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Adaptability of Thermosensitive Genetic Male Sterile Rice Lines
in Thailand
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ABSTRACT

To determine the performance of thermosensitive genetic male sterile (TGMS) rice lines in
Thailand, field experimentswereconductedin Chiang Mai, Chiang Rai and Kamphaeng Phet. Six TGM S
lines were planted during hot and cool seasons, and the results showed that TGM S lines respond to the
prevailingtemperaturesat thetimeof thecritical stageof TGM Slinesat specificlocation. At Kamphaeng
Phet, thesix TGM Slineswereall male sterilewhen planted in June 2002 and January 2003. Cool season
plantingin November 2003 that floweredin January tofirst week of February producedfertilepollen, and
producedfilled spikeletsuptoabout 76.8%. At ChiangMai, spikelet fertility of TGM Slineswasobserved
as high as 77.4%. Kamphaeng Phet during cool season, and the high altitude areasin Chiang Mai are
suitablelocationsfor seed increase of TGM Slines. However, more experiments should be conducted to
determine the suitable planting dates that could give highest spikelet fertility for seed multiplication of
specific TGMS line. TGM S lines producing self-seeds under sufficient low temperature and showing
sterility under temperature above 30°C indicated that TGMS lines could be used as parenta line for
developing two-line hybrid rice in Thailand.

K ey wor ds: thermosensitive genetic male sterility (TGMS), cytoplasmic genetic male sterile line,
hybrid rice, heterosis, tms2 gene

INTRODUCTION

Initial success in the utilization of hybrid
rice in increasing grain yield in China generated
considerable interests in adapting this technology
intropical countries. Several Asian countriessuch
as Bangladesh, India, Indonesia, Malaysia,
Myanmar, Philippines, South Korea, Sri Lanka,
Vietnam, and Thailand started their own hybrid
rice research and development (Virmani, 1998).
Experiences of these countries had shown that the

success in the use of hybrid rice depends on the
extent of heterosis and efficiency of the seed
productiontechniques. Heterosisor hybridvigor
isdescribed asthe tendency of thefirst generation
offspring of genetically diverseparentsto perform
better than the better parent, or better than the best
cultivated variety. The use of male sterility is a
prerequisite for commercial exploitation of
heterosissincericeisaself-pollinatingcrop. Inthe
tropics, the cytoplasmic genetic male sterility
(CMS) and the thermosensitive genetic male
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sterility (TGMS) arethetwo malesterility systems
that can be used. The CMS with wild abortive
(WA) cytoplasm is the method used extensively;
however, later studies had shown that TGMS
system was more effective in increasing grain
yield and seed production efficiency (Y uan, 1998;
Lu et al., 1998; Lopez and Virmani, 2000). The
experiments at the International Rice Research
Ingtitute (IRRI) had shown that two-line hybrids
derivedfromTGM Slinesshowed higher frequency
of heterotic combinations than the three-line
hybrids derived from CMS lines (Lopez and
Virmani, 2000). Seed production efficiency using
TGMSlineishigher than using CM Sline because
of its inherent nature. TGMS is a genetic male
sterility whereintheexpression of themal esterility
gene is influenced and regulated by prevailing
temperature. At present, five single recessive
TGMS genes located on different chromosomes
havebeenreported (Sunet al., 1989; Maruyamaet
al., 1991; Subudhi et al., 1997; Dong et al., 2000;
Reddy et al., 2000). Exposureof TGMSlinetoa
certain temperature like <30°C for some lines at
the critical stage (varying from 15 to 25 days
before heading or 5 tol5 days after panicle
initiation) can cause male sterility to revert to
fertility. TGMS lines can self-pollinate so seeds
aremultiplied like any other varieties by growing
them under temperature conditions lower than
about 30°C. On the other hand, seedsof CMSline
are multiplied by pollinating it with its
corresponding maintainer line; and pollinating it
withtherestorer lineproducesthehybrid. ATGMS
line is sterile when the prevailing temperature is
higher than 30°C at its critical stage, so it can be
used as the femae parent in hybrid rice seed
production. In the hybrid seed production using
TGMSmethod, only thepollen parent (any variety
or line) and the TGMS lines are needed, so the
hybridiscalledatwo-linehybrid. Whilethehybrid
produced using CM Smethodiscalled athree-line
hybrid for it involves three lines: the CMS, the
maintainer and the restorer.

