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4 Hare, M.D., Tatsapong P. and Saipraset, K. 2007 Seed production of two brachiaria
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Grasslands, 41, 26-34. (Appendix 4).

5 Hare, M.D., Tatsapong, P. and Saipraset, K. 2007 Seed production of two brachiaria
hybrid cultivars in north-east Thailand. 2. Closing date. Tropical Grassiands, 41, 3b-
42. (Appendix 5).

& Hare, M.D., Tatsapong, P. and Saipraset, K. 2007 Seed production of two brachiaria
hybrid cuitivars in north-east Thailand. 3. Barvesting method. Tropical Grassfands,
41, 43-49. (Appendix 6).

7 Hare, M.D., Tatsapong P., Phengphet, S. and Lunpha, S. 2007 Styfosanthes species in
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(in press). (Appendix 7).
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tropical forage grasses. Proceedings of international Herbage Seed Group
Conference (in press). (Appendix 8).
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Executive summary

The Thailand Research Fund project, ‘Forage seed production for increasing
village farmer’s income’, was conducted at the Faculty of Agriculture, Ubon
Ratchathani University from November 2005 to April 2007.

The project’s village seed production programme was partially successful with
high quality seed produced of Mulato II, Ubon paspalum and Ubon stylo. Production
of Ubon paspalum (6,600 kgs) and Ubon stylo (7,138 kgs) was done by 30 farmers in
one village in Warin Chamrab district, Ubon Ratchathani province. The 30 farmers
received 1,241,800 baht in cash for the two seed crops and this was paid on the same
day as the seed was purchased.

The project was less successful with Mulato II seed production because only 9%
of the farmers who signed contracts produced seed (2598 kgs) for sale. The major
reason for this low return by the farmers is that generally, farmers in many villages in
Ubon Ratchathani are more interested in rice production and rice harvesting is at the
same time as Mulato II seed harvesting. In addition, the low-lying land in Ubon
Ratchathani province is not so suitable for Mulato I seed production which requires
well-drained upland soils. Only a few areas in Buntharik, Warin Chamrab and Khung
Nai districts have suitable land and interested farmers.

In 2007, 323 farmers have signed contracts to produce Mulato II seed and of
these farmers, 112 are in Amnart Charern and 130 in Mukdahan. Farmers in these two
pravinces have a long experience in growing forage seeds and it is these farmers who
will produce most of the Mulato II seed in 2007. The project will continue with
private funding indefinitely and continue to promote this region as a centre of
excellence in forage seed production.

An cconomic analysis of forage seed production showed that producing forage
seeds will return farmers 2-3 times the income from growing alternative upland crops
of maize, cassava and sugarcane.

The method of placing nylon bags over the seed heads to collect seed produced
the highest seed yields of Mulato II. Studies on growth regulators and a starch-based
polymer did not increase seed yields of Ubon paspalum and Mulato IL



33

Abstract

The Thailand Research Fund project, ‘Forage seed production for increasing
village farmer’s income’, was conducted at the Facuity of Agriculture, Ubon
Ratchathani University from November 2005 to April 2007.

The project’s village seed production programme was partially successful with
high quality seed produced of Mulato II, Ubon paspalum and Ubon stylo. Production
of Ubon paspalum (6,600 kgs) and Ubon stylo (7,138 kgs) was done by 30 farmers in
one village in Warin Chamrab district, Ubon Ratchathani province. The 30 farmers
received 1,241,800 baht in cash for the two seed crops and this was paid out on the
same day as the seed was purchased.

The project was less successful with Mulato II seed production because only 9%
of the farmers who signed contracts (128 from 1438) produced seed (2598 kgs) for
sale. The major reason for this low return by the farmers is that generally, farmers in
many villages in Ubon Ratchathani are more interested in rice production and rice
harvesting is at the same time as Mulato Il seed harvesting. In addition, the low-lying
land in Ubon Ratchathani province is not so suitable for Mulato II seed production
which requires well-drained upland soils. Only a few areas in Buntharik, Warin
Chamrab and Khung Nai districts have suitable land and interested farmers.

The project has developed a small export market for Ubon paspalum (5,000 kgs)
and Ubon stylo (4,000 kgs). Mulato II seed was exported to Vanuatu, Costa Rica, and
Laos and a small local market has started to develop within Thailand, with some
farmers willing to pay 500 baht/kg for acid-scarified Mulato 1I seed.

In 2007, 323 farmers have signed contracts to produce Mulato II seed and of
these farmers, 112 are in Amnart Charern and 130 in Mukdahan, Farmers in Amnart
Charern and Mukdahan provinces have a long experience in growing forage seeds and
it is these farmers who will produce most of the Mulato II seed in 2007. The project
will continue with private funding indefinitely from Grupo Papalotla and from our
own revolving seed fund and continue to promote this region as a centre of excellence
in forage seed production.

An economic analysis of forage seed production showed that producing forage
seeds will return farmers 2-3 times the income from growing alternative upland crops
of maize, cassava and sugarcane. Forage seed crops return a nett income of between
5,000-9,800 baht per rai, while other upland crops return between 1,200-3,000
baht/rai,

The method of placing nylon bags over the seed heads to collect seed produced
the highest seed yields of Mulato II. Studies on growth regulators and a starch-based
polymer did not increase seed yields of Ubon paspalum and Mulato 11

Eight papers were written and published during the 18 month phase of the
project. The project maintained a high international scientific output.
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Final Report to the Thailand Research Fund

1. Project
Forage seed production for increasing village farmer’s income
2, Project Leader Professor Dr. Michael Hare
Research Associates
Di1. Kungwan Thummasaeng
Associate Professor Dr. Worapong Suriyapat
Associate Professor Dr. Kitti Wongpichet
Research Officers
Mr. Kittipat Saipraset
Miss Areerat Lunpha
3. Period of report
November 1, 2005 to April 30, 2007
4. Project research results

4.1 Seed production by village farmers

4.1.1 Mulato II seed production

Objective

The main objective of this research was to show that seed production of Mulato
II can be successfully done by smallholder farmers.

Methods

In 2006, 1,438 farmers signed contracts to produce Mulato II seed (Table 1).
From November 2005 to April 2006, villages were visited that were interested in
producing forage seeds and meetings held in these villages. This project was greatly
assisted through the cooperation of district councilors (Sor Jor) in Ubon Ratchathani
province and the Bank of Agricultural and Cooperatives in Amnart Charern provingce.
The Ubon Ratchathani district councilors were outstanding in contacting farmers,
arranging meeting venues and assisting with contract signing, Without their assistance
it would not have been possible to have 1,438 farmers sign contracts.

Farmers received in-village training on forage seed production. Video and
power point presentations of village farmer seed production were presented in villages
and technical brochures were distributed on how to grow, manage and produce forage
seeds. At the time of contract signing, each farmer received 100 grams (1-2 rai) or 200
grams (more than 2 rai) of free seed to plant seed nurseries.

The Mulato II seed given to the farmers was scarified for 20 minutes in
sulphuric acid in March 2006 to increase germination from 24% to 89%. 70 kgs of
seed at a time were poured into a concrete mixer and mixed with sulphuric acid for 20
minutes. The seed was then put into water and lime to neutralize the acid, washed in
running water and dried. Each packet of 100 grams contained approximately 13,000
seeds.

From May to October 2006, villages were regularly visited (about every 3-4
weeks) and seed crops inspected. The growing season was very difficult. In the first 3
months, May-July, rainfall was below average and many seed crops were sown late.
Some early sown crops died in June from drought and had to be replanted. Heavy rain
in August and September waterlogged many fields and in some places flooding
occurred, causing plant death.

Project field officers did an excellent job in advising the good farmers on how to
prepare the seed crops for harvest. CDs of pre-harvest management were distributed to
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al] seed groups. Farmers tied plants into upright bunches during seedhead emergence
and at flowering tied the seed heads into bunches (Plates 1 & 2). The plants were tied
twice.

The farmers knocked the ripe Mulate I seed out into seed trays every day during
harvest (Plate 3). The harvested seed was dried slowly in the shade for 3 days and on
the fourth day dried in the sun.

The seed was purchased at two prices, Farmers that harvested more than 100 kgs
received 200 baht/kg and for amounts less than 100 kgs/farmers they received 180
baht/kg.

Plate 2 Mulato II seed crop in Amnart Charern province
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Plate 3 Mulato II seed harvesting in Amnart Charern province

Table 1 Mulato II village farmer seed production in 2006

Province Village District No. of No. of Seed
farmers farmers | produced
signing that (kgs)

contracts | harvested
seed

Ubon

1 Bark Kud Waay Warin Chamrab 30 30 462
2 Tang Saay Warin Chamrab 13 - -
3 Kham Yai Muang 131 4 30
4 Kii Lek Muang 93 - -
5 Hua Rua Muang 108 - -
6 Pa Aow Muang 13§ - -
7 Sawang Somrong 7 1 11
8 Pa Kha Sawang Wirawong 2 1 16
9 Kud PraTaay Det Udom 8 1 10

10 Na Yia Na Yia 27 - -

11 Nong Buk Lao Sua Kok 9 5 -

12 Jik Lac Sua Kok 4 . -

13 Sang Tor Lao Sua Kok 11 3 39

14 Hart Yai Lao Sua Kok 16 2 20

15 Hart Noi Lao Sua Kok 18 2 10

16 Sawang Don Mut Daeng 41 2 19

17 Kham Hai Yai Don Mut Daeng 16 - -

18 SawangMing Muang Saam Sip 3 - -

19 Nong Lak & Lao Buk | Muang Saam Sip 156 -

20 Dum Yai Muang Saam Sip 21 - -

21 Thung Ma Nii Muang Saam Sip 61 3 40

22 Wang Mon Muang Saam Sip 13 1 14
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23 Kham Waa Tarn Sum 29
24 Tha Khor Khuang Nai 15 - -
25 Yang Kii Nok Khuang Nai 77 11 120
26 Non Kha Phibun 17 - -
27 Ang Sii La Phibun 19 - -
28 RiangTaewDai Sirinthon 31
29 Khaw Ptun Kud Khaw Ptun 8 -
30 Non Yai Po Sai 63 - -
31 Kaw Klang Buntharik 25 14 105
32 Jukan Sri Muang Mai 9 - -
33 Kum Tory Sri Muang Mai 33 - -
34 Nong Saeng Yai Khong Chiam 21 6 20
35 Nong Pua Noi Khong Chiam 9 - -
36 Bark Saeng, Naa Taan 8 - -
Amanart
37 Na Tair Muang 30 2 421
38 Kum Ngu Luam Muang 39 10 232
39 Kaeng Katin Muang 22 15 507
40 Pa Kor Chanuman 36 19 498
41 Raj Kii Lu Amnart 19 - -
Yasothon
42 ChiangPaeng PaTuew 1 - -
Sisaket
43 NaaRangKa Kantharaiak 1 1 24
Total 1438 128 2598
Results

In December 2006, 2598 kgs of good quality Mulato II were purchased from
128 farmers and 484,760 baht paid out in cash to them on the day of purchase. The
seed was treated with sulphuric acid at the university and recleaned to produce a final
total of 2,000 kgs of seed.

1,900 kgs has been exported (Table 2) and 100 kgs kept for sale in Thailand.

Table 2 Mulato II seed export 2007

Country Amount (kgs)
Vanuatu 1800
Laos 100

1,438 farmers signed contracts to produce seed but only 128 farmers (9%)
successfully produced seed because of the following reasons:

1 Many new farmers came to the meetings but they only signed contracts
because the local district councilor (Sor Jor) told them to sign. They received
per dieum for coming to the meeting and they never had any intention to grow a
seed crop. In other words, signing the contract was just a joke and the meetings
were arranged for political purposes, The seed in many cases just stayed in their
house. Some farmers returned the seed.

2 Many new farmers planted seed nurseries but did not transplant to fields
because they did not have sufficient arable upland. But they never told us this at
the meetings. They still signed contracts even though their land was unsuitable.
They signed just to please the district councilor.
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3 Some farmers transplanted into very low land which became waterlogged in
August-September causing the Mulato II plants to die. They thought that land
would not become waterlogged.

4 Some farmers planted seed crops on very light sandy soil and these crops

produced a very low number of seedheads.

5 Some farmers grew Mulato II for forage. They never had any intention to

produce seed. Some farmers sold fresh grass or cut the grass to feed to their own

cattle.

For 2007, 323 farmers have signed contracts to produce Mulato II seed (Table
3). They are planning to plant 1141 rai and if they average 30 kg/rai they should
produce 34,000 kgs. The contract prices are; less than 50 kg/farmer, 150 baht/kg; 50-
100 kg/farmer, 175 baht/kg; more than 100 kg/farmer, 200 baht/kg.

This year has seen an influx of new farmers from Mukdahan who previously
grew Purple guinea for seed but with the collapse of the Purple gunea seed market
they have contacted the project to produce Mulato 1I. We are very pleased to have
these farmers because they are experienced forage seed producers. More experienced
forage seed growers from Na Yia in Amnart have also joined the project.

Mukdahan and Amnart will be the main centres of Mulato II seed production.
The seed production areas there are very suitable because they are on well-drained
upland soils that previously grew Purple guinea for seed, sugarcane or cassava,

Fewer farmers in Ubon Ratchathani signed contracts this year. Only farmers
who had success last year came back to sign contracts this year. Generally, the seed
sites in Ubon Ratchathani are low lying and are less suitable for Mulato II seed
production than in Mukdahan and Amnart.

Table 3 Muiato II village farmer seed production in 2607

Province Village District No. of farmers | Planned planting
. area (rai)
Ubon
1 Bark Kud Waay | Warin Chamrab 31 50
2 Sang Tor Lao Sua Kok 7 19
3 Kukhaat Khuang Nai 9 12
4 Yang Kii Nok Khuang Nai 12 20
5 Sawang Don Mut Daeng 3 5
6 Kaw Klang Bunthark 11 44
7 Nong Saeng Yai | Khong Chiam 7 7
Amnart
1 Na Tair Muang 1 10
2 Kum Ngu Luam | Muang 16 ) 58
3 NaYia Muang 45 192
4 Kaeng Katin Muang 30 134
3 Pa Kor Chanuman 13 35
6 HuayThum Chanuman 7 16
Mukdahan
1 Phonsaay Muang 22 68
2 Natabaeng Nongsung 108 467
Sisaket
1 NaaRangKa Kantharalak 1 4

Total 323 1141
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4.1.2 Ubon paspalum

Objective

The main objective of this research was to consolidate Ubon paspalum as a
lucrative cash crop for village farmers.

Methods

30 farmers in Bark Kud Waay village, Warin Chamrab, signed contracts to
produce 220 kgs each (quota) of Ubon paspalum seed at a price of 80 baht/kg. These
farmers all had nearly 10 years experience in growing Ubon paspalum seed for our
project. The farmers initially had difficulty planting the seed crops in the early wet
season because of drought. Some farmers had to replant 2 times. Ubon paspalum must
be planted very early in the wet season, otherwise it will not produce seed.

Results

In October 2006, 6,600 kgs of seed were purchased from 30 farmers with
528,000 baht paid out in cash. They all produced their quota of 220 kgs each.
Following recleaning at the university 5,800 kgs of good seed was stored.

Grupo Papalotla purchased 5,000 kgs at 135 baht/kg and the remaining 800 kgs
will be sold by the project for 150 baht/kg.

From the 5,000 kgs, Grupo Papalotla has exported 1,500 kgs to Guatemala and
500 kgs to Costa Rica. The remaining 3,000 kgs will be sent to Florida for selling in
Central and South America.

For the 2007 harvest, 30 farmers in Bark Kud Waay signed contracts in April to
produce 250 kgs/farmer {(quota) at a purchase price of 80 baht/kg.

Conclusion

Production of Ubon paspalum seed by village farmers is not difficult. The main
problems last year were the drought at the beginning of the wet season which made
planting very difficult and the rain during seed harvesting which caused a lot of small
seed to form. This seed was removed during seed cleaning at the university and it was
a financial loss for us because 800 kgs were removed.

The challenge for us in the future is to try and increase the overseas export
market so that more farmers can produce seed in Thailand instead of just 30 farmers in
one village.

4.1.3 Ubon stylo

Objective

The main objective of this research was to show that farmers could harvest high
seed yields of a forage legume in the dry season and earn a good income from a dry
season cash crop.

Methods

30 farmers in Bark Kud Waay village, Warin Chamrab, signed contracts to
produce 250 kgs each (quota) of Ubon stylo seed at a price of 100 baht/kg. All of
these farmers had nearly 5 years experience in growing hamata stylo for the
Department of Livestock Development and 3 years growing Ubon stylo for our
project. Seed production of hamata and Ubon stylo are the same.

Results

In February 2007, 7,138 kgs of Ubon stylo seed were purchased from 30 farmers
with 713,800 baht paid out in cash. Following machine scarification and recleaning at
the university, 5,838 kgs of seed were stored.

Grupo Papalotla purchased 4,000 kgs at 135 baht/kg and the remaining 1,838
kgs will be sold by the project for 150 baht/kg.
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Grupo Papalotla have already sold 300 kgs to Costa Rica and 2300 kgs to
Vanuatu and the remaining 3,400 kgs will be shipped to Florida for sale in Central and
South America.

For the next harvest (February 2008), 30 farmers in Bark Kud Waay signed
contracts in April to produce 150 kgs/farmer (quota) at a purchase price of 100
baht/kg.

Conclusion

Production of Uben stylo seed is not easy. The farmers have to raise seedbeds in
furrows which facilitates ground sweeping the seced; they have to thoroughty hand-
weed the fields because no weed seeds can be in the stylo seeds for export; hand-
sweeping seed from the ground is a dirty and tiring job.

However, because seed is harvested in the dry season (February) when farmers
have no other crop at that time, the farmers are able to earn a very good dry season
income.

Ubon stylo seed production provides the farmers with good money at a time
when they have no other crops to sell.

4.1.4 Economics of village farmer forage seed production

Forage seeds are grown on upland that previously was planted in cassava,
sugarcane or maize, or on the upland rice paddies which are marginaily productive for
rice because they are not inundated with water every year. Ubon paspalum, Ubon stylo
and Mulato II grown for seed produce far higher incomes than alternate crops (Tables
4 & 5).

Forage seed production will impact immediately on farmer’s income by
substantially increasing their income many fold. Mulato 1I can generate additional
income from the sale of fresh forage, rootstock and seedlings which makes it the most
profitable crop to grow. However, this market for fresh forage and rootstock may not
Jast for many years as there is now an over-supply of fresh forage in Thailand from
over-production of Purple guinea grass.

Ubon paspalum and Mulato I forage can also be grazed or cut from the fields
for the farmers’ own animals, before closing for seed production (June-July) and after
seed harvest. There is no forage production before or after seed harvest from Ubon
stylo seed, crops because the plants do not grow fast enough for a closing cut and after
harvest, the harvest straw has no leaf and is very unpalatable.

Table 4 Average yields, price per kg and income from rice, cassava, sugarcane,
maize and forage seeds in Ubon Ratchathani province

Crop Average yield Price Gross income/rai  Nett income/rai
{kg/rai) (baht/kg) (baht) " (baht)
Rice HomMali 500 9 4,500 1,960
Cassava 2,000 3 6,000 2,800
Sugarcane 9,000 0.70 6,300 2,500
Maijze 1,000 5 5,000 1,850
Ubon paspalum 150 80 12,000 9,770
Mulato II* 40 200 8,000 5,390*
Ubon stylo 120 100 12,000 9,030

* Mulato 1I extra income from sale of fresh forage and seedlings (8,000 baht/rai)
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Table 5 Estimated costs and gross and nett income (baht/rai) from rice, cassava,
sugarcane, maize and forage seeds in Ubon Ratchathani province

Rice Cassava Sugarcane Maize Ubon Mulato Ubon
_paspalum i1 stylo

Ploughing 400 400 400 400 400 400 400
Raising - 200 200 200 - - 200

Fertiliser 1,500 1,500 2,000 1,500 1,000 1,000 1,000
Labour for - 169 400 160 160 160 320
weeding

Labour for 480 380 400 380 380 760 760
harvesting

Labour for - - - - 290 290 290
cleaning

Transport 160 160 400 190 - - -
Chopping - 400 - 320 - - -
or Husking

Total 2,540 3,200 3,800 3,150 2,230 2,610 2,970
direct

costs _ —
Sale price g 3 0.70 5 80 200 100
baht/kg

kg/rai 500 2,000 9,000 1,000 150 40 120
Gross 4,500 6,000 6,300 5,000 12,000 8,000 12,000
Income ) _ X
Nett 1,960 2,800 2,500 1,850 9,770 5,390 9,030
Income

Exira Netd 8,000

Income a

Total Nett 1,960 2,800 2,500 1,850 9,770 13,390 9,030
Income

Profitablity of Mulato II seed production would be further increased if seed
yields increased to levels produced by Ubon paspalum, 150 kg/rai. We have been
conducting field trials to increase seed yields by agronomic management. However,
the best way may be the release of higher seed producing brachiaria hybrids.
Currently, we are evaluating 15 brachiaria hybrids lines from CIAT. In two field trials
in 2006, 3 new hybrids produced twice the seed yields of Mulato I with similar dry
matter production and quality. We are optimistic that in the near future, good seed
producing brachiaria hybrids will be released that will be profitable for seed growers
and provide seed at lower retail prices to livestock farmers. ‘

4.2 Seed production research

4.2.1 Mulato II and starch-based polymer

Objective

The main objective of this research was to increase seed yields of Mulato II by
lowering the percentage of light and empty seed and increasing the amounts of good
seed. This was to be achieved by reducing water-stress during anthesis and seed-set by
placing the starch-based polymer around the Mulato II plant root zone. The polymer
takes up water which it holds for long periods and releases it slowly into the root zone.
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Methods

Two field trials were planted at the university in 2005 and harvested for seed in
November 2005. Trial 1 was planted on May 25 and Trial 2 on May 31. Both trials
were a RCBD with 5 replications and 5 treatments (control, Zeba polymer at 5 kg/ha,
Zeba at 10 kg/ha, Zeba at 15 kg/ha, Zeba at 20 kg/ha).

Mulato II tillers were planted in rows 1 m apart and 50 cm apart within rows.
Zeba polymer was mixed into the soil around the root zone of the tillers as they were
planted. Both fields were cut to 5 cm above ground level on August 5, inter-rows were
hoed and fertiliser (200 kg/ha NPK 15:15:15) applied. The same fertiliser rate was
applied again on October 7, 2005,

At peak anthesis in November 2005, all inflorescences in a fixed quadrat of 1 m
x 2 m were counted and 20 inflorescences were taken from just outside this area for
reproductive analysis. All racemes were counted on each inflorescence and spikelets
per raceme were counted from 3 racemes per inflorescence, taken from the top,
middle and bottom of each inflorescence. Seeds were harvested from within the fixed
quadrat by tying the inflorescences into living sheaves and gently knocking the seed
into bags each day. Seed was dried slowly on top of trays inside a laboratory and then
cleaned through hand screens and a South Dakota seed blower. Following cleaning,
seed yields and thousand seed weight (TSW) were corrected to 10% seed moisture
content.

Results

Zeba polymer had no effect on Mulato II seed yields (Table 6). The purpose of
using Zeba polymer is to retain soil moisture around the root zone of the plants so that
the plants are not affected by drought. Zeba is mainly used with seeds of horticulture
and field crops that are sown in seed nurseries for transplanting at a later date. Using
Zeba reduces the amount of irrigation water that has to be applied as the seeds
germinate, emerge and grow. In our field trials there was always sufficient soil
moisture around the root zones of the Mulato II plants so Zeba was of no use. Rainfall
during the 2005 was very good with 1500 mm falling. In addition, the field in Trial 2
was slightly waterlogged in September which caused seed yields in Trial 2 to be hailf
the yields of Trial 1 (Table 6).

Table 6 Effect of Zebra on seed yield components and seed yields of Mulato II

Treatments Inflorescences/m” Racemes/ Spikelets/ Seed yield
inflorescence raceme (kg/rai)*
Trial 1
control 175 5.4 36.4 352
Zeba 5 kg/ha 184 5.2 36.4 34.1
Zeba 10 kg/ha 175 5.1 36.4 ‘ 37.8
Zeba 15 kg/ha 194 5.2 359, 350
Zeba 20 kg/ha 170 5.4 36.6 35.8
LSD P<0.05 ns s ns ns
Trial 2
control 112 5.5 357 18.1
Zeba 5 kg/ha 118 5.5 343 17.3
Zeba 10 kg/ha 146 5.4 35.6 20.8
Zeba 15 kg/ha 114 5.5 35.2 17.6
Zeba 20 kg/ha 166 53 35.7 21.8
LSD P<0.05 ns ns ns ns

* corrected to 10% seed moisture content
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Conclusion

Zebra is of no benefit in reducing water-stress long-term in perennial forage
seed crops. Its use is in assisting seed germination and establishment during periods of
drought or low rainfall.

4.2.2 Mulato II harvesting methods

Objective

The hypothesis of this research is that the method of collecting seed in nylon
bags tied over seed heads will produce higher seed yiclds and better seed quality than
other hand-harvesting methods.

The objective was to compare seed production from nylon bag collection with
the common method used by farmers in Thailand of knocking seed heads and the
method used in Brazil of sweeping seed from the ground.

Methods

Mulato 11 tillers (divided from one-year old plants) were planted at a spacing of
1 m x 50 cm on May 31, 2005 at the university. On August 2, the field was cut to 5
cm above ground level. Fertiliser was applied on August 2 (NPK 15-15-15 200 kg/ha)
and on October 6 (Urea 20kg/ha).

The trial was a RCBD with 4 replications and 5 treatments and cach plot
measured 4 x 5 m. Treatments were

T1) flower heads tied up and knocked once every day,

T2) flower heads tied up and knocked twice daily,

T3) flower heads tied up and knocked every two days,

T4) flower heads covered up with a nylon bag and fallen seed collected every

seven days from the bag.

T5) Seed allowed to fall on to the ground and then swept up.

Seeds were harvested from the whole plots and then dried slowly on top of trays
instde a laboratory before cleaning through hand screens and a South Dakota seed
blower. Following cleaning, seed yields were corrected to 10% sced moisture content.
Data collection included seed yield, seed weight and seed viability (tetrazolium tests
TZ).

Results

The method of placing nylon bags over the seed heads to collect seed produced
the highest seed yield (Table 7). The nylon bag yield was significantly higher than the
second best method of twice daily knocking (88% more). There were no significant
differences among seed yields of the three methods of knocking. Sweeping seed from
the ground produced the lowest seed yields, the lightest seed and the seed with the
lowest viability (Table 7).

Conclusion

The nylon bag method produced the most seed. However, farmers think that the
costs of the bags are expensive at 8-10 baht/bag. Because Mulato II seed head stems
are fairly fragile, very light-weight nylon net material must be used to avoid breaking
the stems with their weight. The nylon netting must be porous to allow air-flow
through the bags. The netting is cut and sown into bags that have a small aperture at
one end that can be untied every 4-7 days to collect seed.

The bags cost 8-10 baht each and approximately 3,000 bags/rai are used, for a
cost of 24,000-30,000 baht/rai, Farmers are currently being paid 200 baht/kg for
Mulato II seed and, even if they produce 80 kg/rai, the cost of the nylon bags exceeds
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their gross returns. The bags can be used for several years, which does reduce their
cost over time, but apparently not sufficiently to be attractive to farmers.

Therefore knocking the seedheads once or twice a day is the most appropriate
method for farmers. The village farmers who get the highest seed yields knock
seedheads twice a day.

The South American method of ground sweeping fallen seed appears not
suitable for harvesting Mulato II seed in Thailand. We consider that a ot of the seed is
eaten by ants and perhaps a smaller amount rots on the ground. Mulato II seeds are
relatively soft when they shed and can be easily eaten by ants. Moist conditions during
harvest, from either rain or heavy dews, could contribute to Mulato II seed rotting on
the ground.

