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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).

asi

9

A A 1 o [ + o Y :/I a o Y
GlUQ']umﬂa@QV] 1 ﬂ'lilWiJG]f']\u']a'W]ﬂLlﬁ$@ﬁﬁ']‘]_!EllluIﬁﬁﬁ]uquﬁﬂqw'ﬁwaﬂjﬁquﬁ\jﬁjﬂ

o 1 v AaAa A L% Y

v Ed
uazraraniaguitsvesddunuiuedniiiedidy Frumdaiioninasetaguitsvesluiies

3 9 1 1 4 o y A a o Y ' A v o w o [
1INy !,WIﬂTﬁiﬁﬂﬂlluiﬁilﬂuﬂ11WLWNNaNaﬁ'Jﬁquﬂﬂ‘l]@ﬂiﬂﬂfﬂﬂnuaﬁ’]ﬂfg nmsaaNn 20 U
4

J

moeluziana 240 Tuih i ldwandainquirsianuadosas 70 (13.2 Auasauas) veamIaann

60 Ju (18.8 Aunaauns) ua lallsAugenindesas 30-50 uazidule (ADF uaz NDF) f1niiioee



17

9
' [ a [ J o o a o (%
az 7-10 msldijeTulasouludast 20 Alansunreauas 9n 60 Ju Mldwandniaguitsianua
9 o an A dgl = a 9y 1 [ ~
YOI INTNAIMNIUIM Tenanaavew)asnruguiesas 36 m3ldilelulasnulusaiiige
£ o o q 9 A o v & g ) a o ¢
Yunn 60 i IwandaTaguiteiauamududniiesdesas 13 (lulasou 40 Alansureauns
~ o a o J 9 a 3 J o a o
Weui 20 Alaniureauas) nazdevaz 7 (lulasou 80 Alansureauas Meuny 40 Alansw/
J a a v W a [ 1
1eALAs) MInouauesveIranan (Mlansuiaguitynlaniylulasnuw) snmsldielulasou
4
1 1 o 1 a o J a o
TuggEoodlurieaaua 23 (lulasou 320 Alansuseauas) auds 52 (lulasu 8o Alansu/

u u

s
LIALNT)

oYV w Y ¢ aa_a = v d
MAAATIYIITINAINNADIUBIHIIANIYNATHS

{ 1 Y a [ J 1Y 4 [
Tuaumaaesi 2 m3ldileluTasinusast 20 ATanSureauas yn 30 Ju Werleniumn
' 4
60 Tu fhldwandaiaguisvesluazdrdumniulsznadosay 16 drumslaielulasou
@ a o J @ 4 Y o o o A 4 1 a
8031 40 0 lanSuagauas Yn 30 Ju Weorfendunn 60 u hldiaquitsveslumuiiu uananan
[ F o 9 os: ] aJQ' dgl A 1 @ =1 [ Y]
Faguitavosdrdunazvesianua T lamuau mamiugwamsda (20 dsudy 60 Tu) uay
naladfelulasnu 3o deudyu 60 Fu) dldenududullsduneululunazdrduanasis
A o o a [ J o

fovaz 40 wazmamndasifelulasou (20 eudy 40 Alansureauas) sldanududu

v Y
Ts@unenvvedlutazdrdumuivalszanadovas 15



18

a a Aa kY 9 ¢ __aa
4.8 e‘nfﬁwamaaszﬂx1Jgn‘mmamsﬂgna‘nmﬂmﬁaymﬁmw
o = =2 A a [ A A = a A
1/]1\111!1/]@]@6\111!1J 2543 O3 2544 NUKIINIAYYUATITEIU LW@ﬁﬂB1@VI‘ﬁWﬁEUENﬂ1§ﬂQﬂ
Y 4 an 9 1 A 9 9 A 9 o o A
‘ViﬂlﬂmiiW]i]‘l’]ﬂ’JEJUl‘WﬁGl‘L!53EIZLLQ’J@N‘“]ﬂM@]flﬂﬁﬂQﬂﬁiNllﬂﬂﬂﬂﬂlﬂ INDADINITANLUSUIN
NPV RIAS Y
= 09: Y o F4
iwazm&mmﬁmm14ﬂammwm"lﬂmmua"lﬂumﬂwmﬂ 7
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).
agy
Y 9 J an qaj d' d' A [ d'
lumsdangnnsnamasusniieotgmasuraslgn wlasndgnuuuuaiuay (0.5
Y Aa o Y 1 ] =1 ] I ] Aoy A Y 1 A
1N 9) Gl“riWaﬂaﬂlﬁi}!lﬁﬂﬂ1ﬂﬂ31ﬁﬂﬂlﬂ1 ganuviudutugeun vazidynwriesniwlash
Ugnuuunnavie 2.0 was; asd 8) wlasiilgnluszezunalndifeaiu (1.0-1.5 was) 1¥wa

@ A o 1

nandaguitediniied lutiied vy ualidadiuvediriivgeniudasidgnluszezund 0.5

o

4 o qﬂ/’ A ~ @ a o Jd  aa A
was iedimsdaaseidesiongrnifounaalgn wanaainguieuergasaimanulah

@

1¥3zez1lgnanen lilinnuuanaedsiivedinny

o

{\ a a {a a o | ¢ 7 aa
ﬂ1§1\3ﬁ 8 E]’VI‘EWﬁ"UENi&’EJwJQﬂﬁﬁﬂ@WﬁNaﬂ?@]qtlﬁ)\‘ill,ﬁzﬁ’luﬂ5Zﬂ'ﬂﬁJ‘I/]NWf]ﬂ‘]&lﬁ1ﬁﬂ5sll@ﬂﬂﬂjj’l"l]'lﬁi'lﬂ%ﬂ

o U A o U A o U A o U A v U a o U a o U a
ITYLUDI AANTIN 1 ANTIN 2 AANTIN 3 AANTIN 4 AANTIN S5 AAATIN 6 AAATIN 7
un3) 24/10/43 25/12/43 25/4/44 26/6/44 27/7/44 5/9/44 22/10/44

a o Y Y ¢ _aa a [y g
AANANINYUTINTIRYIDT1TIIAIN (nian‘m/gamsm)

0.5 2536 a 2313 a 753 a 3795 a 2808 a 3918 a 3406 a
1.0 2150 a 1669 a 602 a 2858 a 2021 a 3077 a 3199 a
1.5 1782 ab 1811 a 572 a 3847 a 3169 a 3647 a 3046 a
2.0 1071 b 1553 a 555a 2506 a 2459 a 4047 a 3254 a

Y ¢ __aa Y
HUID139103N (398a%)

0.5 8la 87 a 53a 98 a 91 a 96 a 98 a
1.0 51b 66 b 41 a 86 ab 76 a 91a 95a
1.5 66 ab 79 ab 40a 95a 8la 95a 95a

2.0 39b 66b 44 a 79b 75a 93 a 98 a




19

¥y (Sosaz)
0.5 19b 13b 47 a 2b 9a 4a 2a
1.0 49a 34a 59a 14 ab 34a 9a Sa
1.5 34 ab 21 ab 60 a 5ab 19a 5a 5a
2.0 6l a 34a 56a 2la 35a 7a 2a

[ o @ 1 4 1 [ @ @ ] 1 [ 1 @ a,
lunedniieddu AundenaumesnysdufeItu Tuuanaaiuiszdy 5% naaeuAaI83s Duncan’s Multiple

Range

k%4 Y U o v d |
4.9 ﬂﬁ‘]JQﬂ%ﬁN!!ﬂﬁ\‘i‘}’ityﬂl‘n’ﬂ‘WTﬁNQUQ!!QZQ’J’t’)ﬂ‘i"liﬁﬂ’.]!mﬂ!‘l]‘t!!!ﬂ‘ﬂ

) o Qy { a P a o
MunaaesdIudesruluiasunauiiniuganauysaailuuniinede
= d’ A o o oA n Y d' (% a
QuUas¥EIH emrianiemsdninazased laelgnlunaiadvsze: 50 isuamasTunla
P} o A o t)]
nEIEMaNgUa tazeliuljenunmnveu)aman
Y
swazdeavesnunaassiavua lditaue 1A luaanuin s
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).

asi

a
v v
= @

luaunaaesi 1 021ReA0 Lablab purpureus cv. Rongai, Vigna unguiculata W%
v v ' 4
Canavalia ensiformis W3anTad lumsaansasniiony 60 Junasilgn uanauari liawnso
a a 4? ") Y LY z A o 1 ) A A A
Lﬂﬁfg!,ﬁ‘llIﬁ‘l]uilTGI,WiJhlﬂclUﬂWﬁﬁﬂﬂﬁQ‘Vl’d’l’)\ﬂuna”l 45 IUABNUT DIBUABDUAD Aeschynomene
americana cv. Lee, Macroptilium gracile cv. Maldonado, Stylosanthes guianensis cv. Tha Phra
(CIAT 184), Centrosema pascuorum cv. Cavalcade, Calopogonium muncunoides WQ$ Pueraria