Although Thailand has sufficient rice, and
the number one exporter of rice in the world, the
goverment sector started hybrid rice research in
1993 to improve grain yield per unit area of land.
Three-line hybrids devel oped using parental lines
from another countries were found not adapted to
Thailand conditions. Thebreederstriedto develop
parental linessuchastheCM Sor A, themaintainer
or B, and restorer or R lines. To develop CMS
lines, wild abortive (WA) cytoplasm was
transferred to several selected local varieties or
lines. Twelve CM S lines were devel oped such as
RD21A, RD25A, BS4A, Sonalee A, IR21845A,
IR17492A, KDML 105A, SPRLR 75001-68-2-
2A, SPRLR 76102-26-1-1A, CNT 82001-3-2-1-
1-2-1A,CNT 86003-2-1-1-1-2-1-1-1A, and BKN
6-18-3-2A. Good restorerswere identified from a
large number of high-yielding local lines.
Unfortunately, many of theCM Sandrestorer lines
available did not meet the desired grain quality
standards. Hybrid rice evaluationsweredoneto a
limited extent. In the 1993 wet season, hybrids
derived from locally-bred CM Slines and restorer
lines were planted at Kasetsart University,
Kamphaeng Saen, Nakhon Pathom. Some IRRI-
bred hybridswerealsoevaluatedintwoyieldtrials
conducted at Pathumthani Rice Research Center
and at Bangkhen Rice Research Institute in the
1995 wet season. Results of the yield trials were
not sufficiently encouraging because most of the
hybrids performed poorly (Amornsilpa, 1998).
Subsequently, there was no significant progress
reported on the hybrid riceresearch. To find ways
on how to ensure an appropriate impact of hybrid
rice technology on the farm level in Thailand,
hybridriceresearchandimproving seed production
techniques must be done simultaneously.

Thisstudy was conducted to determinethe
performanceof locally bredandintroduced TGM S
lines in selected locations during cool and hot
seasonsin Thailandin order find the better method
to attain high heterosis and more efficient hybrid
rice seed production techniques.
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MATERIALSAND METHODS

1. Selection of locationsfor the experiments
Temperaturedataof thenorthern provinces
of Thailand (Table 1) were taken from the
Meteorological Department to determine the
suitable locations and period of the year to plant
TGMS lines. A high dtitude areain Chiang Mai
was selected; Kamphaeng Phet was selected for
hot and cool season experiments; and Chiang Ral
for cool season experiments. Inselectinglocation,
minimum and maximum temperature data were

185
given important considerations.

2. Plant materials and seeding dates

GD1, a Chinese-bred TGMS line; IRRI-
bred TGMSlines, IRRI201Sand IRRI202TGMS;
and three newly developed TGM Slineswith Thai
variety background designated as KP205S,
KP206S and KP207Swere planted to eval uate the
performance at three different locations during
cool and hot seasonsin Thailand. The TGM Sgene
present in all TGMS lines used were identified,
exceptfor GD1. IRRI201S, KP205S, KP206Sand

Tablel Mean monthly maximum and minimum temperatures in northern region of Thailand for the
period of 22-25 years.