Table 7 Effect of harvesting method on Mulato 1I seed yields and seed viability

Harvest method Seed yield* TSW* Seed viability

] (kgrai) () (%)
T1 Knocking once daily 36.8 8.79 92.0
T2 Koocking twice daily 43.4 8,68 92.0
T3 Knecking every 2 days 40.7 8.54 89.3
T4 Nylon bag 81.5 9.03 90.5
TS Swept from ground 14.0 8.20 84.0
LSD P<0.05 11.7 (.38 5.8

* corrected to 10% seed moistuse content

4.2.3 Mulato IT and growth regulator Primo Maxx

Objective

The main objective of this research was to reduce the proportion of empty and
light seeds and increase seed yields.

The use of Primo Maxx has not been studied on tropical grass seed crops
because farmers and rescarchers have not been aware of its effective use, Plant growth
regulators (PGR) are used by the majority of top seed producers of ryegrass and tall
fescue in temperate countries. PGRs irhibit gibberellin biosynthesis and reduce
lodging and stem length. The short stem seed crops are able to provide a better
carbohydrate supply to the seeds and increase seed set by reducing the proportion of
empty and light seeds. In early work in the 1980s and 1990s, seced yield increases
varied from 8-136%. However, with an acceptable, cost-effective product from
Syngenta called Primo Maxx (Active ingredient Trinexapac-ethyl 12%), ryegrass and
“tall fescue seed growers now achieve 30-50% increases in seed yields in New Zealand
and the USA.

Methods ‘

Two field trials studied the effects of Primo Maxx plant growth regulator on
Muiato II seed production. Both trials were conducted at the university in a one-year
old Mulato I field planted in May 2005 in spacings of 1 m x 50 cm.

Trial 1 Rates of Primo Maxx This trial was a RCBD with 5 treatments (control
and Primo Maxx at 2, 3, 4, 5 litres/ha) and 4 replications. Primo Maxx was applied on
September 7, 2006 when Mulato II plants were at the 1-2 node growth stage.

Trial 2 Timing of applying Primo Maxx This trial was a RCBD with S
treatments [control and Primo Maxx (2 litres/ha) applied on July 7, August 7,
September 7, October 7, 2006] and 4 replications.
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Both trials were cut 5 cm above ground level on August 4, 2006 and fertiliser
was applied on August 4 (NPK 200 kg/ha 15:15:15), September 7 (Urea 100 kg/ha)
and October 7 (Urea 100 kg/ha).

At peak anthesis on November 13 (Tdal 1) and November 14 (Trial 2), all
inflorescences in 3 rows x 2 m in length (6 m?) were counted and nylon bags tied over
the seed heads to collect the seed. Thirty inflorescences were taken from just outside
this area for reproductive analysis and stem length. All racemes were counted on each
inflorescence and spikelets per raceme were counted from 3 racemes per
inflorescence, taken from the top, middle and bottom of each inflorescence. The
length of each inflorescence was measured from ground level to top of highest raceme
and from the last emerged leaf to the top of the highest raceme.

Seed was collected from the nylon bags at the end of harvest on December, 4.
The seed was slowly dried in small nylon bags hung from a rail inside a shed until
seed cleaning commenced on December, 20. The seed was cleaned through a South
Dakota seed blower. Following cleaning, seed yields and thousand seed weight (TSW)
were corrected to 10% seed moisture content.

Results

Trial 1 Rates of Primo Maxx Applying varying rates of Primo Maxx did not
increase seed yields or seed yield components of Mulato II (Table 8). Stem lengths
were slightly reduced by 3-6 cm only.

Table 8 Effect of rates of Primo Maxx (1/ha) on seed yield components and seed
yield of Mulato Il

Treatment Stem length Inflorescences Racemes/ Spikelets Seed TSW
2

Primo (cm) /m inflorescence  /raceme yield (2)*
Maxx (kg/rai)*
Base  Last
to leaf to
top top
control 104 37 82 4.0 33.1 158 9.81
21/ha 100 36 98 3.9 33.1 16.7 10.43
3 1/ha 99 37 68 4.0 33.1 12.5 7.77
4 lfha 101 37 78 4.0 33.5 16.6 10.34
5 l/ha 98 37 78 4.0 32.6 13.2 8.26
LSD 3.8 ns ns ns ns ns ns
P<0.05

* corrected to 10% seed moisture content

Trial 2 Timing of applying Primo Maxx Applying Primo Maxx at different
times had no effect on seed yield and seed yield components of Mulato 1I (Table 9).
Applying Primo Maxx in September shorten stem Iengths by nearly 10 ¢m (Tabie 9).

Conclusion

Growth regulator Primo Maxx was not effective in increasing seed yields of
Mulato II. Even though stems were shorten, increased branching leading to more
racemes and spikelets did not occur and seed-set was not improved.

Primo Maxx is widely used in Thailand on golf courses to increase turf density,
reduce stems appearing and reduce mowing frequency. However, it is of no use in
increasing seed yields of Mulato II in Thailand.
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Table 9 Effect of timing of Primo Maxx on seed yield components and seed yield
of Mulato I1

Treatment Stem length  Inflorescences Racemes/ Spikelets Seed TSW
Primo (em) fm® inflorescence  /raceme yield ®*
Maxx (kg/rai)*

Base  Last
to leafto
top top
Control 114 38 124 39 335 20.9 7.95
July 115 37 121 39 33.5 20.4 7.96
August 112 37 79 4.1 331 12.5 8.05
September 108 37 94 4.1 331 10.8 7.87
October 103 34 126 4.1 333 19.3 7.95
LSD 6.4 2.0 ns ns ns ns ns
P<0.05

* corrected to 10% seed moisture content

4.2.4 Ubon paspalum and plant growth regulator Primo Maxx

Objective

The main objective of this research was to increase seed yields of Ubon
paspalum by shortening stem lengths and reducing lodging.

Methods

Two field trials studied the effects of Primo Maxx plant growth regulator on
Ubon paspalum seed production. Both trials were conducted at the university in plots
of Ubon paspalum planted in May 2006 in spacings of 1 m x 50 cm.

Trial 1 Rates of Primo Maxx .This trial was a RCBD with 5 treatments (control
and Primo Maxx at 2, 3, 4, 5 litres/ha) and 4 replications. Primo Maxx applied on
August 7, 2006 when Ubon paspalum plants were at the 2 node stage and 50 cm in
height.

Trial 2 Timing of applying Primo Maxx This trial was a RCBD with 5
treatments {control and Primo Maxx (2 litres/ha) applied on June 7, July 7, August 7,
September 7} and 4 replications.

Both trials were cut 10 cm above ground level on July 7, 2006 and fertiliser was
applied on July 7 (NPK 200 kg/ha 15:15:15), August 7 (Urea 100 kg/ha) and
September 7 (Urea 100 kg/ha).

For both trials at peak anthesis on September 25, all inflorescences in 3 rows x 2
m in length (6 m?) were counted and nylon bags tied over the seed heads to collect the
seed. Thirty inflorescences were taken from just outside this area for reproductive
analysis and stem length. All racemes were counted on each inflorescence and
spikelets per raceme were counted from 3 racemes per inflorescence, taken from the
top, middle and bottom of each inflorescence. The length of each inflorescence was
measured from ground level to top of highest raceme and from the last emerged leaf to
the top of the highest raceme.

Seed was collected from the nylon bags at the end of harvest an QOctober 13, The
seed was slowly dried in small nylon bags hung from a rail inside a shed until seed
cleaning commenced on November 6. The seed was cleaned through a South Dakota
seed blower. Following cleaning, seed yields and thousand seed weight (TSW) were
corrected to 10% seed moisture content.
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Results -

Trial 1 Rates of Primo Maxx Applying varying rates of Primo Maxx did not
increase seed yields of Ubon paspalum (Table 10). A rate of 3]/ha reduced seed yields
by nearly 40% compared to not applying Primo Maxx (control). Primo Maxx reduced
stem lengths and increased the number of racemes and spikelets.

Trial 2 Timing of applying Primo Maxx Applying Primo Maxx from July
onwards significantly reduced seed yields of Ubon paspalum compared to applying
Primo Maxx in June or not applying at all (control) (Table 11). Applying Primo Maxx
in September reduced stem length, number of inflorescences, seed yield and TSW,
and increased spikelet numbers compared to earlier applications of Primo Maxx.

Table 10 Effect of rates of Primo Maxx (I/ha) on seed yield components and seed
yield of Ubon paspalum

Treatment  Stem length (cm)  Inflorescences Racemes/ Spikelets Seed TSW

Primo /m’ inflorescence  /raceme  yield  (g)*
Maxx (kg/rai}*

Base Last ieaf

to top to top
control 190 71 49.7 9.9 133.6 122 351
2 l/ha 170 65 54.2 10.5 141.1 113 3.36
3 I/ha 170 64 4.5 10.8 144.4 75 3.39
4 |/ha 172 63 50.9 10.8 1393 110 3.35
5 l/ha 162 59 48.4 11.4 142.6 118 3.32
LSD 10.2 53 ns 0.9 6.7 26 ns
P<0.05

* corrected 10 10% seed moisture confent

Table 11 Effect of timing of Primo Maxx on seed yield components and seed yield
of Ubon paspalum.

Treatment  Stem length (cm)  Inflorescences Racemes/ Spikelets Seed TSW
Primo /m* inflorescence  /raceme yield (g)*
Maxx (kg/rai)*

Base  Last leaf
{0 top {o top

Control 180 65 60.4 10.0 122.1 158 3.47
June 183 68 54.1 10.0 128.3 140 3.40
July 179 65 50.8 10.8 124.0 121 3.55

August 173 63 56.7 10.5 129.0 112 3.43

September  161.7 60 47.7 10.1 133.2 71 3.36
LSD 11.2 4.6 7.4 ns 6.3 . 32 0.84
P<0.05

* corrected to 10% seed moisture content

Conclusion

Applying Primo Maxx at different rates and at different times was of no benefit
in increasing Ubon paspalum seed yields. Even though raceme and spikelet numbers
did increase, there was a comresponding decrease in inflorescence numbers which
prevented seed yield increasing. Instead, there was a strong trend towards reduced
seed yields from using Primo Maxx compared to control.
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Plant stem lengths were shorten which may be of benefit if lodging occurs, but
given that farmers can cut back excessive forage growth in July to prevent lodging,
there would be no economic benefit gained from applying Primo Maxx.

In Thailand, Primo Maxx will not increase seed yields of Ubon paspalum.

5 Important project research and development conclusions over the last 18

months

5.1 Papers
Nine papers were written during the 18 month phase of the project. The project

maintained a high international scientific output.

1 Hare M.D. 2006 Applied research leads to successful export seed production of
South American forages in Ubon Ratchathani province, Thailand. International
Herbage Seed Group Newslerter, 40: 6-9. (Appendix 1).

2 Hare, M.D. and Wongpichet, K. 2007 (eds) Forages: A Pathway to Prosperity for
Smallholder Farmers. Proceedings of an International Forage Symposium,
Faculty of Agriculture, Ubon Ratchathani University, Thailand. (Title page
Appendix 2).

3 Hare, M.D. 2007 Successful seed production of South American forages in Ubon
Ratchathani province, Thailand: Research, development and export. In: Hare,
M.D. and Wongpichet, K. (eds) Forages: A Pathway to Prosperity for
Smallholder Farmers. Proceedings of an International Forage Symposium,
Faculty of Agriculture, Ubon Ratchathani University, Thailand. pp. 35-60.
(Faculty of Agriculture, Ubon Ratchathani University, Thailand). (Appendix 3).

4 Hare, M.D., Tatsapong P. and Saipraset, K. 2007 Seed production of two brachiaria
hybrid cultivars in north-east Thailand. 1. Method and time of planting. Tropical
Grasslands, 41, 26-34. (Appendix 4).

5 Hare, M.D., Tatsapong, P. and Saipraset, K. 2007 Seed production of two brachiaria
hybrid cultivars in north-east Thailand. 2. Closing date. Tropical Grasslands,
41, 35-42. (Appendix 5).

6 Hare, M.D., Tatsapong, P. and Saipraset, K. 2007 Seed production of two brachiaria
hybrid cultivars in north-east Thailand. 3. Harvesting method. Tropical
Grasslands, 41, 43-49. (Appendix 6).

7 Hare, M.D., Tatsapong P., Phengphet, S. and Lunpha, A. 2007 Stylosanthes species
in north-east Thailand: dry matter yields and seed production Tropical
Grasslands, 41, (in press). (Appendix 7).

8 Miles, J.W. and Hare, M.D. 2007 Plant breeding and seed production of apomictic
tropical forage grasses. Proceedings of International Herbage Seed Group
Conference (in press). (Appendix 8).

9 Hare, M.D., Lunpha, A. and Phengphet, S 2007 Effect of foliar applications of
trinexapac-ethyl plant growth regulator on seed yield in brachiaria hybrid cv.
Mulato II and Paspalum atratum. Tropical Grasslands (submitted). (Appendix
9.

5.2 Seed production by village farmers

Mulato I, Ubon paspalum and Ubon stylo are lucrative cash crops for farmers in
this region. They produce 2-3 times the income from traditional upland cash crops of
maize, cassava and sugarcane. They produce more cash income than rice.

Ubon paspalum and Ubon stylo produce the highest income for farmers.
However, the market for their seeds is limited. We can only sell between 4,000-7,000
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kgs/year. Only 30 farmers are contracted each year to produce seed of these two
species and these farmers are only in one village, Bark Kud Waay, Warin Chamrab
district, Ubon Ratchathani province. We can not expand seed production of Ubon
paspalum and Ubon stylo because the market is not big enough. Grupo Papalotla is
trying to market seed of these two species in Central and South America and hopefully
the market will expand in future years. But the market will always be small and
probably less than 10,000 kgs/year.

In contrast, the market for Mulato 11 is huge; with up to 500,000 kgs/year that
could easily be sold overseas. But we have had major problems in producing seed.
The farmers we have contracted to produce seed have generally failed. The major
reason for failure is that these farmers are not forage seed specialists and their major
crop is rice which is more important for them.

In addition, the land in Ubon Ratchathani province is generally low-lying and
Mulato II is best grown on upland areas. Areas in Amnart Charern and Mukdahan are
more suitable for Mulato II seed production. Farmers there have successfully grown
Purple guinea seed for many years and if Purple guinea grows well, Mulato II will also
grow well. Now that the market for Purple guinea has collapsed, the seed farmers
there want to grow Mulato IL

We are optimistic that approximately 30,000-40,000 kgs will be produced in
2007 because farmers in Amnart Charern and Mukdahan have joined our project.
Production could easily increase to over 200,000 kgs in 2008.

5.3 Seed production research

The method of placing nylon bags over seedheads produced the highest sced
yield of Mulato II (81 kg/rai} which was nearly 2 times the yield produced by
knocking. However, because of the high cost of nylon bags (8-10 baht/bag), farmers
prefer to knock seedheads once or twice a day. The method of ground sweeping seed,
which is the common method of grass seed production in Central and South America
and for stylo seed crops in Thailand, was not suitable at all for Mulato II. A very low
seed yield of 14 kg/rai was produced by ground sweeping Mulato Il seed.

Applying a growth regulator, Primo Maxx, and using a starch-based polymer,
Zeba, were of no benefit at all in increasing seed yield of Mulato II.

6 Were the objectives of this project achieved?

In the project proposal submitted to the Thailand Research Fund for approval in
2003, there were 10 main project objectives.

6.1 To help alleviate the forage seed shortage problem in Thailand.

This objective was not achieved because there is no longer a forage seced
shortage in Thailand. Instead, there is currently a huge oversupply of seed, particularly
Purple guinea grass. Nearly 2 million kgs of Purple guinea seed were produced in
Thailand in 2006 and only about 30% of this seed has been sold.

6.2 To support with high quality forage seeds the Thailand Government’s
Project “Cows for One Million Families” which will require a huge
supply of good quality forage.

This objective was achieved in 2006 because the project produced high quality
seed of Ubon paspalum and Ubon stylo which has been sold in Thailand. Even though
only a small amount of Mulato II seed has been sold in Thailand, there has been a lot
of Mulato II fresh forage produced from former seed crops, for either farmers’ own
cattle consumption or sold as fresh forage.
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The Thailand Government’s Project “Cows for One Million Families” has now
stopped so this objective no longer is relevant.

6.3 To promote high quality seed production of selected grasses and
legumes in villages in Ubon Ratchathani, Yasothon, Sisaket and Amnart
Charern provinces.

This objective was achieved in Ubon Ratchathani and Amnart Charern
provinces where the project will continue contracts with seed growers in 2007 and
thereafter. Mukdahan province will also become a centre of forage seed production.
However, the project was not successful in promoting forage seed production in
Sisaket and Yasothon provinces. Farmers in these two provinces are more interested
in rice production (Yasothon and Sisaket) and horticulture crops (Sisaket).

6.4 To transfer existing village forage seed production technology that is
available in one village in Ubon Ratchathani province to more than 50
villages in the above four provinces,

This objective was achieved in 17 villages in 2006. Even though we had a seed
production programme in 45 villages, only farmers in 17 villages successfully
produced seed. In 2007, we have now reduced the number of villages to only 16
villages and a smaller number of farmers, 323, but with larger areas. These farmers are
very efficient at forage seed production and so we should get many more times the
amount of seed in 2007 than in 2006.

6.5 To demonstrate that forage seed production produces far more income

for village farmers than other upland arable crops.

This objective was achieved as our economic analysis showed that forage seeds
will produce 2-3 times the income of alternate crops grown on the same land.

6.6 To develop new forage seed production management that will improve

forage seed yields.

This objective was partiaily achieved with harvesting techniques increasing seed
yield but other management techniques (growth regulators and starch-based polymer)
not increasing seed yield. Future increases in seed yield will come from plant breeding
and not from improved management.

6.7 To develop long-term markets for these forage seeds within Thailand

and overseas.

This objective was achieved with the sale of Ubon paspalum, Ubon stylo and
Mulato II seed overseas. We are also starting to sell more seeds within Thailand but
this has been difficult because our seed is far more expensive than Purple guinea,
because over-production has lowered prices of Purple guinea seed.

6.8 To promote Ubon Ratchathani, Yasothon, Sisaket and Amnart Charern

provinces as the main centre of high quality forage seeds in Asia.

This objective was only partially achieved because we will continue seed
production in Ubon Ratchathani and Amnart provinces but not in Yasothon province
and only in one village in Sisaket province.

6.9 To promote forage seeds as a Product of Thailand associated with High

Quality (High Purity and High Germination).

This objective was definitely achieved because overseas countries now know
that hand-harvested forage seeds from Thailand have high quality. Even though the
seeds Grupo Papalotla buys in Thailand are more e¢xpensive than Brazilian seeds,
farmers in Central and South America are starting to demand seeds from Thailand,
Brazilian seeds usually only have a purity of 50% and a germination of less than 40%
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but they are cheap. Our seed purities are generally over 98% and with germinatiins
higher than 80%.

6.10 To promote Ubon Ratchathani University as a research centre of high
quality forage seed production in Thailand through international
publications, conferences, fraining, field days and the mass media.

This objective was definitely achieved with the running of the successful
International Forage Conference ‘Forages: 4 Pathway to Prosperity for Smallholder
Farmers’ in March 2007 at the university. Delegates from 25 countries were very
impressed with the amount of seed research conducted at the university and the village
farmer seed production programme.

We have been asked to host the 7" International Herbage Seed Group
conference in 2011 because of our reputation as a centre of seed production
excellence. This conference will probably attract at least 150 delegates from over 50
countries.

7 Overall conclusion

The project was not totally successful in reaching all its goals with village seed
production (Mulato I} but it has created enormous interest with farmers in Amnart
Charern and Mukdahan provinces. Because we will rapidly expand village seed
production in future years we can say that our project was partially successful.

The project will continue indefinitely with funding from our revolving seed fund
and from the Mexican seed company, Grupo Papalotla.
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Appendix 1

Applied Research leads to successful export seed production of South
American forages in Ubon Ratchathani province, Thailand

M. D. Hare

Faculty of Agriculture, Ubon Ratchathani University, Ubon Ratchathani 34190, Thailand.

Intredunction

In 1995, the Faculty of Agriculture, Ubon Ratchathani Unijversity, received
research funding from the Thailand Research Fund (TRF) to study improved forages for
dairy cows in Thailand. Following 10 years of continuous research, three forage species
from South America, Ubon paspalum, Ubon stylo and Mulato 11, have been found to be
suitable to grow in Northeast Thailand. A village seed production programme was
initiated to produce seed for farmers in Thailand and recently a seed export market has
developed with seed being sold back to Central and South America, the place of origin of
these new forages.

Research and development of the forages to reach commercial export seed
production followed a clear long-term plan set out by the research project team in the
Faculty of Agriculture.

) Field research on applied agronomic management and seed technology.
o 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 buyer of seed.

» Processing, storing and marketing the forage seeds.

. Creating markets for forage seeds.

Origin of the three forage species

Ubon paspalum (Paspalum atratum) is a wild species native to the states of Mato
Grosso do Sul, Goias and Minas Geriais in central-western Brazil (Quarin et al., 1997).
An accession of this wild species, BRA 009610, was originally collected near the village
of Terenos, Mato Grosso do Sul State, Brazil, by Dr. J. Valls in April 1986 (J. Valls pers.
com.). In November 1994, Ubon Ratchathani University received 100 grams of BRA
009610 from Dr. Wemer Stur of the Forages for Smallholders Project based at IRRI,
Philippines (a project funded by AustAid and managed by CSIRO (Australia) and CIAT
(Colombia)). Fifty grams of this seed were used for the initial evaluation research (Hare
ef al., 1999a) and the other 50 grams were used for seed multiplication (Hare et al,
2001a). :

Following 3 years of evaluation work in Northeast Thailand, P. atratum was
copsistently found to be the best grass on seasonally wet-seasonally dry soils and in 1997
it was released for forage use by Ubon Ratchathani University as cultivar Ubon (Hare ef
al., 1999a).

Ubon stylo (Stylosanthes guianensis var. vulgaris x var. paucifiora) is a blend of
four lines (GC 1463, GC 1480, GC 1517, and GC 1579) derived from S. guianensis var.
vulgaris x var. pauciflora by selection for long-term resistance to anthracnose by Dr Bela
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Grof at the Embrapa Beef Cattle Research Centre, Campo Grande, Brazil in the 1990s
{Grof, et al. 2001). Seeds of these four lines were physically mixed in order to create
greater geuetic diversity for durable resistance to anthracnose. Three of the components
(GC 1463, GC 1517 and GC 1579) are single-plant selections made in the Philippines by
Dr Grof from the hybrid population CIAT 11833 which was selected in the Colombian
Lianos by Dr John Miles at CIAT. The fourth component (GC 1480) is from accession
CIAT 2340, which originates from the Casanare region of Colombia. Selection for
anthracnose resistance was carried out in the Philippines and in regional trials conducted
in Brazil,

In November 1999, we received from Dr Bela Grof 20 grams of seed. We grew
2622 seedlings which we planted into a 510 m? area on the unjversity farm in May 2000.
Twenty-six kgs of seed were harvested from this area in February 2001. We used this
seed for dairy trials, where we found that dairy cows grazing Ubon stylo produced high
milk yields without any extra feeding of concentrates (Thummasaeng et al. 2004).

The S. guianensis var. vulgaris x var. pauciflora blend has been registered in
Australia as ATF 3308 and released as culfivar Nina in 2003 (Cook et al. 2005).
However, in Thailand, farmers growing seed and forage call it “Ubon stylo” and so we
have continued to use this name since releasing it in 2002.

We used this seed for dairy grazing trials, where we found that dairy cows grazing
Ubon stylo produced high milk yields without any extra feeding of concentrates
(Thumimasaeng et al., 2004). In small plot trials, Ubon stylo produced significantly more
dry matter than hamata stylo, the commonly grown stylo in Thailand. Following 3 years
research at the university we found Uboa stylo to be the best stylo legume on upland
soils. It produced equal dry matter yields to Tha Phra stylo but because of its greater
resistance to anthracnose, greater palatability, rapid seed germination and high seed
yvields (Table 1), we decided to produce more seed in our village farmer seed production

programime.
Table 1, Effect of cultivar on seed yields and seed weight of stylo,

Cultivar Seed yield (kg/ha)' TSW (g)’
Ubon stylo . 958.6 250
Tha Phra stylo 365.0 2.59
LSD (P<0.05) 425.0 0.06

" Corrected to 10% seed moisture content
Mulato H (Brachiaria ruzizensis x B. decumbens x B. brizantha) is a tetraploid,
interspecific hybrid bred at CIAT, Colombia. The International Center for Tropical
Agriculture [Centro Internacional de Agricultura Tropical (CIAT)} in Cali, Colombia,
began its Brachiaria breeding programmes 18 years ago to attempt to increase resistance
to spittlebugs (Hemiptera: Cercopidae) ( Miles et al. 2006) and improve nutritive quality
and dry matter production of Brachiaria spp. through interspecific hybridisation and
selection. The major achievements of the programme have been stable tetraploid sexual
germplasm (Miles ez al. 2004) and the release of two brachiaria bybrid cultivars, Mulato
and Mulato II. After extensive selection in field trials throughout the 1990s, cv. Mulato
(B. ruziziensis x B. brizantha), the first interspecific Brachiaria hybrid was released in
2000 through Grupo Papalotla, a Mexican seed company.

A second hybrid cultivar, Mulato II (B. ruziziensis x B. decumbens x B. brizantha),
was developed from an original B. ruziziensis x B. decumbens cross followed by 2
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generations of hybridisation by exposure to B. brizantha pollen in the field and released
by Grupo Papalotla in 2004. In trials in Central and South America, Mulato 1T produced
more dry season forage and had better milk production over time than Mulato and other
Brachiaria cultivars (CIAT 2004). It also produced more seed than Mulato.

Like conventional cultivars of B. decumbens and B. brizantha, both hybrids are
apomicts (reproduce asexually by seed), and hence are true-breeding (Miles et al. 2004
and J.W. Miles, personal communication, 2006).

In 2003, Grupo Papalotla made the business decision to come to Thailand to
produce brachiaria hybrid seed. The decision to produce seed in Thailand was because of
forage seed quality, smallholder experience and professionalism and public sector
involvement in forage seed production (Hare and Home 2004). Grupo Papalotia also
wanted fo break into the Asian market for forage seed. In addition, there was an
expectation that seed yields of brachiaria hybrids may be higher in Thailand, because of
intensive agronomic management and hand harvesting of seed from small fields, than in
Brazil and Mexico under extensive management and machine of sweeping seed from the
ground from large fields. Low seed yields in Brazil and Mexico (less than 200 kg/ha)
meant that the price of brachiaria hybrids seeds was 3-4 times higher than that of seeds of
other commercial Brachiaria spp. in Latin America.

Forage seed research and development
Ubon paspaium ‘

A series of problem solving research studies were undertaken on method of sowing,
time of planting, closing date, methods of hand harvesting seed and juvenility and long-
short day requirement for flowering (Hare et al. 1999b; 2001a; 2001b).

Ubaon stylo

Studies on closing date from that cutting Ubon stylo seed crops in September
produced significantly more seed than cutting in October and 50% more seed than the
control plots. (Table 2).

Table 2. Effect of closing on Ubon stylo seed yields and seed weight

Time of closing Seed yield (kg/ha)’ TSW (g)'
Control 844 2.52
September 1294 2.46
October 725 2.43
LSD (P<0.05) 513 0.078
"Corrected to 10% moisture content.

Mulato 11

High seed yields of Mulato II are extremely difficult to achieve because all the
new hybrid brachiarias appear to have very low seed set of between 2-10%. They produce
a lot of seed but most of this seed is etther light or empty. This apparently is a genetic
factor and it is difficult to overcome by agropomic management techniques.

Field trials commenced at Ubon Ratchathani University, Thailand, in 2003 to
investigate agronomic management of brachiaria hybrids in order to increase seed yields.
A series of trials studied the effects of method and time of planting (Hare ef al. 2007a),
closing date defoliation (Hare et al. 2007b) and harvesting methods (Hare et al. 2007¢)
on seed production of cvv. Mulato and Mulato II.

The method of placing nylon bags over the seed heads to collect seed produced the
highest seed yield (Table 3). The nylon bag yield was significantly higher than the second
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best method of twice daily knocking (88% more). The South American method of ground
sweeping fallen seed appears not suitable for Thailand.