. q’;’ ] JY 1 139 Y a c: v A os.:} d'
phaseoloides 1911831 uanIikandaminauolumsdadaseluggru Tuanunaassi 1

= = @

Ax Y oA oA Y a o Y s &
L!,ﬂmmmﬂjuuwENE)?JNL@EJﬂﬁwawa@lmQLMQﬁzﬁﬂquﬂu’gmﬁﬂ A0 12.2 AU/AIAUNT G]N’LIQ

a

1 a A Any B v ¥ A 9 o A = o
ﬂ'J'lW'ﬁWa@l!ﬁ]aﬂﬂvlﬂi]'lﬂLHJﬁQWﬂJ'IWﬁ?JfI'Ji@fJﬁ% 35 L‘Ll@\i%1ﬂﬁiy’lW1ﬁW1aNQUﬁMTﬂiﬁuﬂEJ'I‘]JGI'I

= Y

v 2 o 9 a A o A ~ VA ° = 9
(50802 4.5) ﬂ\ﬂfnsh’iNaWﬁﬁiﬂiﬁuviEJ’HJVN‘I’TN@%@QLL‘}JQQVHJWQHLWEN'E]EJ”NL@?J'JGI']'@QQQ?@E@% 35

g

v '
@ A v

A =l )=} @ 9 A A v A ~ A Y
LﬂJ@LﬂiEJ‘]JL“V]EJ‘]Jﬂ‘]JLL‘]Ja\‘lﬂiUUTWﬁNE]’JTIﬂVIQQ uuﬂauﬂawawu 1 Centrosema pascuorum ‘Vlsh/i

a [ 4 Y] { 03.1’
Tis@unenuna 808 N lansu/gauas NMIAATAT




20

i v
= v A = 1

luarunaaesd 2 wagiliaeos 18 lonsausgrnaovghwiawiduidedioglunilas Tae

'
s o @ a

o A A 9 F) 1 4 1 1 dy v A a aa

mmmsmuqav]u LA NUINAANUT mﬂﬂszmmzmmmu mwmﬂmﬂmﬂqﬂquﬂu
L5AAD S. guianensis var. vulgaris x var. pauciflora (ATF 3308, "l@ﬂa@;ua), Macroptilium gracile
cv. Maldonado, S. guianensis cv. Tha Phra (CIAT 184), S. hamata cv. Verano 1a¢ C. mucunoides

=

1 < 1 (] A v o w J a =3 3 d' Y
’l’]fJNllﬁﬂﬁﬂJ llllllﬂ’ﬂlll,mﬂﬁN’f)EJNiJuEJﬁ”IﬂQJjSW’JNW’ﬁNEW]IﬂﬁﬁuWﬂ?ﬂﬂﬂﬁuﬂﬂ]’lﬂﬂ1ﬂllﬂﬁﬂ

] ]
a4

9 o Aa Y ] =
ﬂﬂlu1Nﬁ3Ji‘l’Jﬂﬂﬂﬁ'ﬂllﬁgllﬂaQT]JJ“I/iQ‘ﬂLWEN’E]EJNLﬂEJ’J

Q

. o o 1

] Y ] { { 1 1 < { 1
lii'ldalgnaalmiluaunaaesi 2 lugqruides ualaseliwaaiugoanirmaulugg

4 ' 4
udstlnanelaseniuinlni draleTaeawwiiafe S, guianensis var. vulgaris x var. pauciflora, S.
guianensis cv. Tha Phra lag S. hamata cv. Verano iﬁwawﬁﬁﬁmquﬁ’ﬂuﬁmmqq (2.0-2.3 AuU/EA

o an J dy a = oax’ 1 d’d 9 [

uas) wazisnaasunaringa llsauvernnaua luggduninniulasiiivgmawidugua
ieseduRensosay 89 uilawmawauoia laTanmszIn IsAunewunniwasiivged
= v a a g} Y 1 9 o
ReITOUN 07 S. hamata cv. Verano 03yidan Tagndudn lseniauar lumlasmawannuiag
A A o A d a dy a a 9 A [ :/I 2 o Y a =
ouq ilesnnoidustiadosnsyanladoomnniomeliime daiu e ldwanaaTisau

1 dy A dgl 1 A v o w A = s ] A Y A [ =S
vonulunlasvariimuduedrlivivdvgilon)ssuiisunumlasiiivg uiesedaunen

Y a =2 4 @ A o o 9 Y v
latimsealsieegnsmansmstamaiosnenre B lunlawghwandugua Tae
= Yo g o o A @ 9 1 9+ o

swdams 1Feasuudaiugige msdendammizna lugiwsnvesggru azaansldils 0aa

< NS v A A ' Y A Aa o~
laTalduaadldimuinilunfivnzaviszlgns wlumlasnghwawdugua  Tufaounaull

7o o
mmq@mﬁumm@ﬂummmuaamﬁmmﬁﬂ

4.10 Haran InQUA WA AUMNVOINGN Brachiaria HaMalumnaz Tuoenideaatiile

iaunaaesiiuvminndsguanyniiitonSenfeunandauazquninue v
Brachiaria %mauﬁ’wﬁﬂﬁqm‘lﬂﬁyﬁa Brachiaria ruziziensis (ﬂﬂjﬁlé), B. decumbens (wﬂjﬁmma
5ISUMWURINFAAR), B. decumbens (CIAT 26297), B. brizantha (CIAT 6780) Wag B. brizantha
(CIAT 6367) 1Jgﬂ‘wﬂjﬂumumamﬁﬁuﬁaqummu 2543 mendaninmadaissauinluiu
fi 25 ganan 2543 1ddaifudiodeiaguis 8 x 0.25 maawns) Mulasdeslunaudseaugg
(WOATMBU-LUIBY 2543-2544, 2544-2545 way 2545-2546) wazlugadudedns (Woumaw-
AOINY 2544 11D 2545)
HANINAADY

40

< ' a a
Waﬂ1§ﬂﬂa@\illﬁﬂ\1‘1ﬁllﬂH'J'lwaW’GWIG]ﬁﬁ]ﬂﬂm@\?ﬂﬂj}1i‘ﬁfﬂ1ﬂ]1ﬂl@QTTE}IiH“]fﬂLLua IﬂﬂlﬂWWz

QU
[

v [ 9
pgnetalugquas (msnin 9) Tugqudsiiaugg wandalaguitsvesrnaz¥dinivesnadn

U



21

[ 4 [
uuaiesay 33, 39 uag 22 udnangFeziyanla laavuluggru uadaldwandainguiteding,
2

o

Yy a 9 ~ = Yy Ag nm Y J Y Aa 1 =
VYIUYIFNLUUDIBYAY 6 UBNIINU I“]JiﬁlmEJT]JSU’E)\TTTﬂJU'IEGﬁﬂlluul@]i:'f\jﬂ’)'lell@\iﬂiy']“ﬁﬂuua@fJ’Nll

v o w :/} o o U A < '
weday wazluuensidsdinuesna B. decumbens 26297 unaaosil lauaalimiun i

'
A o 7

9 A Ao 1 Y Y @ = A
1’?ﬂJU'I°]5°Llﬂ°|/]ﬂﬂ'J'lTTiIJUTJ"]fﬁﬂ/iT]JGlW!ﬂBGI'iﬂi‘l]@jﬂiuﬂ'lﬂﬂﬁi')u@@ﬂlﬂﬂﬂlﬁuﬂﬂlﬂiﬂiglﬂﬁq‘ﬂﬂ

QU

'
a A

3190 9 HanaR IAQuEUeINaN Brachiaria STMAUR AN INGIAE DA 1T

a Y v Y A (% ‘.
rHAYQN agui (Mlansunanuns)
k4 k4 k4
gauas qgelu qquas ggelu qquas
2543-2544 2544 2544-2545 2545 2545-2546
negd 5448 b 13883 be 2747b 9295 ab 3346 b
nendnuua Wugindaan 8126 a 14725 abe 4467 a 9844 a 4277 a
B. decumbens 26297 6580 b 13336 ¢ 2623 b 7776 b 3134b
B. brizantha 6780 8968 a 15205 ab 4407 a 9918 a 3911 ab
B. brizantha 6367 8541 a 16011 a 3807 ab 9870 a 4162 a

o ¢ o ' { A Y o o o ' VoA Y Yy a .
TupedniiReddu AundenamuamesnysdufeIiu Tuuanaaduisedy 5% naaouR21878 Duncan’s Multiple