Province Jan Feb Mar Apr May June Jul Aug Sept Oct Nov Dec Ave.
Chiang Rai 1978-2002 285 313 340 351 332 320 310 309 309 301 285 27.0 31.0
124 132 165 203 224 234 233 232 225 207 171 133 19.0

Chiang Mai 1978-2002 29.7 325 352 364 343 327 319 315 317 313 30.0 285 321
147 161 194 228 239 241 239 237 232 221 192 157 20.7

Kamphaeng Phet 1981-2002 323 345 36.1 37.4 354 336 331 326 327 321 314 30.7 335
183 20.0 225 247 251 250 248 246 243 236 214 183 227

MaeHong Son  1978-2002 30.2 334 36.8 38.6 36.0 331 321 319 327 326 309 29.2 331
135 142 176 224 236 236 234 232 229 218 189 153 20.0

Phayao 1981-2002 29.2 32.1 350 36.0 335 324 314 313 312 305 289 275 316
136 153 195 228 235 240 23,6 234 229 216 181 139 202

Lampang 1978-2002 31.3 34.1 37.1 383 356 33.8 331 328 326 320 31.0 299 335
148 163 198 231 241 243 241 239 234 221 189 151 208

Lamphun 1981-2002 30.7 33.7 36.7 37.9 352 333 328 323 320 314 301 29.0 329
141 155 192 229 238 242 239 237 233 222 190 150 206

Phrae 1978-2002 31.3 33.7 365 37.7 354 335 326 323 323 320 31.1 300 332
155 173 209 241 246 245 243 242 239 227 194 156 214

Nan 1978-2002 30.6 33.1 36.2 37.0 350 333 322 320 325 322 309 294 329
142 155 188 223 237 243 240 238 234 218 184 143 204

Uttaradit 1978-2002 324 346 369 382 36.1 341 332 328 331 331 322 311 340
176 190 21.7 244 249 249 246 244 242 232 20.7 17.7 223

Tak 1978-2002 325 352 37.7 386 355 329 324 321 324 316 308 304 335
16.8 19.7 239 262 256 252 249 246 239 227 201 166 225

Maesot 1978-2002 31.6 33.7 358 36.8 342 31.3 304 30.0 313 320 31.2 303 324
150 165 196 229 240 235 232 23.0 23.0 222 190 152 206

Phitsanul ok 1978-2002 31.9 339 36.0 374 357 339 331 324 324 322 316 308 334
188 21.1 238 255 253 251 249 247 247 240 216 185 232

Phetchabun 1978-2002 324 34.7 36.6 37.2 350 332 326 320 321 321 31.6 309 334
175 198 224 245 248 246 243 241 239 229 201 171 222
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KP207S possess tms2 gene, while IRRI202S
possesses TGM S gene located in chromosome 9.
All TGM S lines require atemperature below 30°
Catitscritical stagetoreverttofertility. Theright
time to sow the seeds of the TGMS lines was
inferred fromthe25-year mean monthly maximum
and minimum temperature data of each location.
To determine the performance of TGMS lines
under high temperature conditions, experimental
materials were sown in June 2002 and in January
2003 at Kampheng Phet. Cool season experiments
were sown on 15 November 2002 at Kamphaeng
Phet; on 1 November 2003 and on 8 September
2003 at Chiang Rai; and on 12 August 2003 at
Chiang Mai.

3. Cultural management

Seeds were pre-germinated in petri dish
and planted in amixture of soil and coconut husk
in seed boxeswith 2 x 2 cm spacing. Onehundred
to500 plantsof each TGM Slinesweretransplanted
21 days after germination at 25 x 20 cm spacing.
Fertilizerswereappliedat therateof 150kgN, 100
kg P and 100 kg K per hectare throughout the
growing period, and pesticides were applied
whenever necessary.

4. Pollen and spikelet observations
Observations of the pollen sterility or
fertility were taken from the first and second
panicles. Anthers of each plant were observed
visually. Observation of pollen under the
microscope was also done to confirm visual
observation of theanther color. Fivetotenflowers
that would open the following day were collected
and stored in 70% ethanol until the time for
observation. Pollen sterility was determined by
staining pollengrainswith 191K solution. Pollen
grains were classified based on their shape and
extent of staining. The unstained withered or
spherical pollen grains and the lightly stained
round pollen grainswere classified as sterile. The
fertile pollen grains were black and round. Plants

wereclassified based ontheextent of pollensterility
as follows: pollen-free (no pollen grains),
completely sterile (100%), sterile (91-99%),
partialy sterile (71-90 %), partialy fertile (31-
70%), and fertile (0-30%) (Virmani et al.,1997).
Panicles were harvested at maturity. Spikelet
fertility was taken from two primary panicles.
Spikelet fertility was monitored by counting the
number of filled grains and total spikelets per
panicle and converted into percentage.