Table 3 Effect of harvesting method on Mulato IT seed yields and seed viability

Harvest method Seed yield* TSW* Seed viability

(kg/na) (@) (%)
Knocking once daily 230.2 8.79 92.0
Knocking twice daily 271.2 8,68 92.0
Knocking every 2 days 254.6 8.94 89.3
Nylon bag 509.4 9.03 90.5
Swept from ground 87.3 8.20 84.0
LSD P<0.05 73.2 0.38 5.8

* corrected to 10% seed moisture content
Smallhelder farmer seed production

Ubon paspalum

Since 2003, a total of 12,320 kgs of seed have been produced and 985,600 baht paid
in cash to the farmers in Bark Kud Waay village (Table 4).
Seed is harvested by tying seed heads and knocking the seed out into bamboo trays
Table 4. Ubon paspalum village seed production.

Year No of Quota per farmer  Amount of Amount of money
farmers (kgs) seed (kgs) paid (baht)

2003 22 250 5,500 440,000
2004 22 100 2,200 176,000
2005 42 110 4,620 369,600
2006 30 220 6,600’ 528,000

! Estimated targets for 2006

Ubon stylo

At seed harvest, the farmers allow nearly all the seed to fall to the ground and then
beat any remaining seed out of the seed heads with sticks. The vegetation is cut to ground
level and removed. Seed is swept from the ground and cleaned by the farmers in the field

In February each year, the project purchases the seed in the village and pays out
cash the same day. The seed is then scarified through a rice thresher at the university to
remove soil and seed coats to improve seed purity and seed germination.

Farmers produce more than 900 kg/ha of seed each year. Seed harvesting is a dirty
and dusty job as the seed has to be swept from the ground and cleaned through screens in
the field. However, with the high seed yields, the farmers find Ubon stylo seed
production to be a lucrative cash crop (Table 3).

Table 5. Ubon stylo village seed production

Year No of Amount of seed  Amount of money  Amount of seed
farmers produced paid (baht) exported
(kgs) (kg)

2003 4 541 54,100 -

2004 2 651 65,100 -

2005 10 2,070 207,00 1,800
2006 15 5,590 559,000 4,000
2007 30! 7,500 750,000" 4,000"

" Estimated targets for 2007
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1,800 kgs and 4000 kgs of Ubon stylo seced were exported in 2005 and 2006,
respectively to Grupoe Papalotla, Miami, USA. Grupo Papalotla then sold this seed in 10
countries in Central and South America,

Mulato I1

A Memorandum of Understanding was signed on April 27, 2004 between the
Faculty of Agriculture, Ubon Ratchathani University and a Mexican seed company,
Grupo Papalotla, to produce seed of Mulato II in villages in Northeast Thailand for export
to Central and South America.

Smallholder village farmers sign contracts with the project at the beginning of each
wet season to produce and sell all Mulato II seed harvested. Each farmer receives a seed
production brochure and 0.5 kg of seed to plant a seed nursery. The farmers transplant
seedlings into cultivated fields in May and June each wet season, in rows 1 m x 50 cm
apart.
At seed harvest, the farmers tie the seed heads into living sheaves and knock the
seed out in trays every day. Seed is dried slowly in the shade for 3 days and then sun-
dried for 1-2 days before cleaning.

In 2004 and 20085, respectively, 2,070 kgs and 1292 kgs of high quality seed (7.3 %
moisture, 99.9 % purity and 83 % viability TZ test) were produced by farmers in one
village. 1,500 kgs and 1,000 kgs respectively, were exported in 2005 and 2006 to Grupo
Papalotla, Miami, USA.

400 village farmers in Ubon Ratchathani and Amnart Charoen signed contracts to
produce Mulato I seed this year. The project target is 15,000 kgs in 2006.

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

Conclusion

Our focus at Ubon Ratchathani University is primarily research and so we have
limited our seed production to what we believe we can sell annually. The forage research
team is endeavouring to provide a real and sustainable market for the three forages, that
does not depend on government funding. The joint venture with the Mexican seed
company will further decrease our reliance on public sector funding. We have set up a
revolving fund that pays the farmers promptly on the day of seed purchase and employs
staff to carry out research and development work.

The development of Ubon paspalum from being a wild native plant in Brazil to a
commercial forage in Thailand has been rapid. It only took a little over 10 years for this
wild accession to become a proven forage crop in Thailand, which shows the potential
impact forage germplasm collection can have on the future agriculture needs of mankind.
Ubon stylo and Mulato 1T were developed through breeding programmes in South
America and within 5 years of their release they have proven to be exciting new forages
for Northeast Thailand. The applied research and subsequent development of the three
South American forages at Ubon Ratchathani University was achieved intially through
personal contacts between scientists and then the trust that a commercial overseas private
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seed company placed in our research programme at Ubon Ratchathani University to
deliver seed in large quantities for export.
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Appendix 3
Successful seed production of South American forages

in Ubon Ratchathani province, Thailand: Research,
development and export

M.D. Hare
Faculty of Agriculture, Ubon Ratchathani University, Ubon Ratchathani 34190,
Thailand.

Abstract

In 1995, the Faculty of Agriculture, Ubon Ratchathani University, received research
funding from the Thailand Research Fund (TRF) to study improved forages for dairy
cows in Thaitand. During 11 vears of continuous research, three forage species
from South America, Ubon paspalum, Ubon stylo and Mulato I1, have been found to
be suitable to grow in Northeast Thailand.

This paper details the applied research studies on seed production of the
three species at Ubon Ratchathani University and the development of a village seed
production programme to produce seed for farmers in Thailand and for export. A
Memorandum of Understanding was signed in 2004 between the Faculty of
Agriculture, Ubon Ratchathani University and a Mexican seed company, Grupo
Papaiotla, to produce seed of Mulato Il in villages in Northeast Thailand for export.
A seed export market for all three species has developed, with seed being sold
back to Central and South America, the place of origin of these new forages.

Introduction
Thailand, for nearly 30 years, has had a government supported forage seed

production programme producing a wide range of forage seeds on government
stations and in villages {Hare 1993; Hare and Phaikaew 1999). Tropical forage seed
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Successful seed production of Socuth American forages in Ubon Raichathani province,
Thailand: Research, development and export

production has evolved through research, pilot projects and long-term government
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.

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 dry seasons are conducive for flowering, harvesting and drying (Hare and
Phalkaew 1899). 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
leng days (Hare et al. 2001b). The reliable dry season contributes to successful
ground harvesting legume seed of some species (Wickham ef al. 1977, Hare and
Phaikaew 1999).

Sandy socils on flat to gently rolling land in northeast Thailand are easily
cultivated for seed-bed preparation. While the soils are acid and low in organic
matter, nitrogen, phosphorus and sulphur, most tropical grasses and legumes grow
salisfactorily with the addition of fertiliser. The soils are well-drained and while low
in water-holding capacity, the sufficient amount of wet season rain (1200-1600 mm)
prevents seed crops from suffering water stress. The soil texture of the sandy seils
in Northeast Thailand is an important factor in facilitating ground sweeping of fallen
legume seeds. Clay and laterite soils leave granules that make seed cleaning
difficult.

In 1995, the Faculty of Agriculture, Ubon Ratchathani University, received
research funding from the Thailand Research Fund (TRF) to study improved
forages for dairy cows in Thailand. During 11 years of continuous research, three
forage species from South America, Ubcn paspalum, Ubon stylo and Mulato I,
have been found to be suitable to grow in Northeast Thailand. A village seed
production programme was initiated to produce seed for farmers in Thailand and
recently a seed export market has developed with seed being sold back to Central
and Scuth America, the place of origin of these new forages.
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Research and development of the forages to reach commercial export seed
production followed a clear long-term plan set out by the research project team in
the Faculty of Agriculture.

. Field research on applied agronomic management and seed
technology.

. Pilot project feasibility studies.

. Selection and fraining 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 buyer of seed.

. Processing, storing and marketing the forage seeds.

. Creating markets for forage seeds.

QOrigin of the three forage species

Ubon paspalum (FPaspalum atratum) is a wild species native to the states of Mato
Grosso do Sul, Goias and Minas Geriais in central-western Brazil (Quarin et al.
1997). An accession of this wild species, BRA 009610, was originally collected near
the village of Terenos, Mato Grosso do Sul State, Brazil, by Dr. J. Valls in April
1986 {J. Valls personal communicaticn). Small amounts of seed were subsequently
distributed to research institutions in Brazil, Argentina, Colombia, Florida and the
Philippines.

In November 1994, Ubon Ratchathani University received 100 grams of BRA
009610 from Dr. Wemner Stur of the Forages for Smailholders Project based at
IRRI, Philippines (a project funded by AustAld and managed by CSIRO (Australia)
and CIAT (Colombia)). Fifty grams of this seed were used for the initial evaluation
research (Hare et al 1939a) and the other 50 grams were used for seed
multiplication (Hare ef af. 2001a).

Foliowing 3 years of evaluation work in Northeast Thailand, P. atratum was
consistently found to be the best grass on seasonally wet-seasonally dry soils and
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Successful seed production of South American forages in Ubon Ratchathani province,
Thalland: Research, development and export

in 1997 it was released for forage use by Ubon Ratchathani University as cultivar
Ubon {Hare et al. 1999a). }t has also been released in Florida as cultivar Suerte atra
paspalum (Kalmbacher et al 1997), in Australia as cultivar Hi-Gane (Loch and
Ferguson 1999), in Argentina as cultivar Camba FCA (J. Valls personal
cormnmunication) and in the Philippines as cultivar Terenos (Horne and Stur 1999).

Ubon stylo {Stylosanthes guianensis var. vulgaris x var. pauciffora) is a blend of
four lines {GC 1463, GC 1480, GC 1517, and GC 1579) selected by Dr Bela Grof at
the Embrapa Beef Cattle Research Centre, Campo Grande, Brazil in the 1990s
(Grof et al, 2001}, Seeds of these four lines were physically mixed in order to create
greater genetic diversity for durable resistance to anthracnose. Three of the
components (GC 1463, GC 1517 and GC 1579) are single-plant selections made in
the Philippines by Dr Grof from the hybrid population CIAT 11833 which was
selected in the Colombian Llanos by Dr John Miles at CIAT. The fourth component
{GC 1480) is from accession CIAT 2340, which originates from the Casanare region
of Colombia. Selection for anthracnose resistance was carried out in the Philippines
and in regional trials conducted in Brazil.

in November 1999, we received from Dr Grof 20 grams of seed from which
we grew 2622 seedlings and planted these into a 510 m? area on the university
farm in May 2000. Twenty-six kgs of seed were harvested from this area in
February 2001. We used this seed for dairy trials, where we found that dairy cows
grazing Ubon stylo produced high milk yields without any extra feeding of
concentrates (Thummasaeng et al. 2004).

The S. guianensis var. vulgaris x var. paucifiora blend has been registered in
Australia as ATF 3308 and released as cultivar Nina in 2003 (Cook et al. 2005).
However, in Thailand, farmers growing seed and forage call it *Ubon stylo” and so
we have continued to use this name since releasing it in 2002.

Following 3 years research at the university we found Ubon stylo to be the
best stylo legume on upland soils {Hare et al 2007a). It produced equal dry matter
yields to Tha Phra stylo (CIAT 184} (Table 1), but because of its greater resistance
to anthracnose, greater palatability, rapid seed germination and high seed yields



69

(Table 2), we dscided to produce seed in our village farmer seed production

programme.

Table 1. Plant counts 6 weeks after sowing and dry matier yields of five stylo cultivars.

Cuitivar Plant Dry matter yield
counts
Wet Dry Wet Dry Wet Dry
2003  2003-4 2004 2004-5 2005 2005-6
(no/m® (kg/ha)
Verano 253 5580 2800 8336 536 4280 3669
Tha Phra 306 7748 5863 14423 3718 10638 6245
Ubon styio 381 6993 5857 14899 3459 10673 6396
Temprano 264 5521 4363 12692 2724 8963 5383
Seca 48 1443 3293 9035 1562 4738 1925
LSD (P<0.05) 62 1816 1282 1380 556 1856 1381
Table 2. Effect of stylo cultivar on seed yields and seed weight
Treatment Seed yield* TSW*
Cultivar (kg/ha) Q)
Ubon stylo 959 2.50
Tha Phra 385 2.59
LSD {P<0.05} 425 0.06

* corrected to 10% seed moisture content

Mutato N (Brachiarfa ruzizensis x B. decumbens x B. brizantha) is a tetraploid,

interspecific hybrid bred at the International Center for Tropical Agriculture [Centro
internacional de Agricultura Tropical (CIAT)) in Cali, Colombia. CIAT began its

Brachiaria breeding programmes 18 years ago to attempt to increase resistance to

spittiebugs (Hemiptera: Cercopidae) (Miles et al. 20086) and improve nutritive quality

and dry matter production of Brachiaria spp. through interspecific hybridisation and

selection. The major achievements of the programme have been stable tetraploid
sexual germplasm (Miles et al. 2004) and the release of two brachiaria hybrid
cuttivars, Mulato and Mulato Il. After extensive selection in field trials throdghout the
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1990s, cv. Mulato (B. ruziziensis x B. brizantha), the first interspecific Brachiaria
hybrid was released in 2000 through Grupo Papalotia, a Mexican seed company.

A second hybrid cultivar, Mulato Il (B. ruziziensis x B. decumbens x B.
brizantha), was developed from an original B. ruzizlensis x B. decumbens cross
foliowed by 2 generations of hybridisation by exposure to B. brizantha pollen in the
field and released by Grupo Papalotla in 2004. In trials in Central and South
America, Mulato Il produced moere dry season forage and had better milk production
over time than Mulate and other Brachiaria cultivars (CIAT 2004). It also produced
more seed than Mufato.

Like conventional cultivars of B. decumbens and B, brizantha, both hybrids
are apomicts (reproduce asexually by seed), and hence are true-breeding {(Miles et
al. 2004 and J.W. Miles personal communication 2006).

In 2003, Grupo Papalotla made the business decision to come to Thailand to
produce brachiaria hybrid seed. The decision to produce seed in Thailand was
because of forage seed quality, srnallholder experience and professionalism and
public sector invoivement in forage seed production {Hare and Horne 2004). Grupo
Papalotla also wanted to break into the Asian market for forage seed. In addition,
there was an expectation that seed vields of brachiaria hybrids may be higher in
Thailand, because of intensive agronomic management and hand harvesting of
seed from small fields, than in Brazil and Mexico under extensive management and
machine of sweeping seed from the ground from large fields. Low seed yields in
Brazil and Mexico {less than 200 kg/ha) meant that the price of brachiaria hybrids
seeds was 3-4 times higher than that of seeds of other commercial Brachiaria spp.
in Latin America.

Forage seed research and development

Uben paspalum

When we started our research in 1995 we found that Ubcn paspalum established
easily from seed but we knew very littte about its seed production performance. in a
preliminary observation, a small 1000 m? plot which had been hand planted with
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seedlings in May 1995 from the original 50 grams of seed, was cut to ground level
in early August 1995 when the plants were more than 2 m high and starting to lodge
heavily, even though no inflorescences had emerged. Following defoliation, even
though the plants grew very well over the next 3 months and received good rainfall
and increasing exposure to short day lengths, none of the Ubon paspalum plants
produced inflorescences.

In the following year, 1986, we did not defoliate these plots during the wet
season and, at the time of inflorescence emergence in September, most plants
were lodging heavily. We had to support the plants with wooden stakes and tie the
inflorescences to the stakes with wire in order to hand harvest seed.

Woe also encountered further problems in 1997 when we contracted farmers
to produce Ubon paspalum seed. Many farmers delayed planting their fields until
tater in the wet season, which has been the fraditional time to plant Brachiaria
ruzizensis {ruzi grass) and Stylosanthes hamata (Verano stylo) seed crops (Hare
and Phaikaew 1899). Late-sown crops produced very little or no seed at all (Hare et
al. 200ta).

A series of problem solving research studies were undertaken.

Methods of sowing Seed crops of Ubon paspalum established by sowing seed
praduced no seed at all in the first year of establishment (Table 3). Planting rocted
tillers or transplanting 2 month old seedlings grown in plastic bags, into the field in
May, produced the highest seed yields of first-year established plants (Hare et al.
20014y}, though not as high as o year plants.

Table 3. Effect of methods of sowing on Ubon paspalum seed yields.

Treatment Seed yield (kg‘)'hia)1
Seed sown 1% year 0
Tillers planted 1% year 132 &°
Plastic bag seediings 1* year 91a
2™ year plants 17t a

' cormected to 10% seed moisture content.
2 within columns, means followed by different letters are significantly different (P<0.05) by
Duncan’s Multiple Range Test.
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Table 4. Effect of date of planting rooted tillers on Ubon paspalum seed yields in the first
year of establishment.

Planting date Seed yield (kg/ha)’
May 7 331 a°
May 21 274 a
June 4 1i5b
June 18 69 b
July 2 70b
July 16 25b

"corrected to 10% seed moisture content.
2 Within columns, means followed by different letters are significantly different (P<0.05) by
Duncan's Multiple Range Test.

Time of pilanting Seed crops planted with rooted tillers at the beginning of May,
produced 132 kg/ha seed 5 months after sowing in one trial (Table 3) and 331 kg/ha
seed in a second trial (Table 4). Planting tillers in June and July severely reduced
seed yields (Hare et al. 2001a).

Closing date Cutting seed crops of Ubon paspalum in August and September
produced little or no seed at ali (Table 5). Cutting and closing crops in June
produced the best seed yields, as crops closed in May were more susceptible to
lodging (Hare et al., 1999¢).

Table 5. Effect of time of final closing cut on seed yield (kg/ha)* of Ubon paspalum.

Month of final closing cut Trial 1 Trial 2
May 65.6 : -
June 88.8 127
July 43.4 127
August 13.8 43
September 0 -
LSD (P<0.05) 48.0 59.6

* corrected to 10% seed moisture content,
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Table 6. Effect of different seed harvesting methods on seed yields of Ubon paspalum.

Harvasting methods Seed yield {(kg/ha)’
Knocking 230 a°
Cut and thresh 104 b
Cut, sweat 2 days, thresh 119b
Cut, sweat 4 days, thrash 131 b

" cosrected to 10% seed moisture content.
2 Within columns, means followed by different letters are significantly different (P<0.05) by
Duncan's Muitiple Range Test.

Methods of hand harvesting seed Hand knocking mature Ubon paspalum seed
from seed heads into bags every day produced 230 kg/ha, more than twice the
amount produced by threshing or sweating seed heads (Table 8) {(Hare et al.
1999c). Farmers using the hand knocking method averaged 600 kg/ha (Hare et af.
2001a) and when seed heads were covered with nylon bags, 1108 kg/ha of seed
were produced on a research station (Phaikaew et al. 2001).

Site appears to have a significant impact on Ubon paspalum seed production.
The university site where Ubon paspalum has been successfully grown for forage
(Hare et al, 1999a; 1999b) has consistently produced lower seed yields in trials
than yields produced by farmers and at other research stations. Drainage, trees and
method of harvesting all appear to influence seed yields {Hare et al. 2001a).
Juvenility and long-short day requirement for flowering In a plant growth
chamber study on flowering, Ubon paspalum was confirmed as a long-short day
plant exhibiting a guantitative response to long days followed by a qualitative
response to short days {Hare et al. 2001b}. Plants must be at least 60 days of age
before the summer solstice (June 22) in order to flower in September, explaining
why crops sown with seed or planted late do not flower profusely in the year of
establishment {Tables 3 & 4). Plants cut close to ground level after the summer
solstice also do not receive enough fong days to flower well and produce good seed
yields in the same year (Table 5). The study also confirmed that no juvenile phase
exists in Ubon paspalum (Hare et al. 2001b).



74

Successiul seed production of South American forages in Ubon Ratchathani pravince,
Thalland: Research, development and export

Uben stylo

Seed production of stylo species has been studied for many years in Thailand
(Wickham et al 1977; Hare and Waranyuwat 1980; Hare 1993). However, seed
research has been mainly on annual and biennial cultivars of Townsville stylo {S.
humifis) and Verano stylo. These cullivars are low growing and do not have to be
defoliated in the wet season for good seed production. We noticed that Ubon stylo
growing throughout the wet season, without defoliation, became very tall and rank
and seed yields did not seem to be reaching their potential.

Closing date Ubon stylo was planted in June and piots were either not cul
(control), cut in September or cut in October. Cutting Ubon stylo seed crops in
September produced significantly more seed than cutting in October and 50% more
seed than the control plots (Hare et al. 2007a) (Table 7). We now recommend
cutting tall dense seed crops in September but not crops which are sown late or are

growing very slowly.

Table 7. Effect of closing on Ubon stylo seed yields and seed weight.

Time of closing Seed yield (kg/ha)’ TSW (g)'
Cantrol ) 844 2.52
September 1294 2.46
October 725 2.43
LSD (P<0.05) 513 0.078

" corrected to 10% seed moisture content.

Mulato H

Producing good seed yields of Mulato Il have been very dificult to achieve. Mulato |
prodisces sufficient inflorescences, racemes and spikelets to indicate a potential for
useful seed yields. However, by seed harvest, there is usually a massive failure of
seed set, caryopsis maturation or both, with the cleaned seed containing less than
9% of the spikelets formed by the crops. The weather conditions during seed
maturation {October-November) in Northeast Thailand are suitable for seed set,
with bright sunshine and no rain. The subsequent failure of seed-sei is probably due
to pollen sterility, if judged by a study on brachiaria hybrids showing that more than
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65% of pollen grains were sterile (Risso-Pascotto ef al. 2005) and that this sterility
was genetic.

However, the demand for Mulato Il seed is very high in Ceniral and South

Anmerica, because of the high quality forage produced. Grupo Papalotla expects
the market for Mulate Il seed to reach 1,000,000 kgs per year and they would like
most this amount of seed to be produced in Thailand. The main thrust of our Mulato
Il seed research at Ubon Ratchathani has been to see if we can get higher seed
yields by applying different strategic agronomic management techniques.
Method and time of planting The first trial was conducted with Mulato. Planting
with tillers preduced higher seed yields than seed sowing (Hare et al 2007b) (Table
8). There were no significant differences in Mulato seed yields from seed crops
planted at the beginning of May to the beginning of August (Table 8). The second
trial was conducted with Mulato 1l and seed crops planted at the beginning of May
and June produced more seed than crops planted in July and August (Table 9).

Table 8. Effect of method and lime of planting Mulato on seed vields and seed vyield

components.
Mathod of Inflorescences Racemes Spikelets  Seeds Seed TSW
planting m? finflorescence  /raceme fm?® yield* {Q)
{kg/ha)
Seed 180 5.4 35.4 654 57 8.57
Tillers 220 5.4 34.8 1370 124 8.93
LSD (P<0.05) ns ns ns 306 28 ns
Time of
planting
May 247 4.6 33.9 1084 95 8.84
June 224 5.0 33.6 980 88 8.73
July 217 59 35.1 1048 a5 8.78
August 134 8.0 37.8 925 a8z 3.64
LSD (P<0.05) 57 0.49 1.91 ns ns ns

" corrected to 10% sead moisture content.
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Tabie 9. Effect of time of planting Mulato Il tillers on seed yields and seed yield components.

Time of Inflorescences Racemes Spikelets Seeds  Seed TSW

planting fm? finflorescence  /fraceme im* yield* ()
{kg/ha)
May 16 163 4.7 35.0 1647 138 8.4
Juneg 1 138 52 34.6 1304 109 8.4
June 16 122 5.3 34.0 937 80 8.5
July 1 104 5.0 32.7 643 54 8.6
July 15 59 2.8 25.5 298 20 8.2
August 1 23 27 21.9 77 6 6.3
August 16 - - - - -

LSD {P<0.05) 28 0.7 6.4 294 28 1.9

" corrected to 10% seed moisture content.

Table 10. Effect of timing date of closing defoliation on Mulato and Mulato Il seed yields and

saed yield components.

Closing Inflorescences/m® Racemes/inflorescence Spikelets/raceme
defoliation
Mulate Mulato Mulato Mulato 1 Mulato Mulato (I
May 8 2939 289 6.3 6.0 42.8 358
Juiy 6 330 330 6.0 5.5 37.3 335
August 6 278 278 5.8 5.0 35.0 28.0
September 6 152 152 4.8 - 35.0
LSD (P<0.05) 88.9 0.55 4.1
Seed yield Seeds/m’ TSW
(kg/a) o
Mulato Mulato 1 Mulato Mulato il Mulato Mulato It
May 6 148 232 1608 3009 9.4 7.7
July 6 161 258 1746 3374 9.2 7.8
August 8 118 78 1392 924 8.6 6.8
Sepiember 6 65 - 783 - 8.3
L8D {P<0.05) 83.3 1078 1.5

*corrected to 10% seed moisture content
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in order for farmers to get both forage and seed in the same year, we would

recommend Mulato |l seed crops to be planted with tillers as early as possible in the
wet season, in order to produce a strong rooting system, tiller out and produce
forage for feeding livestock before closing. There is a very high demand for fresh
Mulato [l forage, both before and after seed harvest.
Closing date Mulato Il and Mulato seed yields were significantly reduced by closing
late in the wet season (Hare et al 2007c). Closing Mulate It in early August
significantly reduced seed yields compared to closing in May and July and no seed
was preduced from closing in September (Table 10). Mulato can be closed a month
later than Mulato I1.

Mulato produced significantly more Inflorescences, racemes and spikelets
than Mulato Il and heavier seed (Table 10}. But Mulato produced a larger portion of
light-immature seeds which were removed at seed cleaning. As a result, the highest
seed yield of Mulato Il {258 kg/ha) was 60 % higher than the highest seed vyield of
Mulato (161 kg/ha) {Table 10).

Because of the light seed, Mulato had much lower economical spikelet site
utilizatton % {SSU%) than Mulato li. SSU is best determined using the formula:

SSU% = seed vield/m®
Inflorescences/m? x TSW/1000 x spikelets per inflorescence x 100

Using this formula and data from the above study, we found that the best
treatment for both cultivars {July closing) produced a SSU of 9.9 % for Mulate Il and
2.34% for Mulato. Both figures are very low when compared to temperate grasses
which are in the range of 20 to 30% and even up to 60% in some species.

Method of harvest Tying light-weight nylon net bags over seedheads at anthesis to
coltect seed, yielded 82% and 38% more Mulatc seed in 2003 and 2004,
respectively, than 3 methods of hand knocking seed from seedheads (Hare et al
2007d) (Table 11). In 2005, the nylon net bag method produced twice as much
seed of Mulate Il (508 kg/ha) as 3 methods of knocking seed from seedheads (252
kg/ha) (Table 12). Seed yields from ground sweeping produced the lowest seed
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yields in 2004 (Mulato} and 2005 (Mulato Il). Seed viahility was lower in ground-

swept Muijato |l seed than in seed from other harvesting methods.

The method of nylon bag collection produced the most seed in all trials.

However, farmers think that the cost of bags are expensive and therefore knocking

the sesdheads once or twice a day is the most appropriate method for them. The

South American method of ground sweeping fallen seed appears not suitable for

Thailand.

Table 11. Effect of harvesting methed on Mulato seed yields and seed viability.

Harvast method Seed yield* TSW* Seed viability
(kg/ha) {9) (%)
2003
Knocking daily 49 4 8.50 68.6
Knocking 2 days 40.8 8.73 71.86
Knocking 3 days 47.5 8.78 72.4
Nylon net bag 83.8 8.55 74.5
Ground sweeping 425 7.99 70.3
LSD (P<0.05) 18.6 ns ns
2004
Knocking daily 168.6 8.43 79.8
Knocking 2 days 123.9 8.13 68.8
Knocking 3 days 148.3 B8.75 75.8
Nylon net bag 202.5 8.40 77.0
Ground sweeping 75.7 B.B9 76.0
LSD (P<0.05) 30.5 ns 6.64

*corrected to 10% seed moisture content
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Table 12. Effect of harvesting method on Mulato Il seed yields and seed viability.