Range

a o a 9 .. o Y a A a o =
M139N 10 ﬁgﬂﬂiﬂiﬁuﬁ‘(’nﬂmﬂﬂﬁ‘iyﬂ Brachiaria MUIURIFUANUNINGIQIYUATIFEIU

yiianan TsAurieny (Seuay)
fguas gadu f9uas qadu fauas

2543-2544 2544 2544-2545 2545 2545-2546

lu au | o au | o au | v A lu A
wings 103ab | 59a | 94ab | 59a | 134b | 86b | 7.4b | 55ab | 12.4a | 6.8be
wa@ouua Wugdaan | 99bc | S.5ab | 89ab | 58a | 129b | 84b | 74b | 58 | 115ab | 7.7b
B. decumbens 26297 10.9a 5.1bc 9.9a 6.2a 15.2a 9.7a 8.4a 5.6ab 13.1a 9.0a
B. brizantha 6780 9.2¢ 4.6¢cd 8.3b 5.5a 10.4c 6.3¢c 6.6b 5.9a 9.9b 6.2¢c
B. brizantha 6367 92¢ | 44d | 86b | 52a | 1326 | 87b | 7.0b | 46b | 124a | 7.7b

o @ N { A o o o ' Ve oA o A .
Tunedniieddu AundenamumesnysdufeIiu Tuuana et uiszdy 5% naaeuAaI83s Duncan’s Multiple

Range

a A A o d £ .. (% = A

4.11 ﬂimnﬁn1wn1sauwu§mammu1 Brachiaria “lun1ﬂm:maanmmmuammﬂszmﬂ"lm
o A a v A A G ~ a A 4
AaunaassiumInerdeguasysiiien)ssuioudscansnwms duiugvesragn

o Y a [ 1 J 9 Y 9y a
Brachiaria "W WN¥ae00 Wil Brachiaria ruziziensis (‘Hﬂlﬂg‘?ﬁ), B. decumbens (MYNLUUA




22

535UA WUSUEAAR), B. decumbens (CIAT 26297), B. brizantha (CIAT 6780) g B. brizantha
(CIAT 6367) ﬂgﬂwajﬂuqmmamﬁyﬁlmﬁaquymﬂu 2543 uaziaesdilsznoumsauiiug (§
duiieanaen Fonendos uazgenszez) il 2544 uay 2545

Ha

= 9J [ Jd A a = 1 9 d! = A zﬂ' = [
il 2545 14ﬂluTV!ﬂWuﬁlﬁ]‘iiymﬂiﬂﬂfl%’.}\iﬂ@ﬂﬂ@ﬂfﬂNfmﬂﬂaﬁﬂuiﬂﬂf’f@ﬁm@um@mEJ‘]Jﬂ‘]J

=h.

Tudl 2544 (5190 11) awnguitesnn lddananlunnuasgeslu@euiiguion 2545 Tume

e

= [ 9 A dy = 9 v A dgl d! o
111l 2544 mmgﬂumumymu wenanil 1utl 2545 ‘VIENﬁWEN‘JJLJJ“JJ?ﬂﬂLLag’EﬂﬂWﬁﬂﬁNcﬁi‘ﬂﬂﬂ

Se

) ) Y A Y A ' A A Y AA A o
Hy1vanaony mng%@ﬂmmm/l’q@iuﬂmqﬂmﬂqmlumammmimma uﬂﬂ’d%ﬁﬂﬂ‘ﬂﬂ

D.

v P s g YWy A o a A
1’7ﬂJ'W‘lu‘ﬁu!f]JHWHﬁ‘nlﬂ‘ﬂlﬂfJ’JLiJaﬂvlﬂ\?’]ﬂﬂ’@fﬂgluﬂ']ﬂ@gﬁau@@ﬂlﬂﬂ\?!ﬂu@m@\iﬂﬁglﬂﬁqﬂﬂ Glu"llmg‘]/l

Y v A 1 ] A A v £ o =Y o < =
naugougesnasnnoulurggrlunlduanmingailnianuendiuinlumsmume?

a

M319h 11 JuNeoNAeNgIqAveINT) Brachiaria 1UIMTIFIANUHIING G 09UATIHF 1

yHanan .. 2544 .. 2545
Hneng® 10 ga1ny 11 WA meu
Y a o d aa d @
nendnuva Wuggaan 30 AINYIAN 10 fiueey
B. decumbens CIAT 26297 27 daay 4 ganny
B. brizantha CTIAT 6780 17 Mg 12 ganau
B. brizantha CIAT 6367 8 AanIAY 24 ey

J

a o 4 aa d Aa o ] o
Tl 2544 wmepFnuuanufINFaaaranswIUTOADNIITA TOIAINIROHEAOHRUT

E]

v
A A

a A ' < ~ 1 1 a
CIAT 6367 Uag3y (®M519n 12) ’E)EJ"I\‘]bl’iﬂﬁ"liJ 11l 2545 Tiﬂjﬁ“]fwaﬂ%’e]ﬂﬂﬂiﬂﬂﬂ”ﬂ‘ﬁﬂji"liﬂlma

4 aa o 1 A v o w @ 9 A a = o Yo
NUTUIFaaaLas CIAT 6367 28 NUUITINY mimwmuﬂumauuqmﬂuﬂ 2545 615]1/]']11’?%11!’)1!
] £4
FoaonvBInaIFNUUARUTINFaaAanas e nuawiaiioanasnnou uaziilieasesn
A A 3 A o A ~ Y a o o
ﬂaﬂqaqsﬁuaaumﬂmaumﬂ;]mu'lﬂtﬂumauﬂumﬂu ("3 19N 11) iuﬂ 2544 HENUUANUTUN
aa J 1 A A o 1 1
FATNDDNADNTDIHIN Iﬂﬁl‘lﬂiu&ﬁ@uﬂiﬂ{]"lﬂlm%11‘!31!511’6%671 331 ¥O/MTTUNAT uaﬂmﬁau
A o = ] = 9J a dy = ] = A
ADAVUITUIUNIY 123 ¥O/ANT1UNUAT 11!1] 2545 wmuwuﬂuaaﬂﬂamwmmqmaﬂumau

AU



23

y 7 o a
9'n§1\1ﬁ 12 ﬂﬂﬂﬂigﬂﬂUﬂWiaﬂﬂﬂﬂﬂﬂl@\iﬁiﬁ"I Brachiaria ﬂ'lu'Juﬁ}q{’]fuﬂ

yianan YOARN/MINUNAT | YONIZZ/HoARN | Yomentow/¥enszaz
2544 2545 2544 2545 2544 2545
nehsa 2240 266a | 40a 4.1a 342¢ 30.8 ¢
nandnuua Wugindaan 3Bla 151b | 29¢cd 23¢ | 400b | 433a
B. decumbens CIAT 26297 37c¢ 23d 27d 1.5d 28.0d 248d
B. brizantha CIAT 6780 34¢ 11d 340 3.1b 488 a 39.6b
B. brizantha CIAT 6367 257b 106 ¢ 3.2bc 23c¢ 343 ¢ 320¢c

[ o @ 1 4 1 [ @ @ ] 1 [ 4 @ a,
lunedutiifedrnu amashaudenysduaenu Tuuanaeduiszdy 5% naaeuale33 Duncan’s Multiple

Range

agl
= g Y3 Y A= o = .. Ay gye A =
Wﬁfﬂﬁﬂﬂ]s-l']uLlﬁﬂﬂiﬁlﬁuﬁ"ﬂﬁ@ﬂﬂﬁm'@%ﬂﬁENﬂ\‘]!‘]JLl Brachiaria Tlll@]i‘]_lﬂ’)”llluﬂiﬁﬂﬂﬂ

A 9 a dy a [] o v A 9 g
qﬂuﬂnmﬁ"lm FHRITINUITUAUNAATOADNITUIUNIN IﬂﬂLﬂW'l?J@EJ'NEN DINARNAN R
[ 9 a dy 1 A 9 a A Y
Ph! lla%Gb"J\i't’Ji’]ﬂﬂ’l’)ﬂq@q@ﬂli’)\iﬁfy"]‘Ifuﬂu@giuﬂaiﬂmﬂuﬁ{]aiﬂll-ﬁu‘ll\li]ﬁﬂﬂTﬂuV]ilﬂ']ﬂ']ﬁu‘VN
<

@ J dyd o Y 3 A < A A Y Aa A o A a v S Y
‘ﬂi]i]fJWiaTL!ﬁ]Q‘V]'liﬂlﬂ‘]JLﬂfJ’]LﬂJﬁﬂWHﬁﬂﬂ\ﬂﬂ mywmmauﬁﬂﬂmwmzWamuaﬂwu‘ﬁq"lﬂclu