RESULTSAND DISCUSSION

Performanceof TGM Slinesduring hot season

All TGMS lines planted at Kamphaeng
Phet in June 2002 and in January 2003 were
pollen- andspikelet-sterile(Table2). All theTGMS
lines were observed to have completely sterile
pollen or pollen-free anthers (Figure 1). Thisdata
indicated that the maximum and minimum
temperatures prevailing during thecritical growth
stage (1-2 weeks after panicle initiation) were
suitable enough to maintain sterility of al TGMS
lines. The performance of six TGMSlinesin two
planting seasons show that TGMS lines can be
usedasfemal eparentinhybridriceseed production.
Fromtheresultsandthetemperaturedataavailable,
it can be deduced that sowing TGMS line to
produce two-line hybridsin Kamphaeng Phet can
be done from January to September. The panicles
of the TGMS lines will be exposed to sterility-
inducingtemperaturesat thecritical stageif planted
in that period.

Performanceof TGM Slinesduring cool season

TGMS lines sown in 1 November 2003 at
Kamphaeng Phet had yellow anthers. Microscopic
observation showed that pollen grains were
partially fertile to fully fertile (Table 2). Fertile
pollen grains were round and stained black with
[,K1 when observed under the microscope (Figure
1). Exposureof theTGM Slinestofertility-inducing
temperatures in mid-January to first week of
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Table2 Number of days to 50% flowering, pollen observation at Kamphaneng Phet, and spikelet
fertility datataken at Kamphaeng Phet, Chiang Mai and Chiang Rai of six TGMSricelines.

TGMS Daysto50%  Pollen observation at Kamphaeng Phet” Spikelet fertility (%) in 2003
line Flowering June 2002 Jan2003  Nov 2003  Kamphaengphet Chiangmai Chiangrai
GD1 75 NP NP PF-F 60.2 19.1 **
IRRI201S 96 NP NP F- FF 34.4 - 0
IRRI202S 84 NP NP F- FF 63.1 51.5 441
KP205S 95 NP NP PF-F 69.0 324 0
KP206S 96 NP NP F-FF 68.1 68.8 0
KP207S 105 NP NP PF-F 76.8 774 0

*
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Figurel (A) Sterile pollen grains and pollen-
free anther sac of TGM Slines exposed
to temperature higher than 30°C. (B)
Fertile pollen grains and pollen-filled
anther of TGM S lines exposed to tem-
perature below 30°C.

B

February induced TGMS lines to produce fertile
panicles. Seed setting was observed 34.6% in
IRRI201S to as high as 76.8% in KP207S. GD1,
aTGMSlineoriginated from Chinathat may have
different TGM S gene had spikel et fertility almost
same as the TGMS lines possessing tms2 gene.
The late-flowering panicles of al TGMS lines

NP = pollen-free, PF = partidly fertile, F=fertile, FF = fully fertile

were exposed to higher temperatures prevailing at
the time of their development resulting in the
development sterilepanicles. Theseresultsindicate
that to produce self-seeds of TGMS lines in
Kamphaeng Phet, planting should be done in the
first to second week of November so that the
panicle initiation will be before the beginning of
cool season and the panicleswill be exposedtothe
temperaturebelow 30°C at their critical stage. The
monthly variations of temperature prevailing at
Kamphaeng Phet madeit possibleto get fertileand
sterile TGMS lines. Similar results were aso
obtained at IRRI farm in the Philippines. TGMS
lines seeds can be produce in November planting
and two-hybrid seeds can be produced in the dry
season (Lopez and Virmani, 2000).
Experimentswere planted twicein Chiang
Rai. All TGMS lines were sterile in November
2002 experiment. The experimental materials
wereexposedtolow minimumtemperaturestarting
the middle of December 2002. The prevailing
minimumtemperatureintheareadropped downto
10°Cinducing the plantsto prolong the vegetative
stage and delayed flower initiation. Maximum
temperaturestartedtorisein February 2003, sothe
TGMSlineswereexposed to the high temperature
atthecritical stage. TGM Slinesdevel oped panicles
after the cool period and flowered in March 2003
sothe paniclesthat devel oped wereall pollen- and
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spikelet-sterile.