Harvest method Seed yield* TSW* Seed viahility
(kgiha) {9) (%)
Knocking daity 230.2 8.79 92.0
Knocking twice daily 271.2 8.68 82.0
Knocking 2 days 2546 8.94 89.3
Nylon net bag 509.4 9.03 90.5
Ground sweeping 87.3 8.20 84.0
LSD {P<0.05} 73.2 0.38 5.8

*comrected to 10% seed moisture content
Smaltholder farmer seed production

Ubon paspalum

Successful forage seed production in Thaitand has hinged on smallhotder farmers
hand-harvesting seed of ruzi grass and Verano stylo (Hare 1993; Hare and
Phaikaew 1999). In 1996, after observing the outstanding growth of Ubon paspalum
in initial forage evaluation trials {Hare et al. 1999a) we realised that there would be
a future demand for seed. We contracted one experienced smallholder farmer in
Bark Kud Waay village, Warin Chammrab district, Ubon Ratchathani province, who
had previouslty grown forage seed crops for the Department of Livestock
Development. In May 1996, we gave the farmer rooted tillers of Ubon paspalum dug
from one year old plants at the university which she hand planted in a 50 x 50 cm
pattern in a 1400 m’ field. In September 1996 she harvested 47.5 kg of seed,
equivalent to 340 kg/ha.

Neighouring farmers in the same village saw her success and observed that
seed production of Ubon paspalum appeared to be easier than seed production of
ruzi grass and Verano stylo which they had grown for 3-4 years. In March 1997, we
contracted 20 farmers, including the first farmer, to grow Ubon paspalum seed. The
farmers each received 300 grams of seed in March 1997 and were instructed to
plant the seed in nurseries and transplant strong plants to their fields in May-June,
Each farmer was contracted to grow a field not exceeding 1600 m?. Fields planted
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in May and June averaged 315 kg/ha and 65 kg/ha, respectively, whereas fields
planted in July produced no seed {Hare et al. 2001a}. Harvesting from the same
fields in 1998 and 1999 produced mean seed yields of 632 kg/ha and 651 kg/ha,
respectively (Hare of al 2001a). The method of hand knocking mature seed from
tied seed heads into bags every day produces high seed yields and followed by
slow drying in the shade and cleaning and winnowing on cane trays produces seed
with a purity of 99% and an average germination of 80%.

Since 2003, a total of 12,320 kgs of seed have been produced and 985,600
baht paid in cash to the farmers in Bark Kud Waay village (Table 13).

Even though Ubon paspalum seed production is well synchronised, with
ftowering occurring predictably every year in September and hand harvesting taking
place over 7-10 days in early October, seed production is not without its difficulties.
Heavy thunderstorms frequently occur during the September-October flowering and
harvesting period, causing seed to shed. Foraging birds may also dramatically
reduce seed yields. Farmers have to set up nets to capture the birds for sale or
install bird-scaring devices, such as scarecrows and tins filled with stones. Some
farmers sleep in their fields in order to chase away hirds which usually forage in the

early morning.

Table 13. Smaltholder farmer Ubon paspalum seed production.

Year No of farmers  Quota perfarmer Amount of seed  Amount of money
{(kgs) (kgs) paid {baht)
2003 22 250 5,500 440,000
2004 22 100 2,200 176,000
2005 42 110 4,620 369,600
2006 30 220 6,600 528,000
Total 18,920 985,600
Ubon stylo

In 2003, we contacted 4 farmers in Bark Kud Waay village to see if they would be
interested in producing Uben stylo seed. The process of producing seed is identical
to producing Verano stylo seed which they were familiar with. The seed is allowed
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to fali to ground in the dry season and then is swept up and cleaned. The farmers
sign contracts at the beginning of each wet season to produce and sell all Ubon
stylo seed at 100 baht/kg. Farmers receive 0.5 kg of seed to plant a nursery and in
June-July, seedlings are transplanted in 1 m x 50 cm rows on to raised beds.

At seed harvest in late January, the farmers beat any remaining seed that
has not fallen, out of the seed heads with sticks and the vegetation is cut to ground
level and removed. Seed is swept from the ground and cleaned by the farmers in
the field.

n February the seed is purchased and scarified through a rice thresher at the
university to remove soll and seed coats to improve seed purity and seed
germination.

Farmers usually prcduce more than 900 kg/ha of seed each year. Seed
harvesting is a dirty and dusty job as the seed has to be swept from the ground and
cleaned through screens in the field. However, with the high seed yields, the
tarmers find Ubon stylo seed preduction to be a lucrative cash crop (Table 14).

Table 14. Smallholder farmer Ubon style seed production.

Year No of Amount of seed Amount of mongy  Amount of seed
farmers produced paid {baht} exported
{kgs) (kg)

2003 4 541 54,100 -

2004 2 651 65,100 -

2005 i0 2,070 207,000 1,800
2006 15 5,590 555,000 4,000
2007 30 7,500 750,000 4,000
Total 16,352 1,635,200 9,800

To date, 9,800 kgs of seed have been purchased by Grupo Papalotla and
exported to Central and South America. Farmers have found Ubon stylo seed to be
of a very high gquality, with rapid germination. Our tests at Ubon Ratchathani
University in 2006 showed Ubon stylo seed to a have purity of 95.5% and 50.5%
germination after 7 days, with 49.5% hard seed. Further tests at the Oregon State
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University Seed Testing Laboratory showed that after 10 months storage the purity
was 96% and seed viability (TZ test) was 98%.

Recent tests {January 2007) on 1-year old stored Ubon stylo seed, showed
that hot water and machine scarification significantly increased germination and
reduced hard and dead seed (Table 15}. Without scarification seed germination was
less than 10%. Scarifying the seed 4 times through a machine significantly
increased speed og germination at 7 days compared to hot water. However, after
14 days there was no difference In total germination between hot water treatments
and scarifying 4 times through a maschine (Table 15).

Machine scarification is far easier than hot water treatment because no
drying is needed after treatment and large quanities (several hundred kgs) can be
scarified daily. All Ubon stylo seed sold from the university is machine scarified to

ensure high germination.

Table 15, Effect of hot water and machine scarification on Ubon stylo seed germination.

Treatment Germination {%)

7 day 14 Hard Dead

germination  germination

Control 7.4 9.9 58.4 31.7
Hot water 67.3 88.0 6.3 57
5 minutes
Hot water 60.3 84.0 111 4.9
10 minutes
Machine scarification 72.4 75.3 215 3.2
2 passes
Machine scarification 81.9 89.9 8.5 1.6
4 passes
LSD (P<0.05) 105 55 119 10.5
Mulato Il

A Memoerandum of Understanding was signed on April 27, 2004 between the
Faculty of Agriculture, Ubon Ratchathani University and a Mexican seed company,
Grupo Papalotla, to produce seed of Mulato 1l in villages in Northeast Thailand for
export to Central and South America.

Smallholder village farmers sign contracts with the project at the beginning of
each wet season to produce and sell to the project all Mulato 1l seed produced.
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Each farmer receives a seed production brochure and 0.1 kg of seed to plant a
seed nursery. The farmers transplant month-old seedlings into cultivated fields in
May and June each wet season, in rows 1 m x 50 cm apart.

During seedhead emergence in early November, the farmers firstly, tie the
stems together on each plant to make an upright bunch, and secondly, at anthesis
tie the seed heads into living sheaves (Kowithayakorn and Phaikaew 1993). The
seed is knocked out into trays every day, dried slowly in the shade for 3 days and
then sun-dried for 1-2 days before cleaning.

In December, the project purchases the seed from the farmers in the village
and pays out cash the same day. The profect recleans the seed again at the
university and packages the seed for export overseas.

In 2004, 2,070 kgs of high guality seed (7.3% moisture, 99.9% purity and
83% viability TZ test) were produced by 60 farmers in Bark Kud Waay village (Table
16). 1,500 kgs were exported in March 2005 to Grupo Papalotla, Miami, USA and
was sold in over 10 countries in Central and South America. The remaining seed

used by the project for seed production and pasture research in Thailand.

Table 16. Smallhalder farmer Mulate Il seed production.

Year No of Amount of seed Amount of monay  Amount of seed
farmers produced paid exported
(kgs) {kg)

2004 80 2,070 258,750 baht 1,500
(7,188 US$)*

2005 127 1,282 161,500 baht 1,000
(4,488 USS$)

2008 128 2,597 484,760 baht 2,000
(13,466 US3)

Total 5,959 905,010 baht 4,500
{25,139 US$)

*JS$ 1 = 36 baht
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fn 2005, 1,292 kgs of high quality seed {10.0% moisture, 58.8% purity, 55.3%
germination and 83.5% viability TZ test} were produced by 127 farmers in Uben
Ratchathani and Amnart Charoen provinces (Table 18). 1,000 kgs were exported
and the remaining 292 kgs were scarified in sulphuric acid to improve germination
for seed multplication. Seed germination and seed viability increased from 55.3%
and 83.5% !0 89% and 94%, respectively.

if this pilot project lives up to expectations, Grupo Papalotla expects to
produce up to 1000 tones of Mulato Il seed annually in Thailand. The major markets
will initially be in Central and South America, but the company also intends to
develop a seed market in Asia. A small market will develop in Thailand {perhaps
100 tones per year), with Mulato Ii replacing ruzi because of its superior dry matter
production, particularly in the dry season.

Profitability of forage seed production for smallholder farmers

Forage seeds are grown on upland that previously was planted in cassava,
sugarcane or maize, or on the upland rice paddies which are marginally productive
for rice because they are not inundated with water every year. Ubon paspalum,
Ubon stylo and Mulato 1l grown for seed produce far higher incomes than alternate
crops (Tables 17 & 18).

Forage seed production will impact immediately on farmer's income by
substantially increasing their income many fold. Mulato Il can generate additional
income from the sale of fresh forage, rootstock and seedlings which makes it the
most profitable crop to grow. Ubon paspalum and Mulato Il forage can also be
grazed or cut from the fields for the farmers’ own animals when not In use for seed
production. There is no forage production before or after harvest from Ubon stylo
seed crops.
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Table 17. Average yields, price per kg and gross income from rice, cassava, sugarcane,
maize and forage seeds in Ubon Ratchathani province.

Crop Average yield Price per kg Gross Nett

{kg/ha) Income/ha Income/ha

“Rice Hom Mali 3,125 kg 9 baht/kg 28,125 baht 15,325 baht
(0.25 US$/kg) {881 US$) (426 US$)

Cassava 12,500 kg 3 baht/kg 37,500 bant 21,200 baht
(0.08 US$/kg) {1,042 US$) (589 US$)

Sugarcane 12,500 kg 2 baht/kg 25,000 bant 11,200 baht
(0.06 US$/kg) (694 US$) {311 US$)

Maize 6,250 kg 5 baht/kg 31,250 baht 15,450 baht
(0.14 US$/kg) (868 US$) 9429 US$)

Ubon paspalum 940 kg 80 baht/kg 75,200 baht 63,200 baht
(2.22 US$/kg) (2,089 US$) {1,756 US$)

Mulato I1* 250 kg 200 baht/kg 50,000 baht 35,600 baht*
(5.56 US$/kg) (1,389 US$) {989 US$)

Ubon stylo 750 kg 100 baht/kg 75,000 baht 58,200 baht
{2.78 US$/kq) (2,083 US$) (1617 USH)

* Extra income from sale of fresh forage and seedlings (50,000 baht/ha) {(1,389 US$/ha).

*US$ 1 = 36 haht

Profitablity of Mulato 11 would be further increased if seed yields increased to
levels produced by Ubon paspalum. We are conducting field trials to increase seed
yields by agronomic management, However, the best way may be the release of
higher seed producing brachiaria hybrids. Currently we are evaluating 15 brachiaria
hybrids lines. In two field trials in 2006, 2 new hybrids produced twice the seed
yields of Mulato Il with similar dry matter production and quality. We are optimistic
that in the near future, good seed producing brachiaria hybrids will be available that
will be profitable for seed growers and provide seed at lower retall prices o

livestock farmers.
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Table 18. Estimated costs and gross and net income (baht/ha) from rice, cassava,
sugarcane, maize ang forage seeds in tJbon Ratchathant province.

Rice  Cassava Sugarcane Maize Ubon Mulatc  Ubon
paspatum I stylo
Direct
Costs
Pioughing 800 800 800 800 800 800 800
Ralising 400 400 400 400
furrows
Fertlliser 8000 8000 8000 8000 6000 8000 6000
Labour for 1000 1000 1000 1000 1000 2000
weading
Labour for 3000 2400 2400 2400 2400 4800 4800
harvesting
Labour for 1800 1800 2800
cleaning
Tranport 1000 1200 1200 1200
Chopping 2500 2000
or Husking
Total 12800 16300 13800 15800 12000 14400 16800
gg:g (356)* (453) (383)  (439) (333) (400}  (487)
Sale price g 3 2 5 80 200 100
fkg {0.25)  {0.08) {0.06) {0.14) (2.22) (5.55) {2.78)
kafha 3125 12500 12500 6250 940 250 750
Gross 28125 37500 25000 31250 75200 50000 75000
tncome (781} (1042) {694)  (868) (2089)  (1389) (2083)
Nett 15325 21200 11200 15450 63200 35600 58200
Income (4286) {589) @) (429) (1756) (989) (1617)
Extra Nett 50000
ncome {(1389)

Total Net 15325 21200 11200 15450 63200 85600 58200
lncome s (426) (589} (311} (429) (1756) (2378) (1617)

*US$ 1 = 36 baht
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Conclusion

Our focus at Ubon Ratchathani University is primarily research and so we have
limited our seed production to what we believe we can sell annually. The forage
research team is endeavouring to provide a real and sustainable market for the
three forages, that does not depend on government funding. The joint venture with
Grupo Papalotia seed company will further decrease our reliance on public sector
funding. We have set up a revolving fund that pays the farmers promptly on the day
of seed purchase and employs staff to carry out research and development work.
The develepment of Ubon paspalum from being a wild native plant in Brazil to
a commercial forage in Thailand has been rapid. It only took a little over 10 years
for this wild accession to become a proven forage crop in Thailand, which shows
the potential impact forage germplasm collection can have on the future agriculture
needs of mankind. Ubon stylo and Mulato Il were developed through breeding
programmes in South America and within 5 years of their release they have proven
to be exciting new forages for Northeast Thailand. The applied research and
subsequent development of the three South American forages at Ubon Ratchathani
University was achieved Intlally through personal contacts between scientists and
then the trust that a commercial overseas private seed company placed in our
research programme at Ubon Ratchathani University to deliver seed in larger

quantities for export.
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Abstract

Four field experiments were conducted during 2003-2005 in north-east Thailand
to compare method and time of planting on seed production, forage production
before closing to seed and forage as harvest stubble of two apomictic brachiaria
hybrid cultivars, Mulato (Brachiaria ruziziensis x B. brizantha) and Mulato || (B.
ruziziensis x B. decumbens x B. brizantha).

Seed crops established from planting tilfers produced 60% (Trial 2 vs Trial
1} and 117% (Trial 3) more seed than seed crops established from sowing seed.
Crops planted with tillers produced approximately 20% more inflorescences and
90% more seeds/m? than crops planted with seed. Planting early in the wet
season (May-June) produced the most brachiaria hybrid seed in 3 out of 4 trials
in the current study, with inflorescence numbers and seeds/m® being the
determining seed yield components.

Forage production before closing to seed was significantly higher in early
planted seed crops than those planted late and in crops planted with tiller than in
those sown from seed.

Seed vields of both hybrid cultivars were extremely low {s 150 kg/ha). The
failure of cv. Mulato, in particular, to produce adequate quantities of good seed,
was aftributed to a failure of seed set, caryopsis maturation or a combination.
{most likely caused by pollen sterility). The low seed production of cv. Mulato
was caused by waterlogging, because, in an adjacent trial with no waterlogging,
seed yields were over 500 kg/ha.

Introduction

The International Center for Tropical Agricukure [Centro Internacional de
Agricultura Tropical (CIAT)] in Cali, Colombia, began its Brachiaria breeding
programmes 18 years ago o attempt to increase resistance to spittlebugs
(Hemiptera: Cercopidae) { Miles et al. 2006) and improve nutritive quality and dry
matter production of Brachiaria spp. through interspecific hybridisation and
selection. The major achievements of the programme have been stable tetraploid
sexual germplasm {(Miles et al. 2004) and the release of two brachiaria hybrid
cultivars, Mulato and Mulato Il. After extensive selection in field trials throughout
the 1990s, cv. Mulatoc (B. ruziziensis x B. brizantha), the first interspecific
Brachiaria hybrid was released in 2000 through Grupo Papalotla, a Mexican seed
company.

A second hybrid cultivar, Mulato Il (B. ruziziensis x B. decumbens x B.
brizantha), was developed from an original B. ruziziensis x B. decumbens cross
followed by 2 generations of hybridisation by exposure to 8. brizantha pollen in
the field and released by Grupo Papalotla in 2004. In trials in Central and South
America, Mulato Il produced more dry season forage and had better milk
production over time than Mulato and other Brachiaria cultivars (CIAT 2004). It
also produced more seed than Mulato.
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Like conventional cultivars of B. decumbens and B. brizantha, both
hybrids are apomicts (reproduce asexually by seed}, and hence are true-
breeding (Miles et al. 2004 and J.W. Miles, personal communication, 20086).

in 2003, Grupo Papalotla made the business decision to come to Thailand
to produce brachiaria hybrid seed. The decision to produce seed in Thailand was
because of forage seed quality, smaltholder experience and professionalism and
pubtic sector involvement in forage seed production (Hare and Horne 2004).
Grupo Papalotla also wanted to break into the Asian market for forage seed. In
addition, there was an expectation that seed vields of brachiaria hybrids may be
higher in Thailand, because of intensive agronomic management and hand
harvesting of seed from small fields, than in Brazil and Mexico under extensive
management and machine of sweeping seed from the ground from large fields.
Low seed yields in Brazil and Mexico (less than 200 kg/ha) meant that the price
of brachiaria hybrids seeds was 3-4 times higher than that of seeds of other
commercial Brachiaria spp. in Latin America.

Field trials commenced at Ubon Ratchathani University, Thailand, in 2003
to investigate agronomic management of brachiaria hybrids in order to increase
seed yields. A series of trials investigated the effects of method and time of
planting, closing date defoliation and harvesting methods on seed production of
cvv. Mulato and Mulato Il. This paper reports the results of method and time of
planting. :

Establishing grass seed crops with seed in rows is the preferred method of
establishment in Brazil, but in Australia, broadcasting seed through the fertiliser
spreader is the common practice. Time of sowing for seed crops depends
primarily on the reliability of rainfall, increasing temperatures and potential
evapotranspiration during the growing season (Loch et al. 1999}. Early sowings
generally produce the most seed and have the added advantage of forage
production from a closing cut. All Brachiaria spp. seed crops in Brazil (Souza
1999) and brachiaria hybrid seed crops in Mexico and Brazil (E. Stern, personal
communication) are established by sowing seed.

However, method and time of seed crop establishment can significantly
affect grass seed yields in Thailand. Seed crops of Paspalum atratum cv. Ubon
failed to produce seed in the first year when estabiished by sowing seed (Hare et
al. 2001). P. atratum seed crops planted with tillers in May and early June
produced 2-3 times more seed than crops planted from mid-June to mid-Jduly.
Farmers plant commercial seed crops of B. ruziziensis using seed from late May
to late June (Hare and Phaikaew 1999), whereas all commercial seed crops of
Panicum maximum cv. Purple are planted with tillers in July (M.D. Hare,
unpublished observations).

The hypotheses tested in this research are that brachiaria hybrid seed
crops established by planting tillers produce more seed than crops established
by seed; and early established crops produce more seed than later established
crops. The main objective was to measure the seed production of brachiaria
hybrids planted with seed or with tillers.
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Materials and methods

Four field experiments were conducted in Ubon Ratchathani province, north-east
Thailand (15°N, 104°E; 130 m asl; AAR 1538 mm) on the Ubon Ratchathani
University farm in a 0.15 ha field from 2003 to 2005. Annual rainfall was recorded
at the trial site {Figure 1). The site was on an upland sandy low humic gley soil
(Roi-et soil series) (Mitsuchi et al. 1986). Soil samples to 10 cm, taken in May
2003, showed that the soil was acid (pH 4.8; water method)}, and low in organic
matter (0.9%), N (0.03%), P (4.9 ppm; Bray |l extraction method) and K (53.6
ppm}. Prior to cultivation, the site had been planted to Stylosanthes guianensis
var. vulgaris x paucifiora (ATF 3308) for 2 years.

Trial 1 — Effect of time of seed sowing on seed production of Mulato

Four sowing dates (May 6, June 6, July 6 and August 6, 2003) were compared in
a 5-replicate, randomised complete block field experiment. Seeds (5 kg/ha) were
sown at a spacing of 50 cm x 50 cm into well cultivated plots of 4 m x5 m. To
increase seed germination to 70 %, seeds were scarified in sulphuric acid for 10
minutes, washed in running cold water and dried before sowing. Fertiliser (NPK
15:15:15) was applied at the rate of 160 kg/ha to each new plot at sowing and
again to all plots on September 20, 2003. Only the May-planting treatments were
cut to 10 cm above ground level on August 1. Dry matter yield was measured
from 2 m of 3 rows in each plot and crude protein concentrations were
determined.

At peak anthesis, all inflorescences in a fixed 1 m x 2 m quadrat were
counted and 20 inflorescences harvested from just outside this quadrat for
reproductive assessment. All racemes were counted on each inflorescence and
spikelets per raceme were counted on 3 racemes per inflorescence, taken from
the top, middle and base of each inflorescence. Seeds were harvested from
within the fixed quadrat by tying the inflorescences in living sheaves and gently
knocking the seed into bags each day. After harvest, dry matter yield was
measured by collecting the harvest stubble from 2 m of 3 rows in each plot and
crude protein concentrations were determined.

Seed was dried slowly on trays inside a laboratory and then cleaned
through hand screens and a South Dakota seed blower to 99.0% seed purity.
Following cleaning, pure seed yield and thousand-seed weight (TSW) were
corrected to 10% seed moisture content.

Trial 2 — Effect of time of tilfer planting on seed production of Mulato

Four tiller planting dates (May 16, June 18, July 16 and August 16, 2003) were
compared in a 5-replicate, randomised complete block field experiment. Tillers
with roots were divided from 1-yr-old Mulato plants dug from an adjacent field
and planted at a spacing of 50 cm x 50 ¢m into well cultivated plots of 4 mx 5 m.
Fertiliser {NPK 15:15:15) at the rate of 160 kg/ha was applied to each new plot at
sowing and again to all plots on September 20, 2003. May- and June-planted
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plots were cut to 10 ¢cm above ground level on August 1 and dry matter yields
measured from 2 m of 3 rows in each plot and crude protein concentrations
determined as in Trial 1.

Reproductive data, seed yield, seed weight, harvest stubble dry matter and
crude protein concentrations were measured as in Trial 1.

Trial 3 — Effect of method and time of planting on seed production of Mulato

Four planting dates (May 4, June 4, July 2 and August 4, 2004) and two methods
of planting (with seed or with rooted tillers) were compared in a 4-replicate,
randomised complete block field experiment. Tillers or seeds (5 kg/ha) were
planted into well cultivated soil in rows 1 m apart (50 cm apart within rows) in 4 m
x 4 m plots. Seeds were acid-scarified as in Trial 1. Rooted tillers were divided
from 1-yr-old Mulato plants dug from an adjacent field. Fertiliser (NPK 15:15:15)
at the rate of 200 kg/ha was applied to each new plot at planting and
subsequently at the beginning of each month until September.

Closing dry matter cuts (2 m of 3 rows) were taken 10 cm above ground
level from May plots, planted with tillers, on July 2 and from May and June plots,
planted with tillers and seed, on August 4, 2004. Dry matter vields were
measured and crude protein concentrations determined as in Trial 1.

Reproductive data, seed yield, seed weight and harvest stubble dry matter
were measured as in Trial 1.

Trial 4 — Effect of time of planting tiflers on seed production of Mulato il

Seven tiller planting dates (May 16, June 1, June 16, July 1, July 15, August 1
and August 16, 2005) were compared in a 5-replicate, randomised complete
block field trial. Tillers with roots were divided from 1-yr-old Mulato 1! plants dug
from an adjacent field and planted at a spacing of 1 m x 50 cm into well cultivated
piots of 8 m x 5 m.

Fertiliser (NPK 15:15:15) at the rate of 200 kg/ha was applied on August 2,
2005 to plots planted in May, June and July and on September 1, 2005 to
August-planted plots. All plots received urea {20 kg/ha) on October 6, 2005.

On August 1, 2005, closing date cuts {2 m of 3 rows) were taken 10 ¢cm
above ground level from all plots by July 1, dry matter yields measured and crude
protein concentrations determined. No samples were taken from July 15-plots
because of limited growth, but the plots were trimmed to 5 cm above ground level
on August 1. Plots planted on August 1 and August 16 were not cut before seed
harvest.

Reproductive data, seed yield, seed weight and harvest stubble dry matter
were measured as in Trial 1.

Data from each trial were analysed by conventional analysis of variance,
using the IRRISTAT program from The International Rice Research Institute

{IRRI). Treatment means were compared by LSD at the P = 0.05 probability
level.
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Results

Rainfall

Rainfall at the trial site was below the 13-yr (1992-2004) mean of 1538
mm/annum in the first 2 years of the study (1430 mm and 1045 mm) and was
average (1545 mm) in the third year of the study (Figure 1). The second vyear,
2004, was particularly dry, with rainfall 30% below the mean. Wet season rain
finished early, in mid-September 2004, and most seed crops were severely
moisture-stressed during seed-set in October and November. In contrast, very
heavy rainfall (433 mm) in September 2005 caused waterlogging in Trial 4.
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Figure 1. Rainfall at Ubon Ratchathani University during the study and the 13-yr
mean {1992-2004).

Seed yields

In Trial 1, sowing seeds in May or June produced higher (P<0.05) Mulato seed
yields than sowing in July (Table 1). Mulato sown in August did not germinate.
Early sowing in May, increased the numbers of inflorescences and seeds per unit
area but reduced the numbers of racemes per inflorescence and spikelets per
raceme. weight

In Trial 2, there was no difference in seed yield or seed number for tillers
planted in May, June or July, which all produced higher (P<0.05) seed yields and
seed numbers than the August-planted plots (Table 2). May- and June-planted
plots produced (P<0.05) more inflorescences than later-planted plots. However,
plots planted later in the wet season, July and August, produced more
racemes/inflorescence and spikelets/raceme than May-planted plots.
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Table 1. Effect of time of planting Mulato seed on seed yields and seed yield
components (Trial 1).

Seed inflorescences Racemes Spikelets Seeds Seedyield TSW'
planting fm? /inflorescence  fraceme /m? (kg/ha) (9)
time
May 360 3.7 31.7 1043 91 8.64
June 315 46 36.5 959 82 8.44
July 258 5.2 362 708 59 8.30
LSD{P<0.05) 47 0.7 3.33 229 22 ns

7 1000-seed weight

Table 2. Effect of time of planting Mulato tillers on seed yields and seed yield
components (Trial 2).

Tiller Inflorescences Racemes Spikelets  Seeds Seed yield TSW'
planting /m? jinflorescence  /raceme jm? (kg/ha) (s))
fime
May 407 4.0 32.4 1772 148 8.66
June 443 4.5 35.1 1606 144 8.92
July 256 5.1 360 1459 129 8.78
August 219 4.9 36.6 875 76 8.72
LSD(P<0.05) 15 0.35 2.78 367 34 ns

"'1000-seed weight

In Trial 3, plots planted with tillers produced more than twice the seed yields
(P<0.05) of those sown seed and a greater number of seeds (Table 3). Time of
planting (May to August) had no effect (P>0.05) on seed yieids (Table 3). August-
planted seed crops produced fewer inflorescences (P<0.05) than earlier-planted
crops but more racemes/inflorescence and spikelets/raceme (P<0.05) than crops
planted in May and June,

Table 3. Effect of method and time of planting Mulato on seed yields and seed
yield components (Trial 3).