D.

v A Y a dy a < [] A o =
ﬂi%l‘ﬂﬂhl‘ﬂfl ll,@]l,u’f)\‘]inﬂ‘ﬁﬂlu"I‘])”L!ﬂl!f’]ﬂﬂﬂﬂﬂllﬁgﬂ@ma@]GluGH’NL’Jﬁ”IVI?JFju@]ﬂﬁuﬂTIEIW’U@Qﬂ
o 2 1g 4 { o 3 A <

(nsnIAN-nueen) npasnssaruIniiusesiondinnnlumsimunenan

DX P o a o Yy A A 1o ' A o

LL?J’JTI’TQJJTET"IEJWH‘IE CIAT 6780 %zwamﬁqgmﬂ@qmq@ (197197 9) UATUIULTBADNNAN

~ a <3 o Ao o Y 1 o = 1

®15 1N 12) LLazWawamuaﬂwuwmm%wﬂﬂmymﬂﬂuﬂizmﬁ“lwﬂ”luEJmmJ HUDNIFYIINI

a i a ' 4 @ J
il lnsamsmasidudsuldldnouiusilgnadieny TnssmsnauuidlesuazunsInan

4.12 dnswavesilelulasiou Tnumaden nazvloarledaniinonandnuaznamnesnama
Maxgua
J a Y S o o
UNAIUWINA UINLAY AZINEATAAT Vi1INeaeguas sl Hudinunaasa
t:y Y A I a a 4 Y a o o 1 a o J o
Fuihimoduineinusszaulsya IndmsuauodonIngdaunyaTMans 150113911
dy = ~ a [ )=} Yo a =)
naaadilull 2543 MumAmendeguasysiil uaz lasuilsayanluil 2545

A ' = dy 4 Y
lj’l’)\1EJ’[’)GU@Qﬂ']iﬁﬂy']uulﬂlﬁu@lljclUﬂﬁlﬂWu’)ﬂ 9



24

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.

asi

q

9
[

wdeodlansileluTasnuvas TduamFeuldnunamanauguaiie1n ldnanaaing

Q

Y Aa
UYINe

4.13 QUMNVBIRENHANNMNINHAY UVRTOU
an 4 4 a [ 1 = 9Y o dyd'
UNATITIU VITINUT UH1INB1Q8LHY Rostock Useimeeasuil ]’lﬂﬂ%ﬂu‘ﬂﬂaﬁ]\ﬂﬁﬂ
a Y ~ < ay ~ Yo a ~
wiAInenaeguas sl auaseauludl 2543 uazise 1A5uUS o luil 2544
A [ = dy Y F%
Li@Qﬂﬂﬂl@ﬁﬂ1ﬁﬁﬂ‘ﬂ1u1ﬂlﬁuﬁ]‘lﬂ‘luﬂ1ﬂwu’lﬂ 10
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. 160pp.
ayy

q

o 9 o v 9 J an 1Y o 1o
Glumﬂnmgmuﬂ ﬂ’)‘i@]ﬂ“ﬁiyﬁ]ﬁi1ﬂ%ﬂlla$§‘%ﬁ®1q 50 tag 60 YU MuaIAY Lm%lliﬁﬂ

[ 1 a 1 a AAa o o A o o
Lﬂuﬁ@ﬂﬁﬂ"ﬁlﬁiu fmumif"muuﬁmmazwmwmuqua AITAANDIY 30 LAz 85 I ANAIAU

. 4
uadesldasasuielsulssnanmvesnamainiavu

4.14 anuvamswasnuazllsiuvelaungugnuan
wnaw aned Tasamsiiennsdad uminedoguanysil Y giaLNAReaR T
un13nerdequasiysil ieiduinerinuisedulSyan Indmsmauedenniineds
maTuTaggiuns meThauMAReYii Uil 2543 uaz 185015y luil 2544
Bosdousamannd Idiaue 1 lunaruan 11 uaz 12
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



25

seminars and workshop at the Agricultural Technology Exposition for Indochina. Faculty of

Agriculture, Ubon Ratchathani University, Thailand 25-31 May 2001. 11-21.

ayy/
1 Jd A A ' @ = [ '
fni@lf’)'ﬂﬁ'uf’)Q"Uf’]\1Tﬂﬁ'niquE:]ﬂNﬁlliﬁﬁﬁllﬁu‘l/‘lil‘]fflu@'l'EJWfNQ"I‘L!!lﬁ%I‘]Ji@]HS%ﬂ’U@HQ"]
Y < 1 = 9 @ a = ' o A o vy
LLﬁ'ﬂ\?sh’iWil!'J'lTﬂ11ﬂ']n]@]'E'NWa\N11«!’(3!1/1ﬁllagiﬂiﬂuﬂﬂ1ﬂq0ﬂ315$ﬂﬂﬂ NRC !,!,uzmllaiaﬂaz 5

Hag 38 MNaINL

Y Y v o v d <
4.15 mﬂlgmﬁ1amJm‘ﬁmu1w1aw1auquauazmmmsamsmmﬂmmu
Y
UNAIBUT AUV WMIINGIAEUNI Rostock Uszmatgesutl Maunaasailn
a Y ~ < Qy @ a ~
wiaInenaeguas sl auaseaulull 2544 uazise 1A5uUS o luil 2544
A [ = dy 9 F%
LiﬁNfJ’f)GU'E‘NﬂTiﬁﬂ‘H1uulﬂ!ﬁuﬂul?1uﬂ"lﬂN‘u’lﬂ Sy 13
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).
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.

asi

9

4 1 '
hinugihlfinuasnsswdesdines Inunlulszmalnoiszuumstanisnlgnauuy

< 1 @ 9 [ Y A o a a 9 2 o I 9 a o
L‘]JL!LLOTJ?'J?Jﬂﬂﬁiy'lW'lﬁW'lﬁiJQUﬂhlﬂﬁlalf Ho9INH AL Inlosun i)mﬂw”lﬂwawammq
A

Y q o o o o A4
LN LmzﬂTH1611‘]]1/]\i‘ﬁ11ﬂinﬂuﬂﬁﬂﬂ"lﬂﬁﬁﬂmiﬂﬂﬂﬂﬂﬁ




26

odlalagua saznavnamangua dgnadunailuwerinmInadeguasissiil
5. JnsamsIvemazannluvafin
[ = v do [y v 2 'Y
5.1 InSaM33zuUMIIaMsNEaIMIsanIdmiunynsnsgiasalausl unajiing
4
AaaennuasNIRa Taundau 20 elusaiaguasssifivazas aziny $1wam 10
1 [ [ = d' 1 Y [ =8 o o
selundazdaia) Tuil 2543 wesuTasamsulasgn vazsumsineusuasawuzi lums
[ a o { o J =)
Ysulgamsnaaiveisdad Tnsams 1@ llasn@eunyaininn 4-6 dUaniluil 2543-2545
5.1.1 33 IAQUANIF BN
° ° a o = Y Aa <3 Y
nyasnsduIulangluduneniusisuinlamgng  Wasielgnugng
@ Y a = 4 ~ .«_‘i’ A g o £
wavgua taza s wlgnrgnautl witles tazidlunun@ng EAINITIUINKTINGIY
M ' M & o Y
dgnmalalansg vaznatenelgnormmaaluggdy Auiulasvghasinuasns
o 9 a 12 a 9 Yo a 9
danatoornu I lumssnmimswan wazlaunazdodlasvennsasunanvhadnlugg

Y
LeN

Y Y
[

I < d‘d o o d’ a
Tmvanveunyasninfenanaianadimivsudoriuuinaa ld
5.1.2 JIMIafAI ANy
[ Y] ~ [ [ 9 d’ a3 1 o [
INEATNT IIHIAAS aznbgansodeav el uuvasomsneudmsu Ia

3 A A = A o A 9 9 o
umaaﬂmﬂ mﬂymmmmaﬁwiummu 10 51&mmgﬂmwnﬁ (mywwmwmmquauaz

a @ J dyﬂi Y 13 dgl ~ 9
wmmuau) uazmymﬂimmu@mmsﬂgmfitymmwmuquaummuiuﬂwm

Tudl 2543 upasinungh Iddiaenlaman lmivatewlasidvaandy

' dy Y o Y Y o 9 Y 1w =
ua LLllENL“Ha1ullﬂ1fna1EJLL1JE1\1W‘EUU'I1’TEHEJLHJENLLEI$Vlﬂﬂ?ﬁ?ﬂ"lﬂ'lﬂ’lﬂl"]ﬂ!ﬂu ANUITYTY

4 F4
=<

9
e Idinuasnsvatesie luaulvezalgnualasna lwiludl 2544 nag 2545

5.2 Tassmsliflszlaminvermsdntlugivamainuas nghusa
E2

A (= a 9 A o ] = AR Y a <3
Lummﬂ"lumnymmwawqjmmwemwmﬂiuﬂ 2545 Tﬂi\iﬂﬁu%\‘]"lﬂfmai 3] Nvliﬂ

.

