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Table 1 Body weights change (kg) and average daily gain {ADG. g/d} of Brahman and Thai Indigenous

COWS
1* year 2™ year 3" year 4" year
Initial wt GZ 1 SL 1 GZ 2 sL2 . GZ3 SL3 GZ 4
1-kn-99 14-Dec-99 10-Apr-00 1-Dec-00 10-May-01 18 Dec -0 26 -Jun -2 15 -Dec 02
Brahman
HW gr. 3655 3485 404 2 313 290.3 433.8 434.3 366
Std. 22.1 30.2 287 191 16.3 328 40.0 439
ADG 224 460 -388 -1 65 3 - 397
St 100 160 80 70 a0 140 80
LW gr. 2728 3378 3495 4328 4397 3822 399 5086
Std. 133 114 18.1 154 213 406 219 253
ADG 332 a8 355 43 - 252 756 843
Sta. 40 130 50 80 130 170 210
Thai Indigenous 1428 1844 2005 194 188 217 2238 2208
Std. 278 - 296 415 289 345 256 32 27.1
ADG 214 136 28 38 3 36 -18
Sta. 41 121 119 63 127 143 127
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AViEoR 1 UREWBIT 2 (n = 14). Vil 2 uAL¥iBedl 3 (n = 18) wacviodR 1 uaviasd 3 (n = 4) wuindidn
Wity 385 + 16. 365 + 34 UAZ 701 + 10 #IMERY u.a:u‘;aﬁ’m’)mu‘lummﬁu'nmﬁagawi'lr‘iu 410 + 107
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Table 2 Comparison of call crop percentage and calves weight between Brahman and Thai

Indigencus cattle

Brahman 3 year : Thai Indigenous 3 year

Cftyer  Zfyew  Fyer  Average "yer  2'yer T year  Average
No. of cows i2 12 12 12 24 24 24 24
No. of calves 6 & £ 60 19 20 22 203
Caf crop. % 500 500 5080 506 792 833 7 847
Tola! birth weight 1589 1910 178% 162 3247 3586 1986 3610
Total weaning weighi 937.8 7822 854.1 8550 19164 20027 21083 2024
Mate calves
No. of male calf 2 Sid 4 Sid 3 Sud. 30 i3 Std. ¢ S 13 S 17
Total birth weight 610 1350 981 99.0 I22?,5 1638 2463 2132
Average birlh weighl 308 21 345 58 327 29 26 175 28 182 18 ifi B 183
Total weaning weighl 3286 537.6 4047 4236 13260 8676 13153 11643
Avetage weaning weightcall 1643 64 1344 225 1348 133 1445 1020 130 964 F& I 66 998
Average daty gain‘calf 0.66¢ 0.500 050t 0560 0423 0.3&: w5 (408
Female caives
No of female caf 4 2 3 30 6 u g 87
Total buth weight 930 530 804 i 972 1958 150.3 147.8
Average bwih weight 245 21 65 07 268 32 259 'r 2 16 178 2% 167 15 169
Tolal weaning weight €92 2446 4494 4344 :590,4 1145 7938 8431

Average weaning weightcall 1523 114 1223 09 1498 185 415 1984 81 1041 135 682 128 969

|
Average dafly gain/call 0.639 0479 0615 0578 10411 0432 0338 0.400
I

Table 3 Dry matter yield and crude protein content of Ubon paspalum grass

1% year 2™ year 3" year 4" year
18489 2000 2001 2002 Average Std.
DM. (ton/ha) 15.0 20.4 16.1 175 172 23
CP. (%) 74 71 8.1 g1 78 09
Total fresh silage. (ton) 1238 1216 116.5 . 1206 38
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A study on dairy cows grazing Signal grass pasture, with or without

legume and concentrate feed supplementation
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Kungwan Thummasaeng, Michael D. Hare and Puun Tatsapong
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Abstract

Twelve dairy cows were grazed on Signal grass (Bradhiana decumbens) with or without
grazed Ubon Stylo legqume (Stylosanthes guianensis vat. vulgaris x paucifiora) and concentrated
feed suppiementation. The experiment was divided into 2 trials. Trial 1 was conducted in the wet
seasonwim‘the following treatments; T1) grazing signal grass day and night and supplementation
with concentrate; T2) grazing signal grass during day time and grazing legume during night time
and, T3) grazing as same as in T2 but with concentrate supptementation. Trial 2 was conducted in
dry season with the fol;owing treatments; T1) grazing signal grass day and night supplementation
with concentrate, T2) grazing signal grass during day time and grazing Ubon stylo during night time
without supplementation of concenlrate. Tha rate of concentrate feed supplernentation was 1 kg per
4 kg of mik produced for both triais. Data collection in each trial was for 8 weeks. The resulis found
that grass production in wet season was 2,500 kg/ha DM but was reduced by almost 50% in the dry
season. Chemical composition in grass was consistent in both season with crude protein (CP) and
neutral detergent fiber (NDF) ranging from 10-12 and 61-63%, respectively. Ubon Stylo produced
higher dry matter in the dry season than in the wetl season (2318 and 1984 kg/ha DM, respectively).
in the wet and dry season, respectively, CP concentration reduced from 16.6 to 12.8% but NDF
concentration increased in Ubon styto (41.8 and 55.9%). Oniy cows in T2 of the dry season
increased their body welght 020 kg/h/d and the rest lost between 0.14-0.27 kgh/d (P>0.05). Milk
yields were not significantly different in both trials with an average of 16.1 and 13.1 kg/h/d in wet
season and cry .season trial, respectively. However, milk lactose and solidnot fat decreased
(P<0.05) in cows feeding only pasture (T2) during wet season. Cost over feed per kg milk was
towest in cows grazing grass and legume without concentrate supplementation in wet season (B
1.05/kg milk) while the concentrate supplementation group was B 2.53-2.65/kg mikk. Because of the
necessity of irrigation of the pasture during dry season, the cost of feed increased up to B 4.79 and

3.47 kg milk for the concentrate and non-concentrale supplementation group, respectively.

Key words: dairy cattle raising, grazing, signal, Ubon stylo, concentrate supplement
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Table 1 Forage yield and nutrilive value

Ralny season(Tral4) | Dry season (Trial2)
Grass Legume Grass Legume
T1 T2&T3 T3 T1 T2 T2
DM yieid, kg/rai 376 430 319 222 221 403
Leaf; Stem ratio, % 46:54 49:51 - 43:57 44:56 -
CP, % 10.8 10.3 166 11.7 115 i2.8
NDF, % 61.7 63.3 418 61.1 61.7 55.9
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dhwinanilaGudusaslanesssiamuladifsanufio Yszanm 470 nn. (Table 2) tﬂaﬁuqa
MINASDITINHU (Trial 1) wurh Tﬂnéuﬁtﬁnmmﬁu (T1 48z T3) Inina?aasy 8 nn. wis
adgiuaz 0.14 nn. Tﬂna;uﬁ'lﬂ'lﬁ?umﬂﬁummﬁu (T2) swmin@aaaasnniwdy 2 o
fFwmiummesadlutnauds (Tral 2) wrhiidnsacaniuiude Innaiuﬁ'lﬁ'lm‘%’umna%ua'\ms
Tu (T2) ihwmineafuiniuas 020 nn. luumﬂnna:uﬂ'la"i'unww&ummﬁu (r4) nduitmin
Feene uemmlaswadasiimindaradatuts 2 mmessshifinnuuandrafiumsada (P>0.05)
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Table 2 Body weight change

Rainy season (Trial 1) L Qg‘g.g_a.ggr]_(_'l_'ﬁ_qlhz_) ______
T1 T2 T3 ™ T2
Number of cows 4 4 4 8 5]
Init'al weight, kg - 484 474 478 474 460
Finat weight, kg 476 459 445 461 471
Body weight changs, kg 8 -15 8 -13 11
Average daily gain, kg -0.14a -0.27a -0.14a 023a 0.20a

'n a row of each trial, means followed by common letter is not significantly different {P>0.050)

pardminanazasfliznoylwitia
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u (T2) HasflizneudsndIaasy (P<0.05) 'lu-umﬁn*mrﬁua'mmsifu'lu'&’mqgué'mudﬁ hifina
damafinasnianlaeie wazdTmuyluzn) FCM nuv?qaeﬁdfznam}nﬁﬁﬂudﬂw (P>0.05)
sam A m N INABLSAUAUTIINUEEY AN WAz (2546) MWSuuFnuszwinalmam
unsFmghdnuua wwienaiaus  ustnghiningn Fuduamriuludaridmiudon |
an. donarAAd MY 4 nn. '«';'qifmarﬁaau'mntnﬁnﬂaaatﬂulﬂﬁlotﬁmﬁu ua:ag"lm:u:mﬂﬁ'uuﬁ
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Atz (2546) Iniuvas %tinesuenles usspssdslimuiinusfiasasraslnilild s uommisin
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Table 3 Milk yield and milk composition

Rainyseason(fdaly I?!y_s'ggio_r! (‘_l’rial21 _________
1 S0 T2 SD T3 8D %CV. ™ SD T2 SD %C.V.

No. of cows 4 4 4 & B

Mitk yield, 16.3 23 1862 25 158 23 8.7 13.3 25 128 L7 9.4
kgtd

FCM, kgid* 17.2 36 165 27 164 326 15.2 47 36 143 25 16.0
Milk fat, % 4,34 069 415 057 422 057 12.5 470 @79 478 093 12,7
Milk protein, 276 o015 284 005 28% o7 5.8 296 024 299 029 10.0

%

Mik lactose,  5.06"° 020 483 024 516 019 31 48B4 019 ATT 028 30
% b

Sofid notfat, 852" 025 819 028 868 023 28 853 025 851 044 44
% . _

In a row of each frial, maans followed by cormmon letter is ot significantly different (P>0.05)

* FCM = 0.4 x milk (kg} + 15 x butterfat {kg), From Roger (1983)
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ﬂszmmmfﬁuqumﬁ (fixed cost} n‘nm%annﬁua:ﬁ"‘; hﬁhﬁmlaamsﬂgnﬁwﬂiznamﬁu
eloaiundu dunianus dusssmlumsnlan fFmeawiay AReWnaaTwTauaetiaAn deulin
Gudizinm 6,000 /s wdasnghdawnisidoudszuan s U Faadsinnuilas 1,200 1in wio
@ouaz 100 1nn mInassInisiuzeslaunniy 8 flaninds 2 1@au ﬁmi‘iud’ununoﬁm'\ﬁu 200
vinils

dmuaunuduudsiudrnaduaziawizaniy lasutaswauazudastaiimnlsimyinm
2035 «a: 270 vnAals awdiau ihquu.sTw:ﬁfh'l'ﬁ"d"nmﬁu%uu'm‘mn'nmﬁ'mﬁammﬁ Fudu
fussnugazamivihdanias 3 Tl Aadlududszne 60 viniEled vis 480 winils
ARDATIINTIMARDI 8 JUaW ﬁaxfuﬁuqumwémzyf'n'lquduﬂs:mm 1 u'lmiaunj'ﬂuzd\fmﬁ'n

- 1 e J Y o sl ll;
une 1 nnh, munﬂuaaf‘fwmﬂumau 4 LN, auaRIUeITTIR 4

Table 4 Cost of forages production

Rainy season (Trial1) Dry season (Trial2)
Grass Legume Grass Legume
T1 T2AT3 T3 T1 T2 T2
DM yield, kg/rai 376 430 318 222 221 403
Fixed cost, § 2 months 200 200 200 200 200 200
Fertilizer 203.5 203.5 270 2035 2035 270
trrigation cost - - - 480 480 480
Total cost, kg 1.07 0.94 1.47 3.98 3.98 2.36
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1097 wninn. Iﬂuﬁﬁ'mlumsuﬁﬂﬁmumﬁﬁu 7.90 vnAimMy 1 nn.  (Reesuunuwials
il 28%) lu’hmm{tﬂue‘fuqufhmmmf:mruﬂémﬁaﬁa 4.05 v Tedwnunidusnamiriu
293 1N WazaMYTMENY 1.12 ywvan.  nmmenaslunstesinlein utanguulangunti
i umTWITTuiRuuitewITRes 1.05 wwna. ei‘mngluﬁﬁummﬁuﬂs:ﬁ'lm 2.60 vwinn.
(e 5) ethelsfieu a"un'ufha‘lmﬂquuﬁagaﬁmﬂu 4.79 uas 3.47 van/nn. 'luTnnejuﬁuﬁn
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wWigdle Seldnemiadusssugudoniongeiu -



177

Table 5 Feed intake and feed cost

Rainy season (Trial 1) | Dry season (Trial2)
T4 T2 T3 T1 T2

Feed intake, kg DM/Mh/d

- Grass 10.0 7.1 51 108 7A

- Legume - 7.0 5.0 - 7.0

- Concentrate 4.1 - , 4.0 33 -
Total feed cost, Bh/d 43.25 16.96 41.94 63.67 44.78
Milk yield, kg/hvd ) 16.3 16.2 15.8 13.3 12.9
Totat mik sell, @ B 12/kg 19560 19440 189.80 159.60 154.80
Milk selt over feed cost, B/h/d 159,15 177.44 147.66 95.93 110.02
Cost of feed, B per kg milk 253 1.05 265 4.79 3.47

Price of concentrate feed © = B 7.45 kg (20% CP, 72% TDN), fed basis
¥ = g 6.27 /kg (16% CP, 73% TDN)
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Abstract

Two Geld trials on an extresnely acid, infertile
upland soil were conducted in nofth-gast Thailand
to find legumes that, when planted in alternate
50cm sows in. Paspalum atratum cv. Ubon
swards, would persist and improve the quatity
of the pasture. In Tral 1, the treatments were
P. arraturn sown alone or in alternate rows with
Lablab purpureus cv. Rongai, Vigna unguiculara
(KUC-7), Canavalia ensiformis {common
Thailand type), Aeschynomene americana cv.
Lee, Macroprilium gracile cv. Maldonado, Stylo-
santhes guianensis cv. Tha Phra (CIAT 184),
Centrosema pascuorwn cv. Cavalcade, Calopo-
gonium mucunoides (common Thailand type) and
Pueraria phaseoloides {common Thailand type).
In Trial 2 in the second year, the inter-rows
between the existing rows of P atratum were
cultivated at the begianing of the wet season and
the treatments were prass-only and prass inter-
row planted with §. guianensis var. vulgaris X var.
pavcifiora (ATF 3308), M. atropurpureum cv.
Aztec, M. gracile cv. Maldonado, S. guianensis
cv. Tha Phra, C. pascuorum cv. Cavalcade,
C. pubescens (common Thailand type}, S. hamata
¢v. Verano, C. mucunoides (common Thailand
type) and P phaseoloides (common Thailand
type).

The highest cumulative wet season dry matler
(DM) yietds in Trial 1 were produced by the

Comespondence: M.D. Hare, Faculty of Agricullure, Ubon
Raichathani Ustversity, Warie Chamrab, Ubon Ralchathani
34190, Thailand. E-mait: michact@agri.ubu.ac.th

grass-only swards, 12.2 t/ha DM, which was 35%
higher than the average yields produced by the
mixed grass-legume swards. Crude protein jevel
of P arratum was 4.5% in grass-only swards.
Consequentiy, the total crude protein yieids of the
grass-only swards were up to 50% lower than
the best grass-legume sward of C. pascuorun that
produced BOR kg/ha crude protein from 4 cuts.

In Trial 2, highest yielding legumes in the first
wel season were ATF 3308 stylo, M. gracile, Tha
Phra stylo, Verano style and calopo. In the
second wet season in Toal 2, ali 3 Sphfosanthes
species produced significantly more DM than
other fegumes but there were no significant dif-
ferences in cumulative dry matter production
between grass-only and grass—legume swards.
Crude protein yield of Tha Phra stylo swards was
80% greater than vields on the grass-only swards.
Volunteer seedlings of Verano styto emerged in
the inter-rows in the other grass—legume swards
where the twining legumes were either very
sparse or had disappeared. Stylosanthes species
appear suitable lepume species to establish in
Ubon paspalum pastures on infertile upland soils
in north-cast Thailand.

Introduction

The primary pasture production sysiem in
Thailand is o grow pure swards of cultivated
grasses. The quality of these pastures is usually
low as most farmers apply little if any fertiliser
(Tudsd er al. 2001), and even where fertiliser has
been applied, crude profein concentrations
rermain low, ranging from 4.4-8.6% on infertile
soils (Hare et al. 1999a}.

Paspalum atratum cv. Ubon grows well on
watertogged acid soils in Thatland (Hare er al.
1999a; 1999b) but it has low crude protein con-
centration, frequently failing betow 7%. Intro-
ducing legumes inlo P arrafum pastire swards
couid be a cost-effective method for smalthelder
farmers to improve pasture quality.
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[ncorporation of a legume into a grass pasture
not only provides & nilroger source o promote
grass growth bul also leads to a more balanced
diet for the animal. However, the management of
tropical grass-legume mixtures to maintain a
suitable composition is difficult with the faster-
growing Cs grasses usually dominating the
slower-growing C; legumes (Humphreys 1981).
Mixed grass-legume swards usually become
grass-dominant within 1-2 years after establish-
ment. The nature of the competition does vary
from one field situation to another so that a pat-
ticular species may be a strong competitor in one
site but a weak competitor in another (Grime
1977). However, the general experience in
Thailand and many other tropical countries is the
faiture of Jegumes o persist in mixed swasds for
more than 2 years (Hongyantarachai er al. 1989
Wongsawan and Watkin  1990; Ibrahim and
Mannetje 1998; Hare et al. 1999b, 2003).

Tropical grass~tegume mixtures have been
successful where different management strategies
led to the legume species competing successfully
wilh the associated grass species {(Hemandez er
al. 1995; Ibrahim and Mannetje 1998; Tudsri ef
al. 2061, 2002}. It is common practice o increase
the legume seeding rate in order 10 increase the
tegume perceniage in the first year (Jones et al.
1986), particularly on infertiie soils (Humphreys
1987). Legumes are generally more compatible
with erecl bunch grasses than with stoloniferous
grasses.

P. atratum is an erect bunch grass which does
not spread inte vacant areas in pasiures. These
arcas are often invaded by weeds (Kalmbacher ef
al. 1997}, but could be better utilised by legumes.
On  seasonally wet-seasonally dry soils in
Thailand, legumes failed to persist in £ atratum
swards (Hare er al. 1999a; 2003}, but in thesc
stadies the grass seeding rate was higher than the
legume rate. If the legume seeding rate was
higher than the grass rate and sites were on
slightly better drained seils. legumes might
persist better (Hare et al. 2003), especially in the
open spaces in P atratwn pasiures.

The objective of this research was 1o assess the
persistence of a range of legumes planted in alter-
nate rows with P afratum and their ability o
improve the quality of P atratum swards in rorth-
east Thailand on soils that are not waterlogged.

Materiats and methods

The field experiments were conducted from 2000
to 2002 in Ubon Ratchathani province, north-east
Thailand (15°N, 104°E) on the Ubon Ratchathani
University farm in a €.15 ha field. Rainfali at
| km from the tnal site (Figure 1), was above the
medium-lerm average of 1593 mm/anrum in all
3 years of the study. in 1the first establishment
year (2000}, it was 30% above the medium-term
average, with over 400 mm/month in May, July
and Augusi. Rainfall in May, the first month of
the wet season, in 2001 and 2002 and in June
2002, was more than 50% below the medium-
term average but heavy thundersiorms in che
second half of the wet season resulted in above
average annual rainfat).

This upland site was on a sandy low humic
gley soil (Rot-et soil series) (Mitsuchi et al.
1986). Soil samples to 10 cm, taken at sowing in
May 2000, showed that the soil was acid (pH 4.7:
water methed), and low in organic matter (}%).
N (0.05%), P (10.7 ppm; Bray I exiraction
method) and K (19.5 ppm) concenirations. Prior
to cultivation, the site had been planted to ruzi
grass, mixed with Verano stylo, for 6 years. It
was ploughed in March and again in April 2000
and then rotary hoed to produce a fine seedbed
before seed sowing in May 2000.

Trial 1 — Simwlianeous sowing of Ubon
paspalum and forage tegumes in aliernate rows

This tnal was a randomised complete block
design with 10 cultivar treatments and 4 replica-
tions. The treatments were Ubon paspalum sown
alone or in aliernate rows with labiab {Lablalb
purpureus cv. Rongai), Lee American jointveich
(Aeschynomene americana cv. Lee), llanos macro
(Macroptilium gracile cv. Maldenado), Tha Phra
stylo {Stvlosanthes guianensis c¢v. Tha Phra)
(CIAT 184), Cavalcade centurion (Centrosema
pascuorum  cv. Cavalcade), cowpea (Vigna
unguiculatay, jackbean {Canavalia ensiformis
(common Thailand type). calopo (Calopogonium
mucunoides) (common Thailand type) and puero
(Pueraria phaseoloides) {common Thailand type)
(Table 1).

In Apnl 2000, thousand-seed weights and seed
germination were determined for each species, in
order to calculate seed sowing eates (Table 2}
Lee American jointvetch, llanos macro, Tha Phra
stylo, calopo and puero seeds were soaked in hot
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Figure 1. Rainfall {mm} &t Ubon Ratchathani University during the study and the medium-term mean {1992-2002).

