sward establishment in
order to recommend an optimum stolon planting density for Jarra digit pasture
establishment.

Full details of the study are presented in Appendix 7 in the following paper:
Hare, M.D., Tatsapong, P., Lunpha. A. and Wongpichet, K. Effect of plant
spacing, cutting and nitrogen on production of Digitaria milanjiana cv. Jarra in
north-east Thailand. (submitted April 2003 to Tropical Grasslands).
Conclusion

At the first cut four months after planting, Jarra digit swards planted in narrow
rows (0.5 m) produced over twice the amount of dry matter, were twice as dense and had
fewer weeds than swards planted in wide rows (2.0 m) (Table 8). Immediate row spacings
(I-1.5 m inter-rows) were not significantly lower in DM but had a higher proportion of
weeds than swards planted in 0.5 m inter-rows. By the time of the second cut 6 months
after planting, there were no significant differences in Jarra digit dry matter production
between swards planted in varying row spacings.

Table 8 LEffect of row spacing on Jarra digit dry matter production and botanical

COmMposition.
Row 1* cut 2™ cut 3 eut 4" cut 5% cut 6" cut 7% cut |
spacing  24/10/00  25/12/00  25/4/01  26/6/01 27701 5/9/01 22/10/01 |
' Jarra digit DM (kg/ha)
0.5m | 2536a' | 2313a | 753a | 3795a | 2808a | 3918a | 3406a
1.0m 2150 a 1669 a 602 a 2858 a 2021 a 3077 a 3199 a
1.5m 1 1782 ab 1811 a 372:a 3847 a 3169 a 3647 a 3046 a
2.0m 1071 b 1553 a 555 a 2506 a 2459a | 4047 a 3254 a
Jarra digit %
0.5 m 81a 87 a 53a 98 a 91 a 96 a 08 a
1.0m 51b 06 b 4l a 86 ab 76 a 9l a 95a
| 1.5m 66 ab 79 ab 40 a 95 a 8la 95a 95a
20m 39b 66 b 44 a 79 b 75a 93a 08 a
Weeds %
0.5m 19 b 13 b 47 a 2b 9a 4a 2a
1.0 m 49 a 34a 5%a 14 ab 34a 9a 5a
1.5m 34 ab 21 ab 60 a 5ab 19a 5a | Sa
2.0 m 61 a 34a S56a 28 35a 7a | 2a

"In a column, means followed by a common letter are not significantly different at the 5% level by
Duncans Multiple Range Test.
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4.9 Strip establishment of Ubon paspalum and forage legumes

Two field trials on a low fertility upland soil at Ubon Ratchathani University were
conducted to find legumes that when planted in alternate 50 cm rows in Ubon paspalum
swards would persist and improve the quality of the pasture,

Full details of the study are presented in Appendix 8 in the following paper:

Hare, M.D., Gruben, LE., Tatsapong, P., Lunpha, A., Saengkham, M. and

Wongpichet, K. Planting Paspalum atratum cv. Ubon and forage legumes in

alternate rows to establish pasture swards in north-east Thailand. (submitted

February 2003 to Tropical Grasslands).

Conclusion

In Trial 1, annual legumes Lablab purpureus cv. Rongai, Vigna unguiculata and
Canavalia ensiformis were dominant at the first cut, 60 days afier sowing, but these
legumes failed to regrow afier the second cut 45 days later. Other legumes Aeschynomene
americana ¢v. Lee, Macroptilium gracile cv. Maldonado, Stylosanthes guianensis cv.
Tha Phra (CIAT 184). Centrosema pascuorum cv. Cavalcade. Calopogonium
muncunoides and Pueraria phaseoloides were slower to establish but produced consistent
vields when cut 4 times during the wet season, The highest cumulative wet season dry
matter yields in Trial 1 were produced by the grass only swards, 12.2 t/ha DM, which was
35% higher than the average yields produced by the mixed grass/legume swards. The low
average crude protein content of Ubon paspalum (4.5%) lowered the total crude protein
vields of the grass only swards by up to 35% compared to the best legume/grass sward of
Centrosema pascuorum that produced 808 kg/ha crude protein from 4 cuts.

In Trial 2 in the second year, the inter-rows between the existing rows of Ubon
paspalum were cultivated at the beginning of the wet season and legumes oversown along
the cultivated inter-rows. The best performing legumes in the first wet season in Trial 2
were 8. guianensis var. vulgaris x var. pauciflora (ATF 3308, Ubon stylo), Macroprtilium
gracile cv. Maldonado, S. guwianensis cv. Tha Phra (CIAT 184), S. hamata cv. Verano,
and C. mucunoides. However, total wet season crude protein yields between the best
legume mixed grass swards and grass only swards were not significantly different.

In the second wet season in Trial 2, the legumes were not resown in the pasture
swards but were allowed to reestablish from fallen seed produced in the preceding dry
season. All 3 stylo species, 8. guianensis var. vulgaris x var. pauciflora, S. guianensis cv.
Tha Phra and S hamara cv. Verano, produced significant amounts of dry matter (2.0-2.3
t/ha) and these treatments produced 89% more total wet season crude protein than swards
with only Ubon paspalum. Tha Phra stylo mixed grass swards twice the amount of crude
protein than grass only swards. S. hamata cv. Verano aggressively invaded the inter-rows
in the other mixed grass/legume swards where the twining legumes were either very
sparse or had disappeared, thereby increasing significantly the crude protein yields of
these swards compared to grass only swards.

Management strategies to maintain a strong legume composition in alternate rows
in Ubon paspalum swards are discussed and include using high legume seeding rates,
selectively cutting only the grass in the early part of the wet season and reducing the
amount of fertiliser used. Stylo species were identified as suitable legume companion
species to establish in Ubon paspalum pastures on low fertility upland soils in north-east
Thailand.
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4.10 Brachiaria species in northeast Thailand-Dry matter production and forage
guality

A field trial at Ubon Ratchathani University compared the yield and quality of the
following 5 Brachiaria species, Brachiaria ruziziensis (ruzi grass), B. decumbens
(common signal grass variety Basilisk), B. decumbens (CIAT 26297), B. brizantha (CIAT
6780) and B. brizantha (CIAT 6367). The trial was planted in May 2000 and after a
general ground level cut on October 25 2000 dry matter sampling cuts (8 x 0.25 m>) were
taken from the plots for 3 dry seasons (November-April 2000-2001, 2001-2002, 2002-
2003) and 2 wet seasons (May-October 2001. 2002).
Results

Our results show that year-round production of ruzi is much lower than signal
grass, particularly in the dry season (Table 9). In the 3 dry seasons ruzi dry matter
production was 33, 39 and 22% lower than signal grass. Ruzi grows better in the wet
season when dry matter production was only 6% lower than signal grass. In addition,
crude protein of ruzi grass was not significantly higher than signal grass and was on
occasion lower than B. decumbens 26297, This trial demonstrates that there are much
better species than ruzi grass for farmers to grow in northeast Thailand.
Table 9 Dry matter production of 5§ Brachiaria species at Ubon Ratchathani University.

Treatment Drv matter (kg/ha)
Dry Wet — Dry Wet Dry

2000-2001 2001 2001-2002 | 2002 2002-2003
Ruzi grass 5448 b 13883 be 2747 b 9205 ab 3346 b
Basilisk signal grass 8126 a 14725 abe 4467a | 9844 a 4277 a
B. decumbens 26297 |  6580b 13336 ¢ 2623b | 7776 b 3134 b
B. brizantha 6780 8068 a 15205 ab 4407 a Q918 a 3911 ab
B. brizantha 6367 8541 a 16011 a 3807ab [9870a | 4162a

In a column, means followed by a common lettér are not significantly different at the 5% level by Duncan’s
Multiple Range Test

Table 10 Crude protein levels of 5 Brachiaria species at Ubon Ratchathani University

Treatment Crude protein (%)
Dry Wet . Dry Wet Dry
2000-2001 2001 | 2001-2002 2002 2002-2003

L S L Sl E S | L S L S

Ruzi grass 10.3ab | 5.9a | 94ab | 5.9a | |15.4b | 8.6b | 7.4b | 5.5ab | 12.4a | 6.8bc

Basilisk signal | 9.9bc | 5.5ab | 8.9ab | 5.8a
grass

129b | 84b | 74b | 5.8a | 11.5ab | 7.7b

B. decumbens 10.9a | 5.1bc | 9.9a | 6.2a | 15.2a | 9.7a | 8.4a | 5.6ab | 13.1a | 9.0a
26297

B. brizantha 92¢ |4.6¢cd | 83b | 5.5a | 104c | 6.3c | 6.6b| 59a | 99b | 6.2¢c

6780
B. brizantha 92c | 4.4d | 86b | 5.2a | 13.2b | 8.7b | 7.1b | 4.6b | 12.4a | 7.7b
6367 - |

In a column, means followed by a common letter are not significantly different at the 5% level by Duncan's
Multiple Range Test.
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4.11 Brachiaria species in northeast Thailand-Reproductive performance

A field trial at Ubon Ratchathani University compared the reproductive
performance of the following 5 Brachiaria species Brachiaria ruziziensis (ruzi grass), B.
decumbens (common signal grass variety Basilisk), B. decumbens (CIAT 26297), B.
brizantha (CIAT 6780) and B. brizantha (CIAT 6367). The trial was planted in May 2000
and reproductive components (flowering stems, spikelets and racemes) measured in 2001
and 2002.
Results

Peak flowering of all cultivars was 1-2 months later in 2002 than in 2001 (Table
I1). This was because all the plots were cut in June in 2002 whereas in 2001 the plots
were cut in April. In addition, in 2002 the weather was very cloudy and overcast which
also contributed to late flowering. Ruzi grass was the latest flowering cultivar in the late
wet season when the weather is dry, which is why it is the easiest cultivar to harvest in
northeast Thailand. The other cultivars flowered earlier during the wet season when
heavy rain makes seed harvesting difficult.

_Table 11 Date of peak flowering of 5 Brachiaria species at Ubon Ratchathani University.

[ Treatment | 2001 2002
Ruzi grass ' October 10 November 11
Basilisk signal grass — July 30 September 10

| B. decumbens CIAT 26297 August 27 October 4

| B. brizantha CIAT 6780 September 17 October 12
B. brizantha CIAT 6367 - August 8 September 24

—

In 2001, Basilisk signal produced the greatest number of inflorescences followed
by CIAT 6367 and ruzi (Table 12). However, in 2002, ruzi produced significantly more
inflorescences than Basilisk signal and CIAT 6367. Cutting in June in 2002 may have
caused the reduction of inflorescences in early flowering Basilisk signal, pushing its peak
flowering from July to September (Table 11). In 2001, Basilisk signal produced two
flowering flushes of 331 inflorescences/m® in J uly and 123 inflorescences/m? in October.
In 2002, Basilisk signal only produced one flowering flush in September.

Table 12 Flowering components of 5 Brachiaria species

Treatment Inflorescences/m” Racemes Spikelets/raceme
/inflorescence
2001 2002 | 2001 | 2002 | 2001 2002
Ruzi grass 224b | 266a [40a 41a | 342¢ | 308¢
Basilisk signal grass 331a 151b |29¢cd | 23c | 40.0b | 4332
B. decumbens CIAT 26297 i7c 23d | 2.74d 1.5d | 28.0d | 248d
B. brizantha CIAT 6780 34c 11d |34b [ 3.1b | 488a | 39.6b
B. brizantha CIAT 6367 257b 106c |32be | 23¢ | 343¢c | 32.0¢

In a column, means followed by a common letter are not significantly different at the 5% level by Duncan's
Multiple Range Test.
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Conclusion

The results of this study show why ruzi remains the most popular Brachiaria
cultivar in Thailand. It produces a large number of inflorescences, especially if cut in the
middle of the wet season, and its peak flowering period is in late October-early November
when the weather is dry. This makes harvesting easy. Signal grass does have the potential
to produce seed in Thailand but because it flowers and sets seed at the time of the
heaviest rainfall (July-September) farmers find it very difficult to harvest.

Even though CIAT 6780 produces high amounts of dry matter (Table 9), the low
number of inflorescences produced (Table 12) and low seed yields makes it unlikely to be
used by farmers in Thailand. unless special projects promote vegetative plantings similar
to projects with napier grass and pangola grass.

4.12 Effect of nitrogen, potassium and phosphorus on quantity and quality of Ubon
paspalum

This study was conducted by Miss Nopamart Namdaeng from the Faculty of
Agriculture, Ubon Ratchathani University for her Masters thesis at Kasetsart University.
The research was conducied in 2000 at Ubon Ratchathani University and she gained her
Masters degree in 2002.

A summary of the study is presented in Appendix 9:

Namdaeng, N. 2002 Study on—nitrogen, phosphorus and potassium
fertilizer on growth, yield and quality of Ubon paspalum (Paspalum atratum cv.
Ubon). Master of Science thesis, Department of Soil Science, Kasetsart
University. 241pp.

Conclusion
The study concluded that both N and K must be applied to Ubon paspalum for
good dry matter production.

4.13 Silage quality of tropical grasses

This study at Ubon Ratchathani University was conducted by Mrs Siriwan
Martens from the University of Rostock, Germany and was completed in 2000. She
gained her diploma in 2001.

A summary of the study is presented in Appendix 10:
Martens, 5. 2001 Yield, feed value and ensilability of 4 tropical grasses in
northeast Thailand. Diploma thesis. Department of Agroecolgy, University of
Rostock, Rostock, Germany. 160pp.
Conclusion

The study concluded that Jarra digit and ruzi grasses should be cut for silage
between 50 and 60 days of growth without additives and Purple guinea and Ubon
paspalum at 30 and 85 days growth, respectively, but additives must be used to improve
silage quality.

4.14 Energy and protein requirements of crossbred dairy heifers

This study at Ubon Ratchathani University was conducted by Miss Puan
Tatsapong of our TRF project for her Masters thesis at Suranaree University of
Technology. The research was conducted in 2000 and she gained her degree in 2001.

A summary of the study is presented in Appendix 11 and 12:
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Tatasapong, P. 2001 A study of energy and protein requirement of
crossbred dairy heifers. Master of Science Thesis in Animal Production
Technology, Suranaree University of Technology 156 pp.
Tatsapong, P.. Suksombat, W., Thummasaeng, K. and Suriyajantratong,
W. 2003 A study of energy and protein requirements of crossbred dairy heifers.
Proceedings of the seminars and workshop at the Agricultural Technology
Exposition for Indochina. Faculty of Agriculture, Ubon Ratchathani University,
Thailand 25-31 May 2001. 11-21.
Conclusion

The response of crossbred Holstein Friesian heifers to different levels of energy
and protein indicated that the requirement of net energy and crude protein were higher
than that recommended by NRC which were 5 and 38% respectively,

4.15 Strip establishment of Ubon paspalum and forage legumes
This study at Ubon Ratchathani University was conducted by Miss Ina Gruben
from the University of Rostock, Germany and was completed in 2001. She gained her
diploma in 2001.
A summary of the study is presented in Appendix 8 and 13:
Hare, M.D., Gruben, LE., Tatsapong, P. Lunpha, A., Saengkham, M. and
Wongpichet, K. Planting Paspalum atratum cv. Ubon and forage legumes in
allernate rows to establish pasture swards in north-east Thailand. (submitted
February 2003 to Tropical Grasslands).
Gruben, LE. 2001 Management of forage legumes in Ubon paspalum
(Paspalum atratum). (Strip establishment of Ubon paspalum and forage legumes).
Diploma thesis. Department, of Agroecolgy, University of Rostock, Rostock,
Germany. 70pp.
Conclusion
It is concluded that this management system of strip sowing legumes with Ubon
paspalum is not recommended for smallholder dairy farmers in Thailand since legumes
became very sparse, did not produce high dry matter yields and disappeared completely
from the plots after the fourth cut.

Plate 8 Ubon stylo
and Ubon paspalum
growing in rows at
Ubon Ratchathani
Liniversity.
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5 Project village research and development
5.1 Village dairy farmer forage systems project
Twenty village dairy farmers in Ubon Rachathani and Sisaket provinces (10 in
each province) were selected in 2000 to join the pasture project and to receive training
and advice on improving forage production. The farmers were visited every 4-6 weeks
from 2000-2002.
5.1.1 Ubon Ratchathani
Eight farmers in Amphur Warin have good pastures. Seven farmers grow
Ubon paspalum and 3 farmers also grow small areas of guinea, napier and ruzi.
One farmer grows Tha Phra stylo and several farmers also grew Cavalcade in the
wet season. The areas of pasture per farmer are still too small to maintain
production and the cows have to be supplemented with rice straw during the dry
Season.
The main problem the farmers have is a good market for their milk.
5.1.2 Sisaket
The Sisaket farmers rely on rice straw all year round to provide the bulk of
roughage feed for their cows. Only 4 out of 10 farmers have grass pastures (Ubon
paspalum and plicatulum) and these farmers want to plant more Ubon paspalum
next year.
~ In 2000, many of the fakmers’ new Ubon paspalum pastures were attacked
by grass eating insects. These insects destroyed many new pastures and also
destroyed rice crops. This insect damage discouraged many farmers from planting
new pastures in 2001 and 2002.

3.2 Forage utilization project for silage and hay

No farmers produced grass for sale in 2002. The project has been terminated due
to a lack of interest in Ubon Ratchathani to produce grass as a cash crop. However, the
project did prove that grass could be commercially produced provided there is a market.
labour to cut the grass and grass cutting does not coincide with rice production (planting
and harvesting). Table 13 summarizes the fresh grass project, undertaken as a research
project by this project from 1998 to 2001. Farmers received an average gross income per
rar of 3235 baht, which is more than what they receive from producing rice. We paid the
farmers (.75 baht/kg grass fresh weight. Our project has proved that fresh grass
production is a feasible cash crop for village farmers and when in the future. the market
for fresh forage expands. we will be able to provide technical data to support cash
cropping cf grass,

Table 13 Production of Ubon paspalum fresh grass by village farmers.

Year No. of farmers | Total fresh weight of |  Season income per rai

grass purchased from grass
(kg) (average/farmer)

2001 2 9421 2355 baht
2000 5 38941 3538 baht
1999 12 52122 3660 baht
1998 9 30497 3388 baht
Average | 3235 baht
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5.3 Seed production projects

5.3.1 Ubon paspalum village seed production

Ubon paspalum seed production at Bark kud Waay village increased from
2000 kg in 2000 to nearly 6000 kg in 2002 (Table 14). The quota per farmer has
increased from 100 kg to 250 kg but the price per kg has dropped from 100 baht to
80 baht. The farmers produced high quality seed that has a high germination and a
high seed weight.

Seed sales have been good with all seed sold each year (Table 15).

Table 14 Ubon paspalum seed production at Bark Kud Waay

Year ] No of farmers Quota per farmer Total production
! (kg)

2000 1 20 100 2000

2001 i 20 100 2748*

2002 | 21 250 | 5986*

*Above quota 748 kg in 2001 and 736 kg in 2002

_Table 15 Amount of Ubon paspalum seed sold from 2000-2002

Region No. of purchasers CQuantity of seed (kg)
2000 2001 | 2002 —| 2000 2001 2002
North |2 S 130 111 =
MNortheast 100 290 | 30 1240 1740 1410
Central 37 30 - 187 365 -
West | 1 - - 2 - -
East 4 9 1* 14 61 | 1020
South 8 3 1* 261 173 | 100
Overseas 2 4 - 110 390 -
Total | 164 342 32 1944 2840 2530

* Large cooperatives purchased seed for farmer members

5.3.2 Signal grass village seed production

Signal grass seed production has been very difficult. For good seed
production signal grass seed must be produced on fertile loam soils as in Australia
and Brazil. The project identified areas in Kantharalak and Wam Yuen as good
locations because of the fertile red-brown soils there.

Two pood seed crops were produced at Kantharalak (Table 16). The seed
crop at Kantharalak potentially was always very productive but the farmer who
was 65 years old generally found seed too difficult to harvest. He also had to tap
rubber every day and he found that given his age he could not manage two cash
crops at the same time. His daughter wanted the signal field to be replanted in
corn which they find easier to harvest. We have given up trying to produce signal
seed in Kantharak.

Farmers at Nam Yuen produced good quality seed in 2002 but the volume
was very small (Table 16). At Nam Yuen the farmers grow vegetables, corn and
fruit crops and signal grass must compete with these cash crops. 3 farmers in 2003
will continue with signal seed production.



Table 16 Signal grass seed production by village farmers, 2000-2002
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Loeation Year No of Area Amountof | Amountof |
farmers (rai) good seed light seed
produced produced
(kg) (kg)
Kantharalak 2000 | 2 18 26
Kantharalak 2001 | 1.5 10 40
Mam Yuen 2002 4 35 £y 3

5.3.3 Ubon stylo seed production

Seed production of the new hybrid perennial stylo (Sniosanthes
guianensis var. vulgaris X var. pauciflora ATF 3308), which we call “Ubon
stylo™ commenced in 2000 with a small area at the university (Table 17). 20
grams were received from Dr Bert Grof in Australa in November 1999 and grown
as seedlings in the nursery before planting at the university in May 2000. In 2001
and 2002 farmers at Bark Kud Waay produced seed.

Table 17 Production of Ubon stylo seed

Location Year | Noof Area Yield per rai Total vield
_ | farmers (rai) (kg/rai) (ke)
University 2000 - 0.32 81.2 26
Bark Kud Waay | 2001 2 2 86.5 173
| Bark Kud Waay | 2002 4 4 120.0 480 |

Research by the project has found that scarifying Ubon stylo seed through
a rice polisher removes the seed coat and improves germination to over 8$0%.

Ubon stylo seed is predominantly black and is smaller than brown Tha Phra stvlo
seed.

5.3.4 Hybrid brachiaria

In 2002, the project obtained small seed samples from Costa Rica and
Australia of a new species, Brachiaria ruziziensis X Brachiaria brizantha CIAT
36061 which researchers at CIAT have shown to give higher milk vields than
common signal grass. The seed was planted in plastic bags in the nursery and the
young seedlings transplanted into the field at the university during the wet season.

In November 2002, the project harvested 4.2 kg of very good seed of
hybrid brachiaria. The seed is very heavy, with a 1000 seed weight of 8.21 grams
which is twice the weight of ruzi seed. We plan to put the good seed into small
plot research and village seed production next year. Mulato appears to be a good
seeder, producing heavy seed at the end of the wet season over a very short period
of time. It is much taller than ruzi grass and so farmers will find it easy to harvest,



6. Important project research and development conclusions over the last 3 years
6.1 Papers

Thirteen papers and one manual were written during the 3 year phase of the
project. Ten papers have been published and 3 have been submitted to a journal. The
project has maintained a high scientific output, both nationally and internationally.

I. Hare, M. D.. C. Kaewkunya, P. Tatsapong, K. Wongpichet, K.
Thummasaeng and W. Suriyajantratong. 2001 Method and time of establishing
Paspalum atratum seed crops in Thailand. Tropical Grasslands, 35: 19-25.
(Appendix 3).

2. Hare, M.D., Wongpichet, K., Saengkham, M., Thummasaeng, K. and
Surtyajantratong, W. 2001 Juvenility and long-short day requirement in relation to
flowering of Paspalum atratum in Thailand. Tropical Grasslands, 35: 139-143.
(Appendix 4).

3. Hare, M.D.., M. Saengkham. C. Kaewkunya, S. Tudsri. W.
Suriyajantratong, K. Thummasaeng and K. Wongpichet. 2001 Effect of cutting on
vield and quality of Paspalum atratum in Thailand. Tropical Grasslands. 35: 144-
150. (Appendix 2).

4. Hare, M.D., Suriyajantratong, W., Wongpichet, K. and Thummasaeng,
K. 2001 Paspalum atratum - from a wild native plant in Brazil to commercial
forage seed production in Thailand-in 10 vears. International Herbage Seed
Production Research Group Newsletter, 33: 5-8. (Appendix 14).

5. Hare, M.D., Kaewkunya, C., Tatsapong, P. and Saengkham, M. 2003
Evaluation of forage legumes and grasses on seasonally waterlogged sites in
north-east Thailand. Tropical Grasslands, 37: 20-32. (Appendix 1).

6. Hare, M.D.. Wongpichet, K., Suriyajanytratong, W., Thummasaeng. K.
Suwanlee, S., Booncharern, P., Tasapong, P., Lunpha, A., Saipraset, K. and
Intisaeng, W. 2003 Ubon paspalum: Management and Utilization. Faculty of
Agriculture, Ubon Ratchathani University. 43pp.

7. Thummasaeng, K., Suwanlee, S.. Surivajantratong, W., Hare, M.,
Inthisaeng, W., Boonsarn, W. and Lunpha, A, 2003 The study of the energy and
protein requirements of dairy cows fed Ubon paspalum grass silage as basal
roughage. Proceedings of the seminars and workshop at the Agricultural
Technology Exposition for Indochina. Faculty of Agriculture, Ubon Ratchathani
University, Thailand 25-31 May 2001. 3-10. (Appendix 16).

8. Tatsapong, P., Suksombat, W., Thummasaeng, K. and Suriyajantratong,
W. 2003 A study of energy and protein requirements of crossbred dairy heifers.
Proceedings of the seminars and workshop at the Agricultural Technology
Exposition for Indochina. Faculty of Agriculture, Ubon Ratchathani University,
Thailand 25-31 May 2001. 11-21. (Appendix 12).

9. Saengkham, M., Hare, M., Tudsri. S. and Wongpichet, K. 2003 Effects
of waterlogging on vield and quality of Ubon paspalum, Proceedings of the
seminars and workshop at the Agricultural Technology Exposition for Indochina.
Faculty of Agriculture, Ubon Ratchathani University, Thailand 25-31 May 2001,
84-91. (Appendix 5).

10. Hare, M.D. 2003 Forage plants for dairy cows in Thailand: Old
friends-New faces. Proceedings of the seminars and workshop at the Agricultural
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Technology Exposition for Indochina. Facul ty of Agriculture, Ubon Ratchathani
University, Thailand 25-31 May 2001, 149-153, (Appendix 15).
L1. Suwanlee, S., Thummasaeng, K., Lunpha, A. and Suri}-‘ﬂjantramng, W,
2003 In vitro study on nutritive valye of tropical grasses using nylon bag and gas
production techniques. Proceedings of the seminars and workshop at the
Agricultural Technology Exposition for Indochina. Faculty of Agriculture, Ubon
Ratchathani University, Thailand 25-31 May 2001. 187-192. {(Appendix 17).
12. Hare, M.D., Saengham, M., Tatsapong, P., Wongpichet, K. and Tudsr,
5. Waterlogging tolerance of some tropical pasture grasses. (submitted November
2002 to Tropical Grassiands). (Appendix 6),
15. Hare, M.D., Gruben, LE.. Tatsapong, P. Lunpha, A., Saengkham, M.
and Wongpichet, K. Planting Paspalum atratum cv. Ubon and forage legumes in
alternate rows to establish pasture swards in north-east Thailand. (submitted
February 2003 1o Tropical Grassland). (Appendix 8).
14. Hare, M.D.. Tatsapong, P. Lunpha, A. and Wongpichet, K. Effect of
plant spacing, cutting and nitrogen on production of Digitaria milanjiana cv. Jarra
i north-east Thailand. (submitted April 2003 to Tropical Grassland). (Appendix
7).
6.2 Graduate thesis

The project supported 4 researchers to undertake field research for their thesis.
Miss Puan Tatsapong from our project received research funding and salary from TRF for
her Masters studies at Suranarec University. Her field research was conducted at Ubon
Ratchathani University. Miss Nopamart Namdaeng, an agronomy technician from Ubon
Ratchathani University received financial support for her field trials and laboratory
analysis at Ubon Ratchathani University. Her Masters was at Kasetsart University. Miss
Ina Gruben and Mrs Siriwan Martens received financial support for field studies and
laboratory chemicals at Ubon Ratchathani University.

Abstracts of their thesis are included in the appendices.
Namdaeng N 2002 Study on nitrogen, phosphorus and potassium fertilizer
on growth, yield and quality of Ubon paspalum (Paspalum atratum cv, Ubon).
Master of Science thesis, Department of Soil Science, Kasetsart University. 24|
pp (Appendix 9).
Martens, S. 2001 Yield, feed value and ensilability of 4 tropical grasses in
northeast Thailand. Diploma thesis, Department of Agroecolgy, University of
Rostock, Rostock, Germany. 160 pp (Appendix 10).
Tatasapong, P. 2001 A study of encrgy and protein requirement of
crossbred dairy heifers. Master of Science Thesis in Animal Production
Technology, Suranaree University of Technology 156 pp. (Appendix 11).
Gruben, LE. 2001 Management of forage legumes in Ubon paspalum
(Paspalum atratum). (Strip establishment of Ubon paspalum and forage legumes).
Diploma thesis. Department of Agroecolgy, University of Rostock, Rostock,
Germany. 70 pp. (Appendix 13).
6.3 Milk production from grazed pastures

The project showed that it is possible to successfully graze dairy cows on pastures
in Thailand, all day and all night, In the wet season, cows averaged 17.3 kg milk/cow/day
from July to October with the highest production per ai (16.9 kg) from Ubon paspalum
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Tropical Grattlands (2000) Volume 37, 20-32

Evaluation of forage legumes and grasses on seasonally
waterlogged sites in north-east Thailand

M.D. HARE, C. KAEWKUNYA,

P TATSAPONG anp M. SAENGEKHAM
Faculty of Agriculture, Ubon Ratchathani
Universire, Ubon Rarchathand, Thaeiland

Ahstract

Seven Y=oumes wave in puic swards and 7 grassas
suwn with legumes and lerubised with N owere
evaluated in a seres of trials at 7 low lying infer-
tile sites in north-cust Thailand over 2-3 years
froem 1997-2000. All sites have an average
annual rainfall of 1400 mm.

The highest legume yield in pure swards was
in the year of sowing from Aeschynemene ameri-
cana cv. Lee, which producad over 14 tha DM at
one site. All lepumes failed 1o persist beyoad the
second wel season under cutting. Srylosanches
guianensis cv. Tha Phra (CIAT 184) showed
sume promise as a legume at some sites that were
not deeply waterlogged bul only in a few places
was it able 10 persist into the second dry season,
Mo legumes perfonned well enough (o be recom.
mended for such sites under the existing manage-
ment system.

The best grasses on decply waterlogged siles
were Paspalum atratum cv. Ubon, P plicatlum
(common Thailand type) and Setaria sphiocelafa
var. splendida cv, Splenda. These 3 grasses per-
formed well at all sites and were the most con-
sistenl in terms of persistence and yield. On fess
waterlogged siles, Panicum maximum cv. Purple
was very productive, producing in excess of
30 vha DM in the second G-month wet seeson al
2 sites, Brachioria ruziziensis (common Thailand
type), 8. decumbens c¢v. Basilisk, and Digitaria
milanfiana cv. Jarra grew well only on sites that
did wo become inundated with water. No

Conrespomboner: M.D. Here, Faculiy of Agneuliure, Ubon
Hatchathani University, Warin Chameah, Tfhon Roichathani
%0, Thailemd. Email: Michael& epnabuwsc th

legumes were able o persist in the nitrmgen-
ferulised (100-120 kg/a N) grass swards heynnd
the second wel season,

Intredoction

Preliminary  evaluanon nals were conducted
from 1995-1998 on ropicsl pasiure grasses and
pasture fegumes Tor seasonally wet and season-
ally drv lowland pastares (1500 am sversse
annual rainfali) on infertle soils in nomh-sas
Thailand (Mare er af. 19992), Faspalum clratam
cv. Ubon was consisiemtly the best grass, pro
ducing, on average, more than 20 tha DM in a
f-manih wet scason. Setaria sphacelata var
snlendida cv. Splenda und P pleatulum als
grew well and Digiraria milanjiun: cv. lams was
very productive on better drained soils.

Lepumes, however, did not penist on sy
which were waterlogged for 3-5 months and then
dry for several months and llare et ol {199%a)
were unable o recommend anv legumes 1o
farmers. Srvlosanthes prignensis ov. Graham.
5 hamata o, Vermno, Calopopanim mucinnides
(common 1yp2) and Mucropifiom gracile o
Maldonado (Llanos macro) grew well nn the first
year but failed to persist afier the second wet
season. In funther expeniments. none of the leg-
umes sown with P atratum cv. L' or Braclhi
aria murica persisied after the second wet s “son
om low lying sites (Hare er al, 199%h).

As these cvaluations were camed out ©n
3 sites only (Hare ef /. 1999a; 1999h), we consid-
ered il noocssary o conduct further small plot
trizls on several low lying sites 1o confirm thal
P atratum cv. Ubon was indecd the best grass
and 1o auempt to iZ=ntify a suitable legume for
these sites. In our first senes of trials, Graham
tiylo showed promise, bat in 1997 was devastated
with snthracnose. Al this time. §. guianensis
CIAT 184, which was rcxisiant (0 anthracnose.
was growing well on well drained sites in
Thailand following its success in South America
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(Amezquita & ol 1991), China {Guodao and
Kemidge 1997) and pans of south-sast Asia
(ltwzthim et al. 1997). The Division of Animal
Nutrition, Depariment of Livestock Development,
had repamed CIAT 184 as Tha Phra stylo and
were producing seed. However, there lisd been no
evaluation of Tha Phra siylo on low lying sites.
The current research involved the following
3 experimonis: evaluauoo of 7 prasses sown with
legumes wi 3 <iles for productivity and persisi-
ence; evaluation of Tha Phra stylo in association
with 7 prasses at 5 siles; and evaluation of 7 leg-
uities for productivity and persistence at 3 siles,

Muterials and methods

Trial | — Evaluanon of prasses sown with
lepumes

This study was conducted a1 3 sites in north-cast
Theilard (15-16°HE: an o+ "Thon Rmchathan
Unpversity Farm (UBUY), @ the Mukdahan
Animal Nutrilion Station {MUK); and in a village
in Dz Udom disirict of Uben Ratehathuni Prov.
mee (DET). All sites are usvally very wot from
August-October with (he sitc at DET decply
waterlogred during this perind. The soils at URL
and DET are classified as sandy low humic gley
soils (Koi-et xoil series). ‘The soil at MUK 15 also
a low humic gley soil (Renu soil serics) but con-
i=ins less sand thun the Roi-et soils. Prior 1o com-
mencing the study, the site at UBU had been
undier native grasses (Eremochloa ciliaris aml
Fonicum repens) for T years fullowing long-term
paddy rice culiivation, The site at MUK had been
rlanted 1o various tropical grass pastures for 20
years and the site al DET had been cultivated for
annual paddy rice prwduction for generations by
village farmers. Soil tesis were conducted on
samples taken m May 1997 jusi prior 1o sowing
the expen cntal pasiures. Annual rainfall was
recorded | km from the UBU site, 500 m from
the MUK sire and 15 km from the DET site.
Seven grasses | Paspalum plicatulum (common
Thailand type). £ atramm cv. Ubon, Brachiaria
ruziziensis (common Thailand type). 8. decum-
bens cv. Basilisk, Setartu sphacelara var, splen-
dida cv. Splenda, Digitaria milanjiana cv. Jana
and Fapicum maximum cv. Purple] were sown at
IB kg/ha in » rendomised block design with 4
replications, High sowing raies are commonly
used by farmers and roeearchers in Thailand to
ensurc an adequate sland as insurance against
seed-ealing ants, erratic early wet season rainfall

oo 501l prepamation. Four legumes [Shylosanther
hamata cv. Verano, Macroptilium pracile cv.
Maldonsdo - - (Llanos macm). Aeschynomene
americana cv. Lec (Amoican jointveich) and
Cenrrazema pascuorum cv. Cavalcade] were each
sown @l 6 kg/ha with each gprass species. Each
plot measured 10 % 5 m.

The specics were hand broadcast into well
cultivated seed beds st MUK on May 7, at URL
an May 12 and at DET on May 14, 1997 and the
seed lightly surface raked into the soil. The plots
were fenilized at sowing with N (20 ke/ha).
K (50 kg/ha), P (20 kg/ha) and 5 (20 kpfha).

Plant counts were made in five 0.25 m? quad
rats per plot 6 weeks after sowing. Dry matter
cuts were taken from five 025 m? quadrats per
plot cut 5 cm from ground leve!, 3-4 umes esch
wel seuson (May-Uctnber) and 2-3 umes each
dry season (November-Aprll. The study was
terrunated ai the end of Apnit 2000

At each zul, the samples were souied inlo grass
and legume and & 200 g subsample of each spe-
vics from each plo was dried &t 70°C [or 4R
hours and dry weight recorded. Afier sampling,
all plots wer cut o about 5 cm above ground
level, the foruge removed and the pluty lenilised
with N (20 kp/a). K (50 kga), P (20 kpha) and
5 {20 kgma). The amounts apphed were hased on
experience and research (Hare eor al 1999¢)
lesser amounts can resull in plant deficiencies,
especially in grasses, due to leaching of elements
from ihese gandy soils. The avermge CEC on
these soils is 2.3 meg/100 g. S 2-5 ppm and
K 2040 ppm.

Trial 2 — Evaluation of ém.ur:. Arwrr wirh
Tha Phira stylo

This smdy was conducted at 5 sites in north-cast
Thailand (15-16°N): on the Ubon Raichathani
University Farm (UBU): Yasothon Animal Nuiri-
tion Siation (YWN5S); Yasothon Agriculmural Tech-
nology College Farm (YAC); Sisakel Agricultural
Techinology College Farm (SAC) and the Ubon
Rachathani  Apriculural  Technology College
Farm (UAC). Soils at all sites are classified as
sundy Jow hamic gley soils {Roi-ef soil series) and
are ngually vary wel from August-October with the
sile al SAC deeply waterlogged during this period.
All siles, al some time in the past, had been vsed
for paddy rice cultivation. Prior to commencing the
study, the site =i UBU had been under native
grasses { Eremochloa ciliaris and Panicum repens)
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[ﬂﬂmﬂulﬁim-h'ﬂmpﬁ-
mres for § years, the stte af SAC onder paddy rice
and the sites al UAC snd YAC wnvder 2 waixtmme of
P plicotulss sl Mimaca pudicn,

Soil s were condeciod on samples taken i
May 1998, just prior %0 sowing the pacmnes.
Angoal maalall was recorded &5 in Trxl | for
UBU, 100 m friwm the YNS sie, 200 m froun e
SAC ==r 224 15 km from the UAC site. No rzin-
fall was recorded near de YAC site bue, » 5 was
ooly 15 km from the YNS sSic, data from thic site
werr vl

Scvsn prasses (I plicoiwlem, P atranom o,
Uboz. B. rumpenss, R deciombens ov. Rasilick,
5 sphoacelun wvar. xplendida cv. Splenda,
D. milanjiana cv. Java =l P masioeom CV.
Purplkc) wrre cowa at 12 ke/ha 1osether with
5 putmnendr ov. Tha Phra (CIAT 184) a0 6 ko'ha
in a eodomsd block design with 4 replicstions.
Fachplol megmed S x5 m

1 e sperics wore hand broadeass mto well cul-
tivated sced beds &t UBL oo May 7, 21 YNS and
YAC tu May 13, &t SAC oa May 14 and a1 UAC
oo May 15. 1998 and the seed Gighily surface
taked inlo the sl The plots were fonifised
a sowing with N (20 kgmha). K (25 kptha),
P10 kxma) i S (10 kgfha),

Mant coumts were made in four 0.23m™ quad-
rals per plow & weeks afier sowins Dy mater
cuts wrrr laken from fow 025m? quadrate =
3 em from groomd level in each phot 34 Gmes
cach wet scason and 2—3 tmes each diy season

Canle grared plots al UAC belore ssnpling in
Oxtober 1998, sa, om Ociober 27, 1996, all plots
were inmmed to 5 cm shove pround level and Fer-
liliser applied. At YAC, the irial was icrminated
aficy sampling in September 1999 doe 1o uncon-
trollad praving and a1 SAC and UAC, observa-
uons ceascd in Ociober 1999 following ropeated
cutling by villspe farmers. At other sites, the trial
ws terminated af the end of Apel 2000,

Al each sampling, the mmples were sorted
inty prass and Tha Phra siylo and a 200 g suob-
samph: of each specics was dried ac in Tral 1.
Aficr cach sampling. all plots wore wopped 2
described for Trial | and fertilised with the same
amounts spresild a1 sowins.

Trial 1 — Evaluanon of legumes

This study was conducied 2t 3 sites (UBL, YNS
and YAC) adjaceni 1o Trial 2. So0il icsts and min-
fall were the same as in Trial 2

Soren kepmes  (Silesaouhes  hameta oy
Verano, £ guwianendy ov. Tha Phra, Codmsrma
poicuonm oY, Covalesbe Calopoponium s
ooides, Mocroptilism grocile cov. Maldooado,
Parroria phaseoloides sod Aescloynomenr amicri
cona ov. Lec) were sown 2 12 kg/ba m 2 =o-
doawsed block desipn with 4 replications. Eacly

* plot measored S5 x5 m

The spocics were band broadea ndo wadl cal-
tivaled socd beds st UBU oo May 7, and a1 YNS
and YAC on May 13, 1998 and the sced hiphuly
surface rake] mio the soil. The plots were (erti-
lised ar sowing with N (20 k=/ha). K (25 kg/ha),
P (10 kgfta) and S (10 kz/al.

Planl counts were made in four 0250 qpod-
rats per plol, 6 werks afier sowine. vy mote
cuts were talen from foor 0.25m” quadrats at
5 cm frem groand kel in och pint oo 3 occa-
Soas i the firgt wet season. twice in the first dry
=, onee @ YHS and twice wi DB and YAC
in the seoomd wet seacon and ooce in the second
dry serson of TTRU. Mo cos were taken = YAC
and TNS mn the secomd dry season

Al each sampling. otz fredi weight was
reconded snd a MM g sebsample was diaal = in
Trial . Aficr cach sopling. all plots wor
topped 2 deseribed for Trial |oand fentilised with
K (25 kg/a), P (10 kefha) and 5 (10 kgfha).

Naiz from all piels were analvied osing the
IRRISTAT programme for conventional xnalyses
of randemnised block experiments.

Resuits

Soul

Soils at all sites were acid. with pH ranging from
4.6 a1 UAC w0 5.6 at YAC (Tsble 1). The soils
weore bow in N (0L02-0.07%). P {2-11 ppm: Bray
Il extraction method) and oreanic nmtier
(02-1.4%) All soils contained more than G0%

sand except for the soil ot UAC which was 67%
sl

Rainfall

Avcrage rainfall for all trial sites from 1997-1999
was similar, ranging berween [300-1600 mm_
and mosl s cxpurienced pood we season in-
fall (Table 2). The site =t YNS was the only site tn
have an carly s¢ason maisture deficnt in 1997 and
1998,
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Tabsle §. Soul moadycrs oof bzal ssacs

Sar! 1 Total N r oy S=d L |
(123 v )

=) {ppem) =) 3 %)
TR Tiisd | 53 anz 19 1o o k2
IBUTrsh 2 & 3 53 om 95 I.i (] 5
L 32 wn2 50 12 [ g ]
DET 49 0oz 23 14 1] "
TS 54 ooz 49 13 [ +] 4
YAL +1] [11:1 T4 [T [ i
SAL 2 oo 1. 1.1 ne 35
LA dihb oa7 42 az 3 &l

"LFBAT = [ Rasichebom Uneversioy Farm: MUK = binkoision Asimal Netrition St ET = Villase i Der Uidos Sninc of
em Rmchstom Proviec Y5 = Yinothos Amimal Newitaon Station. YAC = Ymohos Asrasitenl Torkmolopy Uolicps Farm:
SAL = Sk A shural Toclmolory Collerr Fars. UAC = [fm Rmchahos Apriratrral Trolsology Collepe Farm

Frial | — Fvaluation af prasses soun with
lepremes

Croneases, Fizmi Sopsaly of nus! prass gpecics =as
pood al & werks afier sowmg (Table 3), cxoop
for signal af all sies and Pople guinea =0 MUK
Mam densitis =1t DET were 2 3 times hisher
overall than those at 1TBU and MUK

Plicatulom prodoced the mow dry maner

(13 Uim) of alf cizx in the G wot scson (Table
4) lollowed Lry Uhon paspalom at UBLUT and DET
and Puple puines and nm st MUK. Purple
£uinea produced sipnificantly less dry matter than
plicatulum and Ubon pespalum i UBU and DET.
Al all sites. viclds of sipnal and Jarm digin were
kess than lalll that of plicatulum in the firg wer
sCas0n.
In the fict dry season. <iznal produced high
diy musdier yiekds &t UBU and MUK but pot at
DET, and fire dry scason peoduction of Uboa
paspalum was also high at all sitcs (Tablc 4).