Method of Inflorescences Racemes Spikelets  Seeds Seed yield TSW'

__planting fm? finflorescence  fraceme /m® {kg/ha) ()
Seed 180 54 35.4 654 57 8.57
Tillers 220 5.4 34.8 1370 124 8.93

LSD{P<0.05) ns ns ns 306 28 ns
Time of
planting
May 247 46 33.9 1084 96 8.84
June 224 5.0 33.6 930 88 B.73
July 217 5.9 3541 1048 es5 8.78
August 134 6.0 37.8 925 82 8.64
LSD(P<0.05) 57 0.49 1.91 ns ns ns

' 1000-seed weight
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In Trial 4, seed yield declined progressively as time of planting was delayed,
with highest {P<0.05) yields from plantings in mid-May (Table 4). Planting in
August produced either very low seed yield (6 kg/ha) with low thousand-seed
weight, or no seed at all. Raceme and spikelet numbers were reduced when
tillers were planted fater than early July.

Table 4. Effect of time of planting Mulato Il on seed yields and seed vyield
components (Trial 4).

Time of Inflorescences Racemes Spikelets  Seeds  Seed yield* TSW

planting /m? finflorescence  /raceme /m? (kg/ha) (@)
May 16 163 47 35.0 1647 138 8.4
June 1 138 5.2 34.6 1304 109 8.4
June 16 122 53 34.0 937 80 85
July 1 104 50 32.7 643 54 8.6
July 15 59 2.8 25.5 298 20 8.2
August 1 23 2.7 21.9 77 6 6.3
August 16 - - - - .
LSD(P<0.05) 28 0.7 6.4 294 28 1.9

"1000-seed weight

Dry matter production from seed crops

in Trial 1, only the May-planted crops were cut in August (the other plots were
too short for cutting}, producing 9263 kg/ha DM (51% stem; 49% leaf) with crude
protein concentrations of 6% for stems and 11.8% for leaves. May-planted crops
had less total and stem stubble DM at seed harvest than June- and July-planted
crops and less leaf stubble DM than June-planted crops (Table 5}. June-planted
piots produced more total and leaf stubble DM than July-planted plots. Time of
planting seed had no effect on crude protein concentrations in the harvest
stubble (Table 5}.

Table 5. Effect of time of seed planting of Mulato on dry matter yields and crude
protein (CP) concentrations in stubble at seed harvest (Trial 1).

Seed Stem DM Stem Leaf DM Leaf Total DM
planting time (ka/ha) CP (%) (kg/ha) CP (%) (kg/ha)
May 12084 2.4 5460 4.8 17544
June 18236 2.8 8581 57 24817
July 16157 2.8 4879 56 21036
LSD(P<0.05) 2374 ns 1116 ns 2778

In Trial 2, Mulato seed crops planted in May produced nearly 4 times the
quantity of forage (3 times as much leaf) at the closing cut in early August, of
crops planted in June (Table 6). However, stem crude protein concentrations in
the June-planted forage were higher than in May-planted forage. Crops planted
in May, June or July produced more total and stem stubble DM at seed harvest
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than crops planted in August {Table 7). Crude protein concentrations in stubbles
were similar for all crops.

Table 6. Effect of time of tiller planting of Mulato on dry matter yields and crude
protein (CP) concentrations in forage cut at closing for seed production in August

(Trial 2).

Tiller planting  Stem DM Stem CP Leaf DM Leat CP Total DM
time (kg/ha) (%) (kg/ha) (%) (kg/ha)
May 3288 8.2 3263 13.0 6551
June 713 12.0 1081 15.9 1794

LSD{P<0.05) 1569 3.2 1313 ns 2887

Table 7. Effect of time of planting tillers of Mulato on dry matter yields and crude
protein (CP) concentrations in stubble at seed harvest (Trial 2).

Tiller planting  Stem DM Stem Leaf DM Leaf Total DM
time (kg/ha) CP (%) (kg/ha)  CP (%) {kg/ha)
May 14817 3.2 4591 53 19428
June 15875 2.6 4811 4.8 20686
July 16712 2.7 4180 49 19892

August 11643 2.2 4617 4.7 16260

LSD(P«0.05) 1072 ns ns ns 2789

In Trial 3, crops planted with tillers produced more than 4 times the amount
of forage at closing in August of crops planted with seeds (Table 8). However,
crude protein concentrations in leaves of crops planted with seeds were higher
than those in crops planted with tillers. May-planted crops produced twice the
amount of forage at closing of June-planted crops but with lower leaf crude
protein concentrations (Table 8). Harvest stubble stemm DM and total DM were
higher in crops planted with tillers than in crops planted with seeds (Table 9).
August-planted crops had less stubble DM than crops planted earlier.

Table 8. Effect of method and time of planting of Mulato on dry matter yields and
crude protein (CP) concentrations in forage cut at closing for seed production in
August (Trial 3).

Method of Stem DM Stem Leaf DM Leaf Total DM
planting {(kg/ha) CP (%) (kg/ha) CP (%) (kg/ha)
Seed 495 15.9 702 20.7 1196
Tillers 2211 14.0 2802 18.3 5013
LSD(P<0.05) 613 ns 622 1.5 1184
Time of
planting
May 1812 14.1 2342 18.5 4154
June 895 158 1162 20.5 2057

LSD(P<0.05) 613 ns 622 1.5 1184
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Table 9. Effect of method and time of planting of Mulato on dry matter yields in
harvest stubble (Trial 3).

Method ot Stem DM Leaf DM Total DM
pianting (kg/ha) {(kg/ha) (kg/ha)
Seed 5220 3381 8601
Tillers 6212 3693 9905
LSD{P<0.05) 940 ns 1238
Time of planting S
May 5991 3793 9784
June 6031 3563 9594
July 6420 3787 10207
August 4423 3005 7428
LSD{P<0.05) 1329 587 1752

In Trial 4, forage yields at closing in August were directly related to the time
since planting {(P<0.05) (Table 10). However, the crude protein levels were higher
in the later planted crops than the May-planted crop. Stubble yields at harvest
declined progressively as time of planting was delayed (P<0.05} (Table 11).

Table 10. Effect of time of planting of Mulato Il on dry matter yields and crude
protein (CP) concentrations in forage cut at closing for seed production in August

(Trial 4).

Tiller ptanting ~ Stem DM Stem Leaf DM Leaf Total DM
___ time (ka/ha) CP (%) {(kg/ha) CP (%) (kg/ha}
May 18 1433 10.2 1725 13.4 3158
June 1 440 12.0 653 17.6 1093
June 16 123 13.4 312 17.8 434
July 1 46 15.5 165 17.2 211
L.SD{P<0.05) 325 2.0 335 1.8 647

Table 11. Effect of time of planting of Mulato Il on dry matter yields in stubble at
seed harvest (Trial 4).

Tilier planting Stem DM Leaf DM Totai DM
time (kg/ha) (kg/ha) (kg/ha)
May 16 5085 4524 9609
June 1 4073 3549 7622
June 16 3568 3681 7249
July 1 2824 3172 5996
July 15 2197 2666 4863
August 1 1475 2152 3627
August 16 585 1357 1952
LSD{P<0.05) 1402 750 1919
Discussion

The main outcome of brachiaria hybrid seed production from this study is that the
seed yields were extremely low and not commercially viable. Seed yields were
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less than 150 kg/ha and were far ‘below average yields of 200-300 kg/ha
regularly harvested in Mexico (E. Stern personal communication). However, seed
yields of Mulato II were far better than those of ruzi grass (30-80 kg/ha seed} or
other Brachiaria spp. (negiigible seed yields) in earlier trials on the same site
(Hare et al. 2005), but below seed yields of ruzi grass {313-350 kg/ha) elsewhere
in Thailand (Phaikaew and Pholsen 1993; Kowithayakorn and Phaikaew 1983).

Both Mulato and Mulato Il produced sufficient inflorescences, racemes
and spikelets to indicate a potential for useful seed yields. However, by seed
harvest, there was massive failure of seed set, caryopsis maturation or both, with
the cleaned seed containing less than 2% of the spikelets formed by the crops.
The weather conditions during seed maturation were suitable for seed set, with
bright sunshine and no rain. The subsequent failure of seed-set most probably
was due to polien sterility, if judged by a study on brachiaria hybrids showing that
more than 65% of pollen grains were sterile (Risso-Pascotto ef al. 2005) and that
this sterility was genetic.

However, in further trials on closing date (Hare et al 2007a) and
harvesting methods (Hare et al. 2007b), the highest seed yields of Mulato I
reached 258 and 580 kg/ha, respectively, while those of Mulato remained low,
indicating that not all brachiaria hybrids have genetically low seed yields. The low
seed yields of Mulato Il in this study (Trial 4) were due to the trial site becoming
severely waterlogged in September, causing tiller death and a very low
emergence of inflorescences. In contrast, the harvesting method trial 50 m away
in the same paddock was not waterlogged and the best treatment produced seed
yields of 580 kg/ha (Hare et al. 2007b). Smallholder farmers have also produced
Mulato Hi seed yields of over 500 kg/ha.

The results emphasise the importance of method of establishment for
seed production in these brachiaria hybrids. In our studies, seed crops
established from tillers produced 60% (Trial 2 vs Trial 1} and 117% (Trial 3) more
seed than seed crops established from seed. When the components of seed
yield were examined, it appeared that the number of inflorescences and
seeds/m? were the most critical components of yield. Crops planted with tillers
produced approximately 20% more inflorescences and 90% more seeds/m? than
crops planted with seed.

Currently, 2 of the 3 most important grass seed c¢rops in Thailand, Ubon
paspalum and Purple guinea, are established by planting tillers. While the third
crop, ruzi grass, has usually been established with seed, there has been a shift
recently towards planting tillers, because vegetative plantings usually produce
quick establishment. Farmers also prefer tiller planting because it is similar to
their traditional method of establishing rice, in which rice is first sown into
nurseries and 4- to 6-wk-old seedlings are then transplanted into paddies.
ldentical practices are followed with first-year grass seed crops. For second-year
and subsequent grass seed crops, plants in existing fields can be dug up and
rooted tillers divided and transplanted into new seed fields. By planting grass
seed crops with tillers, farmers can plant in wide rows, which faciiitates weeding
and harvesting and leads to increased seed yieids (Loch et al. 1999; Souza
1999).
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Planting early in the wet season (May or June) produced the most
brachiaria hybrid seed in 3 out of 4 trials in the current study. Trial 3 was severely
affected by drought, with the wet season rains finishing 6 weeks early, in mid-
September, 2004. May- and June-planted crops in Trial 3 were defoliated in early
August and, because of the drought, regrowth was very slow, resulting in seed
yields similar to July- and August-planted seed crops.

Inflorescence numbers and seeds/m® were again the most critical seed
yield components determining higher seed yields from early establishment. As
planting date progressed through the wet season, inflorescence numbers
declined, but raceme and spikelet numbers increased. However, increased
raceme and spikeiet numbers did not compensate for the lower inflorescence
numbers and lead to increased seed yields. Hare et a/. (2001) also found that
inflorescence and seed numbers were the most important seed yield components
influencing seed yields of Ubon paspalum. When both components declined with
later planting, seed yields also declined.

Forage production from grass seed crops is extremely important for
smallholder farmers in Thailand. Farmers either feed the forage to their own
livestock or sell it as fresh grass to other farmers (Khemsawat and Phonbumrung
2002) for current prices of US$0.05-0.07/kg fresh weight.

Planting early enables farmers to cut forage from their seed crops before
closing in late July - early August (Hare et al. 2007a). The forage of the
brachiaria hybrids cut before closing was of a very high quality in all trials, with a
high proportion of leaf (§5-60%) and a high leaf crude protein concentration that
averaged over 15%. In addition, the harvest stubble of brachiaria hybrids in the
trials remained green, the stems were not hard and woody and the overall
stubble was of a good quality. Farmers have commented on how the harvest
stubble of brachiaria hybrids is far more readily eaten by livestock than that of
Ubon paspalum, Purple guinea or rice, which are generally very stemmy and
fibrous. The stubble vields of up to 25 ttha DM will provide a valuable feed
resource for farmers in the dry season, when feed supplies are limited.

While the low seed yields of Mulato have proved to be not commercially
viable, the better seed yields of Mulato Il in villages and in other trials (Hare et af.
2007a; 2007b) are commercially viable. To produce acceptable seed yields,
brachiaria hybrid seed crops should be hand-planted with tillers early in the wet
season. Early sowing also enables high quality forage to be produced before
closing to seed.
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Abstract

Two field trials were conducted during 2003-2004 in north-east Thailand to
examine the effects of timing of closing defoliation on seed production, forage
production before closing to seed and harvest stubble yield and quality of two
brachiaria hybrid cultivars, Mulato (Brachiaria ruziziensis x B. brizantha) and
Mulato Il {B. ruziziensis x B. decumbens x B. brizantha).

In Trial 1, second- and third-year Mulato seed crops closed in early July and
earty August produced more seed than crops closed in May and September.

In Trial 2, seed yields of first-year Mulato seed crops closed in September
were reduced by over 50% relative to crops closed May — August. Seed yields of
first-year Mulato 1l seed crops were reduced by 70% when closed in August
rather than May or July, and September closing produced no seed at all. The
highest seed yield of Mulato I {258 kg/ha) was 60% higher than the highest seed
yield of Mulato (161 kg/ha), mainly because it nearly twice the number of pure
seeds/m’.

From the results of our research we would recommend a final closing
defoliation for brachiaria hybrid cultivars in Thailand any time in July.

Forage production hefore closing to seed was significantly higher in late-
closed seed crops than in early-closed seed crops. In contrast, harvest stubble
DM yields increased progressively as the date of closing was advanced earlier
into the wet season.

The difficulties of implementing closing defoliations by smallholder seed
producers and the methods of harvesting are discussed.

Introduction

Two brachiaria hybrid forage grasses, Brachiaria ruziziensis x B. brizantha cv.
Mulato and B. ruziziensis x B. decumbens x B. brizantha cv. Mulato li, have been
recently bred at The International Center for Tropical Agriculture [Centro
Internacional de Agricuitura Tropical (CIAT)] in Cali, Colombia and released by a
Mexican seed company, Grupo Papalotla. Since the release, in 2000, of cv.
Mulato, with low seed yields (less than 200 kg/ha) the price of Mulato seed has
been 3-4 times that of seeds of other commercial brachiaria cuitivars in Latin
America. The high seed price and limited availability of commercial seed have
been obstacles to the widespread uptake of Mulato by farmers. The release in
2004 of cv, Mulato Il was partly in the expectation that its supposedly higher seed
yields would lead to lower seed prices and higher volumes of seed traded.

In 2003, Grupo Papalotia made the business decision to produce seed of
Mulato and later Mulato Il in Thailand. This decision was based on the high
forage seed quality, smallholder experience and professionalism, and public
sector involvement in forage seed production in that country {Hare and Horne
2004). In 2003, field trials commenced at Ubon Ratchathani University, Thailand,
to investigate agronomic management of brachiaria hybrids in order o increase
seed yields. A series of trials studied the effects of method and time of planting
{Hare et al. 2007a), date of closing defoliation and harvesting methods (Hare et
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al. 2007b) on seed production of Mulato and Mulato Il. This paper reports the
results of closing date defoliation.

With tropical grass seed production, it is an important aim of agronomic
management to produce a synchronised high-yielding seed crop by promoting
inflorescence development and restricting this to a short period of emergence
(Loch et al. 1999). Closing date defoliation is a part of agronomic management
which aims to prevent tall vegetative materia! lodging the seed crop and to
encourage a strong synchronised flush of inflorescences leading to higher
harvest presentation and higher seed vields.

The timing of defoliation is critical to the success of closing date defoliation
management. Early defoliation will produce excessive bulk at harvest, which can
either lodge the crop or interfere with inflorescence emergence and harvesting.
Late defoliation can remove many of the developing reproductive apices leading
to low inflorescence numbers and low seed yields.

Optimum dates of closing have been determined for Paspalum atratum cv.
Ubon in Thailand (Hare et al. 1999), Brachiaria ruziziensis (common Thailand
type) in Thailand (Phaikaew and Pholsen 1993) and Chloris gayana cv. Callide in
Australia (Loch 1983). These dates are approximately 90-100 days before
harvest and vary according to time of inflorescence emergence and harvest.

Forage production from grass seed crops is important for smallholder seed
producers in Thailand, who are predominantly mixed livestock and cropping
farmers. Species that can produce moderate quantities of forage in the wet
season before closing are accepted more because they fit in with smabholder
farm management.

The hypothesis tested in this research is that strategic date of closing
defoliation in the wet season will increase seed yields of Mulato and Mulato 11 by
decreasing lodging and increasing flowering and seed-set. The objective of the
research was to cut seed crops at monthly intervals during the wet season to
determine the optimal date of last closing defoliation for seed production. We
also sought to determine the effect of closing date on forage yield and quality
(CP content} at closing and following seed harvest.

Materials and methods

Two field trials were conducted in Ubon Ratchathani province, north-east
Thailand (15°N, 104°E; 130 m asl; AAR 1593 mm) on the Ubon Ratchathani
University farm in a 0.15 ha field from 2003 to 2004. Annual rainfall was recorded
at the trial site (Figure 1). The field trial site was on an upland sandy low humic
gley soil (Roi-et soil series) (Mitsuchi et al. 1986). Soil samples to 10 cm, taken in
May 2003, showed that the soil was acid (pH 4.8; water method), and low in
organic matter {0.9%), N (0.03%), P (4.9 ppm; Bray Il extraction method) and K
(53.6 ppm). Prior to cultivation, the site had been planted to Stylosanthes
guianensis var. vulgaris x paucifiora (ATF 3308) for 2 years.

Trial 1 — Effect of closing date defoliation on seed production of Mulato
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In both 2003 and 2004, 5 closing date defoliations (May 3, June 3, July 3, August
3 and September 3) were compared in a 5-replicate, randomised complete block
field experiment. The trial was conducted on a Mulato field planted in May 2002
with plants spaced at 50 cm x 50 cm. At each closing date, all plots that were not
already closed, were cut 5 cm from ground level as follows:

Treatment 1: May closing defoliation. One cut only.

Treatment 2: June closing defoliation. Two cuts in May and June.

Treatment 3: July closing defoliation. Three cuts in May, June and July.

Treatment 4: August closing defoliation. Four cuts in May, June, July and

August.

Treatment 5: September closing defoliation. Five cuts in May, June, July,

August and September.

Each plot measured 4 m x 5 m. At each sampling cut, material from 2 m of
3 rows was cut, weighed fresh and a 300 g subsample sorted into leaves and
stems and dried at 70°C for 48 h to determine dry weight and crude protein.
Fertiliser was applied to all plots every 60 days in 2003 (160 kg/ha NPK
15:15:15} and every 30 days in 2004 (200 kg/ha NPK 15:15:15).

At peak anthesis, all inflorescences in a fixed quadrat of 3 rows x 2 m in
length were counted and 20 inflorescences taken from just outside this area for
reproductive assessment. All racemes were counted on each inflorescence and
spikelets were counted from 3 racemes per inflorescence, taken from the top,
middle and base of each inflorescence. Seed was harvested in 2003 from the
fixed quadrat by tying the inflorescences in living sheaves and gently knocking
the seed into bags each day. In 2004, nylon bags were tied over the living
sheaves and the seed allowed to fall naturally into the bags. Seed was collected
from the bags once a week.

Seed was dried slowly on trays inside a laboratory and then cleaned
through hand screens and a South Dakota seed blower to 99.0% seed purity.
Following cleaning, seed vyields and thousand-seed weights were corrected to
10% seed molsture content.

Dry matter was measured in the stubble left after harvest from 2 m of 3
rows in each plot and crude protein concentrations determined in 2003 only. The
field was cut to ground level in December 2003 and allowed to grow until second-
year defoliation treatments commenced on May 3, 2004.

Trial 2 — Effect of closing date defoliation on seed production of Mulato and
Mulato i1

Two cultivars (Mulato and Mulato |1} and 4 closing date defoliations (May 6, July
6, August 6 and September 6, 2004) were compared in a 4-replicate, randomised
complete block field experiment. The trial was sown on May 6, 2004. The field
was ploughed and disced into a fine seed-bed in April 2004. The 2 cultivars were
tested for germination (Mulato 34% and Mulato Il 26%) and sown at a rate of 3.1
kg/ha. The seeds were sown in shallow holes (2 cm depth) in rows 1 m apant,
and 50 cm apart in the row. Fertiliser (200 kg/ha NPK 15:15:15) was applied at
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sowing and at monthly intervals thereafter until September. Plots measured 4 x 5
m.

Plots were only cut once, on the day of closing date defoliation, except for
May 6 closing date, which was the day of sowing. On each subsequent closing
date, sampling cuts were taken from 2 m of 3 rows, 5 cm above ground level,
weighed fresh and a 300 g subsample sorted into leaves and stems and dried at
70°C for 48 h to determine dry weight and crude protein. The remaining herbage
in the plots was cut (5 cm above ground level) and removed on the same day as
sampling cuts.

At peak anthesis, all inflorescences in a fixed quadrat of 3 rows x 2 m in
length were counted and 20 inflorescences taken from just outside this area for
reproductive assessment. All racemes were counted on each inflorescence and
spikelets were counted from 3 racemes per inflorescence, taken from the top,
middle and base of each inflorescence. Nylon bags were tied over the
inflorescences and the seed allowed to fall naturally into the bags. Seed was
collected from the bags once a week.

.Seed harvesting, seed cleaning and data collection were the same as in
Trial 1.

Data from each trial were analysed by conventional analysis of variance,
using the IRRISTAT program from The International Rice Research institute
{IRRI1}. Treatment means were compared by LSD at the P = 0.05 probability
level.

Results
Rainfall

Rainfall at the trial site (Figure 1) was below the 13-yr (1992-2004) mean of 1538
mm/annum in the 2 years of the study (1430 mm and 1045 mm). The second
year, 2004, was particularly dry, with rainfall 30% below the 13-yr mean. Wet
season rain finished early, in mid-September 2004, and most seed crops were
severely moisture-stressed during seed-set in October and November.
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Figure 1. Rainfall at Ubon Ratchathani University during the study and the 13-yr
mean {1932-2004)

Seed yields

In Trial 1 in 2003, closing defoliation at the beginning of August produced a
higher seed yield than other closing date defoliations (Table 1). In 2004, the
highest seed yields were from July and August closing defoliations but vields
from August closing defoliation were similar to those produced by June closing
defoliation. Closing defoliation in May and September in both years reduced
Mulato seed vyield to 10 - 36% of those from July and August closing defoliation.

Mulato inflorescence and seed numbers were increased by August closing
defoliation compared with other closing date defoliations in 2003 (Table 1).
September defoliation reduced inflorescence numbers, seed numbers and seed
weights compared with earlier defoliations in both years. Closing in May and
June significantly increased spikelets/raceme compared with closing in August
and September 2003 and July - September 2004.

in Trial 2, the highest seed vyield of Mulato | was 60% higher than the
highest seed yield of Mulato (258 vs 161 kg/ha; Table 2). Seed yields of Mulato ||
were similar when closed in May and July but were reduced as closing defoliation
was delayed with September-defoliated plots producing no seed. Mulato plots
defoliated in September produced less seed than plots defoliated earlier. Mulato
produced more inflorescences and spikelets and heavier seed than Mulato Il
from all closing date defoliations (Table 2}. However, Mulato Il produced higher
seed yields than Mulato from May and July closing date defoliations by producing
nearly twice the number of pure seeds/m®.
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Table 1. Effect of timing date of closing defoliation on Mulato seed yield
components and seed yield (Trial 1).

Final inflorescences  Racemes Spikelets Seeds/m® Seedyield TSW'
closing /m? finflorescence  jraceme {kg/ha) @)
defoliation ~
2003
May 220 41 28.6 189 8.9 8.50
June 223 4.0 28.3 253 22.5 8.84
July 233 39 29.4 312 28.1 8.48
August 302 3.0 253 441 39.4 8.68
September 31 29 23.9 56 5.0 7.90
LSD(P<0.05) 45 0.25 2.37 84 8.4 0.44
2004
May 284 3.0 38.6 583 51.6 877
June 389 46 34.6 10060 g1.0 9.01
July 411 4.8 29.4 1516 140.5 932
August 445 4.8 28.4 1360 122.0 8.87
September 120 42 28.6 169 14.2 8.45
LSD{P<0.03) 111 0.72 0.97 427 40.5 0.56

"1000-seed weight

Table 2. Effect of timing date of closing defoliation on Mulato and Mulato 1l seed
yields and seed yield components (Trial 2}.

Closing Inflorescences/m® Racemes/inflorescence  Spikelets/raceme
defoliation )
Mulato  Mulato Mulato Mulato Il Mulato  Mulato Il
May 299 . 299 6.3 6.0 42.8 35.8
Juty 330 330 6.0 5.5 37.3 33.5
August 278 278 5.8 5.0 35.0 28.0
September 152 152 4.8 - 35.0 -
LSD (P<0.05) 88.9 0.55 4.1
Seed yield Seeds/m? TSW'
{kg/ha) (9)
- Mulato  Mulato li Mulato Mulato !l Mulato  Mulato Il
May 149 232 1608 3009 9.4 7.7
July 161 258 1746 3374 9.2 7.6
August 119 76 1392 924 8.6 6.8
September 65 - 783 - 8.3 -
LSD (P<0.05) 83.3 1078 1.5

' 1000-seed weight
Dry matter production

In Trial 1, closing plots in September in both years produced more dry matter
(stem, leaf and total DM) than plots closed in June and July (Table 3). Crude
protein {CP) concentrations were higher in plots cut in June 2003 than in later-cut
plots, but in 2004 closing date had no significant effect on crude protein
concentration.
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tn Trial 2, PM production at closing was similar for Mulato and Mulato |l but
CP in Mulato was 3 percentage points higher than in Mulato |l (Table 4). Piots
closed in September produced more than 3 times the amount of DM at closing
than plots closed earlier but with significantly lower crude protein concentration.

Table 3. Effect of timing date of closing defoliation for seed production on Mulato
dry matter yields and crude protein concentrations (Trial 1).

Closing date Stem DM Stem CP Leaf DM Leaf CP Total DM

defoliation (kg/ha) {%) {kg/ha) (%) ~_ (kg/haj
2003
June 262 12.0 918 15.3 1180
July 547 B.2 1738 12.7 2285
August 1054 9.1 2952 12.4 4006
September 1344 8.2 3599 11.8 4943
LSD (P<0.05) 168 1.5 423 1.7 564
2004
June 442 10.3 1123 12.6 1565
July 504 10.0 1424 13.4 1928
August 933 10.1 2439 13.2 3372
September 1224 12.2 3151 15.3 4375
LSD {P<0.05) 553 ns 1040 ns 1584

Table 4. Effect of timing date of closing defoliation for seed production on dry
matter yields and crude protein concentrations of two brachiaria hybrid cultivars
at closing for seed production (Trial 2).

Treatment Stem DM Stem CP Leaf DM Leaf CP Total DM

(kg/ha) (%) (kgiha) (%) (ka/ha)
Cultivar
Mulato 1822 13.3 1971 17.5 3793
Mulato Hl 2337 9.9 2239 14.6 4576
LSD (P<0.05} ns 1.7 ns 1.5 ns
Closing
defoliation
July 36 16.0 188 17.7 224
August 1254 10.6 1603 16.5 2857
September 4949 8.2 4522 14.0 9471
LSD (P<0.05) 1305 2.1 779 1.8 2032
)

Harvest stubble DM in Trial 1 was less in plots closed in August and
September 2003 and in September 2004 than in plots closed earlier, which
produced, on average, 17.7 tonnes and 12.2 tonnes, respectively, in 2003 and
2004 (Table 5). CP concentration in the stubble, measured only in 2003, was not
affected by closing date defoliations, with means of 1.7% in stem CP and 4.5% in
leaf.

There was no difference in harvest stubble DM between Mulato and Mulato
Il in Triat 2, but defoliating at closing in August and September reduced harvest
stubble DM compared with closing in May and July (Table 6).
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Table 5. Effect of timing date of closing defoliation on Mulato stubble dry matter
yields at seed harvest (Trial 1).

Closing date Stem DM Leaf DM Total DM
defoliation {kg/ha} (kg/ha) (kg/ha)
2003
May 11995 7979 19974
June 10973 5889 16862
July 11234 4991 16225
August 8058 3426 11484
September 2749 2842 5581
LSD(P<0.05) 2689 1367 3835
2004
May 8453 6151 14604
June 6507 5485 11992
July 6351 4894 11245
August 6584 4531 11115
September 1689 1868 3557
LSD(P<0.05) 2082 1535 3465

Table 6. Effect of timing date of closing defoliation on stubble dry matter yields in
two brachiaria hybrid cultivars at seed harvest (Trial 2).