Table 1. Botanical. culiivar and common names of species used in trials.
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Species Cultivar Commen names

Paspalum atranem Ubon atra paspalum, Ubon paspalum!
Lablah purpurcus Rongai lablab

Aeschynomene americana Lee Amcrican jointvelch

Macroptifium gracile Maldonado lanos macro

Stvlosanthes gutanensis Tha Phra Tha Phra stylo!. CIAT 184, stylo 184
Cenirofema pascuorun Cavalcade centurion

Centrosema pubescens Common Thailand type centro

Vigna unguiculata KUC7 cowpea

Canavalia ensiformis Common Thailand 1ype jackbean

Calopogonivm mucunoides Common Thatland (ype calopo

Pueriria phascofoides Common Thatland ype puero

Stylosanthes guiandnsis var, valgarss ¥ var, pauciffera ATF 3308 stylo 3308

Marroptiiwn acrapurpurcum Azlec atro

Srelosanthes hamata Yerano caribbean stylo, Yerano stylo, hamata siylo’

!Contmen e i Thailand,

Table 2. Thousand seed weight ({TSW). germnation %, seed reatment, ehzobium treaiment and seed sowing rate of Ubon paspalum

and of 9 forage legumes (Trial 1),

Treatment TSW Germinaiion Seed Rhizobium Sowing rate
() (%) Leatment reatment {kg/hn)
Ubon paspalum 29 0 None Nonc 12
Lablib 2515 83 None CB 756 cowpea Group ] 250
Lee American jointveich 34 65 Hot water 70°C, 3 min, Cowpea joinvetch 20
LIsnos macro 34 44 Hot wazer 70°C, 3 mun. MNone 20
Tha Phra seyto 29 98 Hot waker 70°C. 5 min. MNone 10
Cavaleade ¢centudion 219 83 Sandpapert CB 1923 50
Conirosema
Cowpea 2038 90 None Cowpen Group | 200
Jackbean 1Liy.7 a2 None None A00
Calapa 11.5 33 Hot wawer 60°C. 3 min, Cowpea Groap M 40
Pucra 12.2 46 Hot water 60°C. 3 min. Cowpea Grovp M 40
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water and Cavalcade centurion seeds were
scarified with sandpaper prior to germination
testing and sowing in May. Seeds of lablab,
Lee American jointvetch, Cavalcade centurion,
cowpea, calopo and puero were also inoculated
with the appropriate rhizobium strains (Table 2).

Ubon paspalum and the legumes were sown
on May 3, 2000 in plots measuring 6 m x 5 m.
Ubon paspalum was sown alone in 30 ¢m spaced
rows in the first treatrnent, while the legume
species and the grasses were sown in alternate
rows 50 cm apart in the other treatments. The
seed was lightly covered with soit and fertilised
with 22 kg/ha N, 22 kg/a P, 22 kg/ha K and
13 kg/ha S. The plots were hand-weeded 2 weeks
afler sowing.

Plant counts were made oo three ! m rows
of legumes and Ubon paspalum in each plot,
4 weeks after sowing (Table 3). Harvests to esti-
mate DM yield were taken from four 1 m rows of
¢ach legume and Ubon paspalum per plot, cut
10 cm from ground level on July 4, and then at
approximately 6-week intervals on August 17,
September 29 and November 13, 2000, On each
occasion, samples were sorted inte Ubon
paspaium and legume species and weighed. Pry
matter yields were calculated from 200 g sub-
samples of grass and legume which were dried at
70°C for 48 hours. Samples from the dried grass
and legumes were analysed for total N (Kjehldal
method) in order to calculate crude protein levels
(%N x 6.25).

After each sampling, the plots were cut 1o
10 ¢ above ground level ang fertilised with N,
P, K and S at the same rates applied at sowing.

Trial 2 — Sowing forage legumes in rows
between established rows of Ubon paspalum

This study used the same plots as in Trial [, com-
prising 10 treatments replicated 4 times. The treat-
ments were Ubon paspalum alone and Ubon
paspalum inter-row planted with ATEF 3308 stylo

(S. cuianensis var. vulearis x ver. pauciflora).

seeds were sown in rows, 50 cm from the centre
of the exisling grass rows, in their respective
plots. The seed was lightly covered with soil and
alt plots fertilised with 23 kg/ha N, 23 kgha P
and 23 kg/ha K. Seeding rates were 10 kg/ha for
the 3 stylo species, 20 kg/ha for Aztec atro, llanos
macte and centro and 40 kg/ha for calopo and
puero. All legume seeds were sandpaper-scarified
but were not treated with rhizobium as thizoblum
was not available.

On June 25, the grass was harvested at 10 cm
above ground level from four 1 m rows in all
piots and dry weight and crude protein deter-
mined as in Trial 1. Following this sampling,
grass rows in all plots were cut to 10 ¢ above
ground level and the whole plots fertilised at the
same rates used at the time of legume sowing. No
legumes were cut at this time. On August 14 and
October 17, four I m rows of grass and legume
were cut at 10 cm above ground level to estimate
DM yield and the material was analysed for
crude protein concentration as in Trial 1. After
each sampling cut, remaining rows were cut and
plots fertilised with the same rates of N, P and K
as used previously.

Two dry season sampling cuts were taken
from each plot on December 26, 2001 and
Aprii 26, 2002. On each occasion, only samples
of grass were taken from four 1 m rows in each
plot as the legumes present were below the 10 cm
cutting height. At the April cut, the legume seed-
lings in the inter-rows were scored for percent
ground cover in each plot. After each dry season
cut, the same rates of N, P and K were applied
again. Pastures were harvested during the wet
season on June 17 (grass only), August 21 and
October 22, 2002, 1o estimate DM yield and the
material was analysed for crude protein concen-
tration. Fertiliser {same rates as above) was
applied only once in the 2002 wet season, on
August 21.

Results
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Jjackbean having the lowest and the small-seeded
Lee American jeintvetch the highest planl density
at 4 wecks after sowing. This was a reflection of
the number of viable seeds ptanted, which varied
widely from 270 seeds/ha for jackbean to 2900
and 3800 seeds/ha for Ubon paspalum and Lee
American jointvetch, respectively.

Table 3. Plant populations {4 weeks alter sowing) in Ubon
paspalum and mixed grass-legume swards (Tnal 1).

Trcaunenl Ubon  Legumne
paspalum
{plams/m™}
Uben paspalum only 1292 —
Uten paspalum —- lablab 108 ab 120 be
Uben paspalum -— Lee American pointveich 115ab 166 a
Ubon paspalum — lianos macro 109 ab 17 bed
Lbon paspalum —- Tha Phea stylo 86b  97bcd
Ubon paspalum — Cavalcade contorion Shab 130 abh
Uben paspalum — cowpea 116asb 79cd
Ubon paspalum — jackbean g7ab  27¢
Ubon paspatum —- calopo 14 ah 46 de
Ubon paspalum — puero 126 ab 104 bed

''Within colurans, means followed by a common leuer are not
significantly different a1 P = 0.05 by Duncan’s Multiple Range
Tt
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The highest total first wet season dry maiter
yield was produced by the pure prass swards,
12.2 vha DM, which was 35% higher than the
average yields produced by the mixed grass-
legume swards (Tigure 2). Yield of Ubon
paspalum in pure grass swards was double that
when grown in association with legumes.

Annual legurmes, jackbean, cowpea and lablab,
were dominant at the first cut, producing signifi-
cantly more dry martter than the associated Ubon
paspalum as well as all other legumes except
Cavalcade centurion. However, these 3 annual
legumes had died in all plots by the third cut. The
other biennial and perennial legumes grew more
slowly, with Cavalcade centurion and Lee
American jointvelch producing the most legume
DM at the second and third cuts, respectively. By
the fourth cul, there were no significant differ-
ences in DM production between the surviving
6 legume species.

Total crude protein yields for the season were
highest in the Cavalcade cemturion, lablab, jack-
bean and puero swards (Figure 3). Cavalcade
centurion swards produced 50% more crude pro-
tein than the pure grass swards and nearly twice

G oL Ti=Grass only T6=G+Cavalcade centurion
14000 rass  Ltegume T2=G+Lablab T7=G+Cowpea
T3=G+Lee jointveich  T8=G+Jackbean
a Ta=G+Llanos macro  T9=G+Calopa
32000 T5=G+Tha Phra stylo  T10=G+Puero
E 10000 7
=)
=
3 8000
©
==
£ 5000
©
£
2 J
2000
0 -

T1

T2 T3 T4

TS

T6 T7 18 T9 T10

Treatments

Figure 2. Total wet season dry malter yields of Ubon paspalum and grass + legumes planted in aliernate rows in the first
year (Trial 1). Columns carrying different letiers are significantly different a1 P = 0.03 by Duncan's Muldple Range Test.
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the amount produced by the llanos macre and
cowpea swards. Concentrations of crude proiein
in Ubon paspalum were low, averaging 5%
(Figure 3), compared with an average of 14.3%
in the legumes, with puero producing the highest
and cowpea the lowest levels.

Trigl 2 — Sowing forage legumes in rows
between established rows of Ubon paspahem

Total wet season DM vyields exceeded 10 tha in
the pure grass and ilanos macro swards, which
were significantly higher than DM yields pro-
duced by the ceptro and puero swards (Figure 4).
Total crude protein yields in the llanos macro
swards were significantly higher than yieids
produced by the Cavalcade, centro, catopo and
puero swards (Figure 5). Crude protein concen-
trations in Ubon paspalum were very low at all
cuts, averaging 4.7% (Figure 5), compared with
13.0~18.9% for the legumes.

In the dry season (November—April), DM pro-
duction of Ubon paspalum averaged 2200 kg/ha,
with no sigmificant differences betwecn grass-
legume and pure grass plots. Legumes were very
small and prostrate at the first dry season cut
(December) and as they were below the 10 cm
cutting height, no legume dry matier data were
collected. In April, many legume seedlings were
emerging in the plots, so their presence was
scored visually in each treatment. ATF 3208
stylo, Tha Phra stylo and Verano stylo were dense
along the inter-rows in all their respective plots;
llanos macro, Cavalcade, centro and calopo had
20-30% ground cover in their respective plois;
puero covered only 5% in its plots and no Aztec
atro seedlings were observed. However, in all
twining legume plots, high numbers of smali
volunteer Verano stylo seedlings were emerging.

In the third wet season, there were no signifi-
cant differences in cumulative dry matter produc-
tion between pure grass and grass—legume swards
(Figure 6). Volunteer Verano stylo plants were the
dominant legume in all twining legume swards
and a small amount of volunteer calopo also grew
in the Verano stylo swards {Figure 6). Aztec atro
and puero disappeared after the second wet
season cut. Tha Phra stylo swards produced over
80% more crude protein yield than the pure grass
swards {Figure 7).

Discussion

This rescarch has shown that, with management,
adapted legumes can successfully establish and
grow in Ubon paspalum swards. While Ubon
paspaium is not an aggressive, competitive grass,
the companion legumes that are introduced must
seed freely and be adapted to cutting in order to

‘survive the long dry season. Whenever lepumes

grow in close proximity with grasses, they must
have mechanisms which allow them to survive
both the physical and biotic environment {(Gome
1977). The best adapted legumes were the sivlo
species, Tha Phra, Verano and ATF 3308, which
all showed good persisience and production on
upland sandy soils. By having many low growing
points, good drought tolerance and free-seeding
habits, they persisted and regenerated in the
second year after sowing. These were the only
legumes that regenerated well from fallen seed in
third-year Ubon paspalem swards. Stylo species
flower and produce large amounts of seed under
dry conditions in north-cast Thailand (Hare and
Phaikaew 1999) and a proportion of this seed
starts germinating very quickly at the onset of the
first rains at the beginning of the wet season.

In the second wet season of Trial 2, volunteer
Verano styio seedlings emerged in all plots where
the twining legumes had either died or were very
sparse, The trial site was in a former ruzi grass and
Verano stylo pasture and the seedlings of
volunteer Verano stylo must have come from
buried seed. Verano stylo is ubiquitous along road-
sides throughout north-east Thailand and it per-
sists year after year due to its ability to set large
amounts of seed with over 90% hardseededness
(Mott er al 1981). Under field conditions, this
seed softens slowly with approximately 35% of
Verano seed softened in one year (McKeon and
Mott 1982). Even though after 3 years much of the
bardseededness would have been breken, only
10% germination is sufficient to establish a new
sward (McKeon and Mott 1982). Tha Phra stylo
is also very persistent on upland sandy soils but,
with the reporied occurrence of anthracniose in
CIAT 184 stylo (Tha Phra stylo) in several situa-
tions in south-east Asia (Chakraborty ef al. 2001),
seed production of the anthracnose-resistant
hybrid species, ATF 3308 stylo (Grof er al. 2001),
is cumrently being undertaken by Ubon
Ratchathani University. In small trials at the
upiversity, dry matter production of ATF 3308
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T1=Grass only T5=G+Tha Phra stylo T8=G+Jackbean
EGrass [OLegume
T2=G+Laplab T6=G+Cavalcada centurion  T9=G+Calopo
T3=G+Lee joinfveich  T7=G+Cowpea T10=G+Puero
800 1 T4=G+Llanos macro '
a

ab

Crude protein yields (kg/ha)

T T2 T3 T4 B T 7 8 T9  T10
Treatments

Figure 3. Total wel seson crude protein yiclds of Ubon paspalum and grass + legumes planted in alternate rows in the
first year (Trial 1). Crude protein concentrations of the componenis are shown in the columns. Celumns carrying dif-
ferent letters are significantly different at P = 0.05 by Dugcan’s Muluple Range Test,

T1=Grass only Té=G+Cavalcade centurion
T2=G+Stylo 3308 T7=G+Cenlro

@ Grass [OLegume

12000
~ T3=G+Azlec atro T8=G+Verano stylo
= ab T4=G+llanos macro  T9=G+Calopo
10000 T5=G+Tha Phra stylo T10=G+FPuerc
©
ES
& 8000
=
o
L=
2 :
= 6000 1
o
E
£
> 4000 4
[
2000 1
o . o | ] 1P . 1 B . E :
T T2 T3 T4 TS T6 17 T8 T9 T10
Treatments

Figure 4. Total wel season dry matter yields of Ubon paspalum and grass + legumes, with the legumes planted between
grass rows in second-year grass swards (Trial 2). Columns carrying different letters are significantly differem at P = 0.03
by Duncan’s Maltiple Range Test.
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stylo was equal 10 that of Tha Phra siylo and seed
production was superior.

Other twining legumes were productive in the
first season but most failed to re-establish
adequalcly in the second season 10 be of any
medium-term benefit. Except for Cavalcade, the
contribution of the annual legumes, labiab, jack-
bean and cowpea, to sward productivity and
quality was shori-lived and, by the third harvest in
the wet season, they had died oul. Their demise
was most likely a function of their annual growth
and the repeated cutting of their elevated growing
points, Cavalcade persisted longer because its
lower growing points were protected from cutting
and it also is more of a trailing legume and can
root from trailing stems (Clements 1992).

Lee American jointvetch behaves as an annual
rather than a short-lived perennial in north-east
Thailand because of the long dry season. It
behaved like Calvacade, regrowing afier each wet
season cut because, under repeated culiing, it
changes its more erect habit to branch close to
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the ground (Bishop 1992). thereby protecting
many growing points from defoliation.

Perennial twining legumes, with their elevated
growing points, are vulnerable to heavy prazing
or regular cutting. In these trials, the performance
of twining legumes varied, with all competing
strongly in Trial 1 but many performing weakly
in Trial 2. In Trial 1, llanos macro. calopo and
puerc persisted througheout the first wet season
and, at the final wet season harvest in October,
there were no significant differences between
their yiclds and those of the remaining legumes.
Above average rainfall, which created moist soil
conditions under which all 3 legumes thrive
{Skerman er af. 1988; Cameron 1992, Halim
1992; Hare er al. 1999a), may have contributed to
their conapetitive performance in this trial. In
Trial 2, llanos macro and calopo were both
vigorous at the first legume harvest but, ar the
end of the wet seasen, only calope showed good
persistence. This may be due to the growth habit
of calopo, which, under cutting or grazing, will

- T1=Grass only T6=G+Cavalcade centurion
MGess O legums T2=G+Stylo 3308  T7=G+Centro

600 T a T3=G+Aztec atro T8=G+Verano stylo
T4=G+Uanos macro Tg=G+Calopo
T5=G+Tha Phra stylo  T10=G+Puero

s0l 2 ap a

l ' ab
176%| 13.0% ab
400 - P =

200

Crude protein yields {(kg/ha)

100 7

T5 T6 17 T8
Treatments

T2 T3

™

T4 T9 T10

Figure 5. Total wet season crude protein yields of Ubon paspalum and grass + legumes, with the legumes planted
between grass rows in second-year grass swards (Trial 2). Crude protein concenirations for the components are shown in
the columns. Columns carrying different letters are significantly different at P = .05 by Duncan’s Multiple Range Test.
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grow along the ground and then rool al the nodes
under moist conditions. Llanos macroe does not
have this habit of rooting from trailing stems.

In Trial 2 in the second wel season aftes over-
sowing into grass swards, the (wining legumes
produced negligible amounts of dry matter. After
the final harvest in October, only 16 mm of rain
feli from November to0 February, the main
flowering period of these legumes. We have
observed that, unless some dry season rain falls
or irrigation is applied, these Jegumes either fail
to fower or produce shrivelied pods and seed.
During a long dry season, these perennial twining
legumes act as annuals and, without fatlen seed,
they die out.

The trials were managed 1o endeavour to
favour the legumes. High legume seeding rates
were used, the inter-rows were cultivated before
oversowing in second-year grass swards, only the
grass rows were cut al the beginaing of the

H Volunteer Verana stylo T1=Grass only

T5=G+Tha Phra stylo
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second and third growing seasons and the amount
of fertiliser applied to third-year swards was
reduced in order to reduce the competitiveness of
Ubon paspalum. Any species, which did not
perforrn well under these conditions, would not
perform well under commercial conditions.

High legume seeding rates and the selective
cutting of only grass during the legume establish-
menl phase will assist the survival and production
of legumes. Smallholder farmers apply very littie
fertiliser and, when fertiliser in these trials was
reduced, legume preduction increased. Reducing
the amount of fertiliser is a good managemeni
strategy for smallholder farmers. Even though
dry matier production of Ubon paspalum is
reduced, the associated increase in legume pro-
portion in the sward raises the overall crude
protein concentration and total protein on offer in
grass-legume swards. This should resuit in
improved animal performance.

T8=G+Verano stylo

g !éegume T2=G+5tylo 3308  T6=G+Cavalcade centurion T9=G+Calopo
e T3=G+Aztec alro T7=G+Centro T10=G+Puero
8000 1 T4=G+Llancs macro
a a
1p 2] a a
7000 a 1
a a

. 6000 A i a —_—
© S i d
% { a | .
2 50001 , == ‘ pr 1
8 | i —— R |
L) =
= 4000 1 W H | ¢
5 ' %
= § &
© ] - |
£ 3000 |
=
O 2000 !

1000 1

Tt T2 T3 T4 T6 T7 T8 T9 T10
Treatments

Figure 6, Towal wel season dry matter yields of third-year Ubon paspalum and second-year legume swards, planted in
alternate rows (Trial 2). Columns carrying different Ictters are significantly different at P = 0.05 by Duncan’s Multiple
Range Test.

"Voluntcer calopo.
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W Volunieer Verano stylo T1=Grass only
[ Legume T2=G+Stylo 3308
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Figure 7. Total wel season crude protcin yields of third-year Ubon paspalum and second-year legumes swards, planted
in altiemate rows {Trial 2). Crude protein concentrations of Lhe components are shown in the columns. Columns carrying
diffcrent lewers are significantly different aL P = 0.05 by Duncan’s Multiple Range Test.

Wolunteer catopo.