In the second wet scason. Purple puincs pro-
duced in excess of 33 tha DM at MUK followad
Ly Ubon paspalum, Jarra digit and plicatulum
wlich produced more than 20 Uha DM (Table 4),
Al UBU, Purple puinca, Spienda sclaria, ruzi,
Uboa paspalum and signal also producsd more
than 20 vha DM in tw serond wet seacon. Ruri
and Jama digit died out at the DET silc in the
second wet season and sigral and Purple guinca
produced very low yiclds.

In the second dry seasen at U'BL, thae were
no significant differences in dry mater produc-
iion berween species bnt, st MUK and DET,
Purple puinea and plicatulum, respectively. were
the mos productive grasses (Tzhie 4)

Uboo paspalum. plicstulum. Purple gocnes and
Jxra dign produced the highest dry maner viclb
#i both I'BU and MUK i ihe third woi z=2<on
(Tabic 4). Uvou paspalum. Splends sewaa ami
plicatulom produced the highest yickis at DET in
both the thind wot 2nd dry seasoms. In the thind
dry scason at MUK, Purple puinca produced awver
12 vha DA, which was nearly 40% more than e
seeond mos prodective grasses. Ubon paspalum
and siomal (Table 4).

Legumes. Plapt dasity of all keoumes O weeks
alicr sowing was conrsiderahly less than that of
e graswes except at MUK, whore 1otal legume
numbers were zenerally greater than grass num
Yeia {Tabic 3). Verano stylo and Cavalowde plant
numbers were spane al all sites.

Lo the first wet w=son. legumes at MUK pm-
duced 4 -5 umes more dry matier than kegumes at
UBU and DET (Table 4). Calopo was the main
lcpume at MUK, growing from buried seed from
the previous pasture (data foo individual besumes
nol presemied). Llanos macro also grew well in
the first wot scason e MUK and URU, Lee
joimverch was the best producing legume at DET
in the first wet seacm However, by the third cul
in Ociober 1997, legumes =t all sites were very
S[MArse,

Lepumes in all plots dicd out duning the first
dry scason but grew again from fallen sced as a
niinar companent in the swards in the early pan
of the second wet season (Table 45 The main leg
umes were [lanos macro, Calopo and Ler
Jjointvetch at UBU, MUK and DET, respectively.
Following the first cut in the second wet sexson,
I:Eumﬂiudnmulﬂii!mm&fﬂledmmnp-
pear for the duration of the tial.
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Table . Plant populations (6 wecks after corwing) m prass-fepeme ewards o UBL, MUK and DET {Trial 1)

Troatmeni Grass Lee Verana Cavaicade Lianine Tota!
Jortweich stylo mac lepume
fplantimT)

gL
Ruzi SZode” I lals Ja Ta b Aah
Sapnal s The 2a Ta 4z 20h
Jurrz &5 Gkl Pahe da #a Sabe Jah
Libon pers pralum 12 I ia Iz b 50a
Plscnaium Ofals e 2o 11a 14 4fa
Puple prinea A2de a 43 Ba 18abe =1 F
Solcmis wrans Bl X 3a Ta Gl 9

ML
Kun Sogd ol ikt Ka 1 | it
Sipnal 17d a flah % J4ah I¥7a
Jarr dipnt 4l 523 Zals #a U1 YKa
Lo parsgedunn 1ib tia Itk Sn xn e
Plaatutum 4% bl ITa £+ 5Ha 1%
I'urple ruinea (] ELE] hah Ta b 91
Sprlerda sotany (1% RE i b 1 1ais LR

NET!
Ruei 1174 A3 Ty Ila 1Ka Yla
Sipmal 3le 2 73 G 2a LR
Jaypa alizn % Fa Gy Ha 192 1k
Ubon paspalem ane T4 I D3 17a 108
Plicatulum 587 B fiy s |9 10z
Furple puine. | rilele S d S 1Ta 232
Splenda seturiu 455ah i3z Ta 9 1% Ha

R = Ulun Kinchathani Universry Fasn, MUK = Mukdahan Animal Muwition Station; DET = Village in Det Udonn disiric of

L'pon Raickathan: Prow e,

"Within cadumne and siees means followed T o comnmon lener ane o significanrly different 21 P=U.05 by Duncan’s Multiple Ranse

TeaL

Teial 2 Evadwanion of grasses sawn wirh
Ther Phra sivip

Plam populations of Uban paspalum, plicatum
and Splenda setana at 6 weeks afier sowing
exceeded 200 plants/m? at UBU, YNS und UAC
and 100 plantsfm? at YAC and SAU (Table 5).
Density of signal, Jarra digit and Purple guines
was lower at 19-85 plants/m?. The average densi-
ties of Tha Phra siylo st URU and UAC (135 and
173 plants/m?) were higher than those at the
other sites (71 planisfm?),

In the first wet season, Ubon paspalum and
plicamlum tended to produce the most dry matier
at all sites (Tshle ). However, there were fow
significant differences in dry matter production
between must species. Signal and Jarra digit weie
the least productive species at all sies. Dry
matler production at SAC was alfected by gevers
waterlugging from August-October. Tha hra
stylo was penerally sparse in the productive prass

swards in the first wet sedson @ LIBU, YNS and
YAC, comributing less than 5% of 1ol dey
matier [Table 6). At SAC and UAC, where grass
production was lower than at the other sites, Tha
Phra stylo sepresented a higher percentage of
total dry matier.

In the first diy season, Ubon paspalum and
plicamlum produced high dry matter yields a1 all
siles (Table 7) followed by signal, Purple guinea
and Splenda setaria. Jara digit was the least pro-
ductive species a1 all sites. In mou plos,
Tha Plua siyle contributed about 5% of towml
sward dry matier yiclds in the first dry season bul
in soie plots it died ow (Table 7).

In the second wel scason, all grass species pro-
duced well at UBU, with mean yield exceeding
16 tha DM (Table 8). Ubon paspalum, plicatulum
and Purple puinca produced equally high yiclds at
YNS and YAC. At UAC, Purple guinea produced
nearly 7 Ulw DM more than Ubon paspalum and
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Tabste 4. Ury maner producuce frem prass-degume swamds st DB, MUK sl DET (Tl 1}

Tresment Vet Ly Wt ] Wet Dry
Year) 971 (97-98) (%R} () (994 00y
! 1. ¥ G G L T G L G
[tfha)
Ll
Ruzi g4k 03 K 5 1262 03 1252 Gda 95 G.Ea
Srenzl L4 .ol T Ted i la Y Laky N 21 lnb BSa Oha T.Es
Jurra duge 61c  Olc f24 ] Ik 8D 17 8be 35 10 3he 5%
Llbsen paspabizm 132b l=ab  Ll6ah 3¥ab W5 b 21.1ah S 12 wa 6Ta
Plicatulom 134 U7 1412 £ duhe Ifi.2c 0= 16 & 5.2a el E b.ln
Purpde guincy . [ Mhfb 5.7 T %0d Iim 0 a 24 24 L T3a
Spiends setarii Tohe OThe R 3 Bbacd P laa LA t.Ka 4.9 102
MUR"
R 124a b 15 Tab 4 Bl 191 (B1] e 2:2de [32h 5k
Sipmal il FBah 1185 Tea i LN 10 5 12he Itk Tk
Tara divin S.4b d3sh 10 5ty e uk 2280 Fled T il [
Ulmey puspalizer 949ah 613 16 lah T flaf T I o.lc 204 tab Lias T.00
BT AT itha 1%l 151 -5 TS Goaw Zuke Tde H-R T 4.7
Purple puines 11 o bika 11 g LR F] (1] a5l 47a 19t 17 4a
Spdenida swctane ¥bab 503D 13 7abc 3fe 17 it b 16 I Te 220 a.le
DET!
R St Uleh St D02k —" —_
Sagral 13 1.7s i [ 5l £ 0y 04 53k [ 1 2 O.4c
Jara digit £8 D0 1E% 012 P = — £l = s
LThon paspalua 105 05 14k 4 44 144 0z 14 % 5 1y Sim
Flicuiulum l3ua  Uleh  154Fa 5% 13 (T it iy b fuh bk
Hurple puinea 5% 13ah 0 T 1'1h 25l 03z LR 110 Like b3t ==
Splesds werana i {1k g Tab 15z (BT i 13.3z [ Gha [[%.51

WOl « Tihan Rateharthas Cirecrsats Faren, MUK, = Muebdah=n Anima! Nunnon Sation; DET - Villape in Det Do disies of

winm Haichathesm Province,

0= Graws: 1= Lepasee, T = Todad (G = Ly

"Within columna and sites. mesns lallowed By 8 common keiia: di.

lew
ARpecies i puaseii

et aneEa sty it begent il P=0 005 Le Dopcan s Mubiple Henge

plicauium but at SAC. vield of Purple puincs was
only hall that of these 2 species. Tha Phra sivlo
dicd out in all plots at YAU and was present iy
plots a1 other sites only at the Arst sampling cut
(Table 8). By the =econd dry season. i was no
lenger present in any plots at all sites.

The Ifals a1 SAC, YAC and UAC were termi-
nated early in the scecond dry season following
uncontrolled praving or cutting. In the second dry
seacon al LBU and YNS, Purple puinca produced
higher dry matier yields than other specics hut
these differences were signiticant only at UBL
{Tublc 9).

Trial 3 — Evaluation af legumes

All legume species had achieved good plant
densities s all gites a1 & weeks after sowing

(Table 10). Plant numbers. of Llanos macro,
Tha Phra stylo and Lee joinivetch were hugh at
1IB1.

In the fimd wel season, Lee American
jointveich a1t YAC oduced 14 Uha, nearly 3
times more than the second best legume, Llanm
macro (Table 11). Llanos macrs prodinced neasly
wwice the amoumt of dry maner of other legumes
a LR except for Lee joiniveich

In the first dry scason, Llanos macro and
Tiw Phra stylo were the best performing lepumes
at UBY and YNS., followed by Vemno siylo
(Table 11). At YAC, no dry season date were col-
lected as all lepume prots were heavily smothernsd
wilh Mimasa pudica,

However, all legumes st YAC re-established
from fallen seed in the secomd wel scason. These
now plams plus surviving plants prew well and
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Tabde 5. Plant pogmilatioas (6 weeks afier sowing) of grass species and Tha Phra etyln st URLL, YHS, YAC, SAC and UAC (Trial 2).

Tt oot URL! THS YAC saC Uar
{planty'm?)
Grax
Rusi Hhe™ 95k Tk Gle 118
Sigmal 43 S0 20d 1% A
Jarva gt r 47 2d Lic M
1P prarspalune 150 Tika 14%3h 156a il
Phcatobum 35l Hila 18R 176 P
Purple guinea 85 0k 45l 5ig £l
Sphconda getans ETals T | Z2abe 1k s

Tha Fima syl

Kus 12a fifahc b GTa Itiab
Suemal 15%a I13a Azl 111a =t
Jama dipu 150 1i2ab b Tha Hah
I.H'IF'I:IIE{I.IlJ:!L [ELS B3k 45k Tha 131k
Plcatuium 16%a 40 T B 1320
Purplc Fuinca 1254 BZalw ita Bia [k
Spaenda e (R L b 43ah 9l 170k

THLE = Laees Batctatam Uencoaty Farms 1 NS = Yasehon Anms? Baandon statics: YAD = Yassinon A pncsteosd Techondoyy
Farm: 3AL = Siaket A gricuitumal Tecorolngy College Farm; UiAC & LNun #atchmthen Agricutoerl Techaciogy Cellege Farm.
TWithin colimie amd plant type. means fullowed by & common Teticr are not significantly diffesent as P=00 by Dunan’s Mukiple
Raurgr Time,

Table & Dy muancer prostactuen ol prass species 2nd The Plra sivle o the fint set season alier plantng o UBLL YRS, TAL, SAL
and LA [Tial 2

‘Treaunent Lpr YN8 AL AL LIAL
{whay
oritss
Ruzi (ETTS B.Hahe 117 Jdah 6.8h
Sigual .5k 4 frdd G:9h 0.6 13
Jarra digit 4l I.2d 41h 1.7cd 0.5
Uban paspalum [4.1a 4.4 1663 443 1032
Plicatuium 4.5 9.2ah 13 4a & 3a 97
Parplz puinea 1352 T dabe 14.4a b S
Splenda setaris G Lalw & Dbed 137 23 6.3
Tha Pina sivio
Rui 0.E7b 0.ZIb (1.ab 0. 3Rne D5
Sagnal 208 (1R, i 14ah N1 144a
Jmra degut LEla 07 005:b 017 i .Mt
o pavepiad e UL AT U.rdab 0. Mbe 03
Plestulum b 0.25h 0.0%h 0 34e 0 X
Pirple puinca 151 fm7ts 0,24z 0.6lb 0.54b
Splonds sesxria 1. 1%5ah 0.1 006k Db D4k

10D = Ubwes Ratchathani Liniversity Farm: YNS = Yesothon Animal Nomiion Sution: YAC = Yasothon Apriculiunl Techaology
Farm; SAC = Snalcl Agneolivrsl Techaology College Farm: UAC = Ubon Ratchohani Apricobion] Technology Collepe Farm,
;WMWMMIW means fnllowed by & common letter are mot significandy different st P=0.05 by Duacan’s Multple
pn
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Talde 7. LUry matter prmchsction of grass gpecies and Tha Phr eiybn in the fire diy scason alier planting = UHLL YNS, YAC, SAC
and UAC (Trial 7}

Treatment uBy NS YAC SAC UAC
{Lhe)
Grasa
Rz 1 Zh? 4.fuh . i U.gb 28d
Slpmal 3.0ab 4 4qab 4.la 0.lh 35he
Jarra digit 29: Lo L1324 01k 1.0e
Ubon paspalem 4 Sabe 4 4ah 5 & e 459
Macarnslum d Rsh 17sb 50w p. el 330
Purple puinea 5 5a 5 Gab 1% 07 408
Splenda setzna S4bc 672 1%k fi2a 28
Iha Pres wryio
Mo 0.Efa 0.2a - I 2% 037a
Signal 0 Gka 0 Hia 003a 1. Kt U2ia
Jaera digat 0% 0.31a ¥ L0la 1 ¥la
Hlwn prpaliom 020 = i 49T
Flicatulum 020 003 T ERY [NER -
Purple puines 01240 053 0.0e: 1h47a 005
Splenda weraria nila Nz 106 1.3 Ll o

"B = Ubon Rarchathane Linnersity Farm NS = Yasothon Ammal Sownmon Stnon; YAC = Tasothon Apncubiural Technolory
Faren, SAC = Spaket Aynoultoral Technology College Farm: UAC = ibon Ratchathani Apnculhas! Technolowy Collepe Farm
*Wiihin columns and plant type, means fallaed by comme letter mie ol significantly difforon st P05 by Dansan’s Muhipk
Range Test

FSprries noy present

Table K Do motter proadeiction of prass gpecies and Tha Plea syl i the woond wet sesun alver planting ot DELL Y205 YAC, S a0
and [TAC (Tijul )

Tecunmis [ My VRE AL AL LIAC
1hai
Cifirws
Ruri 14487 1443k b Ted 0 fd EnR T
Segral 13 Aa 123k 1254 dagy 1% 5
Fema dipit 14 7a Jag 12.7d 4.8 1945
Ll paspuabur 6.4 1742 115 17 1a el
Pl siuiluan 17.4%a I6.2a 20 dake 159 2180
Purple guincs IR:2a 1735 b1 Brire 8.1k M.l
Splendda wetaria I8 Ga 1196 17,3t 1358 Hidh
Tra Phra stvln z
Ruri 0.47sb 0,12a ! LT 0laa
Sigral 0.2%ab - = 1.15a Lk Al
Jurru diger 0572 0132 - U.33ah .16
Uban paspalum 0 0wl - == i nils
Plicabulorm LN = = i ek =
Puple puinca — 0.12a - 0L55uk 0%
Splenda setaria - 0ila - 0490 0.l

IUBU = Ubon Raichathani Lniversity Farm, YNS = Yoothon Animsl Mutrition Swnon: YAC = Yasocthon Agriceboral Techaolomy
Farm; SAC = Sisaked Agricullural Technology Collcse Farm; UAC = Ubca Ratchathani Agriculinral Technology College Farm,
m"lllpil'l-wlnmu.llﬂdpl:nlIrp:.nl::.lu.Mﬁtmmnmiﬂfm,iﬂm-mﬂ&hm-iw
Range Test.

*Spevic not presem
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Table §. Dry mafter peodduction of prass species in the seoond dry season afier planting st 1BU and Y NS (Tnal 2

Treatment uey! TS
{1}
Ruzi 10,364 53b
Signal 11.9sb F.Ra
Jurre duget E.fb 1.7
Ubon paspalum Q.Rh 12
Pl adiitum L] Bt
Purple. puinea 4.5 §.1a
Splenda sciaris 1009k 71.8a

TUBU = Ubcn Keichailan: University Faml TS = Yasnthon Animal Nowrstan Siaton
TWithin enfumnns, means fallowed by a common better are ool significemiy differem m F= 15 by Decan's Meluple Banee Tea

Table 10, Mant populatinas (6 wezhs after sowine) af lepeme species ae TREL YRS and YAC {Treal 3)

Trestment IR WY Yyl
iplanratin
Yerana stylo YT T L
s Pz sy o irln 1%z 1080
LCavalcads confunica Aiud 5ia 29
Calopa A Wh 1%
Ll acru 17l bda TTHa
Puscry GUcd Hha | s
Les pmintvedsis 21)a 33u L]

WEBL = Ubsn Rarcharhani University Farm; YHNS = Yasothon Animsl Nutntion Station: YAC & Yasaubon Agncelieral Techaaiogy:
Faips
“WWyther eolumns, sweans fedloved by 3 common Lorer are wes sipnifsanily difersm o P=0 05 by Dusoos s Muliple Kangs Tesi

Tubsde 11, Dy maner producien of kpums specezs a0 UBLLYNS and YAC (Trial %)

Treaiment First wed sexam Firsd dew season Sooond wel seasng
Usy! YRS Yar b 1Y YRS 1181’ NS YaC
T
Vierana sylo 1.k 3 {a 39k 1.3 I.leh B.la Oitrs 5:2n
Tha Phra styla Adn 35 A9 3la i.ba Tda 4% 2.0
Cavaliade 4.0 i Hak o s a4b 0 . Kb =it i g
Calopa 4 .4h 2 2ah 1k 0k ik 06l L 02
Llinen macrm Rius ila 55b ] I.l= 1490 LN 3.Ib
Puem 12 0.2h I.4c u —_- Ih.2h - 1 fed
Lnt)t.ri.nl'pdu.i 5. 3ab 252 14,00 1.Th — 2% 0 0 Ted

'UBL = Lbon Heichatham University Farm: YH5 = Yasothon Animal Mutrition Station: YAC = Yasusthon Apricuhiuml Technology
Farm

“Within culumes. means folkrwed by o common letter are not sipaificanily Jiffereat 21 P=0) 0% hy Duncan’s Muodtiple Range Teat
Yipecies nod presert

Verano siylo procluced more than 5 vha DM In the second dry season, the wnal al YAC was
{Table 11} At UBU, Verano siylo and Tha Phra grazed and at YNS no legumes grew ain all with
stylo were very productive, prodecing 6 and  two main weed species, Meiachia corchorifolia
7 Uha DM, respectively. Legumes at YNS were  and Corchorus olitorius, smothering the plots. At
sparse and only | cut was taken at the end of the UBL, only Tha Phm stylo and Verano stylo
wel season. grew, pmducing 4 and 0.6 tha, respeciiveiy,
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In the remaining plois, Eremachion cifians grew
vigorously.

Discussion

This study found that none of the lepumes tested
was able o persist either in pure swands or when
growing with N-fenilised prass under cuning on
low lying sites in norh-east Thailand, confirming
the results found earlier by Hure e all {1999a).
Establishment of legumes has never becn oz
prohlem on such sites. with many lepumes in
pure awards producing over 4 Uha DM in the first
growing seasan and even resching 14 vha DM, as
was the case with Les Amcrican jointveich at one
site {Table 110, The difficulty of lepume persist-
enee thereafier appears 1o e a combinativn of
wel and dry conditions, competiion from N fert-
lzed e sl coning management.

We mav have e succress with lesumes if
we cut less frequently al s proater height,
20=40 cm above ground level, rather thun cunling
every 45-35 davs 1o 5 cm above ground level
Hevwever, this would necessitate 2 change of
management by villape farmers who raise live
stack,

Clur philosophy i introducing Jepumes and
prisses 10 villape farmers 15 that the sclecicd
planis must be adapred 10 the current low cutting
Of comlinuous  orazing  management  currently
prectised by livesiock farmers. This s why
Verano stylo has been so successful in upland,
well drained souls m iorth-east Thailand. It toler-
s heavy grazing and being & prolific seeder,
even under these conditions, re-establishes sell
each year (Hare and Phaikasw 19990 If we were
to recommend less frequent and high cutting to
livestock farmers, this would introduce an addi-
tional managenmient Tactor for farmers (o consider,
Just genting tarmers 1o establish improved species
and spply feniliser i an achievement in ilself,
Cretting them to adopt a different cutting manap.-
micnl for legumes will ake rime.

In these swdies, nitropen was applied fre-
quently in order to siudy the potential of the
Erasscs 12 produce on these very diflicult inf=rmile
soils. Previous studies had found that, witk rither
nu miropen or less frequent applications, prasses
quickly beeame very wellow and nitropen-
deficient (Hare er al. 1999c). Apphications of
more than 100 kpMhs N arc far in excess of
what smallhoider farmers would apply to their

pastuses. Nowmal rales in villapes would be cither
no feniliser or | application of 20 kg/ha N in the
wel season. Thus, pastures commonly die ot
within 2 yeass from a combination of lack of fer-
tiliser and close and frequent graving or cutting.

Al the beginming of the study, we considored
that 5. guianensis CIAT 184 (Tha Phra styla)
would be successful. To a limited extent it was nx,
in pure swards, it persisted into the second
wel sexsan bat only in a few plots into the second
dry seasen. The culling management we vsed
may B a Tactor in fls lsck of persisience
3. guinacnsis CIAT 184 grew well an the Amer-
a0 trupicdl rinforest ecosysizm afier one cut &l
17 weeks of ape {Amezquita ef al. 1991}, In
China. it is ususlly emt only once a vear when
groneii for feed meal procduction or as a cover
crop (Guedao and Kerndpe 1997) Where mone
freguent cuting has been practised in China, the
citer have been peowel] desincd. hugi pH (64,
reddish  brown,  latenne soils (Guodao  and
Kemidge 19977 and not on poorly drained, infer-
tile. fow pH, suialy sorls like those vsed in the
current stedy in Thailand. However, on weli
draned, upland soils in nomth-east Thailand,
CLAT 184 grows very well. and in current trials al
UBLU, CIAT 184 and tne hybnd sivlo (ATF 330K
5 puwianensiv var vwelpans x var, paucifiora),
prodieced H030 and 8470 kgfha DM, respectively,
i the first wet season and 4024 and 2639 kgfha
DM an the first dry season. The culling was infre-
quent with only 2 weil season cuis amd 1 dry
season cut In our own pasiure programme at
UBU. pure stands of Tha Phra stylo and the
hybril stylo (ATF 3308) are grazed to aboug
30 em beight and elosed 10 grazing during the
main  fowenng  and penod  from
December—February.

We expected to have more suecess with Lec
Amenican jontvetch given that an annis’ ecolype
of Aescinmome americana grows natrally in wet
arcnd along  roadsides and  around  swampy
ungrazed wasicland in north-east Thaiiand. This
nalive lepume is rarcly cit for forage and is
allowed 10 grow rank and sel scod cvery year
Cutiing once 2 year 8! the end of the dry season
enabled Gilann American joinivetch 0 prow well
for 3 years on seasomally fooded clay and
solodic zoils in the Northerm Temitory, Australia
{Ross and Cameron 1991). Tt was able o re-
establish each yesr from (allen seed. This cument
stedy showed that Lee has the potential to grow
well here, as it produced 14 tha DM al onc sile

S MO
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in the Dist growing season. Studics of persistence
mechanisms could result in management strale-
gies that would improve pemsistence®of Les under
culling.

However, cropping farmers do have more suc-
cess with legumes if they regard them as annual
cash crops o sell to livestock farmers as fresh
grass or lay and cut only once or 1wice a year.
On well drained upland soils, several legumes are
heing promoted .. cash crops by the Depmriment
of Livestock Development in Thailand for
specialist fresh forage wnd hay production
{(Kheneawa and Phonbunirung 2002), The main
legume s Cavalcade and more than 3000 farmers
will grow up 16 0.32 ha for sale o other farmers.
They will not use the fomge for thenisclves. The
wther legumes e Versno stvio and The Phr
stylo. Under once or twicr-s-vear culing all of
these lepumes grow very well bt they have 1o he
renfantcd cach vear 2o the last o is befors sacd
Lol

This study found that, on sites deeply water-
logged in the wet season (DET and SAC), only 3
arass species (Uton paspalum, plicstulum and
Splenda sctanis) were able (o persist, confirming
the carlier resulis of Hare o al [

On sites that were we: but not severelv warer
logped, Purple guinca grass was cithor ayual in
producton o of more productive than these 3
specics. Purple guines is 3 good quality pasture
grass and. on sites such as MUK, has the poten-
ual 1 prodoce in excess of 33 vha DM in o
&-month wel season. Lven in the second and third
dry seasons on these low lymg sites. no species
produced more dry matter during the dry season
than Purple guines grass. We therefore recom-
mend Purple zuinea prass as 2 “cut-and-camy™
forage for non-waterlogged sites in Thailand, 1t is
currertly one cf the best grass species recom-
mended for planting 1n backyard (orage plots and
for hay and silage production by the Depanment
ol Livestock Deveclopment in Thailand (Khem-
sawat and Phonbumrunyg 2002).

Ruzi, signal prass and Jarra digit performed
hest on sites that Jdid not become inundated with
waler In the wet season. However, even on these
sites, (hey were me as productive as Ubon
paspalum, plicatulum and Purple guinea grass
On the inundated sites, they vither produced low
yields or died our,

Ruinfall during the studics (1997-1999) w..

sites. Unfortunately, the trial areas had either
been grazed or cultivated so no data con'd be col-
lecimd from the grass species growing under
wetter-than-nonmnal field conditions, Observations
from our university pastimes showed that, under
thess very wet-waterlogged conditions, Uban
paspalum, plicatulum and Splenda sclarda per-
formed the best. Signal grass, ruzi, Jama digit and
Purple guinea strupgled to survive in places that
wem inundated with water for penods longer
than | month.
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Abstract

Twao trizls were conducted to determing the effect
of varying cuning height and interval on growih
and farage quality of Ubon paspalum ( Paspalum
afraium]} pasures gprown in Thailand on low
fertility soils. In Trial 1, an increase in cutting
height (from 0 to 20 cm above pround level)
increased total DM yield at 20-d cutting ntervals,
had no effect a1 30 days and decreased yiclds ar
60-d cumng intervals. Cunting interval sigmifi-
cantly increased DM yields in Trial | with the
major respanse between 30 and 60-d intervals
Increasing the imerval berween harvests reduced
concenirations of CP, K and P but increased the
concentrations of NDF and ADF. In Tral 1,
incresses in cutting interval and cutting height
increased stubble and root DM per plant.

In Trial 2. Ubon paspalum DM yiclds gener-
ally wee significantly Jifferent only between 20-
and 60-d cutting intervals. Cunting every 20 days
over 1 240-d peried produced 74% (21.6 yhu! of
the il DM vield from cuting every 50 days
{23.9 Uha) but Livde proicin concentration was
nearly twice as hizh (10,0 v5 539,

The cuiting interval 10 be chosen by fammers is
discussed in terms of b combination of yield
and quality desired 1o produce different animal
products.

Comespondence: MLD, Hare Facsloy of Agracwisgrs, Ubon
Ratchshon Usrorory, Wars Chome.' Ubos Egschat
M190, Thaland. Esmi: Michasifragn i o

Introduction

FPaspatum atratum ev, Ubon grows well on wer,
waterlogged acid scils in Thailand (Hare er af.
1999a; 1999b), and can be either prazed or utilised
¢ cul-and-carry forage by farmers. The majority
of smallhalder dairy farmers in Thailand prefer
the cut-and-carry forage sysiem with improved
forages where cows are yarded and fed freshly
cut forage and concentraw supplemens. Lund is
limiting factor with an average stocking rate of
less than 0.2 ha per cow and the cut-and-carry
system fits in well with normal management.

Ubon paspalum has low crude protein concen-
trauon (Hare er gl 1999a), frequendy falling
below 7%, This crude protein level is considered
a critical point (Milford and Minson 1968) where
nirogen needed by rumen  microorpanisms
becomes limiting unless some other nitrogen
source is provided (Kalmbacher e af. 1997a),
The level and frequency of nitrogen application
and the frequency and height of cutting influence
the yuantity and quality of ‘repical forage
Lrasses.

In Thailand an low fenility souls. nitrogen
rates of B0 kp/ha N every 30 days were required
o maintain cruds protein levels of Ubop
paspalum above 7% but only when ficlds wers
not waicrlogged (Hare or al. 1999d). In these
trials, the cutting frequency was enucal, w~ith =
Bl-day cutting frequency producing significantly
(P < 0.05) more dry matier than a 10-day culling
frequency, but crude protein conceniratior.s in the
wlder forage were lov or Rz 105, 7

In Flofica, Kaimbacher er al. (1997a) showed
that crude protein concentrations i P alraium cv.
Suerte dropped below 7% by 55 asys afler
receiving 56 kgha N. However, if cut everv
35 €1:5. Suenie maintsined crud: prosesn concen-
trations above 7% but more than & unghe applici-
tion of 36 kg/ha N was nesded o the suminer
(Kalmbacher and Martin 1999). Camtng Suerte
every 20 days reduced snnwal yield compared
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wilh 2 40- or 60-d interval but maximised nutritive
vaive (Kalmbacher er al. 19970). Kalmhacher ef
al. {(1997b) concluded that, at fimes of rapd
growth, Sucitc should Ix grazed = 7|_Z8.d
intervals but a1 36-42-d intervals when il is
growing less mpidly,

In the inilial evaluation wals of Ubon
paspalum in Thailand  with 45-50.d cutling
miervals i the wet season, dry matier production
repularly exceedid 20 Vha in 6 months but crude
protzin levels averaged only 5%, despiie being
fertilised wrly 40 kgfa N afier each em {Hare
ef ol [ 1099R) Forage quality conld he
improved +f mare lrequent and intense culling
was  practised  (Kalmbacher or al 19970
Ralmbiactier and Manin 1999 Hare a1 af, 19994),
but ihe beneficial effects of unproved forape
Quanity mey be outweiphed if forage growth rates
were severely reduced,

——-The aim of this study was 10 detgrmine the

effect of varying cunting interval and curting
heighr wa growah and forage quality of Ubon
puaspalum pastures in Thailand on low fertility
smls in order to provide recommendations on
cuthing swanagement 1o smallholder farmers

Materiuls and miethods

The field sxperiments were conducted in Ubon
Raichathane province, Thailand [ 15°N, 04"k}
on the Llbon Ratchathani University farm s 1 zie
in.a 0.25 lia field in 1998 and 1999, Rainfall was
recorded | km from the trial site {(Table 1). The
soil 1= classified 25 a sandy low humic gley soil
(Roi-et soil series) mized with a grey podzalic
soil (Khorat soil series). The soil is acid {pH 4.7,
and low in organic mater (L74%), N 035,
{357 ppm: Bray 1l extrocion method) and
K (25 ppm) concentrations

Seedlings of Ubon paspalum were planted .
0w 5 oc wrid spacings i ihe dield in May
1995, The ficld was used for seed production
research in 1996 and 1997 (Hare er af. 1992,
These inals examincd harvesting methods and
time of final zlosing cut and did not influence
plant populations in the field. Afier the 1997 seed
trial, the ficld was cut to ground level, was no
fertilised and was lefi 1o grow over the dry season

until the first cutting trial commenced in May
1998,

Trial I Effect of cunin g inrervel and cutting helpht

The trial was s randomised complete block design
replicaied 4 times and the uweaunents were 3§
cutting heights (0, 10 and 20 em abave ground
level) and 3 cutting intervals (20, 30 and 60 dayx)
The tnial ran for 120 days, commencing on May
9, 1992 and finishing on September 6, 1998 On
May 2, all plots were cut 1o ground leve| and fer-
tihiser (40 kg N, 200 ke P 50 kg K and 20 kg Stha)
applied. The samc fertiliser rates were applivs
every M) davs. Plots measured 5 mi x4 m,

Befree cach cor 4 plants per nliv were
mersured o plait Deigne (prousd level (o tap i
tallest extended leat), number of tillers per plan:
and number of leaves per plant At sueh egr
mimeri2] from 2 6y row lenpths from each of o
Fows wis cul, weighed fresh and a 200 g gub
FEIP APl udlT: IR0 [eal and viem L s LT
Each compones: was dried a1 70°C for 48 h and
dry wright recorded. The dried leaf and stem
subszmples were analysed for total N (o calenlate
cride proicin levels (& N = 6.25), & P, % K,
% NDF and % ADF. After each sampling cut, the
remaining forage was cut and removed. After the
final cut at 120 Jays. 2wt plants per plot from
Zreplications were dug ot and scparated mio
stubble (remaiming leal and Stem) and rool eom
panciils for dry welight analysis.

On September 10, 1998, the field was cur 1o
zround level, material  remioved end planes
allowed 1o graw aver the dry season until Trial =
commenzed on Apnl 16, 1999 No fertiliser was
applics atter the final cut or during the dr
seHsOn,

Trial 2. Effect of curing iterval

This inal was i the same field as Trial 1 but
plots were not exacily on the same site. Before
marhing out the wal, the feld was carefulls
exdiimed 10 2¢l an cven plamt napulaton 1o
feition the trial. The tnal was a rundomised
compleic bloch design comprising 2 cuttin:
interval. (20, 30, 40 and 60 days; and o replica-
tions. The irial commenced on April 16, 1999 and
finished on December 13, 1999, On Apnl 16 3|
plois were cit 1o 5 em above ground level and
156 kgha NTK fenilise; i15:15:15) applied
Each phot messured 5 m » & m. The 1rial wa-
drvided 'nto two 1 20-day penods

Befmu:hcul.lu:igmﬂmp;mpﬂplm
Wi meatured (a5 in Trial 1) A each cut. four
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0.23m? quarrats wer: cul 1o 5 em abave pround
level from each plot, divided into stem and lear,
weighed fresh and a 200 g subsample of each
souugznent dried at 707C for 48 h and dry weight
recorded. The dried stem and leaf subsamples
were analyscd for otal N oin owder 10 caleulste
crude prolein levels. After each sampling eut, the
remnining forage was cur and remaved. Femiliser
A 136 kpflin NPK (15:15:15) was applied o all
prots every 30 days,

Bara from hodh trials were analyserd using the
IRRISTAT programaue from [kl

Resulis

ﬁ'r.ru.l_,l’.'u'n’

Bainfall during the studies was ahant 10% below
the modim-ierss wean of 1503 mmjannum
(Table 1), In hoth years, rainfall was evenly dis-
[ributed i the wat eryson except for= dry period
in August 1999 wlien less than haif the medium-
tern mean rainfall was vecoived, No waterlogging
vecurred at the trial sitcs during the studies.

Talidg §. Ranfan g1 (b Rachathani Uiiversiy during ke

Wl aral e e laiem- b s epar,
Muoarh Rarnlall [pem)
it 1998 1995
Jan | i |
F=t 1 45 3
W =) il 42
Apr L] Lo ¥z
Mgy 23 94 155
Jun 258 1R 12
tul 1ap ({1 ke
Ay 28 193 b
44 . 25
(e 9 5 ba
MHow LS 104 n
[heg L] ] L]
Tl [ETL 134 1TR2

"loeat mean, 1991 100

Tried §, Efse - | of cutting interval an.. curing heighs

In Trial 1, treatment effects were generally signif-
icant. There was a sgnificant (P = 0.03) cuting
height x entling interval interaction for el DA
and ‘.af DM yiclds (Tabde 2) an INCrEase o
culting hewplil incremad yiekds a0 3 cutling
intervals, had no ellecy o 30 days and decreased
yickds a1 GO curting edervals Increascing the

interval between cuttings feam 20 10 60 days
increased total DM yicias regardless of cutung
Rheighi but increased leaf 1M yield only when cun
a1 ground level. Peak DM yields were 14uha pro.
duced from two 60-d cutsing intervals,

Tabde L Fiffect of cumine height and cutting micrval oo to
DM mnd feafl T yichd of Ubon pospatum in 1998 (1131 1),

Cueting Cwrnrp beipght (cem)
saerval ad) —
L1} 1 x
Toeal DAY Lot
M g (ol TR K73
L H 44 £ K15
il 1= 302 13 ey AR .15
LS o = fhensy 2aks
Veaf DM i
) 4115 [ETE] 7412
1] Bull 2 and LERED
nh RE1J E it L AT

LSL}:I"-: w5; 20M)

The only other sipnificant effect of cutling
height was an mcresse 1n plant height ar harves:
#s cutting heisht increased (P < 0.01: Table 3
Al ather interactions were non-sigificant <o
s effects only are prescnted | Tahbe 1)

AS the interval between harvess increased
plant hicighi. stem DA and leavesfplant mereased
(P < 0.005 with the mazpn TCSPOfse Detween 380
and tlld intervals (Tahle 3), Tillzrsplan: were
ol alfecied by cutting inteival

lahte X Ziloct of euitoy Deien: and ¥R Ermte al e d il
siem DAL wllers/plant and lesscoplant o Ubas Pkl
VS (Tl 1

Coming Heighi Seem DM Tillerw Legups
adenvalidi femh Thehai pant plamz

n 5! LR T 5. |EE -

i TR&h 17" h L1 dip k-

i 13,7 a e o Y LI b
Cuning

heigta icms

n ™ R o b2 7 Y

wnd ulh 25k . ol oa 1404

k) s s el s 14 9.

"Within columnt 30d reaimens fa s sy followed =y 2
COME o by WY nob sgmbcaly differom = P ox 003 b
Duncan’s Mubple Ranpe Teu

There were no signimcam ruthing height =
Cutting mierval interactions lor spanliny annbates
and main effects only me prosemed (Table A
Increasmyg the interval betwreen harvews reduce:!
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concenfrations of CP, K and P but increased the
concentrations of NDF and ADT (P < 0.05;
Table 4). Mean crude protein  concentration
declived  from 6.8% when harvested cvery
20 days 10 5.1'% when harvested cvery 60 days,
Increasing cutung heipht seduced P concentra-
tion and increased NDF and ADF concentrations,

while effects on CP% and K% were minimal
[Table 4},

Tabie 4. Effeci of cutinp heighs and cutting interval on qualily
af Utwon paspalurn m %95 ( Treal 1)

Cutting o i K NOF  ADF
wleival ()
(%]

m t¥a' Ni7a IMa Auwb 378D
'l 59« 0DMa Jiha &67H ATERL
il +tbh D3I5p 135b &AL ANGa
Lugnimp

heeight fomd . AL e S
a Glw 03] = 1% A%9h 0a
L] 53a 038w 2772 obia IMGab
0 3% f}!ﬁlh :72n &l6a 397b

"Within prbeens and eatmenis, means follewed by & enmmon
lensr are noa significantly different st P = 0,05 by [uncan's
Mulupic Ranpe Tew

Increases ' cutting 1mierval and cunting heighs

increased stubble DM per plant and roo1 DM por
slapt (Table 51,

Table 5. Effeut uf cuming hepht and cutting infenal na Lbor
paspalum nlant stubible and plam roo g0y nuatter after Bral cus-
tine B0 120 favs L Trial B

Curlting Cuntimg heaght (om)
nterval {d] - -
Yy 10 0

Stubhle Dbfolam (g1

1 745 ms i Ay

an 197 222 ALy

Ll Rk 32 40

Rt DMAplant (g

ki 262 M 543

k! _ 417 no 357

i) 57 WE 743

Trial 2. i999. Effect of cutting interval

In Trial 2, total DM vicld increased sieadily as
the interval betwesn harves's increasct but differ-
ences were significant (P < 0.05) only berween
20 and 60 days in Period | and between 20 and
40 plus 60 days in Period 2 (Table 6). When both
periods were combined. 60-day intervals

147

preduced more watal DM rhan a 20-day cutling
interval. Peak DM yiclds were 28 tha produced
from four 60-d cutting imervals. Leal DM yicld
increased as harvest interval increased bug differ-
ences were significant (P < [L05) only bepween
20 and O days in both Period 2 and the com-
bined Periods | and 2. Stem DM yicld was
increased as cumting nfesval wwreased, wath
averall yield higher with 40- or 60-d cutting than
with more (requent harvests.