'
A 4

a o < U I '
A Tasams ldngoildrunawnsotgonguiumsala diewaldlinana ussnuieza
v 1 o R o v ° 3 A 4’

WA uazsnadana asanumslgndn @msazinuner) msei 13 agdaulasams
nanvgnaaniludl 2541 D9 2544 inasns 1A5us e lasmmae 3,235 vn/ls seganan lasy
a o 4 a [ a El <
nnmskaadn Tnsamssugeonanaalusia 0.75 vmmTlansu uaz langainfianuiulyla
Mnwasns Tumythuszraanghaaludimsa luewas eamanandaveisds Insanisoe

Yy a A 1y Y A o ' v
’fﬂiJTiﬂTH"ll011“a‘1/1NL“V]ﬂ“LlﬂLWfJﬁ'“Ll‘]Jﬁlgl!ﬂﬁﬂ@jﬂﬂﬂ]ﬂlW@ﬁﬂﬂuWﬂulﬂ



319N 13 MswaangImanauguada laginbasns lunytiu

= o Z £ 4 F Al \ a Y
il NUIUMAYATNT MntDaas VeI swlanelsonmswaanan
d‘u & =) U l:' \
fHsude (Hlansw) (1DASABINYAINT - UVIN)
2544 2 9,421 2,355
2543 5 38,941 3,538
2542 12 52,122 3,660
2541 9 30,497 3,388
nay 3,235

5.3 Jnsamsnanuaanusg

d

Q

a v [y
5.3.1 NuEandaNugHaIaaNgual i

27

a a < v J 9 o Ay A d?
UsnamssaauaanugraInanauguaninulingannemvaun 2,000

a [ =) I a @ = ~ [
Alansuludl 2543 Whunev 6,000 nTansuludl 2545 (13190 14) waz IarmAeAEAINI

Y A d? a v 3 a 1% 1 1% dy 1T A [ 9
Idivaun 100 dlansuilu 250 Alansy uasimsudesdsn lansyldanasn 100
< e A 3 o o A H
vidly 80 UM INEAINIIMAIHAINIONAAAANUTAMNINGINTANNIONGIazI
o <
niinwanga

o ] I v I 9 = o ] < Y4 [
mstmhewaaiuiiullded Tassmsansodmiewaaiugviualuua

az1l (a13190 15)

a a 3 o ¢ 9 o Ay
M139N 14 ﬂﬁ'Wﬁﬂmaﬂ‘wuﬁﬁfy)WWWﬁ‘WTﬂNQUﬁﬂUWUﬂTﬂf]ﬂW'ﬂﬂ

Bl HIUNBATNT TnImAeINYAINS Waran3IN (Alansu)
2543 20 100 2,000
2544 20 100 2,748%*
2545 21 250 5,986*

* panu1nninlnaan 748 nlansuludl 2544 vaz 736 nlansulual 2545

~ a o ' 2 o I Y o -
MmN 15 Usmasmihewaanuguanmnamaugualull 2543-2545

,Mn Snvude PSnamdasiug Rlanu)
2543 2544 2545 2543 2544 2545

1Mo 12 5 - 130 111 -

azTuveniieaile 100 290 30 1,240 1,740 1,410




28

nag 37 30 - 187 365 -
AZIUAN 1 - - 2 - -
Az IUDN 4 9 1* 14 61 1,020
18 8 3 1* 261 173 100
malszima 2 4 - 110 390 -
3 164 342 32 1,944 2,840 2,530

{ 2 o

'3 VA o o A g a
*ﬁﬁﬂiﬂl‘llu']ﬂiﬁiy‘ﬁfﬂmﬁﬂ Ug 1ﬁiﬂlﬂyﬂiﬂiﬂ!ﬂuﬁﬂﬁfﬂ

v Y A

5.3.2 Nunanaa RN Fnuual uryin
S o J a = J

a o a 4 < o
NITAAALUAANUTHUIENUUANANNYINATIUINUIN Gluﬂ’]ﬁwaﬁlﬁﬂiﬁmléfluﬂﬂwu‘ﬁ

a 13 a

2

Y a A 9 a A Aa 4 [ P Ao o
mywmmaﬂmmmWaﬁiuﬂuwummaﬂu’duyjm’q&mwu‘nwmu"luﬂizmﬁaaﬁms

= a dy AdAa A o @ v Jd o [y
LAYLIAZUIIYR qumﬁmmmmwuwm&mmmzmmxﬁﬂuannaﬂumaﬂy KA

Y

uimhanauasigauauysal

)

v
Araziny wazduneihgu saninguasysil sz g

(33

(]

A { a g o do { o o o & i
ﬂgﬂwmfwﬂuumﬁaNammﬂwuﬁmmuamﬂ Qﬁi’ﬂlﬂ@ﬂu‘ﬂiﬁﬂ‘]&l (@niNﬁ 16)

a
] v

Y A

(3 (V=1 1 Y a aay y 1 9 Aa =
wmmﬂammmﬁﬂamw"lwmmwmmmﬂﬂwwawamm% UHANHATNIHALUANNDIYD

9 U a

= Y = A g a o o & g A S o Y I A
65 ﬂllﬁ%@]f’)\iﬂﬁﬂEJNW”I'ﬁVIHJu@”IGIfW‘Haﬂnﬂ’JuL‘W'L!’J”IﬂﬁLﬂﬂlﬂﬂﬁlﬂﬁﬂwu‘lj‘ﬁﬂlﬂlﬂuliﬂﬂ
] o A R a = o A 9
g1n !ﬁm”lummsaimmiwwmﬁawmﬂunammﬂu“lﬂ LlﬁﬁiuﬁiﬁTJ"U@QHﬂﬂ@\‘lfni‘]JQﬂ

Y 9 A I~ A Y ' @ 3 = Yy a
mﬂwmmuiuuﬂawmﬂ Luﬂ\i%”lﬂlﬂﬂlﬂfl’lhlﬂ\ﬂﬂﬂ’ﬂ ANUU Iﬂﬁ\iﬂ?iﬂ]ﬁl’l@]q@ﬂ’ﬂu
A a 2 o J 9 a A A
WIITUNITHAANAANUT U Y1V NLUHANU
A o S A a 3 o Jamg A ) Y a ~ 3 9
Lmelmﬂﬁ1/1mmauwuwammﬂwuﬁmiuﬂ 2543 Lml’lﬂcl,uﬂiﬂ"lfulWENmﬂu@ﬂ

(@397 16) tnuasnsnigniiwdn 417 Tna uag Idwa e Idughsnuuadewaisdiuny

A a Idy = ) a < v J Y 1
NFIATHINUNAIU Glu‘l] 2546 Lﬂ”lelﬁﬁﬂiﬂ11!’31&?““'518%3Wﬁﬁ!hﬁﬂWUﬁﬁmu1ﬁﬂllﬂ

a a S o ¢ 9 a - '\
MINN 16 ﬂ']ﬁWﬂ@iﬂaﬂWNﬁWﬂJ’]“ﬁﬂlLuﬂiuﬂ 2543-2545 Tﬂmﬂymﬂﬂuwyjmu

g il NUIN i Snamuaan | YSnawudann
INYATNT ls) fnanld fnanld
Mlansu) Mansw)
uneNUNIANY 2543 1 2 18 26
uneiUNIaNY 2544 1 1.5 10 40
Sunothing 2545 4 3.5 6 3

v
%

a o
5.3.3 Nunanaaiugolalalagua



29

o Jo s

A a < { g o [l
L'immwamamﬂWu‘qmﬁ"lﬁiaﬁgﬂuwuﬁqgﬂmﬂm (Stylosanthes guianensis var.
. . =) Q'.I dyl =)
vulgaris X var. pauciflora ATF 3308) uagIasamsizenoniin "alaTagua" uil 2543
dy A < a Y] A Yo < v o a dy
T@ﬂﬂgﬂiuwummmaﬂiuuwwawawaEM (M3 NN 17) Iﬂﬁ\iﬂWihl@iﬂlﬂJﬁﬂwuﬁﬂ’JGb'u@u
a @ ad a
YT 20 nSunAs.dsn nsenl Yszmresaaside Tudoungadneu 2542 udume
v A o 1 A 9 A A Y
ﬂﬂﬂuli’l’)‘LJLW"IgclﬂﬂfJ‘Ll‘VIﬂ%ﬂTﬂﬁ\iﬂQﬂiullﬂaﬂium@u‘lﬁlﬂﬂﬂ”lﬂh 2543 1NYATNINDUIU