Treatment Stem DM Leaf DM Total DM
(kg/ha) {kg/ha} (kg/ha)
Cultivar
Mulato 7219 3859 11078
Mulato H 6148 4469 10617
LSD(P<0.05) ns ns ns
Closing
defoliation
May 8728 5069 13797
July 9414 4819 14233
August 6454 4029 10483
September 2138 2740 4878
LSD(P<0.05) 2074 1108 3087
Discussion

The time of final closing date defoliation was found 1o be extremely important for
seed production of brachiaria hybrids in Thailand. The ideal time to implement a
final closing defoliation on seed crops of Mulato and Mulato || was 90-120 days
(early July-early August) before seed harvest, which was similar to times found
for Ubon paspalum (Hare et al 1999; Phaikaew et al. 2002) and ruzi grass
(Phaikaew and Pholsen 1993} seed crops in Thailand. Early defoliation (May-
June) and late defoliation (September) reduced seed yield quite dramatically.
However, seed vields of first-year Mulato and Mulato 1l seed crops planted
in early May and not defoliated in the growing season, were no different from
those of July-defoliated crops (Trial 2). This contrasted with our previous
experience where in average rainfall years, brachiaria hybrid seed crops planted
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at the University and in villages in early May and not defoliated, produced
considerably lower seed yields than crops that were defoliated in July. The
undefoliated crops grow excessive herbage bulk that reduces/suppresses
inflorescence emergence resulting in low seed yields. The explanation probably
lies in the low wet season rainfall (305 below the 13-yr mean). The dry end to the
wet season in 2004 resulted in considerably less herbage bulk than normal at
harvest (13 vs 19 t/ha DM), which did not interfere with inflorescence emergence.

With second- and third-year seed crops (Trial 1), mid-wet season
defoliation was found to be critical for successful seed production. Crops
defoliated in May and June produced 18-65% of seed yields of crops defoliated
in early August (average rainfall year 2003) and in July (below average rainfall
year 2004). The early defoliated seed crops did not lodge, but they produced
bulky herbage {14-19 t/ha DM), which inhibited the emergence of a sufficient
number of inflorescences to produce acceptable seed yields.

Late defoliation (September) in all seed crops, regardless of age, removed
many of the developing reproductive apices, leading to either low inflorescence
number and fow seed yields {Mulato) or no inflorescences and no seed at all
(Mulato 1},

From the results of our research, we would recommend a final closing
defoliation in July. Recommending an early August defoliation has proved
confusing for farmers who, in many cases, have defoliated crops from mid- to
late-August. This practice has produced either very low seed yields or no seed at
all. Therefore, we avoid referring to August defoliation and recommend July
defoliation, when advising farmers on management of seed crops.

In recommending brachiaria hybrid seed production to smallholder farmers
in order to attract a large number of seed producers in north-east Thailand, we
emhasise the amount and quality of forage produced before closing and after
harvest. Farmers have been very impressed with the forage produced. In
particular, the quality before closing, which reached over 15% crude protein in
first-year crops in our trials. Farmers state that their cattle readily eat all stems
and leaves, unlike some other forage grass species that have unpalatable stems.

However, a problem has arisen in that farmers cut only a section of their
field each day, harvesting enough forage with hand sickles to feed their own 3-4
head of cattle. A 0.5 ha field may take 1 month to cut, resulting in a 30-day
spread of closing date defoliations. Consequently, seed yields across a field can
vary considerably, particularly if the last cuts take place in late August. When we
explain that seed crops must be cut on the same day or at least within 2-3 days,
they reply that either they can not cut all their fields by hand in such a short time
frame or their catile can not eat such a large amount of freshly cut forage before
it deteriorates.

We are examining ways to enable farmers to cut their whole field in as short
a time frame as possible. Selling surplus fresh grass cut over 2-3 days is the
most viable option, as there is a strong market in north-east Thailand for fresh
forage (Khemsawat and Phonbumrung 2002). Farmers lack the equipment and
expertise to make hay or silage. While grazing seed crops to remove excess
herbage in winter and early spring is widely practised in many temperate
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countries (Rolston et al. 1997; Simon et al. 1997), farmers in Thailand refuse to
graze seed crops, as they fear grazing cattle will cause trampling damage to
plants leading to low seed yields.

In many tropical grasses, seed yields do not decline with age of stand
provided adequate levels of soll N are maintained, but, in some other cases,
productively of older stands are greatly reduced (Loch et al. 1999). This has been
the experience with brachiaria hybrids in Thailand and in central and south
America (E. Stern personal communication). The seed yield decline is believed to
be caused by larger tillers in older stands apparently providing greater and/or
more prolonged nutritional support for weaker tillers (low-yielding or sterile) to the
detriment of their own development and the long-term productivity of the stand
(Loch et al 1999). Applying N increases inflorescence density and tiller fertility. In
Trial 1, Mulato seed yields in the third harvest year (2004) were more than 4
times those in the second harvest year (2003), due primarily to a 60% increase in
inflorescence numbers. Inflorescence number was boosted by increasing
fertiliser (NPK) from 160 kg/ha every 60 days (2003), to 200 kg/ha every 30 days
(2004) from May to September.

Seed vield in the third-year stand was also increased by harvesting
technique. In the second-year stand (2003), seed was harvested by daily
knocking of seedheads, but in the third-year stand, nylon bags tied over the
seedheads collected the seed. The nylon bag technique of harvesting tropical
grass seed in Thailand has doubled seed yield of Mulato and Mulato Il (Hare et
al. 2007b) and Ubon paspalum {Phaikaew et al. 2001).

Farmers in north-east Thailand replant grass seed crops every year using
tilers divided from rootstock from stands planted the previous year. They
maintain that older stands are less productive than first-year stands. The decline
in productivity, however, may be due to applying insufficient N, as most farmers
apply less than 40 kg/ba N. In our Mulato |l village farmer seed program, we
distribute to each farmer 100-200 g of seed in the first year to start a nursery,
from which seedlings are transplanted into the seed production field. In second
and subsequent years, these farmers divide tillers for transplanting from the
previous year stand. However, the best farmers in our Mulato 1l village seed
production program state that stands planted with new seedlings from seed
nurseries are more productive than stands planted with rootstock tillers divided
from plants in older stands. They therefore request new seed each year 1o
establish seed nurseries to replant their seed crops. We have no research
evidence to support their belief that seed production plots established from
transplanted seedlings are more productive than plots established with tillers
divided from 1-yr-old plants.

The release in 2004 of Mulato |l was in the expectation that it would
produce higher seed yields than Mulato. This was proved correct in our trial with
the highest seed yield of Mulato Il 60% higher than the highest seed vyield of
Mulato. Consequently, Grupo Papalotla is now producing only Mulato it seed in
Thailand and production of Mulato has stopped. Seed yields of Mulato 1I (232-
258 kg/ha) were also far better than seed vyields of ruzi grass (30-80 kg/ha) or
other brachiaria spp. (negligible seed yields) in earlier trials on the same site
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(Hare et al. 2005), but below experimental seed yields of ruzi grass (313-350
ka/ha) elsewhere in Thailand (Phaikaew and Pholsen 1993; Kowithayakorn and
Phaikaew 1993).

Seed production of brachiaria hybrid seed crops in Thailand are is by mid-
wet season (July) defoliation with the high quality forage obtained an added
bonus for sale or feeding to stock.
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Abstract

Two field trials were conducted during 2003-2005 in north-east Thailand to
investigate the seed yield and seed viability of 2 hybrid brachiariagrass cultivars,
Mulato (Brachiaria ruziziensis x B. brizantha) and Mulato Il (B. ruziziensis x B.
decumbens x B. brizantha) from a range of non-destructive manual harvesting
methods and the method of manual ground recovery of fallen seed.

Tying light-weight nylon net bags over seedheads at anthesis to collect
seed, yielded 82% and 38% more Mulato seed in 2003 and 2004, respectively,
than 3 methods of hand knocking seed from seedheads. In 2005, the nylon net
bag method produced twice as much seed of Mulato Il (508 kg/ha) as 3 methods
of knocking seed from seedheads (252 kg/ha). Seed yields from ground
sweeping produced the lowest seed yields in 2004 (Mulato) and 2005 (Mulato 11}.
Seed viability was lower in ground-swept Mulato Il seed than in seed from other
harvesting methods.

The difficulties of manually harvesting brachiaria hybrids by farmers in
Thailand and prospects for improving seed yields are discussed.

introduction

Low seed yields, less than 200 kg/ha, of two brachiaria hybrid cultivars, Mulato
(Brachiaria ruziziensis x B. brizantha) and Mulato Il (B. ruziziensis x B.
decumbens x B. brizantha), have resulted in commercial seed prices being 3-4
times higher than those of seeds of other commercial brachiaria cultivars. The
high price and limited availability of commercial seed have been obstacles to the
widespread uptake of brachiaria hybrids by farmers.

Field trials commenced at Ubon Ratchathani University, Thailand, in 2003,
to investigate agronomic management of brachiaria hybrids in order to increase
seed yields. Two previous papers reported the effects of method and time of
planting (Hare et al. 2007a) and closing date defoliation (Hare et al. 2007b} on
seed production of Mulato and Mulato Il. This paper reports the effects of
harvesting method.

Harvesting of tropical grass seeds is done by either a single destructive
harvest of the standing crop, multipie non-destructive harvests from the standing
crop, or, ground recovery of seeds shed from the standing crop (Loch and Souza
1999). In Australia, harvesting is mechanized, and in Brazil, harvesting, which
was generally manual a decade ago, has become predominantly mechanized. in
Thailand, as in other tropical developing countries, harvesting is predominantly
manual, because of low costs and the ready availability of hand labour.

A single destructive harvest removes all the moist seedheads in one cut,
gither with a combine harvester or manually by sickles. Seedhsads cut manually
can immediately be threshed to remove seed or threshed after drying in a stook
or sweating in a piled stack for a few days before threshing (Loch and Souza
1999). However, seeds from a single destructive harvest usually contain a very
high proportion of immature seeds, which can be up to 70% in a seedlot
(Hopkinson and English 1985). Improvements in management and direct heading
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of B. decumbens seed crops in Australia has improved seed yields (Hopkinson
and Clifford 1993). Seed crops are heavily fertilized to cause lodging and the
seed allowed fall and accumulate on the leaf mat before being harvested in one
destructive harvest by powerful axial-flow combine harvesters.

The aim of multiple, non-destructive harvests is to avoid harvesting
immature seeds and to leave these seeds intact after harvest to allow them to
continue ripening on the plant. Multiple non-destructive harvesting is best done
by hand (Kowithayakorn and Phaikaew 1993: Phaikaew et al. 1993). Generally,
higher seed yields and better quality seed are produced by manual harvesting
than from machine harvesting (Humphreys and Riveros 1986). In countries that
have a high wage structure, beater harvesters, brush harvesters and stripper
harvesters successfully multiple harvest non-destructively a range of grass
species {Loch and Souza 1999), but these species do not include brachiaria.

Ground recovery of fallen grass seed is the common harvesting practice in
Brazil, either by manual sweeping, with tractor-mounted sweeping brooms or with
specially designed self-propelled brachiaria seed harvesters (Loch and Souza
1999; Souza 1999). Ground-swept seed is favoured in the South American
market because of its high germination, high vigour and low dormancy (Souza
1999). However, purity levels are low, ranging from 25-40% PGS in the formal
seed trade market.

In Thailand, grass seed harvesting has always been camied out manually,
progressing over the past 3 decades from single destructive harvests to multiple
non-destructive harvests. Ground recovery of fallen seed is used to harvest only
Stylosanthes species (Hare and Phaikaew 1999) and has never been practised
with grass seed crops, because of the likelihood of wet conditions at harvest
time. With single destructive harvests, crops are ether hand cut with sickles and
immediately threshed (B. ruziziensis and Paspalum plicatulum), or cut and then
sweated before threshing (Panicum maximurmy.

Research studies, however, have found that higher seed yislds in Thailand
are obtained from multiple non-destructive manual harvests, with seedheads tied
into living sheaves and the seed knocked daily into seed-net receptacles
(Kowithayakorn and Phaikaew 1993: Phaikaew et a/. 1993). Daily knocking of 8.
ruziziensis (ruzi grass) yielded 50% more seed than cutting and sweating (233
kg/ha vs 155 kg/ha) (Phaikaew and Pholsen 1993), and 95% more seed of P,
atratum {Ubon paspalum} was harvested by daily knocking (230 kg/ha) than by
cutting and sweating (118 kg/ha) (Hare et al 1999). This method of daily
knocking seedheads is now used by the majority of smallholder seed growers in
Thailand to harvest ruzi grass, guinea grass (P. maximum cv. Purple) and Ubon
paspalum.

Seed yields can be substantially increased by tying light-weight nylon net
bags over the seedheads and aliowing mature seed to fall into these bags. The
seed is coliected every 4-7 days from the bags. Guinea grass yielded 39% more
seed by the nylon net bag method (793 kg/ha), than from knocking seedheads
every 3-5 days (572 kg/ha) {Phaikaew et al. 1996). Ubon paspalum yielded 76%
more seed from nylon net bags (636 kg/ha) than by knocking seedheads every 3
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days (362 kg/ha) {Phaikaew et a/. 2001). Neither of these studies compared daily
knocking of seedheads with seed coliected in nylon net bags.

in order to increase seed vyields of brachiaria hybrids we investigated
several multiple non-destructive manual harvesting methods that are used to
harvest other grass specles in Thailand and the method of manua! ground
recovery of fallen seed as is used in Brazil.

The hypothesis tested in this research was that the method of collecting
seed from nylon net bags tied over seedheads of brachiaria hybrids would
produce higher seed yield and better seed quality than other manual harvesting
methods. The objective was to compare seed yield and seed quality from nylon
net bag coliection with the common method used by farmers in Thailand of
knocking tied seedheads and the method used in Brazil of sweeping seed from
the ground.

Materials and methods

Two field trials were conducted in Ubon Ratchathani province, north-east
Thailand {(15°N, 104°E; 130 m asl; AAR 1593 mm) on the Ubon Ratchathani
University farm in a 0.15 ha field from 2003 to 2005. Annual rainfall was recorded
at the trial site (Figure 1). The field trial site was on an upland sandy low humic
gtey soil {Roi-et soil series) (Mitsuchi et al. 1986). Soil samples to 10 cm, taken in
May 2003, showed that the soil was acid (pH 4.8; water method), and low in
organic matter (0.9%), N (0.03%), P (4.9 ppm; Bray Il extraction method) and K
(53.6 ppm). Prior to cultivation, the site had been planted to Digitaria milanjiana
cv. Jarra for 3 years.

Trial 1 — Effect of harvesting method on seed yield and seed quality of Mulato

in both 2003 and 2004, five harvesting methods were compared in a 4-replicate,
randomised complete block field experiment, on second-year Mulato fields,
planted in May 2002 and May 2003, respectively, with plants spaced at 50 cm x
50 cm. Each plot measured 4 mx 5 m.
The treatments were

1) Knocking daily. Seedheads tied up and knocked once every day.

2) Knocking every 2 days. Seedheads tied up and knocked once every 2

days.

3} Knocking every 3 days. Seedheads tied up and knocked once every 3

days. :

4) Nylon net bag. Nylon net bag tied over seedheads and seed collected

every 7 days from the bag.

5) Ground sweeping. Seed swept from the ground after all seed had fallen.

Pre-trial preparation included cutting the fields (5¢m above ground level) to
remove all the forage at the beginning of June and August in both years.
Fertiliser was applied to all plots on June 3, August 4 and September 20 in 2003
(160 kg/ha NPK 15:15:15 on each occasion) and on June 3, July 3, August 3 and
September 3 in 2004 (200 kg/ha NPK 15:15:15 on each occasion).
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At anthesis in mid-October of each year, all seedheads in the knocking and
nylon bag treatment plots were tied and nylon net bags tied over seedheads in
Treatment 4. In the knocking treatments (Treatments 1-3), seedheads were
knocked in large cloth bags in the morning or the appropriate days to remove
mature seed. In Treatment 5 plots, in the first week of December of each year, all
plants were cut to ground level and removed, and the fallen seed hand-swept
from the ground.

Harvested seed from Treatments 1-4 was dried slowly on trays inside a
laboratory. Seed from Treatment 5 was already dry at harvest. Seeds were
cleaned through hand screens and a South Dakota seed blower to 99.0% seed
purity.

Data collection included seed yield and seed weight corrected to 10% seed
moisture content and seed viability (tetrazolium tests TZ).

Trial 2 — Effect of harvesting method on seed yield and seed quality of Mulato il

In 2005, on a first-year-planted Mulato Il field, five harvesting method treatments
were compared in a 4-replicate, randomised complete block experiment. Mulato
I tillers were planted at spacings of 1 m x 50 cm on May 31. Each plot measured
4mx5m.

The treatments were

1) Knocking daily. Seedheads tied up and knocked once every day.

2) Knocking twice daily. Seedheads tied up and knocked twice {morning and

late afternoon), every day.

3) Knocking every 2 days. Seedheads tied up and knocked once every 2

days.

4) Nylon net bag. Nylon net bag tied over seedheads and seed collected

every 7 days from the bag.

5) Ground sweeping. Seed swept from the ground after all seed had fallen

Pre-trial management included cutting the field on August 2, 2005 to 5 ¢cm
above ground level and removing all the forage. Fertiliser was applied on August
2 {200 kg/ha NPK 15-15-15) and October 6 (200 kg/ha urea).

At anthesis in late October, all seedheads in the plots were tied in
Treatments 1-4 and nylon bags placed over seedheads in Treatment 4. Ground
swept seed in Treatment 5 was collected in the first week of December. Seed
harvesting, seed cleaning and data collection were the same as in Trial 1.

Data from each trial were analysed by conventional analysis of variance,
using the IRRISTAT program from The International Rice Research Institute
(IRRI). Treatment means were compared by LSD at P = 0.05 probability level.

Results
Rainfall

Rainfall at the trial site was below the 13-yr (1992-2004) mean of 1538
mm/annum in the first two years of the study (1430 mm and 1045 mm) and
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similar to the mean in the third year (1545 mm) (Figure 1). The second year,
2004, was particularly dry, with rainfall 30% below the mean. Wet season rain
finished early in mid-September, 2004, and most seed crops in Trial 1 were
severely moisture-stressed during seed-set in October and November. In
contrast, in 2005, 433 mm in September and 50 mm in November resuilted in soit
moisture levels remaining high during seed-set and seed-maturation in Trial 2.
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Figure 1. Rainfall at Ubon Ratchathani University during the study and the 13-yr
mean (1992-2004)

Trial 1 — Effect of harvesting method on seed yield and seed quality of Mulato

Nylon net bags tied over the seedheads to collect seed produced the highest
Mulato seed yields in both years (Table 1}. The seed yield from nylon net bags
was 82% (2003) and 38% {(2004) more than the yield from the 3 methods of
knocking seedheads. Knocking produced 20% more seed than ground sweeping
in 2004 but similar yields in 2003.

Seed viability of Mulato was not affected by harvesting method in 2003, but
in 2004, seed knocked every 2 days had lower viability than seed harvested by
other methods (Table 1).

Trial 2 — Effect of harvesting method on seed yield and seed quality of Mulato 1I

The nylon net bag method produced the highest Mulato |l seed yield, twice that
from the 3 methods of knocking seedheads (Table 2). Sweeping Mulato 1l seed
from the ground produced a much lower seed yield, lighter seed and seed with
lower viability than other harvesting methods.
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Table 1. Effect of harvesting method on Mulato seed yields and seed viability

(Trial 1}.

Harvest method Seed yield TSW! Seed viability
(kg/ha) (@) (%)
2003
Knocking daily 49.4 8.50 68.6
Knocking 2 days 40.6 8.73 71.6
Knocking 3 days 47.5 8.78 72.4
Nylon net bag 83.8 B.55 74.5
Ground sweeping 42.5 7.99 70.3
LSD P<0.05 18.6 ns ns
2004
Knocking daily 168.6 8.43 79.8
Knocking 2 days 123.9 8.13 68.8
Knocking 3 days 146.3 8.75 75.8
Nylon net bag 202.5 8.40 77.0
Ground sweeping 75.7 8.89 76.0
LSD P<0.05 30.5 ns 6.64

' 1000-seed weight

Table 2. Effect of harvesting method on Mulato Il seed yields and seed viability
(Trial 2).

Harvest method Seed yield TSW' Seed viability
(kg/ha) ) (%)
Knocking daily 230.2 8.79 92.0
Knocking twice daily 27.2 8.68 92.0
Knocking 2 days 254.6 8.94 89.3
Nylon net bag 509.4 9.03 90.5
Ground sweeping 87.3 8.20 84.0
LSD P<0.05 73.2 0.38 5.8

' 1000-seed weight
Discussion

Choosing an appropriate method to harvest brachiaria hybrids is extremely
important for producing good seed vields, to enable high quality seed to be
commercially available to farmers at a reasonable price. In South America, seed
yields must reach at least 500 kg/ha in order to compete in price with other
commercial brachiaria cuiltivars, which average 600-700 kg/ha from mechanised
ground sweeping {Souza 1999). In our trials, only Mulato !! produced more than
500 kg/ha by using the nylon net bag method to harvest seed.

The nylon net bag method produced substantially higher seed yields than
knocking seedheads and ground sweeping for both Mulato and Mulato |l
However, the highest seed yield of Mulato was just over 200 kg/ha, less than half
that produced by Mulato Il. After 3 years research, this was the highest seed
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yield we could achieve with Mulato in Thailand. Farmers in Thailand harvesting
Mulato seed by daily knocking have also experienced very disappointing seed
yields up to 100 kg/ha. With the persistently low seed yields, the Mexican seed
company that released these two brachiaria hybrids, Grupo Papalotia, has
discontinued Mulato seed production in Thailand and instead will concentrate on
Mulato 1l seed production,

In research trials, the nylon net bag method has consistently produced
higher seed yields than knocking seedheads of guinea grass (Phaikaew et al.
1996), Ubon paspalum (Phaikaew et al. 2001) and now brachiaria hybrids in
these trials. However, farmers have not adopted this harvest method for two
reasons.

Firstly, experienced farmers who give grass seed production their top
priority, can achieve high seed yields, over 800 kg/ha for gquinea grass and Ubon
paspalum and over 600 kg/ha for Mulato H, by knocking seedheads 2-3 times per
day (dawn, midday and in the evening). This attention to harvesting minimises
losses from seed shedding. In our trials, harvesting is constrained by government
working hours, with the first knocking between 08:00 and 10:00 h, and the
second knocking between 15:00 and 17:00 h. Despite knocking twice daily, seed-
shedding losses still occur.

Secondly, the nylon net bags are oo expensive for the farmers. Since
Mulato It seedhead stems are fairly fragile, very light-weight nylon net material
must be used to avoid breaking the stems with their weight. The nylon netting
must be porous to allow air-flow through the bags. The netting is cut and sown
into bags that have a small aperture at one end that can be untied every 4-7
dags to collect seed. Each bag costs approximately US$0.25 and approximately
18000 bags/ha are used for a cost of US$4500/ha. Farmers are currently being
paid US$5/kg for Mulato |l seed and, even if they produce 500 kg/ha, the cost of
the nylon bags exceeds their gross returns. The bags can be used for several
years, which reduces their cost over time, but apparently not sufficiently to be
attractive to producers. _

Some farmers who are unable to give their full attention to daily grass seed
harvesting are examining using cheaper netting fabric and double row planting,
so that more seedheads can be covered with one bag to reduce the number of
bags. We are also studying the placing of cheap cloth mats down the rows to
collect fallen seed. ‘

Ground sweeping in our studies was unsuccessful. Yet in Brazil, this
method has been the predominant seed-harvesting method of Brachiaria spp. for
the past 2 — 3 decades, producing up to 700 kg/ha from either manual or
machine sweeping (Souza 1999). In Thailand, we have no problem sweeping
over 900 kg/ha of stylo seed from the ground (Hare et al. 2007¢). Hence, the
fate of the fallen seed must be resolved. In Trial 2, ground sweeping Mulato I
seed yielded 422 kg/ha less seed than from nylon net bags. Yet this amount of
seed was not on the ground. The vegetative material was beaten to allow any
seed in the foliage to fall to the ground before cutting and removing to clear the
plots for sweeping.
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We consider that a lot of the seed is eaten by ants and perhaps a smaller
amount rots on the ground. Brachiaria hybrid seeds are relatively soft when they
shed and can be easily eaten by ants. Seed-harvesting ants are also active in
stylo seed crops, but as stylo seeds are very hard, the ants eat only the seed
testa and leave the hard seeds intact. Moist conditions during harvest, from
either rain or heavy dews, could contribute to brachiaria hybrid seed rotting on
the ground.

Despite very dry conditions in 2004, causing moisture stress during
reproductive development until seed harvest, Mulato seed yields in Trial 1 in
2004 were nearly 3 times the yields produced in 2003, when crops suffered no
moisture stress. The increase in seed vyield was probably due to the increase in
fertiliser (NPK), which increased from 160 kg/ha applied 3 times (2003), to 200
kg/ha applied 4 times (2004). Similar seed vyield increases occurred in the
adjacent closing date defoliation trials, with increases in fertiliser increasing
inflorescence numbers (Hare et al. 2007b).

A feature of the studies was the very high levels of pure viable seed,
especially with Mulato H in Trial 2. We cleaned the seed to 99.0% purity and, with
90.5% seed viability, produced 89.5% pure live seed with nylon net bags (454
kg/ha pure live seed). These levels are many times greater than the Brazilian
legal minimum seed quality standards of 10-24% pure live seed, although seed
traded internally in Brazil is mostly 25-40% pure live seed with of high levels of
soil {Souza 1989). The highest quality Mulato |l seed is produced in the first week
of harvesting, when seed is green and hard at harvest and constitutes about 9%
of the total seed harvest. Seed harvested after the first week is brown, light, soft
and usually empty, but makes up nearly 90% of the seed lot. This light seed is of
low viability (0-5%) and is removed during cleaning and winnowing. Experienced
Mulato Il seed producers in Thailand stop harvesting seed once this light brown
seed stants to appear during harvesting, as they know that all this seed will be
blown off during seed cleaning. Less experienced farmers continue to harvest all
seed, but end up with a large pile of light, empty seed outside their cleaning
stations.

Achieving good seed yields of the current brachiaria hybrids has been a
difficult process. After 3 years research, we have been unable to produce
satisfactory seed yields of Mulato. To achieve over 500 kg/ha from Mutato i1 has
been very encouraging. Several farmers are producing Mulato || seed yields of
over 600 kg/ha. These yields are far better than experimental seed yields of ruzi
grass (30-80 kg/ha) or other Brachiaria spp. (negligible seed yields) in earlier
trials on the same site {Hare et al. 2005) and above experimental seed yields of
ruzi grass (233-350 kg/ha)} reported elsewhere in Thailand (Kowithayakorn and
Phaikaew 1993; Phaikaew and Pholsen 1893). However, the seed yields
achieved to date for Mulato Il are lower than commercial seed yields of 650 kg/ha
for Marandu (B. brizantha) and Basilisk signal grass in Brazil (Souza 1999) and
of up to 1000 kg/ha for Basilisk signal grass in Australia (Hopkinson and Clifford
1993). The high signal grass seed vyields in Australia were achieved only
following nearly 20 years research and development in harvesting technology,
which increased seed yields 10-fold.
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We have conducted only 2-years research on seed production of Mulato ||
and consider that, with more agronomic management and improvements in
harvesting methods, further increases in Mulato Il seed yields in Thailand are
possible.
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Abstract

A field experiment was conducted in north-east Thailand between 2003 and 2006
to compare dry matter yields of Stylosanthes hamata cv. Verano, S. guianensis
cvv. Tha Phra, Ubon stylo and Temprano, and S. scabra cv. Seca. A second field
experiment in 2004 compared the effect of closing date defoliation on
subsequent seed yields of Tha Phra and Ubon stylo.