Increasing the intcrval berween harvests pio-
pressively increased the haight of plams st
harves! ';.Tﬂhl: T Crade jrutein gomncentrations in
both leat and stem material declined progres-
sively as the interval between harvesis increased
iTable 7). Crude peatcin concentralions in lea
and whole plant material exceeded 7% when
harvess wers jtade al least cwery 30 days in
Perrnd 1 and every 40 davs in Peiiod 2. Cven
when cul every 60 days, leaf crude [rOlEin way

4.4.69%. '

Discussion

In 5 cut-and cammy forage svstem, the lwo mwn
ssuey 10 he addressed are how high 10 curoand
how often 1o cut. In these nals, cutiing heigln
affected rotal DM vield amd leal DM vield oniv
when 1lhon paspalum was con every 20 days,
Cutting a1 20 cm every 20 days in Trial | pro-
duced sigmificantly mane ot DM and leal DM
3 s than cutting 1o ground level and sumular
vields 0 cutting at all heights overy 30 days.
Cunting every 20 days at ground level drastucally
reduced the plant’s stbble and root rescrves
conipared with cutting ar 10 or 20 cm (Table 5)
which slowed down the recovery rate of Ubon
paspalum after cutting. When cut 1o ground level
every 20 days. stubble and root rescrves were less
than half the reserves remaimng after culiing
29 cm every 20 days

Tiiz cutting int=rval for 1ibon naspaium was
the most critical is+uc, having siguficant impacts
on yiekds ul tord DM, leal DM and stem DM amd
forage quality, Frequent cutting greatly reduced
yields but increased forage guality, In Tral 1.
cutting cvery 20 days over a 120-d penod pro-
duced S3% (Tth2) of the total DM yield obraned
by cufling every 60 days (13.2tha) but crude
protein. P ana K conceniralions were higher and
fibre concentraiions (NDF and ADF) lower. In
Tral 2, comtmy every 20 days over a 240-d period

75
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Tabsle &, Effert of cutting inlerval on dry marter yiekd of Ubon pospatem = 1999 (Trial 73

Curring

DM yield {kgha)

[[L17 55T p—
d ;
e Period 1 (120 d) Period 7 (120 d) Periat 1 + 2 (240 d)

Leat Sirm Todal Leai Stem Tkl Leal Stem Tzl
0 LRSI I8M0h 1l éshb Ti9h 18320 99l b 15955 5651k 21 &7 B
k1] 931la 36 b 13 §72 ab B 1E5 ah JAAh 11 548 ab 177573k AOA1H 24 T2 ah
40 9757a 2430h 13WTah £ 3IW0eb 52693 131630 . 18127sb ETI%3: 76 Hdban
&0 10947 a 5172 16119 B RATa A0S L 1ZElSa 19 744 2 G180z MM YMa

"Withen columns and
Eanr_z T

Table 7. Fifect

petiods, mesns [ellowed by a commen ketter ase significamly different a1 P = 0105 by Duncan's Mulriple

uf cutling mecrval on plant height and urude proten concenrration of Ubon pasqabum m 1999 (1ral 3

Cuttmg Peabad | (130 ) Perieni 7 {120)
interwad (o)
CP %) T
Height fum) Leal Stem Tl Theight [cm) Leal Hem Tonal
.| AT ar §ile @6la A4a e T4 fifia 100N w
3| Sede 92a 45k 192 450 b Eab 44 Tab
af) Fi6h LY 3de 52 G808 B9 b LT T4n
L] 100.0 a fidb Iic 55hb G50 a b9e ile 53¢

"Within columm and penods, means inllowed b
Ranre Teu

produced T4% (216 vha) of the toral DM vield
Trom cutting cvery 60 days (24.9 vha) butl cruge
protein concentralion was nearly twice as high
{10.0 vs 5327

The levels of stubble and roal marerial which
remaiied at the end of Tral 1 (Table 5) help in
some fespects o explamn the uilferences in DM
yields from different cuting interval reaiments.
Delaying cutting increased the plant's stubbic and
ool reserves therehy helping lo increase the
recovery rate after cutling.

Crude protein concentration of Ubon paspalum
in these studies declined more rapidly with
delayed cutting than ~rude protein concentration
i other forages in Thailand. Crude protein con-
cenlrAlion in Peanmisetust purpuenm  dectnd
from 8.9% with 3%-d cuttine 1o 7% with 50-d
culting (Anon 1956), Crude protein concent=atios,
in Brachiaria ruziziensis deciined frova 16.2% at
30d cutting 10 65% a1 604 cutting (Anon
1995a). Declines in CP concentration in Panicum
miazimum were from 8.8% at 42-d cuiting o 6.6%
a1 70-2 cutting (Anon 1995b). In these smeries,
even al advanced matunity. crude prolean concen.
tralions were at or anly siightly bower than the 7%
critical level where nitrog=s ~seded by rumen
microorganisms becomes lmmtmr (Mitford and

# 8 common letier are 723 sipnificantly diffeven w P = 0.05 by Masa's Mullipls

Minson [966). Advaneing the age of cuting m
Ubon paspalum 1o 60 davs produced  crudy
protein levels on average more than 2 percentage
units lower than the 7% eritical level,

Hennessy {19804 suggested a hicher cmitical
crude protein cancentration of 8 1% for tropical
forages. Studies from Kenya -u. nipier pras
indicated that the cntical piotein level for milk
production was 9% (Muia er al. 1999). This level
was reached at 7-8 weeks of marurity in medium
rainfall weas (R0 mmfyear) and at 9-10 weeks
in high rainfall areas (1200 mm/year). However.
both these maturity periods when applied 10
Ubon paspalum are oo advanced to provide
nuiritious fvrage, euher in e heeher mminfall
zreas (1500 mm) in Thailand or in the lower min-
fall areas (ROD mm? in Flonda (Ka'mbacher <r .
19497h, w

Dats from our t=ials make st dijvec ot 1o recom-
mend an =bsolute cutting interval as the interval
chosen will depend o~ what combination of yicld
and quality is desired. In sddition. the differem
absslute concentralions for  crude  protein
oblained in the two studies make o danperous 1o
sugped & harvesting fregquency  which  waill
Euarentes 2 crude protein level showe 7%, Crude
prolein crmcemration of Ubon paspabem is also
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alfected by walerlogging and nitrogen (Hare
et al. 1999d) and if ficlds become waterlopped
and [armers fail lo appiy nitrogen, crude protein
concentrations invanably do nuol creced 6% on
low fentility sails in Thailand (Hare er al. 1999a;
19944d),

On smallholder dairy farms in Thailand, cows
average 7-8 kg/d raw milk (1400-1600 kg/
‘zotation), have a lactation period of 200 days and
2 calving mierval of 400-500 days (Chanala-
khana [994)., Purchase of animal feed Tepresents
nearly 60% of farmers’ direct costs and produc-
u¥ity increascs are limited by feed supply. Dairy
farmers growing Ubon paspalum may desire (o
cul al 20-30-d iniervals in the wet scason to
maximise nulritive value, even though dry matrer
yrelds will be reduced, in order to iry to reduce
some of the aninal feed costs which are mainly
fon e perchass of protan sspplementi We bz
observed that dairy caitle are reluctant 1o graze
Uben passpalim pastures older than 40 days,
probably because of the low palatability from low
nitrogen levels and high stem ecstent

However, swamp boffalo (Ber Bubaliaj fon
drat and older native beef cattle (Bor indicin)
readily graze mature Vhon paspalum and farmers
tearing these ammals may preler a longer inter-
harvest interval to wcrease G yield. High
yuality forage appears 1o be of lessar importance
for draft swamp boffalo and native beef cattle
which are slzughtered only when they are Quite
uld or at imes of cash shortage. One daire Fammes
does wwe swamp buftalo 1o praze and contiol
Froessive wel seazon growth of Uban paspalum
before cutting the 20-30d reprowth for dury
Ty

In Florida it is weommended that Paspelum
atrafum cv. Suerie be cut ar 21=-28-d intervals in
the main prowing scsson (mid-June to curly
September), rather than at 40- or 60 intervals,
o maxunise nuiritive value 1o maimam livestoch
preduction even though dre matter vields are
reduced (Kalmbacher e al. 19979} before pnd
afier these times wlwn Suenc is growing le.s
rapidly, the recommendation is 10 cul at 36-42-d
intervals.

Both Suenc and Uton paspalum are cultivars
from the same pareni plant and optimal cutting
management i thercfore mest likery similar
Both ae denved from a single collection from
Brazi!, BRA-009610, and introduced imo Flocida
in 1980 and into Thziland in 1594, Cultivar Hi-
Gane is the Australian release of Culiivar Soene,

Previously it was thought that Susre was from
BREA-D18996 but recent communication with [
Ben Grof, who has cxamined samples and plots
al cullivars Suene, Hi-Gane and Uban, confimms
that all 3 cullivars are identical.

For dairy farmers in Thailand producing a
high quality animal product such as milk, the
shomer cutting interval for 1ihon paspalum 1o
maximise quality is similar 10 the infervals
recommended for Suerte by Kalmbacher e af
(1997h) In the wet season, cutting \lbon
pesplum at 20-30-d inlervals (compared with
21 28d for Suerz) maximises nutritive valee
Even though the crude protein concentrations
were low in Trial | for these 2 cuiting intervals,
mean concenirations were more than 2 per-
centage points higher than crude protein concen
trations from 60-d-old forape. When cutting
every 2 deys, the data from Tral | stzgest thiat
the cuning height be raised 10 20 em above
amiund level to allow quicker recovery by plant=.

tdate for early dry semson production were
collected only in Trial 2 (Periad 2} and SUEes]
that e curting interv2l can be extended 10 40 davs
dizring this period which is cimilar 1o the a3
mizrval recommended for Sueie (Kalinbache:
e ol 19578), With louger cunting intervals, cut-
ting height is less imporiant and cutning cloye 10
pround level will not atfect forage vields o
quality

The nuiritive value of Ubon paspalum 15
pencradly lower than that of ok-: comionly
Bl fIOpIcal pracses in Thailand Fo, poos
dairy  production based on Ubon paspalum
pastutes, regardless of culting interval, there wiii
sfill be a nesd 1w supplement wath leginmes and
concentrales,
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Method and time of establishing Paspalum atratum seed crops in

Thailand

AU HARE. C. KAEWEUNYA,

R TATSAPONG. K. WONGRICH FT.
E-THUMMASAENG ann

W.ELR IYAJANTRATONG

Fotendpy i.:.r Aerwwnltnee, Ulivin Ravelatlonn
Laiversing, L fate fesehicniy, Tailand

Absteact y

Seed crops of Paspalunt atiarim ov, Ubon estah-
lished by sowing sced produced no seed a1 all in
e first year of estabilishment in Thadand Iy
comparison, ssed crops planted with 1illers a1 the
hepinting ol the wel scason in Mav produced
132 kgl seed 5 months ait + planting i one 1rjal
angd 330 kpfha seed in o sece d erial. Tie il sevvied
il delay i plantiog tlles - wntil June md July
severcly meducel seed yio ds from o high w
AN Kgha when planted in e wly May 1o 0 low of
Ikpdu when plinted i mid-July  Inflores-
cems/m and seedshntlores, ence had the ercales
elleet o seed vield,

Twenty village Tarmers o snigll, sperd pro
ductivn prrijecs suceessiully isrvesied 1839 and
2017 kg of Ubon paspalum seed in 199E ang
PR, respectively. The methnd of hand Loocking
matuie seed from seed heads info s every dday
enabled farmers 1o harvest mean seed yields of
632 and 65| kpAs in 1998 and U9, respec-
wvely This harvesting method, combined wirly
low drvmg in the sude and thurough cleaning
presuced seed of & very ligh qualiy with o
thimsand seed weight of 11 2. a sced purity of
e than 97 Al = sormunation of 1% i
Iis-narvested seed and 919 i 1999-harvestad
seed afier § mionths post-harvest storage.

Intreduction

faipalunt atrarum ov. Ubon is mcreasingly bemp
ward by dairy farmers i Thailand for Erowing on

Comespondence. M.D.  Mare, Faculbty of Apmeutnir,
Ubon Rashgthan Unaversity, Wirin UChamrab, Ubon Par-
chathans W19, Therland, E-mail; Ml ki aen v s th

wel, waterlopred acid soils whicl were Turmieriy
tice paddy fields (Hare o 1995, 1999h). 4
hey aniribite 1o il suceess and sufseguent adop
tion by farmers s thar Ul paspalom seed o~
readily available us it is relatively casy 1o lurves
compared with other rromical Brasses i Thaylaml
tHlare ot vl |99k

Preliminary seed studies i Thailand faurm! LRl
seed yields of Ubon paspatuim were affceted by
lirvesting methiwd and cloming daie (Ilare !
IEJ‘?'J:'L,Hand-Lnu{kmg mature Ubon paspebum
secd from seed heads o hags every day po.
dueed 1wice thee amount ubtained by threshing o
sweating seed heads. Cutting sed crop late
the wet season  Augua  and Seprember i
Mhailand. prosduced litile or o secd

Successtul torage seid production m Tl
s hinged on village fanmers hand-harvestg
seed of ruzi grass (il siciztensisy and
Woerann '-J:.iu LSt feaneriatine dangina ) (Hane g
Hare and Phaikacw 19995 I 1996, when we real-
vk than thene would et futine e miand fe | T
Petspathin seed. we contracted oge sillaire Farmer
1 grow secd for us. W chose s farmer w I had
RIDUR (Hevious soei grass and Verane sivio seed
crops for the Depantment of Livestock Develop
ment, In Lite May 1996, we gave the farmer rooted
tiliers ol Uban paspalum dug from mmiyre plants
which she hand planted in a 30 % 50 ¢m grulam
1M m” field. In September 1996, she harvesred
475 kg of seed. equivalent 1 340 kg,

Neighbousing fammers in the same villag= saw
It success and observed thas seed production of
Ubon paspalum appeared 10 be easier than that of
rusi grass and Verano stylo which they had grown
Tor several vears, In March 1997, we contracted
20 farmers, including tie first farmer, to grow
Ubwn paspalum seed. Fach farmer received 300 g
af seed in March 1997 and they were instructed
o plent the seed in a numsery and Irmosplant
sirong plants 1o their fields m May-June. Each
farmer was contracted 1o prow o ficld nat

erceeding 1600 m?,
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St Lnmers die iy wasplanting flue glleys
until July as they wamed the soil o I YOTY RS
ab e time of transplanring. They Bael frvepuenly
M T s sl in June—Tuly and feirvested
good seed crops in November The resalt ws gl
e Felds plamted i May g Jume averapeid sepd
viclds ol 315 Laha und 65 hedfun, respoctively,
“'hr_'l."l:;.'l:. lields r.l]i]l'lll."!l.l i JHE}' prowliced no il
In & neighounng provinee, fhye Depuartenent of
Livestock Developmont also cinrracied e
arow Ul paspalom seed These Tarmiers sinwei)
therr fiekds with seed i June 111 traduional (e
har sowinge ruzi grass seed o rops ot higie vl
and o seed heads wene produced n thee fiost v

Wik this information. we cstablished 1eld
Expeniments 10 determine. (a) which plantin:
methods would pive the buest seod vields of Ubon
paspeedum. e (b1 e most stable e o esiah.
lish seed crops. In adduim, dats wiere pathered
frovn the villaze fatmer weed et

Materiale und metlinds

Ftelef CALICT Ry

The fiehd experntents were conharted i g
Ratchuhzm provinee. Thaland L St O T E
o the Ubon Fatchathaen Universiey tanm w2
siesn 8 2 ha paddock  Ramfall wes tecorded
Fhan G the g paddock 1Table 1) The st
and st Distory love preveomsly Issen doseribed
oo Faere o ot VEVIRRG

Dodal £ Mertind o som ey

Aarial commene:d in May 1995 10 sndy methods
o1 extablishing Uban paspalum seed crops oy
et planted wiih tillers in July 199 with 80 « 50
e znd spacings This field prodieed mo secid
1Y% but prosduced seed in ua7
Phe trial was @ sandsmsed complete block
desien of & replications and 4 ITCalitet s
I Sucond-year piantc established in g6l
2 First-year slants sgwi by seed in |Y9H
12 kgha (12
- Fistevear plants establiched in 1o Frony
tllers dup from second-year mature plants
(T3),
4. First-year planis established n 1998 from
seedlings grown in plasiic bags (T4).
Pints for T2, T3 and T4 were cultivited witlun
the 2-year-old feld and all existing  Ubon

o

K Wamimnclr, &7 Intetiseureccog ol W0 .*Trrr.l_l'.{,l'.mrm.rmr_t

Paspadom planes were remsvged. TE plais wepe
left intact but were cut ar § ¢m abive pround Jevel
o May 25 1999, when the atlier Irements were
planted. Seed in T2 was sown in rows S0 e apart
and hiehily covered with woil. Tillers in T3 were
divided from freshly dug plants and planted in 3
A 50 em spaced srid, Scedlings in T4 were
vatublished in a nursery from seed in March 18
el hagd wel] developed rovts when planted i 2
similar prid patiern oy May 20 Plams i T3 ang
T4 were wmmed 100 5 em gbove pround
planting and all plots wece cup 1o ioammilar he i
ul S cmoon July 1, 1995 1, prevent lodging s speqd
harvest, Plots measured 3 % 6o

Fertihimer was applicd Phaming 40 Ly N,
Wke K20 ke & und 20 kg Ffas, on July 1 afier
cuttmg (20 hg K. 25 ke K. 10 ke S and 10 by
Piwa), o0 August 3425 kefha Ny and on Ausus
I8 0 ke

O Seprenber 149, 1998 4] mfioscences in
eighl 3 m raws 1 cacly ol were connted amd then
ned e Clving sheaves
Plankaew 19930 fwenn

tRowithavahorn il
influrescences (ram each
Plot were qaken from just outside this arca f
epekiictive analvsin Al favenies went Countsd
ve el i oresience gl sprkelers per raceme
Wbt cointd from Tt eiies T onnlorescence
takin from b2 top. nuddle and s ot rack
mbrescence. Seed vesting commenced or
Sepbermiber 24 warly ikl bmowking of weed from
W Tlvine sheaves” i bickets O Cictoher 9 y)|
Vs iz sheayes? wewecnn swealad i doshd oy =
cews aml then thyesbed, i st wiss (risd aloady
in doors on newspaper and then cleaned through
atnd screvns und 4 Dakoa secd blowe: Followiny
Cleanmg, seed vields and thousand-seed weiphis
(T5W) were carmected 1o 12% sevd moisiure coin-
tent (SMO) Seeds [er inflorescence were calen-
ived by dividing wed yeldfinflorseence {seed
vk« imlloresenceigm) hiv the wensht of |
s (YWY 100K

M harvest dhie siblle was o 1o gt
level ang the Pl wore left 1o frow lor another
st et I Muy 1999, 1he plot were =y
tlose 1o pround level and fenthsed with 2 com-
rouid feniliser (NPE PR 15:05) at 156 kgha
The compourd femiliser was used because it was
castly available. The same aiagun of feniliser
was applied again on June 1§ and Avpust 13,
IS99 ALl plots were trimmed 10 30 cm abave
ground level on June 13 and agam 1w S0 em
above ground level on Aupust 13, 1999 1o prevent
lodging. This last anti-lodging cui was 6 weeks
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Extililtslring Penpalunm SR Al 0w G faeefy |

bater Hiie in the previous year becawse the plans
i ull treatments prew more vigorouxly in 1999,
These heighits were well alwove the height of the
reproductive apices in the planis {Kaliwlaeher o
ol 194953,

On Sepiember 30, 1999 o)) mllorescences jn
fuur 1 m rows in each plot were counied and 20
mfureseences fram cach plot were taken from jusr
oulande thes area for reproductive analyais as
detailed above. All inflorescences in cight 5 m
rows were tied inlg "living sheaves” snd daily seed
hinwking commenced an Septemibor 24, 1999, Al
seed in 19 was harvested by knewking and no
=eed was callecnad hy cuiting en threshing Tl
Seval was deivd and cleaned us in 1498 and seed
vields and TSW were correciad o 2% SMC,
Sevdsfintlonsscence were calcilated as nhave,

frad 2 Toime af plantony

Thiz el in 1999 studied the effegr of planting
it on [ paspalum seed production, -
il was adiacent 1o frial | and was g ran-
domiseel complere Block desi s repliuted =
Hrtes watli & plantmg date tree meats 2 werks
apart i May F May 200 foge 2 lune |8, July 2
Al July 15, 19995 The tield voug culivated in
carly Muv and, on the day of e ch plantng, the
Plols b pilunied swere Bl ultivaned agap,
O the day of each plantig, ma.wre planis were
dug fom an wdjacen Zovear old field and divided
i ek rooted 1illers, Thiew Wi
raneed 0 0 00 e heiglu and Bossd-pranied i s
M= S em spaced pead Flots mwasured 4 = 5

e plists thar had been planted were fenilised
with a2 compound feniliser (NPK 1515 15)
Pin kg on Juie |8 and Julv 2 and all plots
werr Jertilised 90 the same rate o Aupust 13,
P99 The hiew 2 saowing date

I'.I||_1n‘I

breabimenis only
were tinnmed hack o S0 cm g e ground hevel
W AU TS 999 30 prevei lixlping

LN depiembes 23, WL gl irllorescences in
fue | vt raws i ewch IR wete coonted ang 20
e s et s (ram each Plen were taken from jus
wisige i agres for reprductive analysis as
detmled abowe Al inforescences i siv 4 morows
wCidl gl were tied o Cliving shesves® anl
daily seed Lo bing commenced on Scpiember 27,
FRMend wontinued in some plots until Ocusber 22,
P8 Thie seed was dried and cleaned as described
Peevioundy and seed yields and TSW were cor-
revicd e I2% SMC. Scedsinflorescence wam
calvulated as above,

Data froom ol yeads were nalyseld usang gl

IRRISTAT program from IRRL

Villuge firmer socd ey

In Muacch 1997, 20 Vallage {ainmers siened v
tracts 1o produce Lson Pasprilum sced, §el
farmer was contrcied 1 ATOM' Gin atea up e
1600 m” and ke canmacy prce was |06 balif o
(43 baht/SUS: Feb 2001) for cloan seed wiply )
TEW ahove 2.5 L Al tarmers were EXRTIC N
T EWing g Brass seed o their Lind. Ap gy
Tnne ol congract siging. cach tarmer Feceived
200 g of seed This sead was Manied mo nueseriies
i bate Maich and seedlings were transplamed i,
the field from May onwards, S tarmers planied
i May. 7 in June and / July. All farmers
lund plamed the scedlings i $00 % 50 e gk
Towards the end of Seprember, 20 infloe-
PENCES wire daken (mm cach field for E e
ductive analysis. Inflorescences were ey ol
i “living—=heaves" and thie seed koocked nie
latge seud-ney feeepiacles (Kowithayvakarn a4
Phesib gz 993) e seed wais dricd lawly
HEsts e shade wnd then oloaned by w e g
M vane s This licld-dreved seed s i
Clused m Oviober 1997 1 -Cleaned throwsls
sedd cleaner. mAinly 10 ser pd o dusr st Fg s
and some small seed W wanied all seedd 1o bie o
A constant purity. The held-dressed seed was Vi
vlean wnd only ghour 337 redustion moweign

tesidied,  Seed  ppoasgure COtlent ¢
machmc-dressel sead averaged 1o and seed
vielils and TSW  were calvulmed  fionn gl

machine-dressed wwed.

Dhring the dey season, Ruavember |97 g
April 1995, 1he hields wers meseed and some werp
bumt i Marel 1998, AN burnt nelds: recovesl
quick . All fields were cut o M3 ony alwpn
pround level mearly July prevent livlewy
Farsers applicd  fermilioer in b and emly
Ay, Harvestng commenced in late Sep
fember 1998, with sead being knocked duily from
Iving sheaves' The seed was dried in the shade
and the field dressed  seed purchased in fare
ctaber 1995 angd re-cleaned 1o remove dusy
anthers and small sced. Seed viglas and TSW
were comected 1o 12% SMe

e fields were grazed over the dry season and
same were bomi in March 1999, In May 1999, 3
farmers planizd new fields with tillers but the
wiher 17 farmers used their existing ficlds 10 pro-
duce a third weed harven in October 1999, All
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Huind-year febds s cor ok iy Tl JWHA) 1
prevent loddving and fortiliwer applicd alier cut-
ting. Seed won dried s cleamedd as in Previnmis
ywirs, Seod vields and TSW were caleulatied on
acliswedressa] seed and comecied 1o 12 sl
LT £

Fesulis
Reongdeeks

Ramtall i (997 was glume e with waner
lup g veenrringe a Toal | froum July until e
beginamg of Clotober {Tabke 1y, Banndall e 19
01999 wan below averaze, wirl the 1l Siles
waterlogped only i Seprembier ‘ol pach U,
D the d-ypar study period, an averape nup-
fall of 34 ma bell durmg the Sepember—
Ot Tl wrome and u‘-'-'-!un'{'ntinj: e g
the il sites

Talele 1, Rl ol Foysins a1 Lotmrer Fty haslaini Bl ilin sy
the- sty o s aed e 1ot n e

LREEH R
S i JreaT S Ttk
PET ' i |
Fub i 3 i :
LAY 2 1 L Lk
Arr Bt ¥ i} LY e
May b ® (L] Ty 455
Ins 2ah k3] 1ES L
Jait i A | fax Sl
Aang b LIS e il aipy
Rt - By e
Lice [ fas oy ik
Sy 11 il i 1]
[, L] i L i
Ti! IRLIL] | #etded FELL IRES

Yhovenr FLLSRIT N E R o (VYT

X ALY Mare, £ Kowewkerva, 'hrr.\r.r;hmy_-, &, Wesisepia by & Tm.qmur;j"rug aered W1

Kesrivarfernreaton

Tt 1. Aethont af serwiary

Muthodd al sawing affecied seed Yiclds i tlse fyrs;
year of establishment (Tuble 24) Plogs =W wtly
wid  pricduced w0 inflorescences at  all
Second-year planis (T1) prodduced more seed thay
liest-year planis (T3, T4) because they produce
twice the number of inflorcscences r m’ (P o<
05}, However, ilere wire latge vanarions
seal vields between (hese plets due to fangny
birds. resulitng an pg significam differences in
seed yield. Teatments had oo ofjea ol TEW
which averaped 5 o

Plots sown wih secd peoshuced some seed
Hie seeonnd vear bl yields werp fower thian from
ol plars as very few mflorescences were pris-
duved {Table 2b) Overall, yiclds were consider-
ably dess than iy 1he Previous vewr as fomging
iy reduced seed viclds 1 winy plois Theae
were mose inflonssvences and sbalers bul lewer
racernes wnd secdsfinflorescence than o (hie fire-
LAY e

Tivird 3 Towne ayf ity

Planding: dlare <isinnlicamby iPos s alleg el
Uihore paspalam seed Yl i the npa ey
tlable 30 Plaming yllers 1 Mas proddined thy
Mighest seed vielibh 3= nmes  (hose from
plantings in June and more than 10 times the
vields from planiings mid-dulv The number at
mflorcscences was <igmificanils weduced by
Plantuse in B and Juls Howerer e numiser of
Leiesinilorescence and spikeles/mveme plis
TSW were not significantly (P > 0,05 affected b
planting dats Plantig in early Mav produced
signibicantly (P < 005 mone seedsfinfloresee -
than later plantings,

Table 2. Bnreer o viretlwad b s s | e Ml aged (LI TS T

Tieatmucy Seand yeld Ui 0] PP TR - Frpeny Srikelvt- Seta
Ahptin iy fnlliew cae - palere SBires e

PN

TE 2vied yyar plaris 170 ut LETTES K . Hh 1E6T 1 [
T2 Seed wrun |u yeut i =

T3 Tilkers plagited, Tat s 1323 Lim oy, 17n (T 126 4 Ty
T4 Plantic bag seclioga. la pear G9ls 1EEa ] Kb INTh 147 2
iy 1999

T Ard e plamis EE Vila i RG] 143 Iy
T2 ¢ wrum, dnd yogs 13k S g 15 LT h IVa alia
T3 Tillers planted. Tod year ¥4 a Bl L) 1233 hta 1222 4a
T4 Plastic hag scodlings, Tl year Shonh LR b Lfa 126 s IRa

:"Elhin el and gears. cans fillowed By 4 comemon lether wre e spmibcanch difierent o P w 00% by Duncan’s Mubipie

Ranpe Teu,
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« Mufnpls Kznge |

Tahle 4 Llhlhll'\.l'\.|ll.lll:.'\.t:|-:7; e gl
Deliay i planting time severely reduced village _
~ i 5 ] o Fowran P'|,;n|||-||_-c Proogr [Tl [ ne immn
seed vields i the firw year of production m T i
tlable &) The 6 Farmiers who planted in May
997 harvested w mean machine-dressed seed L ::' T 'qlil :;J
- ALY i Al o
ywld of 315 kefha in October 1997, Junc plant- E R g Sk i
ings prexluced only 65 keha of machine-dressed : ::1.-_[ 1 A5 0
- M £ %] T
sead and July plantings pusduced no coad ar all as i 5.:.: i il i
these fields did noi flower. Mav-planteal fields 7 it I% i3 Al
averaged 32 nflorescences/m”. 123 racemes/ s f:" i s :”
. 4 e b
milorescence, (49 spikeletsica cme and 336 i L s Ni%
wedsfimtlarescencs compared w ik Teie-planined 1 burs < e b
e " = Mg - Kl A%
Helids which averaged 1% inflorescences/m. 118 i i o o i
twemesiinlorescence, 147 spikleisfrceme and 1 Lty g s
L34 seedsfintowescence (Table § ). b el R
The menn seed yields of the 2) fehds i[9y I7 Juith - Bt R
and 1999 were 632 and 65 keMa, respectivels :" JI'*"' = ol
T e . i i 55 LA
thable di wuh an averame sewd purity tor heonls " bl il f
vedta o WS andca TSWoal ) o Ak 4, A " ey
Senioniba frrsi-harvest storage at wmbignt lemper-
atares i hessian hagrs; Bermunation rales for sepe
harvested in 1998 and 1999 were 81 and Q1%
h'\pci.'h'L'L'F:ﬁ'
Tailile = Sepad vt CHMRRa ks ol Eatibies e Fredds o tae o arabsldasreeris (TR LT T,
A f"l.mlu.p LIRS Inrbi e, e Bocemint Skt ThH Sopdsf
LU Rt ,Fm' inflie L i TRCE L wiHlare sy gap
1 M a7 1l 1Ay LA ] 15
3 My i 1% L] 15 22
; My L 23 iana V0N 537
4 Mas L) 12 1492 14y T
% LTS Ik 12 1270 RLEE] un
* May Ity 1y | 5u 5 Am e
Tune 1% Hh ¥ 146 4 1T 1541
* Juirwr ik (N 1dats 1 LRt T
v lune s nz 144 4 ik 12
1 line Z1 120 1300 135 I3
i} June 14 125 139K L5 ] 1%
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Tiscussion

The method of esiablishmem of o rrasqualuen
i= cxtremely eritical Tor firse-vear seed pisclue
non. In oo stedics, seed grops established by
arwing sl produced no mitlorescences m e
it year. In Flonda, Kabnbacher of of {1997)
also found thae Tinle Mowenne s seed =et ean
be expecicd i e yeur ol \II'H-'.II'I_'_l P oateainn, Wy
bave also found that_ in pastures sown by seed, no
seed hewds emerge unnl e ~ecoml vear alier
extablishment. This i o bonus m grazed msiures,
as the Jealy. stem-Irec swards o il lirst vear e
generally of a higher nuiritona) gualay oy
second year and older pastures which produce
seed heads i Seprembor—hoiobor (M. Hure,
unpiblished data)

This behaviour seis Lbon paspaium apart from
other tropwal prasses used tor secd productom i
Thaland, Seed crops of ruzi grass. Punioin
st  Fuguriim Drviy figeor ve
decitlieny, Sevavia syl el and Linfr tapmassean
favins can all Hower and produce werd n e
lest yeae dollowme seed sowang I sgems the
Libon pospalum. musy luse 0 poss Hiroogl
Jiwenile phase durmg wlioch plases lave b Is
expirsed o long daws beetore thew can pespond o
Howering stmulus. Currently, we ane conducting
exprments wogrowth clomibers o continm
whether or ool 2 pevenile phase exists o L
fuisspalum

Pl eifeediest

Even an the second vear dtier esiahlisdenen:
Loy p.np.lfum plariks =i rom seed prasimeed
viry low vields compared sk vields from
spaced pihanls grown T tilbers o seesling.
TS iy reflevt LKL TIRRTAT UL B s PR COR Rl
the seed-sown teaiments. Flant mopbers m thewe
treatmenty were high and plimte were sporseiy
tilleied and less rabust han spaced plants Thy
seed sowmg sate of 12 kaflu was probahly oo
high fon seed proaduc i, Recent evadsnee boe
e that seed production of Lbon prispaloss .
lapher in hells with dstances of 5001060 v
botween spaved planis (€ Phaikacw. pessonal
conuunication).

Chr research has shown thar plantmy ilhers o
seedlings is 1he best method ol exablishing Ubon
paspalum seed crops in Thailund but the tine ol
planting must be early in e wet season lor pro
ductive seed yiells Planting tillers in June July
(the traditional peried for plarting prass seed
crops in Thaifand] produces considerably Jess
seed than planting in May. This behaviour again

. ALLY Heve, O K v 1 Toarsonpioaae, b Weenngen Tocr, K7, Thwrencrscrsty seend W K TVt fniirrasfase s

stggests that Ubon paspadun plants may. regquie
bwiger expomure 10 long days before ey will
Howeer profusely, Both Bite wel seaam prlanung
and ewtting (Hare et ol 1999¢) will reduce pated-
| seed vields,

The village Tarmier seed project demonsirsied
i villiee farmers con hand o vest high el
vields, Many formeaes achicved ooeross moanmee of
ower () (XM bah T feguivalem o 5% 1395000
Ubor paspalum i now 5 new addition 1ot
range ol ropical grass and fesume spieeniss village
Larrnrs can successtolly hand -harves o seed
Thnland (Hare P93 Plhadaew and Hae 1995
Hare and Phaikacw 1999 Howeves secd pro
duction ol Uban paspalum s oor winbowr s da
culhies, Heavy thundersionms Iregquently oocus
durim the Septemiber—October lowering and fuee
vest peran] cansing sesd tshed, wlile tesing
boeks may drametically reduce seed  vields,
Farmers fve st up nets 1o-capture the birds oo
sale anindtalled  bod-scaning deveces soch s
warccrows amd tins dilled wirlv siomes. Soma
Farmers shoep dm therr elils wn order o i
awany Birds swhicl fornee o the eoaly momine,

Tionder u eohance ~eed qualin. we hgae
CIPIssed drvionge e seed o thie slade e o
LULIN Ly i 1'.J.|']|:’i tnistary Do wliehy r'r-'u'::!l._'t:'-
non viahle shovelled <eed Sevd pooo o1 1l
M htic-dresamd sl prrovfuced ba Lmers m
Puss and 1999w eaeellent anid wibstacton
LUehnlebon oS woere olnnies] alser 5 veamthe,
LR FLI TR 0 HITY R [ TR R LT PO L PR T DR 1T
W becak embreve dommancy (Mare of ad 1R
e imethod of hand-hnocking e el from
sced hieads sadthen slow dryvine wmohe stade pro.
duces sl --l‘hi,_:n vaalaliny,

A appears o have w sbaniieant i koo
b paspadum seed produstion. The aniveran
st where Lbon paspalum Bas been successtully
govewn Dor forage (Huoe el 190 1995 o
vimsistemy orodvecd fower seeu sacids in these
At pres e irals Hare el P99 than ve s
B vested by Larmmees ol ot the Yoasothon Aniin.
Butrition  staton: W ko oeel of Ubon
Ratchatbam Universiy (Plaikaew o of 20010
By emplovars the metlond of kanockiag sevd Tom
wed heads. the highest seed yields 3 the um-
versity site, from the: Yasoth=a saton amd fran
larmer fields have been 330 622 il 999 Ledi
seed. respectively. The Yasothon station produced
LIR hpfha seed winen seed head< were covered
with nylon net hags (Phakaew or al 20010,
Drainage may play an imponam role. Both the
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wversity sl e Nasothon siles ane wsually
waterlopped during flowering and sced harvest,
wlitens Linner renain  free-drmining
throushout the wet season, Soils at all sites ane
acd Gl low i organic  matier, nilragen,
polassinm and phasphonus, Trees appear to b e
only ather main physical difference Intween tlye
stesCF e umiversity site has seversl larpe trees
ackjeent o the wrialy whereas the other two sies
lave no trees 10 the immeduate vicinity of the
sovd fields, These trees may have produced some
shading etfeer and sl shelicred Tocks of birds
which foraged on ihe sced i the early morming
More studies are needil 16 examine the influence
o e und slading on Ubon paspalum seed
freoddug i

The crancal potential seed yaekl CUpOneils
i b bt anvber o iiloisceenciesfin® and
the aunbee of seeds por nflorescence: Many
Plots i the wneversity trals bl more mifones-
vencesimd tan those _produced inothe Birnners”
fields. bt overall. the umversiny milorescences
prestinced Lar tewer seedsfinfansaence leadin 1ir
lower sl vields  than thas produced by
B This anlicaees thae i 1 an be beoer
v 2 snnaller mumbser of Tag be dw than a Far ey
tucieer ol smasll Bewds Furthermeae, fclds which
prosciuecdd lagh sevd viehds pee wllv had 10 or
more pavermes per anlorescence, Mons detailed
stesdies need o e conducted st wed vield coun-
panents ol bibwon paspalum

siles

Far high seed saekds, 1 b paspalian sewd
wrops slicubd e basd planted with tlies o seed
lings carls mt the wet season, Sowmg seed crops
by sl o plantig tllees Late an ahe wer seaon
will resall i low seed yielids or no seed w all 0
the fest vwar of prodisetion
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Juvenility and long-short day requirement in relation to
flowering of Paspalum atratum in Thailand

M.D. HARE, K. WONGFICHET.

M. SAENGEIIAM, K. THUMMASAENG anp
W SURIYAJANTRATONG

Faculty of Agricultiure, tihan Ratehathani
University, Uban Ratchathani. Thailand

Abhstract

I & sludy on Howesing, Juspalum amraiun cv
Ubon was confimed s 2 long-short day plant
—exhibiting = auantitative responsc to long days
followed by a qualitative response to shor days,
Plants 20, 40 and 60 days of age exposed toa full
period of 60 long days in a plant growth chamber
(14 b light} Tully floweied afier being placed oui-
side i natural shornening day-lenpths. Plants thai
were planted as sprouted seeds in the growth
chamber ai the beginning of the 60 long-day
period 100k 2-3 days for first jeaves to appear
#nd incomplete flowering (B8%) resulted when
they were exposed 1o natural s‘rlun-:ning day-
lengths, Plants that received 0. 20 and 40 long
Hays did not flower afier being exposed 1o natural
shortening  day-lengihs. Piants that were mot
iransferred outdoors but remained growing under
long-day conditions in the growih chamber also
did not lower,

The siudy also confirmed that no Jjuvenile stapgs
exists in Ubon paspalum becsuse all plants after
being cxpased 1o 60 long days in a growth chamber
at 20, 40 and 60 days of age flowered following
exposure 10 natural shontening day-lengths.

The imnonance of the lung-short duy fiowering
ic:ponse for agronomic management of Ubon
rasnalum seed crops is discussed.

Cerespondence: M.D, Hare, Faculty of Agriculivre, Ubon
Rt aang Usiversity, Warin Chamrzb, Ubon Bsicharhan:
L% Thilseed Epmeis bl bl ac th

Introduction

Farmers growing Paspalum atratum cv Ubas in
Thailznd can cousistently harvest seed yiclds
>600 kgfa {Harc er al. 2001) and in small plots
On rescarch  stations, yields have reached
L0 kgfha (Phaikacw ef of 2001). Aeronomic
management is 2 key factor for seed production
sticvess. Te produce higin seed yiclds in the cstab.
lishment year in Thailud, Ubon paspalum sesd
crops should be hand-planted with tillers or seed-
lings early in the wet season iMay). Sowing seed
l:mps oy seed or planting tillers later in the wet
season (June-August) will result in law seed
vields & no seed ar all in the first year (Hare
ctal. 2001). In Florida, Kalmbacher er af. (1597)
#lso found that litle Howering and seed ser ean
be expected n the year of sowing Farratum oy
Suene,

In the second angd subsequent years of produc.
tion. seed crops of Uban paspalum cur late in the
wet season {August and September in Thaiand)
preduced litle or no seed (Hare 1 of 1999, 1n
Flonda. if seed crops of cultivar Suerie are mow:
afier August |, their seed yields are premly
reduced or eliminated (Kalmbacher eral. 1995
12371,

The failure of P. atrarm 10 flower prafusely in
the first year follawing seed sowing or late
planting of tillers. suggested that P arrarum mx;
have 1o pass through a juvenile phasc during
which piants have (o be exposed 1 inng davs
Frior 0 the suminer saludice (June 22j, belore
they can respond 10 a flowenng stimulus (Hare
et al 2001). Juvenility and the long-day require-
ment were advanced by fare e of (1999) as
reasons for the flowering behaviou, of P atranr
cut late in the wet se=son after the summer
solstice. They suppcsted thar removing reproduc
five tillers at this time did not allow sufficsent time
for new tillers 1o pass through another juvenil-
Pase and receive @ sufficient number of long
days before responding 1o a Aowering =T,
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Loch e al. (1999) commented that the pre-
dictable Istc-autumn flowering pattem of £
afratum cv, Suene in Queensland (26°5) and in
the Philippines {15°M) and the failure o flower
when grown al a jow-lattude site (5°N) were
sugpesiive of 2 qoalitative short-day plant.
However, the failure in the higher lantudes of
late-planted seed crops and late-summer—cul seed
crops To Hower in the same year in subsequent
sutumn=winter shbr days suggests otherwise and
that there conld be an effecd of juvenility and/sr
lonp-sham day regquirements for floral inination.
These crops will flower enly in the second year,
23 months after the summer solstice,

The charactenstic known a3 juvenility 15 when
plants will not fower unnl thoey reach a cortain
growth stage, amespective of mceiving  the
shimulus thal causes jnature planty 1o (ower
(Fisher 1999), In muost fropical mrass species,
Juvenility is very short-lived and unimportant, but
in a few species the duration of the juvenile
phase 15 longer and of more significance {Hum-
phreys and Riveros 1986). Paspalum plicatufum
firwers in response 10 10 h days onlv if plants are
21 least 60 days old and no responsce ocours at age
A0 days (Chadhbokar and  Humphrevs  1974)
Andropagon gavaemis did not Hower in 8 h days if
plants were less than & wecks old au the siam of
ireaiment (Tompsett 1976).

The tong-short day requirement for Howerng
has not been reponed o any commen. al wropical
prasy speCies cvommonly multinlied for seed
{Lasch o2 al, 1999, but the possibility of a long
shont day requirement in F. plicareiem has besn
suggested (Humphreys and Riveros 1986). In
tropmical legumes, the long-shon day requirement
15 more commen and has been reponied in 2. e
santhes puianensis var. guranensis ov, Cook (lson
and Humphreys 1984), 5. guianensis var puoe
flora (Andrade rt ol 19%3) and possibly Dearne
drarny rnfuriuem (Andrade [9949),

Humphireys and Riveros (19KG) stated thae
ple having 4 long-<hort Jduy reguirdment ol
Gowenng should not be sowi f252 in the summer
and flowenng might be eapecied 1o be carbier wnd
maore profuse in the higher latitudes of the trop. s
than in the lower latinedes and equatoral re gwons
I ed. Uboa jasmlum in Thailand appea.s .-
exhubal fong-shon day requuemends as litthe o
no flowenng occun alter latz =owing and laic
cuting; and n the lowe. latilodes of wouth The
land 16-9"%) lulke Aowenng oogurs comparcad

with thse peofuse flowering in norrh-east Thailami
{15-1E°N).