The second experiment was seeded two
monthsearlier thanthepreviousyear toavoid very
cool periods. Soaking of the seeds was done on 8
September 2003. The earliest flowering TGMS
line (IRR1202S) flowered in the first week of
January 2004, had yellow anthers and produced
43.8% spikeletfertility (Table2). ThisTGMSIline
was exposed to 15-20°C minimum temperatures
in December 2003 coinciding to its critical stage
about 15-25 dayshbeforeheading, henceproducing
fertilepollen andfilled panicles. However, all late
maturing TGMS lines were sterile because they
were exposed to the lower (<15°C) minimum
temperature during reproductive stage. For rice
that hasno cold tolerance, temperaturelower than
15°Cwasknownto bestressful tothedevel opment
of paniclesthat causes them to be sterile.

Performance of TGMS lines in high altitude
area

Five TGMS lines showed acceptable
spikelet fertility (32.4-77.4%) when sown in 12
August 2003 and planted in high altitude area in
Chiangmai (Table 2). The prevailing minimum-
maximumtemperatureintheareaduringthecritical
stage of the five TGM Slinesin the third week of
October tomiddleof November 2003wassufficient
to induce fertility. The spikelet fertility (32.4-
77.4%) obtained in this high altitude area is
comparable to the spikelet fertility (34.6-76.8%)
obtained in Kamphaeng Phet during cool season.
In the Philippines, similar spikelet fertility was
obtained from the TGMS lines planted in high
altitude areas (Lopez and Virmani, 2000). The
results indicate that high altitude area is an
alternative place to produce self-seeds of TGMS
linesif cool season TGM Slineseed multiplication
failed in lower altitude areas.

CONCLUSION

The results indicate that TGMS method

can be used in developing two-line hybrids in a
tropical country like Thailand where there is a
distinct cool and hot seasons, and where lower
minimum and maximum temperatures can be
attained inhighaltitudeareasin other period of the
year. Seed production of TGMS lines would be
simple and easy. The key is to determine the
period of theyear of aparticular location based on
theexisting climatic datathat caninducemaximum
fertility. A temperaturerangesfrom20t029°Cis
enough to induce TGMS lines to become fertile.
Sequential soaking of a TGMS line at 15 days
interval can be donein each location to determine
the possible period of the year when TGM S lines
can produce maximum spikel et fertility. Based on
the results in three locations, maximum fertility
can be attained if the critical stage of panicles
coincides to the occurrence of required
temperatures. Likewise, seed production of two-
line hybridswould be simplefor it can be donein
all rice growing areas in Thailand during hot
season. To make sure that the TGMS lines are
sterile, planting of hybrid seed production should
be done in January until September to avoid a
lower temperatures occurring in December to
February. Thedateof planting of TGM Slinesand
thecorresponding maleparent to producetwo-line
hybridscan bedetermined based onthetemperature
dataavailable. Theperiod of theyear of aparticular
locationwherethemaximumtemperatureishigher
than 30°C can be a suitable time to plant TGMS
lines. TGM S method in developing hybrid ricein
the tropics would be simpler and less expensive
compared with the commonly used CM S method.
It is more advantageous to use because it has
diverse cytoplasmic backgrounds, no negative
effects associated with sterility-inducing
cytoplasm, no need for maintainer lines, and can
givehigher frequency and extent of heterosis. The
different TGMS genes available can be
incorporated using conventional or by molecular
marker aided breeding methods (Lopez et al.,
2003) into any adapted linesand varieties. These
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wide varieties of TGMS lines crossed with any
selectedlinesor varietiescan producemorediverse
hybridricethat can beadaptabletoany ricegrowing
conditions.
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