Ubon stylo and Tha Phra produced at least 90% more dry matter than
Verano over 3 years, with advantages particularly obvious in the dry season,
when they produced 2-6 times the yield of Verano. Ubon stylo and Tha Phra
produced 13, 18 and 17 t/ha/yv DM, in the first, second and third ysars of
production respectively. Temprano produced intermediate dry matter yields,
being generally inferior to Ubon stylo and Tha Phra, but superior to Verano and
Seca. Both Ubon stylo and Tha Phra would be suitable replacements for Verano.

Ubon stylo produced 2.6 times the seed yield of Tha Phra (959 vs 365
kg/ha). Closing in September doubled seed yield over closing in October.

Management of perennial stylo pastures to increase the commercial use
of stylo pastures is discussed. Ubon stylo’s stronger resistance to anthracnose,
better grazing persistence and higher seed yields than Tha Phra, suggest it
would be a better replacement for Verano.

Introduction

The first commercial use of Stylosanthes spp. in Thailand, in the mid 1960s, was
based upon the importation of seed of Australian cultivars, chiefly Townsville
stylo (Stylosanthes humilis). Following the devastating outbreak of the fungal
disease anthracnose (Colletotrichum gloeosporioides) in 1976, Verano (S.
hamata), which was more resistant than Townsville stylo, replaced it and large-
scale pasture development ensured.

Verano has been the backbone of pasture legume development for animal
production in north-east Thailand for 30 years. Between 1976 and up to the
present, the Department of Livestock Development (DLD) has improved nearly
320000 ha of communal grazing land by oversowing Verano {Phaikaew and Hare
2005). Over 4000 t of Verano seed has been harvested in north-east Thailand
since 1976 and annual production has stabilised at about 50-100 ty.

Perennial stylo (S. guianensis var. guianensis) has been used to a lesser
extent than Verano in Thailand for cut-and-carry forage systems. Cultivars Cook,
Schofield and Endeavour were evaluated by the DLD in the 1970s, but were
replaced by the better performing cv. Graham in the 1980s and 1990s.
Anthracnose destroyed Graham in 1996, and the more resistant and higher-
producing CIAT 184 (Tha Phra stylo) was substituted (Phaikaew and Hare 2005).
it performs very well in the humid tropics (Miles and Lascanu 1997).

With the future possibility of both Verano and Tha Phra stylos succumbing
to anthracnose, there was a need to evaluate anthracnose-resistant species. In
November 1999, we received seed of a blend of lines derived from S. guianensis
var. vulgaris x var. pauciflora (ATF 3308) selected for long-term resistance to
anthracnose (Grof et al. 2001). This blend has been released in Australia as
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cuitivar Nina (Cook et al. 2005). However, in Thailand, farmers growing seed and
forage call it “Ubon stylo” and we have continued to use this name since its
retease in 2002.

In 2001, we received seed of another anthracnose-resistant blend (GC
1576 plus GC 1524), deriving from S. guianensis var. vulgaris x var. paucifiora
hybrid material (ATF 3309 cv. Temprano}. This selection is less erect than Ubon
stylo, similar to Graham, and more suited to dry environments (B. Grof, personal
communication).

The hypothesis of this research was that stylos could be identified, which
were more productive in Thailand than cv. Verano. The objective was to compare
wet and dry season forage production of the new stylos with than of Verano.

Since stylo adoption in Thailand has been a result of successful seed
production (Hare and Phaikaew 1999), any new stylo species would need good
seed production characteristics. Hence, an additional objective was to compare
seed yields of Ubon stylo and Tha Phra.

Materials and methods

Two field experiments were conducted from 2003 to 2006 in Ubon Ratchathani
province, north-east Thailand {(15°N, 104°E; 130 m asl; AAR 1593 mm) on the
Ubon Ratchathani University farm in a 0.15 ha field. The sites were on an upland
sandy low humic gley soil (Roi-et soil series) (Mitsuchi et a/. 1986). Soil samples
to 10 cm, taken at sowing in May 2003, showed that the soil was acid (pH 4.3;
water method), and low in organic matter (1.5%), N (0.03%), P (3.0 ppm; Bray ||
extraction method), S (9 ppm) and K (54.5 ppm). Prior to cuitivation, the site had
been planted to Digitaria milanjiana cv. Jarra for 3 years and ruzi grass, mixed
with Verano stylo, for 6 years (Hare et al. 2004b).

Trial 1 — Dry matter yields

Five Styiosanthes cuitivars (S. hamata cv. Verano, S. guianensis var. guianensis
cv. Tha Phra, 5. guianensis var. vulgaris x var. paucifiora ¢cv. Ubon stylo, S.
guianensis var. vulgaris X var. paucifiora cv. Temprano and S. scabra cv. Seca)
were compared in a 6-replicate, randomised complete block, field experiment.
The site was ploughed in March and April 2003 and then rotary hoed to produce
a fine seed bed the day before planting in May 2003. Details of field
management are summarised in Table 1.

Seed was tested for germination immediately before sowing and all
accessions were sown at a rate of 10 kg/ha germinable seed. The exception was
Seca, which because of limited seed supply, was sown at 5 kg/ha.

At each sampling date, herbage was cut to 10 cm from ground level,
weighed fresh and sorted into stylo and weeds. A 300 g stylo subsampie was
taken and dried at 70°C for 48 hours to determine moisture content. Dried
samples were stored for crude protein, acid detergent fibre (ADF) and neutral
detergent fibre (NDF) concentration analysis. After each sampling cut, the
remaining herbage was cut to 10 cm and removed.
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Table 1. Field crop management of stylo evaluation trial (Trial 1).

Field cultivation Ploughing x 2, discing x 1, harrowing x 1
Plot size Bmx5m
Sowing date May 16, 2003
Sowing method Broadcast
Establishment plant counts 6 weeks after sowing; four x 0.25 m? guadrats/ plot
Sampling cuts Eight x 0.25 m? quadrats/plot
First wet season Aug 20 & Oct 29, 2003
First dry season Feb 20 & Apr 28, 2004
Second wet season Jun 28, Aug 30 & Oct 29, 2004
Second dry season Mar 4 & Apr 25, 2005
Third wet season Jun 29, Aug 29, & QOct 28, 2005
Third dry season Jan 24 & Apr 25, 2006
Fertiliser
At sowing 20 kg/ha P, 50 kg/ha K, 20 kg/ha S
After cutting 20 kg/ha P, 50 kg/ha K, 20 kg/ha S
2003 Aug 20 & Oct 30

2004 Apr 28, Aug, 30 & Oct 29
2005 Apr 25, Aug 29 & Oct 28

Trial 2 — Seed production

Seed production from 8. guianensis cultivars (cvv. Tha Phra and Ubon stylo) was
compared using 3 closing date defoliation treatments (no cutting from sowing,
September 1 and October 1, 2004) in a 5-replicate, randomised complete block
field experiment. The field was ploughed and disced into a fine seed bed in April
and May, 2004 and the trial was planted on June 11, 2004. Seed was tested for
germination (Ubon stylo 67% and Tha Phra 47%), and was broadcast at a rate of
5 kg/ha germinable seed on to plots measuring 3 m x 3 m (1 m walkways
between plots) and raked into the soil. Fertiliser (P 20 kg/ha, K 50 kg/ha, S 20
kg/ha) was applied at sowing and again in October.

At each ciosing date (September 1 and October 1), four 0.25 m? quadrats
were cut at 10 cm above the ground and weighed fresh. A 300 g subsample was
taken to determine moisture content and crude protein. The remaining herbage
on the plots was cut to 10 cm and removed.

Plots were harvested for seed from February 21 - 23, 2005. At harvest, the
herbage was beaten with sticks to make all remaining seed fall to the ground
before all herbage on each plot was cut and removed. Each plot was swept with
brooms and the collected material sieved and winnowed to collect the stylo seed.
The seed was further cleaned in the laboratory and a purity test performed on
each seed lot. Seed yields were corrected to 10% seed moisture and 100% pure
seed.

Data from each trial were analysed by conventional analysis of variance
and treatment means compared by LSD at the P = .05 probability level.

Resuits

Rainfalt
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Rainfall at the trial site was below the 14-yr mean of 1538 mm/annum in the first
two years of the study but similar to the mean in the third year (Table 2). The
second year, 2004, was particularly dry, with rainfall 30% below the mean and
wet season rain finishing early, in mid-September. In contrast, very heavy rainfall
(433 mm) fell in September 2005 and 144 mm of rain fell from January to April
2006.

Table 2. Rainfail at Ubon Ratchathani University during the study and the 14-yr mean
(1992-2005),

Month Rainfall
Mean 2003 2004 ) 2005 2006
(mm)
Jan 1 0 0 0 0
Feb 12 42 0 0 7
Mar 30 55 1 5 29
Apr 81 g9 53 87 108
May 216 249 143 152
Jun 249 234 208 278
Jul 254 112 150 229
Aug 278 335 297 285
Sep 295 276 188 433
Oct 90 28 4 26
Nov 29 0 3 50
Dec 4 0 0 o
Total 1539 1430 1045 1545

Trial 1 — Dry matter yields

All stylo cultivars, except Seca, established well, with seedling counts >250/m?
(Table 3). Seca plant numbers were much lower at 46/m?>.

In the first wet season, Tha Phra produced more dry matter (P<0.05) than
Verano, Temprano and Seca (Table 3). Weeds, mainly Zornia spp. constituted
80% of the herbage in the Seca plots. In the following seasons, volunteer
seedlings of Verano replaced the weeds and by the third year, Verano
constituted nearly 90% of the herbage in the Seca plots.

Dry matter yields of Tha Phra and Ubon stylo were higher {P<0.05) than
those of other cuitivars in the following seasons, except for Temprano in the third
year (Table 3). Temprano outyielded Verano and Seca in most seasons.

Crude protein concentrations of Verano were higher than those of Ubon
stylo, Temprano and Seca in the first and third wet seasons and higher than
those of all cultivars in the second wet season (Table 4). In the dry season, CP
concentrations in Verano tended to be lower than those of other cultivars but
differences were not always significant. Crude protein concentrations of all
cultivars were, on average, 4.4 (Seca) to 8.0 (Verano) percentage points higher
in the wet season than in the dry season.

In the second and third wet seasons, ADF {30.8 & 31.7%) and NDF (40.9 &
32.5%) concentrations in Verano were lower than other cultivars. In the dry
season, ADF concentrations in Verano (39.3 - 45.0%) tended to be higher than
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Table 3. Plant counts 6 weeks after sowing and dry matter yields of 5 stylo cuitivars.

Cultivar Plant Dry matter yield
counts
Wet Dry Wet Dry Wet Dry 3 year means
2003 2003-04 2004 2004-05 2005 2005-06 Wet Dry
(no/m?) {kg/ha}
Verano 253 5580 2800 8336 536 4280 3669 6065 2335
Tha Phra 306 7746 5863 14423 3718 10638 6245 10936 5275
Ubon stylo as1 6993 5857 14829 3459 10673 6396 10855 5236
Temprano 264 5521 4363 12692 2724 8963 5383 9059 4157
Seca 46 1443 3293 9035 1562 4738 1925 5072 2260
|.SB(P<0.05}) 62 1816 1282 1380 556 1896 1381 1690 1084
Table 4. Crude protein concentrations of 5 stylo cultivars.
Cuitivar Crude protein
Wet Dry Wet Dry Wet Dry
2003 2003-04 2004 2004-05 2005 2005-08
(%)
Verano 20.0 12.4 209 12.6 22.1 13.9
Tha Phra 19.2 14.3 19.8 15.5 22.0 15.6
Ubon stylo 168.4 14.5 19.7 16.4 20.9 -14.6
Temprano 18.2 13.9 19.4 14.9 20.8 14.5
Seca 171 13.2 18.9 14.1 19.6 13.1
LSD P<0.05) 1.2 ns 1.1 1.2 1.0 0.9

Trial 2 — Seed ylolds

Seed yields of Ubon stylo were 2.6 times those of Tha Phra, but with slightly
fower 1000-seed weight (Table 5). Seed crops cut in September had twice the
seed yield of crops cut in October.

Ubon stylo produced more dry matter than Tha Phra at closing for seed
production, but this forage was 1 percentage point lower in crude protein
concentration than Tha Phra (Table 6). Closing in October produced 3 times as
much forage, but with lower crude protein concentrations, as closing in

September.
Table 5. Effect of cuitivar and time of closing on seed yields and seed weights of 2 stylo
cultivars.

Treatment Seed yield TSW
Cultivar (kg/ha) {s)]
Ubon stylo 859 2.50
Tha Phra 365 2.59
LSD (P<0.05) 425 0.06
Time of final ciosing cut
Control {(not cut) 618 2.60
September 921 2.53
October 453 2.50
LSD (P<0.05) 449 0.08
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Table 6. Dry matter yield and crude protein concentration in stylo forage at time of
closing seed crops.

Treatment Dry matter Crude protein
Cultivar {kg/ha) (%)
Ubon stylo 2562 213
Tha Phra 2114 22.4
L.SD (P<0.05) 353 0.8
Time of final closing cut
September 1054 22.4
October 3622 21.3
LSD {P<0.05) 353 0.8
Discussion

This research has shown that 2 perennial stylo cultivars (Ubon stylo and Tha
Phra) produced higher dry matter yields than Verano in both wet and dry
seasons, 90% more over 3 years. These advantages were especially
pronounced in the dry season, when Ubon stylo and Tha Phra produced 2 — 6
times the yield of Verano. These large differences in dry matter yields were
because the perennials stayed green and productive throughout the vyear,
whereas Verano, a biennial, dried off or died in the dry season. This is
particularly important as stylo cultivars that have superior dry season production
and broad adaptability and are more suitable for cut-and-carry forage than
Verano, are of special interest to farmers in Thailand.

Dry matter production from Ubon stylo and Tha Phra in this trial was
excellent. Ubon stylo and Tha Phra produced 13, 18 and 17 t/ha/yr DM in the
first, second and third years of production, respectively. These yields are far
greater than those of Tha Phra in other trials in Thailand (Phaikaew et al. 2004)}.
Of special interest was that the dry matter yields of Ubon stylo and Tha Phra
were equal to yields produced by the grasses Brachiaria spp. (Hare et al. 2005)
and Digitaria milanjiana cv. Jarra (Hare et al. 2004b) in earlier trials on the same
site. Moreover, the stylos produced twice the amount of crude protein as the
grasses and with no applied fertiliser nitrogen.

Dry matter vields of Temprano, which is also a perennial, were generally
lower than those of Ubon stylo and Tha Phra but higher than Verano and Seca.
Temprano was selected as a more prostrate perennial stylo, suitable for grazing
in low rainfall areas (AAR 700-1000 mm) (B. Grof, personal communication). It
has multi-gene resistance to anthracnose and could be a good replacement for
Verano in drier environments, should the single-line resistance of Verano
{lamsupasit et al. 1995) succumb.

While production from Seca was lower than that of the other 3 perennial
stylos, it did produce 4.7, 10.6 and 6.7 t/ha/yr DM, in the first, second and third
year of production, respectively. These yields are above those normally produced
by Seca on dry, infertile soils and equai to yields obtained on more fertile soils
under lenient cutting (Cook et al. 2005). Because of limited seed supply, Seca
was sown at a low sowing rate of 1.15 kg/ha germinable seed, compared to the
other stylo cultivars which were sown at 10 kg/ha germinable seed. If Seca had
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been sown at the higher sowing rate, it may have heen more productive. Seca is
normally in association with perennial sown and native grasses which are
grazed. It is not well adapted to cut-and-carry management due to slow
establishment, low palatability and poor persistence in cut-and-carry systems.
The forage quality of Verano was generally better than that of Ubon stylo
and Tha Phra (higher CP) in the wet season because of fresh new forage
produced by young plants which grew from fallen seed. However, in the dry
season, the crude protein concentration of Verano decreased rapidly as it
senesced and died. In contrast, the crude protein concentrations in Ubon stylo
and Tha Phra, remained good throughout the dry season. Both Ubon stylo and
Tha Phra seem to be superior to Verano for use by smaltholder farmers, with the
higher yields of better quality fodder in the dry season being a critical advantage.

However, a major limitation of perennial stylos in Thailand has been their
lack of persistence and decline in productivity beyond 2 years (Hare et al. 2003;
2004a), because of continual hard grazing or close to ground level, persistent
cutting. By cutting to 10 cm and providing a good recovery period, in our trial all
stylo species were still growing very well at the end of the third year and, except
for Seca, maintaining a very strong plant density in the plots.

Farmers in Thailand use sown pastures for cut-and-carry forage rather
than for grazing. They prefer to plant grasses rather than legumes, because of
higher forage yields (Phaikaew and Hare 2005). However, if Ubon stylo and Tha
Phra produce the yields in villages that we achieved in our research piots, there
may be more farmer interest in sowing stylos, especially given the higher forage
quality of the legumes and the savings in applied nitrogen fertiliser.

In order to increase stylo adoption by farmers, particular attention must be
given to promoting correct cutting management to maintain stylo stand density
and persistence. Cutting after plants have become tall and woody can kil the
plants, since there are few growing points close to the ground on mature plants
(Cook et al. 2005). We stimulated lower branching early, by cutting to 10 cm 3
months after sowing and then cutting at the same height at 2-month intervals in
the wet season and at longer periods in the dry season. After 3 years, the Ubon
stylo, Tha Phra and Temprano plots were still dense and almost weed-free.

While Ubon stylo and Tha Phra produced similar dry matter yields in this
trial, the single line resistance of Tha Phra to anthracnose may cause it to
succumb to anthracnose in the future. The multi-line resistance to anthracnose of
Ubon stylo may make it persist better than Tha Phra. Tha Phra also has the
tendency to become more woody with age than Ubon stylo, which makes it more
vulnerable to dying out. Ubon stylo stems are a lot finer than Tha Phra stems and
may be part of the reason for its persistence in grazed pastures. Cattle graze
both leaves and stems of Ubon stylo, but with Tha Phra they prefer leaves,
leaving the stems to become large and woody (Hare, unpublished data).

To be adopted by farmers, new stylo species need to be good seed
producers. Ubon stylo is a prolific seeder, producing over 950 kg/ha, nearly 3
times the seed yield of Tha Phra. Phaikaew et al. (2004} also reported that Ubon
stylo produced more seed than Tha Phra.
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This study has reinforced earlier findings on the importancre of closing
strategy on both seed and forage production of perennial stylos. Excessive
vegetative growth in perennial stylo seed crops can produce moisture stress
during flowering, resulting in lower seed yields (Hare 1985). Cutting to 40 ¢cm in
August produces shorter plants at flowering and reduces moisture stress allowing
a heavier seed set {(Hare 1985). Loch et al. (1976) showed that the timing of
perennial stylo defoliation was critical and was best carried out about 4 weeks
before first-flower initiation, although timing differ by cultivar. In South America,
cutting too low or too late in the wet season has been a frequent cause of failure
of perennial stylo seed crops (Ferguson et al. 1999).

The major advantage of defoliation compared with not defoliating for
smallholder farmers is that forage can be fed to livestock. In the current study,
cutting Ubon stylo and Tha Phra in October, after the first flowers appeared,
decreased seed yields to half produced by defoliating in September. The
undefoliated plots did not suffer from moisture stress, even though they produced
a considerable bulk between flowering and harvest.

if farmers can develop the skills to manage perennial stylos as a sown
pasture and a legume protein bank for dry season forage, there will be more
widespread use of perennial stylo. With proper cutting management, Ubon and
Tha Phra perennial stylos can produce excellent regrowth and can persist
strongly for at least 3 years and could be ideal replacements for Verano. Ubon
stylo’s stronger resistance to anthracnose, better grazing persistence and higher
seed yields than Tha Phra, make it the better choice.
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ABSTRACT

Since apomictic reproduction (asexual reproduction by seed) avoids meiosis it ought to
ensure good seed set even in meiotically unstable hybrids. However, this seems not
generally to be the case. Improvement of apomictic brachiariagrasses in Colombia began
with hybridization using a tetraploidized, sexual ruzigrass biotype developed in Belgium.
Commercial seed production of the first two hybrid-derived apomictic cultivars from the
CIAT breeding program are described. The first release, cv. Mulato, yields only about
one-tenth as much seed as conventional brachiariagrass cultivars, which are derived
directly from apomictic germplasm accessions collected in Africa. Low seed yield in
Mulato is owing to poor seed set, rather than poor flowering. A second released cultivar,
Mulato IL, has better seed yield than Mulate although it has lower inflorescence density.
1t is still much lower yielding than conventional cultivars. The brachiariagrass breeding
scheme currently employed at CIAT is briefly described and the issues involved in
applying effective selection pressure to achieve cumulative genetic gains in the seed yield
of apomictic hybrids are discussed.

Key words: apomixis, brachiariagrasses, cultivar, seed set, seed yield.
INTRODUCTION

Ruminant livestock production in the tropics and subtropics relies to a large extent on
grazing of Cy4 grasses. While the main C4 crop species (e.g., maize [Zea mays L],
sorghum [Sorghum bicolor (L.) Moench], pearl millet [Pennisetum glaucum (L.} R. Br.],
and sugarcane [Saccharum officinarum L.]) reproduce sexually, many of the
economically important Cs forage grasses reproduce by apomixis — asexual reproduction
by seeds (Asker & Jerling 1992). Apomicts are among the most economically important
warm-season forage grass species, and include buffelgrass [Pennisetum ciliare (L.) Link
(syn Cenchrus ciliaris L.)), guineagrass (Panicum maximum Jacq.), bahiagrass
(Paspalum notatum Fliigge), and three of the four commerciali species of
brachiariagrasses [Brachiaria brizantha (A. Rich.) Stapf (palisadegrass); B. decumbens
Stapf (signalgrass); and B. humidicola (Rendle) Schweick. (koroniviagrass)].
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Apomixis offers a unique means directly and faithfully to propagate even highly
heterozygous genotypes through the convenient vehicle of seed. In fact, among the
known apomictic crop plants, the only group where commercial multiplication combines
asexual reproduction with seed propagation are the tropical forage grasses. Other
domesticates where apomictic reproduction is known are fruit species where commercial
propagation is by vegetative means (cuttings or grafting).

Two types of apomixis are found in the warm-season grasses: diplospory and apospory.
These differ by the origin of the unreduced cell that gives rise to the female gametophyte:
the diplosporous gametophyte originates by mitosis from an unreduced megaspore
mother cell following a failure of meiosis; the aposporous gametophyte originates
directly from a somatic, nucellar cell. Apospory is the type of apomixis found in the
most important of the commercial warm-season forage grasses (e.g., the
brachiariagrasses, guineagrass, buffelgrass, and bahiagrass).

To date, the vast majority of commercial warm-season forage grass cultivars are direct
selections from collections of natural germplasm, commonly known as “ecotype
selections" (Vogel & Burson 2004). Breeding programs based on deliberate
hybridization and selection exist (buffel-, guinea-, brachiaria-, and bahiagrass), but their
practical success to date has been very limited. One of the constraints on plant breeding
of apomicts is the need to modify and adapt breeding techniques to take into account the
peculiarities of apomictic reproduction and effectively and efficiently hamess the
advantages of asexual reproduction to exploit heterosis. Where cross compatible sexual
germplasm exists, as it generally does, to allow genetic recombination in an apomictic
species, then apomixis offers many distinct advantages in a plant breeding program
(Vogel & Burson 2004).

1t is commonly supposed that apomictic reproduction, in and of itself and owing to the
fact that it bypasses female meiosis, should lead to improved reproductive fertility, and
by extension, higher seed yields, particularly in apomicts of hybrid origin (e.g., Vogel &
Burson 2004). An often repeated statement by Darlington (1939) asserts that "apomixis
is an escape from sterility..." However, greater seed fertility for apomicts is not
inevitable, particularly in pseudogamous apomicts where fertile pollen is required for the
development of endosperm. A recent report from Brazil (Risso-Pascotto er al. 2005)
suggests that genetic incompatibilities in an aposporous interspecific hybrid (Brachiaria
ruziziensis X B. brizantha) resulted in up to 65% sterile pollen grains. Since apomictic
brachiariagrasses are pseudogamous, the authors suggest that pollen sterility may be an
important cause of poor seed fill in interspecific hybrids. And Asker and Jerling (1992)
observe that "In Poa pratensis, sexual aberrants may have better seed-setting than
original, facultatively apomictic types."

The present paper aims to:
1. Describe breeding procedures currently employed in CIAT’s brachiariagrass breeding

program and how these have evolved since the first experimental hybrids were made in
1988.
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2. Outline the difficulties that have been encountered in commercial seed production of
the first hybrid brachiariagrass cultivar (cv. Mulato) and their probable causes.

3. Describe seed production of a second brachiaria hybrid cultivar release (Mulato II).

4. Describe possible plant breeding approachs aimed at improving seed production
characteristics of future brachiariagrass hybrid cultivars.

Brachiariagrass breeding program at CIAT

All four commercial Brachiaria species are of African origin. These commercial species
{with the exception of ruzigrass) are polyploid, aposporous apomicts, i.e., they reproduce
asexually by seed. Ruzigrass is a diploid, allogamous sexual species (Ferguson &
Crowder 1974). Taken together, the apomictic polyploid species (signaligrass,
palisadegrass, and koroniviagrass) are by far the most important sown forage grasses in
the neo-Tropics (Santos Filho 1996). Ruzigrass is commercialized only to a limited
extent in tropical America owing to its extreme susceptiblity to spittlebugs and poor
edaphic adaptation. It is much more important commercially where spittlebugs are not a
production limitation, e.g., in Thailand (Hare & Phaikew 1999).

The early brachiariagrass cultivars (Basilisk signalgrass; Marandu, La Libertad, and
Toledo palisadegrass; and Tully and Llanero koroniviagrass) are "ecotype selections",
apomictically reproducing clones selected from ex situ germplasm collections, either in
northern Australia (Basilisk, Tully) or in tropical America (Marandu, in Brazil; La
Libertad, Toledo, and Llanero, in Colombia). Kennedy ruzigrass is a sexual population
released in Australia.

Interest in brachiariagrass breeding was motivated by the perceived deficiencies of
existing cultivars: spittlebug susceptibility in Basilisk and Kennedy; lack of adaptation to
the very acid, infertile soils common in the American savannas in Marandu, La Libertad,
and Toledo; poor feed quality and excessive seed dormancy in Tully and Llanero.

Signalgrass, palisadegrass, and ruzigrass are closely related, while koroniviagrass is
phylogenetically more distant (Renvoize et al. 1996). Genetic recombination even within
groups was, until the mid-1980s, restricted by intra- and interspecific ploidy differences,
and especially by apomictic reproduction, which precludes direct hybridization between
apomictic genotypes even at the same ploidy level.

An important breakthrough came with the development, in Belgium, of a tetraploidized,
sexual ruzigrass (Swenne ef gi. 1981). Preliminary results of crossing studies
(Ndikuniana 1985) suggested that apomixis was simply inherited as a monogenic
dominant, with sexual genotypes being homozygous recessive at the apomixis locus, as
had previously been reported for guineagrass (Savidan 1975; 1983). These preliminary
results, which were subsequently fully confirmed by C.B. do Valle and collaborators
(Valle et al. 1994; Valle & Savidan 1996), suggested that the reproductive mode might
readily be manipulated in a plant breeding program (Miles & Valle 1996).
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Experimental hybridization at CIAT in the signal-/ palisade-/ruzigrass group began with
the acquisition, in 1988, from Dr. Cacilda B. do Valle of Embrapa's Beef Cattle Center,
of tetraploid, sexual ruzigrass germplasm derived directly from the Belgian material. The
basic procedure for achieving genetic recombination was to use the cross-compatible
tetraploid, sexual germplasm as female, and pollinate with the normal pollen produced by
tetraploid apomicts. Such crosses were expected to "release” abundant genetic variation
(Vogel & Burson 2004), given presumed genetic heterozygosity in both parents, but
particularly in the natural tetraploid apomicts.