We cxamined the flowering behaviour of P
atratur under controlled growih room conditions
to determine: () whether or nol a juvenile phose
exists; and (b) whether or not there is delinitcly 2
long-shon day requirement for Aowering,

Malerials and methods

The trial was conducted @t the Ubon Hatchatluani
University Rescarch Farm (1590 ) . 2000, The
trial consisted of 7 main prmary  day-length
trestmients in a growlh chamber (Table 1) with
4 replications,

Table 1. Growih chamber pamary dav-lenpth' Treatments and
date o Breatment JomITE e

Treatrnent Mo of choet - HNo of lonp Dlae of

dl:.hn.ﬂl das-bemprs Trmatmend
days day COM MmN rme

T L] ] Mar 10

Tz 40 £ Mar ¥

T3 e g & 1K

T4 (1] al Ly W

1% i s Va2

Ta L] o Jum 1

T a i] lul'7

Palwant days = 10 K Hpht. ong days = 12 b hpht

Five dave prior 1o the commencement of each
primary day-length treatiment, seeds of B oaredrnens:
cv. Lbon were cerminated on moist filter paperin
petrg dithes on a bench ol roam temperature
Each treatment consisted of 4 replications with 4
pots per replication making 2 total of 16 pots per
treatment. The 20 cm diamcier pols contained
soil from the university farm classified as a mix-
ture of very sandy low humic gley soil with some
prav poda, alie sml previooshy deseribed by slare
of al (199 Om the moming when the poomars
dev-lengtl treatments coonmnenced, & sprouted
sarde were planied per pot snd the pots rmmedi
aicly placed in the controlled climae plam
groewth chamber (model Conviron CMPA030),
Unz month after planting. plants were thinned 1o
= ungle plani per pot. A compound fertilizer
(15N 15P:15K95) was applicd 2t sowing and at
t-weekly wdervaly thereulter &t 3 mate al
156 kp/ha. The pots were watered repularh

inc chamber was progiammed for 60 shon
day-lenzth days (March [0—4ay B) and then lonp
day-lenpth days (May Y-Okiober 51 Shon



dav-lengih days were 11 h light m1 30°C and 13 h
durk at 25°C. Lonp day-length days were 14 h
light at 30°C and 10 h dark ar 25" Relative
humidity and CO; levels were kept constant at
T0% and 100 ppm, respectively, During light
hours, all levels of incandescent and fluorescent
lights were tumed on 1o produce 198 micromoles.

On July 7, at the end o7 the primary day-length
treatments, half the pots (2 pots per replication
per  tealmenl) remaned inside the growth
chamber in long day-lengths and the ofher pots
were transferred outdoors and placed in 2 field 1o
ts exposed 1o nawral shortening day-lengths and
lemperatures. Day-lengihs (sunrise—sunsel) were
recorded &t the nonh-cast meteorological station
in Ubon Ratchathani, 15 km {rom the university
research site, and temperatures were weeorded a1
the university research site (Tabie 2).

Table 3 Average monthfy day-lengths (sunnrz—sencer) and
wverape awwithly maAimum and minkmuem  cmpoaures o
L'bon Rascharhand in 2000

Mrth Diay-impth Tempcratines
maz =in
{hzmains [ e i
lan 14-2n 3ra 153
Fek [T i [ {0
Mar 1203 Wl 1n3
A 1229 352 M
May 12:50 134 44
Finit 130 L3N 3
lul 255 A4 My
Aup §A3y X33 B
Sep 113 07 RN
(k1 10147 & 28
Sean 1122 o7 (1K
e 104 Jis 187

Flowenng commenced in the pots outside in
mid-September, and at ambesis in early October,

ay leagth and flaweriag af Maspalum siranim 141

the number of inflorescnces per plant, racemes
per inflorescence and spikelets per mceme were
counted. The plants tha! remained in long day-
lengths in the growth chamber failed 1o Aower
and on October 5. plant height and stem diameter
were recorded for these plantis.

Kesulls

FPlants that remained under long day-length con-
ditions in the growth chamber became tall and
siemmy but did oot Mower Plans fioon T1-TS
averaged 180 cm in height wath siems 73 mmon
diameter but 17 planis  were  significantly
(P <001} shoricr (104 cm), with significanly
(P <001} thinner stems {41 man).

Of the plants ransterred ouldoors, all plants (8
lants par ireatment ) that were growmg (T1-73:
hefore heing expoced 1o 60 daye of long day.
lengths flowered (Table 3). Seven_owt of eigly
plants (8% that received &0 davs of long day-
lengths w1 no prior shor-day caposure (T4)
flowered. Plants recewving long day-lengths for
onlv 40 and 20 daws (T5 Tha) did not flower.
Plants that were planied outdoors under natural
shonening day-lengths (T7) also did not flow et

Plams growing in shon days befoe being
exposed 1o lung, day conditivns {T1-T3) had sig-
nificantly (P < 0.05) morc spikeles per raceme
than planis that did not receive shon day-length
exposure in the growth chamber (T4 T1 plants
pridluced siemhcantly more spikelets than othe:
plants (Table 3}, T2 plants were msre toou.t than
planis in other weatmems and they produced
twice as many inflorescences per plant a5 planis
that fowered in other treatments. The numbers of
mcemes per inflore:  snce were not signiheantly
different between plants that fiowered (T1-T4)

Tatde 3. Eliect of combinanon of sher and bong day -length reatments in contiolicd crmvironmen: before narr’ shom 4By © % n0SET

on frwenine i Ubon paspahem

I reatment Mo thon dayy % planis Inficrescencen! Racomey Spikeberd
Mo loag days fleretred eant mflorrarener T

" D ] oy 18 L]
™ el 100 3% LR 31
T a2 ] |0 2n e L
5] L] KX 1.7 82 an =
i T ] o x) L

L 470 n et} 00 1]

g Ll u o o0 o
LSNP = 009 ‘4.0 12 nel (1 4]
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Discussivn

Yuvenile plants will not Aower unil they reach a
cenain growth stage even though they may
receive the same stimulus thal couses more
mature planis o flower (Fisher 1999). This sdy
has shown that no juvenile stage exists in Ubon
paspalum for flowering response. Firstly, all
planre whether 20, 40 or 69 days of ape flowered
when they received 60 days of long day-length
exposire uia growih chamber prior to owering
oudonts in satural  shorening day-tengihs,
Secomdly, nearly all planis (RR&) thal  were
planted as sprouted seeds in pots ar the beginning
of the 60 long-day penod also flowered. These
plants took 2-3 days for the hirst leaves 1o emerge
and so ay seedlings, they roceived a period ol
long days slightly lass than the masimum 60-day
perod vead fndhe ey,

Ezposurc 10 long day lengihs aAppesrs para-
moual_in  detcrmining Nowenng  in bon
paspalum. This study shuwed that there Appears
tn be 3 thorshold in the numher of Jong days
required to tngper 2 flowering response. Planis
seceiving 0, 20 and 40 long day-lengths did nor
Arwer at all while plants exposed 10 6l Iomg davs
flowerl completely, The 84S flowenng in
plants exposcd 1o slighily less than &0 lepng days
suggests that & days may be close 1o the criticsl
runther of lang days reauired This ume frame 1
unportast fur agreovmic management of seed
TOpA.

Lo paspalumy sown 2 aced in Max
Thatland wall not Hawer in the first veas (Hare
#tal. 2U01) as alanes do not recerve the minimmm
requurement at 60 louy days before davs begin 1o
shonen Ji tie end of Tune. 1y usualiy takes aboui
14 days for seedlings 10 emerge, 50 the manimum
number of long days they are likely 10 be
exposed to would be 45 days, a pariod vur sluds
has shown te be insofficeent o mitiate 4 fo,,
fowering response. To obiain first-ycar et
craps, famers esther plant seed 1 nursencs an
March ans trac ol well developed steciins, o
‘e Apal and carly Msy, o dig out rooied tiiers
from mature plants and wansplant these tliers &,
May Both methods guarantee that these pla-
will receive at least 60 long duys befure das
leneths bagin o shoren at the end of ’ue

Cutling ncar ground Jevel after ihe summe:
solusce  removes feproductive apices ol Libes
paspalum and prevents new tillers on these plans
freem recriving sufhcwen long dass fo mmare

flowsring again that yoar. Kalinbacher er af,
(1995) found that reproductive apices in ev.
Suere plants werc at the soil surface in mid-June
and mid-July but, by the end of Augusi, were
clevated 10-15 cm mbove the soil surfacc, High
culting or topping in June—July is not detrimenta]
1o seed crops (Hare ef al. 1999) as reproductive
apices are not removed and plants would have
already received the miniowm number of long
days to flower.

This sudy shows that Ubon paspalum exhibiis
# long-short day response for flowenng. Planiy
that remained under lomg-day canditions m 1he
growth chamber did not Hower at all, despiie
adequate moisture and  suitable femporan ey
These plants remained vegpciative and produced
long fibrous stems. Intemode elongaton eccunmed
without inflorescence mifistion (Hacker 19499
hesuse e plants weic oot exposed (o any shart
duys 1o iniliate the flowering response

At Ubon Raichathant, the longest davs occur
i Junc (Table 2), peaking a1 13 b 2 min from
Juic 14-33. Betwcen early July and mid-
September, whe | Ubon paspalum flower heads
fiest appea:, das-lenpths shonen by approai-
mately 44 min As flowenng would have lweep
imtiated eacher. o appears that Ubos paspalum
planis Can perc ve day-length dfferences of
approzimately 3 min. The critical chan day
lengih would apoear 10 be 1730 b which 1
tesched in Ubon Ratchathani in the las weel of
August Thus, there 1s 5 prediciabibe thithm oi
rlrlwc'rmg. m Lbon pasnaluim cvery Neelirs Bt )
qualdarive response 10 shor davs (Loch o af
1999 following a quanticave response 1o lang
duys. Fvery year in Ubon Ratchathani, 17bon
paspalum flower heads Sepin 1o emerge abou!
mid-Septerber and are harvested in the firs
week in October Flowering is well synchronised
and ban? harvestng iy wsaall completed wahn
T days (Hare pral 1999 0] o Thes alfees s Jiar
vestng o bhe orgenised well in advanee

The kmg-shon oay response «f  Ubon
paspalum s the first reported for a commerially
Erown lropizal grass cultivar or speis even
thaugh Humphreys and Riverus (1986) sugpested
the passihility of such a responts in P, plicarulum.
This has implications fur planting method (Hare
e al. kLY, sowing time (Hare er af. 200,
‘g and closing management (Hare o af
I'+73) and site selection, wih flowenng more pro-
fuse in *he higher tatitudes than in the eyusional
reguans (Humphreys snd Biveros 1980

89



Acknowledpemeniy

We thank the Thailand Researzh Fund (TRF) for
providing financial suppen for this research pro-
gram and the Facully of Agriculiure, Ubon
Rarchathani Uiniversity for pesearch facilitics

References

Axnrane, BP. oo (1989 Locatews of seed cripsl Lepumes.
I Vowk, DS, ad Forpuson, 15 {eds) Forape seed pro-
At Videme 2 Tropreal and - wehtogical AETES.
PP 128140 (CAR Incrmabional: Wallingtond, L)

ANDRADE, H.P de THOMAS, D, pnd FERGUSN, JE (1983)
Seed produstine ol paduie spooics o4 typacal savania
gk of Brazil 1. Lepumes Troni ol Grozrfendr, 17, 5450

CHADHORAR, 1A and 1lumeMREYS, LR, (1974) Shoa day
and plasit age cffecie on Rdwering of Puspalust plicorslunr
Jouranl af the Awrrahan Bitivete of Agrivaliural Sciesce,
All, 1476

Flanes., M| 10999 Crop grouth and 2w lopoient Fhumsering
phyundagy I Locle TS and Sepion, L F jasi TR
e prodiecting, Vidume 7 Trapica! and tebronical e fes
Py B1-92 [CAH Intermational: Wallingfond. LK)

HaChCR, JLE, (199 Crop prowih enid dovelonment: Grasees
In Loch, L5 and Ferpusan, TE, (eds) Formpe seed prod e
ten Volume 2. Troproa! and suberar ol specey_ pp, 21238
(AR Inverratonel. Wallinglord. LK),

Hiahiy, M.IE WosoonTT, K. Taraamisg, P, NARKSOMOAT,
Soand EarsGiHAM, M. 1999 Method ol sesd frarwey,
Aot dats and Teiphl of clusang cut aflen wed yield and

tReceined foe prablicirion fannan

Dy bk wrsed flovmee e of Paspralum atmtum 133

seed wield rompoments w Paspalam airaen an Thailamt
Trapieg! Grasdunds, 31, 82 99,

Hant MDD, KaTwkunta, O, TATSAPDNG, P, WoNGHOsk |
K THUMMASAENG, K. and SURIVAIANTIATUAG, W (2001 )
Mahod and thoe of esublishing Fospalwm atroium weed
crops in Thailand. Tropical Geasslamds, 35, 15-25,

HumPREYS. LR snd Ravisos, B (1996) Tromiced Pogrure
Eeed Prodoction, FAD Plant Production and Mo tise
Eaper, 8

Isom, R and Humrsgeys, LR (1984) Flywening af Siwls
anticy pusincass in relwion Juvenalie s the fonp-
wthan d1y sequiteenenl. Joarnal of Fiperimental Rovan, 35,
128-12%

BaLmbacHER, RS, Marmiy, FG. and KKEiSwmer, o E
(1995) Efect af rt peviod length prioe 4o s I
seed harvess, Sodl and Crogr Suicare Socrey af Flard
Proweodimga, 54, 1=%,

EALUKALHER, W 5. BROwS, W Crdvisd, DL . DUsAwes
LS. KarTaHuem, A E Jr, Magten, FE, Mol Ly, §)
wind RECHOIGL., T (1997) “Suenie’ aira paspalum . Dis mas.
ageinent wnd wikizason. (foiversiry of Florida, Aericultu ot
Eipir tmenial Sranon. Lisvcauler § 197

Leem D8 Cook, BAG. and Hakvey, (1. (1999 Lceton af
woed empes Grasees. In. Lock, D5 and Ferpusen, LE. (eds )
Forcge teed prductice Vislume 3. Tropical gnd it gl
yreerer pr LUV 19 (CAR fyrer-wmonal Watlinplane,
LIk S

Pramcagw, C. Puotscs, P, Timsm, §. Tuzusl
Mimagenwsn, Hosed I8ton, Y. (20001 Matimisng sevd gicld
and seed qualety of Posssinm orranes thrmuph choice of
harvedt method. Tropsral Grasslondy, 15, 11-1E.

ToMeseTT, PLB. (1976) Factor affecting the flowenng of
Andropogon papamisr Kunih Regqoases 10 photopenod
termperature and proewh ropalooee danaly of Boregy, 41,
Sy=TOS

[ PR accepted Aprdl 22 il |

90



91
Appendix 5
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Effevts of Waterlogging on Yield and Chulity of Ubon Paspalum { Paspalunt atranm)
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Abstract
This study was conducted to examine the effects of waterlogging duration (0, 10, 20 and 30 days duration)
on Ubon paspalum seedlings of varying ages (30, 60 and 50 days of age). The seedlings were kept waterlogged at a
comstant depth of 5 cm. The results showed that all seedlings survived waterlogging but some seedlings were more
affected than others. Waterlogging had no effict on 60 days old seedlings but dry matter yields of 30 and 90 days
old seedlings were reduced. The effect of waterlogging was most severe on 80 days old seedlings. Tiller number was
not afficted by waterlogging but size of %0 days old secdling tillers were significantly smaller than other seedling

tillers. Waterloggng had no effect on crude protein levels twt phosphorus levels increased following waterlogging.

Key words: Ubon paspalum, waterlogging, yield and quality
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Start

Grrass age (days)

End

Grass age {days)

e T A L PRt ) e e e e e e | | |
30 days a7 days
6l days = 97 days
o0 days - 127 days

e e walerlogging

1 = no waterlogzing
Figure 1 Waterlogmng imposed {0 Ubon paspalum at different ages and durations,
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waEnd WM 48 7 Tue tuiimbminud 1 ddmean Wmszdmfeens Tdsauuasvleaesa
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TnnzdaTuuliliuvestsuamuusuniinaass Taol¥Tdsungy Imistat neznfSsufvuanuuan

A131A07T Duncan’s multiple range test (DMRT)

Bt
1. WIWHALIHA

Haninaaa

MNNIEAtBINIIMEIEANeUang 60 Ju llAusanssnuniadamibmands Tuvasiingh

¥ o w ¥ .
o1y 30 uaz 90 1 MATumansznunan mimuds ibhbmiaeiaieduly d1du uastdnninsuding

" ¥ »
an i hithimiauds Tasmwizndiey 90 Tu hwinudsaasannndmdieig 30 Tu (Table 1)

Table 1 Eilect of grass age and waterlogging duration on dry weight (g/plant) of Ubon paspalum.

Waterlogaing Grass age (days)
duration 30 al 90
(davs) Leaves  Stems Total | Leaves  Stems Total | Leaves  Stems Total

0 3.895a 1832 W) B 438 a 250a 0850 6.18a 338a 9.57a
10 2.85ab 1.50 ab 4,35 ab 4258 2058 030 a 4350 190 b .15 be
0 238 b 1.338b 370 b J80a 198 a 578 a 498 b 1350 7320
3n 1.96 b 1.08 b 303 b 335a 20B8a 543a 198 ¢ .78 b 475 ¢

Averape 278 1.43 4.20 3.94 215 6.09 4.59 235 6.95

CV. Leaves =21.2%, CV. Stems = 22.8% and CV. Total = 21.4%

In the same column, means followed by a common letter are not significantly different at the 3% level by DMRT.
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2, S1uIuMIe

b Y v
LINNTINART AN iR e Hiﬁm'lﬂ“ TAUUHRMIUUNURANTENUASY TUIUH UL UATEDEITATUINING Tutiing
| . . » = q R e e | (] . »
HDADTIUIUHUD Iﬁﬂﬂfﬁ'lﬂ'lq 60 unE S0 U H"ﬂ“l'ﬂ'l-l“'l.lﬂllﬂﬁ!ﬂﬂ\!n“ AlRng 4.8 une 4.1 HUDRDNDATLNIAY mu“i‘u'lﬂ'lﬂ a0

Ju tiwundaasnadndi Taniidies 2.4 wiuodAena (Table 2)

Table 2 Effect of grass age and waterlogging duration on tiller no. (tillers/plant) of Ubon paspalum,

Waterlogging Grass age (davs)
duration
(days) 30 il o0
0 2.8 4.5 3%
10 2.3 4.8 4.8
20 2.5 4.5 4.3
30 20 4.8 5 35
Average 240 4.7 ns 4.1 ns
CV.=277%

ns = not significant
3. YHIAYBIHUDH
& ol o 3 o w o = i ¥ 3 e
Tania 1 viinudelundmwiewiduguasiy 30 Jufeylifinansznusrenavasmiond) uaz il
£ - ' 2 ' &
panTenumetuwd 1y 60 Tu udlundheng 90 Su vueveamisvgnes 1ATuranszmni Iinnammisdno
(Table 3)

Table 3 Effect of grass age and waterlogging duration on tiller weight (gftiller) of Ubon paspalum.

Waterlogging Cirass age (days)

duration

{days) 30 ] o)
] 206 a .53 2 268 =
10 1.93 ab 132 = 1.47 b
20 143 b LiZ a 171 b
30 1.65 ab 112 a .44 b

Averape 1.77 1.30 1.82

CV.=23.0%

In the same column, means followed by a common letter are not significantly different al the 3% level by DMRT.
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anmsdanad o waninidalizno 3 Sy wudiumafRouninsemgineaduguang 60

unz 90 Tu uandniy 30 fuszhiinrmuanmaiu waeg 90 Tunlfeunladdae saaanieniy 60

- iy oty “ o e i
Tu Taonuhdmlaeluutnl@ewihuduse vdmmiudssnusud o Toidfoudsetions 1ol

A W e oA i ¥ [T W wed b . w s e )
Illﬂl-'l.l']q']'l”'l 'I"llﬂ'l'lJ'Nﬂl.lﬂ.lu.l'ﬂlllliTI'IH'i'N?TT'I.I.HIJHHH'[HEHEIE'UEI']'EHH']NT HAZWUTTRUNUNITTI 14T I0

Tmil@suamm@mnetasntdui hifinsadiesin ds=rasud 20 wud iimalaeunlaswintn Tifo

neey 30 JunTuddowiludmdes dwduiluwliazaeinsa el iifnaadandnlnfrmamu

us tuifioin s Tu'l vl (Table 4)

Table 4 Leal color changes of Ubon paspalum at 30, 60 and 90 days old and during 0. 10, 20 and 30 days of

waterlogging:

Waterlogging Grass age (days)
duration
(days) 3o (1] a0
i} Dark green leaves, normal | Dark green leaves, 1-3 lower | Upper leaves dark green, -4 lower
growth leaves died. [eaves died,
10 Dark green leaves, normal | Upper leal rims changed to | Base of upper leaves still green,
growth. green-red, leaf tips. dried, [-5| leaf tips were green-red or dried,
lower leaves died. [-6 lower leaves died.
m Upper leaves dark green, lower | Base of upper leaves still green | Base of upper leaves sreen-red,
leaves green-vellow. but leaf rims dried. some leaves died. 1-9 lower leaves
1-7° lower leaves died. New | died. New leaves emerged, some
leaves emerged, some plants | plants developed new roots.
developed new roots.
30 Leaves green-yellow, no leaves | Base of upper leaves green, leal | Leaf bases green-red or died. New

dried out. 1-2 mature leaves

died

tips dried. New smaller leaves
emerzed. |-7 lower leaves died.

Some new roots developed,

smaller leaves emerged. 1-9 lower

leaves died. Some new

developed.

roots
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s hilinansgnuaniaoaz TilsAuvoamaoaniduaun Wang 30, 60 uaz 90 Ju wiiiee

vdauiia 30 fu el defivsansinogudh wudufendSngnntu s liieoas T

fAnd (Table 5)

Table 5 Effect of grass age and waterlogging durstion on protein percentage of Ubon paspalum.

Waterlogging duration

Girass age (days)

(days) k1] al o0
Leaves Stems Total Leaves Stems Total Leaves Stems Total
L} BB 34 7.8 44h 2.0 3.3 39hb 2.0 3.2
1 8.0 5.0 6.9 582 28 4.8 58a 14 51
20 T3 5.0 6.7 f.0a 3.5 532 S.ba iz 4B
3 8.3 4.1 o1 56a 2.8 4.5 53a EX:| 4.6
Average B.2ms 4.9 ns Tlns 53 2.8 ns 4.5 ns 5.1 30nmns 4005

CV. Leaves = 12.2%, CV, Stems = 27.8% and CV. Total = 15:2%

In the same column, means followed by a common letter are not significamly different at the 3% level by DMRET.

ns = not significant

6. Sonazvoavlndn

M Tuvazfivaneiy 60 uaz 90 Ju wuiwhi

[l W
ne i ldgmitiauds (Table 6)

L |

MauTaHes 10 Tu

Table 6 Effect of grass age and waterlogging duration on phosphorus percentage of Ubon paspalum.

‘ B w w
navmnALguaiUen 30 Ju Disvasveaveimfiugaiundaniniiiaufonn 2030

fna IS eoazveaedagand

Waterlogging Grass age (days)
Duration 30 60 9

(days) Leaves Stems Total Leaves Stems Stems Leaves Stems Stems
0 10k 013c Qlle (17 b Li4b L0b b (l4c Eb
1] Qilh it 02e 010a (18ab (113 ab (ila 021 ab Qlda
n 0I12b 023b 16b la 019ab 0lda 08 ab 017 be (112ah
a 0193 (130a 023a 12a 02a Ql6a lla 023a 0l5a

Avereye 0.13 0.20 016 0.13 0.18 013 00 (19 012

CV. Leaves = 21.2%, CV. Stems = | 8.7% and CV. Total = 16.2%

Ir1 the same column, means followed by a common letier are not significantly different at the 5% level by DMRT.
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Appendix 6

Waterlogging tolerance of some tropical pasture grasses

M.D. 1—1@115’, M. SAENGKHAM', P. TATSAPONG', K. WONGPICHET' AND S.
TUDSRI

Abstract

The waterlogging tolerance of 6 tropical grass species were studied under controlled
conditions in plastic buckets in a greenhouse at Ubon Ratchathani University, Thailand in
1997 and 1998. In Trial 1 the species were Paspalum atratum cv. Ubon, Brachiaria
ruziziensis (common Thailand type), Paspalum plicatulum (common Thailand type).
Digitaria milanjiana cv. Jlarra, Brachiaria decumbens cv. Basilisk and Panicum
maximum cv. Purple. Five plant waterlogging treatments were imposed (Non-
waterlogged control plants after 0, 10 and 20 days and waterlogged plants for 10 and 20
days). In Trial 2 effects of waterlogging were examined in detail on Ubon paspalum with
4 waterlogging duration treatments (0, 10, 20 and 30 days waterlogging) and 3 plant ages
(30. 60 and 90 days of age}).

In Trial 1 the species most tolerant of waterlogging were plicatulum followed by
Ubon paspalum and Jarra digit. Purple guinea showed medium tolerante and ruzi and
signal poor tolerance with 50% plant mortality after 20 days waterlogging. Ten days
waterlogging reduced plant dry weights of all species compared to non-waterlogged
control plants. After 20 days waterlogging there were no significant differences in plant
dry weights between waterlogged and control plants of plicatulum, Ubon paspalum and
Jarra digit.

in Trial 2 duration of waterlogging significantly reduced plant and tiller dry
weights of Ubon paspalum plants, 30 and 90 days of age at the commencement of
waterlogging, but had no significant effect on 60 day-old plants. In older plants (60 and
90 days of age) following waterlogging, leaf tips shriveled and turned greenish-red, lower
leaves on the plants died and some new leaves developed. Nitrogen levels i Ubon
paspalum plants were not significantly affected by waterlogging and phosphorous levels
increased in all plants the longer the duration of waterlogging.

Introduction

In Thailand, many low-lying areas which formerly grew rice, are being used for pasture
development for the expanding dairy and beef industries. These areas are exposed to
short term or prolonged waterlogging or intermittent flooding in the wet season which
often is a major limitation to pasture productivity.

Recent research has shown that Paspalum atratum cv. Ubon was the most
productive grass on low-lying seasonally wet areas (Hare ef al. 199%a: 1999b). Other
species, Setaria spacelata var. splendida cv. Splenda, Paspalum plicatulum and
Brachiaria mutica, grew well but were not as productive as Ubon paspalum in the second
and third years after establishment. Digitaria milanjiana cv. Jarra and Brachiaria
humidicola cv. Tully established slowly and with time became dense and persistent but
not as productive as Ubon paspalum (Hare ef al. 1999a).

Waterlogging damage to pasture grass plants is positively related to the duration
of waterlogging and the depth of submergence, and the effects are less severe on dormant
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plants or plants not recently defoliated (Humphreys 1981). In the field, the depth and
duration of waterlogging varies between areas and seasons, depending on the internal
drainage of the soils and the amount of rain. The establishment year is often the most
difficult for grass species to grow under waterlogged conditions, with the age of the
plants at the time of waterlogging being of major importance to their survival. In some
years some species survive waterlogging but in other years they fail to persist (Hare et al.
2002)

Experiments were conducted under controlled waterlogged conditions in plastic
buckets to evaluate the response of 6 tropical pasture grasses to waterlogging and to
examine in detail the tolerance of Ubon paspalum at various ages to different periods of
waterlogging.

Materials and methods

The experiments were conducted at Ubon Ratchathani University, Thailand in a plastic
greenhouse in 1997 (Trial 1) and 1998 (Trial 2). In both trials, the grass species were
grown in 5 litre plastic buckets potted with sandy, low humic gley soil (Roi-et soil series)
collected from the university farm. The soil was acid (pH 4.6-4.9). with low organic
matter and very low concentrations of N, P and K (Hare er al. 1999a).

Trial 1-Effect of duration of waterlogging on the growth of 6 pasture grass species

The experiment was a two-factor factorial arranged in a randomised complete block
design with 4 replications. There were 6 species [Paspalum atratum cv. Ubon, Brachiaria
ruziziensis (common Thailand type), Paspalum plicatulum (common Thailand type).
Digitaria milanjiana cv. Jarra, Brachiaria decumbens cv. Basilisk and Panicum
maximum cv. Purple] and 5 plant waterlogging treatments (Non-waterlogged control
plants afier 0. 10 and 20 days and waterlogged plants for 10 and 20 days).

Twenty seeds/bucket/species were sown into plastic  buckets (3
buckets/treatment/replication) on 30 June 1997 and thinned to 6 plants/bucket on 31 July.
There were 360 buckets in total. Fertiliser was applied at sowing, thinning and at the
commencement of waterlogging to provide the equivalent in kg/ha of 40 N, 50 K, 20 P
and 20 S. The buckets were watered to field capacity until 26 August 1997 when the
waterlogging experiment commenced with the waterlogged treatment plants flooded to 5
cm above the soil surface and maintained by once-daily applications of water. Non-
waterlogged plants continued to be watered to field capacity.

At the end of each waterlogging treatment (10 & 20 days) visual symptoms were
recorded on the stems and leaves of the waterlogged plants and then both the non-
waterlogged plants and the waterlogged plants were given a 7 day recovery period before
harvest. At each harvest, all 6 plants from each bucket were carefully removed and the
roots and tops washed free of soil. The whole plants were dried at 70°C for 48 hours and
then weighed.

Trial 2-Effect of duration of waterlagging on Ubon paspalum plants of varying ages
The experiment was a two-factor factorial arranged in a randomised complete block
design with 4 replications. There were 4 waterlogging duration treatments (0, 10, 20 and
30 days waterlogging) and 3 Ubon paspalum plant ages (30, 60 and 90 days of age).

Ten sprouted seeds/bucket of Ubon paspalum were planted into plastic buckets (3
buckets/treatment/replication) on 25 December 1997 and were thinned to 3 plants/bucket
2 weeks later. There were 144 buckets in total. Fertiliser was applied at sowing and every
30 days thereafter to provide the equivalent in kg/ha of 40 N, 50 K, 20 P and 20 S. The
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buckets were watered to field capacity until the waterlogging experiment commenced
with the waterlogged treatment plants flooded to 5 cm above the soil surface and
maintained by once-daily applications of water. Non-waterlogged plants continued to be
watered to field capacity, including those plants that had completed their waterlogging
treatment (Figure 1).

Three days after the completion of each waterlogging duration period visual
symptoms were recorded on the leaves of the waterlogged plants. Plants were then
sampled from their respective waterlogging duration treatment all on the same day, 37
days after treatments commenced (Figure 1). The extra 7 days was to allow a recovery
period for plants waterlogged for 30 days.

At sampling, tillers/plant, tiller dry weight and plant dry weight were recorded
from 2 plants/treatment/replication. For dry weight measurement, plants were cut to soil
level and dried in an oven at 70°C for 48 hours. The dried plants were analysed for total
N and P
Results
Trial 1-Effect of duration of waterlogging on the growth of 6 pasture grass species
The visual symptoms that developed during 10 and 20 days waterlogging are described in
Table 1. Plicatulum was not affected by waterlogging but ruzi and signal were, with death
of over 50% of the plants waterlogged for 20 days. A small proportion of Ubon paspalum
and Jarra digit plants died after 20 days waterlogging and remaining Ubon paspalum
plants displayed reddening of leaf tips. Purple guinea plants became stunted and leaves
turned yellow during 20 days of waterlogging

Ten days waterlogging reduced plant dry weights of all grass species compared to
non-waterlogged control plants (Table 2). Twenty days waterlogging significantly
reduced plant dry weights of ruzi, signal and Purple guinea but did not significantly affect
Ubon paspalum, Jarra digit, and plicatulum compared to 20 day non-waterlogged control
plants. Plant dry weights of Ubon paspalum. Jarra digit, and plicatulum from 10 to 20
days waterlogging increased by 83, 82 and 70%. respectively. After 20 days
waterlogging, plant dry weights of ruzi, signal and Purple guinea had not increased
significantly from their respective weights immediately prior to the commencement of the
trial
Trial 2-Effect of duration of waterlogging on Ubon paspalum planis of varying ages
Visual symptoms on leaves of Ubon paspalum plants during waterlogging are described
in Table 3. Older plants were more severely affected by waterlogging than younger plants
with leaf tips turning greenish red or drying out and many lower leaves dying. Older
plants also developed new leaves the longer they were waterlogged.

Duration of waterlogging significantly reduced dry weights of Ubon paspalum
plants, 30 and 90 days of age at the commencement of waterlogging, but had no
significant effect on dry weight of 60 day-old plants (Table 4). Waterlogging had no
significant on the number of tillers/plant which averaged 2.4, 4.7 and 4.1 tillers/plant,
respectively, for the 30, 60 and 90 day age groups, but tiller weights were significantly
reduced following waterlogging in plants 30 and 90 days of age (Table 5).

Nitrogen levels in Ubon paspalum plants were not significantly affected by
waterlogging (Table 6) and were 1.13, 0.72 and 0.71 % in the 3 plant age groups, 67, 97
and 127 days of age, respectively, at the completion of the experiment. Phosphorus levels
increased in all plants the longer the duration of waterlogging (Table 6).
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Discussion

Pasture grass plant adaptation to former rice land on low lying areas subject to
waterlogging or on soils with impeded drainage is of special interest in Thailand. These
areas are increasingly being developed as pasture land for the expanding dairy and beef
industries, but the rate of development is limited to the availability of suitable grass
species adapted to these seasonally wet sites.

In the current studies, the ability of plants to maintain their dry weight and not die
was used as the major indicator of the effects of waterlogging under controlled conditions
n plastic buckets. Based on dry weight and plant mortality, plicatulum was the most
tolerant species to waterlogging, with plants after 20 days waterlogging increasing their
dry weight three-fold (Table 2), displaying no visual symptoms from waterlogging and no
plants dying. Anderson (1970) classified plicatulum as one of the most tolerant grasses to
waterlogging and in Thailand plicatulum for many years has been the most important
pasture species sown on seasonally waterlogged soils with seed available from the
Department of Livestock Development (Phaikaew 1997).

Jarra digit grass in the controlled study displayed good tolerance to waterlogging
and despite 10% of the plants dying after 20 days waterlogging, the remaining plants
were robust and green and had tripled their dry weight (Table 2). From field experience
in Thailand the waterlogging tolerance of Jarra digit grass has varied from good
persistence on the Ubon Ratchathani University farm (Hare ef al. 1999a) where it still
grows well after 8 years in pasture, to poor persistence in trials on heavily waterlogged
sites (Hare ef al. 2002). Where Jarra digit waterlogging tolerance has been poor makes it
similar to cultivar, Mardi digit grass which has been reported as intolerant of
waterlogging (Hacker and Wong 1992) but where Jarra digit grass has persisted makes it
similar in behaviour to the closely related Digitaria eriantha (pangola grass).

Pangola grass is recommended for poorly drained soils in Malaysia and the
Philippines and is tolerant of flooding (Hacker 1982). In Thailand pangola grass is being
promoted as a high quaiity fresh grass cash crop for growing on former rice land
(Khemsawat and Phonbumrung 2002). Pangola grass in Thailand can only be propagated
vegetatively which limits its expansion but the ability to produce seed in Thailand makes
Jarra digit grass (Gobius ef al. 2001) a more easily propagated species. More research on
the tolerance of Jarra digit grass to waterlogging needs to be carried out.

Purple guinea displayed moderate tolerance to waterlogging, with no plants dying
and the plants doubling their dry weight after 20 days waterlogging (Table 2), despite
becoming stunted and their leaves turning yellow (Table 1). Anderson (1970) and
Whiteman (1979) also reported that guinea grass had moderate tolerance to waterlogging
and in a series of trials in Thailand on waterlogged sites, Purple guinea grew well on
moderately waterlogged sites but poorly on heavily waterlogged sites (Hare ef al. 2002).
Purple guinea is the second most popular pasture species sown in Thailand after ruz
grass, with seed produced by village farmers on contract to the Department of Livestock
Development (Phaikaew 1997).

Both ruzi and signal grasses showed poor tolerance to waterlogging with 50% of
the plants dying (Table 1) and the remaining plants not increasing their dry weight
significantly after 20 days waterlogging (Table 2). While it was known that ruzi grass had
poor tolerance to waterlogging (Anderson 1970, Whiteman 1979) it is the most important
pasture grass produced in Thailand and with seed readily available (Hare and Phaikaew
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1999; Phaikaew 1997) it is often mistakenly planted on waterlogged sites where it fails to
persist. Tt was therefore included in the study as a control species to compare its
performance against more waterlogging-tolerant species.

The surviving signal grass plants, even though stunted, remained green (Table 1)
and from field observations in Thailand signal grass survives shori-term waterlogging of
5-10 days suggesting that it does have moderate tolerance (Whiteman 1979). In Costa
Rica, 7 months after planting in a site of high water saturation, two signal grass cultivars,
CIAT 16497 and cv. Basilisk, had lost vigour but had shown no plant mortality (Argel
and Keller-Grein 1996). Signal grass is not commonly planted for pastures in Thailand
due to the difficulties of seed producticn but research is currently being undertaken at
Ubon Ratchathani University to solve the problems of seed production.

The response of Ubon paspalum to waterlogging was moderate to good with 10%
plant mortality in Trial 1 (Table 2) and decreased plant dry weight (Table 4) and tiller dry
weight (Table S) in Trial 2. Visual symptoms were apparent in both trals following
waterlogging with leaf tips turning red and many lower leaves dying (Table 1; Table 3}

In both trials, the Ubon paspalum plants that were not significantly affected by
waterlogging after 20 to 30 days inundation were approximately the same age, 50 days
(Trial 1) and 60 days (Trial 2), at the commencement of waterlogging. The waterlogging
effects were more severe on the younger plants (30 days of age) probably because the
nermal respiratory pathway in their small root systems was more effectively blocked by
waterlogging (Whiteman 1979) than in the 60-day old plants. The more severe effects on
older plants (90 days of age) may have been a combination of being stressed by becoming
root-bound in the plastic buckets and then being inundated with water. In the field,
established plants will tolerate saturated soil for several months (Kalmbacher ef al. 1997,
Hare ef al. 2002) and flooding up to 5 cm depth for 3-4 weeks (Kalmbacher ef al. 1997).

In the study on the waterlogeing tolerance of subtropical legumes Shiferaw ef al.
(1992) found that nitrogen levels in legume shoots after 14 days waterlogging were
reduced by 41% due to reduced nitrogen fixation compared to non-waterlogged control
legumes. In the current study, nitrogen levels in Ubon paspalum were not significantly
reduced by waterlogging and tended to increase with duration of waterlogging which was
probably due to the regular 30 day applications of the equivalent of 40 kg/ha N ana
nitrogen not being leached out of the watertight plastic buckets. In the field, nitrogen
fertiliser did not significantly increase nitrogen levels in waterlogged Ubon paspalum
plants (Hare e al. 1999¢)

Phosphorus concentrations in Ubon paspalum plants increased following
waterlogging, due probably to the emergence of new leaves high in P and the retention of
fertiliser P (20 kg/ha P every 30 days) in the watertight plastic buckets.

This study has shown that plicatulum remains one of the most tolerant forage
species to waterlogging and for this reason continues to be widely grown in southerr
parts of Thailand regularly inundated with seasonal flooding. Due to superior dry matter
yields and quality compared to plicatulum and its moderate to good waterlogging
tolerance, Ubon paspalum is rapidly becoming the most popular species to grow on wet
soils in other parts of Thailand. However, it will not establish if the soil is waterlogged or
flooded within 1 month of sowing (Kalmbacher et al 1998), but 2- to 3-week-old
seedlings will survive standing water for several days (Kalmbacher er al. 1997). Jarra
digit grass displayed moderate to good waterlogging tolerance and if seed becomes
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regularly available this high quality forage species could be grown more in Thailand.

Purple guinea will survive short periods of waterlogging but with significantly reduced

vigour. Both ruzi and signal grasses displayed low waterlogging tolerance though the

latter will survive on wet soils waterlogged for short periods.
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Figure 1. Duration of waterlogging (days) imposed on Ubon paspalum plants of 3 ages
(Trial 2)
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Table 1. Visual symptoms on plants of 6 forage grass species following 10 and 20 days

waterlogging.

Grass species

10 days waterlogging

20 days waterlogging

Ubon paspalum

Leaves dark green with

reddening of leaf tips

Death of large proportion of

older leaves. Young leaves

Ruzi

twisted
Jarra digit

older leaves
Signal

plants stunted

Purple guinea

death of older leaves

Death of small proportion of

Death of older leaves. Some

Leaves light green with some

10 % plant death. Remaining
plants green with red leaf tips
Over 50 % of plants dead.
Remaining plants very
stunted with dead leaves

10 % plant death. Remaining
plants green and robust

Over 50 % of plants dead.
Remaining plants green but
stunted.

Plants stunted and all leaves
vellow

Plicatulum Plants displayed normal Plants  displayed normal
growth with no visual growth with no  visual
symptoms symptoms

Table 2. Effect of waterlogging for 10 & 20 days-on dry weight (g) per plant of six

tropical grasses.

Treatment Ubon Ruzi Jarra Signal Purple  Plicatulum
paspalum. digit guinea.
Before trial 3.4¢ 3dc 23b 3.0b 33b 24¢
10 d control 84b 6.5b 7.64 6.0a 10.4a 6.2 ab
|0 d water™® 4.1c 28¢ 45b 3.0b 4.1h 47 be
20 d control 11.8 ab 9.7a 8.7a 8.1a 11.2a 83a
20 d water* 7.5b 3.2¢ B2a 44b 6.1b 8.0a

* waterlogging duration

' Within columns, means followed by different letters are significantly different (P<0.05) by Duncan’s

Multiple Range Test.

Table 6. Effect of waterlogging on nitrogen and phosphorus levels (%o/plant) in Ubon

paspalum.
Waterlogging duration Grass age
(days) (days)
30 60 90
(%/plant)
N P N P N P
0 1.25a 0.11c 0.56a 0.10b 0.51a 0.0%
10 1.10a 0.12¢ 0.77a 0.13ab 0.8la 0.14a
20 1.07a 0.l6¢ 0.83a 0.14a 0.77a  0.12ab
30 1.09a 0.23a 0.72a 0.16a 0.74a 0.15a

" Within columns, means followed by different letters are significantly different (P<0.05) by Duncan’s

Multiple Range Test.
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Table 3. Visual symptoms on leaves of Ubon paspalum following waterlogging

Waterlogging Grass age
duration (days) (days)
30 60 90
10 Leaves dark green Upper leave edges Upper leaves green
greenish red with with leaf tips greenish
shriveled leaf tips. 1-5 red or shriveled. 1-6
lower leaves dead. lower leaves dead
20 Upper leaves dark  Upper leaves edges Upper leaves greenish
green. Lower brown and shriveled.  red with some dead
leaves light green  1-7 lower leaves dead. leaves. 1-9 lower
to yellow Some new leaves leaves dead. Some
emerged. new leaves emerged.
30 1-2 lower leaves  Upper leaves edges Leaves greenish red
dead. Remaining  brown and shriveled.  or dead. 1-9 lower
leaves light green  1-7 lower leaves dead.  leaves dead. Some
to yellow Some new leaves new leaves emerged
Cmerge.

TabTe 4. Effect of waterlogging on dry weight (g/plant) of Ubon paspalum.

Waterlogging duration Grass age
(days) (days)
30 60 90
(g/plant)
0 58a' 6.9a 9.6a
10 4.4 ab 6.3 a 6.2 be
20 37D 58a 73b
30 3.0b 54a 48¢

T Within columns. means followed by different letters are significantly different (P<0.05)
by Duncan’s Multiple Range Test.

Table 5. Effect of waterlogging on tiller weight (g/tiller) of Ubon paspalum.