While stylo species were seen as suitable for
planting in Ubon paspalum swards, other new
legume species that seed freely and are tolerant
of close cutting and grazing are still needed.
Further evaluation of an extended range of
legumes is needed to idenlify new legume species
for grazed pasture mixsures.
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The tivestock sector in Asia' is undergoing a major transformaticn. Rapidly increasing
p0pula!mn:, mcreases in per capita income and. especially, increases in urbanization (Table 1) are
drw:ng a so-called “livestock revolution” (Delgado ¢f al. 1999, Vercoe ¢t «i. 2000). In China. for
C)\HI“D'L per capita consumption of meat and mitk doubled between 1983 and 1993 at the same
ume as the country experienced the start of a massive shift of people to the cities. This shift is
conunmnu and the percentage of the population in urban areas in China is expected to increase
from 36% to 57% between 2000 and 2025 (GhN’Olll. 1999), Urbanization on this scale will
Jinevitably be associated with changes in the patterns of food consumption as diets in rural
communities are (vpically higher in calories and less diversified than urban diets. which are
characterized by higher consumption of fivestock products. Consequentlv. milk and meat
consumplion in the region is predicted 10 increase by 2-4% per annum between 1993 and 2020
{Table 2.
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|| Africa 219 13.2 401 24.4 813 37.7 1496 54.0
l asia 1368 16.0 2255 26.4 3636 38.1 4960 54.3
Europe 320 54.8 473 B7.1 540 78.7 718 82.9
Latin 164 40.9 324 60.4 464 748 710 842
Amenca {
North 166 64.6 327 76.5 296 86.4 370 85.6
America l
|
Oceania 13 64.5 21 716 33 78.2 41 81.1 |
|
Former gl 180 39 4 255 80.5 315 76.3 308 73.5
USSR
. World | . 2501 28.6 3967 38.3 6253 496 8294 64.1

Sotirce: Cihivonri 199y

' For the purposes of this paper, Asia is defined as the regions East Asia (China, Hong Kong, Mongolia,
North Korea, South Korea), South Asia (india, Afghanistan, Bangladesh, Bhulan, Nepal, Pakisian, Sni
Lanka) and and Southeasl Asia (Brunei, Cambodia, East Timor, Indonesia, Laos, Malaysia, Myanmar,
Philippines. Singapore. Thaitand. and Viet Nam).

|
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fable 2: Regional trends in livestock production and in consumption
of meat and milk products

China 3.0 28 | & 17 2.9 3.2 3.4
Other 2.4 1.7 8 2 2.4 3.9 2.2
- East
. Asia
| india 2.9 4.3 8 160 2.8 1.6 5.0
Other 3.2 3.4 5 41 2.6 3.1 2.9
south
Asia
Southea 3.0 2.7 16 11 31 2.9 2.7
s Asia . ’
Developing | 2.8 3.3 188 391 z¢ 3.2 2.8
World
Developed 0.6 0.2 115 263 0.7 0.4 0.6
World
World 1.8 1.7 303 654 1.8 1.6 1.4
iece atter Delyade o ol 1999
I'o meel the projected increases in demand. the livestock sector in Asia is expanding.
With projected grawth in production of meat and milk in the range of 2-4% per annum ta 2020
Table 2). The production systems that are emerging to meet this demand are what Steinfeld
1998) descnibes as “a dualistic mode of developmeni™ involving the expansion of two matn

SCIors:;
r (1 A modern. demand-driven and capital-intensive sector, producing poultry meat, egyus.
I pork and sometimes milk and which increasingly uses state-of-the-art technologies.

| (i) A waditional. resource-driven and labour-intensive livestock sector on  small.
| subsistence or semi-market oriensed crop-livestock farms.

] As an example of the first sectos. over the past decade there has been a 51% increase in
fairy cow numbers in Thailand. rising from 237,000 head in 1993 to 358.000 head in 2002.
ﬁsnailhoider dairying has become a good income-earning occupation for crop farmmers in mixed
farming svstems (Chamalakhana. 2000). This expaasion is expected to increase as. currently. only
#1% of the fresh milk consumed in Thailand is produced locally. Fresh milk consumption ix
increasing by 19-21% per year but local production is only increasing by $% per year. As an
example ot the second sector, in Cambodia. Myanmar and Laos more than §0% of the poputation
is rural. remote and tocked into subsistence production of food grains in low-input low outpul
systems. Livestock have played a major role in providing livelihood security in Jean years but
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increasingly farmers are becoming more inarket-oriented, selling animals to buy grains rather
than growing their total needs.

A key question is “Can these two livestock sectors satisfy the projected increase in
demand for livestock products?” In the recent past, increases in ruminant livestock production in
the region have come largely from increases in livestock numbers expanding into under-utilised
traditional grazing resources and not through increasing productivity per head or per unit of land
area. The large numbers, but low productivity, are demonstrated by Table 3 which shows that in
1993; although the Asian region accounted for 36% of the world population of cattle and buffalo,
its share of total world production-of beef and milk was much lower (14% and 17% respectively).
Can this expansion continue? In Asia, the agricultural land only increased by 3% from 1993-
2002. Within the agricultural land, the area used for arable and permanent crops increased by
5.7% but the area-in pasture only increased by 1.6% (FAOSTATS, 2004). Areas of communal
grazing fands have shrunk in nearly all the countries in the region. In other words, more animals
are being grazed on a smaller area or being kept in yards and fed cut-and-carry forages. In short,
the projected increase in demand for livestock products (Table 2) cannot be met simply by
continuing to increase herd numbers. Future increases in production must come from higher
productivity per unit of land area and this means increasing efficiency of feed production.

So a second key question is "Where will the extra feed resources come from for this extra
livestock production?” One answer is from increasing use of feed grains (Table 2). There is likelv
to be increased pressure.on feed grains, especially in the modern, demand-driven and capitai-
intensive sector (Table 2). While the supply of these grains is predicted to be elastic, a likely and
unwelcome scenario is that large amounts of grain could be used to produce livestock products
for an urban population in developing countries where there is actually a net lack of grain food
for people. There is an urgent need and an opportuaity to increase both the efficiency of animal
production and decrease its reliance on food grains which could be used by humans (Gill, 2000).
Forage grasses and legumes are the cheapest high-fibre feeds for ruminant livestock. Many well-
adapted and productive varieties already exist with the potential to substantially increase livestock
productivity per head and per unit area. Enhancing and expanding production systems based on
these varieties has great potential to support the predicted explosion in ruminant livestock
numbers and reduce the retiance of the livestock sector on feed grains.

An example of the potential to improve livestock productivity through the use of forages
has been demonstrated by the smallholder dairy industry in Thailand. National averages of milk
yields per cow per day stitl range between 8-10 kg compared to 20-30 kg for dairy cows in
developed countries. The average calving interval can be as long as 500-600 days
(Chantalakhana, 2000). The main factor limiting dairy cow productivity in Thailand is lack of
good quality feed. Concentrates are increasingly expensive for the smallholder producers who
dominate the industry but dairy cattle are not productive if grazing only natural, low-quality
pastures. A dairy cow needs 30-40 kg of fresh.forage per day, with approximately 12% crude
protein. (o be productive. Research at Ubon Ratchathant University has been able double average
milk production per cow in 10 years (1994-2004) from 7 kg to 14 kg/cow/day without increasing
the pasture area. This has been achieved by grazing cows on high quality pasture grasses day and
night. Previously cows were yarded, fed cut and carry forage, silage and concentrates. Cows are
no longer yarded, concentrates have been reduced to minimal levels and irrigated pastures have
replaced silage for dry season feeding. Beef steers grazing on similar good pastures at the
university average a very-respectable 0.5 kg/head/day weight gain (Hare ef al. 2003).
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Table 3: Cattie and buffalo numbers and beef/milk production in Asia
in 1983 and 1993

|
|
|
|
Other
I Easi 0 1 0 0 0 0
| Asia
India 4 H 8 12 19 20
| Other
South 2 2 2 4 5 5
| Asia
Southea .
st Asia 2 2 0 0 3 4
Developi 24 41 24 32 69 74
ng World
Develop | 4 59 76 68 31 26
ed World
Total production {Mix10%) Head (x10°)
il 48.8 55.0 477.4 | 511.8 1378 1457

Strtrvce afier fyeloadto v al | F9YY

Current sonrces of ruminant livestock feed in Asia

Natwral vegetation comprises a large compouent of the diet of ruminant an:mals in village
farming systems in Asia. This natural vegetation is found on communal grazing areas. along
foadsides. on wasteland around erops and buildings. in planations and orchards and on fallow
lind that is idle. The vegetation mainly consists of native grasses, which are usually very fibrous
and of low quality. such as lmperata eviindrica. Chrysopogon acicwlatus, Panicum repens and
Penniseium polystachion in the tropical regions.

Crop residues lefi over from harvesting annual field crops are particularly important
sources of dry season forage. The main crop residues are rice siraw and stubble, maize stalks.
cissava teaves and statks. sugar cane leaves and residues from vegetables. soybeans and
mungbeans. Many of the crop residues are very old and decayed by the time they arc used and arc
Cusually ofa very low quality. All classes of ruminant animals graze crop residues in Asia.

Leaves fromi forest trees and from planted tree legumes such as Lewcuena spp. are
Imporant sources of cattle feed in the dry season in Asia. Most countries in tropical regions have
- promoted planted Lewcaena spp. as living fences around houses and paddocks.
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Byv-products from crop processing such as rubber seed meal, oil palm meal. pineapple
peelings, cassava chips and other agricultural crop wastes from factories are ofien used to feed
dairy cows in Asia. Quality. supply and price of these by-products are typically highly variable.

Many perennial legumes have been sown as traditional cover crops in rubber tree. ol
palm and coconut plamtations and in orchards. These legumes are commonly grazed by sheep and
| goats and used as cut-and-carry forage for beef and dairy cattle. The main legumes used as cover
|cr0ps in tropical regions are Cenfrosema pubescens, Pueraria phuseoloides and Culopogonium
| ucinoides.

i

| The main forage grass and legume species used by farmers in Asia are detailed in Table

4. The use of improved forages has steadily increased in the region over the last twenly years but
l-lhe areas planted are still tiny compared to the areas needed to support an Asian “livestock
revolution”. Recent work by the Iuternational Center for Tropical Agriculture (CIAT). using
farmer participatory research methods, has resulted in the adoption of forage technologies by
thousands of smallholder farmers who are. consequently. experiencing a range of benefits
especially improved livestock productivity and income (Stiir er o/, 2002. Horne ef . in press).
The production of farmer-friendlv publications on forage technologies and ways of working
effectively with farmers has contributed to this uptake (Horne and Stie, 1999: Stiir and Horne.
2001: Horne and Stiir. 2003).

Developing forage production systems like this on a larger scale throughout the Asian
region will depend on both increasing seed production (within and outside the region) and
increasing the use of vegetative propagation (especially within the smatlholder sector). The seed
trade has an imponant role to play in increasing forage production to meet the feed requirements
of ruminant livestock. but to take advantage of this opportunity the seed trade must position itsell’
10 be “in 1he Right Place at the Rigit Time with the Right Product™.

Trifolium pretense

Trifolivm repens

Medicago sativy

Trifolivm alexandrinum

Stylosanthes hamaia

Mucroptilivn airopurpureun

Centrosema pascuorum

Stylosanthies guivnensis

Leucuena leucocephula

Desmanthus virgatus

Cenirosema pubescens




Current status of forage sced production in Asia

tndia, China and Thailand are the only countries in the region with established forage
seed production programmes. Other countries produce - small quantities of seed that are
insutficient for dowmestic purposes and they must import extra seed.

Jndia has over 200 companies involved in seed production but while the emphasis is on
crops. many companies produce hybrid forage sorghums. berseem clover and alfalfa. In the
wopical areas there is also a large informal trade in Cenchrus and Stylosanthes spp. An estimated
area of 430-500 ha was under stvlo seed production in the 2000-01 season. Stylo seed vields
range from §.6-2 tha in drvland conditions to 2.2-2.8 t/ha in rainfed conditions. However. it is
estimated that only 3% of farmers use seed sold by private seed companies. with the balance of
seed comina from the informal sector. public sector and NGOs (Turton and Baumann, 1998). The
majoritv of forage seeds are uncertified and are produced and distributed in a complex network of
farmers. middlemen. merchants and traders throughout India. The whole system functions on a
trust basis. using countacts built up over many years. The informal seed sector works very well in
India and it is doubted whether the formal seed sector is capable of producing enough forage
seeds Lo reach the millions of farmers who are demanding forage seeds for their hungry animals.

China praduces alfalta seed {50 t/year) in the north and stylo seed (45 t/year) in the
south. Alfalfa cultivars are locally bred and adapted to the climate. The cultivars are planted in
large seed fields. up to 300 ha in size. and average seed yields are 150 kg/ha. Smaller quantities
of T. repens (5 t/vear) and L. perenire (20 tyear) are also produced.

Stylo seed production in the south of China is predominantly S. guionensis (CIAT 184}
and S. famaita cv. Verano with smaller quantities of S. scrabre cv. Seca. Seed crops are managed
as annual crops: seedlings are raised fike rice in seedbeds, transplanted into the field (or orchard),
weeded regularhv. fertilized and left to mature. Details on the seed indusiry. management
practices and production trends have been described by Guodao er «f. (1997). Seed yield varies
with cultivars: Verano has a mean vield of 390 kg/ha (ranging from 240-1020 kg/ha). followed by

CIAT 184 with 290 ke/ha (75-520 kg/ha)and Seca with 280 kg/ba (100-520 kg/ha).(Guodao e¢f of.
1965).

Local seed production can not meet the increasing demand from the expanding ruminant
animat population and China therefore is large importer of forage seeds-7. repens. L. perenne, L.
madtiflovam. D. glomerata, F. arundinacen and a smaller range of tropical forage seeds.

Thailand. for nearly 30 vears. has had a successful government supported forage see«l
productian programme producing a wide range of forage seeds on government stations and m
villages (Hare. 1993: Hare and Phaikaew. 1999). Tropical forage seed production has evolve
through research. pilot projects and long-term governinent support. Forage seed production has
been integrated into the village cropping systems in Northeast Thailand and become the main
commercial crop for many smallholder farmers.

Ovec 3000 farmers harvest and sell seed amnually to the Department of Livestock
Development (DLD). At its peak in 1995, over 1200 tonnes of forage seeds, all hand harvested.
were processed by the DLD. The main seeds produced have been B. ruziziensis. P. muxinunm cv.
Purple and S. hamuia cv. Verano (Hare and Phaikaew, 1999). Since 1995 budget cutbacks have
reduced the amount of seed purchased by the DLD but the current quantities of over 600 tonnes”
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annually. still makes Thailand the jargest forage seed producer in South kast Asia (lable 3).
Ubon Ratchathani University also has a small village seed production programme.

Government support (o the large DLD programime and the smaller Ubon Ratchathani
University research programme has created a stable market for {orage seeds. In recent vears, the
private sector from oft-shore seed companies has started to become involved. lapanese seed
companies ‘have small programmes producing seed of selected cultivars of £, maximun and
Chioris gavana for the Japanese forage market. Grupo Papalotia seed company from Mexico has
begun a joim venture with the DLD and Ubon Ratchathani University to praduce over 100 wonnes
of Brachiaria hybrids. Mulato and Mulato 2. in 2004 (Table 5). There is also a large informal
forage seed sector in Thailand where farmers produce more seed than the government quotas. and
this seed (primarily B. ruziziensix. P. purcimunr and P. atratun) is traded by the seed vrowers o
other farmers.

Table 5. Expected production of forage seeds in Thailand in 2004

113
O,

Brachiaria riciziensis 260,000
P maximnn cv. Purple 100,000
Paspalvun atratum 52,000 2.200
B ruziziensis x B. hr.r':(.rn:-‘."'ru cv. .I 00.000*
Mulato
B. ruziziensis x B. briz

ruziciensis X B. brizanthu 10.000*

x B decumbens ev. Mulato 2

Stylosanthes hamata v, Verano 24000

S. Quiciiensis var, guianensis
cv. Tha Phra (CIAT 184) 16,000

S, guivmensis var, vulgaris

x ponciflora (ATYF 3308) 2.000

Cemtrosemu paseuorunt
_ / 9.000
cv. Cavalcade

Lloint venture with “Grupo Papelotla”

Factors contributing to the success of forage seed production in Thailand

As the Thai forage seed industry is well established and evolving. we present hese an
analysis of the factors that have contributed to its success and the potential changes ut the future.
to draws lessons tor the potential of a forage seed production industry throughout the region.

Favourable climate Forage seed production in Thailand is concentrated in the northeast
region (14-18°N. 1200-1600 mm average annual rainfall, 100-300 m asl). The well-defined wet
and dryv seasons are conducive for flowering, harvesting and drying (Hare and Phaikaew 1999).
The region is at sufficiently high latitude to enable a strong flowering response of tropical forage
plants to short days and with some species to long days (Hare es «/. 2001). The reliable drv season

contributes to successful ground harvesting legume seed of some species (Wickham ef af. 1977:
Hare and Phaikaew 1999).
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Regions at the lower latitudes (less than 12°) have a suboptimal range in daylengths 1o
trigger the strong flowering response leading to high seed yields. These regions include Malaysia,
Indonesia and southern parts of Thailand. Cambodia and Vietnam. Nor do they have a reliable
dry season of sufficient length to facilitate seed harvesting. There are niches in these low latitude
regions. particularly at bigher altitudes (Fisher 1999). where tropical forage seeds can be
harvested. but only with difficully. Regions in the higher latitudes (above 20°) generally have iow
cool season temperatures which can reduce flowering or be damaging if frost occurs. or too much
rainfall during the harvesting period. particularly with grass species. These regions inciude
northern parts of Lao PDR. Vietaam and Myanmar.

Suitable soils Sandv soifs on flat to gently rolling land in northeast Thailand are easily
cuttivated for seed-bed preparation. While the soils are acid and low in organic matter. nitrogen.
phosphorus and sulphur, most tropicat grasses and legumes grow satisfactonly with the addition
of fertiliser. The soils are well-drained and while low in water-holding capacity. the sufficient
amounl of wet season rain { 1200-1600 mm) prevents seed crops from suffering water stress.

The soit texture of the sandy soils in northeast Thailand is an wportant factor in
facilitating ground sweeping of fallen legume seeds. Clay and taterite soils feave granules that
make seed cleaning difficult.

Extensive vesearch Extensive preparatory research of forage spectes by the DLD and
uiversities in Thailand before commercial seed production commenced. enabled seed production
management packages to be prepared for smallholder seed growers. Applied studies on flowering.
seed development. establishment. cutting. fertiliser, harvesting. seed processing and seed quality
helps contribute to successful seed production management. On-station research helped 10
establish average seed vields. so that a realistic price could be worked out for farmers before pilot
projects were undertaken in viilages. The research is on-going. and new knowledge can be
quickiy applied to improve both seed yields and seed quality of forage seeds.

Thailand has highty skilled forage agronomists and forage seed production specialists to
work in the government-supported seed programme. The agronomists and seed specialists
conduct research. manage the seed production programme. and train farmers and other supporl
staff. Pasture and forage seed production courses are offered at the under graduate and post
graduate levels in Thai universities. [n many other counties in Asia there is a tack of forage seed
production specialists. There are many general agronomists and extension officers who have
received short-term training in seed production/technology, but they are not people who can
conduct in-depth research that will lead to seed production management packages for successful
commercial production of forage seeds. in many countries there are no champions of forage
seeds. who have a passion for seeds and understand the whole process from establishing seed.
growing seed and commercializing seed.

Pilot projects Following on-station research, the feasibility of forage seed production by
village farmers is first investigated by a small number of farmers in pilot projects (Table 6). At
the compietion of the pilot projects. expanded village seed production programmes commenced

for Verano stylo. ruzi grass, Purple guinea, Ubon paspatum. Tha Phra stylo, Cavalcade an
Mulato,

Government support Smallholder seed production and research and development on-
station would not have been possible without long-term government support from the Thai
government for the DLD programme (30 years) and the Thailand Research Fund (TRF) for the
programme at Ubon Ratchathani University (10 years). The long-term support included:
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] Field research on applied agronomic management and seed technology.

. Pilot project feasibility studies.

. Selection and training of farmers in seed crop management, harvesting and
cleaning.

. Providing technical support to seed growers.

. Contracting farmers to buy the seed at a guaranteed price and being the main
buver of seed.

. Processing. storing and marketing the forage seeds.

. Creating markets for forage seeds.

Table 6. Forage species and number of farmers in pilot seed production projects
in northeast Thailand.

Stvlosanihes hanilis

S, hanrara ex - Verano 1977 3

S, seabra cv. Seca 1979 1

S, grdanensis cv. Endeavour. 1979 6
S gutanensiv ev. Schofield 1979 I
S. griignensis ev. Cook 1980 10
Meacropiilivm utropurpurewn ey, Siratro 1979 2

Macroptvlome uniflorum cv Leichhardt 1979 5

Brachioria ruziziensis 1986 30
S. guicnensis ¢v. Graham 1990 ' 50
Pericum mavimum oy, Purple 1993 50
Paspalun airatim oy, Ubon 1996 R

Macroptilivmn gracile cv Maldonado 1996 i

S. guianensis cv. Tha Phra 1997 S0
Centrosema pascuorum cv. Cavaleade 1998 50
B. ruziziensis x B. brizantha cv. Mulate 2003 10

Lack of long-term government support has terminated smallholder seed schemes in
Indonesia and Laoc PDR (Phaikaew. 1997). Often this has been due to a lack of funds to purchase
seed and ineffective imarketing to sell forage seeds. In many instances. projects have started well
under overseas donor project development funds but once the projects are completed. the project
does not continuc under national government budget funding.
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Increased market demand for forage seeds Demand within Thailand for forage seeds
has created a strong internal market. This demand has been led by the dairy sector, with dairy
cow numbers increasing from 60,000 head in 1984 to 358,000 head in 2003. Dairy farmers sec
the increased value of improved pastures quickly reflected in improved miik yields and economic
returns {Lekchom ¢r al. 1992). In turn, with less communal grazing land available for beef cattle,
farmers raising beef cattle are aiso planting improved pastures, though at a lower rate than dairy
farmers. Dairy and beef cattle improvement and expansion has been actively promoted by the
Thai government, with subsidization of milk, school milk programmes, cattle loan schemes and
access to credit. The lack of a strong dairy sector in many countries in Asia has timited the
demand for forage seeds in those countries. -

Why only the public sector involvement in forage seeds and not the private sector?

Forage seeds have no major use other than for propagation (Ferguson and Loch, 1999},
Their value is determined by the increased amount of forage they can grow, which in turn leads to
increased animal preduction per head or per hectare. It is the demand for forage that drives the
demand for seed. One therefore asks the question, "Why has the private sector not become
mvolved in Thailand when there has been such a strong demand for forages for many years?"
There ave many reasons tor this:

(17 In the past. public secior pasture development programmes in Asia have been very
charitable in Asia, with large quantities of seed either distributed free or sold at cost
price. Even the cyrrent seed programme in Thailand subsidizes seed prices and sells
sced at prices only a little above wholesale prices paid to seed growers. This has
produced a mentality in farmers that pasture seed must be cheap. Many farmers are
unwilling to pay higher prices for quality seed that private companies may produce or
are not interested in the advantages in forage quality and increased animal production
that higher-priced seeds may bring; they only want cheap seed.