@ @ AN Y a d o Jdu a dy ~
‘]hﬂf!ﬂ‘l’i’ﬂﬂ mmﬂquaiwmu"lﬂwamuaﬂwu‘qm%uwiuﬂ 2544 uag 2545

@

~ a < s
M9 17 mswaawaaiugod laTagua

o 1l UM it HanaMIN Y HANANIIN
INHATNT 19 ®lansu/ls) Mlansu)
UnINNaYA 2543 - 0.3 81 26
thuhnganne 2544 2 2 87 173
thuthnganne 2545 4 4 120 480

' o a 3 o Jdo P A v Ay ' o q ¥ (A <
NUIN ﬂ”lﬁ‘lJﬂN’JLﬂJ@ﬂWH‘ﬁqE]’Jﬁ]lGIIaquaﬂ’JEJLﬂi’fNﬂJﬂﬁ‘lﬂTb”Jﬁmﬂﬁl‘ﬂaﬂﬂl,ilﬁ@

v
QA o

[N A J <] o Jdo %
wqm}@ﬂuazﬂwam‘wuﬂawuqaﬂiﬁl@ﬂ’;1§'aaaz 80 maﬂwu‘ﬁma‘lﬁiaquauﬂuﬁmuaz

E]

v
[ v

=1 < [ < J ] A 3’
HUHIALNNIUNAANUT aﬁ"lﬁiam‘wa‘zmlﬁmma

5.3.4 HANUIIAISIGINEN

[ <3 4 a ]
il 2545 Tasemsl@suwaanugnansialv Brachiaria ruziziensis X
a < a =
Brachiaria brizantha CIAT 36061 lulSmanantiesnnlszmaneaminazeomasiae

v Aau A Y v ' Aa Y A A9 a 1 Aa Y A
UNIYN CIAT vlﬂﬂﬂﬁ@ULLa’JWU'J']IﬂV]ﬂUWﬂJU'IGKU@]HGlﬂWawa@u']uwfIQﬂ'J'lﬂﬂUWﬂJu'lcﬂﬂ

v 2 o S A A o Y ¥ Y 9
UUATITUM Tﬂi\1ﬂ"l’iUlﬂLWWSLiJaﬂWHT;GluQQWEﬂﬁ@ﬂclu!,’i’f)ul,‘W"IZﬁlﬂ ag1gaUnaIaN

gnlun)asnuriImendea luggru

4

= < A 3 o A A A
“lmﬁaqueﬁ]mau 2545 qums"lé’ﬁﬂmﬂmmaﬂwu mﬁmsmmiagﬂwﬁwu

v

1
1 1,000 wéa 821

=3 a a o 3 aa A k) o
ﬂﬂlﬂ1Wﬂ3ﬂﬂﬂ‘33ﬂﬂl 4.2 ﬂIﬁﬂﬂJ LﬂJﬂﬂ“l/]LﬂiJ!ﬂEJ’JllﬂﬁUﬂiﬂﬂ
o & v d 1 3 o Y A = Yy 3 Aag A Y
N3N mwumﬂuammwmmaﬂwuﬁwmﬁ«ﬁ Iﬂ’iﬂﬂ"IS’JNLLNHVI’I]%GL’MZJﬂﬂﬂlﬂﬂlﬂﬂ?l’lﬂiu

a g g
9

' = A a

awv < o 19y A Y Y
ﬂm%ﬂiuuﬂawmmammmmmmﬂwuﬂu‘ﬁuﬁmuﬂwm wmuw,aﬂwuﬂmmmzwa

< o Y YA 9 < 1 1 d.qaj Y a dy
mmwuﬁlm Iﬂﬁlﬁi"NlilaﬂcluGﬁﬂﬁﬂﬁ"lﬁli]ﬂPJHLL@%ﬂTEJiu%”NL”JaTV]ﬁHN”Iﬂ NUITUAUG

1 9
= v o

1 9 =< I A 3 o Y dgj
NAIHYIIBNIN AU Lﬂ‘HGlﬁﬂ'iﬁNu1ﬂ3lﬂﬂlﬂﬂﬂlﬂaﬂwuﬂﬂﬂ1ﬂﬂlu



30

6. agaddguaziinnnidnyvedlasemslusevaatiicly

6.1 wmm?mmmazwﬁﬁa

Tasams ldwdaunanudmmssiau 13 g?amazwﬁﬁa@:ﬁaﬁmauﬁﬁqﬁaﬂuizﬂx
andlvealaseimss umanuInmsson 10 dedldsumsafuiGenoonds nazamuiosld
daldnsemsiedfind TasamsI&8Snumnasguvesmaau 3 luseduga Wessdumauazunn
a0

1. 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. (Appendix 3).

2. 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 Grasslands, 35: 139-143. (Appendix 4).

3. Hare, M.D., Saengkham, M., Kaewkunya, C., Tudsri, S., Suriyajantratong, W.,
Thummasaeng, K. and Wongpichet, . 2001 Effect of cutting on yield 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 years. 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 Ultilization. Faculty of Agriculture, Ubon
Ratchathani University. 43 pp.

7. Thummasaeng, K., Suwanlee, S., Suriyajantratong, W., Hare, M., Inthisaeng, W.,

Boonsarn, W. and Lunpha, A. 2003 The study of the energy and protein requirements of



31

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).
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Abstract

The Sustainable Forage Systems for Dairy Farmers in Northeast Thailand
project was conducted at the Faculty of Agriculture, Ubon Ratchathani University from
November 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
grass 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 it 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 5986 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 yields 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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Final Report to the Thailand Research Fund
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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 trial 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 1 rai paddocks and the cows
rotationally grazed around the paddocks every 3-7 days 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 analysis.
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 trial 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 weeks 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
Period 1 Period 2
Ubon paspalum 6 rai 3 rai 4 rai 10 rai
Signal grass 6 rai 4 rai S 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 trial 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.

Results

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 yield and milk quality (Trial 1).

Treatment Milk yield Milk fat | Milk protein | Milk lactose Milk
(kg/cow/day) (%) (%) (%) SNF
(%)
Ubon paspalum 11.96 a 433 a 298 a 4.85a 8.58 a
Signal 13.34a 4.08 a 3.12a 4.95a 8.81 a
Jarra digit 1147 a 4.16 a 321 a 4.84 a 8.80 a

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

Treatment Total dry % stem | % leaf | CP% | CP % CP yield
matter yield fresh fresh stem leaf (kg/ha)
(kg/ha) weight | weight
Ubon paspalum 4026 a 24b 76 a 6.6b | 10.5¢c 391 ab
Signal 3496 a 42 a 58b | 103a | 14.1b 438 a
Jarra digit 2205 b 40 a 60b | 10.7a | 163 a 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 grass dry matter yields
were lower 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 dry 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 Ubon 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 yields were 19-30% higher than signal grass yields 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 1
Treatment Milk yield | Milk yield Milk Milk Milk Milk
(kg/cow/day | (kg/rai/day) fat protein | lactose SNF
) (%) (%) (%) (%o)
Ubon paspalum 18.77 a 131 4.38a 2.84a 4.99 a 8.56 a
Signal 18.77 a 98 4.17ab | 2.85a 493 a 8.51a
Jarra digit 18.81 a 99 405b | 2.73b | 4.77b 8.24b
Period 2
Ubon paspalum 15.72 a 106 4.12a | 2.81c 4.64 c 821b
Signal 15.57 a 77 435a | 293D 4.87a 8.54 a
Jarra digit 1594 a 68 410a | 2.99a 4.73 b 8.47 a

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

Period 1
Treatment Total dry % stem | % leaf | CP % CP % CP yield
matter yield fresh fresh stem leaf (kg/ha)

(kg/ha) weight | weight

Ubon paspalum 3772 a 30Db 70 a 6.7b 9.2b 3184 a
Signal 3151 ab 50 a 50b [10.1a |11.7ab 340.6 a
Jarra digit 2133 b 54 a 46 b 85ab [149a 226.8b

Period 2
Ubon paspalum 2769 a 32b 68 a 59b 9.0 ¢ 240.2 a
Signal 2131 b 45 a 55b 8.9a 12.3b 240.6 a
Jarra digit 1525b 48 a 52b 9.6a 14.7 a 198.0 b

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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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 9 and 22% higher respectively, compared to milk production from signal and Jarra
digit pastures.