Waterlogging duration Grass age
(days) (days)
30 60 90
(tiller weight)
0 2.1a' 1.5a 2.7a
10 1.9 ab 1.3a 1.5b
20 14b 1.2a 1.7b
30 1.7 ab l1.1a l.d¢c

' Within columns, means followed by different letters are significantly different (P<0.05)
by Duncan’s Multiple Range Test.
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Appendix 7

Effect of plant spacing, cutting and nitrogen on production of Digitaria
milanjiana cv. Jarra in north-east Thailand

M.D.HARE, P.TASAPONG. A. LUNPHA, AND K. WONGPICHET
Faculty of Agriculture, Ubon Ratchathani University, Ubon Ratchathani, Thailand

Abstract

Three trials were conducted in north-east Thailand on Jarra digit (Digitaria milanjiana)
to examine the effect of planting stolons at varying row spacings on sward establishment
and the effect of cutting frequency and rate and time of nitrogen application on growth
and forage quality. In Trial 1, at the first cut four months after planting, Jarra digit swards
planted in narrow rows (0.5 m) produced over twice the amount of dry matter, were twice
as dense and had fewer weeds than swards planted in widc rows (2.0 m). Immediate row
spacings (1-1.5 m inter-rows) were not significantly lower in DM but had a higher
proportion of weeds than swards planted in 0.5 m inter-rows. By the time of the second
cut 6 months after planting, there were no significant differences in Jarra digit dry matter
production between swards planted in varying row spacings.

In Trial 2. increasing the cutting interval and increasing the nitrogen rate
significantly (P=0.05) increased both total DM and stem DM yields. The effect of cutting
interval on leaf DM was slight but leaf DM yields significantly increased when nitrogen
was applied. Cutting every 20 days over a 240-d period produced 70% (13.2 t/ha) of the
total DM vyield obtained by cutting every 60 days (18.8 tvha) but crude protein
concentrations were 30-50% higher and fibre concentrations (ADF and NDF) 7-10%
lower. 20 kg/ha N applied every 60 days increased Jarra digit total DM yields by 36%
above yields in control plots. Applving higher nitrogen rates every 60 days only increased
total DM vyields by 13% (40 kg/ha N vs 20 kg/ha N) and 7% (80 kg/ha N vs. 40 kg/ha N).
The yield response (kg DM/kg N) from applying nitrogen as urea ranged from 23 (320
kg/ha N) up to 52 (80 ke/ha N).

In Trial 3, applying 20 kg/ha N every 30 days, compared to every 60 days,
increased dry matter yields of leaves and stems by approximately 16%. Applying 40
kg/ha N every 30 days, compared to every 60 days, increased lealf DM but not stem and
total DM vields. Increases in cutting interval (20 vs. 60 days) and time of nitrogen
application (30 vs. 60 days) reduced leaf and stem crude protein concentrations by up to
40% and increases in nitrogen rate (20 vs. 40 kg/ha) increased leaf and stem crude protein
concentrations by 15%.

The inter-row spacing for Jarra digit establishment and the cutting interval and
rate and time of nitrogen application are discussed in terms of the combination of yield
and quality desired by farmers.

Introduction

Digitaria milanjiana cv. Jarra was released in Australia in 1991 and registered in 1993
(Hall et al. 1993). In Thailand, Jarra digit has been evaluated in a series of forage trials
(Hare et al. 1999a; Hare et al. 2003a) and for seed production (Gobius ef al. 2001), but
despite being studied on research stations in Thailand for nearly 10 years, Jarra digit is
still not promoted as a pasture species for smallholder farmers.
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The difficulty of producing good quality seed of Jarra digit, with flowering over a
long period in the middle of the wet season, is seen as a barrier to its wider use In
Thailand (Gobius ef al. 2001). However, lack of seed is not seen as a barrier to successful
production of D. milanjiana cv. Mardi for pastures in Malaysia (Hacker and Wong 1992)
and the closely related D. eriantha (pangola grass) in Thailand for fresh grass cash
cropping (Khemsawat and Phonbumrung 2002). In Malaysia, Mardi digit is vegetatively
propagated and when stolons are planted into moist seed-beds the spaces rapidly fill in
(Hacker and Wong 1992). Similarly in Thailand, pangola grass is vegetatively propagated
with 1500-1800 kg/ha of green stolons broadeast into flooded fields (Anon. 2002). In
Australia, planting pangola grass runners 1-2 m apart gives adequate coverage (Jones ef
al. 1986).

Spreading large quantities of green stolons across fields is very labour intensive
and the fields, which are former rice paddies, must be flooded to ensure successful
establishment of pangola grass in Thailand (Anon. 2002). Pangola grass is tolerant of
flooding (Hacker 1992) but even though Jarra digit does tolerate some degree of
waterlogging (Hare ef al. 2003b) it does not tolerate flooding (Hacker and Wong 1992;
Hare et al. 2003a). It grows better on well-drained soils (Hacker and Wong 1992; Hare ef
al. 1999a). 1f Jarra digit pastures could be successfully established on upland soils by
planting stolons in widely spaced rows to reduce the time taken to establish pastures and
reduce labour costs, interest in Jarra digit pasture production may increase in Thailand.

In village pasture systems in north-east Thailand, pastures are usually grown on
the poorest soils, as more fertile soils are used for growing food and cash crops (Hare ef
al. 1999b). Furthermore, village farmers apply little if any fertiliser (Hare er al. 1999b;
Tudsri ef al. 2001) and conseguently, most improved pastures in north-east Thailand are
nitrogen-deficient.

The level and frequency of nitrogen application and the frequency of cutting
influence the quantity and quality of tropical forage grasses. Nitrogen applied at 20 kg/ha
every 30 days throughout the wet season in north-east Thailand, increased dry matter
yields of Paspalum atratum by nearly 90% in one trial and over 250% in a second tral
(Hare et al. 1999a). Cutting P. afratum every 20 days over a 240-day period in north-east
Thailand produced 74% of the total DM yield from cutting every 60 days but crude
protein concentration was nearly twice as high (10.0 vy 5.3%) (Hare ef al. 2001). Cutting
pangola grass in central Thailand every 30 days also produced 74% of the total DM yield
from cutting every 60 days and crude protein concentrations were 42% higher (Tudsri ef
al. 1998).

On well-drained soils in north-east Thailand, when 40 kg/ha N was applied after
every 45-50 day cutting interval in the wet season, Jarra digit produced over 27 t/ha DM,
with average crude protein levels of 6.6% (Hare ef al. 1999a). These crude protein levels
are considerately lower than the levels of 8.1-18.7% recorded for Mardi digit in Malaysia
(Hacker and Wong 1992). The low crude protein levels in Thailand were probably a
result of the 45-50 day cutting interval because swards of Jarra digit very quickly become
stemmy and produce seed heads in the wet season. This stemmy and quick flowering
habit of Jarra digit has been observed by researchers in the Department of Livestock
Development and for this reason they prefer to promote the more leafy non-flowering
pangola grass for fresh grass cash cropping. However, frequent cutting may prevent Jarra
digit pastures from becoming stemmy and flowering and increase leafiness and quality.
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The objectives of the research were: to examine the planting of Jarra digit stolons
at varying row spacings in order to recommend an optimum stolon planting density for
Jarra digit pasture establishment; and to determine the effect of varying cutting intervals
and rates and time of nitrogen application on growth and forage quality of Jarra digit
pastures, in order to provide recommendations on cutting and nitrogen management 10
farmers.

Materials and methods

The field experiments were conducted in Ubon Ratchathani province, north-east Thailand
(15°N, 104°E) on the Ubon Ratchathani University farm in a 0.3 ha field from 2000 to
2002. Rainfall was recorded 1 km from the trial site (Table 1). The soil is classified as a
sandy low humic gley soil (Roi-et soil series) and was on an upland site. Soil samples
taken at sowing in May 2000 showed that the soil was acid (pH 4.7), and low in organic
matter (1%), N (0.05%), P (10.7 ppm; Bray Il extraction method) and K (19.5 ppm)
concentrations. The site prior to cultivation had been planted for 6 years in ruzi grass
(Brachiaria ruziziensis), mixed with some Verano stylo (Stylosanthes hamata). The site
was ploughed twice in March and April 2000 and rotary hoed to produce a fine seed bed
the day before Jarra digit stolons were planted into moist soil in July 2000.

Trial 1 — Effect of plant spacing on establishment of Jarra digit

Freshly dug green Jarra digit stolons were planted on July 6, 2000 in a randomised block
design with 4 plant row spacing treatments (stolons planted in rows 0.5, 1.0, 1.5 and 2.0
m apart and 0.5 m apart within rows) and 5 replications. The stolons were planted in
clumps with a handful of stolons planted in holes and soil firmly pressed in around the
base of the stolons. Plots measured 10 m x 4 m. Fertiliser (23 kg/ha N, 23 kg/ha K and 23
kg/ha P) was applied on September 25, 2000 and after every sampling cut.

Sampling cuts (October 24 and December 25, 2000, April 25, June 12, September
5 and October 22, 2001) were taken from eight 0.25 m’ quadrats cut 5 cm from ground
level in each plot. Samples were taken for botanical composition (Jarra digit % and weeds
% on a fresh weight basis) and Jarra dry matter yield (200 g subsample dried at 70°C for
48 h). After each sampling cut, the remaining herbage was cut to 5 ¢cm above ground
level and removed before applying fertiliser.

Trial 2 — Effect of cutting interval and nitrogen on Jarra digit

The research area (2000 m*) was planted with freshly dug Jarra digit stolons on July 6-7.
2000 in 50 ¢cm x 50 cm grid spacings and allowed to establish throughout the first wet
season and dry season, The area was cut to ground level on October 24, 2000 and on
April 19, 2001 and all herbage removed. No fertiliser was applied during this period.

The trial was a randomised complete block design comprising 4 replications, 4
cutting intervals (20, 30, 40 and 60 days) and 4 rates of nitrogen (0, 20, 40 and 80 kg/ha
N) applied as urea every 60 days. All plots recetved P (20kg/ha), S (20 keg/ha) and K (50
kg/ha) every 60 days. The trial commenced on April 19, 2001 and finished on December
15, 2001, a total of 240 days. In total, the N treatments received 0, 80, 160 and 320 kg/ha
N. Each plot measured S m x 5 m.

There were twelve 20-day, eight 30-day, six 40-day and four 60-day interval
sampling cuts. At each cut, 4 x 0.25 m’ quadrats were cut 5 cm above ground level in
each plot, separated into leaf and stem components and weighed fresh. A 200 gram
subsample was taken from each component, dried at 70°C for 48 h and dry weight
recorded. The dried leaf and stem subsamples were analysed for total N to calculate crude
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protein levels (% N x 6.25), % ADF and % NDF. Afier each sampling cut, the remaining
herbage in the plots was cut to 5 cm above ground level and removed.

Trial 3 — Effect of cutting and time and amount of nitrogen on Jarra digit

This trial was on the same site as Trial 2. The field was cut to ground level on December
19, 2001 and on April 19, 2002 and all herbage removed. No fertiliser was applied during
this period.

The trial was a randomised complete block design comprising 4 replications, 3
cutting intervals (20, 40 and 60 days), 2 times of nitrogen application (30 and 60 days)
and 2 nitrogen rates (20 and 40 kg/ha). On April 19, 2000, nitrogen as urea was applied
and all plots received P {20 kg/ha), S (20 kg/ha) and K (50 kg/ha) every 60 days. The trial
commenced on April 19, 2002 and finished on December 15, 2002, a total of 240 days.
Each plot measured 5 m x 5 m. Sampling was the same as in Trial 2.

Data from all trials were analysed using the IRRISTAT program from The
International Rice Research Institute (IRRI).

Results

Rainfall

Rainfall during the studies was above the medium-term mean of 1593 mm/annum in all 3
years (Table 1). Rainfall in the first establishment year, 2000, was 30% above the
medium-term mean with over 400 mm/month falling in May, July and August, making
the soil very moist for good stolon establishment. Rainfall at the beginning of the
nitrogen trials in May 2001 and May 2002 was more than 50% below the medium-term
mean but heavy thunderstorms in the latter half of both wet seasons, increased the annual
rainfall above the mean.

Trial 1 — Effect of plant spacing on establishment of Jarra digit

At the first cut at the end of the first wet season, Jarra digit swards planted in narrow rows
(0.5 m) produced over twice the amount of dry matter, were twice as dense and had fewer
weeds than swards planted in wide rows (2.0 m) (Table 2). By the time of the second cut
2 months later and through until the completion of the trial, row spacing had no more
significant effect on dry matter production of Jarra digit. Dry matter yields were low in
all swards at the end of the dry season (3™ cut) but total production in the second wet
season (4-7" cuts) was high in all swards, averaging 13 t/ha DM.

Jarra digit planted in narrow rows (0.5 m) were significantly denser and with
significantly fewer weeds than swards planted in wider rows (1 and 2 m) for the first 2
cuts (Table 2). Weeds were mainly pusley (Richardia braziliensis) and some ruzi grass
(B. ruziziensis). At the end of the dry season (3™ cut), all swards, except for the 0.5 m
spaced swards, had a higher proportion of weeds than Jarra digit. During the se.{:ﬂnd wet
seasran this trend quickly reversed, and Jarra digit increased in density and at the 3™ and
4™ cuts, all swards, on average, had less than 5% weed composition.

Trial 2 — Effect of cutting interval and nitrogen on Jarra digit

In Tral 2, increasing the cutting interval and increasing the nitrogen rate significantly
(P=0.05) increased both total DM and stem DM yields (Table 3). Leaf DM yields
significantly increased when nitrogen was applied but the effect of cutting interval on leaf
DM was slight, with leaf DM only increasing in plots cut every 20 days when 20 kg/ha N
were applied. There was also a significant cutting interval x nitrogen rate interaction for
total DM and stem DM yields.
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Increasing the cutting interval from 20 to 60 days produced, on average, twice the
amount of stem DM (Table 3). From June to September all plots, except the 20-day
cutting interval plots, produced flowering stems. Cutting interval had no effect on total
DM yields when no nitrogen was applied and cutting had no effect when the interval was
increased from 30 to 40 days. Applying 40 and 80 kg/ha N increased total dry matter
yields by more than 50% when Jarra digit was cut every 60 days compared to cutting
every 20 days.

Applying 20 kg/ha N significantly increased DM of all components at all cutting
intervals compared to 0 kg/ha N (Table 3). Increasing nitrogen rates above 20 kg/ha did
not gencrally affect leaf DM vields. Cutting Jarra digit every 30 and 60 days and at the
same time increasing the nitrogen rate from 20 kg/ha to 40 kg/ha, significantly increased
both total DM and stem DM. Increasing the rate of nitrogen from 40 to 80 kg/ha did not
increase DM yields, except total DM yields in plots cut every 60 days.

Crude protein concentrations in Jarra digit stems and leaves were significantly
affected by length of cutting interval and increasing rates of nitrogen (Table 4). There
was also a significant cutting interval x nitrogen rate interaction fer crude protein
concentrations. Increasing the cutting interval from 20 days to 60 days reduced crude
protein concentrations in stems and leaves by 50% and 30%, respectively. Nitrogen
apphed at 80 kg/ha N compared to applying no nitrogen, increased crude protein
concentrations in both stems and leaves by 20%. When no nitrogen was appied, crude
protein concentrations in stems and leaves cut every 20-30 days were on average mare
than 7% and 11%, respectively

Leaf ADF concentrations decreased with increasing rates of nitrogen and
increased as cutting interval lengthen (Table 4). Stem ADF concentrations increased as
the cutting interval lengthen but were not affected by increasing rates of nitrogen. NDF
concentrations in leaves and stems significantly increased as cutting interval increased
but nitrogen only affected stem NDF concentrations (Table 4). There was a significant
cutting interval x nitrogen interaction for stem NDF concentrations, with high rates of
nitrogen (80 kg/ha) reducing stem NDF at 30-day cutting intervals but increasing stem
NDF at 60-day cutting intervals.

Trial 3 — Effect of cutting and time and amount of nitrogen on Jarra digit

In Trial 3, increasing the interval of cutting significantly reduced the amount of leaf DM
and 1ncreased stem DM (Table 5). Applying nitrogen every 30 days, compared to every
60 days, did not increase total dry matter yields until a 60-day cutting interval was
reached (Table 5). There was a significant interaction between time and rate of nitrogen
for stem and total DM yields.

Applying 20 kg/ha N every 30 days, compared to every 60 days, increased dry
matter yields of all components by approximately 16% (Table 6). Applying 40 kg/ha N
every 30 days, compared to every 60 days, increased leaf DM but not stem and total DM
yields. Increasing the rate of nitrogen from 20 to 40 kg/ha, increased total DM and leaf
DM, but stem DM only increased when 40 kg/ha N, compared to 20 kg/ha N, was applied
every 60 days (Table 6).

Increases in cutting interval and time of nitrogen application reduced leaf and
stem crude protein concentrations by up to 40% and increases in nitrogen rate increased
leaf and stem crude protein concentrations by 15% (Table 7). There was a significant
interaction between time and rate of nitrogen for leaf and stem crude protein
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concentrations (Table 7). Leaf crude protein concentrations increased by 21% when
nitrogen increased from 20 to 40 kg/ha and was applied every 30 days, but when the same
amounts of nitrogen were applied every 60 days, crude protein concentrations only
increased by 9% (Table 8). Increasing rates of nitrogen increased stem crude protein
concentrations by 30% when nitrogen was applied every 30 days but had no effect when
nitrogen was applied every 60 days (Table 8).

Leaf and stem ADF and NDF concentrations significantly increased with
increases in cutting interval but were not affected by increases in nitrogen rates (Table 7).
Time of nitrogen application slightly increased leaf ADF and stem NDF concentrations
when 20 kg/ha N and 40 kg/ha N, respectively, were applied every 60 days compared to
every 30 days (Table 8).

Discussion

This study has shown that Jarra digit pastures can be successfully established by
vegetative propagation by planting freshly dug stolons as soon as possible after collection
and the absence of seed should no longer be seen as a barrier to its wider use in Thailand.
Unlike pangola grass establishment where lowland fields are flooded for successful
establishment (Anon. 2002), Jarra digit can be planted in upland soils provided the soils
are kept moist during the establishment phase. Many smallholder farmers in other parts of
south-east Asia prefer to establish pastures from vegetative material (Stur and Home
2001). For most grasses they find vegetative planting easy and reliable, establishment is
rapid, provided there is plenty of soil moisture, land does not have to be fully cultivated
and planting can be done late in the wet season. However, planting material has to be
available locally and with a new species like Jarra digit, nurseries would have to be
established on government research stations. This would be similar to the pangola grass
program in Thailand, where large fields are managed on government research stations to
provide initial first year planting material to smallholder farmers (Anon. 2002). After
swards are established by smallholder farmers, these swards can be used to provide
planting material for farmers to further expand pastures.

In our study, the vegetative establishment of Jarra digit swards followed 2 stages.
The first stage was the plant establishment phase in the first wet season during which
there was a period of growth as the stolons rooted and spread out slowly to cover the
inter-row spaces. The second stage in the second wel season was the consolidation or
‘thickening-up’ stage in which the inter-row spaces rapidly filled up, weeds reduced and
the swards became grass-dominant.

Planting Jarra digit on 50 cm squares provided the most forage in the
establishment phase in the first wet season with the lowest proportion of weeds.
Immediate spacings (1-1.5 m inter-rows) were not significantly lower in DM but had a
higher proportion of weeds. Humphreys (1987) recommended spacings of 0.7 m inter-
row and 0.3 m within the row for most vegetatively propagated grass species in order to
provide rapid first season production. However, if early season grazing is of little
importance, Humphreys (1987) suggested that wider spacings on 2 m squares are
adequate for running grass species if there is good weed control. In our study, 2 m spaced
rows swards took 6 months to produce the same amount of dry matter as narrower inter-
row spaced swards and over a year to reduce weed density to below 10%.

Smallholder farm sizes in Thailand are small (2-4 ha) (Hare et al. 1999a) and
most farms experience forage feed shortages. When farmers sow pastures they usually
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want rapid first year establishment to try and overcome forage shortages, with pastures
needed to provide forage within 2-3 months after planting. Therefore, the optimum Jarra
digit planting density, to provide the maximum amount of DM and a dense cover quickly,
would be to plant stolons in 50 cm squares. Wider row spacings could be used if labour
and planting material were scarce but first year DM production would be lower and more
time would be required to allow the pastures to ‘thicken-up’.

The cutting interval for Jarra digit had a significant impact on the yields of total
DM, leaf DM and stem DM and forage quality. Frequent cutting reduced yields but
increased forage quality, with the major response between 20- and 60-d cutting intervals.
In Trial 2, cutting every 20 days over a 240-d period produced 70% (13.2 t/ha) of the total
DM yield obtained by cutting every 60 days (18.8 t/ha) but crude protein concentrations
were 30-50% higher and fibre concentrations (ADF and NDF) 7-10% lower. These
responses were very similar to the cutting responses recorded in Thailand for Ubon
paspalum (Hare ef al. 2001) and pangola grass (Tudsri ef al. 1998). In Trial 3, total DM
yields were reduced by only 10% when Jarra digit was cut every 20 days (13.8 t/ha)
compared to 60 days (15.4 t/ha), but crude protein concentrations were 30-40% higher
and fibre concentrations 7-8% lower.

Differences in DM vyields between 20-d and 30-d cutting, and 30-d and 40-d
cutting in Trial 2 were, on average, minor. Increasing the cutting interval from 40 to 60
days, significantly increased DM yields in Trial 2, when high rates of nitrogen (80 kg/ha)
were applied, but not in Trial 3, when intermediate rates of nitrogen (20-40 kg/ha) were
applied.

Data from our trials would suggest that an optimum cutting interval for Jarra digit
of between 30 and 40 days would produce high DM yields of leafy forage of good
quality. Cutting every 20 days reduces the amount of DM and cutting every 60 days
produces high vields of stemmy, fibrous forage of lower quality. Cutting intervals of 30
days for pangola grass (Tudsri et al. 1998) and F. afratum (Hare ef al. 2001) were found
to produce optimum yields of high quality forage, with 60 day cutting intervals for both
species producing high yields of low quality forage.

Nitrogen rates as low as 20 kg/ha N applied every 60 days increased Jarra digit
DM vyields by 36% in Trial 2 above yields in control plots. Applying higher nitrogen rates
in Trial 2 only increased DM yields by 13% (40 kg/ha N vs. 20 kg/ha N) and 7% (80
kg/ha N vs. 40 kg/ha N). The response in dry matter per unit of N applied in Trial 2 was
typically curvilinear (Humphreys 1987), with increased dressings of N giving, overall,
less increase in dry matter per unit of N (Table 9). The yield response of Jarra digit was
typical of the general response of tropical grasses to N of 20-50 kg DM/kg N (Humphreys
1987) when N as urea was applied (with P, K and S as a basal dressing). However, the
vield response of Jarra digit in our study was considerably higher than responses recorded
for pangola grass in Thailand which averaged 12-29 kg DM/kg N in one study (Tudsri e
al. 1999) and 17 kg DM/kg N in another (Tudsii ef al. 1988).

In Trial 3, nitrogen rates of 20 kg/ha were generally as effective as rates of 40
kg/ha but when Jarra digit was cut every 60 days, the higher N rate produced higher DM
yields containing significant amounts of stem. Applying nitrogen every 30 days
compared to every 60 days in Trial 3 produced no increase in DM yields unless the
cutting interval was extended to 60 days.
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Crude protein concentrations of Jarra digit increased by 1-2 units as rates and
frequency of nitrogen increased. When no nitrogen was applied, leaf concentrations were
11-12% when cut every 20-30 days. However, concentrations of leaf protein reached
16% when nitrogen was applied every 30 days. When Jarra digit was cut every 20-40
days and nitrogen applied, stem crude protein concentrations were, on average, above the
7% critical protein level (Milford and Minson 1966), below which voluntary intake is
depressed. Cutting every 60 days reduced Jarra digit stem crude protein concentrations
below 7%, regardless of nitrogen application.

A feature of this study was the very high nutritive quality of Jarra digit forage
with crude protein concentrations among the highest reperted in Thailand in the wet
season for a tropical forage grass. Even when little or no nitrogen was applied, crude
protein concentrations of Jarra digit grown on very infertile soils were twice as high as
those recorded for P. atratum grown in an adjacent trial (Hare ef al. 2003c). Smallholder
farmers who apply very little or no fertiliser can maintain high forage quality by cutting
Jarra digit every 20-30 days, though DM production will be compromised. In Thailand,
Jarra digit is commonly compared to pangola grass. Crude protein concentrations in
leaves of pangola grass only reached 9 8% when 80 kg/ha N was applied (Tudsri ef al.
1998) and very high rates of nitrogen (468-930 kg/ha) were needed to increase crude
protein concentrations to levels between 12-14% (Tudsri er al 1999). Furthermore,
concentrations of ADF and NDF% in leaves and stems were 3-5 units lower in Jarra digit
in our study compared to pangola grass (Tudsri ef al. 1998; Tudst et al. 1999).

Jarra digit is a tropical forage of higher-than-average nutritive quality. It can be
easily established by planting stolons in moist soil with 50 cm spacings producing high
dry matter yields in the first wet season. The frequency with which Jarra digit should be
cut or grazed will depend on the relative importance of quality and quantity of forage
produced but an optimum cutting interval of between 30 and 40 days is recommended for
production of large amounts of high quality forage. Nitrogen application to Jarra digit
pastures growing on infertile soils in northeast Thailand, will improve grass production
with increases in crude protein concentrations. Applying 20 kg/ha N every 60 days will
give the highest response in dry matter production per unit of nitrogen. Economics are
usually the ultimate determinant of the amount of nitrogen to apply (Hare ef al. 1999b),
so therefore amounts above 20 kg/ha N and more frequent nitrogen applications than
every 60 days, are not necessary.
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Table 1. Rainfall at Ubon Ratchathani University during the study and the medium-term mean.

Month ~ Ramfall (mm) i
~ Mean' 2000 2001 2002
Jan 1 0 0 0
Feb 11 16 17 ]
Mar 32 15 65 43
Apr 33 140 23 B
May 226 494 94 105
Jun 251 257 323 122
Tul 279 469 288 389
Aug 270 419 _ 294 433
Sep 204 218 262 389
Oct 110 35 239 131
MNov 33 16 33 10
Dec 3 0 0 11
Total 1593 2099 1638 1733

11-vear mean, 1992-2002.

Table 2. Effect of row spacing on Jarra digit dry matter production and botanical composition.

Row 1* cut 2™ cut 3" cut 4" ot 5% cut 6" cut 7" cut
spacing  (24/10/00)  (25/1200)  (25/4/01)  (26/6/01)  (27/701)  (5/9/01)  (22/10/01)

 larra digit DM (kg/ha)

0.5m 2536 a' 2313a 753 a 3795 a 2808 a 3918a 3406 a
1.0 m 2150 a 1669 a 602 a 2858a 2021 a 3077 a 3199 a
1.5m 1782 ab I1811a 572 a 3847 a 3169a 3647 a 3046 a
~20m 107ib 1553 a 555a  2506a  2459a  4047a 3254 a
L . Jarra digit % — =
0.5 m 81 a 87 a Sia 98a  9la 96 a 98 a
1.0 m 51h 66 b 41 a 86 ab Tha Ol a 95 a
1.3m 66 ab 79 ab 40 a 95a 8la Q5 a 05 a
2.0m 9b 66b  44a 79b 75 a 93 a 98a
Sl Weeds %o
0.5m 19b 13 b 47a  2b 9a 4a 2a
1.0m 49 a 34a 59a 14 ah 34a 9a S5a
I.3m 34 ab 21 ab 60 a 5ab 19 a 54 5a
2.0m 6la 34a 56a 21 a 35a Ta 2a

" Within columns, means followed by a common letter are not significantly different at P+0.05 by Duncan’s
Multiple Range Test.



Table 3. Effect of cutting interval and nitrogen on production of Jarra digit in 2001 (Trial 2).
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Cutting Nitrogen rate’
interval (d) (kg/ha N)
0 20 40 80
Total DM yield (kg/ha) _
20 9962 14311 13667 15132
30 11448 14638 18347 17114
40 11577 15780 17148 19202
60 12622 17303 21253 23985
LSD (P<0.05) 2725
Treatment**; Cutting**: Nitrogen*¥; Cutting x Nitrogen*
Leaf DM yield (kg/ha) S
20 5337 8050 7223 7657
30 5160 6517 7868 7301
40 5524 6922 7447 B248
60 4727 SO0 6793 7577
LSD (P=<0(0.05) 1115
Treatment**: Cutting*; Nitrogen**; Cutting x Nitrogenns
e _Stem DM yvield (kg/ha)

20 4625 6261 Hd44 7475
30 6288 8121 10479 9813
40 6033 BRAR 9701 10954
Bl 7895 11593 14460 16408

LSD (P<0.05) 1974

Treatment**; Cutting**: Nitrogen®**. Cutting x Nitrogen**

"Total N applied over trial (0, 80, 160 and 320 kg/ha)
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Table 4. Effect of cutting interval and nitrogen on herbage quality of Jarra digit in 2001 (Tral 2).

Cutting Nitrogen rate'
interval (d) (kg/ha N)
0 20 40 80
.1 ~ Leaf crude protein concentration (%) :
20 12.32 13.19 13.17 15.18
3l 11.03 12.70 13.02 13.61
40 9.57 10.78 11.39 13.60
6l B.65 5.68 984 11.16
LSD (P<0.05) 0.8]
Treatment**: Cutting**: Nitrogen**; Cutting x Nitrogen®
o o Stem crude protein concentration (%) [
20 8.60 8.27 825 10.47
30 6.38 732 7.92 8.04
40 5.68 6.74 7.08 8.03
60 5.02 373 4.02 5.29
LSD (P<0.05) 1.19
Treatment**: Cutting**; Nitrogen**; Cutting x Nitrogen® -
- ~ Leaf ADF (%) A
20 31.46 31.25 30.70 30.37
30 31.87 31.06 31.25 30.73
40 3.55 32.34 33.11 32,33
60 33.77 3385 33.06 32.20
LSD (P<0.05) 0.69
Treatment**; Cutting**: Nitrogen**; Cutting x Nitrogen®
o ~ Stem ADF (%) )
20 34.75 35.70 3494 34.82
30 35.75 3561 35.55 36.09
40 3653 37.70 38.45 38.03
60 37.91 38.33 39.31 39.90
LSD (P<0.05) 1.45
Treatment**: Cutting**: Nitrogen ns: Cutting x Nitrogen ns il
e Leaf NDF (%) “
20 3220 i P 52.64 53.46
30 53.67 32.63 53.79 5292
40 3548 54.48 5381 55.55
60 56.07 56.56 56.39 55.22
LSD (P<0.05) 2.75
Treatment*: Cutting**: Nitrogen ns: Cutting x Nitrogen ns
Stem NDF (%)
20 62.19 63.48 62.73 62.25
30 64.76 63.11 65.11 62.88
40 66.28 66.04 66.81 65.79
60 66.52 69.09 69.49 69.16

L5SD (P<0.05) 1.57

Treatment**; Cutting**: Nitrogen*; Cutting x Nitrogen**

"Total N applied over trial (0, 80, 160 and 320 kg/ha)
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Table 5. Effect of rate and time of nitrogen and cutting interval on vield of Jarra digit in 2002

{Tnal 3).
Cutting interval N rate’ N rate N every N every
(d) (20 ke/ha N) {40 ke/ha N) 30 days 6l davs

Total DM vicld (kg/ha)

20 13064 14540 14202 13401
40 13249 153760 15232 13777
60 13926 16879 16242 14563

1588

LSD (P<0.05)
Treatment**; Cutting*; Rate of N**; Time of N**; Cutting x Rate of N ns; Cutting x Time of N

ns; Time of N x Rate 5}!’1‘\’ * o o

i Leaf DM yield (kg/ha) i

20 7294 8127 7984 7437
40 6037 6939 6819 6156
60 5209 6084 6351 5032

678

LSD (P<0.05)
Treatment**; Cutting**; Rate of N*¥; Time of N**; Cutting x Rate of N ns; Cutting x Time of N

ns: Time of N x Rate of N ns. = immm 1D 1=l
Stem DM yield (kg/ha)

20 5770 6413 6218 5964

40 7212 8821 8413 7621

60 8627 10795 9801 9531
1209

LSD (P=0.05)
Treatment**; Cutting**; Rate of N**; Time of N ns; Cutting x Rate of N ns; Culting x Time of

Nitrogen ns; Time of N x Rate of N ¥

'Total N applied over trial
(20 kg/ha N every 30 days = 160 kg/ha; 20 kg/ha N every 60 days = 80 kg/ha:

40 kg/ha N every 30 days = 320 kg/ha; 40 ke/ha N every 60 days = 160 kg/ha)

Table 6. Effect of time and rate of nitrogen application on yield of Jarra digit in 2002 (Trial 3).
N every 30 days N every 60 days

Nitrogen rate'

(kg/haN) _ SO oty . W
Total DM yield (kg/ha)
20 14554 12273
40 15897 153555
LSD (P<0.05) 1297 -
Leaf DM yield (kg/ha)
20 6733 5664
40 7347 6752
LSD (P<0.05) 5353
Stem DM vyield (kg/ha) Il
20 71799 6609
40 8530 8803
LSD (P<0.05) 987

"Total N applied over trial
(20 kg/ha N every 30 days = 160 kg/ha; 20 kg/ha N every 60 days = 80 kg/ha;

40 kg/ha N every 30 days = 320 kg/ha; 40 kg/ha N every 60 days = 160 kg'ha)
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Table 7. Effect of rate and time of nitrogen and cutting interval on quality of Jarra digit in 2002
{Trial 3).

Cutting interval N rate' N rate N every N every
(d) (20 kg/ha N) (40 kg/'ha N) 30 days 60 davs
. Leaf crude protein concentration (%)
20 13.91 16.09 16.07 13.92
40 11.90 13.95 14.15 11.69
60 0.85 11.13 11.62 9.36
LSD (P=0.05) 1.04

Treatment**; Cutting®; Rate of N*¥*; Time of N**; Cutting x Rate of N ns: Cutting x Time of N
ns; Time of N x Rate of N **

Stem crude protein concentration (%)

20 0.67 11.09 11.62 9.14

40 8.31 9.29 9.8] 7.79

60) 5.59 6.80 6.93 5.46
LSD (P<0.05) 0.94

Treatment**; Cutting**; Rate of N**;, Time of N**, Cutting x Rate of N ns; Cutting x Time of N
ns; Time of N x Rate of N **

Leaf ADF (%)

20 30.45 30.27 30.01 30.72

40 3210 31.68 31.60 32.18

60 3291 3245 3245 32.90
LSD (P<0.05) 0.74

Treatment**; Cutting**; Rate of N ns; Time of N*¥; Cutting x Rate of N ns; Cutting x Time of N
ns: Time of N x Rate of N ns.

Stem ADF (%)

20 34.19 34.81 . 34.37 34.64

40 35.69 35.44 35.3 35.81

60 36.97 36.37 36.56 36.78
LSD (P<0.05) 0.64

Treatment**; Cutting**; Rate of N ns; Time of N ns; Cutting x Rate of N ns; Cutting x Time of
N#*: Time of N x Rate of N #

Leaf NDF (%) o
20 52.43 51.30 52.32 51.40
40 55.56 55.19 55.81 54.94
60 56.67 56.47 56.40 56.75
LSD (P<0.05) 2.18

Treatment**; Cutting®*; Rate of N ns; Time of N ns; Cutting x Rate of N ns; Cutting x Time of N
ns; Time of N x Rate of N ns.

= : = ___StemNDF (%) ==

20 61.09 61.45 60.53 62.05

40 63.75 62.92 63.12 63.55

60 65.66 65.15 65.11 65.70
LSD (P<0.05) 101

Treatment**; Cutting**; Rate of N ns; Time of N**; Cutting x Rate of N ns; Cutting x Time of N
ns; Time of N x Rate of N ns. -
"Total N applied over trial

(20 kg/ha N every 30 days = 160 kg/ha: 20 kKg'ha N every 60 days = 80 kg'ha;

40 kg/ha N every 30 days = 320 kg/ha; 40 ke/ha N every 60 days = 160 kg/ha)




Table 8. Effect of time and rate of nitrogen application on quality of Jarra digit in 2002 (Trial 3).

Nitrogen rate’ N every 30 days N every 60 days
(kg/ha N)
Leaf crude protein concentration (%a)
20 12.61 11.16
40 15.28 12.16
LSD (P<0.05) _ 0.85 ) 18
B Stem crude protein concentration (%)
20 5.22 7449
40 10.69 743
LSD (#<0.05) oe_u 0.77
: ~ Lealf ADF (%)
20 3151 32.13
40 31.19 31.73
LSD (P<0.05) .61
Stem ADF (%) =
20 35.67 35.17
40 35.57 3574
LSD (P<0.03) o 0.52 e
e = Leaf NDF (%)
20 54.59 55.18
40 35:10 53.54
LSD (P<0.05) e
= Stem NDF (%) )
20 53.25 63.75
40 62.39 63.78
LSD (P<0.05) 0.82

"Total N applied over trial
(20 kg/ha N every 30 days = 160 kg/ha; 20 kg'ha N every 60 days = 80 kg/ha;
40 kg/ha N every 30 days = 320 ke/ha; 40 kg/ha N every 60 days = 160 kg/ha)

Table 9. Yield responses (kg DM/kg N) from applying nitrogen to Jarra digit (Trial 2).

Cutting interval (d) Mitrogen level (kg/ha N)
80 60 30
Yield response (kg DM/kg N)
. 20 54 ) 23 16
30 40 43 17
40 52 35 24

6l 61 34 36
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Appendix 8

Planting Paspalum atratum cv. Ubon and forage legumes in alternate
rows to establish pasture swards in north-east Thailand

M.D.HARE', LE. GRUBEN’, P.TASAPONG', A. LUNPHA', M. SAENGKHAM' AND
K. WONGPICHET'

'Faculty of Agriculture, Ubon Ratchathani University, Ubon Ratchathani, Thailand
*Department of Agroecology, University of Rostock, Rostock, Germany

Abstract

Two field trials on a low fertility upland soil were conducted in north-east Thailand to
find legumes that when planted in alternate 50 cm rows in Ubon paspalum (Paspalum
atratum) swards would persist and improve the quality of the pasture. In Trial 1, annual
legumes Lablab purpureus cv. Rongai, Vigna unguiculata and Canavalia ensiformis were
dominant at the first cut, 60 days after sowing, but these legumes failed to regrow after
the second cut 45 days later. Other legumes Aeschynomene americana cv. Lee.
Macroptilivm gracile cv. Maldonado, Stylosanthes guianensis cv. Tha Phra (CIAT 184).
Centrosema pascuorum cv. Cavalcade, Calopogonium muncunoides and Pueraria
phaseoloides were slower to establish but produced consistent yields when cut 4 times
during the wet scason. The highest cumulative wet scason dry matter yields in Trial 1
were produced by the grass only swards, 12.2 t'ha DM, which was 35% higher than the
average yields produced by the mixed grass/legume swards. The low average crude
protein content of Ubon paspalum (4.5%) lowered the total crude protein yields of the
grass only swards by up to 35% compared to the best legume/grass sward of Centrosema
pascuorum that produced 808 kg/ha crude protein from 4 cuts.

In Trial 2 in the second year. the inter-rows between the existing rows of Ubon
paspalum were cultivated at the beginning of the wet season and legumes oversown along
the cultivated inter-rows. The best performing legumes in the first wet season in Trial 2
were S. guianensis var. vulgaris x var. pauciflora (ATF 3308, Ubon stylo), Macroptilium
gracile cv. Maldonado, S. guianensis cv. Tha Phra (CIAT 184). 8. hamata cv. Verano.
and C. mucunoides. However, total wet season crude protein yields between the best
legume mixed grass swards and grass only swards were not significantly different.

In the second wet season in Trial 2. the legumes were not resown in the pasture
swards but were allowed to reestablish from fallen seed produced in the preceding drv
season. All 3 stylo species, S. guianensis var. vulgaris X var. pauciflora, S. guianensis cv.
Tha Phra and §. hamata cv. Verano, produced significant amounts of dry matter (2.0-2.3
t'ha) and these treatments produced 89% more total wet season crude protein than swards
with only Ubon paspalum. Tha Phra stylo mixed grass swards twice the amount of crude
protein than grass only swards. 8. hamata cv. Verano aggressively invaded the inter-rows
in the other mixed grass/legume swards where the twining legumes were either very
sparse or had disappeared, thereby increasing significantly the crude protein yields of
these swards compared to grass only swards.

Management strategies to maintain a strong legume composition in alternate rows
in Ubon paspalum swards are discussed and include using high legume seeding rates,
selectively cutting only the grass in the carly part of the wet season and reducing the
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amount of fertiliser used. Stylo species were identified as suitable legume companion

species to establish in Ubon paspalum pastures on low fertility upland soils in north-east
Thailand,

Introduction

The concept of a grass/legume mixture as an ideal pasture is based on the better balanced
diet on offer to animals with respect to protein provided by the legume and energy
provided by the grass, which in turn benefits from the symbiotic nitrogen fixed by the
associated legume. However, the management of tropical grasses and legumes to
maintain the original botanical composition is a difficult operation as each has differing
growth patterns with the faster growing C; grasses usually dominating the slower
growing Cs legumes (Humphreys 1981}

The comparative advantage of C4 grasses over the C; legumes, particularly above
the ground for space and light, usually leads to mixed grass/legume swards becoming
grass dominant within 1-2 years after establishment. The nature of the competition does
vary from one field situation to another so that a particular species may be a strong
competitor in one site but a weak competitor in another (Grime 1977). However, the
general experience in Thailand and many other tropical countries is the failure of legumes
to persist in mixed swards for more than 2 vears (Ibrahim and Mannetje 1998; Hare ef al.
1999b; 2002}

On infertile, low lying, seasonally wet-seasonally dry soils in north-east Thailand.
Macropiilium gracile, Centrosema pascuorum and Aeschynomene americana did not
persist after the second wet season in association with either Brachiaria mutica or
Paspalum atratum (Hare ef al. 1999b). On fertile, well-drained soils in central Thailand,
sowing Stylosanthes hamata al twice the seeding rate as that of B. ruziziensis (24 vs 12
kg/ha) did not prevent the pasture swards becoming grass dominant (97%) within 4
months afler sowing (Wongsawan and Watkin 1990) and in places that legumes did
persist, they only contributed 5-10% of the botanical composition of the pasture sward
{Hongyantarachi ef al. 1989).

The primary pasture production system in Thailand is to grow pure swards of
cultivated grasses. The quality of these pastures is usually low as most farmers apply little
if any fertiliser (Tudsri er al. 2001) and even where fertiliser has been applied, crude
protein concentrations remained low, ranging from 4.4-8.6% on infertile soils (Hare ef ai.
1999a).