However. the dilemma here for seed companies in Asta i1s that the majority of
smalihoider livestock farmers are resource rich but cash poor. Many of these farmers
raise sheep. goats, buffalo and small native beef cattle, which traditionally did nol
require more expensive forages of improved species. The farmers are not able to affort
high priced seeds from seed companies or imported from overseas.

(i} Forage seeds are more difficult to promote and sell than seeds of arable crops.
Economic returns from forage seeds take longer to be realized than from arable crops,
even though they may be more robust in the long term. Seed companies must have an
understanding of the animal processes involved in grazing pastures and have data to
present to farmers in order to convince them to grow new species or cultivars. The
whale seed marketing operation is more difficuit for forage seeds than for arable crops.

(i) Perenniat forages do not have to be resown every year, many last for over 10 years if
management is good. The same buyers therefore do not come back every year to buy
forage seeds. Also, once a pasture has been established, smallholder farmers can {and

do} renew or expand their areas using rootstock. The seed companies therefore must be
actively seeking new clientele every year.

Demand also fluctuates as markets become saturated and the fluctuations are sometimes
dramatic and occur without warning. Demand is closely related to the livestock markets
and animal products. Many forage seed companies can get caught with thousands of
kitogrammes of unsold seed in stock, which they must carry over for 1-3 years. Forage

10
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{iv)

{v)

(vi)

seeds require good storage as they can deteriorate very quickly in the tropics. Forage

seed production is therefore regarded as a risky business that requires a lot of

investiment.

Smallholder farmers within mixed cropping systems will anty buy a few kilogrammes
of seed at a time. The seed companies must have a big distribution system te reach out
to hundreds of smallhotder farmers. This requires investment.

Forage seeds need favourable growing conditions to produce high seed yields and thex
are not easy to grow. In places where they grow well as forages, they may not produce
any seed at all. High quality forage seed production is a specialised operation and not
suited to opporiunistic seed growers.

All tropieal forage species and the majority of temperate species currently used by
farmers in Asia do not have Plant Breeding Rights (PBR) and are public species. Seed
companies are making profits by trading in seed of these varieties but the gains a
company may make with a particutar variety can be quickly lost to competitors. PBR
are able to offer exclusivity to a seed company to control all stages of production and
marketing (Ferguson. 1999). PBR transforms pasture seed from a low-profite
commodity into a proprietary product and seed companies are able to invest in the

development and promotion of new cultivars, without fear that advantages gained wili
be lost to their competitors.

A problem in the tropics is that there has been a strong tendency to release new forage
species selected by the public sector and not covered by PBR rather than new cultivars
as in the developed temperate regions. which can attract PBR. It is the continuing flow
of new cultivars of a few species {ryegrass, white clover, tall fescue. lucerne) that
sustains the seed industry in the temperate regions. Hybridization of apomictic tropical
grasses is very difficult bui not impossible (Miles and Valle. 1997). as demonstrated by
the release of the hybrid brachiarias, Mulato and Mulato 2.

How can the private sector become involved?

Currently. there is no large sophisticated international trade in tropical forage seeds ax

there is with temperate forage seeds. It is doubtful whether many regional private forage seed
companies will be established to buy and selt forage seeds exclusively within Asia, except for
agro-industrial uses (such as tegume cover crops in plantations). The economics of low-volume
forage seed markets within the countries woutd not justify the investment in establishing forage
seed production as a long-term enterprise. There are several steps that need to be taken before the
private sector can become committed to tropical forage seed production in the region:

()

(1)

The exclusivity offered by PBR to seed companies may, in the long term, be the mast
profitable pathway for private companies. However, because of the long time frame to
breed new tropical cultivars, the public and private sector have complementary roles in
developing a seed supply industry (Loch and Boyce, 2003). The seed companies can form
loint ventures with public sector plant breeders, where, depending on what stage of the
breeding they enter, they either own the cultivar or become the head-licensee.

Plant breeding programmes should focus on the breeding of new cultivars of major
species (Brachiaria, Panicum, Siylosanthes), rather than minor species which have a
small market. Grupo Papalotla invested in Brachiaria breeding of new cultivars. because

11

201



of the huge market for Brachiariu species in Central and South America (see case study
beiow).

(iil} The wain forage seed market must be identified.

(iv) The region of seed production must be chosen. For example, in South East Asia, the

northeast region of Thailand has developed tropical forage seed production because of

suitable climate. soils and thousands of smallholder seed growers who have a long
experience in producing high quality forage seeds. For many it is their major occupation.

(v1 Close linkages must be maintained with the public sector to provide technical assistance
1o the private companies in seed production research, agronomy research. livestock
teeding trials and selection and training of seed growers.

{(viy The seed companies must be champions of the forage seeds they are producing and be
passionate about the benefits offered to livestock farmers who use their forage seeds. For
the companies to be successful, they should have a network of seed agronomists, forage

agronomists and livestock specialists, all interacting to produce the seed and then sell the
seed to livestock tarmers.

(viit The retail prices must be related to the forage value of the cultivars and the amount an
value of animal products generated. The concept of cheap seed must change. In the
beginning of commercialisation of a new cultivar, there must be a period in whicly the
wholesale prices are sufficient to attract and reward the seed growers. Companies may
have to promote the multiple use of forage seed crops in order to attract more seed

growers. Many forage seed crops can be grazed or cut for forage 7-8 months per year
before being closed for seed.

IT the international tropicat forage seed trade does develop in Asia, one scenario is thal
seed of forage varieties is grown in Asia and exported to other parts of the region or the world.
One case study where this is already happening is presented below to illustrate the potential for
the forage seed mmarket. Grupo Papalotla, 2 forage seed company from: Mexico, has contracted this
vear over 3000 smallholder seed growers in Northeast Thailand to produce approximately
100.000 kg of Brachiaria hybrids cvv.Mulato and Mulato 2. The seed will mainly be exported!
back 1o Central and South America, which is the largest tropical forage seed market in the world.
with aver 80.000 tonnes of seed being sold every year (Santos Filho, 1996).

Grupo Papalotia- a venturc between a private forage seed company and the public sector

Grupo Papalotla established a joint venture with the pubfic sector to breed and produce

seed of Brachiaria hybrids. The venture is a fong-term investment that involves the public sector
in Colombia and Thailand.

Colombia Several species of the grass genus Brachiaric have high potential as a
source of feed for livestock preduction in the-tropics. All of these varieties, however, have
signiticant limitations. For example, B. decumbens cv. Basilisk grows well in the dry season bui
is not a high quality feed and produces very littie seed in most areas of Southeast Asia. Ruzi grass
(B. riciziensiy) produces high yields of good quality feed in the wet season but is poorly adapted
to the long dry season and soon dies out. In the late 1980's, public sector Brachiuria breeding
programines were initiated in Brazil and Colombia to try to combine the best characteristics of
different Brachiaria species into new hybrids. After extensive selection in field trials throughout
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the 1990s. Mulato. the first interspecific Brachiaria hybrid bred by Dr John Miles. CIAT. was
released in 2000 by Grupo Papalotla. Under an agreement with CIAT. Grupo Papalotla has
exclusive world rights to produce and seil Mulato seed. CIAT receives funds to support the
Brachiaria breeding programme and a royalty on seed sales.

CIAT's decision to license Mulato was due to the lack of public sector capacity 10
distribute Brachiaria seed. [n keeping with its mandate 1o fight poverty in the tropics, CIAT saw
partnering with a private company as the most direct way to get new germplasm to small-scake
livestock producers. Because Mulato has been devetoped by CIAT research, it is ot part of the
germplasm collection of unimproved germplasm accessions that CIAT holds in trust as
international public goods. CIAT was therefore able to licence Mulato to Grupo Papalotla to
apply on s behalf for piant variety protection.

Grupe Papalotla has muliiparteer arrangements in many countries with buyers and
processors ol milk. and is able w0 sell seed to dairy farmers, the main buyers of Mulato. The
marketing of Muato is based on it having the following main attributes:

»  Dry matter yields that are on average 25-35% more than similar grasses.
Mtk vields that are 50% higher than those of similar grasses.

Crude protein content up to 22%, whict is very high for a tropical grass.
Digestibility of 62%.

Thailand In 2003, Grupo Papaiotla made the business decision to come to Thatland to
produce Mulato seed. The ‘decision to produce seed in Thailand was based on the following:

*  Quality Forage seeds are hand harvested in Thailand and are of very high purity (98-
99.5%). This is achieve either by daily hand knocking seed from seedheads that have
been tied into tiving sheaves or by collecting seed from nylon bags tied over the
seedheads (Kowithayakorn and Phaikaew, 1993; Phaikaew. 1997). Brachiuria seed
harvested in South America and Mexico is allowed to fall 1o the ground and then
swept up by large sweeping machines. Consequently the seed is contaminated with
iupurities and requires a lot of cleaning to achieve a purity above 95%. which
increases costs of production.

In addition, because of the large seed production of Brachiaria species in Brazi} there
is evidence of increasing contamination of B. brizaniha seed with morphologicaily
identical seeds of B. decumbens (Souza, 1999).

Grupo Papalotla has decided that in order to control quality and avoid the risk of seed
contamination it was better 1o produce seed of Mudate in Thatland.

Professionalism Smallholder seed growers in Thaitand are very professional i the
management of forage seed crops. Areas are small (0.2-0.5 ha). This enables
transplanting of seedlings from nurseries to fields, hand planting in rows, hawdi
weeding and hand harvesting and cleaning to take place. For many growers, forage
seed is their main cash crop and they intensively manage the crops to produce high
seed yields.

Experience The long experience of thousands of smallholder farmers in producing
forage seeds was a decisive factor in convincing Grupo Papalotia to start seed
production in Thailand.

* Integrity Grupo Papalotla felt that Mulato PBR would be respected in Thailand
because of the close-knil ties between the seed growers and the public sector that
buys and sells forage seeds.

Public sector involvement The organisation of thousands of farmers in producing
forage seeds of several species by the Department of Livestock Development and the

13

203



forage research experience of Ubon Ratchathani University meant that it was
relatively easy for Grupo Papalotla to start a joint venture in Thailand. No other

country in tropical Asia would be able to mobilise such a large number of

smallholder farmers to produce forage seeds. The two public sector organisations
were able to conduct pilot seed projects in 2003, and in 2004 have been responsible
in setecting sites, villages and farmers (o grow Mulato and Mulato 2. They will aiso
supervise the harvesting, cleaning and packaging of the seed to be ready for export.
in addition, they are conducting in-depth on-station research in Thailand into forage
and seed production of the two cultivars.

Mulato seed production in Thailand by Grupo Papalotla

This jeint venture bas been very carefully developed thirough research. a pilot project and
careful selection of experienced seed growers.

Public Sector Research The DLD and Ubon Rachathani University have conducted
forage. seed production and seed quality research on Mulato for 7 years prior to the joint venture
commencing in 2004. Forage production has been excellent, with Mulato producing significantly
more dey matter than ruzi in the wet season (31% higher) and in the dry season (131% higher).
Seed trials hay e shown that Mulato produces 34% more seed if it is closed in August rather than
earlier. and 865 more seed was harvested by using nylon bags rather than daily knocking.

The research is on-going. with intensive forage production research at several sites.
detailed seed production research into flowering, seed set, closing date, planting time and method
and harvesting technigues. and seed guality and seed storage studies. Grupo Papalotia will be able
1o use these results immediately in the promotion of Mulato and Mulato 2 (forage production and
quality) and for improved seed yields and seed quality.

Pilot project [n 2003, Mulato was planted in a pilot project by 6 farmers supervised by
DLD and 4 tarmers by Ubown Ratchathani University. The results from the pilot project enabled
Grupo Papalotia to work out wholesale prices based on farmer yields and seed quality. It also
established the feasibility of smallhotder Mulato seed production in Thailand. Seed. growing
guideline brochures were able to be printed and distributed to all seed growers.

From the results of the pilot project. Muiato seed production in 2004 is being supervised
by the DLD who have contracted 3000 farmers to produce up to 100 tonnes of seed. A smaller

programme (0 produce 10.000 kg of Mulato 2 by 105 farmers is being supervised by Ubon
Ratchathani Uimiversity.

If this pilot project lives up 10 expectations. Grupo Papalotla expects to produce up to
1000 1nnes of Brachiuria hybrid seed (Mulato and Mulato 2) annually in Thailand. The major
markets will initially be in Mexico and Brazil followed by other countries in Central and South
America. bul the company also intends to develop a seed market in Asia. A small market will
dervelop in Thailand (perhaps 100 tonnes per year), with Mulato or Mulato 2 replacing ruzi
because of its superior dry matter production, particularly in the dry season.

The future for forage seed production to promote animal production in Asia

Even though the demand for fresh forage will increase dramatically in the next few vears, the
interpal market of forage seeds will not increase at the same rate, for several reasons:
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(iy Sheep and goat numbers will increase but most are likely to be raised on native pastures
and forages or using cheap forage seed from the public sector and the informal farmer-to-

farmer sector. Few producers will waunt higher-priced. higher quality seed from private
seed companies.

(i) Many smallholder farmers will plant their forages -vege(aliveiy. This is the main method
of forage establishment in Lao PDR, Vietnam and Indonesia. They may only buy -2 kg

in the beginning-and after that expand their pastures using rootstock.

(i) Dairy production will only expand in Thailand. China. india and maybe Malavsia

depending on government policies (subsidization. tariffs, tmporting quotas and the main

buyer of fresh milk). Except for China. adequate seed quantities tor dairv forage
production are already provided by the public sector and the mformal sector. Mulato will
probably replace a large percentage of the market for ruzi and FPacum maxinnnm
“Simuang” (purple guinea) in Thailand and Malaysia.

(iv) The internal markets for forage seeds will remain too small to interest private companies
investing n seed production. given the large public sector involvement.

As iltustrated by the case study of Grupo Papalotla. howeves, opportunities do exist. for
private compaaies to produce seed in parts of Asia for export to other countries in Asia or the
wortd. The ventures will be more successful if the varieties have PBR protection. This will
ivolve a substantial investment by private companies in either breeding their own cultivars or
becoming head hicensees for public sector bred cultivars, However, ventures with public varieties
can be successful if a sirong forage market (dairying for example) is targeted. The private
companies must atso be champions of seed and be passionate about their products. They must
regard the seed. not as a commodity to be traded guickly, but as a high value product that requires
sensitive and careful long-term marketing.
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Effect of plant spacing, cutting and nitrogen on establishment
and production of Digitaria milanjiana cv. Jarra in north-east

Thailand

M.D. HARE, P. TATSAPONG, A. LUNPHA
AND K. WONGPICHET

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

Abstract

Three field experiments were conducted in north-
east Thailand on Jarra digit (Digitaria milan-
Jiana) to examine the effect of planting stolons at
varying row spacings on sward establishment and
the effect of cutting frequency and rate and fre-
quency of nitrogen application on growth and
forage quality. In Experiment 1, at the first cut
4 months  after planting, Jarra digit swards
planted in narrow rows (0.5 m) produced more
dry matter {DM), were twice as dense and had
fewer weeds than swards planted in wide rows
(2.0 m). Intermediate row spacings (¥-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. At the second cul
6 months afier planting, row spacing had no sig-
nificant effect on DM yield of Jarra digit.

In Experiment 2, increasing cutting interval
and eitrogen rate significantly (P < 0.05)
increased both total DM and stem DM yields. The
effect of cutting interval on leaf DM was not sig-
nificant but jeaf DM yields significantly (P < 0.05)
increased when nitrogen was applied. Cutting
every 20 days over a 240-d period reduced total
DM vyield by 30% compared with cutting every 60
days (13.2 vs 18.8 t/ha) although, at more frequent
cutting, crude protein concenirations were
30-50% higher and fibre concentrations (ADF
and NDF) 7-10% lower. Twenty kg/ha N applied
every 60 days increased total DM yields of Jarra
digit by 36% compared with control plots.
Applying higher nitrogen rates every 60 days

Cosrespondence: M.D, Hare, Facully of Agriculwre, Ubon
Ratchathani University, Warin Chamrab, Ubon Ratchathani
34190, Thailand. E-mail: michaci@agri.ubu.ac.th

increased total DM yields by only 13% (40 kp/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) to 52 (80 kg/ha N).

Experiment 3 showed that the total amount of
N applied had a greater effect on DM production
and CP conceniration of forage than the fre-
quency of application.

The resulis are discussed in terms of their
implications for smaliholder farmers in the
region.

Intreduction

Digitaria milanjiana cv. Jarra was released in
Australia in 1991 and registered in 1993 (Hal}
et al. 1993). In Thailand, Jarra digit has been
evaluated n a series of forage trials (Hare er al.
1999a; 2003} and for seed production (Gobius
et al. 2001), but despite being studied on research
stations in Thailand for nearly 10 years (Hare
1995; Hare er al. 1999a; Gobius er al. 2081},
Jarra digit has nol been accepted as a pasture
species for smaltholder farmers.

The difficulty of producing good-quality seed
of Jarra digit, since flowering occurs over a long
period in the middle of the wet season, is con-
sidered a barrier to its wider use in Thailand
{Gobius er al. 2001). However, lack of seed is not
seen as a barrier to successful production of
D. milanjiana cv. Mardi for pastures in Malaysia
(Hacker and Wong 1992) and the closely related
D. eriantha (pangela grass) in Thailand for fresh
grass cash cropping (Khemsawat and Phonbum-
rung 2002). In Malaysia, Mardi digit is vegeta-
tively propagated and, when stolons are planted
into moist seed-beds, the spaces rapidly fill in
{Hacker and Wong 1992}. Similarly in Thailand,
pangola grass is vegeiatively propagated, with
1500-1800 kp/ha of green stolons broadcast
into flooded fields (Anon. 2002). In Ausiralia,
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planting pangola grass runners 1-2 m apart gives
adequate coverage (Jones er af. 1986).

Spreading large quantities of green stolons
across fields is fabour-intensive and the fields,
which are former rice paddies, must be looded to
ensure successful establishment of pangola grass
in Thaitand (Anon. 2002). Pangola grass is
tolerant of flooding (Hacker 1992). While Jama
digil does tolesate some degree of waterlogging
(Hare et al. 2004a), it does not tolerate flooding
(Hacker and Wong 1992; Hare er al. 2003), and
grows better on well drained soils (Hacker and
Wong 1992, Hare ef al. 1999a). If Jama digit
pastures could be successfully established on
upland soils by planting stolons in widely spaced
rows o reduce both the time taken for establish-
ment and labour costs, interest in Jarra digit
pasture production might increase in Thailand.

in village pasture systems in north-east
Thailand, pastures are wsually grown on the
pooresl soils, as more fentile soils are used for
growing food and cash crops (Hare et al. 1999b).
Since village farmers apply little il any feniliser
(Hure er gl 1999b; Tudsri er al 2001), most
improved pasiurcs are nitrogen-defcient.

The level and frequency of nitrogen applica-
tion and the frequency of cutting influence the
quantity and quality of forage produced by
tropical forage grasses. Nitrogen applied al
20 kg/ha every 30 days throughout the wet season
in north-east Thailand increased dry matter yields
of Paspalum atratum by nearly 90% in one trial
and more than 250% in a second trial (Hare er al.
1999b). Cutting P arraium every 20 days over a
240-day period in north-east Thailand produced
only 74% of the tolal DM vyield obtained with
cutting every 60 days but crude protein concen-
tration was nearly twice as high (10.0 vs 53%)
{Hare er af. 2001). In a further study in cenlral
Thailand, pangola grass cut every 30 days pro-
duced 74% of the total DM yieid obtained with
cutting every 60 days but crude protein concen-
trations were 42% higher (Tudsri er al. 1998).

On well drained soils in north-east Thailand,
when 40 kg/ha N was applied every 45-50 days
after cutting during the wet season, Jarra digit
produced more than 27 tha DM, with average
crude protein levels of 6.6% (Hare ef al. 1999a).
These crude protein levels are considerably lower
than the B.1-18.7% recorded for Mardi digit in
Malaysia {Hacker and Wong 1992). The low
crude protein levels in Thailand were probably a
result of the 45-50 day cutting interval as swards

of Jarra digit quickly become stemmy and pro-
duce seed heads in the wel season, as observed
by researchess in the Departraent of Livestock
Development. For this reason, the more leafy
non-flowering pangota grass is recommended for
fresh grass cash cropping. However, freguent
cuiting may prevent Jarra digit pastures from
becoming stemmy and from flowering and may
increase leafiness and quality.

The objeclives of this research were to
examine: the planting of Jarra digit stolons at
varyiag row spacings in order to determine an
optimum stolon planting deasity for Jarra digit
pasture establishment; and the effect of varying
cutsing intervats and raies and frequencies of
nitrogen application on growth and forage quality
of Yarra digit pastures, in order to develop recom-
mendations on cutting and nitrogen management
for farmers.