Most of the early proposals of breeding schemes for apomicts (summarized in Savidan
2000; Vogel & Burson 2004) were based either on incomplete or erroneous information
on inheritance of the reproductive mode (e.g., Taliaferro & Bashaw 1966, for buffelgrass;
Burton 1992, for bahiagrass), or had a very short-term perspective (e.g., Taliaferro &
Bashaw 1966; Bashaw 1980b; Bashaw & Funk 1987). Only the breeding scheme
proposed for guineagrass by Pernés et al (1975), explicitly contemplated the
accumulation of genetic gain over recurrent cycles of selection and recombination.
Although many authors note the advantages of apomictic (asexual) reproduction to
faithfully reproduce heterozygous genotypes, and hence to exploit heterosis {(e.g., Vogel
& Burson 2004), almost none of the proposed breeding schemes describes a mechanism
that would accumulate the non-additive, heterotic effects contributing to heterosis
(However, see Miles 1995).

The brachiariagrass breeding program at CIAT began with the assumption that repeated
cycles of hybridization and selection would be needed to achieve the combination of
characters and levels of character expression needed in improved cultivars (Miles &
Valle 1996). The available sexual germplasm, derived from the Belgian tetraploidized
sexual ruzigrass, has a very narrow genetic base [as evidenced by low polymorphism of
molecular genetic markers (J. Tohme unpublished)]. Further, this germplasm is highly
susceptible to spittlebugs (Cardona et al. 1999), and has poor edaphic adaptation (Rao et
al. 1998). The characters to be combined (spittlebug resistance and edaphic adapation)
were available in separate apomictic accessions. Hence, the initial plan was:

1. Cross different apomicts, each having one or another of the desired characters, to the
sexual tetraploid ruzigrass.

2. Identify superior first cycle sexual hybrids (homozygous recessive at the apomixis
locus) with expression of the desired characters. :

3. Recombine selected hybrid sexual clones by open pollination in an isolated crossing
block to synthesize a sexually reproducing, tetraploid breeding population with a broad
genetic base, i.e., including genes from accessions of signalgrass and palisadegrass as
well as ruzigrass.

Since sexuality in brachiariagrass is conditioned by the homozygous recessive genotype
(azaa) at a single "apomixis locus” (Valle & Savidan 1996), the synthetic sexual
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population will remain fully sexual as long as it is isolated from contamination by pollen
from cross-compatible apomicts (genotype Aaaa). Hence, the synthetic brachiariagrass
breeding population, like any allogamous sexual crop species (e.g., maize), can be
subjected to recurrent cycles of selection and hybridization to improve the levels of
expression of desired characters.

Given the obvious advantages of apomictic reproduction in maintaining cultivar purity
{no cross-pollination) and faithfully and easily propagating heterozygous (and heterotic)
genotypes, the intention was always to release only apomictic genotypes as commercial
cultivars. TFhus, in order to capture genetic gain in the synthetic sexual breeding
population, elite sexual clones derived from the population are crossed (as females) with
selected apomicts (as pollen parents) to produce hybrid populations segregating for
reproductive mode (Miles et al. 2004). Following the identification of apomictic
segregants in such hybrid populations, either by cytological examination of embryo sacs,
by progeny test, or by molecular markers, the best apomictic hybrids can be multiplied
directly and evaluated for eventual commercial release.

Six 2-yr selection cycles have been conducted in the tetraploid sexuwal breeding
population since it was synthesized, with heavy selection pressure on spittlebug
resistance. Resistance has responded steadily to selection, so that we now routinely
isolate sexual clones that are more resistant to spittlebugs than any accession in the
brachiariagrass germplasm collection (Miles et al. 2006). Recent results show that this
resistance is inherited by a significant proportion of sexual-by-apomictic hybrids, even if
the apomictic parent is highly susceptible (e.g., Basilisk signalgrass) (C. Cardona
unpublished data).

Recently, a cyclic breeding scheme -- recurrent selection on specific combining ability
(Hull 1945; Miles 1997) -- designed to accumulate non-additive genetic effects
contributing to heterosis has been implemented (Miles in press). In this scheme,
selection in the synthetic sexual breeding population is based not on performance of
sexual clones per se, but on the performance of their hybrid progeny. Briefly, a series of
sexual clones are crossed (as females) with a single (male) "tester” genotype to produce a
series of hybrid, testcross families. These testcross progenies, rather than the sexual
clones per se, are evaluated to determine which of the sexual clones will be recombined
to reconstitute the sexual population. The breeding scheme automatically generates a
cohort of apomictic hybnd clones each breeding cycle. The best apomictic individuals in
the best testcross progenies are potential cultivars.

Seed production and seed set
In spite of expectations that apomictic reproduction will circumvent potential sterility

problems, empirical results to date suggest that other factors are operating. The first
hybrid brachiariagrass cultivar released, cv. Mulato, has disappointingly low seed yields,
in spite of prolific, well-synchronized flowering induced by short daylength. Low seed
yields are associated with poor seed set (Hare, 2007a), rather than low spikelet dersity.
While conventional cultivars (e.g., Basilisk signalgrass, Marandu and Toledo
palisadegrass) routinely produce commercial pure seed yields in the range of 500 to 1,000
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kg ha! (Hopkinson et al. 1996; Souza 1999), average commercial yields of Mulato do not
exceed 100 kg ha™!, with maximum yields rarely passing 200 kg ha™.

Seed yields of Mulato 11, under both experimental and commercial conditions, have
consistently exceeded those of its predecesor, cv. Mulato. In one trial, the highest seed
yield of Mulato 1§ (258 kg ha™) was 60% higher than the highest seed yield of Mulato
(161 kg ha™) (Hare et al. 2007b). In another trial, seed yield of Mulato 1f reached 500 kg
ha™ (Hare ef al. 2007c) and several smallhoider farmers in Thailand regularly hand
harvest over 600 kg ha™.

While the published literature is scanty, poor seed yields, whether owing to poor seed set
or shy flowering, seem to be a common defect of newly formed apomictic hybrids. The
first buffelgrass hybrids released from the Texas A&M breeding program (Bashaw 1968;
1980a) were never widely adopted in spite of their improved forage characteristics, and
this failure was apparently associated with erratic and often poor seed yields (M.A.
Hussey, personal communication) and consequently scarce supplies of commercial seed
and high seed prices. Likewise, a promising, hybrid-derived apomictic bahiagrass clone,
Tifton 7 was never released owing to concerns about low seed yields (W.W. Hanna,
personal communication). Published data on commercial seed yields of guineagrass
cultivars (Souza 1999) likewise suggests lower yield for newly synthesized hybrid
cultivars (e.g., 130-145 kg ha™' for ground swept sced of cvs. Centendrio and Vencedor)
than for cultivars selected from collections of natural apomictic germplasm (e.g., 180-200
kg ha™ for cvs. Tanzania-1 and Mombaga).

We hypothesize that the low seed yield of new hybrids is owing to insufficiently rigorous
selection being applied on seed production characteristics, combined possibly with a
negative association between seed yicld and vegetative vigor or forage yield. The
relatively high seed yields of conventional cultivars selected from natural germplasm is
probably attributable mainly to the effect of natural selection of genotypes with prolific
seed set from populations of natural hybrids.

In order to achieve progress in the genetic improvement of seed yields, we will need a
scheme to select cyclically on this trait. However, there 1s an important unknown in this
regard. We know, for instance, that selection directly on phenotype in our synthetic
sexual tetraploid population for spittlebug resistance gives good genetic gain in the
population (Miles et al. 2006). Further, this gain in resistance is recovered in apomictic
hybrids that are candidates for commercial release (CIAT 2007). For seed yield, the
feasibility of capturing genetic gains achieved in the sexuval population has yet to be
demonstrated and is not so obvious. It is possible that the genes that contribute
importantly to seed yield — particularly genes contributing to high seed set — in sexually
reproducing plants are not the same as the genes contributing to seed set in apomicts,
owing to the differences in gametophyte, fertilization, and early embryo and endosperm
development between the two reproductive types. If this is true, then genetic gain for
seed set in the synthetic sexual population may not be fully recovered in apomictic
hybrids formed with sexual clones improved for seed set. This question could be
answered experimentally, but this would be a fairly major project.
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In any case, and until quantitative data are available, it is probably safe to assume that
any difference in magnitude of correlations of seed set between relatives of different
reproductive modes is unlikely to be so great as to change the sign of the correlation, i.e.,
that selection on seed set of sexuals will produce a negative correlated response in the
resulting apomictic hybrids. Hence, it should be possible to capture at least a portion of
the genetic response fo selection on seed set in the synthetic sexual population in
apomictic hybrids.

It should be even more effective to select on seed set in testcross progenies, and perhaps
better yet to select on seed set of only the apomictic individuals in testcross progenies.
However, this would require phenotyping large numbers of individual testcross hybrids
for reproductive mode at an early stage of testing to identify the apomictic testcross
individuals, compromising efficiency unless there is a very large discrepancy in the genes
controlling seed set as between sexual or apomictic genotypes. At CIAT we do not have
this capacity, and will not any time soon, unless a reliable molecular genetic marker of
apomixis can be developed.

Hence, the strategy at present is simply to cull on poor seed set at two stages in the
recurrent selection cycle: firstly, on differences among sexual clones per se in seed set
when exposed to pollination by the apomictic tester, and secondly, among sexual clones
based on mean seed set of their testcross progenies. The first cycle of selection on
testcross performance has not been completed. Hence, the viability of our strategy is as
yet untested.

In the meantime, new sexual-by-apomictic hybrids that are candidates for eventual
commercialization are now being culled rigorously on seed set at several points in their
development, beginning at an early stage. We use the criterion of seed set, rather than
seed yield, owing to the fact that flowering response at our very low-latitude testing sites
in Colombia (3° to 4° N} does not necessarily reflect flowering at latitudes more typical
of commercial seed production areas (15° to 20° N or §). We assume that caryopsis
formation, or seed set, is largely or entirely independent of latitude.

In a first stage, seed resulting from open-pollination of promising individual plants in
unreplicated, space-planted field nurseries of new hybrids is recovered by enclosing
mature inflorescences in mesh bags. Crude seed weighed and "full” seeds (with
caryopsis) are separated with a laboratory seed blower. "Percent seed set” is expressed as
weight of full seeds divided by total seed weight of the harvested sample. In the most
recent data set, these percent seed set values ranged between 0 and 57% for a set of 353
hybrids of unknown reproductive mode (cf. 49% for Basilisk or 41% for Marandu).
Fully reliable data on seed yield will require proper confirmation in replicated trials
conducted in relevant seed production environments. The preliminary data were used to
cull 54% of the pre-selected new hybrids.

The open pollinated seed harvested from space planted hybrids in field nurseries is used
to establish progeny trials to assess reproductive mode. Uniform progenies indicate an
apomictic hybrid, segregation within the progeny indicates a sexual hybrid, or a highly
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sexual facultative apomictic. When the apomictic hybrids have been identified, their seed
is harvested by bagging inflorescences. Percent seed set, by weight, is determined for
each apomictic progeny. Hybrids with low seed set are again culled at this stage before
promising apomictic hybrids are distributed for further agronomic testing.

Ample variation among our brachiariagrass hybrids has been demonstrated. During
2006, 28 promising new hybrids were identified as apomicts in a progeny test conducted
at the main CIAT experiment station. Progenies were replicated from one to four times
in 5-plant plots, in 2 completely randomized design. Open-pollinated seed was harvested
by enclosing inflorescences in mesh bags. "Percent seed set”, estimated by dividing the
weight of full seed by the total weight of harvested seed, ranged from zero to 41% (cf. cv.
Marandu: 16%) (P<0.01).

Culling on seed set in sexual-by-apomictic hybrid populations will help ensure
elimination of hybrids with potentially poor seed set. However, any gain in seed set in a
particular hybrid population will not be cumulative over breeding cycles.

Seed yield in apomictic forage grasses should be at least as responsive to selection as
grain yield in annual crops, and perhaps even more so given the almost complete absence
of prior artificial selection on seed yield. Hence, we remain optimistic that, with time, it
will be possible to breed high yielding cultivars of apomictic tropical forage grasses with
good forage guality combined with high commercial seed yields.
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Abstract

Field experiments were conducted in north-east Thailand in 2006 to study the
effects of trinexapac-ethyl plant growth regulator on seed yield in brachiaria
hybrid cv. Mulato Il (Brachiaria ruziziensis x B. decumbens x B. brizantha) and
Ubon paspalum {Paspalum atratum cv. Ubon). The treatments, in separate trials,
consisted of different rates of trinexapac-ethyl (0, 240, 360, 480, 560 g active
ingredient/ha) applied in early August (Ubon paspalum) or early September
(Mulato I} and monthly application times from June to September (Ubon
paspalum} and July to October (Mulato 1I).

Applying different rates of trinexapac-ethyl and at different times to Mulato
Il did not increase seed yield or any component of seed yield. Applying different
rates of trinexapac-ethyl to Ubon paspalum aiso did not increase seed yields and
360 g ai/ha reduced seed yields by nearly 40% compared to not applying
trinexapac-ethyl. Applying frinexapac-ethyl to Ubon paspalum from July to
September significantly reduced seed yields compared to the untreated control.

The differential effect of trinexapac-ethyl on these tropical grasses vs.
temperate species (i.e., no positive effect vs. significant positive effect,
respectively) is discussed.

Introduction

Plant growth regulators (PGRs) have been widely evaluated in temperate grass
seed crops, with their application resulting in seed yield increases that are often
large (50-136%) (Rolston et al. 1997). Research developed during the 1980s and
1990s was mainly based on the use of soil applied triazole PGRs, particularly
paclobutrazol, that reduced lodging and stem length and improved seed yields in
a range of temperate grass species (Rolston et al. 1997). Very little work has
been done on the use of PGR on tropical grasses, though paclobutrazol increase
seed vyields of Digitaria eriantha by 51% by decreasing lodging, reducing tiller
height and increasing seed set, seed weight and seeds per panicle (Ramirez and
Hacker 1993). However, due to the iongevity of the triazole PGRs in the soil,
residual carry-over effects to subsequent crops and inconsistent results, none of
these chemicals was released for commercial use in grass seed crops.

The development and research of foliar applied PGR chemicals in the past
10 years has lead to these new PGRs being released for commercial use in
temperate grass seed crops. These foliar applied PGRs readily breakdown in the
environment, have no carry-over effect and are effective in- controlling stem
elongation. The most effective foliar applied PGR found has been trinexapac-
ethyt (sold as Palisade®, Moddus® or Primo Maxx®).

In ten years' research at Oregon State University the application of
trinexapac-ethyl on grass seed crops produced significant and consistent seed
yield increases of between 25-60% in Lolium perenne (Silberstein et al. 2000;
2001, 2002), Festuca arundinacea (Silberstein et al. 2001) and F. rubra
(Silberstein et al. 2001). Applying trinexapac-ethyl ingreased seed yields of £.
arundinacea in New Zealand by 60% over 4 years (Roiston et al. 2003) and
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Phleum pratense in Norway by 52% (Aamlid 2003). Trinexapac-ethy! has been
registered to use in grass seed crops in all the major temperate grass seed
producing countries.

Trinexapac-ethyl retards plant growth by inhibiting the 38 hydroxylation of
the growth inactive form of gibberellic acid to the active form, and thereby thereby
reduces or delays lodging in grass seed crops. The seed yield increases are
mainly caused by the increase in florets/spikelet and the conversion of florets to
seed (% seed set) (Chastain et al. 2000), resulting in more seeds per seed head
(Rolston et al. 2003).

Brachiaria hybrid cv. Mulato || (Brachiaria ruziziensis x B. decumbens x B.
brizantha) produces sufficient inflorescences, racemes and spikelets to indicate a
potential for useful seed yields. But by seed harvest, there is always a massive
failure ot seed set, caryopsis maturation or both, with the cleaned seed
containing less than 2% of the spikelets formed by the crops resulting in seed
yields, on average, of less than 200 kg/ha (Hare et a/. 2007; Hare 2007). The low
seed-set could be due to pollen sterility, if judged by a study showing that more
than 65% of pollen grains on brachiaria interspecific hybrids were sterile {Risso-
Pascotto et al. 2005) and that this sterility was genetic. Given the success of
trinexapac-ethyl in improving seed set in other species, we were interested to see
whether this PGR would be effective in improving Mulato 1l seed set and
subsequent seed yields.

Ubon paspalum (Paspalum atratum cv. Ubon) seed yields in Thailand are
generally good, with farmers producing average yields of 840 kg/ha (Hare 2007).
However, lodging is a major problem in some crops that are not cut at closing in
July (Hare et al. 1999) and heavily lodged crops produce lower seed yields. We
were interested to test the effectiveness of trinexapac-ethyl in Ubon paspalum
seed crops by reducing stem length and decreasing lodging.

The hypothesis tested in this research is that application of trinexapac-
ethyl to two tropical forage grasses will improve seed set and subsequent seed
yields. The main objectives were: to reduce the proportion of empty and light
seeds and improve seed set and seed yields in Mulato Il and shorten stem
lengths, reduce lodging and produce consistent high seed yields in Ubon
paspalum.

Materials and methods

Trials were conducted in 2006 in Ubon Ratchathani province, north-east Thailand
(15°N, 104°E; 130 m asl; AAR 1593 mm} on the Ubon Ratchathani University
farm in a 0.30 ha field. The sites were on an upland sandy low humic gley soil
(Roi-et soil series) (Mitsuchi et al. 1986). Soil samples to 10 cm, taken in May
2005, showed that the soil was acid (pH 4.3; water method), and low in organic
matter (1.5%}, N {0.03%), P (3.0 ppm; Bray Il extraction method), S (2 ppm) and
K {54.5 ppm). Prior to cultivation, the sites had been planted to S. guianensis var.
vulgaris x var. paucifiora cv. Ubon stylo for 3 years.

Trial 1 — Effect of trinexapac-ethyl on Mulato Il seed production
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Two field studies examined the effects of trinexapac-ethyl plant growth regulator
on Mulato 1l seed production. Both studies were conducted at the university in a
one-year old Mulato Il field planted in May 2005 in spacings of 1 m x 50 cm.
Experimental plots in both studies were 5 m x 4 m.

Study 1 compared five rates of trinexapac-ethyl (control and trinexapac-
ethyl at 240, 360, 480, 560 g active ingredient/ha) in a randomized complete
blocks expenment with four replications. Trinexapac-ethyl was applied in water at
10 1/100m® on September 7, 2006 when Mulato [l plants were at a Zadoks growth
stage 31 or 32 {1-2 nodes detectable) (Zadoks et al. 1974).

Study 2 examined date of application of trinexapac-ethyl in a four-replicate
RCBD with five treatments [control and trinexapac-ethyl {240 g ai/ha) applied on
July 7, August 7, September 7, October 7, 2006].

Both fields were cut 5 cm above ground level on July 4 and August 4, 2006
and fertiliser was applied on August 4 (NPK 200 kg/ha 15:15:15), September 7
(Urea 100 kg/ha) and October 7 (Urea 100 kg/ha).

At peak anthesis (November 13-14), all inflorescences in 3 rows x 2 m in
length were counted and nylon bags tied over the seed heads to coliect the seed.
Thirty inflorescences were taken from just outside this area for reproductive
analysis and stem length. For reproductive analysis, all racemes were counted
on each inflorescence and spikelets per raceme were counted from 3 racemes
per inflorescence, taken from the top, middle and bottom of each inflorescence.
The length of each inflorescence was measured from ground level to top of the
highest raceme.

Seed was collected from the nylon bags at the end of harvest on December
4. The seed was slowly dried in smali nylon bags hung from a rail inside a shed
until seed cleaning commenced on December 20. The seed was cleaned through
a South Dakota seed blower. Following cleaning, seed yields and thousand seed
weight (TSW) were corrected 10 10% seed moisture content.

Trial 2 —~ Effect of trinexapac-ethyl on Ubon paspalum seed production

Two field studies examined the effects of trinexapac-ethyl piant growth regulator
on Ubon paspalum seed production. Both studies were conducted at the
university in a Ubon paspalum field planted with rooted tillers divided from older
plants in May 2006 in spacings of 1 m x 50 cm. Experimental plots in both studies
were 5 mx4m.

Study 1 examined rates of trinexapac-ethyl in a four-replicate RCBD with
five treatments (control and trinexapac-ethyl at 240, 360, 480Q, 560 g active
ingredient/ha). Trinexapac-ethyl was applied in water at 10 1/100m? on August 7,
2006 when Muiato I} plants were at a Zadoks growth stage 31 or 32 (1-2 nodes
detectable) (Zadoks et al. 1974) and 50 cm in height.

Study 2 examined date of application of trinexapac-ethyl in a four-replicate
RCBD with five treatments [control and trinexapac-ethyl (240 g ai/ha) applied on
June 7, July 7, August 7, September 7, 2008].
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Both fields were cut 5 cm above ground level on July 7 and fertiliser was
applied on July 7 (NPK 200 kg/ha 15:15:15), August 7 (Urea 100 kg/ha) and
September 7 (Urea 100 kg/ha).

At peak anthesis on September 25, all inflorescences in 3 rows x 2 m in
length were counted and nylon bags tied over the seed heads to collect the seed.
Thirty inflorescences were taken from just outside this area for reproductive
analysis and stem length and measured as in Trial 1. Seed was collected from
the nylon bags at the end of harvest on October 13. The seed was slowly dried in
small nylon bags hung from a rail inside a shed until seed cleaning commenced
on November 6. The seed was cleaned through a South Dakota seed blower.
Following cleaning, seed yields and thousand seed weight (TSW) were corrected
to 10% seed moisture content.

Data from each trial were submitted to analysis of variance and treatment
means compared by LLSD at the a = 0.05 probability level.

Results

Trial 1 — Effect of trinexapac-ethy! on Mulato Il seed production

Applying different rates of trinexapac-ethyl reduced stem lengths by 3 to 6 cm but
did not increase seed yields or any component of seed yield of Mulato 11 (Table
1}. Applying trinexapac-ethyl at different times had no effect on seed yield or on
seed yield components of Mulato I, but applications in October shortened stem
length by 11 cm relative to the untreated control (Table 2).

Table 1. Effect of rates of trinexapac-ethyl (g ai/ha) on seed yield components and seed
yield of Mulato |l

Rate Stem Inflorescences  Racemes/  Spikelets Seedyield TSW
length Jm? inflorescence  fraceme  (kg/ha)' (@)
(cm)
control 104 82 4.0 331 99 9.81
240 100 98 3.9 33.1 104 10.43
360 99 68 4.0 33.1 78 7.77
480 101 78 4.0 33.5 104 10.34
600 98 78 4.0 326 83 8.26
LSD 3.8 ns ns ns ns ns
P<0.05

* corrected to 10% seed moisture content
Table 2. Effect of application date of trinexapac-ethyl on seed yield components and
seed yield of Mulato |1

Date of Stem Inflorescences  Racemes/  Spikelets Seedyield TSW

application length /m? inflorescence  jfraceme  (kg/ha)’ (9)'
(cm) .
Control 114 124 39 33.5 131 7.95
July 115 121 3.8 33.5 128 7.96
August 112 79 4.1 33.1 78 8.05
September 108 94 4.1 33.1 68 7.87
October 103 126 41 33.3 120 7.95
LSD 6.4 ns ns ns ns ns
P<0.05

 corrected to 10% seed moisture content
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Trial 2 — Effect of trinexapac-ethyl on Ubon paspalum seed production

Applying different rates of trinexapac-ethy! did not increase seed yield of Ubon
paspalum and a rate of 360 g ai/ha reduced seed yields by nearly 40% compared
to the untreated control (Table 3). Trinexapac-ethyl reduced Ubon paspalum
stem length and increased the number of racemes and spikelets (Table 3).

Applying trinexapac-ethyl from July to September significantly reduced seed
yields of Ubon paspalum compared to the untreated control (Table 4). Applying
trinexapac-ethyl in September also reduced stem length and number of
inflorescences but increased spikelet number per raceme compared to the
untreated control (Table 4).

Table 3. Effect of rates of trinexapac-ethyl (g ai/ha) on seed yield components and seed
yield of Ubon paspalum,

Rate Stem Inflorescences  Racemes/  Spikelets Seedyield TSW
length fm? inflorescence  /raceme  (kg/ha)' (@’
{cm)
~ control 190 49.7 9.9 133.6 763 3.51
240 170 54.2 10.5 141.1 706 3.36
360 170 44.5 10.8 144 .4 469 3.39
480 172 50.8 10.8 132.3 668 3.35
800 162 48.4 11.4 142.6 738 3.32
LSD 10.2 ns 09 8.7 163 ns
P<0.05

! corrected to 10% seed moisture content

Table 4. Effect of application date of trinexapac-ethyl on seed yield components and
seed yield of Ubon paspalum.

Date of Stem Inflorescences Racemes/  Spikelets Seedyield TSW

application  length fm? inflorescence  jraceme  (kg/ha)' (g)’
(cm)

Control 180 60.4 10.0 122.1 288 3.47
June 183 54.1 10.0 128.3 875 3.40
July 179 50.8 10.8 124.0 756 3.50

August 173 56.7 10.5 129.0 700 3.43

September 162 47.7 10.1 133.2 444 3.36
LSD 11.2 7.4 ns 6.3 200 ns
P<0.05

" corrected to 10% seed moisture content
Discusslon

The negative responses in seed yield of Mulato |l and Ubon paspalum using
foliar applications of trinexapac-ethyl are similar to results obtained by applying
other PGRs to tropicai grasses. P. plicatulum seed yields did not increase when
chiormequat was applied shortly after floral initiation {Cameron and Humphreys
1976). Panicum maximum seed yields did not increase when ethephon was
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applied at the beginning of anthesis and when it was applied before seed head
emergence, seed yield decreased by nearly 90% (Joaquin et al. 2007).

Only two studies have reported seed yield increases in tropical grasses
from using PGRs. In the first study, D. eriantha seed yield increased from 305
kg/ha {controf) to 462 kg/ha when 0.75 kg ai/ha of paclobutrazol was applied at
early seed head emergence (Ramirez and Hacker 1993). However, applying
paclobutrazol before seed head emergence decreased D. eriantha seed yields by
nearly 30%. In the second study, a commercial steroidal phyto-hormone, cidef-4,
significantly increased seed vyield of P. maximum, irrespective of stage of
application (Joaquin et af. 2007).

The positive seed yield responses of two tropical grasses to PGRs
(Ramirez and Hacker 1993; Joaquin et al. 2007) were optimized when PGRs
were applied at seed head emergence or early anthesis, which was far later than
in our studies. We followed the recommendations from research on temperate
species which have consistently found that the 2 node stage [Zadoks growth
stage 31 or 32 (Zadoks et al. 1974)] to be the most appropriate time to apply
PGRs. The more rapid growth, different plant anatomy and photosynthesis of
tropical C4 grasses compared to temperate C; grasses (Humphreys 1981) may
suggest, given the good resuits obtained with D. eriantha (Ramirez and Hacker
1993) and P. maximum (Joaquin et al. 2007), that a later application of PGRs at
early seed head emergence [Zadoks growth stages 50-55 (Zadoks et al. 1974)]
may be more appropriate. However, in a preliminary study in 2005, trinexapac-
ethyl was applied to brachiaria hybrid cv. Mulato (Brachiaria ruziziensis x B.
brizantha) at early seed head emergence (Zadoks growth stage 54) in late
September (Hare unpublished data). Trinexapac-ethyl significantly reduced seed
yield by over 80% compared to the control, by stunting the seed heads so
severely that at harvest many seed heads, even though ripe, could not fully
emerge from the flag leaf sheaths and allow seed to fall into the nylon bags. This
time of application was therefore considered inappropriate for when we started
our full studies in 2006 and earlier application times were therefore chosen.

Seed yields of Mulato Il still remain very low with the cleaned seed
containing less than 2% of the spikelets formed by the crops {Hare et al. 2007).
PGRs may have a role in improving seed set in Mulato !l and more studies
should be conducted on timing of application of trinexapac-ethyl given that
Ramirez and Hacker (1993) found that only one rate and one time of application
of pacicbutrazol increased seed yield of D. eriantha.

Seed yields of Ubon paspalum in the control plots were the highest we
have ever harvested at the university in ten years research and equal to yields
achieved on better soils by farmers (Hare 2007). A closing cut at the appropriate
time (Hare et al. 1999) to prevent lodging will lead to higher Ubon paspalum seed
yields and therefore is a more appropriate and cheaper management than using
more expensive PGRs which do shorten Ubon paspalum seed head stems and
prevent lodging but do not increase seed yield.
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