£. atratum cv. Ubon grows well on wet, waterlogged acid soils in Thailand (Hare
ef al. 1999a; 1999b) but it has low crude protein concentration, frequently falling below
7%. This crude protein level is considered a critical point (Milford and Minson 1966)
where nitrogen needed by rumen microorganisms becomes limiting unless some other
nitrogen source is provided. Crude protein concentrations of P. atratum increased above
7% if nitrogen rates of 80 kg/ha N were applied every 30 days and the forage cut every
20-30 days (Hare er al 1999¢; Hare et al. 2001). However, the amount of nitrogen
fertiliser applied in these trials is too expensive for smallholder farmers and the frequent
cutting regime (every 20-30 days) significantly lowers dry matter yields. This is
undesirable for farmers where land pressure on smallholdings is great and as much dry
matter as possible must be produced from average farm sizes of 2-4 ha (Hare et al.
1999a). Introducing legumes into P. afratum pasture swards could be a cost-effective
method for smallholder farmers to improve pasture quality.
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Tropical grass/legume mixtures have been successful where different strategies
using management leads to the legume species competing successfully with the
neighbouring competing grass species. It is common practice to increase the legume
seeding rate in order to increase the legume percentage in the first vear (Jones ef af.
1986), particularly on low fertility soils (Humphreys 1987). But in some cases even this
strategy is not successful (Wongsawan and Watkin 1990), particularly if the grass is
stoloniferous. Legumes are generally more compatible with erect bunch grasses than with
stoloniferous grasses. The legumes are able to compete for light by climbing up the grass
canopies if they are twinning types or if they are low-growing types, removing the grass
teaves by heavy grazing or close cutting will enable the legumes to receive sufficient
illuminance

Arachis pintoi persisted well, especially at high stocking rates, in association with
a less aggressive accession of B. humidicola (Ibrahim and Mannetje 1998) and .
brizaniha (Hernandez et al. 1995) in Costa Rica, because of its prostate growth habit and
dense mat of stolons ensured protection of a high percentage of growing points from
defoliation. Leucaena planted as seedlings in wide rows, 1-2 m apart, on fertile soils in
Thailand, successfully grew with B. ruziziensis and Pennisetum purpureum (Dwarf
napier) by cutting the grasses lower than leucaena in the establishment year, enabling the
greater stature of leucaena to receive sufficient sunli ght (Tudsni et al. 2001; 2002).

P. atratum is an erect bunch grass which does not spread into vacant areas in
pastures and often these open spaces are invaded by weeds (Kalmbacher er al. 1997)
when they could be better utilized by lecumes. On seasonally wet-seasonally dry soils in
Thailand legumes failed to persist in P. atratum swards but in these studies the grass
seeding rate was higher than the legume rate (Hare ef al. 1999a: 2002). If the legume
seeding rate was higher than the grass rate and sites were on slightly better drained soils,
legumes may have more chance to persist (Hare et al. 2002), especially in the open
spaces in P. atratum pastures

The objective of the research was to plant a range of legumes in alternate rows
with P. atratum in order to find legumes that would persist and improve the quality of P.
atratum swards in north-east Thailand on soils that are not waterlogged.

Materials and methods

The field experiments were conducted in Ubon Ratchathani province, north-east Thailand
(15°N, 104°E) on the Ubon Ratchathani University farm in a 0.15 ha field from 2000 to
2002. Rainfall was recorded 1 km from the trial site (Table 1). The soil is classified as a
sandy low humic gley soil (Roi-et soil series) and was on an upland site. Soil samples
taken at sowing in May 2000 showed that the soil was acid (pH 4.7), and low in organic
matter (1%), N (0.05%), P (10.7 ppm, Bray II extraction method) and K (19.5 ppm)
concentrations. The site prior to cultivation had been planted in ruzi grass, mixed with
some Verano stylo, for 6 years. The site was ploughed twice in March and April 2000
and rotary hoed to produce a fine seed bed the day before seed sowing in May 2000

Irial 1 — Seed sowing Ubon paspalum and forage legumes in alternate rows

Fhis trial was a randomised complete block design with 10 seed sowing treatments and 4
replications. The treatments were Paspalum atratum cv. Ubon (Ubon paspalum) sown
alone (T1) or in alternate rows with Lablab purpureus cv. Rongai (T2), Aeschynomene
americana cv. Lee (America jointvetch) (T3), Macroptilium gracile cv. Maldonado
(Llanos macro) (T4), Stylosanthes guianensis cv. Tha Phra (CIAT 184) (TS), Centrosema
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pascuorum cv. Cavalcade (T6), Vf':e?m unguiculata (Cowpea) (17), Canavalia ensiformis
(Jackbean) (T8), Calopogonium muncunoides (Calopo) (T9) and Pueraria phaseoloides
(Puero) (T10).

In April 2000, all seeds were weighed for thousand seed weight and tested for
seed germination in order to calculate seed sowing rates (Table 2). Lee American
jointvetch, llanos macro, Tha Phra stylo, calopo and puero seeds were soaked in hot water
and Cavalcade seeds were scarified with sandpaper prior to germination testing and at
seed sowing in May. Seeds of Lablab, Lee American jointvetch, Cavalcade, cowpea.
calopo, and puero were also inoculated with the appropriate rhizobium strains (Table 2).

Ubon paspalum and the legumes were sown at their respective sowing rates
(Table 2) on May 3. 2000 in plots measuring 6 x 5 m. Ubon paspalum in T1 was sown
alone in 50 cm spaced rows and each legume species (T2-T10) was sown in alternate 50
cm spaced rows with Ubon paspalum. The seed was lightly covered with soil and
fertilised with 22 kg/ha N, 22 kg/ha P, 22 kg/ha K and 13 kg/ha S. The plots were hand
weeded 2 weeks after sowing.

Plant counts were made from 3 x 1 m rows of legumes and Ubon paspalum in
each plot, 4 weeks after sowing. Dry matter cuts were taken from 4 x 1 m rows of each
legume and Ubon paspalum per plot, cut 10 ¢m from ground level on July 4, August 17,
September 29 and November 13, 2000. At each cut samples were sorted into Ubon
paspalum and legume species. 200 g separate subsamples of Ubon paspalum and legume
species from each plot were dried at 70°C for 48 hours and dry weights recorded.
Samples from the dried grass and legumes were analysed for total N in order to calculate
crude protein levels (%N x 6.25).

After each sampling, the plots were cut to 10 cm above ground level and fertilised
with N, P, K and § at the same rates applied at sowing.

Trial 2 - Inter-row planting forage legumes in alternate rows between I year-old rows of
Uibon paspalum

This study used the same plots as in Trial | comprising of 10 treatments replicated 4
times, The treatments were P. afratum cv. Ubon alone (T1), and F. afratum cv. Ubon
inter-row planted with 8. guianensis var. vulgaris x var. pauciflora (ATF 3308, Ubon
stylo) (T2), M. atropurpureum cv. Aztec siratro (T3), Macroptifium gracile cv.
Maldonado (Llanos macro) (T4), 8. guianensis cv. Tha Phra (CIAT 184) (T5), €.
pascuorum cv. Cavalcade (T6), C. pubescens (Centro) (T7), 8. hamata cv. Verano (T8),
C. mucunoides (Calopo) (T9) and P. phaseoloides (Puero) (T10).

On May 10, 2001, Ubon paspalum in all plots was cut to ground level and the
inter-rows between the 1 m spaced grass rows in the legume treatments cultivated into a
fine seed-bed by a small plough and harrow. On May 15 the legume seeds were sown in
the inter-rows in their respective plots. The seed was lightly covered with soil and all the
plots fertilised with 23 kg/ha N, 23 kg/ha P and 23 kg/ha K. The legume seeding rates
were 10 kg/ha for the 3 stylo species, 20 kg/ha for Aztec siratro, |lanos macro and centro
and 40 kg/ha for calopo and puero. All the legume seeds were sandpaper scarified but
were not treated with rhizobium.

On June 25 dry matter samples of Ubon paspalum only were cut 10 ¢m above
ground level from 4 x 1 m rows in all plots and dry weight and crude protein determined
as in Trial 1. Following sampling cuts, Ubon paspalum rows in all plots were cut to 10
cm above ground level and fertilised at the same rates used at time of legume sowing. No
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legumes were cut at this time. On August 14 and October 17, 4 x 1 m rows of both
legumes and Ubon paspalum were cut at 10 cm above ground level and analysed for dry
matter and crude protein content. After each sampling cut, the remaining rows were cut to
10 cm above ground level and fertilised with the same rates of N, P and K.

Two dry season sampling cuts, 10 cm above ground level, were taken from each
plot on December 26, 2001 and April 26, 2002. At each dry season cut, only samples of
grass were taken from 4 x 1 m rows in each plot as the legumes present were below the
10 cm cutting height. At the April cut, the legume seedlings in the inter-rows were scored
for percent cover in each plot. After each cut the same rates of N, P and K were applied
again, Wet season cuts, 10 cm above ground level, were taken on June 17, August 21 and
October 22, 2002, and analysed for dry matter and crude protein content. Only grass was
sampled at the first cut in June. Fertiliser was only applied once in the 2002 wet season
on August 21.

Hesulis

Hainfall

Rainfall during the studies was above the medium term of 1593 mm/annum in all 3 years
(Table 1). Rainfall in the first establishment year, 2000, was 30% above the medium-term
average with over 400 mm/month falling in May, July and August. Rainfall in the May,
the first month of the wet season, in 2001 and 2002 and in June, 2002, was more than
50% below the medium-term mean but heavy thunderstorms in the latter half of the wet
season, increased the annual rainfall above the mean.

frial 1 - Seed sowing Ubon paspalum and forage legumes in alternate rows

Plant populations of all species was good at 4 weeks afier sowing (Table 3). The density
of Ubon paspalum was slightly higher in the pure swards but there were no significant
differences between Ubon paspalum plant density in all the plots strip-planted with
legumes. Legume plant density varied significantly with the large seeded jackbean having
the lowest plant number/m” and the small seeded Lee joint vetch the highest plant density
at 4 weeks after sowing. Lablab established very well with plant densities similar to
puero, llanos macro and Tha Phra stylo. However, the lower seed germination of calopo
(Table 2) resulted in calopo having lower plant densities compared to most other
legumes, except jackbean, at 4 weeks after sowing.

At the first cut, legumes were either dominant or at least equal in dry matter to
Ubon paspalum, but at later cuts Ubon paspalum out yielded the legumes (Table 4).
Annual legumes, jackbean, cowpea and lablab, were dominant at the first cut, producing
significantly more dry matter than Ubon paspalum and all the other legumes except
Cavalcade. However, these 3 annual legumes quickly died out and had disappeared in all
plots by the third cut. The other biannual and perennial legumes grew more slowly, with
Cavalcade and Lee jointvetch producing the most legume dry matter at the second and
third cuts, respectively. By the fourth cut, there were no significant differences in dry
matter production between the remaining legume species.

Ubon paspalum only produced significantly more dry matter when grown in the
pure grass swards than when grown in association with the legumes, at the first and third
cuts (Table 4). Dry matter production of Ubon paspalum in the mixed swards was similar
in all the grass/legume swards at all cuts except at the fourth cut, when Ubon paspalum in
the puero swards produced significantly more dry matter than when grown with other
legumes.
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The highest total first wet season dry matter yield was produced by the grass only
swards, 12.2 t/ha DM, which was 35% higher than the average yields produced by the
mixed grass/legume swards (Table 5).

Levels of crude protein in Ubon paspalum was low at all cuts, on average 4.5%,
and only reached 7% at the fourth cut in association with puero (Table 4). When grown
with lablab, crude protein levels of Ubon paspalum were slightly higher at the first 3 cuts
than in other treatments. Levels of crude protein in the legumes was on average 14.5%,
with puero producing the highest levels, except at the first cut, when Lee jointvetch
produced a slightly higher level (Table 4). Cowpea produced the lowest concentration of
tegume crude protein, 10.2%, at the first cut, before it disappeared from the plots.

Total crude protein yields for the season were the highest in the Cavalcade mixed
swards, 808 kg/ha, which was 35% higher than crude protein yields produced by the
grass only swards. (Table 5).

Irial 2 — Inter-row planting forage legumes in alternate rows between | year-old rows of
Ubon paspalum

At the first cut, differences in Ubon paspalum dry matter production between treatments
were slight, with the highest yield being produced from the Ubon stylo swards and the
lowest yield from the centro swards (Table 6). At the second cut, there were no
differences in Ubon paspalum dry matter production between treatments. At the third
cut, pure swards of Ubon paspalum produced significantly more dry matter than Ubon
paspalum in mixed grass/legume swards.

Llanos macro, Tha Phra stylo, calopo, Ubon stylo and Verano stylo produced the
highest legume dry matter yields when legumes were first sampled at the second cut
(Table 6). The 3 stylo species and calopo produced the most dry matter at the end-of-wet
season cul in October.

Total wet season dry matter yields were over 10 t/ha in the pure grass and llanos
macro swards, which were 30% higher than dry matter yields produced by the centro and
puero swards (Table 7). Total crude protein yields in the llanos macro swards were
significantly higher than yields produced by the Cavalcade, centro, calopo and puero
swards.

Ubon paspalum crude protein levels were very low at all cuts, averaging 4.7%
(Table 6). Crude protein levels of the legumes were 3-4 times higher than levels in Ubon
paspalum, Aztec siratro, llanos macro and calopo produced crude protein levels 2-3%
lower than the other legume species.

In the dry season (November-April), dry matter production of Ubon paspalum
was on average 2200 kg/ha with no significant differences between plots that had
legumes and the grass only plots. Legumes were very small and prostrate at the first dry
season cut (December) and as they were below the 10 cm cutting height no legume dry
matter data were collected. In April many legumes seedlings were starting to emerge in
the plots and even though no dry matter production data were collected as they were too
small, their presence was scored visually in each treatment. Ubon stylo, Tha Phra stylo
and Verano stylo were dense along the inter-rows in all their respective plots; llanos
macro, Cavalcade, centro, and calopo were between 20-30% in their respective plots;
puero only constituted 5% cover in its plots and no Aztec siratro seedlings were observed.
However, in the twining legume plots dense numbers of small Verano seedlings were
observed emerging,



Grass only plots at the first cut in the third wet season produced significantly
more grass dry matter than plots mixed with Ubon stylo, Tha Phra stylo, Cavalcade and
centro (Table 8). At the second cut, nearly all plots produced similar grass vields, except
for the Cavalcade and centro plots, which produced nearly 60% less grass dry matter than
grass only plots.

At the second cut, the 3 treatment stylos, Ubon, Tha Phra and Verano, produced
significantly more dry matter than the combined dry matter weights of the other legumes
(Table 8) which were either very sparse (Aztec siratro, llanos macro, Cavalcade, centro
and calopo) or had disappeared (puero). Self-sown Verano stylo was very dense in these
twinmng lesume swards and a small amount of self-sown calopo also grew in the Verano
stylo plots. Total dry matter production (grass and legume) was similar between all plots
at the second and third cuts.

At the third cut, Ubon paspalum in the centro swards produced less than half the
amount of dry matter produced by the grass only swards (Table 8). The 3 stylo species
were again dominant at the third cut and self-sown Verano stylo produced equal amounts
of dry matter in the other legume swards. Aztec siratro had disappeared by the time the
third cut was taken.

In the third wet season there were no significant differences in cumulative dry
matter production between grass only and mixed/legume grass swards (Table 9).
However, the mixed grass/legume swards produced more significantly more (67%) crude
protein than grass only swards. The 3 stylo treatment swards produced 89% more total
crude protein than the grass only swards with Tha Phra stylo swards producing twice the
amount of crude protein produced by grass only swards.

Discussion

The primary objective of this research was to improve the quality of Ubon paspalum
swards through management of appropriate forage legumes introduced either when sown
with Ubon paspalum or when oversown into alternate inter-rows in established grass
swards. Management of the trials was to ensure that conditions were made suitable for the
legumes by using high legume seeding rates, cultivating the inter-rows before oversowing
in second-year grass swards, selectively cutting the grass only and delaying cutting the
legumes at the beginning of the second and third growing seasons and reducing the
amount of fertiliser in third-year swards in order to reduce the competitiveness of Ubon
paspalum,

Using high legume seeding rates in Trial 1 was a successful management strategy
in that it ensured that at the first cut, 2 months after sowing, most of the legumes were
either dominant or at least equal in dry matter to Ubon paspalum. Cultivating the inter-
rows and selectively cutting only the grass rows early in the second growing season
promoted successful establishment of all the legumes in second year grass swards.
Selectively cutting the grass rows and not cutting the legumes early in the third growing
season made conditions suitable for the successful reestablishment of stylo species from
fallen seed.

Fertiliser management appeared to play an important role in the successful growth
of stylo species in the third year. The amount of fertiliser applied in the third year was
reduced to half of what was used in the previous year without affecting the quality of the
pasture sward. Grass production was reduced but the production of stylo species
increased 5-6 times compared to the previous year and this increase, which included self-
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sown Verano stylo in other legume plots, enabled crude protein yields for the third year
to be 165 ke/ha higher in the mixed grass/legume swards than in the second year. Ubon
paspalum crude protein levels remained low throughout the trials and when fertiliser
applications were halved in the third year, crude protein levels remained the same.

With management strategies assisting the successful establishment and growth of
legumes in Ubon paspalum pasture swards, it appeared that legume growth habit was the
major determinant of the subsequent performance of the different legumes species.

Annual legumes, lablab, jackbean and Cavalcade, with their vigorous early
growth, significantly increased the quality of the Ubon paspalum swards with increased
crude protein yields compared to grass only swards in Trial 1. Another annual species
used, cowpea, praduced over 1500 kg/ha DM at the first cut, but its relatively low crude
protein content for a legume (10.2%) meant that the cowpea mixed pasture sward crude
protein yield was not significantly higher than grass only swards.

However, except for Cavalcade and Lee jointvetch, the contribution of these
annual legumes to sward productivity and quality was short-lived and by the third cut
they had disappeared. Their demise was not caused by grass competition because Ubon
paspalum under a 45-day cutting regime did not shade out the legume inter-rows. Their
demise was caused by a combination of their annual habit and the repeated cutting of
their elevated growing points, Even though Cavalcade and Lee joint vetch are annual
legumes, they persisted in the first wet season because their growth habits protected many
of their growing points from defoliation.

Cavalcade is trailing legume rather than a twining legume and can root from
trailing stems (Clements 1992). Cutting at 10 cm above ground level did not remove
many of its growing points and Cavalcade was able to successfully regrow after each cut
in Trial 1. Cavalcade in Trial 1 maintained consistently good yields throughout the wet
season. producing the highest legume dry matter vield for the season (3t/ha DM) and
producing the sward with the highest crude protein yield in the first season. Lee
jointvetch under grazing or repeated cutting changes its erect habit to branch close to the
ground (Bishop 1992) and many growing points were protected from defoliation. In
north-east Thailand the long dry season causes Lee jointvetch to behave as an annual
rather than a short-lived perennial in moist conditions.

Perennial twining legumes, with their elevated growing points are for the most
part vulnerable to heavy grazing or repeated cutting. In these trials the performance of
twining legumes varied, with all of them competing strongly in Trial 1 but many
performing weakly in Trial 2. In Trial 1, Llanos macro, calopo and puero were persistent
throughout the first wet season and at the final wet season harvest in October there were
no significant differences in their yields and those of the remaining legumes. Their
competitive performance in this trial may have been partly due to the above average
rainfall creating moist soil conditions under which all 3 legumes thrive (Skerman ef al.
1988: Cameron 1992: Halim 1992: Hare ef al. 1999a). In Trial 2, llanos macro, and
calopo were both vigorous at the first legume harvest but at the end of the wet season
only calopo showed good persistence. This may be due to the growth habit of calopo,
which under cutting or grazing can creep along the ground and then root at the nodes
under moist conditions. Llanos macro does not have this habit of rooting from trailing
stems. Both puero and Aztec siratro established performed poorly in Trial 2 and
thereafter throughout the trial were very sparse. We have observed that both species



normally establish slowly in north-east Thailand and under the increased competitiveness
of second year grass swards were never vigorous enough to compete strongly.

In Trial 2 in the second wet season after oversowing into grass swards, the
twining legumes produced insignificant amounts of dry matter. After the final harvest in
October only 16 mm of rain fell from November to February, the period of main
flowering of these legumes which produce pods. We have observed that unless some dry
season rain falls or irrigation is applied, pod-forming legumes either fail to flower or
produce shriveled pods and seed. During a long dry season these perennial twining
legumes become annual legumes but without fallen seed they disappear from pasture
swards.

The performance and persistence of the stylo species demonstrated that these
legumes are good companion species in Ubon paspalum swards on upland soils. Tn Trial
I, only Tha Phra stylo was planted. It established slowly but from the second cut in
August onwards 1ts dry matter yields were not significantly lower than any other legume
species, In Trial 2 in the first wet season when they were planted, all 3 stylo species,
Ubon style, Tha Phra stylo and Verano stylo, were in the top group of legumes for dry
matter production at all cuts.

These 3 stylo species, were the only legumes that regenerated well from fallen
seed in third-year Ubon paspalum swards. These 3 legumes are free-seeding, and flower
and produce large amounts of seed under dry conditions in north-east Thailand (Hare and
Phaikaew 1999). Even though they were very small and prostrate in the plots during the
dry season, they still flowered and produced enough seed in order to start germinating
and emerging before the final dry season cut in April. Therefore in the second wet season
the 3 treatment stylos, Ubon, Tha Phra and Verano, produced significantly more dry
matter than the combined dry matter weights of the other remaining legumes.

In the second season of Trial 2, Verano stylo invaded all the plots where the
twining legumes had either disappeared or were very sparse. The trial site was in a former
ruzi grass and Verano stylo pasture and the invasion of Verano stylo must have come
from buried seed. Verano stylo is ubiquitous along roadsides throughout north-east
Thailand and it persists vear after year due to its ability to set large amounts of seed. Tha
Phra stylo is also very persistent on upland sandy soils but with the reported occurrence
of anthracnose in CIAT 184 stylo (Tha Phra stylo) in several situations in south-east Asia
(Chakraborty ef al. 2001), seed production of the anthracnose resistant hybrid species,
Ubon stylo (ATF 3308) (Grof ef al. 2001), is currently being undertaken by Ubon
Ratchathani University. In small trials at the university dry matter production of Ubon
stylo is equal to that of Tha Phra stylo but it is superior in seed production.

The good growth of several legumes in Trial 1, the first year of Tral 2 and the
stylo species in the second year of Trial 2, did not appear to benefit the associated Ubon
paspalum plants in the mixed grassflegume swards. Crude protein content of Ubon
paspalum plants in grass only swards was generally only slightly lower than in plants in
the grass/legume swards. The benefits to animals having a better balanced diet would
have to come from the legumes providing a higher crude yield on offer in the mixed
swards. Even though the differences in total season crude protein yields were often
insignificant between grass only and some mixed swards there was a strong trend for the
best legume swards to be significantly higher in crude protein yield. In Trial 1, Cavalcade
swards produced 35% more crude protein than the grass only swards. In the second
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season of Trial 2, the 3 stylo treatment swards produced 89% more crude protein than

grass only swards. In that same season the invasion of Verano stylo in other treatments

increased by 67% the average crude protein yields above the yields in grass only plots.

This research has shown that with management legumes can successfully
establish and grow in Ubon paspalum swards. High legume seeding rates and the
selective cutting of only grass during the legume establishment phase will assist the
survival and production of legumes. Smallholder farmers apply very little fertiliser and
when fertiliser in these tnals was reduced by half, legume production increased 6 fold.
Reducing the amount of fertiliser is a good management strategy for smallholder farmers.
Even though dry matter production of Ubon paspalum is reduced, the associated increase
in legume sward composition raises the overall crude protein content on offer in the
mixed grass/legume swards thereby achieving the primary objective of these trials to
improve the quality of Ubon paspalum pastures.

Ubon paspalum is not an aggressive competitive grass but the companion legumes
that are introduced must be adapted to cutting and seed freely in order to survive the long
dry season. Whenever legumes grow in close proximity with grasses they must have
mechanisms in order to survive both the physical and biotic environment (Grime, 1977).
Ubon stylo, Tha Phra stylo and Verano stylo were identified as suitable species to grow
with Ubon paspalum. By having many low growing points, good drought tolerance and
free-seeding habits they persisted and regenerated in the second year after sowing. Other
twining legumes were productive in the first season but most failed to reestablish
adequately in the second season to be of any medium term benefit.
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Table 1. Rainfall at Ubon Ratchathani University during the study and the medium-term

mean.
Month Rainfall (mm)
J 1 Mean' 2000 2001 2002
Jan 1 0 0 i
Feh 11 16 17 0
Mar 32 15 65 43
Apr B3 140 23 Og
May 226 494 94 105
Jun 251 257 323 122
Jul 279 469 288 389
Aug 270 419 294 435
Sep 294 218 262 389
Oct L0 55 239 131
MNov . 16 33 1o
Dec 5 0 0 11
Total 1593 2099 1658 1733

"1 1-year mean, 1992-2002.

Table 2. Thousand seed weight (TSW), germination %, seed treatment, rhizobium treatment and
seed sowing rate of Ubon paspalum andf @ forage legumes (Trial 1).

Treatment

Uibon paspaiuin
Lablab

Lee jointvetch
Llanos macro
Tha Phra stylo
Cavalcade
Cowpea

Jackbean
Calopo

Puero

TSW Germination Seed
() {%a) treatment
2.9 70 MNone
2535 83 MNone
3.4 65 Hot water
70°C. 3 min,
3.4 44 Hot water
J0°C, 3 min.
2.9 o8 Hot water
70°C, 5 min.
21.9 33 Sandpaper
203.8 a0 None
1348.7 52 Mone
11.5 38 Hot water
60°C, 3 min.
12:2 46 Hot water
60°C, 3 min.

Rhizobium
treatment
MNone
CB 736
cowpea
group J
Cowpea
Jjointvetch
Mone

MNone

CB 1923
centrosema
Cowpea
Group |
None
Cowpea
Group M
Cowpea
Group M

Sowing
rate

~ {(kg/ha)

12
500

20

400
40

40
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Table 3. Plant populations (4 weeks after sowing) in Ubon paspalum and legume swards (Trial

1).
Treatment Ubon paspalum Legume plant
(plants/ m®)
Ubon paspalum only 129 a’ -
Ubon paspalum & Lablab 108 ab 120 be
Ubon paspalum & Lee jointvetch 115 ab 166 a
Ubon paspalum & Llanos macro 109 ab 107 bed
Ubon paspalum & Tha Phra stvle g6 b 97 bed
Ubon paspalum & Cavalcade 96 ab 130 ab
Ubon paspalum & Cowpea 116 ab 79¢cd
Ubon paspalum & Jackbean 97 ab 27d
Ubon paspalum & Calopo 114 ab 66 cd
Ubon paspalum & Pucro 126 ab 104 bed

"Within columns. means followed by a common letter are not significantly different ai P=0.3 by Duncan’s
Multiple Range Test.
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Table 4. Dry matter vields and crude protein levels per cut from 4 wet season cuts of Ubon
paspalum and legumes planted in alternate rows in the first year of establishment (Trial 1).

Treatment Drry matter Crude protein Crude
{kg'ha) (%a) protein
(kg'ha)
Grass Legume Total Grass  Lepume
First Cut'
Ubon only 1398 & = 1398 b-¢ 52ab - 73 ed
Ubon + Lablab 667 b 1521 b 2188 ab 6.5a 159abc  285b
Ubon + Lee jointvetch 431 b 161d 591 e 46b 18.2a 49 d
Ubon + Llanos macro EVEN 396 cd 767 de 6.3a 12.7 cd 73 cd
Ubon + Thaphra stylo 429 h 455 cd 884 de 53ab 16.6ab 98 cd
Ubon + Cavalcade 576 b 1088 be 1664 bed 55ab  15.5abc 2000
Ubon + Cowpea 33l b 1565 b | 806 abe S4ab 102d 179 be
Uibon + Jackbean 354 b 2298 a 26524 57ab  l46abc  356a
Ubon 4 Calopo 496 b 480 cd 976 cde 52ab  13.6bc 9] ed
Libon + Puero 37 b d66ecd 1103 cde  59a 17.0ab 106ed
Second cut
Ubon only 3302 a - 32024 i8¢ - 122 bed
Ubon + Lablab 2256ab  290c¢c 2402 ab 54a 15.4abc 166 abe
Ubon + Lee jointvetch 1036 b 342 ¢ 1378 b i8¢ 15.0 abc 91 ed
Ubon + Llanos macro 1027 b 525 be 15521 45bc  124bc 111 bed
Ubon + Thaphra stylo 1266 b 760 ab 2026 ab 44bc  153abc  172abe
Ubon + Cavaleade 1761 b §76 4 2637 ab 43bc  169a 224 a
Ubon + Cowpea 1337 b - 1337 b 4.2bc - S6d
Uibon + Jackbean 485 by Il e 1756 b 48zb 15.8ab 114 bed
Ubon + Calopo 1230 b 544 be 1794 b $5bc 1232¢ 123 bed
Ubon + Puero 2128ab 483 he 2611 ab 45be  18.0a 183 ab
Third cut
Ubon only 4421 a - 4421 a 44b 196 a
Ubon + Lablab 2370 b - 2370 b 6.la - 145 ab
Ubon + Lee jointvetch 1466 b BO8a 2274 b 4.7ab  14.2ab 184 a
Ubon + Llanos macro 1452 h 256 b [T08 b 52ab  12.1b 106 ab
Ubon + Thaphra stylo 1899 b 474 ab 2373 b 5.0ab 13.8ab 160 ab
Libon + Cavaleade 2254 b 623 ab 2877 b 52ab  12.7b 196 a
Ubon + Cowpea |787 b - 1787 b 43 b - 77b
Ubon + Jackbean 1673 b - 1673 b 44b - T4 b
Ubon + Calopo 1613 b 335ab 1948 b 53ah 123b 125 ab
Ubon + Puero 2088 b 417 ab 2505 b 49ab  16.2a 170 ab
Fourth cut
Ubon only 3150 a - 3150 a 4.53b - 142 abe
Ubon + Lablab 2267 ab - 2267 ab 53 ab - 120 be
Ubon + Lee jointvetch 1760 b 350 a 2110ab 5.5ab 14.8b 149 abc
Ubon + Llanos macro 1950 b 189 a 2139 ab 53ab  12.0¢ 126 abc
Ubon + Thaphra stylo 1960 b 24T a 2207 ab 49b 142b 133 abc
Ubon + Cavalcade 2291lab  430a 2741 ab S4ab 1420 188 ab
Ubon + Cowpea 1729 b - 1729 b 49h - Bic
bon + Jackbean 1828 b - 1828 b 49h - S0 ¢
Ubon + Calopo 2112 b L9 a 2302 ab 4.9b 13.2bc 128 abe
Ubon + Puero 2317a 200 a 2517 ab T0a 17.1a 196 a

TFirst cut July 4. Second cut August 17, Third cut September 29, Fourth cut November 13.
2 Within columns. means followed by a common |ctter are not significantly different at P=0.5 by Duncan’s Multiple

Ranpe Test.



Table 5. Total dry matter yields and crude protein yields of Ubon paspalum and legumes planted
in alternate rows m the first season of establishment (Trial 1),

Treatment Dry matter vield . Crude protein yield
Grass Legume Total Grass  Lepume Total
(kg/ha)
Ubon only 12171 a' - 12171 a 533a - 533 bed
Ubon + Lablab 7560 b 1811 be 9371 ab 404b  312ab 716 ab
Ubon + Lee jointvetch 4693 b 1661 ¢ 6354 be 226d  247ab 473 cd
Ubon + Llanos macro 48000 1366 ¢ 6166 c 248cd 6B b 416 d
Ubon + Thaphra stylo 3544 b 1936 be 7480 he 269cd 2% ab 563 bed
Ubon + Cavalcade G8E2 b 3037 a 9919 ab 348bc  46la BO% a
Ubon + Cowpea 5184 b 1565 ¢ 6749 be 236d lal b 397d
Ubon + Jackbean 5340 b 25649 ab 7909 be 255cd  379ab 634 abe
Ubeon + Calopo 5471 b 1549 ¢ 7020 be 205cd 1720 467 cd
Ubon + Puero 7270 b l466 ¢ 8736 be 404b 25| ab 6535 abe

" Within columns, means followed by a common letter are not significantly difterent at P=0.5 by Duncan's Muliiple
Range Test.

Table 7. Total dry matter yields and crude protein yields of Ubon paspalum and legumes, with the
legumes inter-row planted in alternate rows in second year grass swards (Trial 2).

Treatmem Dy matter vield - Crude protein vield -
. Grass Legume  Total Grass Legume  Tomal
tkethit
Uibon only 10832 a - 10832 a 481 ah - 481 ab
Uban + Ubon sty 8262 abe 387 ab £hdYahc 399 ahe 67 ab 466 ab
Libon = Aztec siratro 8107 abe 42¢ 149 gbo 401 abe B 4046 ah
Liban + Llanos macro 10081 ab il a 10454 ah 0% a 56 4b 564 a
Liben + Thaphra styvlo T812 abe 447 a 8239 abe 370 abe 84a 434 ab
Ubon + Cavalcade 7336 ahe 138 he 7672 abe 261 she 23 be 384 b
Uban + Centro 6429 ¢ 129 he 6358 ¢ 298 ¢ 22 be 320b
Libon + Verano stylo 7046 be 138 ah 7404 be 335¢ Tla 406 ab
Ubon + Calopo TG be 433 4 7439 abe Jic 61 ab i b
Libon + Puero a96:4 be 42 ¢ TO06 ¢ 330 be T 337h

" Within columns. means followed by a common lener are not significantly. different at P=0.5 by Duncan’s Multiple
Ranpge Test.

Table 9. Total wet season dry matter yields and crude protein yields of third year Ubon paspalum and
second vear legumes swards. planted in alternate rows (Trial 2).

Treatment Dry matter vield Crude protein Crude protein
Cirass Legume' Total Grass Legume Total
- (kgha) (%) {kz'ha)

Ubon only T188a - T8 e 4.8 - 345d

Ubon + Ubon stylo 4418 b 2243 626l a 5:2 I7.1 613 ab
Ubon + Aztec siratro 5748 ub 14354 6783 a 5.4 18.4 580 ab
Ubon + Llanos maero 5032 ab 1154 0 5786 & 532 14.0 423 ed
Ubon + Thaphra stylo 4339 b 2396 a 6535a 5.6 18.9 707a

Ubon + Cavaleade 4369 b 1702 a 5671 a 5.3 15.3 491 be
Libon + Centro 3753 b 1814 a 5167 a 5.5 21.0 587 ah
Libon + Verano stvlo 5150 ah 2004 a 6734 a 3.3 18.4 641 ab
UThon + Calopo 3067 ah 17341 T301 & 3.3 15.9 592 ah
Uban +Puero 4649 b 200 a 6250 & 53 14.9 563 b

'Legume includes treatment legume species + self-sown Verano stylo and Calopa.

“Within columns, means followed by a common letter are nor significantly different at P=0.5 by Duncan's Multiple
Range Test.

“Crude protein % not statistically analyzed because plots were pooled across trestments and cuts,



Table 6. Dry matter yields and crude protein levels per cut from 3 wet season cuts of Ubon
paspalum and legumes, with the legumes inter-row planted in alternate rows in second year grass

swards (Trial 2).

Treatment Dry matier Crude protein Crude
{ke'ha) protein
(kg/ha)
Grass Legume Total  Grass  Legume
First Cut -
Ubon only 2307 ak? = 2397 ab 3.9 - 94 abe
Ubon + Ubon stylo 2787 a - 2787 a 47 . 131a
Ubon + Aztec siratro 2373 ab - 2373 ab 47 - 112 abe
Ubon + Llanos macro 26059 ab 2609 ab 4.5 - 117 abe
Uban + Thaphra stylo 2546 ab - 2546 ab 47 120 ab
Ubon + Cavaleade 2067 ab 2067 ah 4.2 - 87 abc
Llbon + Centro 1763 b 1763 b 4.7 - 83 he
Ubon + Verano stylo 1946 ab =t 1946 ab 4.4 - 86 abc
Lbon + Calopo 1929 ab 1929 ab 3.8 - Tic
Uboin+Puero 2010ab - 2010 ab 5.4 - 103 abe
Second cut
Ubon only 4071 a 4071 b 4.1 - 167 b
Ubon + Ubon stylo 31 A 273ab 3384 ab 4.4 17.2 184 b
Ubon + Aztec siratro 3207 a jc 3212 ab 49 2.9 158 b
Libon + Llanos macro 4891 a 363a 5254a i 13.5 303 8
Ubon + Thaphra sivlo 3324a 3l4a 3638 ab 4.5 18.8 209 ab
Ubon + Cavalcade 2908 a 63bc  2972ab 4.7 17.2 148 b
Ubon + Centro 241048 Tibhe 2487 1b 43 17.3 117h
Ubon + Verano stylo 2637 a 193abc 2830 b 4.6 19.8 160 b
Ubon + Calopo 26114 3lla 2822 ab 4.0 14.1 [48 b
_Ubon + Puero 37174 I8¢ 2735b 43 176 120b
Third cut
Ubon only 4365 a - 4365a 3.1 - 223a
Ubon + Ubon stylo 2364 be P4abe 2478 b 5.3 17.9 151 be
Ubon + Arlec siratro 2528 be 37hc 25650 5.3 13.1 139 be
Ubon + Llanos macro 2381 ke 31be  2632b 5.3 14.8 [44 be
Ubon + Thaphra stylo 1942 ¢ 133ab  2075b 53 16.4 125 be
Ubon + Cavaleade 2561 be 72abc 2633 b 54 15.5 149 be
Ubon + Centro 2255 be 52bc 2307b 4.9 17.7 120 ¢
Ubon + Verano stylo 2463 be 166 a 2629 b 53 18.0 160 b
Ubon + Calopo 2816 b [22abc 2938 b 449 2.6 153 be
Ubon + Puero 2238 be ¢ 2262 b 4.9 19.4 114 c

1 First cut July 23, Second cul August 14, Third cut October 17.
© Within columns. means followed by a commaon letter are not significantly different at P=0.5 by Duncan’s Multiple

Range Test

! Crude protein % not statistically analvzed because plots were pooled per treatment.
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Table 8. Dry matter vields and crude protein levels per cut from 3 wet season cuts of third year Ubon paspalum and second year legumes swards,
planted in alternate rows (Trial 2),

Treatment . i L D Dry matter N - )

First Second cut Third cut

eut " Ol N

O L v i G L v T

{kg/ha)

Uban only 2061 a* 2921 a - - 29214 2206 ab - - 22062
Uban + Ubon siylo 1196 ¢ 1509 ab 1424 a - 2533a [712 abe 803 o 17c 2532a
Ubon + Aztec siratro 1550 abe 1843 ab 15h 100% a 26T a 2354a - 413 abe 2767 a
Ubon + Llanos macro 1607 abc 1925 ah 145 b 835 b 232518 1300 abe 08 b 256 abe 1854 n
Ubon + Thaphra stylo [ 380 be 1674 ah [416a - 2690 4 [ 485 abe g8 a - 24654
Ubon + Cavalcade 1413 be 1389 I 14 b 1030 a 2033 a 1567 ahe 200 b 458 abe 22258
Uban + Centra 356 ¢ 1214 b B2 b 829 ab 17251 1183 ¢ 3Thb 866 a 2086a
Than + Verano siylo [ 540 abc 1912 ab 1433 a e 29850 1699 abe 489 ab 41 be’ 2229 a
Ubon + Calopo 596 ah 2523 ab 1dh 844 ab 2081 a 1448 be 112b 764 ab 2324 a
Uban + Puero 608 ahe 1704 ah - 1171 a 2475a 1337 be - 830 a 2167 a
'G = Girass; L= Sown treatment legume: V = Verano stylo self-sown from buried seed: T = Total (G+L+V).

*Within columns, means followed by a common letter are not significantly different at P=0.5 by Duncan’s Multiple Range Test.
* Self-sown Calopo in Verano stylo plots.
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6 SUMMARY AND CONCLUSION

As deseribed in TASK AND Al one part of this work dealr with the question whether the
4 examined grasses Pamicum maximum, Digitaria milanjiana, Brachiaria ruziziensis and
Pespalum atratum are suitable as fodder grasses for dairy cows for this partly waterlogged
gite in Northeast Thailand.  Tlus can be found out by exterior charactenstics like plant
colour, further field nhservations, and vield as well as by analvsing the feed value,

Thesc parameters were examined based on 8 cuts of each grass variety during 100 davs of
rhi- wet season from May 1o August 2000 on the area of the Ubon Ratchathani University.
An of the grasses excepl Jarma digit became light green quickly which points to diminishing
pitrogen concentration in the plant. All 4 varicties ad w compete with diflerent kinds of
woeeds, especially other prasses. Un the maost waterlogged site of the 4 ficlds, Ubon
paspalum was severely aflected by nutriem deficiency. which was expressed 1n red spots on
the leaves. Jarra, i/bon and Ruzi grasses were partly infested by basidiomycetes. Especially
with Jarra grass this can oe attibwied o the dense growth of this stoloniterous grass under
humid conditions =

Lhe evaluaren af the yvicld s difficult as there 15 only one yield in the wet scason. It s
smpassible to compare this value to values given in literature as the authors mostly give
wietd per vear. Thus only a comparison among the 4 examined grass varieties is possible. Of
e 8 e, Hbon paspalum gave the highest vield with 6.3 vha DM, maximum being 10.8
tha DML I was lullowed by Jarrs dint with an average ol 5.6 Vha DM (maximum 8.9 Uha
FNL then Grnea grass with 5.3 vha (maximum 9.7 vha DM and last Ruzi with 4.3 Uha
L5 tmaximum 7.5 tha DM

[l analysis of the feed value showed that the crude protein content is quickiy dimmishing
sid penerully too low lor dairy cattle feeding without supplementation. It was lowest in
Fuspafum atrainn with 4.8 % CI' of DM as average of the 8 cuts, tollowed by Brachiaria
thoiztenses (5.4 %o UF ol DM and Pomcuwm mocimum and Digitaria milunjiona having
cyual avernges (6.3 % CP of DM)

Fhe content of crude fibre is in general adversely high with > 24 % of DM.

the polential OM digestibility of Guinea grass as well as of Jarra digit is sufficiently high
m the first 30 davs, of Ruei grass in the lirst 65 days and of Ubon paspalum almost
sullicient during 100 davs providing a sufficient nitrogen supply for the ruminants exists.
I average enerpy supply calculated based on the potential OM digesuibility 1s wuite
“tislying in common for cows of that place: 4.9 MJ NEL/kp DM of Guinca and Jarma
prass, 5.5 510 NEL%g DM of Ruwi prass and 5.0 MJ NEL/&g DM of Uban paspalum.
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Recommendation for te practice is a supplementation of nitrogen Lo meet e ruminants'
needs ol crude protein and 1o realise the potential OM digestibility und enerpetic value. A
possihility might be the adequate utilisation of NPN compounds.

The other part of this work dealt with the guestion of the ensilability of the 4 grass varneties,
The aim was to find out the point of time of growth when ensiling is possible and when
feed value and vield are acceptable. This is mostly a compromise berween the three
CRTpOnents

In eonsideration of the ditTerent methods the lollowing reecommendations can be given.
ftesults of pre-wilted vamants and sanants i NaCl solution are not taken into accoumt
hecause the transtemability o practice in this case is doubtful.

According 1o the S0 quonent and the minimal DM content demanded, aniy the twa
stolorufcrons prasses Diedtara mdanpana and Brochiorie rusiviensis are suitable for stable
stluses

It 15 recommended to cut Jurra gruss between 50 and 60 days of growth during the stage ol
full ripeness with & Fairly high vicld of abow 6 tha DM, The addition ol 2 suiable LAH
preparation might iaprove the qualine. A microbial investigation ol the epiphtic stocking
ts hughily recomimended.

Ruzi prass should be cur after 63 davs with a vicld ol abowt 5 tha DM, No additive 1s
reedad.

The $/BC quotient and the DM content of the two hunchgrasses Pamicum maxiomm and
Paspatm atratum are always too low. Bt a stable silage might nevertheless be possible as
e dey maner coment sull rises during ensiling at high temperatures.