Materials and methods

The field experiments were conducted in Ubon
Raichathani province, north-gast Thailand {I5°N,
104°E) on the Ubon Ratchathani University farm
in a 0.3 ha field from 2000 o 2002. Rainfall,
recorded 1 km from the trial site during the
siudies, was above the medium-term mean of
1593 mm/anrum in all 3 vears (Figure 1). In the
fisst year {2000) it was 30% above the medium-
term mean with over 400 mnvmonth in May, July
and August, making the soil very moist for good
stolon establishment. Rainfall at the beginning of
the nirogen experiments in May 2001 and May
2002 was more thas 50% below the mean bul
heavy ibunderstorms in the second half of both
wet seasons increased the annmual rainfall above
the mean.

The scil, classified as a sandy low humic gley
s0il (Roi-et soil series) (Mitsuchi er al. 1986).
was on an upland site. Soil samples taken m
sowing in May 2000 showed that the soil was
acid (pH 4.7), and low in organic matter (1%).
N (0.05%), P (10.7 ppm: Bray Il extraction
method) and K (19.5 ppm) concentrations. Prior
10 cultivation, the site had been planted for
6 years to ruzi grass {(frachiaria ruziliensis).
mixed with Verano stylo (Srvlosanthes hamara).
The sile was ploughed twice in March and April
2000 and rotary hoed o produce a fine seedbed
the day before Jarra digit stolons were planted
inio moist sotl in July 2000.
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Figure 1. Rainfall {mm} at Ubon Ratchathani Umiversity during the study and the medium-term mean (1992~2002),

Experiment | — Effect of ptant spacing on
establislunent

Freshly dug pgreen Jara digil silolons were
planted on July 6, 2000 in a randomised block
design with 4 plant row spacing treaiments (sio-
lons planied in rows 0.5, 1.0, 1.5 and 2.0 m apart
and 0.5 m apart within rows) and 5 replications.
The stolons were planted in clumps with a
handful of siolons placed in holes and =03l firmly
pressed in around the base of the stolons. Plois
measured 10 m x 4 m. Fertiliser (23 kg/ha N, 23
kg/ha K and 23 kp/ha Py was applicd on Sep-
tember 25, 2000 and after every sampling cut.

Sampling cuts (Gctober 24 and December 25,
2000: Apnil 25, June 12, July 27, Scpiember 5
and October 22, 2001) were taken [rom ¢ight
0.25 m? quadrats cul 5 cm from ground level in
cach plot with hand shears. Samples were taken
to assess batanical composition (Jarra digit %
and weeds % on a fresh weight basis) and Jarra
dry matter yield (200 g subsample dried al 70°C
for 48 h). After each sampling cul, the remaining
herbage was cut 1o 5 cm above ground level and
removed betore applying fertiliser.

Experimeni 2 — Effect of curting interval and
ditrogen

The research area (2000 m?2) was planted with
freshly dug Jarra digit stolons on July 6-7, 2000

al 50 cm X 50 ¢m gnd spacings and allowed 1o
establish throughout the frst wer and dry <ca-
sons. The area was cw (o ground level on
QOclober 24, 2000 and on April 19, 2001 and all
herbage removed. No fertiliser was applied
during this period.

The experiment was a randomised complete
block design compnsing 4 replicaions, 4 cutling
intervals (20,”30. 40 and 60 days) and 4 rates
of niwrogen (0, 20, 40 and 80 kg/ha N) applied
as urea cvery 00 days. All plois received
P (20 kg/ha), S (20 kg/a) and K (50 kg/ha)
every 00 days. The experiment commenced on
Apnl 19, 2001 und finished on December 135,
2001, a wial of 240 days. In total, the N treal-
ments received 0, 80, 160 and 320 kgl N. Each
plot measured 5 m % 5 m.

There were twelve 20-day, eight 30-day. six
40-day and four 6Q-day interval sampling cuts. At
each cul, material from four Q.25 m? quadrats was
cut 5 ¢m above grovnd level in each plot with hand
shears, separated into leaf and siem components
and weighed fresh. A 200 gram subsample of each
component was taken and dricd at 70°C for 48 h
and dry weight recorded. The dried leaf and stem
subsamples were analysed for lotal N 1o culeulale
crude protein levels (% N x 6.25). % ADI and
% NDF. After cuch sampling cul, except tor the
final cul. the remaining herbage in the plots was
cul to 3 cm above ground level and removed.
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Experiment 3 -— Effect of cutting and frequency
and amount of nitrogen

This experiment was on the same site as Experi-
ment 2. The field was cut 1o ground ievel on
December 19, 2001 and on April 19, 2002 and alt
herbage remeved. No fertiliser was applied
during this period. From previous field experi-
ments al Ubon Ratchathani University on sandy
soils, there has been no carry-over effect from
experiments, with the effects of nitrogen disap-
pearing within 2 months {Hare ef al. 1999b).

The experiment was a randomised complete
block design comptising 4 replications. 3 cutting
intervals (20. 40 and 60 days), 2 frequencies
of nitrogen application (30 and 60 days} and
2 nitrogen rates (20 and 40 kg/ha). On Aprit 19,
2002. nitrogen as urea was applied and all
plots received P (20 kgfa), § (20 kg/ha) and
K (50 kg/ha) every 60 days. The expeniment
commenced on April 19, 2002 and finished on
December 15. 2002, a total of 240 days. Each
plot measured 5 m X 5 m. Sampling was the same
as in Experiment 2. °

Bata from all experiments were analysed
using the IRRISTAT program f{rom The Inter-
national Rice Research Institute (TRRI).

Results

Experiment | — Effect of plant spacing on
establishment

At the first cut (114 days after plansing), row
spacing had a significant effect on DM produc-
livity (Table 1). Yields of Jasra digit planted at
0.5 m spacing were 2.3 times those at 2.0 m
spacing. By the secord sampling (172 days after
planiing), row spacing had no sigaificant
(P > 0.05) effect on DM production of Jarra digil.
This sitvation continued until the end of the study.

Dry matier yields were low in ali swards at the
end of the dry season (37 cut; about 600 kg/ha)
but total production in the second wet season

J4™m=7" cuisy was high in all swards, averaging

12.8 tha DM.

Jamra digit planted in narrow rows (0.5 m) was
significantly (P < 0.05) denser and had signifi-
canity (P < 0.05) fewer weeds than swards
planted in wider rows {1 and 2 m) for the first
2 cuts. The mosl common weed was pursley
(Richardo scabra) with some ruzi grass {B. rug-
ziensis). At the end of the dry season (3™ cut), all
swards, except for the 0.5 m swards, produced a
higher preportion of weeds than Jarra digit.
Buring the second wet season, farra digit
increased in density and at the 6" and 7' cuts, all
swards, on average, had less than 5% weeds.

Experiment 2 — Effect of cutting interval and
nitrogen

Increasing culting intesval and nitrogen rate sig-
nificantly (P < 0.05) increased both total DM and
stem DM yields (Table 2). Leaf DM yields
increased significantly (P < 0.05) when nitrogen
was applied but cutling interval had no overall
effect (P > 0.05) on ieaf DM. There was also a
significant cutting interval x nitrogen rate inter-
action for both total DM and sterm DM yields.

Increasing the cetting interval from 20 to 60
days produced, on average, twice as much stem
DM (Table 2). From June to September, all plots,
except the 20-day cutting interval plots, produced
flowering stems. While increasing the cutting
interval increased total DM yields at ail N tevels,
the increase (279} was not significant when no
nitrogen was applied. When 40 and 80 kg/ha N
were applied. total DM yields were increased by
more than 50% when cutting interval was
increased from 20 to 60 days.

Table 1. Effect of row spacing on dry matter production of Jarra digit.

Row spacing £ cul 20 cul 3% cul 4% oy 5% cul 6% et T cut
{24/10/009) (25/12400} {25/4/01) (26/6/01) {ZTHONH (3/901y {2241G/01)

(m) tkg/ha DM)

0.5 2536 a! 2353 a 753 a IM5a 2808 a g a LRl OF]

1.0 2150 a 1669 a &2 a 2858 a 2021 a 3077 a il59a

1.5 1782 ab 81l a 572 a 3847 a 316% a 3647 a 3046 a

il 1671 b 1553 a 555 a 2506 a 245% 3 447 a 32542

"Within columns, means followed by a commaon letier are not significantly different at P = 0.05 by Duncan’s Multiple Range Test.
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Table 2. Effect of cotting interval and nitrogen application on
production of Jarra digit in 2001 (Experiment 2).
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Tabte 4. Effect of cutting inteeval and siirogea application on
herhage yualivy of Jarra digitin 2001 (Expeament 2).

Culting Nitrogen rae'
interval {kgfha M}
d) —_—

(] 20 40 20

Total DM yicld (kg/a)

20 9 962 14 311 13 667 15132
30 1} 448 14 £33 18 347 17 114
40 L1577 15 780 17 148 19 202
&0 12 622 17 503 21253 23 985

L5 (P = Q.05) 2725
Treatment* *, Cutting**; Miirogen®*. Cuuting, x Mirogen*

Leal DM yield (kg/a)

20 533 2050 7223 7 657
30 5160 6517 7 868 730
40 5524 6922 7 447 8 248
60 4727 5508 6793 7577

LSD (P =005 1115
Treaiment®*: Culling*; Nitrogen®*; Culting » Nitrogen ns

Stem DM yicld (kg/ha)

20 4625 626! & 444 7475
30 6 288 812} 10479 G813
40 G Q53 8858 91 10 954
o 7 895 11 595 14 460 16 408

LSD {P = 0.05) 1974
Treatment* *: Cuting**: Nitrogen**; Culling x Nitrogen**

""Towal N apphied over trial (0. 80, 160 and 320 kg/ha).

Applying 20 kg/a N significantty (P < 0.05)
increased XM yields of all components at alt cut-
ting inlervals compared with 0 kg/ba N (Table 2).
Increasing nitrogen rates above 20 kg/ha had
variable effects, having no significant effect al
shorter cutting intervais (20 and 30 days) anrd
generally increasing yields of atl components
when cut every 40 or 60 days.

The response in total DM yield per unit of N
applied was curvilinear, with DM responses
decreasing as the level of N applied increased
{Table 3.

Table 3. Yicld responses (rom applying nitrogen 1o Jarra digit
(Experiment 2.

Cutting interval Nitcogen levet (kgfha N}

Cutting Nitrogen rate!
interval (kp/ha N}
(d)
0 20 40 , &0
Leaf crude protein concentration (% D)y
20 12.3 13.2 13.2 15.2
Rl ()] 127 13.0 13.6
40 9.6 08 T 1L4 13.6
&0 8.7 §.7 98 11.2

LSD (P =005 0381
Treaument**; Cutting**; Miregen**: Culting x Nirogen*®

Sweon crude prolein concenteation (S}

20 2.6 g2 83 10.5
kL] 62 7.3 19 8.0
40 53 6.7 7 8.0
62 5.0 37 4.0 5.3

LSD (P =0.05) 1.19
Treaimen**; Cuting**; Nitrogen**; Cutting x Nitrogen®

Leaf ADF (% DM)
20 s 3.3 307 G4
30 319 31 313 07
40 3358 313 33 23
62 318 139 33 22

LSD (P = 0.05) 0.69
Treatment** Culting**; Nirrogen® ™. Cutting » Nurogen*

Swem ADF {SoDM)
20 34.8 357 349 348
30 358 354 356 36.1
40 38.6 317 385 38.0
60 79 383 393 a9

LSD (P = 0.05) 1.45

Treaument**: Cutting**; Niwrogen ns: Colting x Nirrogen ns

Leaf NDF (%DM}
20 52.2 528 52.6 535
30 517 52.6 338 529
40 55.9 54.5 53.8 556
a0 56.1 560.6 56.6 552

LSD{P=005)275

Treatment®;, Cutiing™*; Nitrogen ns; Cuiting % Nitrogen na

Siem NDF (%DM}

20 62.2 63.5 62.7 62.1
30 648 631 65.1 629
40 66.3 6.0 6.8 65.8
60 66.5 69.1 £69.5 69.2

(d

80 160 320

Yield resparse
{kpDikgN)

20 54 23 541
w a0 43 17
40 52 as 24
) 61 4 36

LSD (P =0.05) 1.57
Treatmen1**; Cutling”*: Nirogen*; Cuuting x NiUrogen**

""Tonal M applicd over rial €0, 80, 160 and 320 kg/ha).

Crude protein concestrations in Jamra digit
stems and leaves were significantty (P < 0.01)
affected by lengsh of cuiting interval and level of
nitrogen fertiliser {Table 4). There was also a sig-
nificant (P < 0.05) cutting interval X nitrogen rate
interaction for crude protein concentrations.
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Increasing the cutting interval from 20 days to
60 days reduced crude protein concentrations in
stems and leaves by 49% and 29%, respectively.
Nitrogen applied at 80 kg/ha N increased crude
protein concentrations in stems and leaves by
24% and 29% over those in unfertilised material.
When no nitrogen was applied, mean crude
protein concentrations in stems and leaves cul
every 20-30 days were around 7% and 11%,
respectively.

Leaf ADF concentrations decreased with
increasing rates of mitrogen and increased as
cutting interval lengthened (Table 4). Stem ADF
concentrations increased as the cutting interval
lengthened but were not affected by increasing
rutes of nitrogen. NDF concentrations in both
leaves and siems sigpificantly (P < 0.01)
increased as cutting interval increased but
nitrogen affected only stesn NDF concentrations
(Table 4). There was a sigaificant (P < 0.01)
cuiting interval X nitrogen interaction for stem
NDF concentrasions, with high rates of nitrogen
(80 kg/ha) reducing stem NDF al 30-day cutting
intervals but increasing siem NDF at 60-day
culting intervals.

Experiment 3 — Effect of cuiting and frequency
and amouni of nitrogen

Increasing the cutting interval significantly
{P < 0.01) reduced the amount of leaf DM and
increased stem DM (Table 5). Applying nitrogen
every 30 days, compared with every 60 days,
increased total dry mater yields only at the
60-day cutting interval (Table 5). There was a
significant (P < 0.05) interaction between time
and rate of nitrogen for stem and total DM yields.

Applying 20 kg/ha N every 30 days, compared
with every 60 days, increased dry matter yields
of 21l components by approximately 16% (Table
6). Applying 40 kg/ha N every 30 days, com-
pared with every 60 days, increased ieaf DM but
not stem and total DM yields. [ncreasing the rate
of nitrogen from 20 to 40 kg/ha increased total
DM and leaf DM at both frequencies of applica-
tion, but the effect on stem DM was significant
only when the festiliser was applied every 60
days (Table 6).

Increases in cutling interval reduced crude
protein concenirations in leaf and stem (P < 0.05)
while increases in nitrogen rate increased leaf
and stem crude prolein concenirations (P < 0.05)
(Table 7). There was a significant {P < 0.01}

interaction between frequency and rate of
nitrogea for leaf and stem crude protein concen-
trations {Tabite 8). Leaf crude protein concentra-
tiens increased by 21% when nitrogen increased
from 20 to 40 kg/ha and was applied every
30 days, but by only 9% when the fertiliser was
applied every 60 days (Table 8). Increasing rates
of nitrogen increased stem crude protein concen-
trations by 30% when nitrogen was appiied every
30 days but had no effect when nitrogen was
applied every 60 days (Table 8).

Table 5, Effce of rate and (requency of nitrogen application and
culting interval on yield of Jarra digit in 2002 (Experniment 3).

Cunting interval N rate!

i)

M lrcquency

20 kg/ha 40 hg/ha 30d 60 d

Total DM yield (kg/ha)

20 13 064 14 540 14 202 1340
40 13249 15 760 15232 137977
e 13 926 16 879 16 242 14 563
LSD (P = 0.05) 1588

Treatment* *; Cutling*; Ralc of N**; Freq. of N**. Cuotling %
Rate of N ns; Cutting x Freq. of N ns; Freq. of N x Raic of N *

Leaf DM yield (kg/ha)

20 Taod 8127 7934 7437
40 £037 6939 6819 6156
62 5299 6084 63351 502
LSO (P = 0.05) 73

Treatment**; Culting”™: Rate of N**, Freq. of N**: Culling x
Rate of M ns; Cuting x Freq. of M ns: Freq. of N x Rate of N
ns.

Stem DM yield (kg/ha)

20 3770 6413 6218 5964
40 7212 8821 B413 7621
0 8627 10 795 9891 9531
LSD {p=0.05) 1209

Treatmen™*; Cwung**, Rate of N**; Freq. of M ps; Cutting x
Rate of N ns; Cutling X Freq. of N ns; Freq. of N x Rate of N #

ITowal N applied oves wial: 20 kpha N every 30 days =
160 kg/ha: 20 kgfa N every 60 days = 80 kgma: 40 kgha N
every 30 days = 320 kgha, 40 kg/ha N every 60 days =
160 kg/ha.

Leaf and stem ADF and NDF concentrations
significantly (P < 0.01) increased with increases
in cutting interval (Table 9} but were nol affected
by increases in nitrogen rates (Table 10).
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Table 6. Effect of (requency and rale of nilrogen application oo
yickd of Jarra digit in 2002 {Experiment 3).

Mitrogen ratc' M every 30 days N every 60 days
(kg/ha N)

Total DM yicld (kg/ha)
20 14 554 12273
40 15 897 15 555
LSD (9 = 0.05) 1297

Leaf DM yicld (kg/ha)
20 6755 5 Gbd
40 7347 6752
LSD (P = 0.05} 533

Swem DM yield (kg/ha)
20 7799 6 609
40 8550 8 803
LSD (P = 0.05) 987

'Total N applied over trial: 20 kg/ha N every 30 days =
160 kg/ha: 20 kg/a N cvery 60 days = BO kg/ha: 40 kgha N
every 30 days = 320 kg/ha; 40 kp/ha N every 60 days =
160 kg/ha,

Table 7. Effect of rate and frequency of aitrogen application
and cutting interval on crude prowin concenration af Jarra
digit in 2002 {Experiment 3).

N cate!
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Table 8. Effect of [requency and rate of aitrogen applicauan on
quality of Jarra digit in 2002 (Expenment ).

Nitrogen rate! Nevery 30 days N every 60 days
(kg/ha Ny
Leaf crude protein (92DM)
0 . ilh 11.2
40 13.% 12.2
LSD (P = 0.05) 0.83%
Stem crude prolein {S%eDM;
20 B2 73
40 10.7 7.4
LD (¥ = 0.05) 0.77

"Tolal N zpplicd over wial: 20 kg/ha N every 30 days =
160 kgfha: 20 kg/a N every 60 days = B0 kg/a: 20 kg/ha N
cvery 30 days = 320 kg/ha, 40 kg/ha N every 60 days =
160 kg/ha.

Table 9. Effcct of cutling interval on ADF and NDF concentra-
tions of Jamra digit in 2002 (Expenment 3).

Culting interva) ADF NDF
(d)

Seafl Stem Leaf Stem

{%DM)

20 304 343 51.9 613
40 39 356 55.4 633
60 37 6.7 56.6 65.4
LSD (P =003) 0.74 0.64 218 1.0t

Tabte 10. Effect of frequency and raie of nitcogen application
on quality of Jarra digit in 2002 (Experiment 3).

Mitrogen raie! N every 30 days N every 60 days

Cutting nicrval N ralc N every N every {kg/ha N)
i (20 kgfha (40kgha 30days 60 days
N) N Leaf ARF (5:DM)
Leaf crude protein 20 aLs 321
40 32 317
(%DM) LSD (P = 0.05) 061
26 139 16.1 16.1 13.9 -
40 19 14.0 142 17 Stem ADF (%DM)
60 99 i 11.6 94 30 357 352
L5D (P < 005 1.04 40 356 357
Treatment* *: Culung*; Raie of N**; Freq. of N**; Cuuing x LSD (P = 0.05) 0.52
Rate of N ns; Cutling % Freq of N ns; Freg. of N x Raie of N*©
Leal NDF (%DM)
Stem crude predein 20 546 552
(%DM} 40 550 335
2 9.7 111 116 9. LSD (P =0.05) 18
40 83 93 98 1.8 Stemn NDF (%DM)
60 5.6 6.8 6.9 5.5
LSD (P < 0.05) 0.94 0 633 618
Treatmem**; Cutling**, Rate of N**; Freq. of N**; Cutling x 40 62.6 618
Raie of N ns: Cutting X Freq. of N ns; Freg. of N X Rate of N** LSD (P = 0.05%) 082

‘Towasl N apphed over Irial: 20 kgma N every 30 days =
160 kg 20 kg/ha N every 60 duys = B0 kg/ha: 4D kp/ha N
every 30 days = 32G kpha: 40 kgha N every 60 days =
160 kgfha.

'Towal N applied over tial: 20 kg/ha N every 30 days =
160 kpMa: 20 kgfba N cvery 60 days = 80 kp/ha: 40 kpha N
every 30 days = 320 kgma: 40 kg/ha N every 60 days =
160 kgha,



224 M.D. Hare, P. Tatsapong, A, Lunpha and K. Wongpichet

Discussion

This study has shown that farra digit pastures can
be established successfully by vegetative propa-
gation by planting freshly dug stolens as soon as
possible after coliection, so the absence of seed
should no longer be seen as a barrier (o its wider
use in Thailand. Unlike pangola grass, where
lowiand fields are flooded for successful estab-
lishment {(Anon. 2002}, Jarra digit will establish
in upland soils, provided the soils are kept moist
during the establishment phase. Many small-
holder farmers in other parts of south-east Asia
prefer to establish pastures using vegetative
materiat (Siir and Home 2001). For most
grasses, they find vepetative planting easy and
reliable as establishment is rapid, provided there
is plenty of soil moisture, land does not have w
be fuilly cuitivaled and pianting can be done late
in the wet season. However, planting material has
to be available locally and, with a new species
tike Jarra digit, nurseries would have to be estab-
fished on govemmesnt research staiions. This
would be similar to the pangola grass program in
Thailand, where jarge fields are managed on
govemment research stations to supply initial
planting material 1o smalthotder farmers (Anon.
2002). Afier swards are established by small-
holder farmers, these can provide stolons for
planting additional areas.