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

Period 1 (18 November 2002-6 January 2003)

Treatment Milk yield | Milk yield Milk Milk Milk Milk
(kg/cow/da | (kg/rai/week) fat protein | lactose SNF
y) (%) (%) (%) (%)
Ubon paspalum 15.75¢ 66 441a | 2.84Db 492 a 8.50 a
Signal 17.60 a 74 427ab| 299a | 4740 8.52a
Jarra digit 16.34b 66 420b | 2.82b 4.89 a 8.45a
Period 2 (13 January 2003-3 March 2003)
Ubon paspalum 15.80 a 66 425a | 297c 4.89 a 8.57 a
Signal 14.37b 60 424a | 3.06a | 4.75b 8.55a
Jarra digit 14.17b 54 4.17a | 3.01b 4.87a 8.62 a

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

Table 7 Dry matter yields, proportions of stem and leaf and crude protein yields 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 leaf (kg/ha)
(kg/ha) weight | weight
Ubon paspalum 3628 a 18 ¢ 82 a 59¢ 10.4 ¢ 345 a
Signal 2970 a 42 a 58¢ 94b 15.0b 375a
Jarra digit 1608 b 34b 66 b 129 a 18.4a 268 b
Period 2 (13 January 2003-3 March 2003)
Ubon paspalum 2268 a 17 ¢ 83 a 39¢c 8.2¢ 175b
Signal 2114 a 40 a 60 ¢ 750 12.7b 224 a
Jarra digit 1170 b 31b 69b 10.3 a 16.4a 170 b

In a column, means followed by a 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 yields
than the other 2 species. Crude protein levels in Jarra digit were double the levels in
Ubon paspalum (Table 7) and levels in signal grass were intermediate between the 2
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species. Ubon paspalum produced significantly higher leaf:stem 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 leafistem 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.

4.2 Regional grass and legume evaluation trials
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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,
Ubon 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 t/ha 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.

4.3 Effect of cutting on yield and quality of Ubon paspalum
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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 Trial 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 cutting 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.

4.4 Ubon paspalum seed production trials
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Two field trials were conducted from 1998-1999 at Ubon Ratchathani University
to determine which planting methods produce the best seed yields 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 kg/ha when planted 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.

T, \ \ 7 e

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 Grasslands, 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 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 in Ubon
paspalum plants were not significantly affected by waterlogging and phosphorous levels
increased in all plants the longer the duration of waterlogging.

i
. ﬁ\ \ Plate 6 Waterlogged
AN 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 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 t/ha) 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.

4.8 Effect of plant spacing on establishment of Jarra digit grass
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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 (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.

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

composition.
Row 1* cut 2" cut 3" cut 4" cut 5" cut 6" cut 7% cut
spacing  24/10/00  25/12/00  25/4/01  26/6/01  27/7/01 5/9/01 22/10/01
Jarra digit DM (kg/ha)
0.5m 2536 a' 2313 a 753 a 3795 a 2808 a 3918 a 3406 a
1.0 m 2150 a 1669 a 602 a 2858 a 2021 a 3077 a 3199 a
1.5m 1782 ab 1811 a 572 a 3847 a 3169 a 3647 a 3046 a
2.0m 1071 1553 a 555a 2506 a 2459 a 4047 a 3254 a
Jarra digit %
0.5m 8l a 87 a 53 a 98 a 91 a 96 a 98 a
1.0m 51b 66 b 41 a 86 ab 76 a 91 a 95a
1.5m 66 ab 79 ab 40 a 95 a 81 a 95a 95a
2.0m 39b 66 b 44 a 79b 75 a 93 a 98 a
Weeds %
0.5m 19b 13b 47 a 2b 9a 4a 2a
1.0 m 49 a 34 a 59 a 14 ab 34 a 9a S5a
1.5m 34 ab 21 ab 60 a 5 ab 19 a 5a 5a
2.0m 6l a 34 a 56 a 2l a 35a 7a 2a

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

4.9 Strip establishment of Ubon paspalum and forage legumes
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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, L.E., 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 after sowing, but these
legumes failed to regrow after the second cut 45 days later. Other legumes Aeschynomene
americana cv. 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
yields 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 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), 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, S. guianensis var. vulgaris x var. pauciflora, S. guianensis cv.
Tha Phra and S. 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. 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.

4.10 Brachiaria species in northeast Thailand-Dry matter production and forage
quality
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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 Dry matter (kg/ha)
Dry Wet Dry Wet Dry

2000-2001 2001 2001-2002 | 2002 | 2002-2003
Ruzi grass 5448 b 13883 be 2747b | 9295 ab 3346 b
Basilisk signal grass 8126 a 14725 abc 4467a | 9844 a 4277 a
B. decumbens 26297 6580 b 13336 ¢ 2623b | 7776 Db 3134b
B. brizantha 6780 8968 a 15205 ab 4407a |9918a 3911 ab
B. brizantha 6367 8541 a 16011 a 3807 ab | 9870 a 4162 a

In a column, means followed by a common letter 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 S L S L S L S
Ruzi grass 10.3ab | 5.9a | 9.4ab | 5.9a | 13.4b | 8.6b | 7.4b | 5.5ab | 12.4a | 6.8bc

Basilisk signal 99bc | 5.5ab | 8.9ab | 5.8a | 12.9b | 8.4b | 7.4b | 5.8a | 11.5ab | 7.7b
grass

B. decumbens 109a | 5.1bc | 99a | 6.2a | 15.2a | 9.7a | 8.4a | 5.6ab | 13.1a | 9.0a
26297

B. brizantha 92c | 4.6cd | 83b | 5.5a | 10.4c | 6.3c | 6.6b | 59a | 99b | 6.2¢
6780
B. brizantha 92c | 44d | 86b | 52a | 132b| 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.

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.




51

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
11). 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 July 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 224 b 266a [4.0a 41a | 342c | 30.8¢c
Basilisk signal grass 331a 151b [29cd | 23c | 40.0b | 433 a
B. decumbens CIAT 26297 37c¢ 23d [2.7d 1.5d | 28.0d | 24.8d
B. brizantha CIAT 6780 34 ¢ 11d 34b 31b | 48.8a | 39.6b
B. brizantha CIAT 6367 257 b 106 ¢ |3.2bc | 23c¢c | 343c¢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.
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
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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 conducted 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, S. 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:

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.
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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, L.E., 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).
Gruben, LLE. 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
University.

5 Project village reearc and evelp-ment -
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
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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 farmers’ 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.

5.2 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
rai of 3235 baht, which is more than what they receive from producing rice. We paid the
farmers 0.75 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 of 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

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
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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 20 100 2000
2001 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 Quantity of seed (kg)
2000 2001 2002 2000 2001 2002
North 12 5 - 130 111 -
Northeast 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 Nam Yuen as good
locations because of the fertile red-brown soils there.

Two good 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

Location Year No of Area Amount of |  Amount of
farmers (rai) good seed light seed
produced produced
(kg) (kg)
Kantharalak 2000 1 2 18 26
Kantharalak 2001 1 1.5 10 40
Nam Yuen 2002 4 3.5 6 3

5.3.3 Ubon stylo seed production

Seed production of the new hybrid perennial stylo (Stylosanthes
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 No of Area Yield per rai Total yield
farmers (rai) (kg/rai) (kg)
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 80%.
Ubon stylo seed is predominantly black and is smaller than brown Tha Phra stylo
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 yields 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
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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.

1. 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
Suriyajantratong, 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
yield 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 years. 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., Suriyajantratong, 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 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. (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
Technology Exposition for Indochina. Faculty of Agriculture, Ubon Ratchathani
University, Thailand 25-31 May 2001. 149-153. (Appendix 15).



58

11. Suwanlee, S., Thummasaeng, K., Lunpha, A. and Suriyajantratong, W.
2003 In vitro study on nutritive value 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 Tudsri,
S. Waterlogging tolerance of some tropical pasture grasses. (submitted November
2002 to Tropical Grasslands). (Appendix 6).
13. Hare, M.D., Gruben, L.E., 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 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 in 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 Suranaree 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. 241
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 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, LLE. 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 rai (16.9 kg) from Ubon paspalum
pastures. A higher stocking rate can be carried on Ubon paspalum pastures during the wet
season compared to signal grass and Jarra digit grass.
6.4 Fresh forage production for silage
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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. In addition, cutting fresh grass during the wet and early part of the dry season
coincides with rice planting and harvesting. It is difficult to hire labourers to help cut the
grass.

6.5 Village dairy farmer project

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

6.6 Ubon paspalum seed production
(a) Basic research by the project proved that Ubon paspalum has a long-short day
flowering response that affects agronomic management of seed crops. First-
year seed crops must be sown or planted before the middle of May and
second-year crops must be cut no later than the beginning of July to produce
seed.