Fhtes the curting dares with a relative high $/BC quotient are repurded as fallows.

e S/BC quotient of Panicum maximum is highest with 30 days (2.8). Then the actual drv
matter content iz nearlv equal 1o the demuanded coment. The feed value is satisfactory but
the vield is very low at this point ol time with about 3 vha DM. A compromise at a laler
poant in Ume cannol be suggested as the feed value decreases signilicantly.

Pissprrtum atratum had the lowest S/BC of all 4 grasses. But a cul with 85 days for ensiling
seems o be suitable as the vield is high and the feed value is relatively constant during the
vegetation period. An addition of sugar. al least 2 % of fresh mater. 15 useful. that means
for example 4 % molasses.

Further trals concemning the cutling {requency could complete the given statements.
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Conceming the different methods for determining the ensilability the following annoations
are made.

The osmolality of 2.4 vsmol of the variants in NaCl solution of the PMIEPER wst was wo
high at 50 "C to get any differentiated results. For further investigalions a lower osmolality
should be tried and the corresponding degree of pre-wilting should be examined.

A further question o investigate in fulure is whether the resulis of the potential ensilability
of the PIEPER test at high temperatures is realisable in practice (sec comparison PIEPER
(et - bag silages)

How the drv matter conten? changes during ensiling under practical conditions must also be
studicd, A possible change may be taken imo account when applyving the entenon of the

mummal drv matter according o WEISaBACHL

Altogether, the experinents showed that the unlisation of the 4 prasses lor cattle Teeding 1»
possible wath certan reservations. A clear limitation was the penerally low emide protein
content in spite of a relativeiy high Tentilisation in the beginning (300 kg NPK/ha). This tact
shows the main deficiency of the site. The paddy soil 15 not able 1o hold added nutrients.
The soil has degraded aller deforestation. Thus it is the opinion of the author that it i
doubtful whether the immediate utilisarion of this kind of soil for pasture makes lusting
sense for the fammers ceconomically and ecolegically. A high amount of lertiliser is needed
making the cropping unprofitable. Besides the main-wash leads w a load of the ground
water.

It the long ran it seems 10 be more promising to invest Best in the improvement of the soil,
A suggestion 15 the creaton ol an agroforestry svstem. This ensures the income and 15
svotogically compatible. Grasses could be sown under timber or fruit trees. Such & system
can improve the soil structure. the water balance, and the organic maier situation. I the
tong run this puaramees a benter nutrient supply for the plants.

I he submitted paper is only a smali fraction of the work 10 do and could not deal with the
whole diversity of the problematic.

For the luture. an interdisciplinary corporation is demanded for an efficient agro-ecological
utilisation of 1his special site. The site reconnaissance has to be taken into consideration

including especially the soil seience. -
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PUAN TATSAPONG : A STUDY OF ENERGY AND PROTEIN REQUIREMENT OF
CROSSBRED DAIRY HEIFERS.
THISIS ADVISOR  : ASSIST. PROF WISITIPORN SUKSOMDAT. Fh.D. 156 pp-

ISBN 974-7359-86-3

The abjective of this study was to investigaic the eneigr 2nd protemn requirement of
cros-hroa dairy heifers by comparing to the recommendutivns of National Research Council
(NRC. 1988). Twenty-four Holstein Friesian (HF) crossheed heifer, averaging 85 + 7 %HF, 236
<+ @4 ko empty body weight and 12 =+ 5 months of age were used in this experiment. The
expermenial design was ¥ randomized complels block a2 » 7 fzctonal amangement. The
factots . sia paoicsels of ot dipsstible patrient (TTINY e ! O and 1.2 MRC apd rwo levsls of
crude praten (CF) 1e, 1.0 and 1.2 NRC, Heifers were assigned to one of four weatmients (TDN .
CPof10.1.0,1.0:12, 1.2 1.00r 1.2 :4.2). All animals wen: fed 10 achigve 600 g daily guin
and received wuneral and vitamin based on NRC recommendations They were individually fed
and fiom aczoss 1o water. Upon paspalum (Paspalum wiratem or Thon) hay were used 2« 2
roughage source. Soybean meal and ground com were supplemented as protein and energy
spurces respectively, The expeniment was divided into 2 penod, each perind had 3 hlock and last
for 45 days. Empty hody weight was recorded overy 21 days and used 1n adjusted for CF and
TN levels of sach treatment.

Heifers receiving 1.2 NRC of [UN had significeutly higher dry mamer intake (DMI)
(h.95 vs 6,31 ke/head/d, <001 % dry matier intzke of body weight (%BW) (2.7 vs 2.5, F
<0101 ) and averzpe daly gain (ADNG) (0.93 vs 0.83 kg/head/d, P<0.05) than those receiving 1.0
NRC of TDN, However, the CP level of 1.0 and 1.2 NRC had no effect on DM, %DMI of BW
and ADG (P=0.05). Feed efficiency and body weight did not differ hetween levels of TDN and
CP. No significant inierachions occurred between levels of TDN and CF on DM, Teed efficiency
and ADG. Acmal TIiN.intakes when compared fo NRC recommendation were 1.04 and 118
NRC and actual CF intakes when compered 1o MRC recommicudation were 1.00 and 1,18 NRC.
These resulté indicated that crossbred Holstein Friesian heifers consumed 1.18" TDN of NRC

together with 1.00 or L.18 CP of NRC showed reasonably high average daily gain.
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The responscs of crosshred Holstein Friesian heifers 1o different levels of encrey and

£l

protein indicated thet the requirciment of net energy and CF were higher than that recommended =
by NRC (1988) which were § % and 38 %, respectively, The adjustment factors for caleulated &l

NE,, and NF,, were (L0304 and 0.0482 in this experiment.
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A Study of Energy and Protein Requirements of Crossbred Dairy Heifers

as (3 e 3 o g
wan v SANINT quoulR’ 1990 BTN UAzTHaY FasTHNI e
Puan Tulsapong o Wisitiporn Suksombat 5 Rungwan Thummﬂ_saﬂngl and

Worapong Suriyajantratong :

Unfinge

TT'ti‘ﬂﬂnﬂ&ﬁ'ﬁi‘ﬂq1iiﬁﬂaﬁl#ﬂﬁ1ﬂ'ﬂ'I‘.I-!ﬁﬂdﬂ'l‘i“p‘q‘ﬁﬂﬂ‘l'l.-lllﬂ:l‘l.]"iﬁﬂ‘.lEN.E'FIﬂlﬂ‘qﬂﬂﬂﬂ'iﬂlli‘lﬁuﬂlﬁﬂﬂﬁﬂ
M1Uz118 National Research Council (NRC, 1988) Taal&Tnaagnreiina-f (Holsein Friesian) S1u7u 24
#1 shwindasdotszine 236 t 64 Alansu Tarmausunisnaassuuuinmadsaduluudonsngsal fan
INWLAETIU 2 x 2 faciorial Taetladousnfe szdavvaaasau Tnwuzdenld (TON) 1.0 uaz 1.2 ohues NRC #u
ilodud 2 Ao sefuveseTirs TlsBu (CP) 1.0 waz 1.2 M1vea NRC i'fﬂnri'uﬁ'ﬂ:Tﬂﬂamﬂ'mﬁun-'rﬁn'\mﬂﬂ Ay
TalNdsuminaud 1 4 vinwud ffdadiusssammsndsnudeanins lsaudsd fs 1.0: 1.0, 1.0: 12,
1.2: 1.0 uaz 1.2 1.2 1}1411m‘1umslﬁ-uﬁﬂgﬁﬂ15ﬁu'lﬁuﬂmf'mﬁnﬁﬁi'ﬂﬁamum 45 U HanIsnAanawd
seAUYBINGITH 1.0 naz 1.2 hwes NRC i lifnamsiuldvesinquis iefidudmstin1anehmings
uazgnsimaeigau Tauandiaiu (P<0.05) daussAvapsldsiulilinadedfinansiuldvesinguds
WediSuamsiuldaetnnings ua dasimaeTadurealn (20.05) Fifivesuvemasnuas Tusauliing
Aol AnEamnnts ¥ (P>0.05) ueneinil vt hithlfdniusssniaszaumasenuas TsAudefinw
miaiula dszdniammsleemns uazdanmaeigiu laveslanaass (P>0.05) uasa1nHaNITNARBIMI AL
TaveandsnuveaTnilenfoufiouiu NRC wuh TafundaaTnsustenldifhu 104 oz 118 NRC dau
TalsBumud Tafun s Tals@ulddu 1.00 uaz 118 NRC einmislszifiunnudeaniswdanuuas Tilsiuves
Tamudiianudesmsgendtit NRC wuztinlszane 5 uaz 38 nledidud muddu uazensolium factors

e . = A" . 4 - FI S
AIHIUMIIATUITHINASTUABNTIATIITN LazABN593 gy Tniifoniu 0.0904 1oz 0.0482 ATufmAY
fife: TRuurIgaray AnuAsamanasnuue: Tilsau waz TuTanouwmusdzy

Abstract
The objective of this study was to investigate the energy and protein requirement
of crossbred dairy heifers by comparing to the recommendations of National Research
Council (NRC, 1988). Twenty-four Holstein Friesian (HF) crossbred heifers 236 + 64 kg
empty body weight were used in this experiment. The experimental design was a
randomized complete block in a 2 x 2 factorial arrangement. The factors were two levels
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of total digestible nutrient (TDN), i.e. 1.0 and 1.2 NRC and two levels of crude protein
(CP), i.e. 1.0 and 1.2 NRC. Heifers were assigned to one of four treatments (TDN: CP of
1.0: 1.0, 1.0: 1.2, 1.2: 1.0 or 1.2: 1.2). The data collected were dry matter intake and
weight of heifers within a 45-day period. It was found that heifers receiving 1.2 NRC of
TDN had significantly higher dry matter intake (DMI); % dry matter intake of body
weight (%BW) and average daily gain (ADG) (P<0.05) than those receiving 1.0 NRC of
TDN. However. the CP level of 1.0 and 1.2 NRC had no effect on DMI, %DMI of BW
and ADG (P>0.05). Feed efficiency and body weight did not differ between levels of
TDN and CP. No significant interactions occurred between levels of TDN and CP on
DMI, body weight, feed efficiency and ADG. Actual TDN intakes compared to NRC
recommendation were 1.04 and 1.18 NRC and actuzl CP intakes compared to NRC
recommendation were 1.00 and 1.18 NRC. The responses of crossbred Holstein Friesian
heifers to different levels of energy and protein indicated that the requirement of energy
and CP were higher than that recommended by NRC (1988) which were 5% and 38%
respectively. The adjustment factors for calculated NEy and NEg were 0.0904 and
(.0482 in this experiment.

Key word: crossbred dairy heifers, energy and protein requirements, and nitrogen
metabolism
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Table 1 Chemical composition of Ubon paspalum grass, ground com and soybean mezl (% DM).

Mutrient { %) Ubon paspalum grass Ground corn Sovbean meal
Dry matter (DM) £7.3 B7.1 BE.4
Crude protein {CP) 10.6 8.8 47
Total fat 1.15 4.2 72
Acid detergent fibre (ADF) 28.4 29 T4
Meutral detergent fibre (NDF) 54.1 15.8 9.7

Total digestible nutrient (TDN) 6l1.9 8.1 0.6
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Table 2 Chemical composition of feed (% DM).

Treatment - 1 2 3 4

Energy level (NRC ) (E) 1.0 1.0 1.2 12
Protein level (NRC ) (P) 1.0 1.2 1.0 1.2
Crude protein (CP) 12.2 14.4 10.7 12.7
Ether Extract 24 22 2.8 2.6
Acid detergent fibre (ADF) 15.8 15.9 13.1 12,7
Meutral detergent fibre (NDF) 343 33.7 30.9 29.8
Total digestible nutrient (TDN) 73.1 72.8 76.3 76.5

Metabolisable energy (ME, Mcal/Kg DM}H 2.65 2.64 2.76 2.77
Net energy for miantenance (NEy, Mecal/ kg 1.73 1.74 1.83 1.84
DM

Net energy for gain (NEg . Mcal/ kg DM)¥ 1.12 1.11 1.20 1.21

YVME =0.0362 * (% TDN)
¥ Calculated from NRC ( 1988)
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Table 3 Dry matter TDN and CP intakes of crossbred dairy heifers receiving 1.0 and 1.2 NRC
(1988) of TDN and CP

Treatment 1 2 3 4

Energy levels (NRC) (E) 1.0 1.0 1.2 1.2 E P E*P

Protein levels (NRC) (P) 1.0 1.2 1.0 12 SEM —— P —

Dry matier (ke/cow/day) 638 623 698 697 031 0.008 072 075

% BW 2.5 2.5 2.7 27  0.05 0000 098 091
1

DMI (g/W"™) 100 99 108 109 224 0,000 08 076
1

TDN (kg/cow/day) 468 454 533 533 024 0001 069 0.69

(NRC) .04 103 118 1.18

CP (g/cow/day) 785 901 756 888 139.8¢ 048 0.001 0.78

(NRC) 1.02 120 097 1.15

DMUI/ADG (kg/kg) 1.7 8.0 8.1 70 026 055 039

: ; 0.13
ADG/DMI(g/kg) 133 129 127 148 1172 045 033 0.5
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Uszdniammaidems (Table 3) wudiszduassemiannanuua: TlsAu lilinadel sz dnsnm
m3ldmns 3 wmanTneandiaoandnuImmaaewes Bagg ef al. (1985) Lana et al. (1997) Uz Devant ef
al. (2000) W13 duvesoTs TlsAu lfinadousy Ansamwms 1907415 e Lammers and Heinrchs (2000) W1
sty au TlsEui il Ansnwms e msaty

asiaAvla

sedvvasmsnasuna: TsaulifnadeimindundeaaeanisnanssvesTa (Table 4) uATHA
sofnsImasadyIadedu TaoTandui T8 nnamdaan 1.2 ias 1.0 ihves NRC Hena sy Ia
uand1afiy (P<0.05) Hiduadmiidy 093 war 081 Alanfudu muddu Fwaeendaaiunioaes
Daccaretl ef al. (1993) AuszAvY00 I 5@y 1.0 uaz 1.2 wihwee NRC Tinasedasimaeigiulavealn
Tiuanaiafiu (7>0.05) Taoildnind 0.85 uaz 0.90 ke/d ATUAIRY Han 1GTOARABINLITUNAGDIVE Devant
et al. (2000) UnE Lana ef af, (1997) msitfuma iz Inmuwaanugandims [iftedmsedn s liinsas au
e oy Tuvae i TsAussinsasauludadniinifinme nyeadad (Waldo e al, 1997,

Van Amburgh eral, 19982 1Az Fox er al, 1999) Antumsnuammsndanugaiai hidasinseig@u Ty
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Table 4 Performances of crossbred dairy heifers fed 1.0 and 1.2 NRC (1988) of TDN and CP.
Treatment 1 2 3 4

Energy levels (NRC) ( E) 1.0 1.0 1.2 1:2 E P E*P
Protein levels (NRC) (P) 10 12 1.0 1.2 SEM P

Initial empty body weight, kg 238 232 239 235 1053 085 051 089
Average emply body weight, kg 257 250 258 257 1091 061 062 070
Average daily gain 083 079 0.8 1.00 006 0021 027 0.066
(kg/cow/day)

b ot
ATIUABINMIHAIITH YDA AETI
VINHANITNARDY WUTIATIuABImEHaued Innaasslunguiimniigends NRC (1988) uuzii

Yunn Treatment Aauaaalu Table 5

Table 5 Estimated energy requirement and energy intake of crossbred dairy heifers and adjusted
factors for
calculation of energy requirement compared with original factors used by NRC (1988).

Treatment 1 2 3 4
Energy levels (NRC) (E) 1.0 1.0 1.2 1.2
Protein levels (NRC) (P) 1.0 1.2 1.0 1.2
Intakes (Mcal/d)

Met energy for maintenance (NEy) 5.86 5.74 6.68 5.94

Met energy for gain (NEg) 335 3.23 4.00 4.5]
Requirement (Mcal/d)

Net energy for maintenance (NE,,) 5.81 5.66 5.76 5.79

Met energy for gain (NEg) 3.33 3.19 3.45 4739
Factors

Met energy for maintenance (NEy) 0.0862 0.0869 0.0997 0.887

Net energy for gain (NEg) 0.0458 0.0456 (.0543 0.0469
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Requirement-Intakes (Mcal/d)

Net energy for maintenance (NEy,) 0.09 0.16 1.74 0.36
Net energy for gain (NEg) 0.02 0.04 0.55 0.12
Requirement/Intakes 0.99 0.99 0.86 0.97
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¥ a . w o 1A
measaumizliiuiamefezdsaiianenlyl uazeredeemandssuganduieszinonnuieuesenuan
] - a = o = v o - a e 5
anodiagnwmasdautigemgigaeiuas venvinfiguamennsdad TnoewizRvennsdaidadaunmmd
ailusasudy Middaddedldndsoulumanindsaganit uarlurunsnindesfiezifanadauuas
v = i w r ] i ] - 1 = = i i
Matimugand mbdlnsgudendsnudmi i Tudnsemdamuiemsisiudu Taiidesmsgand
¥ ' 3 "
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¥ 1 - = - oo " v o
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11 A8 0.045 W31 IRA1T small breeds UAa NN TNARBINDTIERNTOUTUAT factor TrofidunGuriy 0.0482
! : . 5 .
FINOAADDINUIIUNATBINEY Cheva-lsarakul and Promma (2541) imu Inergrnaufisnudeanswdany
= . ' a o 8w P = e a i
moifanAuagand NRC uanmintilszdniamms Mdmdaunud Tanguii 1d5uemiswdanu 1.0 mues

NRC vsiilazaninmma ldmdsnugands (0.99 deudu 0.92)

Table 6 Estimated Protein requirement and protein intakes of crossbred dairy heifers.

Treatment 1 — 3 4
Energy levels (NRC) (E) 1.0 1.0 1.2 1.2
Protein levels (NRC) (P) 1.0 1.2 L0 1.2
Intakes (g/d)
Crude protein (CP) 785 901 756 888
Rumen degradable protein (RDP) 416 475 402 473

Undegradable ruminal protein (UDP) 487 561 467 548

Absorbed protein (AP) 437 335 396 502
Requirement (g/d)

Crude protein (CP) 616 628 583 575
Rumen degradable protein (RDP) 416 475 402 473
Undegradable ruminal protein (UDF) 292 247 268 188
Absorbed protein (AP) 473 471 446 423

Intake-Requirement (g/d)

Crude protein (CP) 169 273 173 313

Undegradable ruminal protein (UDP) 195 314 199 360

Absorbed protein (AP) -36 6d -50 79
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Abstract

Farmers in the Northeast of Thailand are mostly small farmholders and their income 13
very low. Dairy farming is 1 pood alternative to improve their regular income. Dairying
has been expanding in the Northeast and improved pastures are needed for high guality
and quantity fodder Cows are varded nearly all year round and fed with [reshly-cut
fornge (cut and carry system) and concentrate supplements, Pasture land must used very
efficicntly since land lor pasture is a limiting factor. Small holder farmers need mosl of
their land for growing rice for scli-sufficiency. The soils in the Northeast of Thailand
are very poor and waterlogeed 1n the wet season and dry in the dry season and thercfore
pasture actahlishment is very difficult and most of the grass spocics prown ars low in
quality. Large amounts of moncy therefore have to be spend on concentrate feeding far
milk preduction Currently, Ubon paspalum is recommended for growing on these
seasonally wel and seasonally dry soils. But the crude protein of Ubon paspalum 1s
lewer than other improved grasses, Lepgumes would e & cheaper alternative (0 improve
the feed value of Ubon paspalum pasturcs when mixed together, but untl now no
canagencat system las been Tound fhal wail mainiain lezumss o mistures with Uben
paspium

This research was carfed oot at Ubon Ratchathzm Umiversity (15N} in the
Mortheast of Thailand. Nine different forage legumes, of which three werc annyal,
Cowpea (Vigna unguiculata), Jackbean (Canavulia ensiformis) and Lablab (Lablah
purpurens), three hi-annual. Cavalcade (Centrosema pascuorunt), Llanos macro
(Mucroptilium gracile v Maldonado) and Lee joint veich (Aeselgromene ancrican:
and three were perenniai, Tha Phra stylo (Stylasanthes guanensis, Stvlo 184), Puero
(Puero phuaseolordes) and Calopo (Culopogonium mucinondes) and 1 control treatment
(Ubon paspalum with no lepume), were strip sown 1n alternate rows with Liban
paspalum on inferule soils.

The aine of these studies were to ook 2 wvhich legume 1y able 10 improve the
protein content of Ubon paspalum if mixed and feed tozether and which of the legumes
tolerates waterlogming best in the first wel season Fumhermaors would this manamement
system enable legumes to be fully utilised and persist wwith Ubon paspalum

The recults from the first wet season indicated that Ubon paspalum produced
significantly more dry matter yieid i pure swards than in swards sinp sown with
legumes. Furthermare the crude protein levels in Ubon paspalum were very low due 1o
the poor soils.

Most of the legumes in this study produced acceptable crude protein levels but
they did not produce high dry marter yields. Therelore the advantages in producing a
high erude protemn yicld (kg/ha) of legune were not achieved in this study. Cavalcade
grown topether with Ubon paspalum showed the highest dry matter yield and produced
more yields of crude protein (kg/ha) than pure Ubon paspalum plots. Ubon/Pucro and
Ubon/Tha Phra stylo al€o produced forage of & high quality, however gll the bi-annual
and perennial legumes had almost disappeared by the fourth cut and it 15 not sure if they
arc poing to regrow in the following wet scason from fallen seed

Annual legumes, Lablab, Cowpea and Jackbean, were domnant at the first cut
and when strip sown with Ubon paspalum produced the highest, total sward dry matter
yield But after the first cut the annual legumes started to die out and had all disappeared
by the third cut.

The results fiom this study shows that it 1s still very difficult to maintain tropical
lepumes in mixtures with iropical prasses. Growth potential 15 different between grasses
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and legumes, Grasses are C4 plants and therefore grow faster than lepumes, which are
C. plants.

The optimum cutting height and cutting interval of Ubon paspalum and legumes
are also different. This was mainly the reason why the legumes disappeared qunekly
from the plots The sowing rale in this study was very high and lead to intraspecific
plant competition for spacing. The very wet year 2000 was also not [avorable for
lcpume growll

It is concluded, that this management system of strip sowing legumes with Ubon
paspalum is not recommended for smallholder dairy farmers in Thailand since legumes
beeame very sparse and did not produce high dry matier yiclds and disappeared
completely fram the plots afler the fourth cut.
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Appendix 14

3

Paspalum atratum - from a wild native plant in Brazil to commercial forage seed production’in Thai-
land in 10 years.

M.D. Hare, W, Suriyajantrutong, K. Wongpichet and K. Thummasoeng.

Introducion

Ln village pasrure systemis in nonheas Thailand, pasures are
usually gre . on the poorest £0ils, a5 move fentile soils are
used for growing {ood and cash crups, Many of these poos
soils, especially in the cast of this region, become s=asanally
vaterlogged during the wet eason and it is extremely difficult
to ped foruees 10 grow and persist on these oils. The humic
gley podzolic sails are larpely strocthureloss with low nutnient-
halding capacily and high bulk densites. They are alsa very
bow in ocganic marer (0,05-0,07% ) and nitrogen (0.02-0.05%)
(Hare sval, 19992)

Fecent rocarch has shown thet Paspelum amranm is
well suited 1o these waterlogpesl eeid soils which become rea-
seialy oy o0 G theast oo land (1 lare ef al, §909; 19%4h)
and in simitar sls in Flonida (Kalmbache e al |, 19972; 19975,
1997c). Ina &-month wet scason P atratum produced over 30
trha DL when fertilised every 30-40 days (Hare eral, 19990)
anw when 10 vefha N were applicd DM yiclds increased by
more than 100% (Hare ¢/ al., 19994). In comparison to other
improved opical prasses, /% arramem has relatively low crede
protein conlemt but frequent cutling (Hare er af,. 20016:
Kalmhs hereral. 1997a) and frequent nitrogen applications
(Hare et L 19900, Kalmbacher and Martin, 1999 ) will masimize
focage g ality and palatabilicy.

Origin
P arratum i 3 wild specics native 1o the siates of Mata

Girngso oo Sul, Goas and dinas Geras in centrul-wesiemn
Brazl (Quarinet al., 1997), An acczssion of this wild species,
BRA DO I, was onginally cullccied near the village al’
Terenos. iMate Crosso do Sul State, Brazil, by Dr 1, Valls i
April 1986 (). Valls pers. com. ). Small amounts of seed were
suhsequently distributed 1o rescarch instinutions in Brasil,
Argerlina Colombia, Florida and the Philippines.

In Movember 1994 Ubon Ralchathani University moeived
100 grams of BRA 0096 10 from D, Wemer Stur of the Fompes
for Smallholders Project based a1 IRRI, Philippines (a profect
Tumded by AustAid 2nd managed by CSIRO (Australia) and
CIAT {Colombia}y, Titty geams of this seed were used for the
imitial evaluation research (Hare eral., 19992} and the gther 50
grams were bie for seed multiplicstion {Hare oo ol 20012)

Follewing 3 y=ars ol evaluaticn work in northeasr Thai-
land, P atratiem was consistenily found 1o be e best prass
o0 weatonally wei-ceasonally dry soils and in 1997 it was re-
leased fur forage use by (lhon Raichathani University as
cultivar Ubon {Hare er all, 19990). i has sleo been relcased in
Flonda as culiivar Suene als pacpatom (Kalinbacher e al..
99 Tc). in Australia a coltivar | i-Gane ] nch and Ferguson,
1999, in Argentiia o cultivar Camba [UA (1, Valls Pes. =oem }
i in the Philippines e cultivar Terenos (Home and Stor,

Faculty af Agriculturr, Ubon Ratchathani Unin wrmiry, Lo
Razivdigthani 34190, Thailand
e-mail: Michael & apri ubu ac th

19433,

Morphological descripton
Ubon paspalum is an spomicuc tetragloid that can be grown
in close proximiry 1o other accossinns for seed production
witheout risk of contamination through pollen (Quann o af
1997). Tt s a larpe Jeafy bunch prass and if lafi uncut. lea:
CANOPIES CAN Grow up Lo one melre high and stems and info-
rescences (o uver two metees high (Hare er al. 1999¢). The
erect leal blsdes can reach 50 cm in length asd 3= cmin wadth,
The lower lesf margins are slightly nairy and the older leaf
nargins are very sharp (Hare eral, 1997) Eachinflorescence
has beiwzen 6 and | 2 racemes with 100 and 180 spikelers per
racesie (Hare er i, 1999¢). The secuds are reddish brow i e
shiney. There are between 200,000 ane 150,000 secils per kg
It was enginally thought thet Suene and Hi-Gane
were from 2 different accession, cullivar Pantaneira. colleciel
by Mr. Rayman (Kelmbacher er al., 1997c) and catalogtied as
BRA-DI189%. However, these two cultiviers, along with Uban
puopmlum, have recently been czamined in plots and by prossed
leave and steiy samples by Dr. Bert Gorf (formerly TIAT plant
scientist) and nave besn identified as all of the same seces-
sinn, BRA-009610. The keaf blades of Fantaneing sre densely
pubescent while the leaf blades of all BRA L0960 cultivars
are glubeous 1o only slightly hairy. In addinon, Pantancir is
less productive and Jow palatable than BR A-O03610

LUlison paspalum seed production ressarch

initial geed production problems

When we svaned our research in 1995 we found tnog Whwn
paspaium established casily from seed but we hocw very hinle
about its sexd production porformance. In a preliminany ol
servation, 2 small 1000 m' plot which had been hand planted
with seedlings in May 1993 from the original 50 prams of zeed.
was cul to ground level in early Adgust 1995 when the plants
were more than 2 m high and staning o lodge heavily, even
though na inflorescences had emerped. Following defoliation.
even though the planis grew very well aver the next 3 mesdis
and reccived pood rainfall end increating expoture tn shon
day lengthe. none of the Ubon paspalum pl=nis produced
inflivescences.

In the frllowing y=ar, 1796, we did not defoliste these
plods dunng the wel season and, at the e of inforescence
emergenT in Seplember. most plunts were lodging heavily
We had 10 suppon the plants with wooden stakes and tie the
infloresceines to the slukes with wire in amer 10 hand harves:
seed.

We also encouniered furtiver problenis in 1997 when .
contracied farmens 1o produce Ubon paspalum seed. Many
farmers delsyed planting their Giclds until [ate: iz the wet sea-
son, which has been the traditional time o plul Brochinna
rugizensis and Solosonthes hamam sead ciops (Hare and
Praikacw. 1999). Laie sown crops produced very little or no

" seed at all (Hare el 2001 8],
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Problem solving rewarch slusdies

blcdunds of sowipy

Seed crope of Lbon paspalum extablished by sowing seed
produced no ceed at all in the twst yoar of establishiment (Ta-
bl 1k Mlanting sooted tillers o tmnsplanting 2 month old seed-
lings grown in plastc baps. o the ficld in May prodoced the
higleest seed yislds of first-vear established plas (Hure ef
al., 200V @), thougly ol ss high as 2* yoar plants.

Table 1 Effect of methods of suwing on Libon paspalom zoed
yiehils

I'meatemen Rl wield (ke
Seed sown 1= year (4]
Tillers planicd 1* vear 1324
Flashe bag seedlnns 14 yca: Yla
T year planis i 1Te

Withis colwnins, means followed oy ditlarent Eetiers are sig-
nifhemly different (P10 05) by Duncan’s Multiphe Range Tot.

Tume o plagstjng

Seed crops planted with 1oolsd tillers s the beginaing
of May produced | 32 kp/fha aced 5 monthe alier wnaang inone
triits < Tuhie trand 331 kp'ha seed in a second trial (Table 33
Flannng tilbers in June and July severcly redisced sood vichls
{Hare eral, 200 a).

Table 2. Brlect of due of plastiog rooted tlicr on Libon
paspalum seed yicldy inthe G year of esisblish

PRk=fid

Prasiing date Seed viehd thgMal
May 7 i3] a*
May 21 ITda
fume 4 (AT
June 1§ 6ih
July 2 Tubk

Fuly 1 it
Within columus, moans followod by ditfercnt betters anc sip
nificently different (M0 02 ) by Dnincans Multiple Range Teat,

Chosing dete

Cuening soed wivgr ol Ul paspalurm in Augist snd
September produced Litle or no seed at sl (Table 3) Coming
and chning cogs in June prodisced the best seed viekds as
crogn closed 10 May weie more suscepiible w lodging (Hare
ctal, 1999,
Tabbe X, Effect of nme of final closing cut on seed vield (kptha)
of Uben paspaiunt

Maonth of final choring cue Trall Tmal 2
Mav 65.6 :
Jung HER 127
July 434 (]
Aupust e 3 43
Seplemint 1]

I S0 (1105) 4B b

Methodds of hand harvesung seed

Hand knocking mature Ubon paspalum seed (rom seed
heads inle bups every day prsduced 230 kpla, meae than
raice the amount produced by threshing or sweaning seed

beads (Table 4) (Hare er el 1993¢), Furmers using the hand
knocking method everaped 600 kp'ha (Hare eral,. 2001a) and
when seed heads were cover=d with aylon bags, 1108 kgl
of seed were producod on & research station (Phaikaew e af
2001

Tabile 4, Effect of different seed harvesting methods on seed

yicdds of Tl peesparkiom
Harvesiing metheds Seed yield (kpfiea)
Enacking P EY
Cut ardd thresh b
Cun. sweaty days. theesh 19k
Cut. sweat 4 daye, thresh Ihip

" Wihun columng, means indiowed by doflorent betizas 2 ske-
mificantly different (P<0.05) by Duiscan's Mullipdc Ranpe 1e0

Siie Eppears o have a sigmfwcany impact on Ukaon
paspdlum seed production, The wnvessily sitc where Uber,
paspalun b been swecessfully grown Tor forape (Hare e ol

_1593a; 1999b) has consustenly produced lower sesd yiclds m

vale than yicids produced by R and =1 ethar research
stalicis, Dydnege, trees and method of harvesting all speci
i inflience seed vields (Hase ev e, 200181

duvenility wond linp-shon day requirement fer flewenng

In & plant gr=uwth chamber study on flowering. Vhon
paspalum was conlinned s 5 lonp-shon day plant exhibinng
6 guantitaive seaponse 1o lone days iotlowed by o gualitatise
reapane 10 8ot days (Hare ef al, 2000c), Plangs muss be o
least &0 days of gre beliwe the summer sobstice flune 2250
wriser o lnwer in Sepiember caplainbag whiy Liope s iow b
seed of planted late do ot Nower grofusely 6 the year o
estalilishment (Tables 1 & 25 Planiv ool close o ground beael
alict ihe sipnumes salyice also 0 B0 oiecier Jooupl lune
Aave1o fover well and produce poodd seed yields 1m diee wame
vear (Tabiz 31, The study b confirmed thar no juvenibe phas
waints i1 Ul pasgualum ¢ bare ered . HEMC)

Smallfiolder furmer seed production
Successial lorape seed production (n Thailamd las lnged on
smallholder farmers hand-hervesting seed of [ miziziern
and 8. fusmenu (Hige, 1999; Hare and Phaikasew, 1993, In 195
afier ohserving the outstanding growth of Ubon paagatem in
ininal evaluarion tials (tHere e ol 199930 we malised tha:
there wouli be 2 Muture demand {or ceed, We contracted or
eaperienced smualinoider larmer who had previnusly prowe
inmape seed crops for the Depariment of Livestock Develog
ment. In Moz 196, we oave the fanmer rooted tillzes of s
flecsrztiinnt g POV wtme veor b odar i ur the pnioeen whict
she nand planted in o 50 1 50 cm pavemin s 10 m' {icld In
Scplenter 99 she harvosted 47,5 by of sood, equivalent io
kg

Kerghouning lermers in the same village saw her sl
vess and ofnerverd that seed production of Uhon puspabun:
apgeearcad 10 be easier than scod prosbection of H oo
urd 3 fwmats which they had proan for several veans In
Sluzch 1997, we conitracted 30 Lanmers, including the fisd (amer
i o Liben sascalum seed, The faemers each reocived M0
grame of seed in Marcn 1997 and were instructed 1o plant the
serad i naruenies sned transplant siroag plants o theli Nickd o
May-lune bach larmer ws comtraciod 10 grow 3 fieid oo
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sxceeding 16461 m’, Ficlds pianted in May and June avemged

315 keg/ha nad 65 Ep/a. rezpectively, whereas fiehds plamed
i July prosluced no seed (Hare e al., 200 a), Harvesting from
Lesame fields in 1996 and 1999 produced mesn seed yields of
B32 kpis and 651 kg, respectively (Hare ot al, 2000 a). The
methed of hand knocking muture ssed from tied seed hesds
inlo bags every doy prosduces high sesd vields and folbwed
by slo dewing m the shade and cleaning and winmowing on
cunz iy praduces seed with s purity of %% and an averusc
permunation of K1

hee Toous el Uban Batchathans University is prmarily
research und w0 we have |imited our production 1 what we
believe we can sell annually. We have now 2t 2 yuoda of 100
kg per farrvacr arad an OO0 wee purehased 2000 ky= Trom 20 farm-
eru Uhan Rarchaman: University i embcavenening 19 provide
2 real and sustaipalle vaurker for Ubea paspalum aced, that
dows pol depend or govemment funding, We besve et up &
revolving fund thal pays the farmens promplly 100 bahukg
(LIS51.50) on the day ol aoesl purchase. The seed v pucknoed
intn anractively bheled 7 kg ana @ kp plastic bops and stored
for al beant 5 manhs 10 beeak embryn dommancy (Hare &1 of,
1973 et Sl o A Bt g US5A00 Tolbosning
our suceess, the Depamment of Livesink Development has
ragndly increased Uben puiapalem seed production on rescurch
mzzions ind on smallhobder (asms; and in 1938, 1999 nd 2000
Fooduced 1, 28 and 38 onnes, respertively (O Phaksew pen,
coeL)

Even thoaegh Thon paspalum seed productim = well
Ly i wath flowenng ooouming predicmbly every yom
in S piember 2nd hand harvesing sakiag place over 7-1Ndayvs
in e rly Cktober, secd production 1 sl withour s datfica]
ties Heavy rhirnderstorms fiequently accur during Use Sep-
em! er-Chorober flowering and harvesting period causing eead
13 sl ed. Fursinng bods may ofso drematically reduce seed
yields, Farmers have 221 up nots 1o capauire the birds for sale
of installed bred-scaring deviers such 25 searecrows and 1ins
lilked sth stunc, Sewme 1armers sleep in thetr fiekde moorder 1o

chawr waay husts which wewally h.rr;l-r in the -:.ar"I!- ||n_rm'gnr_

Conclusion

The develnpmens ot Lbon paspalum from being & wild muiive
plang i Srasl w s commereial fomge in Thailand has been
rapid. I valy 1oak 2 Intie over [0 yeer for thit wild acoession
W become a proven forage crop in Tharland which shews the
patential impact forage permplasm collection can have on the
furare apriculiuse neesds ol mankind.
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Editors Column

Daear Reademy,

Apoiogies for the [ote anvid of this edithen af the nowsicticr,
Deadhines for sepons, prani submissions and other bits of
actruneetrannn 25 Wil 3 snme reeranch ek hove delavod
the newslener gouig 10 the primtern. We me now back on reck
and [ hope the nest icase will be resdy in Ociober.

Th issue of e newsleiter includs twe papers thal weee
anpinslly suhmitied 10 JAST: Refereed papers will rot be
published in the newsletter in the future. Following the demuse
nf JASF the newsletter muy he the only seurce wf
commumcation within the group (other opiions are being
discussed), | would hope that members of the growp could
semed am atwaraci 0f any “seedy” paper they publish Thes wilk
help 1o disseminate the information thot we ae publishing
wd Mg wp publicstives that we do not routinely mead,

RS EEEREE RS RN e

1 wemghd like 1o ask overyone whio resds tis gewsleiien e ik

ahout whather they have a report. amicle, 3 bt af news o an

epcnaing evont that they would Tike to publicise and the
eould that he inchuded in the neat or fuiure newsleilers,
Hemember- it 15 YUUR newtlener,

The demmse of JASP means that the newsdeter wiil be wli-
financing Please complele the enclosed membership form at
the end of the newsletter and 2end & chogue g5 s e

prssible The deadline (o be included on ine mnibling liss for
the nev tissde of e pewstener will be the end 0f Seprember

Please, please subseribe.

15, W snill requebre v logat

o E R WA AR E W ER e e

STH INTEHNATIONAL IIERBAGE SEFD COMNFERENCE - 203

The 5t International Herbape Seed Conference will be beld
om the Crettom Camngus aof the Unaversity of Cueenstiuml This
13 in the hoan of the Lockyer Valley, an intensive farming ro-
gion o linde over an bows's drive from Brishane Intermaticnal
Adrpont. Gatton iy the main centre Tor the University’s sc.oi
technoiogy Cours=s, and i5 stRICRICally tocated Close 10 most
of the subdropical secd houses in Australie The Confenence
wilt start with pegistration and welcoming 2etivines on Sun-
daw 23 Mrwember 2003, Because this is dunng the Universily
summer vacalion, on-Campas accommodanon will e uval-
abde to house Conference delegates, either in single rmams in
one of the halls of residence or 1o a limited number of motel
stxbe enits. The meting propram e er the neat 3 duys (24-26
Hovemiber) will b= piven over 10 the presenrzsion 0f delepaies”
e either in ol <7 in paster fean, Denng the 2liemoan
sexgions, shonl bigs will be made to 2 mnge of Dield ses
thromgh south-cusd Quecnsiand.

In responae @0 the many requests from Nedh Amencan and
Furtwean members the post-Conflemence tour £27-28 Novemn-

ber) highlights the varied production temperaie seeds in Scuth
Australin. Because Austrulia is o big cownby, Uis wili solie
wrwwedling nwwe tian |50 km by aer o Adclade and Mi Cendae
to begin the (our. Over the next day and a half, delegates will
be able 1o see well-advanced praes secd erops (fescuz,
ryeprass el ), luceme (alfatia), vegerable and oher seed cmpe
{e.g cauliliresr. cabbage. kale, canw, ondom). Visits wall alu

be mede 01 commercial rremises and seed cleaning planis

Clirie by 15 the famoos Comawars wine producing reghan,
and an opponuiity fur noctuma! sumpling of mene ol i
high qualiy material in replicalcd proup inals

(n 2% Kovembier, dele 2ates can cuntinoe their travedy from M
Gamiser with Might~ cither o Adebaide o 60 Melnoume, de
pending on their preference -

NI TES KEVINBOAVTE
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Appendix 15

Forage Plants for Dairy Cows in Thailand: Old Friends-New Faces

M. D. Hare
Forage Specialist, Faculty of Agriculture, Ubon Ratchathani University

Abstract

When planting forage plants, it is important to define the environment where the
plants are to be sown and to know the range of adaptation of each plant. The environment
description should include soil and climatic conditions and also farmer-controlled factors
such as fertiliser inputs, grazing pressure (number of cows per rai), system of
management (cut and carry or grazing) and the management skills of the farmer.
Smalholder dairy farmers in Thailand have a choice of many different grasses and
legumes to grow on their farms. Grasses and legumes should be planted separately for
ease of management and for maximum production. For farms on acid, upland, well
drained soils, the following species are recommended: signal grass, brizantha, Jarra digit,
Tha Phra stylo, hamata stylo. siratro and specialist crops of Cavalcade if land is available.
On soils that are waterlogged from time to time, Ubon paspalum, Splenda setaria and
specialist areas of para grass (ponded areas) and llanos macro are recommended. On
fertile, well drained soils, guinea grass, napier grass, ruzi grass and specialist areas of
leucaena and lablab are recommended species, and in the future burgundy bean and
Endurance lablab if they prove suitable. Signal grass would be the best grass to prow
under trees along with small areas of green panic on better soils.

Introduction

This paper is about forage plants to feed dairy cows in Thailand. [ want people to
start thinking seriously that Thailand can indeed produce milk from forage plants without
the need to feed cows extra concentrate supplements. This is the challenge facing dairy
farmers and the dairy industry in Thailand. If there is not a serious effort to increase
forage production in Thailand and drastically reduce the dairy cow reliance on
concentrate supplements, the dairy industry will become less and less profitable and will
enter a serious crisis in the next few years,

This is because many other countries can produce milk a lot cheaper than
Thailand currently can. For example, New Zealand farmers are paid 6-7 baht per kg of
fresh milk and each dairy farmer makes a net profit of 1-1.5 million baht per year after
tax. With reduced tariffs, WTO regulations and bilateral trade agreements between
Thailand and other countries, milk prices will probably decrease rather than increase. If
Thailand wants other countries to reduce tariffs on goods produced here (cars, textiles.
electronic goods etc) then those countries will want Thailand to reduce tariffs on
agricultural goods like milk powder. Already Australia and New Zealand have asked
Thailand about this. Therefore in order for Thai dairy products to compete. the prices pay
to farmers may to have to come down and the farmers will have to reduce their operating
costs to become economically viable. Currently their greatest farm costs are in the
purchase of concentrate supplements.
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Healthy land-healthy cows

We have an obligation to future generations to keep farm land productive at a
level that can be sustained indefinitely. We must pay particular attention to the soil. If we
have healthy forage plants growing on top of the soil then the soil profile below should
also be healthy. :

A problem in Thailand is that many dairy farms are on very, very poor soils. In
Australia soil levels of 0.08% for total nitrogen and 10 ppm for available phosphorus
represent the minimum levels for dairy farming soils. In northeast Thailand many dairy
farms are on soils with soil levels of 0.03% for total nitrogen and 4 ppm for available
phosphorus. The best soils in northeast Thailand with levels of 0.1% for total nitrogen
and 35 ppm for available phosphorus are used for cropping and horticulture. Nitrogen and
phosphorus are the nutrients required in the largest quantities by forage plants and are
also critical for animal growth and metabolism. If fertilisers are not applied the forage
plants will have very low crude protein levels, <6%, and milk production from dairy
cows will be low. At Ubon Ratchathani University our research has shown that nitrogen
fertiliser must be applied every 30 days in the wet season to maintain crude protein levels
above 7% (Hare et al. 1999).