In our study, the vegetative establishment of
Jarra digit swards foilowed 2 stages. The first
stage was the plant-establishment phase in the
tirst wet season during which stolons rooted and
spread out slowly to cover the inter-row spaces.
The second stage (second wet season) was the
consolidation or ‘thickening-up® stage in which
the inter-row spaces rapidly flled up, weeds
declined and the swards became grass-dominant.

Humphreys (1987} recommended planting at
spacings of 0.7 m between rows and 0.3 m within
rows for most vegetatively propagated grass
species in order to provide rapid production in
the first season. However, if early season graz-
ing was of little importance, this author sug-
gested that wider spacings on 2 m squares were
adequate for running grass species if there was
good weed conitrol. In our study, planting Jarea
digit on 50 cm squares provided the most forage
during the first wet season with the lowest pro-
portion of weeds. Planting at 2 m spacings took
6 months {0 produce the same amount of dry

matter as narrower inter-row spaced swards and
over a year to reduce weed density to below 10%.

Smallholder farm sizes in Thailard are small
(2—4 ha) (Hare er af. 1999a) and most farmns
experience feed shortages. When farmers sow
pastures they usually want rapid establishment
and aim to harvest within 2-3 months after
planting. To achieve this aim, Jarra digit stolons
should be ptanied in 30 cm squares. Wider row
spacings could be used if labour and planting
material were scarce but first-year DM produc-
tion would be lower and mose litee wouid be
required to allow the pastures (o "thicken-up’.

Cutting interval had a significant impact on
DM vields of forage components as well as
forage quality. While increasing the interval
between harvests increased total DM production,
this was at the expense of forage quality as ali of
the increase in DM yield was in the form of stem.
Yield of leaf was not affected by an increase in
the interval between harvests. As a result,
material produced with the longer cutting interval
was mach lower in protein and higher in fibre
than {rom the 20-day harvest interval. Similar
responses to cutting interval in Thailand have
been reported by Hare er al. (2001) for Ubon
paspatum and Tudsri er al. (1998) for pangoia
grass. While applications of N fertiliser increased
both yield and pasture guality, crude protein con-
centrations in stemns at 60-day cutiing intervals
were below 6.0%, even when 320 kg/ha N was
applied. Milford and Minson {1966} indicated
that the critical dietary crude protein concentra-
tion below which voluntary intake was depressed
was 7.0%.

Cutting every 20 days will produce high
quality forage but DM yield is reduced relative to
vields with the longer inter-harvest intervals.
From our results, a comprise would seem to be 10
cut Jarra digit every 30—40 days. This wilt
produce high DM yields of good quality forage.
Cutting intervals of 30 days for pangola grass
(Tudsti er al. 1998) and Ubon paspalum (Hare
et al. 2001} have been recommended to produce
good yields of high quality forage.

Applying nitrogen to the pastures gave yield
responses ranging from 52 kgDM/kgN at 80 kg
N/halyr to 23 kgDM/kegN at 320 kg N/ha'yr. This
curvilinear response was typical of the responses
in {ropical prasses of 20-50 kgDM/kgN
(Hurnphreys 1987) when N was applied as urea
and P, K and § were applied as basal dress-
ing. However, the responses exceeded the
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12-29 kgDM/kgN recorded in pangola grass
grows on medium fertility soils in one study in
Thailand (Tudsri et al. 1999) and 17 kgDM/kgN
in another (Tudsn and Sornprasitti 1988). Appli-
cations as low as 80 kg N/ha/yr gave good DM
yield responses and raised leaf crude protein con-
centrations if harvesting was done every 40 days
or less.

A feature of this siudy was the very high
nutntive value of Jarra digit forage with crude
protein concentrations among the highest
reported in Thailand in the wet season for a
tropical forage grass. Even when little or no
nitrogen was applied, crude protein concen-
trations of Jarra digit grown on very infertile soils
were twice as hiph as those recorded for Ubon
paspalum grown in an adjacent trial {Hare er al.
2004b). Smaltholder farmers who apply little or
no fertiliser can maintain high forage quality by
cutting Jarra digit every 20-30 days, though DM
production will be compromised. In Thailand,
Jarra digit is commonly compared with pangola
arass. Crude protein concentrations in leaves of
pangoia grass reached 9.8% only when 80 kg/ha
N was applied (Tudsri et al. 1998) and very high
rales of nitrogen (468-930 kg/ha) were needed to
increase crude protein concentrations to levels
between 12-14% (Tudsn er al. 1999). Further-
more, concentrations of ADF and NDF% in
leaves and stems were 3-5 units lower in Jarma
digil in cur study than those reported {for pangola
grass (Tudsri er al. 1998; 1999).

Conclusion

Jarra digit is a tropical forage of higher-than-
average nulritive value. It can be established
easily by planting stclons in moist soil with
50 em spacings, producing high DM yields in the
first wet season. The frequency with which the
pasture should be cut or grazed will depend on
the relative importance of quality and quantity of
forage produced. If DM yield is the primary
objective, a cutting interval of 60 days is appro-
priate. However, a culting interval of between
30 and 40 days is recommended as a compromise
to produce farge amounts of good quality forage.
Nitrogen application 10 Jarra digit pastures
growing on infertile soils in north-cast Thailand
wili tmprove grass produclion and increase crude
protein concentrations. Applying 20 kg/ha N
every 60 days during the growing season will
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give the highest response in dry matter produc-
tion per unit of nitrogen. Economics are usually
the uitimate determinant of the amount of
nitrogen 1o apply (Hare er al. 1999b), and appli-
calion of amounts above 20 kg/ha N or more
frequent nitroger applications would produce a
woese  economic  outcome than the regimen
recommended.
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Waterlogging tolerance of some tropical pasture grasses
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| Facuiry of Agriculture, Ubon Rarchathani
Universiry, Ubon Rarchathani, Thailand

2 Faculry of Agriculture, Kasetsart University,
Bangkhen, Bangkok, Thailand

Abstract

The waterlogging tolerance of some tropical
grasses was studied under controlled conditions
in plastic buckels in a greenhouse at Ubon
Ratchathani University, Thailand in 1997 and
1998, In Trial §, the following 6 species were
compared: Paspalum atratum cv. Ubon, Brachi-
aria  ruziziensis (common Thaitand type).
Faspalum plicatulum (common Thailand type),
Digitaria milanjiana cv. Jarra, Brachiaria
decwmbens cv. Basilisk and Paricum maximum
cv. Purple. Five waterlogging treatments were
imposed (non-waterlogged control plants after 0,
10 and 2¢ days and plants watertogged for 10 and
20 days). In Trial 2, effects of waterlogging on
Ubon paspalum were examined in detail with 4
waterlogging duration treatments {0, 10, 20 and
30 days waterlogging) and 3 plant ages (30, 60
and 90 days of age) at commencement of
flocding.

le Frial 1, the species most tolerant of water-
logging were plicatulum followed by Ubon
paspalum and Jarra digit. Purple guinea showed
medium tolerance and ruzi and sigral poor toler-
ance with »50% plant mortality after 20 days of
waterlogging. Ten days of waterlogging reduced
plant dry weights of all species compared with
control plants. After 20 days of walerlogging,
there were no significant differences in plant dry

Carrespondenee: M.D. Hare, Facohy of Agriculture, Dbon
Rawhathani Univeesily, Wario Chanwrab, Ubon Ratchathani
34190, Thailand. ¢-mail: snichacl@agri.ubu.ac.th

weights between waleriogged and control plants
of pticatulum, Uboen paspalum and Jarra digit.

In Trial 2, increased duration of waterlogging
significantly reduced plant and tiller dry weights
of Ubon paspalum piants, 30 and 90 days of age
a1 the commencement of waterlogging, but had
no significant effect on 60-day-old plants. In
older piants {60 and 90 days of age) following
waterlogging, leal tps shovelled and tumed
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, while phosphorus
tevels increased in ail plants as the duration of
waterlogging increased.

Introduction

In Thailand, many low-lying areas, which for-
merly grew rice, arc being used for pasture
development for the expanding dairy and beef
tndustries. These areas are exposed to short-term
or prolonged walerlogging or intermitient
flooding in the wet season, which often is a major
Himitation to pasture productivity.

Recent research has shown that Paspalum
airatum cv. Ubon was the most productive grass
on low-lying seasonally wel areas (Hare er al
199%a; 1999b). Other species (Seraria spacelata
var. splendida cv. Splenda, Paspalum plicatulum
and Brachiaria mutica) grew well but were not as
productive as Ubon paspalum in the second and
third years after cstablishment. Digitaria mitan-
jitana cv. Jamma and Brachiaria humidicola cv.
Tully established slowly and with time became
dense and persistent but not as productive as
Ubon paspalum (Hare et al. 1999a).

Waterlogging damage to pasture grasses is
positively related to the duration of waterlogging
and the depth of submergence, and the effects are
less severe on dormanl planis or planis nol
recently defoliated (Humphreys 1981). In the
field, the depth and duraticn of waterlogging vary
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Data from both trials were analysed using the
IRRISTAT program from IRRI.

Results

Trial } — Effect of duration of waterlogging on
the growth of 6 pasiure grass species

The visual symploms that developed dunng 10
and 20 days of waterlogping are described in
Table 1. Phicatulum was not affecied by water-
logging bul ruzi and sigral were, with death of
more than 50% of the planis waterlogped for
20 days. A small proportion (10%) of Ubon
paspalumn and Jarra digit plants died after 20 days

No waterlogging
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of waterlogging and the remaining Ubon
paspatum plants disptayed reddeaing of leaf tips.
Purpie puinea plants became stunted and leaves
turned yeilow during 20 days of waterlogging.

For all species except plicatuium, 10 days of
waterlogging reduced (P < 0.05) plant dry weights
compared with control piants (Table 2). Water-
logging for 20 days significantly (P < $.0%)
reduced plant dry weights of ruzi. signal and
Purpie guinea but did not significantly affect Ubon
paspalum, Jarra digit and plicaruium compared
with 20 day control plants. Between 10 ard
20 days of waterlogping, plant dry weights of
Ubon paspalum, Jarra digit, and plicatulum
increased by 83, 82 and 70%, respectively. After

Harvesting

L

[ |

10 days watetlogging

20 days wateriogging

30 days waterlogging

10 days 10 days
[ | No waterlogging

10 days 7 days

Wateriogging

Figure 1. Duration of waterlogging imposed on Ubon paspalum plants of 30, 60 and 90 days of age al the commence-

ment of Rooding (Trial 23,

Table 1. Visual symptoms on plants of & forage grass species following 10 and 20 days of wateclogging.

Grass species 10 days waterlogping

20 days waterlogging

Ubon paspalum  Leaves dark greer with reddening of leaf tips

Ruzi Large % of older leaves dead; young lcaves twisted
Jarra digit Small propontion of older feaves dead

Signal Older leaves dead; some plants stenied

Purple guinea Leaves highl green with some death of older leaves
Phcaluium Growth normal with ng visual symploms

10% of plants dead: remaining planls geeen with ved lcal
tips
>50% of plants dead; remaining planis very stunied with
dead leaves

10% of plants dead; remaining plants grecn and robost
>50% of plants dead: remaining plants green bul stnied
Planis stunted and all leaves yellow

Growth nermal with no visval symptoms

Table 2. Effect of watertogging for 10 and 20 days on dry weight per plant of 6 Uropical grasses.

Treatment Ubon paspatum Ruzi Jarra digil Signal Purple guinea Plicatolum
(g/plant)

Before wrial 34 3le 23b 30b 33b 24d¢

10 d conuol B4da 65h 7.6 a £0a 104 a 6.2 ab

10 & water? 4.1b 28¢c 4.5Db 300 4.1 b 4.7 be

20 d control 11.8a 9.7 a B7a g1a 11.2a 83a

20 d water® T5a ilc Bla 44b 6th ROa

EWichin columas, means followed by different tetters are significanity different (P < 0.05) by Duncan’s Mohtiple Ranpe Test.

*Walerlogging duration.
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Table 3. Visual symptoms oa leaves of Ubon paspalom of different ages following waterlogging for diffecent periods.

Watcrlogging duratian {d)

Grass age al commencement (d}

30 60 S0
10 Leaves dark green Edges of upper leaves preenish-  Upper leaves green: leafl tips
red; leal tps shrivelled; greenish~red or shrivelled, 1-6
1-5 Jower leaves dead lower leaves dead
2 Upper leaves dark green: lower  Edges of upper leaves brown and  Upper leaves greenish—red with

feaves light green to yellow

shrivelled; 1-7 Jower leaves dead: some dead leaves; 1=9 lower lcaves
some new leaves emerged

dead; some new leaves emerged

0 12 lower leaves dead; remaining  Edges of upper leaves brown and  Leaves greenish-red or dead; 1-9

Icaves light green to yellow

shrivelled; 1-7 lower leaves dead: lower leaves dead:; some new
some new leaves emecged

leaves emerged

20 days of waterlogging, plant dry weights of ruzi,
signal and Purple guinea had notincreased signifi-
canlly from their respective weights immediately
prior to the commencement of the trial.

Trial 2 — Effect of duration of waterlogging on
Ubon paspalum plants of varying ages

Visual symptoms on Jeaves of Ubon paspalum
plants during wawerlogging are described in
Table 3. Older ptants were more severely affected
by waterlogging than younger plants with leafl
tips wrning greenish-red or drying outl and many
tower leaves dying. Oilder planis (60-90 days)
had developed some new leaves afler being
waterlogged with the number increasing with the
duration of waterlogging.

Table 4. Effect of duration of walcrlogging on dry weight of
Ubon paspatum planls of various ages

90-day age groups, but tilier weights were signifi-
cantly reduced following watertogging in plants
30 and 90 days of age (Table 5).

Tabie 5. Effect of duration of waterlogging on tilier weight of
Uben paspalum plants of vardous ages.

Watcrlogging Grass age al commencement (d)
duration {d)
30 &0 90
(philler)

0 2.0 a 1.5z 2.7a
10 1.% ab 1.3 a 1.5h
20 140 1.2a 1.7b
30 17ab 1.1a 1.4%Y

! Within ¢olumns, means Tollowed by different leilers arc sig-
wificartly different (P < (.05) by Dunvan’s Muluiple Range Test.

Table 6. Effect of duration of walcrlogping oa nitroges and
phosphorus levels in Ubon paspalum plants of various ages.

Walerlogging Grass age al commencemeni (3) Waterlogging Grasg age a1 commencement (d)
duration {d) duration {d)
30 &0 o0 30 &0 %0
(gfplant) (%DM)

Q 548 al 69a 96 a N 3 M I N P
10 44 ab 63a 6.2 be 0 1.252" 0.11c 0S6a Q.10 (.51a 0.0%
20 37b 58a Tib 10 1002 0.02c G77a 0.13sb 08la 0.\4a
30 30b 54a 48¢ 20 107a 0.16b @83z 0.14a (772 (i2ab

30 1092 023a G722 0.16a 074z 0.15a

! Within calumns, means foltowed by gifferem leters arc sig-
nificanily differem (P < §.05) by Duncan’s Muliple Range Test.

Duration of waterlogging significantly reduced
dry weights of Ubon paspalum plants, 30 and
90 days of age at the commencement of water-
logging, but had no significant effect on dry
weight of 60-day-oid plants (Table 4). Water-
logging had no significant effect on the number
of tillers/plant which averaged 2.4, 4.7 and 4.}
tillers/ptant. respectively, for the 30, 60 and

'Within columns, means followed by differenl lelters are sig-
nificantly differen (P < 0.05} by Duncan’s Muitiple Raage Test

Nitrogen leveis in Ubon paspalum plants were
not significantly affected by waterlogging
(Table 6) and averaged 1.13,0.72 and 0.71% N in
the 3 plant age groups, 67, 97 and 127 days of
age, respectively, at the completion of the expeni-
ment. Phosphorus levels increased in all plants as
the duration of waterlogging increased {Table 6).
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between areas and seasons, depending on the
internal drainage of the soils and the amount of
rain. The establishment year is often the most dif-
ficult for grass species to grow under water-
logged conditions, with the age of the plants at
the time of waterlogging being of major impor-
tance 10 their survival, In some years, some spe-
cies survive waterlogging bul, in other years, they
fail to persist (Hare er al. 2003).

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

Materials and methods

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

Trial | — Effect of duration of warerlogging on
the growrh of 6 pasture grass species

The experiment was a 2-factor factorial arranged
in a randomised complete block design with 4
replications. There were 6 species [Paspalum
atratum cv.  Ubon, Brachiaria ruziziensis
{common Thailand type}, Paspalum plicatulum
{common Thailand type}, Digitaria milanjiana
cv. Jamma, Brachiaria decumbens cv. Basilisk and
Panicum maximum cv. Purple} and 5 plant water-
logging treatments {control plants after 0, 10 and
20 days and plants wateriopged for 10 and
20 days).

Twenty sceds per bucket per species were
sown into plastic buckets (3 buckets per treatment
per replication) on June 30, 1997 and thinned to
6 plants/buckel on July 31. There were 360
buckets in total. Fertiliser was applied at sowing,
al thinning and at the commencement of water-
logging to provide the equivalent (kg/ha) of 40 N,
50 K, 20 P and 20 S. The buckets were watered to
field capacity unti! August 26, 1997 when the
waterlogging experiment commenced; the water-

logged treaument buckets were then fooded to
5 cm above the soil surface and levels were main-
tained by once-daily applications of waler.
Conltrol buckets continued to be watered to ficld
capacity.

At the end of each watertogging treatment {10
& 20 days), visual symptoms were recorded on
the stems and ieaves of the waterlogged plants
and then both the control plants and the water-
logged plants were given a 7-day recovery period
before harvest. At each harvest, all 6 plants from
each bucket were carefuily removed and the roots
and tops washed to remove ali soil. The whote
plants were dried at 70°C for 48 hours and then
weighed.

Trial 2 — Effect of duration of waterlogging on
Ubon paspahuan planis of varying ages

The experiment was a 2-factor factorial amranged
in a randomised complete block design with 4
replications. There were 4 waterlogging duration
treatments (0, 10, 20 and 30 days waterlogging)
and 3 Ubon paspalum plant ages (30, 60 and
90 days of age) at commencement of fooding.

Ten sprouted scedsfbucket of Ubor paspalum
were planted inte plastic buckets (3 buckets per
treatment per replication} on December 25, 1997
and were thinned to 3 plants/bucket 2 weeks later.
There were 144 buckets in total. Fertiliser was
applied at sowing and every 30 days thereafter to
provide the equivalent (kg/ha) of 40N, 50 K, 20 P
and 20 §. The buckets were waiered lo field
capacity until the waterfogging experiment com-
menced; the waterlogped treatment buckets were
then flooded to 5 cm above the soil surface and
fevels maintained by once-daily applications of
water. Control plants continued to be watered to
field capacity. as were those plants thas had com-
pleted their waterlogging treatment {Figure 1).

Three days after the completion of the water-
logging phase in each treatment, visual symptoms
were recorded on the feaves of the plants in that
treatment. Plants were then sampled from all
treatments on Day 37 after ueatments com-
menced (Figure I). The extra 7 days was to allow
a recovery period for plants waterlogged for
30 days. At sampling, tillers/plant, tiller dry
weight and plant dry weight were recorded from
2 plants/treaunent/replication. For dry weight
measurement, plants were cui o sl fevel and
dried in an oven at 70°C for 48 hours. The dried
piants were anatysed for total N and P.
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Discussion

Adaptation of pasture prasses o former rice land
on low-lying areas subject to waterlogging or on
soils with impeded drainage is of special interest
in Thaitand. These areas are increasingly being
developed as pasture land for the expanding dairy
and beef induslries, but the rate of development is
limiled by the availability of suitable grass spe-
cies adapied to these seasonally wet sites.

In the current studies, the ability of planis to
survive and at least maintain their dry weight was
used as the major indicator of their tolerance of
waterlogging under conuolied conditions in
plastic buckets. Of the species tested, plicatulum
appeared most tolerant of watedogging; during
20 days of waterlogging all ptants survived and
increased their dry weight by 230% (Table 2},
displaying no visval adverse symptoms. This
supports the findings of Anderson (1970), who
classified plicatulum as ore of the most tolerant
grasses of walerlogging. For many years in
Thailand, plicatulum has been the most imporiant
pasture species sown on seasonally waterlogged
soils wilh seed available from the Depanment of
Livestock Deveiopment (Phaikaew 1997).