(b) Seed sales of Ubon paspalum increased from 1944 kg in 2000 to 2530 kg in

2002 and we expect to sell all of the 5986 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.

(c) The Ubon paspalum seed production programme has been very successful.

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 we only sell seed of a high seed weight, high seed
germination and high seed purity.

6.7 Strip establishment of legumes with Ubon paspalum

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.
6.8 Jarra digit grass management

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.

6.9 Brachiaria species evaluation for forage and seed.

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

M.D. HARE, C. KAEWKUNYA,
P. TATSAPONG AND M. SAENGKHAM

Faculty of Agriculture, Ubon Ratchathani
University, Ubon Ratchathani, Thailand

Ahstract

Seven legumes sown in puic swards and 7 grasses
sown with legumes and terulised with N were
evaluated in a series of trials at 7 low lying infer-
iile sites in north-cast Thailand over 2-3 years
from 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 Aeschynomene ameri-
cana cv. Lee, which produced over 14 tha DM at
one site. All legumes failed to persist beyond the
second wel season under cutting. Srylosanthes
guianensis cv. Tha Phra (CIAT 184) showed
sume promise as a legume at some sites that were
not deeply walerlogged but only in a few places
was it able to persist into the second dry season.
No legumes perforined well enough to be recom-
mended for such sites under the existing manage-
ment system.

The best grasses on deeply waterlogged sites
were Paspalum atratum ev. Ubon, P plicarulum
(common Thailand type) and Setaria sphacelata
var. splendida cv. Splenda. These 3 grasses per-
formed well at all sites and were the most con-
sistent in terms of persistence and yield. On less
waterlogged siles, Panicum maximum cv. Purple
was very productive, producing in excess of
30 tv/ha DM in the second G-month wet season at
2 sites. Biachiaria ruziziensis (common Thailand
type), 8. decumbens cv. Basilisk, and Digitaria
milanjiana cv. Jarra grew well only on sites that
did wot become inundated with water. No

Comespondence: M.D. Hare, Faculty of Agniculiure, Ubon
Raichathani University. Warin Chamrah, Uhon Ratchathani
3190, Thailand. Email: Michael @agn.ubu ac.th

legumes were able to persist in the nitrogen-
fertilised (100120 kg/ha N) grass swards beyond
the second wet season.

Introduction

Preliminary evaluation trials were conducted
from 1995-1998 on tropical pasture grasses and
pasture legumes for seasonally wet and season-
ally dry lowland pastures (1500 mm average
annual rainfall) on infertile soils in north-east
Thailand (Hare er al. 19992). Paspalum arratum
cv. Ubon was consistently the best grass, pro
ducing, on average, more than 20 tha DM in a
G-month wet season. Sefaria sphacelafa var,
snlendida cv. Splenda and P plicatulum also
grew well and Digitaria milanjiana cv. Jarra was
very productive on better drained soils.

Legumes, however, did not persisi on soils
which were waterlogged for 3-5 months and then
dry for several months and Hare er al. (1999a)
were unable to recommend any legumes to
farmers. Srylasanthes puianensis ov. Graham,
8. hamata cv. Verano, Calapaganivm mucunoides
{(common typs) and Macroptilinm gracile cv.
Maldonado (Llanos macro) grew well in the first
year but failed to persist after the second wet
season. In further experiments, none of the leg-
umes sown with P arrarum cv. Ubhon or Brachi-
aria mutica persisted after the second wet > “son
on low lying sites (Hare er al. 1999b).

As these evaluations were carried out cn
3 sites only (Hare ef ul. 1999a; 1999b), we consid-
ered it mecessary to conduct further small plot
trials on several low lying sites to confirm thal
P atratum cv. Ubon was indeed the hest grass
and to attempt to identify a suitable legume for
these sites, In our first senes of trials, Graham
stylo showed promise, but in 1997 was devastated
with anthracnose. At this time. §. guianensis
CIAT 184, which was resistani to anthracnose,
was growing well on well drained sites in
Thailand following its success in South America
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(Amezquita et al 1991), China (Guodao and
Kemidge 1997) and parts of south-east Asia
(Tbrahim et al. 1997). The Division of Animal
Nutrition, Department of Livestock Development,
had renamed CIAT 184 as Tha Phra stylo and
were producing seed. However, there had been no
evaluation of Tha Phra stylo on low lying sites.

The current research involved the following:

3 experiments: evaluation of 7 grasses sown with
legumes ai 3 <ites for productivity and persist-
ence; evaluation of Tha Phra stylo in association
with 7 grasses at 5 siles; and evaluation of 7 leg-
umes for productivity and persistence at 3 siles,

Materials and methods

Trial 1 — Evaluation of grasses sown with
legumes

This study was conducted at 3 sites in north-east
Thailard (15-16°N}: oan the TThon Raichathani
University Farm (UBU); at the Mukdahan
Animal Nutrition Station (MUK); and in a village
in Det Udom district of Ubon Ratchathani Prov-
ince (DET). All sites are usually very wel from
Augusi-October with the site at DET deeply
waterlogged during this period, The soils at URU
and DET are classified as sandy low humic gley
soils (Roi-et soil series). The soil at MUK is also
a low humic gley soil (Renu soil series) but con-
tains less sand than the Roi-et soils. Prior to com-
mencing the study, the site at UBU had been
under native grasses (Eremochloa ciliaris and
Fanicum repens) for 7 years following long-term
paddy rice cultivation. The site at MUK had been
rlanted to various tropical grass pastures for 20
years and the site al DET had been cultivated for
annual paddy rice production for generations by
village farmers. Soil tests were conducted on
samples taken in May 1997 just prior to sowing
the expen zntal pastures. Annual rainfall was
recorded | km from the UBU site, 500 m from
the MUK site and 15 km from the DET site.
Seven grasses [Paspalum plicatulum (common
Thailand type). P atratum cv, Ubon, Brachiaria
ruziziensis (common Thailand type), B. decum-
bens ev. Busilisk, Setaria sphacelata var. splen-
dida cv. Splenda, Digitaria milanjiana cv. Jaria
and Fanicum maximum ev. Purple] were sown at
I8 kg/ha in a randomised block design with 4
replications. High sowing rates are commonly
used by farmers and researchers in Thailand to
ensure an adequate stand as insurance against
seed-ealing ants, erratic early wel season rainfall

poor soil preparation. Four legumes [Stylosanthes
hamata cv. Verano, Macroptilium gracile cv.
Maldonado - - (Llanos  macro), Aeschynomene
americana cv. Lee (American jointvetch) and
Centrosema pascuorum cv. Cavalcade] were each
sown at 6 kg/ha with each grass species. Hach
plot measured 10 x 5 m.

The species were hand broadcast into well
cultivated seed beds at MUK on May 7, at UBU
on May 12 and at DET on May 14, 1997 and the
seed lightly surface raked into the soil. The plots
were fertilised at sowing with N (20 kg/ha),
K (50 kg/ha), P (20 kg/ha) and S (20 kg/ha).

Plant counts were made in five .25 m? quad-
rats per plot, 6 weeks after sowing. Dry matter
cuts were taken from five 0.25 m? quadrats per
plot cut 5 em from ground level, 34 times each
wet season (May-October) and 2-3 times each
dry season (November-April). The study was
terminated at the end of April 2000.

At each cut, the samples were soited inlo grass
and legume and a 200 g subsample of each spe-
cies from each plol was dried at 70°C for 48
hours and dry weight recorded. After sampling,
all plots were cut 1o about 5 cm above ground
level, the forage removed and the plots fertilised
with N (20 kg/ha), K (50 kg/ha), P (20 kg/ha) and
5 (20 kg/ha). The amounts applied were based on
experience and research (Hare e al 1999¢).
Lesser amounts can result in plant deficiencies,
especially in grasses, due to leaching of elements
from these sandy soils. The average CEC on
these soils is 2.3 meq/100 g, S 2-5 ppm and
K 20-40 ppm.

Trial 2 — Evaluation of ém.i.fea' sowin wirh
Tha Phra stylo

This study was conducted at 5 sites in north-east
Thailand (15-16°N): on the Ubon Ratchathani
University Farm (UBU); Yasothon Animal Nutri-
tion Station (YNS); Yasothon Agricultural Tech-
nology College Farm (YAC); Sisaket Agricultural
Technology College Farm (SAC): and the Ubon
Ratchathani  Agricultural Technology College
Farm (UAC). Soils at all sites are classified as
sandy low humic gley soils {Roi-et soil series) and
are nsually very wet from August-October with the
site at SAC deeply waterlogged during this period.
All siles, at some time in the past, had been used
for paddy rice cultivation. Prior to commencing the
study, the site at UBU had been under native
grasses (Eremochloa ciliaris and Panicum repens)
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