The easiest solution would be to recommend that all dairy farms be only on the
good soils where forage plants will be productive and high in crude protein. But this is
unrealistic as farmers on poor soils want to milk dairy cows. We therefore must look at
which plants can produce large quantities of quality forage on poor soils without a lot of
chemical fertiliser. We know that most small holder dairy farmers will not spent a lot of
money on chemical fertilisers.

We must plant both grasses and legumes, though | would recommend as
monocultures as mixed pastures generally have not been successful in Thailand. Grasses
will repair soil structure and legumes will provide free nitrogen. Grasses will provide the
carbohydrates and legumes the protein. Dairy cows are like people in that they need a
range of different foods in their diet. Dependerice on a single species invites risk. In
Brazil too much signal grass was grown and large areas were infected with spittle bug.
We all know about psyllid and leucaena and anthracnose and stylos.

Healthy cows-healthy milk

The rich countries have invented plant hormones and genetically modified plants
(GMO plants) but more and more people in these rich countries will not eat GMO food
and they will pay more money to eat organic foods. With the recent mad-cow disease
outbreaks, which have probably been caused by animal-protein concentrates, people are
also demanding that milk and milk products be produced from cows only feed forage
plants. Many Europeans want to buy organic milk and organic yogurt. In Austria, 10% of
agriculture is now organic and it is heavily subsidized by the government. Plant-based
concentrates may have GMO plants in the mixtures and animal-based concentrates may
have a risk of mad-cow disease. In Thailand, even if our cows are not feed animal-based
concentrates there is a very good chance that the plant-protein concentrates have GMO
plants in the mixtures because of the high importation of soybeans from the USA into
Thailand.

Milk also has to be clean and good on all fronts. In the future as consumers get
more demanding they will not buy milk contaminated by inappropriate feeding or from
cows exposed to chemicals and dirty, unsanitary conditions. We must be kind to our
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cows. Too many cows in Thailand are keep in muddy yards under hot iron roofs. Friesian
cows are from cool-temperate countries where they are either grazed on ciean fresh
pastures and if inside, in clean well-washed cool sheds. We can not expect cows to
produce quality milk when they are kept under hot, poor conditions.

in Thailand too much attention has been paid on the output of milk per cow and
not enough attention has been made to economic dairy farm viability and output per rai.
Do we need to have cows producing 20 litres/cow/day when we have to feed them a lot of
concentrates? Wouldn't it be better to have cows producing 7-8 litres/cow/day and feed
only fresh grass and fresh legumes.

However, another problem in Thailand is that many dairy farmers do not have
enough land to grow all the forage for their cows. They have to buy in extra forage, cut it
from roadsides or waste areas, or lease extra land for forage production. For these farmers
il 1s easier to buy concentrate supplements even if they are expensive.

Selecting the right forage plants

When planting forage plants, it is important to define the environment where the
plants are to be sown and to know the range of adaptation of each plant. The environment
description should include soil and climatic conditions and also farmer-controlled factors
such as fertiliser inputs, grazing pressure (number of cows per rai), system of
management (cut and carry or grazing) and the management skills of the farmer.

In addition, in Thailand it is important to know whether the farmer is a full-time farmer or
a businessman who is dairy farming as a kind of hobby with only labourers looking after
the cows. The latter usnally do not have the skills to manage long-term pastures.

In this paper I will discuss forage plants that have been planted a long time in
Thailand as “Old Friends” and plants that are only just been introduced or are still in the
evaluation stage as “New Faces”.

“0ld Friends”

Grasses

Guinea grass (Panicum maximum)

Purple guinea is the most popular guinea grass grown in Thailand but some
farmers still grow small areas of Hamil guinea. Common guinea is ingenious in many
parts of central and northern Thailand, growing along roadsides and in orchard areas
where il is cut and carried to dairy cows.

Purple guinea is a very productive, high quality grass for dairy cows. It is suitable
for cut and carry forage and for silage making. However, it requires high soil fertility to
be productive and regular applications of fertiliser to maintain good growth. It grows best
on well drained fertile soils. It does not tolerate waterlogging, long dry seasons and
frequent hard grazing, It is a grass that requires good management skills and high inputs
to remain productive in long-term pastures. It is not a grass for poor sandy soils.

Purple guinea can be grown from tillers or seed. Seed is available from the
Department of Livestock Development.

Mapier grass ( Pennisetum purpureum)

Common napier and King napier (P purpureum x P. glaucum) are very tall
grasses suited to cut and carry production. Mott napier or dwarf napier has many more
tillers and is a lot leafier than common napier. It can be both cut and grazed.



178

Napier grasses are the most productive grasses in Thailand, producing high
quality palatable forage. But they only grow well on good soils with fertiliser. They grow
very poorly on poor soils without fertiliser and they do not tolerate waterlogging or dry
conditions. They require very careful management to maintain long-term production. On
good soils with fertiliser in central Thailand, dairy farmers have found napier to be very
productive. Napier must be irrigated in the dry season. Napier must be well-managed and
cut frequently (every 30-40 days) to produce leafy swards. They can quickly become
stemmy and lose quality if left uncut longer than 40 days in the wet season.

Napier grass is nearly always planted by tillers.

Ruzi grass (Brachiaria ruziziensis)

Ruzi grass is the most commonly grown grass in Thailand, mainly because sced is
readily available from the Department of Livestock Development. It is a nutritious. good
quality grass readily eaten by dairy cows.

Ruzi grows best on well-drained. fertile soils in high rainfall areas. It does not
grow well on poor soils, waterlogged soils and in areas with a long dry season. Many
farmers in northeast Thailand treat ruzi as an annual because it dies over the long dry
season. On poor soils without fertiliser it quickly becomes weak and can die out within
two years. Smallholder dairy farmers have found it difficult to maintain long-term ruzi
pastures in northeast Thailand.

Because of the large quantities of seed produced ruzi grass will continue to be an
important forage for dairy farmers in Thailand but it requires careful management to
maintain long-term production.

Para grass (Brachiaria mutica)

Para grass remains one of the best grasses for waterlogged, ponded areas. It is
now indigenous along streams and canals in central Thailand where it is a source of daily
cut and carry forage for dairy farmers. The farmers in central Thailand recognize the
quality of para grass for their dairy cows even if they do not grow it on their own land.

The limitations of para grass are its low tolerance to dry conditions. dislike of
hard grazing or frequent low cutting, and if left uncut for long periods it quickly becomes
very stemmy and unpalatable.

However, even though para grass may not be planted by dairy farmers, it will
remain an important forage cut from around wet areas, ponds, streams and canals in many
parts of Thailand where it has become naturalized.

Green panic (Panicum maximum var. trichoglume)

Green panic has been forgotten by many dairy farmers in Thailand. It is a very
productive grass, producing high quality forage and in northern Queeensland and Hawaii
is a very important dairy farm forage grass. It grows well on both fertile and poor soils
and responds well to fertiliser. It is moderately tolerant of both drought and waterlogging.
It is one of the better grasses for growing under trees because of its shade tolerance.

Many smallholder dairy farmers in Thailand have trees or orchard arcas on their
farms where they also grow grass for their cows as cut and carry forage. Green panic fits
mto orchard forage production well because of its shade tolerance. For this reason, Green
panic production should be encouraged more in Thailand. Seed production is relatively
easy with 2-3 harvests in the wet season. Green panic can also be grown from tillers.
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Rhodes grass (Chloris gayana)

Rhodes grass is ancther species that seems to have been forgotten by dairy
farmers in Thailand. There are several cultivars but Callide or giant rhodes grass, a
tetraploid, is the most suitable for dairy farming farmers in Thailand.

Rhodes grass can grow on a range of soils from heavy clays to sandy loams. It
will tolerate fire, a long dry season, and some waterlogging. It is also the most tolerant
grass to salty soils of the species I will discuss in this paper.

Rhodes pgrass can be hard grazed and cut frequently to maintain the nutritive value
which will decline rapidly if it becomes stemmy or flowers. I believe that rhodes grass
should be promoted more among dairy farms which have salty soils.

Callide rhodes grass produces seed at the end of the wet season at a similar time
to Tuzi grass.

Legumes

Verano stvlo (Stylosanthes hamata ev. Verano)

Verano stylo or hamata stylo, is still the most persistent forage legume in Thailand. It
grows on all kinds of soils and along roadsides and in waste areas. Because of its heavy
seed set, hamata stylo regrows each year and contributes greatly to long-termi forage
production.

It is best grown in pure swards because in mixed grass pastures that are fertilised.
the grasses tend to dominate. Hamata stylo is still one of the best legumes to grow on
sandy soils. Some dairy farmers find that hamata stylo does not produce enough dry
matter when compared to some of the grasses but on sandy, poor soils it produces more
dry matter than most species. Hamata stylo is mainly grazed but dairy farmers who know
that it is a high protein legume selectively cut it from along roadsides.

Seed is readily available from the Department of Livestock Development (DLD).

Leucaena (Leucaena leucocephala)

Leucaena is the most productive legume growing on dairy farms in tropical
Australia where nearly 500,000 rai of the subspecies L. leucocephala var. glabrata
cultivar Taramba have been planted. Even though common leucaena (L. leucocephala
var. leucocephala) is found throughout Thailand very little stands of leucaena are planted
by dairy farmers. This is surprising as leucaena is one of the highest crude protein forage
plants.

The main problem with forage production of leucaena in Thailand is its poor
performance on acid, sandy, low fertility soils. It also does not like waterlogging. From
seed, leucaena grows very slowly compared to other legumes and grasses. The
establishment and management of leucaena for smallholder dairy farmers in Thailand
requires more study.

However, if farmers are able to vegetatively hand plant pangola grass tillers and
millions of tillers of vetiver grass in Thailand every year, then there should be no reason
why a large scale extension programme on planting leucaena plants could not develop.
The Department of Land Development use their centres to produce millions of vetiver
grass plants every year. The Department of Livestock Development could similarly use
the forage centres to produce millions of leucaena plants.

There should be more promotion in planting leucaena for high protein dairy cow
forage in Thailand. No other legume currently in use in Thailand has as high a crude
protein content as leucaena.
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Siratro (Macroptilium atropurpureum)

Even though Siratro has become a forgotten legume in Thailand it is still a very
useful legume for dairy farmers on upland, well-drained, sandy loam soils. It is a very
palatable and nutritious legume and has the ability to fix a lot of nitrogen.

It has a wide area of adaptation and following wide spread oversowing 25 years
ago by the DLD, it is now indigenous along roadsides and in many undergrazed areas in
Thailand. At Ubon Ratchathani University it is found along roadsides and around
buildings.

One of the problems with siratro is that its yield declines quickly under frequent
cutting and it does not tolerate long periods of heavy grazing. It is also susceptible to a
range of leaf blights, rust, root rot and aphid and insect attacks, Aztec siratro has been
bred for rust resistance and seed is available in small amounts from Ubon Ratchathani
University.

Under controlled rotational grazing or careful cuiting siratro is still a very
valuable legume for dairy farmers to grow in Thailand.

Centro (Centrosema pubescens)

Centro is another very useful legume that has become forgotten by many dairy
tarmers in Thailand. It prefers medium to high rainfall areas but we have observed it
growing very well over the dry season with little moisture. It also is one of the better
legumes for growing under trees because of its shade tolerance. It will tolerate low-
fertility acid soils and will grow on much wetter soils than stylos and siratro.

It seems to persist for many years in well-managed grazed pastures but under
frequent cut and carry systems it is not very stable. I would recommend centro to dairy
farmers whose farms are on wet soils or who have a lot of trees. Centro is a good legume
to grow on areas where cow shed effluent is disposed. In Thailand centro seed is

available in small quantities from the DLD. New lines of centro are currently being
evaluated by the DLD.

“New Faces”

Grasses

Ubon paspalum (Paspalum atratum)

Ubon paspalum is the most persistent and productive grass on wet waterlogged
soils that dry out during the dry season. This ability to tolerate both wet and dry soil
conditions makes it a versatile grass for dairy farms on former rice paddy land. It grows
well on acid infertile soils. However, it will die out on very sandy soils that lose moisture
quickly during the dry season. It is not recommended for upland sandy soils in low
rainfall areas.

Ubon paspalum is well liked by many small holder dairy farmers in northeast
Thailand because it is easy to grow from both seed and tillers; easy to cut because it is an
upright plant; can be either grazed or cul; regrows very rapidly after each cut and is
persistent. Its main draw back is that it is relatively low in crude protein compared to
other tropical grasses unless it is grown on fertile soils or is frequently fertilised when
grown on poor soils. Dairy farmers growing Ubon paspalum will have to grow plots of
forage legumes to mix with the grass to increase the forage quality.

Seed is readily available from Ubon Ratchathani University and the DLD.
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Signal grass (Bruchiaria decumbens)

Signal grass has long been recognised as the best grass for growing in northeast
Thailand because of its persistent to heavy grazing and frequent cutting and its tolerance
to long dry periods. In most areas it will remain green throughout the dry season. Signal
grass grows better than ruzi in dry conditions; it grows better than ruzi in waterlogged
areas; it grows better than ruzi under heavy grazing; it grows better than ruzi on poor
soils with low rates of fertiliser. It also grows very well under trees.

Seed production has been the major drawback in promoting signal grass in
Thailand. Whereas ruzi grass seed is easy to harvest, signal grass seed production is very
difficult, producing low seed yields over 3-4 months during the wet season and what seed
is harvested is usually very low in germination.

Ubon Ratchathani University has recently made a break through with signal grass
seed production and located an area where good yields of high germination seed is
possible of an accession called Warin signal grass. Small quantities of Warin signal grass
will be available from Ubon Ratchathani University next year.

Brizantha ( Brachiaria brizantha)

Brizantha is the most widely grown tropical grass in Brazil. It is generally more
productive than signal grass and is resistant to diseases and pests. Like signal grass,
brizantha is drought tolerant, grows under trees and can be either cut or grazed. It is a
very persistent grass and if managed well, pastures should last for decades.

Brizantha has been studied in Thailand in the past but because of poor seed
production, pastures have not been established by farmers. However, the pasture research
team at Ubon Ratchathani University are now establishing plants of the best seed
producing brizantha cultivar from Brazil, CIAT 26110, and if all goes well, seed of this
cultivar will be available to Thai dairy farmers in 3 years time.

I believe that both signal grass and brizantha within the next 5 years will become
the most important grasses in Thailand for smallholder dairy farmers on poor dry, upland.
sandy soils. The challenge to us is to produce enough seed of high quality to meet the
demand.

Pangola grass (Digitaria eriantha)

Pangola grass is considered one of the higher quality tropical grasses with crude
protein levels ranging from 8-14%. It has excellent palatability when young and is well
liked by dairy cows in Thailand. Milk yields of 6000 kg/ha/year have been recorded.
Pangola grass will tolerate periods of waterlogging but not flooding. In Thailand it is not
be very productive during the dry season but it will survive.

Pangola grass will grow on a range of soil types but it performs better on fertile
soils. It responses very well to nitrogen fertiliser. Currently pangola grass is being
promoted by the DLD and CP company as a grass for sale to dairy farmers by
commercial grass farmers. Both fresh grass and hay are produced and sold.

The main problem with pangola grass is its lack of seed production. All pangola
grass pastures in Thailand have to be planted vegetatively. This limits its expansion. The
two seed producing cultivars in Australia, Advance and Premier, appear to be not as
productive and vigorous as the non-seeding genotype used in Thailand. Another problem
encountered overseas is the susceptibility of pangola grass to rust. stunt virus and insect
attack. 1 am not sure if the genotype used in Thailand has similar discase and pest
problems
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Well managed pangola pastures that are fertilised and nrrigated can be cut
frequently or hard grazed. Pastures will last about 5 years after which the pastures can
become very dense and turf-bound and lose productivity. Pangola grass cuttings can be
obtained from DLD centres in some provinces and from the CP company.

Jarra digit grass (Digitaria milanjiana)

Jarra digit grass is similar to pangola grass but is a species with considerable
potential in Thailand because it produces seed. It is a high quality grass with crude
protein levels ranging from 9-18% depending on soil type and management. Friesian
cows grazing Jarra digit without supplementation have produced milk yields of 16.4
kg/day.

Jarra digit is a very palatable grass and in recent trials in Australia it is grazed in
preference to pangola grass. Jarra digit also establishes more rapidly than pangola grass
and can be established from either seed or cuttings. Jarra digit will tolerate hard grazing
and frequent cutting.

This persistent grass is not susceptible to rust and pests like pangola grass. At
Ubon Ratchathani University it will tolerate short periods of waterlogging and will
survive long dry periods but will not be as productive as either signal grass or brizantha
during the dry season.

Small quantities of rootstock can be obtained from Ubon Ratchathani University
and seed may be available in the future.

Splenda setaria (Setaria sphacelata var. splendida)

Splenda setaria is one of the most palatable tropical grasses in Thailand and in
mixed swards, dairy cows graze Splenda setaria first before grazing other species.
Splenda setaria is more leafy and less stemmy than the older setaria cultivars used
previously in Thailand. Splenda setaria is tolerant to long periods of waterlogging and
even short periods of flooding. It has drought tolerance, though not as much as signal
grass and brizantha.

At Ubon Ratchathani University Splenda setaria pastures are still productive after
5 years. surviving both waterlogging and drought. Splenda setaria grows better on low
lying loam soils than on upland sandy soils and prefers higher rainfall areas.

We have produced good quality seed at the university and small amounts are
available for sale.

Legumes

Tha Phra stylo (Stylosanthes guianensis)

Tha Phra stylo (CIAT 184) is one of the most productive perennial legumes for
upland, sandy, acid soils in Thailand. It is high in crude protein (18-25%) and it stays
green throughout the dry season, providing high quality forage in times of dry season
forage storage. It is a valuable protein bank.

Tha Phra stylo under intense frequent cutting and hard grazing usually only
persists for 2-3 years. Under less frequent cutting and lax grazing Tha Phra stylo pastures
will remain productive for up to 10 years. A good management strategy for dairy farmers
1s to cut Tha Phra stylo lightly in the wet season to keep it leafy rather than stemmy and
then use it to feed dairy cows in times of dry season feed storage. It is the best high

quality dry season forage for low fertility, acid. sandy soils in Thailand. It grows where
leucaena will not grow.
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Currently, Tha Phra stylo is resistant to anthracnose but it may one day become
susceptible . Ubon Ratchathani University is evaluating another stylo which has greater
resistance 1o anthracnose and small quantities of seed of this cultivar, Ubon stylo, are
available for sale.

Cavalcade (Centrosema pascuorum)

Cavalcade is an annual twinning legume which is being promoted by the DLD in
Thailand for hay production. However, hay production during the growing season (wet
season) is difficult and so hay must be produced in November and December. If there is
an abrupt early ending of the rains in October some Cavalcade hay fields can very
quickly dry off and lose dry matter yields.

Some dairy farmers plant Cavalcade for fresh forage production. Cavaleade.
unlike the stylos, retains its leaves following cutting and so maintains its quality even if it
has been cut for several days. It grows on a range of soil types but it does not tolerate
long periods of waterlogging.

Cavalcade is a specialist forage legume crop that dairy farmers will grow to
provide protein rich wet season forage or hay when cut early in the dry season. Seed is
available from the DLD.

Llanos macro (Macroptilium gracile cv. Maldonado)

Llanos macro is a short-lived (1-3 years), twinning legume that grows very
vigorously in the first season. It has been the most productive legume in the first vear of
establishment on waterlogged soils at Ubon Ratchathani University. A key to its survival
from year to year is to stop cutting and grazing from December to February to let it
flower and set seed. Following the first rains at the beginning of the wet season it will
reestablish from fallen seed.

Llanos macro is suited to wet low lying areas. Dairy farmers who have small areas
of such land will find that llanos macro will grow very well on such sites whereas other
legumes will not survive waterlogging. We have also found that llanos macro grows well
together with Tha Phra stylo on more elevated sites. Small quantities of seed are available
from Ubon Ratchathani University.

Lablab (Lablab purureus)

Lablab is an annual legume which provides high quality, protein-rich forage. Even
though it is an “old friend” I am calling it a “new face™ because it still is not used widely
by smallholder dairy farmers in Thailand. The main limitations of lablab are that requires
good soils to be productive, does not grow well on sandy, acid, low fertility soils, does
not always recover well after the first cut, does not tolerate waterlogging and has a short
life (4-7 months).

However, dairy farmers on good soils in Thailand may plant small areas of lablab
as protein-rich forage for the wet season.

A new perennial lablab cultivar, cv. Endurance, has recently been developed by
the CSIRO in Australia. This cultivar is slightly less productive than the annual lablab but
it can persist under cutting or grazing for at least 2 years. This is good news for Thai
dairy farmers currently growing lablab because now Endurance lablab will produce high
quality dry season production especially under irrigation.

Ubon Ratchathani University is starting a small research programme to evaluate
cv. Endurance. Seed multiplication will be included in this programme.

Burgundy bean (Macroptilium bracteatum)

-
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Burgundy bean i1s another new perennial legume from Australia that may be
suitable for dairy farmers on better soils in Thailand. Burgundy bean has similar flowers
to siratro. Burgundy bean is a very palatable legume that is persistent (2-3 years) and
produces high seed yields. It has the potential to built up seil fertility.

Ubon Ratchathani University will start evaluating Burgundy bean in small plots
this wet season.

Conclusion

Smalholder dairy farmers in Thailand have a choice of many different grasses and
legumes to grow on their farms. Grasses and legumes should be planted separately for
ease of management and for maximum production. For farms on acid, upland, well
drained soils, I would recommend signal grass, brizantha, Jarra digit, Tha Phra stylo.
hamata stylo, siratro and specialist crops of Cavaleade if land is available. On soils that
are waterlogged from time to time, I would recommend Ubon paspalum, Splenda setaria
and specialist areas of para grass (ponded areas) and llanos macro. On fertile, well
drained soils, I would recommend guinea grass, napier grass, ruzi grass and specialist
areas of leucaena and lablab and in the future burgundy bean and Endurance lablab if
they prove suitable, Signal grass would be the best grass to grow under trees with small
areas of green panic.

Pasture research generally receives less research money than other agricultural
crops and is usually the last to be financed. We therefore must do the best we can within
limited budgets. However, we must not stand still. New pests and diseases do not stand
still and they can adapt to attack plants we thought were resistant. Tropical forage plants
are still in the pioneering experimental stage of development, and it is too early to expect
them to be stable against all insects and diseases. That is why we need a greater diversity
of forage plants in Thailand.

But we have to be very careful in what we introduce, release and promote to
trusting farmers. We do not want more weeds like communism grass.

It is the right time to vigorously promote forage production for dairy farmers in
Thailand and to try and reduce their dependence on supplementary concentrate feeding.
For healthy cows and clean milk production in Thailand we as forage specialists are in
the right place at the right time.
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Abstract

The experiment was conducted to examine encriy and protein requirements of Thai dairy cattle. There
were four treptment combinations of two main factors, energy (Total digestible nutrient, TDN) and crude protein
(CP) each of these factors had two levels of 1.0 and 1.2 times the recommended of feeding standard for dairy cattle
from the Mational Research Council (NRC, 1988). The treatments were as follows (TDN:CP); T1 (1.0:1.00, T2
(1.0:1.2), T3 (1.2:1.0) and T4 (1.2:1.2), Sixteen Holsicin fiesian crossbred (75-87.5 %HF blood) cows were
dllocated to 8 2 x 2 factorial arrangement in a randomized complete block design (RCBD) with 4 animals per
treatment. The experiment had two 5-week with each period divided into the 1° week was adjustment and 4
consecutive wecks was collecting time. After the first 5-week period, the same group of animals were randomized
again (o the new treatment and the S-week procedure repeated. Cows were received Ubon paspalum {Paspalum
atratum ev. Ubon) grass silage as basal roughage. Soybean meal and ground corn were supplemented to meet
energy and protein requirements. Data from two periods were pooled for-analvsis of variance. The results showed
that dry matter feed intake as % of body weight and g DM/ W “" was higher (P<0.05) in cows fed 1.2 CP group

than 1.0 CP group (3.75 vs 3.53% and 168 vs 160 g DM/w ™"

). However body weight change, milk vield and milk
compasition were not affected (P=0.05) by energy or protein levels. No inleraction of energy and protein was found
in this study. For the 4 treatments the average milk vields were 12,18, 11.66, 11.79 and 11.48 kg/d, milk fat
conlents were 4.38, 4.52, 4.49 and 4.31%, milk protein levels were 3.47, 3.59, 3.53 and 3.48%, milk laclose levels
were 4.99, 4.73, 4.87 and 4.72% and solid-not fat concentrations were 9.17, 9.09, 9.15 and 8.98%. The average daily
liveweights gain were 0,86, (.91, 1.09 and 0.55 ke/d for treatment 1-4 respectively. The preliminary conclusion
from this experiment found that there were no beneficial responses with the additional of 1.2 level of NRC feeding

recommendation in either energy or protein or both in Thai dairy cattle, Roughage and concentrate ratios and crude

fiber contents in the diets are also discussed,

Key words: dairy feed, nutrient requirements, fead evaluation
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Table I Feed formulation and daily nutrients determined.

TDN 1.0 TDN 1.2
Crude Protein LD 1.2 1.0 1.2
Treatment (1} 2) (3 {4)
Feed Formulation
Cows weight 427 386 ! 421 411
Milk yield, kg/d 13.57 11.43 12.46 13.07
Milk fat, % 4,29 4,36 4.34 4.24
Nutrient intake
KgDM 13.01 1351 12.70 14.34
% of Body weight 3.06 351 3.08 352
TDN, kg B.90 Q.64 B.63 10.32
Crude prolein, ke 1.93 1.73 2.21 224
ADF, % 22.00 1951 21.93 18.63
Silage, kg Fresh 28.59 2675 26.88 24.41
Soybean meal 2.32 L&T 317 2.76
Ground com 5.76 .70 4.75 175
Roughage: Concentrate Ralio 45: 55 3961 43: 57 35: 65




191

Table 2 Dry matter intake of dairy cows received 1.0 or 1.2 time of energy or protein as NRC (1958)

recommendation.

TDN 1.0 TDN 1.2
CPri1.0 CP 1.2 CP 1.0 ‘ CP12 Significant Level CvV
Treatment | (1) |*sp| ) |*sp| 3 |xsp| 9 |Ltsp| TDN CP E*P | (%)
Dry matter intake
$ keid 1537 119 15.10 1.89 14.74 L7 | ie3] £31 ns ns ns | 990
¢ %ofBW 3.55 .28 3.75 044 351 0.40 374 015 ns 0.05 03 7.09
4 MW | 162 118 | 167 1582 | 158 128 | 168 589 | ns 005 ns | 529
R: C ratio 45: 535 42: 58 38 62 3464 |
Table 3 Body weight change of dairy cows received |0 or 1.2 time of energy or protein as NRO (1988)
recommendation,
TDN 1O TDN 1.2
CP1.0 CP12 CP 1.0 i s e Significant Level cy
Treatment | (1) |Xsp| @ |(*sp| @3 |Xsp| @ |Xsp| TON | cp | E*P | (%)
Number of cows b3 8 B tH
Initial weight, kg 4185 3624 | 4078 7rod | 4111 Fr47 | 4033 3772
Final weight, kg 442.6 4056 | 4333 FLE0 | 4418 F2A1 | 41B6 0 4430
Weight gain, ke 241 1220 | 255 1418 | 3086 8.57 154 15.24
Average daily (.86 .44 0.91 .51 1.09 .31 (.55 (54 1s 115 ns | S9.69
gain, kg

manfamumlaaimsing

msnldnulanisnindaves T 91ndiayalu Table 3 wu*i"lTﬂﬂﬂnf_g'uﬁ'LI'"mﬁ’m‘ft"un*’umﬁ:u"lnﬁ'tﬁna
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SD) b’l!rﬁi'iumﬁllﬁ"ﬁﬂﬁzﬁﬂglﬁmﬂﬂﬁﬂﬁﬂﬂﬂ‘lﬂif‘ﬂﬂﬁiﬂﬁﬂﬂ'l‘l'lﬂ (0-3 1ABY) wiseglumasnusanms iy
W (carly lactation) %ﬂ'ﬁl‘ﬂﬂﬂ‘lﬂlﬂﬂi:ﬂﬂﬂtﬂﬂﬁ!ﬁﬂ!ﬁﬂﬂtjﬂ dsznsudumsiive s 1dTsefaineznands
ﬁmﬁ?ﬂ“ﬁﬁlfl'l‘.‘i't‘f.‘lﬂ11¥ﬂ11uﬂuﬂﬂﬂlﬂmﬁﬂﬂmﬁuﬂﬂ (negative energy balance) AntuTnesAmdsaudsoai
azerulud13n8 (adipose tissue) 1114 damalfinindanas wdwinsuszee uda Taosdaus 1E%ooa
ATUABIMINEIIUAARY (AFRC, 1998) Bnelussessi Tncansofuenns WEmuiy Soiliindeemidau
anldiemadininnind 188nnss {body weight regain) lumsmanesnisi @A nauo s I Tniinnin

3 T o e O e =
Auiiumasaedu (ADG) fi 0.25 Alaniuwiu ninramsnaaswyh Iaynnguiimamimitnindaed lunwsis
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geRendluraa 0.55-1.09 flaniudu endunguilAsumasaues Tds@uszfu 1.2 phwes NRC ssiiddnd
v o 11‘-.&1 i b = g & - o A e
nguBuuA Lillanuunndsesaiiod Ay (P=0.05) vslimedisanen Ianaassdiewiis T To Tadufiie
madsimsnTyauIaimTaswieeg  Inilaldmhurszeen Whugeagmnuds  wieewfedosiu
: . e i )
Hlafomeadnniugassuiifimussmuennselumah Tnne R 1850 W MR emsndminasilszdntnmdon
" ™ » " E 0 "
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¥
i o O e af
Famansumuesyeninnindams s lummannediedon 6-8 §a (Roger, 1983)
P J -
nanaaiuuLazeanlszneuluim
a = o a = 1 sk i ¥ X = PR ¥ i
maszAumdsnmie TusAuiiuiu 1.2 vhyssfuusnihnn NRC wiamsiuiageasi wuh
[l ¥ ¥ L L
hitwademanfanunlas WBinaweiming  wazdmdszasumarilning msluglaledi$uduazh
- o a ' ar o & .
win) Taun Tafu Tdsfu uaaTer uasvosudalidsanfune (P>0.05, Table 4) aenslanmuiianFoudion
ssnhalfineniiia lfedsfufidasldlutasle | wud langim Wiy Tnruzdga (T1) uazgaga (14) 198
) o o a . 4 ' ¢ o ™ ::
wsendiiidnanis 10-12%  luvesfilanduiimases Indifesdudinnn dannleidud il
fnhnglunusideudisge Suulhine: 185ulisle ADF fissdu 18-22% dndiieufaunzaae (2541) uuz
u W Sl ' 1 o & i Y - " & & - ¥ '
U113 28-30% uA Tamanquisannseimnsziy luhna1dannlind dwmiussdlsznsuaug hedlusa

danfves lausanamuy T51-Buie (Chamberlain, 1993)

Table 4 Milk yicld, milk composition and milk constituent of dairy cows received 1.0 or 1.2 time of enerzy or

priotein as NRC

(1988} recommendation.

TDN 1.0 TDN 1.2
CP1.0 CP12 CP LD CP1.2 Significant Level cy
Treatment | (1) |Xsp| @ |(Xsp| 3) |Xsp| 4 |*xsp| TDN CP E*P| (%)
Milk Yield, ke/d 12,18 240 11.66 11.79 1.78 11,48 2,03 ns ns ns 13.54
4 %FCM 12.82 12,61 12.67 11.94
Milk Composition,
o
- Fat 4,38 .60 4.52 0.95 449 0.70 431 Q.17 ns ns ns 1525
- Protein 3.47 037 .59 .46 3.53 (.30 48 0.32 ns ns ns 10.60
- Lactose 4.99 .38 4.73 (.36 4.87 0.30 472 0.47 ns s ns T.74
- Solid-not fat Q.17 015 9.09 o5 9.15 048 598 {34 ns ns ns 495

Milk Constituent,

- Fat 0.53 U 0.53 09 | 053 g1 0.49 (.47 s s ns

16.20
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- Protein 0.42 042 0.42 .04 (.42 .04 0,40 .03 ns ns ns 11,70

- Lactose (.61 g 0.55 0035 0.57 a.fg .54 017 ns ns ns 18.23

- Salid-not fat 1.12 021 106 .08 1.08 9.7 | 103 15 ns ns ns 13.51
aqul
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Appendix 17
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In Vitre Study on Nutritive Value of Tropical Grasses

using Nylon Bag and Gas Production Techniques
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Abstract
The objective of this study was to determine the nutritive value of four tropical grasses namely; Ubon
paspaium, Rus, Jarm digit and Guinea at 30, 45 and 60 days cutting age by using the nylon bag and gas production
technique. It was found that the potential degradability of Ruzi and Guinea grass at 30 days (82,07 and 84.23%) was
higher (P=0.03) than 45 days (73.22 and 74.99%) and 60 days (72.14 and 74.55%) cutting age, but there were no

significant differences (P=(.03) in cutting age on the degradability of Ubon paspalum and Jarra digit. digestible dry
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miatter intake (DDMI) predicted value of Ubon paspalum and Jarra digil at 30 days (4.14 and 4.72 kg/day) was
higher than 45 days {2.41 and 231 kg/days) and 60 days (2.35 and 2,35 kg/days) cutting age. The expected growth
male of the animals fed Ubon paspaiﬁm at 30 days (0.32 ke/days) was higher than animals fed Ubon paspalum at 45
days (0.17 kg/days) and 60 days culting age (0.16 kg/day). There were oo sigﬁiﬁcnnt differences in growth rate of
animals fed Rzt and Guinea of different apes. Organic matter digestibility (OMD) and metabolizable energy (ME)
of four grasses were in the range of 44.30-55,09% and 6.62 - 8,52 MJ/kg DM, respectively. It appeared that cutting
age tended to not affect OMD and ME of all grass species.

Key words: tropical forage grass, nylon bag technique and gas production technique
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detergent fiber; NDF) Lﬁufumumqwmn’h Taemmizfieng 30 Su  CF uaz NDF iémziﬁ";mq 60 “Tun un
dundhmmmaugua finasgnsdaiielolndifosiy sdelssam ﬂ'mﬂs.,ﬂﬂumquwqpﬁmnuqﬂ
mqmwmmmnumqm oncduTlsfu danBuufoufusosames yadeuuaznas (2541) 3o Hilig
'-'n' {'llfiuﬂﬁl ) il organic matter (OM), crude protein {(CP), ether extract (EE). uaz NDF imaudanas 92, 3,52,
33, ums 69.6 AL vﬁfmnuﬂnmammﬂﬁﬂm'lﬁmﬂam1nﬁmﬂﬁu-vrsm}fmwmﬂﬂﬂummnmaﬂu Tu
vaisiimi dnmananesiindfosiuvesiimmannsams (2543) 50013 dnnlsznouvamdhsd

B14AR 45 T4 1 CP, EE, Ash, CF uaz NDF ohiiuineas 9.97, 1.51, 8.80, 3014 uas 61.03 audidy

Table 1 Chemical composition of Guinea, Ubon paspalum, Ruzi and Jarra digit

grasses at 30, 45 and 60 days cutting age.

Grass Cuttin DM Ash  OM CP EE CF NFE ND
Age YoDM -

Ubon 30 89.81 13. 8649 109 0.78 2844 4135 638
45 87.18 10. 8995 724 080 2802 4921 605
| 60 8785 7.7 9221 693 0.67 2928 5033 63.6
Ruzi 30 8761 13. 8690 151 135 2479 43.62 619
45 8698 98 9014 9.14 1.18 2830 4844 68.0

60 8772 75 9242 793 1.19 2857 5246 678
Jarradigit 30  91.81 97 9027 149 209 2471 4638 622
45 9142 86 9134 940 2.02 2964 4653 638
60 9168 7.9 9207 809 213 29.55 4887 63.3
Guinea 30 9197 89 9101 127 1.54 2893 4358 615
45 9194 85 0143 764 142 3461 4477 694

60 9218 7.7 9222 524 137 3692 4540 707

msnareulaglingiludeu

1 -1 L) | i ] e
Yayai lavinmsfnn Tarii e ludey nudrmwmfisesugiuniaGudesemanaseina s
dndgun (L) hillrnuandsiulundiynadiauaznneignsda (Table 2) dmiudaui iszamousense
w0 af 0 [ ¥ ) ar - " e » | [ ¥ ¥ = v -5
windaola (8) doulng hiunndefuiisewieiulumdnsisRoi unIUMENANNIs DN AIRe Y 30

a e i\ = e A 1w ' i W
e Hﬂﬁﬁaﬂﬂ'lﬂﬂ‘lq 60 U HIDIWMUDANA CF ufz NDF {Table 1) UADAOULIN H']Hﬁ‘ﬂuﬂ-lﬂﬂ'lﬁﬂﬂl]‘ﬂﬁﬁ
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DDMI uas Growth rate ganimgxiinBus Mo (Table3) amalsiimy dufhdunadim DMI uaz DDMI
iy ¥ -'l"-m L} ; L i " [ Sa A - = ad A
filannmenanasil Tineudnei daud) index value ‘umﬁﬁj‘mmmauqummx VITRANVD AR 30 U uA
AN 45 uez 60 Fu luwsiindhgSuasfiviihifanuuandiesiy (P>.09 Tunnegmsda uasdumdi
Indifnaiumisanivsaydon naznez(2541) inudmad iz DMI, DDML Growth rate a2 Index value (11
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i1 3.56, 2.53, 0.25 1faz 44.35 AWARY F3A1 Growth rare Fana1afinm Indmoenufiaadnuel (2541) 370974
1ifie 0.2 Alandwriu

Table 2 Dry matter digestibility of Guinea, Ubon paspalum, Ruzi and Jarra digit grasses

by using the nylon bag technique.

Grass Cutting a b c L{hr) A B A+B
Age (d) Yo-———— (fraction Yo

Ubon paspalum 30 1363™ 71.64" 0.030° 38° 2335° 6£3.92° 87.27"
45 23.93*  62.75™ 0033® 33 3037" 5631% B668™
6l 23.84" 6198 0025° 30" 2836" 5746 g5.R2™

Ruzi 30 1980 6227 0036® 32° 2438° 5769 82.07%
45 13.47° 59.75° D.048" 26" 2088 3234% 73334

60 . 1322 5393 0038 36 2347° 4867 “T2I4°

Jarra digit 30 17.89  6397® 0.038% 21° 2335° 38517 818>
45 17.17  61.13% 0038® 23* 2308° 5522%™ 7830

- 60 1997 6238 0031° 29° 2301° 5946™  82.46™
Guinea 30 2239 61.84% 0.036® 35° 2074%F 3544950 g423®
45 18.77 56.22° 0029° 33° 23.84° 51.15" 7400

60 19.85 54,70" 0.025° 35 2438° 50079 74559
4 Values on the same column with different superscripts differed (P<.03),

manageulagIanmsHani
ool - T i & .
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o i mr U . = ¥ o =t == a e ok ¥ n =
winiw (GP) Indfosty udnafumdnynaiafiogda 30, 45 uaz 60 Ju fifinsuanfaiuandei

2 = § [ -.:H - " dy ¥ 0 = i -'| L ¥ -] W

(P=.05) uwnziieriiauma i i ewid oMp uar ME Alddluduesdoadn G ¥amidanaiaimlng
4w omm 1 Ao - ]
IRESAUNWUWING upznms (2543) HﬂmmH‘I‘lHﬂqum‘h OMD uaz ME niifuseoas 59.65 uaz 8.06

oy [ &l i )
MI/kg DM anudy eanalainmi ME semgnvisariin Sroudisdndmdhndns Sy 8368
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MJ/kg DM U@l Paspatum dilatatum NDAWIAY 9.9998 Mikg DM f3iii NRC (1988) U0 Kear (1982) 370
o3 awddu

Table 3 Predicted value of dry matter intake, digestible df}f matter intake, growth rate
and index value.

Grass Cuttin A B c DMI' DDM Growth Index
ATe ciiversiTiiseas (fracti (kg/d) (kg/d) (kg) value®
Ubon 30 23.35° 63.92° 0.030° 5.83° 4.14 032" 52.86°
45 30.37° 5631 0.033* 3.78%% 2419 017 4519
60 2836° 57.46™ 0.025° 3.76% 235¢ 0167 45117
Ruzi 30 24.38° 57.69™ 0.036™ 498™ 334™ 025 4064™
45 20.88% 52.34™ 0.048° 611" 434* 033* 53.94*
60  23.47° 48.67° 0.038%® 557 381 028* 51.89*
Jarra digit 30 2335° 5851 0038% 4729 322% 025% 4807°%
45 23.08° 55.22™9 0.038® 3467 231¢ 021% 43.95°
60 23.01° 59.46% 0.031° 3.60" 235% 0.19% 44527
Guinea 30 29.74™ 54.49™7 0.036™ 4579 3.11° 024% 48129
45 23.84° 51.15™0.029° 4.15%F 2779 (22" 45.57%f
60 24.38° 50.17% 0.025° 444" 293 (22 47 64%

2<% Values on the same column with different superscripls differed (P<.05).

'DMI (kg/d) =-8.286 + 0.266A + 0.102B + 17.696¢, *DDMI (ke/d) =-7.609 + 0.219A + (0.080B
+24.191¢

‘Growth rate =-0.649 +0.017A + 0.006B + 3.87c, ‘Index value= A + 0.38B + 66.6¢

Table 4 Gas production in 24 hours, OMD and ME predicted value from Guinea, Ubon
paspalum, Ruzi and Jarra digit grasses.

Grass Cutting GP CP  Ash EE  OMD' ME?
Age(d) Smuann (%) (%) (%) (%) (MJikgDM)
Ubon paspalum 30 39.62°% 1091 1351 078 SIAT= 9657=
43 40,15 7.24 10.05 0.80  51.55% 77090
60 321880 693 779 067  4431° 662
Ruzi 30 3485 1513 13.10 135 4740 7.03%F
43 44.03*  94] Q.86 .18  55.00* §.24%
60 4199 703 7.58 119 53.06™  7.96™
Jarra digit 30 45 81° 1490 9.73 209 s5691° g 52"
45 40.99% 940 .66 283 52300 qagtet
60 41.62™  $.09 793 213 sz27eh™ 791
Guinea 30 3625 1276 899 1.54  4826™F 720
45 3412 7.64 8.57 142 4611 688%
60 32949 524 7.7% 137 4490  BTI*

**** Values on the same column with different superscripts differed (P<.03).
'OMD (%) = 14.88+0.889Gb+0.045XP+0.065XA

“ME qughage (MIkgDM) = 2.20+0.136Gb+0.0057XP+0.00029XL7
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