Jarra digit grass displayed good tolerance to
waterlogging with only 10% of the plants dying
after 20 days of waterlogging; the remaining
plants were robust and green and more than
tripled their dry weight during this period as did
the controi plants (Table 2}. From field expeni-
ence in Thaitand, the waterlogging tolerance of
larra digit grass has varied from good persisience
on the Ubon Ratchathani University farm (Hare
er al. 1999a), where it still grows well after
8§ yeurs in pasture, 10 DOOT persisience in trials on
heavily waterlogged sites (Hare er @l 2003).
Mardi digit grass has alse been reported as intol-
crum of waterlogging (Hacker and Wong 1992}

Pangola grass is recommended for poorly
drained soils in Malaysiz and the Philippines and
is tolerant of flooding (Hacker 1982}, In Thai-
land, pargola grass is being promoted as & high
quality fresh grass cash crop for growing on
former rice land (Khemsawat and Phonbumring
2002). 1t can only be propagated vegetatively,
which limits its expansion but the ability to pro-
duce seed in Thailand makes Jarra digit grass
(Gobius er al. 2001) a more easily propapated
species. More research on the tolerance of Jarra
digil grass to waterjogging seems warranted.
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Parple guinea displayed moderate wierance o
waterlogging, as plants survived and virtually
doubled their dry weight during 20 days of
waterlogging, despite becoming stunted and their
leaves turning yeltow. Anderson (1970) and
Whiteman {1980} also reported that guinea grass
had mwoderate tolerance to waterlogging and in a
series of trals in Thailand on waterlogged sites,
Purple guinea grew well on moderately water-
logged siles but poorly on heavily waterlogged
sites (Hare er al. 2003). Purple guinea is the
second most popular pasture species sowsn in
Thailand after ruzi grass. with seed produced by
village farmers on contract to the Department of
Livestock Development (Phaikaew 1997).

Ruzi grass is the most important pasture grass
produced in Thailand and seed is readily avail-
able (Phaikaew 1997; Hare and Phaikacw 1999).
It is often planted on waterlogged sites, where it
fails to persist. This is despite the fact that its
poor tolerance to waterlogging is well known
{Anderson 1970; Whiternan 1980). 1t was there-
fore included in this study as a control species Lo
compare its performance against more water-
logging-tolerant species. As was expected, both
ruzi and signal grasses showed poor lolerance 1o
waterlogging with fewer than 50% of the plants
surviving after 20 days of wateriogging and not
increasing their dry weight significansly during
this period.

The surviving signal grass plants, even though
stunted, remained green. Field observations in
Thailand suggest that signal grass survives short-
term waterlogging of 5-10 days indicating mod-
erate tolerance (Whiteman 1980). In Costa Rica,
7 months after planting in a site of high water
saturation, 1wo signal grass cuitivars, CIAT
16497 and cv. Basilisk, had lost vigour but all
planis survived (Argel and Keller-Grein 1996).
Signal grass is not coramanly planted for pas-
tures in Thailand due to the difficulties of seed
production but research is currently being under-
taken a1 Ubon Ratchathani University to solve the
problems of seed production.

The response of Ubon paspalum to water-
logging was moderate—good with 10% plant mor-
tality in Trial | and decreased plant dry weight
and titler dry weight in Trial 2. Visval symptoms
were apparent in both triais following water-
logging with leaf tips tuming red and many lower
leaves dying.

[n both trials, the Ubon paspalum plants that
were not significantly affected by waterlogging
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after 20-30 days of taundation were approxi-
mately the same age, 56 days (Trial 1) and 60 days
(Trial 2), at the commencement of waterlogging.
The waterlopging effects were more severe on the
younger planty (30 days of age) probably because
the normal respiratory pathway in their smali root
systems was more effectively blocked by waler-
logging {Whiteman 1980) than in the 60-day-old
plants. The more severe effects on older plants
(90 days of age) may have been a combination of
being stressed by becoming root-bound in the
plastic buckets and then being inundated with
water. In the field, established plants will tolerate
saturated soil for several months {Kalmbacher et
al. 1997, Hare er al. 2002) and fiooding upto 5 cm
depth for 3-4 weeks (Kalmbacher e al 1997).

It was observed that the water in the buckets in
the glasshouse tended to heat up. This heating
may have made the effects of waterlogging more
scvere, particularly planis watertogged for 20 and
30 days duration, than what happens in the fietd
in Thailand, where heating has not been observed.

In a study on waterlogging toterance of sub-
tropical tegumes, Shiferaw er al. (1992) found that
N levels in legume shoots after 14 days of water-
logging were reduced by 41% due to reduced N
fixation compared with control legumes. In the
current study, N levels in Ubon paspatum were not
significantly reduced by wateriogging and tended
to increase with duration of wateriogging which
was probably due to the regular 30-day applica-
tions of the equivalent of 40 kg/ha N, which could
not be leached out of the watertight plastic
buckets, In the field, nitrogen fertiliser did not sig-
nificantly increase mitrogen levels in waterlogged
Ubon paspalum plants {Hare e al. 1999¢).

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

This study has shown that plicatulum remains
one of the most tolerant forage species of water-
togging and for this reason continues fo be widely
grown in southemn parts of Thailand regularly
inundated with seasonal fiooding. Due to superior
dry matter yields and quality compared with
plicatulum and its moderate-good waterlogping
olerance, Ubon paspalum is rapidly becoming
the most popular specics to grow on wet soils in
other parts of Thaitand. However, it will not
establish if the soil is waterlogged or flooded
within 1 month of sowing (Kalmbacher et al.

1998), but 2- 10 3-week-old seedlings will survive
standing water for several days {Kalmbacher er
al. 1997). Jarra digit grass displayed moderate-
good wateriogging tolerance and if seed becomes
reguiarly available, this high quality forage spe-
cies could be grown more in Thailand. Purple
guinea wiil survive short penods of waterlogging
but with significantty reduced vigour, Both ruzi
and signal grasses displayed low waierlogging
tolerance though the latter will survive on wet
soils waterlogged for short periods.
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Brachiaria species in north-east Thailand: dry matter yields

and seed production
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Abstract

Two field experiments were conducted during
2000-2002 in north-east Thailand 1o compare dry
matter yields and seed production of Brachiaria
ruziziensis (roz grass: common Thailand type).
B. decumbens (common | signal grass) cv.
Basilisk, B. decumbens (CIAT 26297), B. bri-
zanthe cv. Marandu (CIAT 6780) and B. bri-
zantha (CIAT 6387).

Marandu, Basilisk and CIAT 6387 produced
50%, 46% and 43%, rcspectively, more dry
matter than ruzi grass over 3 dry seasons. In addi-
ton, during the research period, Marandu and
CIAT 6387 produced in excess of 30% more Jeafl
dry matter than ruzi grass. CIAT 26297 produced
similar dry matter yields to ruzi grass but pro-
duced the highest leaf crude protein concen-
tratons of all the wial cultivars.

Basilisk produced the greatest number of
inflorescences in 2001 followed by CIAT 6387
and ruzi grass, while in 2002, ruzi grass produced
6% and 15Q0% more inflorescences, respectvely,
thap Basilisk and CLAT 6387. Both Marandu and
CIAT 26297 produced very few inflorescences in
cither year. Ruzi grass produced 30 aad 80 kg/ha
seed in the two years, while the other species
produced negligible amounts of seed.

The failure of Basilisk in partcular to produce
adequale quantities of good seed was atmibuted
primarily to failure of either or both seed set and
caryopsis materatdon. The implications of this
and other faciors are discussed in relation o the
imponance of sile sclecton for more successiul
seed produciion of Basilisk and other accessions
of B. decumbens and B. brizaniha in Thailand.

Correspondence, M.D. Hure, Faculty of Agnculwre. Lhon
Ratchathami University. Warin Chamurab, Lbon Rachwhani
34190, Thailand, E-mail: michse! @ agri.ubu.ac.th

Introduction

Ruzi grass (Brachiaria ruziziensis) was inro-
duced into Thailand from Australia in 1968 and
planied on the Thai-Damsh Dairy farm and the
Pakchong Animal Nutnition research stauon in
cenwral Thailand (Anon. 1995). It is widely grown
only in Thailand and in the central Kerala State
in India (Stir er al. 1996), It is promoted in
Thailand because it produces good seed yields.
its time of seed harvest fits in easily with the farm
management program followed by village
farmers, it is easy to establish and the forage is
readily accepted by livesiock (Hare and
Phaikaew 1999). However, rescarch in Thailand
has shown that signal grass (B. decumbens cv.
Basilisk) produces higher dry seasom forage
yiclds than ruzi grass (Thinnakom and Kree-
thapon 1993; Hare et al. 1999, 2003).

Despite superior dry season production,
broader adaptability and persistence of signal
grass compared with ruzi grass, signal grass has
not been promoted in Thailand because of the
difficulty of producing seed. Signal grass pro-
duces seed over 2-3 months in the wel season,
during a period of very heavy rain, whereas ruzi
grass produces sced in a 1-month period, with
very litle rain, at the beginning of the dry season.
B. brizantha cultivars have not been previously
intensively smdied in Thailand.

The objective of this research was to compare
dry matter yield and seed production of ruzi grass
with those of cultvars and other accessions of
B. decumbens and B. brizantha.

Materials and methods

Two field experiments were conducted in Ubon
Rarchathani province, sorth-east Thailand (15°N,
104°E: 130 m asl; AAR 1593 mum) on the Ubon
Ratchathani University farm in a 0.15 ha ficld
trom 2000 o 2003. The sites were on an upland
sandy low humic gley soil (Roi-et soil series)
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(Mitsuchi er al. 1986). Soil samples 10 10 cm,
taken at sowing in May 2000, showed that the
soil was acid (pH 4.7: water method), and low in
organic matter {1%). N (0.05%), P (10.7 ppm:
Bray II exwaction method) and K (195 ppm).
Prior 10 cultivaton, the site had been planted 1o
ruzi grass. mixed with Verano stylo (Srylosanthes
hamaia), for 6 years. It was ploughed in March
and again in April 2000 and then rotary hoed to
produce a fine seed bed the day before planting in
June 2000.

Trial } — Dry matter yiclds

This rial measured dry matier yields of 5 Brachi-
aria species [Brachiaria ruziziensis (ruzi grass:
cornmon Thailand type), B. decumbens cv.
Basilisk (common signal grass), B. decumbens
(CIAT 26297 B brizantha c¢v. Marandu
(CIAT 6780) and B. hrizantha (CLAT 6387)]. The
layout was a randomised complete block design
with 5 replicates. The Irial was planied in
Juae 2000 with freshly dug rooted tillers,
spaced at 30 X 50 cm, into 5 X 5 m plots. Aftera
general ground level cuwt on October 25, 2000,
fertiliser was applied (156 kg/ha NPK 15:15:15).
Dry matier sampling cuts (8 X 0.25 m?) were
taken 2 or 3 umes each dry season for 3 dry
seasons (November-April 2000-2001: 2001-2002;
2002-2003} and 3 or 4 times each wet season for
2 wet seasons {(May—October 2001; 2002).

Al each cut. samples were weighed fresh and
hand-sorted inlo leaves and stems. Dry matter
yiclds were calculated from 300 g subsamples of
leaves and sterns dried at 70°C for 48 L. Samples
froto the dried samples were analysed for total N
(Kjehldal method) in order to calculale crude
protein levels (%N X 6.25) 2nd for acid detergent
fibre (ADF) and neutral detergent fibre (NDF)
concentrations. ADF was rot measured in the
first dry season.

After each sampling. the plots were cut 1o
5 cm above ground level and fertlised wilh
156 kg/ha NPK (15:15:15). except in 2002, when
fertiliser was applied afier every second cut.

Trial 2 — Seed vields

The same 5 accessions as for Trial § were planted
in June 2000 using the same pianung techmique.
triai design and layout.

Firsi season seed harvest. Swards were cul 10
ground level on QOctober 25, 2000 and

February 28, April 26 and June 11. 2001. On
August 6, 2001, after the harvest of the first flush
of seed, Basilisk plots were cul to 10 cm above
ground level and closed for the second flowerning
flush. Fentiliser {156 kg/ha NPK 15:15:15) was
applied te all plots after each cut.

A fixed quadrat of 2 m* was marked in each
plot and fully emerged inflorescences were
counted weeldy o establish the flowering
patterns of each species. At peak anthesis,
20 inflorescences per plot from just outside the
fixed gquadrats were collected for reproductive
anatysis. All racemes were counled on each
inflorescence and spikeleis per raceme were
counted from 3 racemes per inflorescence, taken
from the top, middle and bottom of each inflores-
cence. Seed was harvested from the fixed quad-
rats by wying the inflorescences ine ‘living
sheaves’ (Kowithayakomn and Phaikaew 1993)
and gently knocking the seed into bags each day.
The seed was dried slowly on Lop of tables inside
a shed and then cleaned through band screens
and a South Dakota seed blower. Foilowing
cleaning, seed yields were comrected to 12% seed
raoisiure content.

Second season seed harvest. After the first season
seed harvest was completed for all species, the
plots were cut close to ground level on
December 14, 2001 and again on April 25 and
June 10, 2002. On August 24, 2002 after the
harvest of the first Rush of seed, Basilisk plots
were cut close to ground level and closed for the
second flowering flush. Feniliser (156 kg/ha NPK
15:15:15) was apptlied to all plots on June 10 and
again to the Basilisk plots on August 24, 2002.

Flowering patterns, reproductive analysis and
seed yields were collected as for the first harvest
season.

Daia {rom both trials were analysed using con-
ventioral analyses of randomised complete block
experiments.

Results

Rainfall

Rainfall at ) km {rom the wrial sie (Figure 13,
was above the medium-term mean of 1593 mov/
annurn in alt years of the study. In the first estab-
lishment year, 2000. it was 30% above the
medium-ierm average, with over 400 mm/month
falling in May, July and August.
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Figare 1. Rainfall (mm) at Ubon Ratchathani University during the study and the medium-term mean (1992-2002).

Trial I — Dry matier yields

Basilisk. Marandu and CIAT 6387 consistently
produced more total dry maticr than mszi grass
and CIAT 26297, particularly in the dry seasoen
(Table 1). Over 3 dry scasons, Basilisk produced
46% and 36% more dry maiter than ruzi grass
and CIAT 26297, respeclivety. Marandu and
CIAT 6387 produced significandy {P < 0.05)
roore dry matier than ruzi grass and CIAT 26297
in 2 out of 3 dry seasons.

The wwo B. brizantha accessions, Marandu and
CIAT 6387, on averape. produced more leafl dry
matter than ruzi grass and CIAT 26297 (Table 2).

Table ). Towal dry mauner production of 5 Brachiaria accessions.

Basitisk generally produced more leaf (P < 0.05)
than ruzi grass and CIAT 26297 in the dry
season, but oot in the wel season. Basilisk pro-
duced morc stem (P < 0.05) than ruzi grass
(except in the second wel season) (Table 3).

CIAT 26297 had the highest leaf crude prolein
concenirations of all the accessions. being signif-
icantly higher than Marandu (all seasons) and
CIAT 6387 (4 oul of 5 scasons) {(Table 4). There
were no significant differences in leaf crude pro-
lein concentrauons between ruzi grass and
Basilisk, which were cither equal to or slighily
lower than for CIAT 26297, Except for the first

Agoession Total dry mancr

Dy el Dy Wet Dy

2000=-2001 200 0012002 2002 NNNR-2003
(kgfha)

Ru#s prass 5448 b 13RR3 be 2949 b QI95 ab Ziab
Btk R1M6 a 14725 ah 4467 3 IR 3 A7 a
CIAT 26297 G560 b 13330¢ 2624 b 76 b 3Mb
Marandu EOOK 1 15204 ab 4407 a YR a W1 oub
CIAT &387 K542 a 1611 2 3807 ab 98703 il62a

!In a column, means followed by a commeon lener are nol significanly differem 2t the 5% Jevel by Duncan’s Mulliple Range Test.
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Table 2. Leaf dry maner production of 5 Brachiaria accessions.

Accession Leal dry maner

Dy Wel Dry Wet Dry

2000-2001 030 2001200 2002 2002-2003
(kg/ha)

Ruzi grass 3520 ¢t 850 ¢ 195t b 4920 b 2447 be
Basilisk 4864 b 7884 ¢ 27196 2 5382 b 2693 ab
CLAT 26297 3B¥ec 8299 be 71T b 4929 b 2177 ¢
Marandu 6027 a 9538 a 3303 a 6570 a 3095 a
CLAT 6387 5402 ah 8946 b 2901 a 5383 b 2948 a

1n s colump, means followed by a common letier are not significantly different at the 5% tevel by Duncan's Muliiple Range Test.

Tabie 3. Stem dry mater produciion of 5 Brachiaria accessions.

Actassion Swem dry matter

Dry Wet Dry Wel Dry

2000-2001 2001 2002002 2002 20022003
(kgfha)

Ruzi grass 1928 ¢! 6023 b 98 b 43752 939 be
Basilisk 3262 a 6841 a 1671 a 4462 a 1584 a
CIAT 26297 2141 b 5037 ¢ B4T b 1847 b 957 be
Marandu 2941 ab 5667 e 114 b 3348 b 8l6 ¢
CIAT 6387 3140 ab F065 a €06 b 4487 a 1214 b

!'In a column, means foflowed by 2 common Jetier are not significantly different a1 the 5% level by Duncan's Multple Range Tes.

Table 4. Crude protein bevels in leaf (L) and stera (S) of 5 Brackiaria accessions.

Accession Crude protein
Dry Wel Dry Wet Dry
2000-200% 2001 2001-2062 2002 2002-2003
L s L 5 L s L ] L 5
(%)

Ruzi grass 103a 59a 9.4 ab 59z 134% 860 T4b 55ab 1242 6.8 be
Basilisk 996 55ah 8.9 ab 58a 129% 34% T4b 58a 1153 7.7b
Cl1AT 26297 W09 5.1bc 992 622 152a 97a 84a §5.6ab i3la 9.0a
Marandu 93¢ 4.6cd 830b 558 104 ¢ 63c¢ 6.6 59a 99b 62¢
CLAT 6387 92¢ 444 B6h 522 132b 87b FAR 465 124 a T7b

!in 2 colamn. means folowed by a common kener are not significantty different at the 5% level by Duncan's Multipte Range Test.

dry season, stem crude protein concentrations of Ruzi grass, on average, had significantly lower
CIAT 26297 were either equal (o or sigpificantlty ~ ADF and NDF leaf concentratioas and occasion-
higher than these for many of the other acces- ally lower ADF and NDF stem concentrations
sions, in parucular CIAT 6387. Siem crude pro- than Marandu (Tables 5 and §). Ruzi grass also
ein concentralions of ruzi grass and Basilisk had generally lower ADF and NDF concentra-
were similar in all seasons. tions than Basilisk.



Production of Brachiaria spp. in Thailand

Tabte 5. Acid detergent fibre concentrations in leaf (L) and stem (S) of 5 Brackiaria 3CCESSIONS.
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Accession wel Dy Wet Dy '
2000 20012002 2002 2602-2003
L S | 8 L s s
(%)

Run grass 30.7 ab! kLT3 234 ¢ 289¢ 295¢ 35,6 ab 258 ¢ 3090
Basilisk 289b 457 a 2506 42 27c 37.6:b 273y HM7Ta
CLAT 26297 3t5a 39.3ab 26.3 ab Mz 31.7ab 378z 282b 349a
Marandu 3202 3700 2742 326 an 325a 3570 3002 3M2a
CLAT 6387 33.4 sb 3%.62b 252 b 299bc 31.ib 383a 2820 3372

! In a cotemn, means followed by a common fetter are not significantly different at the 5% level by Duncan’s Multiple Range Test.

Table 6. Newtral detergent fibre concentralions in Yeal {L) and stem {8} of § Brachiario accessiops.

Accossion Dry Wet Dry Wel Dry
2000-2001 2001 20012002 2002 2002-2003
L s L s L s L s L 5
(%)
Ruzi grass 605 ¢! 682d 57.1¢c 65.0b 46.0c 564 ¢ 581¢ 66.1b 518¢ 584b
Basilisk 652 b 4.l a 5980 68.7a 4960 625a 5bc 630 542b 638a
CIAT 26297 6822 73.2ab  616ab  6Bla 52.5ab 6)dab G0Bbe 67.5ab 5550b 6232
Marandy M9 T07c 63.02 668ab 5.0z 6343 63.8a 663 b 59.0a 6362
CLAT 6387 652 b 714bc  621ab 6B6a 4965 5950b 6t.1b 673sb 348D 6152

!in a column, means foliowed by 3 cornreon lener are not significantly different at the 5% level by Duncan's Multipte Range Fesl.

Trial 2 — Seed yields

Basilisk was first to reach peak fowering each
year, followed, respectively, by CLAT 6387, CIAT
26297, Marandu and ruzi grass (Table 7). Peak
flowering was 1-2 months later in 2002 than in
2001 because the plots in 2002 were cut and
closed for sceding in June bat in 2001 the plots
were cut and closed in April.

Basilisk produced thc greatest number of
inflorescences in 2001 followed by CIAT 6387

Table 7. Date of peak Aowering of 5 Brachuaria aceessions,

and ruzi grass (Table 8). However, in 2002, ruzi
grass produced more inflorescences than all other
accessions. Both Marandu aod CIAT 26297 pro-
duced very few inflorescences in either year.
Ruzi grass produced significantly more racemes
per inflorescence than the other accessions and
significantly fewer spikelets per raceme than
Basilisk and Marandu. Marandu produced the
most spikelets per raceme in 2001 as did Basilisk
in 2002 (Table 8). CIAT 26297 produced signifi-
cantly fewer racemes and spikelets than the other
4 accessions.

In 2001, Basilisk produced 123 inflorescences
per m° in October, in addition to the main flush in
July. However, spikeiets produced by this second

Accession 1001 2002 flush were light and empty. In 2002, signal grass
Ran o did oot produce a second Bowering flush.

bt o oty Seed yields of ruzi grass (30 and 80 kg/ha)
CLAT 26297 Aug 27 Oct 4 were significantly higher than those of the other
Marandv 17 O 12 : hi H

gl i‘l’s M o 4 accessions. which produced negligible amounts

of seed (Table 9).
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Table 8. Reproductive components of 5 Bruchiora accessions.

Accession Inflorescences/m? +  Racemes/infiorescence Spikelets'raceme
26m 2002 2003 2002 2001 02
Razi grass 224 b! 2660 402 4.12 342¢c 3038¢c
Basitisk 33ta 151 b 29cd 23c 400 433 2
CIAT 26297 3¢ 234 27d 154 2R0d 2484
Marandu Me 11d 34b lb 488 a 96
CLAT 6387 257 b 106 ¢ 32bc 23¢ M43c 320¢

! In a column, means followed by a common letler are not sigoificandy different at the 5% level by Duncar's Muldple Range Test.

Table 9. Seed yiclds of 5 Brachiaria accessions.

could be a function of soil type and the
harvesting techrique. The soil at the experimental

Accession 2001 2002 site was not waterlogged but drainage was

pa) impeded. chcadraini_ng soils are f:SSemiaJ for IC-
Ruzi grass 296! . cessful Tuzl grass seed producton in Thailand.
Basilisk 53k <1b Farmers also achieve high yields by knocking
CIAT 26297 04t 1.6b seed from seedheads daily, often starting early in
?&f’;‘g;m 35 igg the moming before seed sheds or is eaien by

'In & column, means foliowed by a common leticr are noL
significandly different st the 5% fevel by Duncan's Mulipte
Range Test,

Discussion

Pasture grasses that have superior dry seasor pro-
duction, broader adaptability and better persist-
ence than ruzi prass are of special interest lo
farmers in Thailand. This research has shown that
3 Brachiaria accessions {(Marandu, Basilisk and
CIAT 6387) generally have higher dry matter
production than ruzi grass, particularly ia the dry
season. Marandu, Basilisk and CIAT 6387 pro-
duced 50%, 46% and 43%, respectively, more dry
maiter than ruri grass over the 3 dry seasons. In
addilion, Marandu and CIAT 6387 produced over
30% more leaf dry matier than ruri grass. How-
ever, ruzi grass generally has higher crude protein
levels than Marandu and lower fibre levels than
Marandu and Basilisk.

Even though Marandu, Bastlisk and CIAT
6387 produced more dry matter than ruzi grass in
our trial, only ruzd grass produccd useful sced
yields, which is the main reason why run grass
conlinues to be the dominant tropical pasture
specics used in Thailand. Seed yields of ruz
grass were, however, below those produced by
smallholder farmers in Thailand, who average
300-500 kg/he (Phaikaew er al. 1993). The
relatively low seed yields of nuz grass in our trial

birds. Many farmers sleep close 1o their crops in
order 1o chase birds away at daybreak. In our
trial, the seed was collected daily by knocking
seedheads but during government workipg hours.
Birds were observed foraging on the seed plots
and quite a lot of seed shed on to the ground
before collection.

However, our primary interest was in inflores-
cence density as an indicator of whether species
could flower profusely, overcoming the first
burdle for seed production. Both Marandu and
CIAT 26297 remained predominantly vegetative
and produced very few inflorescences. Basilisk
and CIAT 6387 produced at least as many inflor-
escences as ruzi grass in the first year. Ruzi grass
flowered well in both years.

The sparse flowering behaviour of Marandu
and CIAT 26297 may be because B. brizantha
and B. decumbens are considered quantitative
long-day plants (Hopkinson er al 1996). They
flower during the lenger days of the year and
usually flower vigorously only at higher tropical
laitades and at high eicvations (Ferguson er al.
1983},

The key to the success of the cultivars Basilisk
and Marandu in Brazil and Basilisk in Australia
has been the zbility of both cultivars o produce
pood seed yields in these countries. Previously., it
was difficult 1o produce seed of these \wo species
as they Rowered and sel sced over an exwended
period 1o the wel season.



Problems of Basilisk seed prodoction in
Australia were overcome following research by
Grof (1968) that showed that Basilisk could sei
good seed yields and the selection of seed-
producing sites in drier upland, higher tropical
latitude regions (Loch ef ol 1999). In Australia,
successful Basilisk seed producton is predomi-
nanily on the Atherton Tablelands at lower lad-
tudes {17°3) but at elevations of 600-900 m asl.

In Brazil. site selection was also impornant in
geting Basilisk and Marandu to produce high
seed yields (Loch er al. 1999}, in addition w the
ground sweeping of fallen seed, either by hand or
machine (Souza 1999). In Brazil, successful seed
producion of Marandu and Basilisk is in the
higher wopical latimdes (20 and 22°5) and at
elevations of 700-1000 m asl.

The Ubon Ratchathani University site at 15°N
may not have had a sufficient number of long
days to encourage reproductive development and
at 130 m asl, elevation was not able (o0 compen-
sate for insufficient latiede (Ferguson er al.
1983). Ferguson ef al. {1983) showed that, at
sirnilar latimdes in South America, 15-19°8, the
site with the highest elevation (1000 m asi) pro-
duced the highest yields of Basilisk, even though
that site had the lowest latwde (15°8). Further
research is needed Lo verify the quantitative long-
day requiremeat of cultivars of B. decumbens and
B. brizantha, and the influence of elevadon on
flowering.

Despite the trial site being marginal ia terms
of soil, latitade and elevation, Basilisk and CLAT
6387 both produced sufficient inflorescences and
spikelets to indicale a potential for useful seed
yields. Tt also suggested that thc long-day
requirement was perhaps not so critical for these
2 accessions. However, by seed harvest, there
was a massive failure of either or both seed set
and caryopsis maturation, with the cleaned seed
containing less than 1% of the spikelets formed
by the crops. The subsequent faiture of seed set,
despite abundant moisture, may be due o the
prolonged periods of overcast weather during
periods of heavy rainfall at the time of peak flow-
ering and seed maturation. These conditions are
also considered deleterious for seed mamration,
with abscission preceding maturation in a high
proportion of spikelets (Hopkinson ef al. 1996).
This results in abnorally high proportons of
light immature sced that occurred in both
Basilisk and CIAT 6387. This seed was removed
during seed cleaning, leaving negligible yields of
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good seed. In contrast, ruzi grass in Thaijland
flowers during the season of bright sunshine and
no tain, and produces low proporicns of light
seed.

In 1999, we initiated village farmer sced pro-
duction of Basilisk with 12 experienced ruzi
grass seed producers in a village 10 km from the
university. We considered that, under intensive
famer production, problems of seed shedding
would be overcome and good seed yields would
be recovered. Even though Basilisk produced
2 prolific flowering fiushes (early August and
6 weeks later in late September), the bulk of the
seed was immature. Only 19 kg/ha of useful seed
(thousand-seed weight TSW 2.8 g) was har-
vested. In 2000, all of the Basilisk seed crops in
the above vilage were waterlogged and failed 1o
flower,

At that siage we considered that planiing on
more fertile soils raight reduce Lhe incidence of
imroature seed. In 2000, we contracted 1 farmer,
50 km from the university with red-brown
organic soil, who harvested 56 kg/ha of good
sced (TSW 5.6 g}, despite having no previous
grass-production experience. In the second year,
the yield dropped to 30 kg/ha and in the third
year no seed was harvested due lo farmer health
prablems at the time of seed harvest. In 2002, we
contracled 4 more farmers, 70 km from the
university, with good soils but they harvested
oty 11 kp/ha seed (TSW 5.6 g). Selecting sites
on good soils had not solved the problem of
immature seed, as flowering and sced ser still
coincided with pedods of heavy rainfall and
overcasl conditions.

Research into seed production of Basilisk has
also been undertaken at other sites in north-east
Thailand with more success. A{ Chiang Yeun
{16°N; 170 m asl), Gobius ef al. (2001) harvested
81-123 kg/ha of acceptable seed (TSW 4.6 g) on
light sandy soils. They concluded that these yields
were unsatisfactory and thai heavier soils at
higher elevations may improve seed production.
At Khon Kaen, (16°N: 180 m asi), in small plots
on slightly beavier soils, Malipan (2001)
barvested 480-536 kg/ha seed (TSW 5.6 g). At
Chaiyaphum {16.5°N; 720 m as]) or heavier soils,
Kaewrahun (2003) harvested 826—870 kg/ha seed
(TSW 6.5 g).

In Queensland. the sced yields of Basilisk
usually range from 300800 kg/ha, with a TSW
of >50 g indicating a high level of marurity
{(Hopkinson er al. 1996). The sced yields and
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seed weights produced at Kheon Kaen and
Chaiyaphum were equal to those in Queensland,
particularly those in Chaiyaphur. It appears thas
Basilisk has the potential to produce good sced
yields in Thailand if seed crops are on heavier
soils at elevated siles. Marandu may also produce
good seed ag the same sites in Thadland because
of its ability to produce good seed yields in
Brazil on good soils ar high altitudes (Souza
1999). Priority should be given to larger-scale
commercial seed production of Basilisk and
Marandu at the Chaiyaphum site or similar
elevated sites in Thaitand.

Ruzi grass will continue to be the dominant
grass ptanted on uptand soils in Thailand because
of the availability of large quantities of relatively
cheap seed (US$2-3/kg). Demand for Basilisk
and Marandu will increase only once commercial
seed producers in Thailand can produce seed at
sirnilar retail prices 1o Tuzi grass.
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Seed Production of new hybrid
Brachiarias.in.Thailand I

Chaisang Phaikaew, Ganda Nakamanee and Michael Hare

Several species of the grass genus Brachiaria have high potential as a source of feed for livestock production in
the tropics. All of these species, however, have significant limitations. One of the most common varieties, Brachi-
aria dezumbens "Basilisk”, grows well in the dry season, but produces very little seed in most areas of Southeast
Asia. Brachiaria ruziziensis “Ruzi” produces high yields of good quality feed in the wet season, but is pootly
adapted to the long dry season and soon dies out.

In the mid 1980s, CIAT scientists started a breeding program to try to combine the best characteristics of different
Brachiaria species into new hybrids. The first of these was released in 2001 in a public-private partnership
between CIAT and the international seed company, Papalotla. This hybrid, known as Mulato, combines the best
qualities of its parents, Brachiaria ruziziensis and Brachiaria brizantha, into one piant. That is, it has both excellent
dry season tolerance and produces higher quality
feed than most Brachiaria varieties. Most significantly,
whilst it is a hybrid, a peculiarity of the reproductive
biology of the Brachiaria genus (‘apomixis’) means
that the seed collected from this hybrid remains true
to the parent. Thus, it is a hybrid that does not lock
smallholder farmers into regularly buying seed from
large companies, as is the case with most hybrid
crops, such as hybrid corn.

Mulato is ideally suited to moderately fertile to fertile
soils, in intensive livestock systems or in crop/pasture
rotations. [t does not grow well in very infertile soils or
wateriogged areas. Recent research in Colombia has
shown that cows grazing Mulato can produce an extra
1 to 2 litres of milk per day compared with cows graz-
ing other grass varieties. In Honduras, steers grazing
Mulato gained 900 g/day compared with 600 g/day
on B. decumbens cv. Basilisk.

The Mulato hybrid was first introduced by CIAT to
Southeast Asia in 1996 as part of a large Brachiaria
variety trial in Thailand. The Thai Department of
Livestock Development (DLD) identified Mulate as the
most promising variety for livestock production in the
seasonally wet-dry climates and poor soils of the
northeast. They ¢commenced seed production trials
on-station in 2000 and, because of the promising
results, commenced on-farm trials in 2003 with 7
smallholder farmers near Khon Kaen. On the strength
of the results, Papalotla provided a guaranteed
market in 2004 that will allow 1800 farmers to plant
1500 hectares for seed production, primarily for
export,

One limiting characteristic of Mulato is its low seed
ylelds (<180kg/hectare}). A new hybrid (“Mulato 27),
which is agronomically very similar to Mulato except
that it produces double the seed yields, has been
developed by CIAT. Ubon Ratchatani University and
Papalotla are working with 105 farmers in 2004 to
produce seed of Mulato 2.
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Stylo Adoption in Thailand: three decades of progress
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Background: Stylosanthes has been the most popular forage legume used in Thailand over the past 30 years.

From 1576-1984, the Department of Livestock Development (DLD) launched a project to improve 32,000 ha of

communal grazing land by oversowing large quantities of S. hamata ¢v. Verano seed (approximately 250 tyear).

This project generated the initial interest in stylo forage which has sustained over the years and up to the

present time. Styto is now mainly used for private grazing and cut and carry feeding for beef and dairy cattle.

However, farmers generally have greater interest in pfanting grass because of higher forage yields.

Townsville stylo (S. humilis) in the late 1960s, was the first stylo species to receive prominence in
Thailand. it grew exiremety well on free-draining upland soils, along roadsides and was tolerant of heavy grazing
in communal grazing areas (Wickham et al, 1077). After Townsville stylo was severely destroyed by anthracnose
in 1976, it was rapidly replaced by the more resistant Verano stylo. Verano stylo became the backbone of large-
scale pasture development in Thailand.

Perennial stylo {(S. guianensis) has been used for over 20 years for high quality, cut and carry backyard
forage. Graham stylo was the main cultivar produced until 1996, when it was hit by anthracnose and production
ceased. Tha Phra stylo (CIAT 184) immediately replaced Graham stylo because of its good resistant to
anthracnose and its high dry matter production. Hybrid stylo (Stylosanthes guianensis var. vulgaris x var.
paucifiora ATF 3308) seed is currently being produced for export to South America, because of its resistant to
anthracnose and grazing tolerance.

Seed Production: The Division of Animal Nutrition, DLD, has been respensible for the successful

implementation of & government-supported seed enterprise for nearly 30 years (Phaikaew and Hare, 1998; Hare

and Phaikaew, 1599). Since 1975, over 4,500 t of Verano stylo, Graham stylo and Tha Phra stylo seed have
been produced in Thailand by village farmers and DLD stations.

Area planted: Over 300,000 ha of grazing land (private grazing land, communal grazing areas and roadside

land) have been sown with stylo species in upland srea since 1975. Verano stylo is now indigenous in many

parts of Thaitand, particularty along roadsides in the northeast region. Some areas were oversown several times

if establishment was not successful and many farmers have regulatly resown stylo on private land after 3-4

years. The existing stylo area has decreased in size due to the decrease in communal grazing areas and the

lack of persistence of perennial stylo to heavy grazing and frequent cutting.

Major reasons for adoption:

1 Sandy, acid soils and medium seasonal rainfali (1250 mm) under which stylo species grow very well. All

species survive over the 8-7 month dry season and prolific seeding contributes to their survival.

2. Easy establishment, high germination and palatable forage makes stylo species the most popular forage

legumes used by fammers in Thailand.

3. Multiple uses of stylo as forage in cut & camry system, grazing, hay, silage, cover crops, and as leaf meal

protein in concentrate feeds for dairy, beef cattle, swine and poultry. Soil fertility is improved after stylo planting.

4, Avallabllity of cheap stylo seed produced by village farmers under the DLD programme.

5. Farmer acceptance of stylo as a good quality forage legume that can increase milk yield and reduce the

cost of concentrate feed. Stylo is used in TMR (Total Mixed Ration) for feeding dairy cows and beef fattening.

6. Regular extensive preparatory research, cotorful brochures, publications and technical advice from

DLD staff.

Future progress

Farmers in Thailand need to develop better skilts in managing perennial stylos (Tha Phra and Hybrid stylo 3308)

as legume protein banks for the dry season. Thalland'’s reputation in producing very high quality stylo seed must

be promaoted to develop a seed export market. Widespread use of perennial stylo has been limited due to lack of
persistence and poor regrowth when it is cut at a mature siage. Hybrid stylo 3308 may be the ideal roplacement,
as it has displayed good regrowth after cutting, no anthracnose disease and good grazing persistence.
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The objective of this research was to examine the effects of making silage in plastic
drum silos, by studing important factors of making silage in five experiments. Experiment 1: This
experiment examined the effects of different Ubon paspalum moisture levels before ensiling in
plastic drums on silage quality. The experiment was a complete randomized design with 4
replications and 4 grass moisture levels, 36%, 45%, 60% and 80%. Ubon paspalum was filied into
plastic drums, each containing about 60 kgs, and kept for 4 wecks. Ubon paspalum at 60%
moisture produced good quality silage because of the low pH and low butyric acid levels were
Tower than standard quality silage. However, based on acetic and butyric acid levels alf treatments
produced good quality silage. The evaluation of silage degradation in the rumen using the nylon
bag technique found that the average potential degradability (A+B) of dry matter was not
significantly different in all treatments and crude protein at 36% and 45% moisture levels were
higher than other treatments. When A, B and ¢ values from the nylon bag technique werc used to
predict dry matter intake (DMI) and growth rate according to multiple regression proposed by
Shem er al. (1995), the values were not different in ali treatments.

Experiment 2: This experiment examined the effects of time of ensiling Ubon
paspalum on silage quality. The experiment was a complete randomized design with 4 replications
and 6 times of ensiling, 1, 2, 3, 4 weeks, 3 and 6 months. The grass was filled into the plastic
drums, each containing about 60 kgs. It was found that pH was stable for all treatments, and acetic



and butyric acid levels were similar in all treatments and lower than levels in standard quality
silage. Six months ensiling produced the lowest dry matter. Crude protein decreased with time of
ensiling. The evaluation of silage degradation in the rumen using the nylon bag technigue found
that the average potential degradability (A+B) of dry matter was not different in all treatments and
crude protein at 6 months ensiling was higher than other treatments. When A, B and ¢ values from
the nylon bag technique were used to predict dry matter intake (DMI) and growth rate sccording
to multiple regression proposed by Shem er al. (1995), the values were not different in all
treatments.

Experiment 3: This experiment examined the effects of additives on Ubon paspalum
and Ubon stylo silage quality. The experiment was a complete randomized design with 4
replications with two species, Ubon paspalum and Ubon stylo, two additives, cassava and
molasses, three levels of additive, 3, 6 and 9% and a control treatment with no additives. The
forage was filled into plastic drums, each containing about 60 kgs, and kept for 4 weeks, it was
found that additives produced silage better in quality than silage with no additives. Molasses was
better than cassava at all levels because of the low silage pH. Dry matter increased with the
increase in additives. The evaluation of silage degradation in the rumen using the nylon bag
technique found that the average potential degradability (A+B) of dry matter was niot different in
all treatments and crude protein in Ubon paspalum silage with 6 and 9% molasses was higher (han
other Ubon paspalum silage treatments. Ubon stylo with 6% cassava added, had higher dry matter
than other Ubon stylo silage treatments, but crude protein was not different in all treatments.
When A, B and ¢ values from the nylon bag technique were used to predict dry matter intake
(DMI) and growth rate according to multiple regression proposed by Shem et al. (1995), the
values were not different in all treatments on Ubon paspalum. But Ubon stylo with no additive had
higher values than additive treatments.

Experiment 4: This experiment examined the effects of chopping and air suction on
Ubon paspatum silage quality in two trials. The first trial was completely randomized design with
4 replications and 2 chopping treatments, chopped and unchopped. The grass was filled into
plastic drums, cach containing about 60 kgs, and kept for 4 weeks. It was found that chopped grass
produced good quality silage because of the higher dry matter, higher crude protein and lower
butyric acid levels compared to unchopped grass silage. The evaluation of silage degradation in

244



245

the rumen using the nylon bag technique found that the average potential degradability (A+B) of
dry matter was higher in unchopped than chopped silage. But crude protein levels were not
different. The second trial was a completely randomized design with 4 replications, 2 chopping
methods (chopped and unchopped) and 2 suction jevels {suction and no suction). The grass was
filled into plastic bags, each containing about 40 kgs, and kept for 4 weeks. Chopped' silage in
plastic bags produced higher dry matter than unchopped silage in plastic bags. The quality of
sitage in bags that were sucked free of air had better quality silage than silage in bags where the air
was not sucked. The evaluation of sitage degradation in the rumen using the nylon bag technigue
found that the average potential degradability (A+B) of dry matter and crude protein was not
different in all treatments. When A, B and ¢ values from the nylon bag technique were used to
predict dry matter intake (DMI) and growth rate according to multiple regression proposed by
Shem er al. (1995}, the values were not different in all treatments in both plastic drums and plastic
bags.

Experiment 5: This experiment examined the effects of different levels of grass
(Ubon paspalum) and legume (Ubon styto) on silage quality. The experiment was a completely
randomized design with 4 replications and five levels of grass and legume, grass 100% - legume
0%, grass 75% - legume 25%, grass 50% - legume 50%, grass 25% - legume 75% and grass 0% -
legume 100%. All treatments had 3% molasses added. The forage was filled into plastic drums,
cach containing about 60 kgs, and kept for 4 weeks. It was {ound that a rate up to 50% Ubon stylo
produced good quality silage because of high dry matter, high crude protein and low butyric acid
levels. The evaluation of silage degradation in the rumen using the nylon bag technique found that
the average potential degradability (A+B) of dry matter and crude protein at grass 100% — legume
0% ratio was higher than other treatments. When A, B and ¢ values from the nylon bag technique
were used to predict dry matter intake (DMI) and growth rate according to multiple regression
proposed by Shem er al. (1995), the values increased with the increase in Ubon stylo.



