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Improving Hybrid Rice Seed Production by Better Understanding of
Diversity in the Breeding System and Boron Nutrition

Executive summary

Hybrid seed technology has been successfully deployed to increase rice yield in
many Asian countries e.g. China, India and Vietnam. The primary target in the
development of hybrid seed technology is high yield of the F; hybrid seed. The higher
yield will translate into lower cost per kg of the seed, which will in turn help to lower
farmers’ input cost. However, the key process in hybrid seed production in self pollinated
crop such as rice is the pollination, fertilization and environmental factors. Common wild
rice, the progenitor of cultivated rice is predominately outcrossing. In addition, a major
constraint to successful pollination and seed set in cereals is boron deficiency. This project
has contributed to knowledge in genotypic variation in breeding system and boron
response to improve outcrossing in hybrid seed production, in four sets of objectives as
follows.

1. To identify genotypic variation in traits promote outcrossing in cultivated rice
Rice is a self-pollinated crop. Up to 7% of outcrossing has been reported in

specific varieties or conditions. Genotypic variation for floral morphology relation to
outcrossing was evaluated in modern, popular, high yielding rice varieties released in
Thailand. For traits require for the female parents, Pathumtani 1 (PTT1) and Neaw Phrae
1 (NP1) were the varieties with the longest stigma. Extents of stigma exertion were
between 49-100%, with RD10, RD7 and Sakonakorn 1 (SKN1) showed 100% stigma
exertion. NP1 and PTT1 exhibited the longest stigma among all varieties but turn out to
possessed the lowest rate of stigma exertion. Among the modern varieties, RD7 and
SKNL1 had higher potential of outcrossing than the others. For traits require for male
parents, R258 and PTT1 exhibited the largest anthers. Number of pollen grains per anther
was highest in PTT1. Fertilization was depended on number of pollen deposited on
stigma. Most of varieties deposited more than 40 pollen grains per stigma and ensured
fertilization. The highest pollen grain per stigma (79) was found in SKN1. For flowering
behavior, opening of the spikelet or blooming duration, the period from opening to closing
of floret, was varied with genotypes and within the range of 35-50 min. For the long
duration genotypes, RD10, R258 and PTT1 lasted for 50 min. Pollen viability test by agar
method was developed and can be used to screen for pollen viability in breeding program
or other physiological and biological studies in rice.

2. To identify genotypic variation in B response rice

Three rice genotypes, KDML 105, Suphanburi 1 (SPR1) and Chianat 1 (CNT1),
were evaluated for response to B in sand culture for two seasons. Genotypic variation in
response to B was found. B deficiency depressed pollen viability and grain set in rice but
no effect on any vegetative part was observed. Concentrations of B in anther and flag leaf
can be used to indicate B status that affected grain set in rice. Between the three
genotypes, SPR1 was the most efficient and CNT1 was the most inefficient and KDML
105 was intermediate between the former two genotypes. For response of hybrid rice to B
levels, four varieties were tested at two B treatments (with and without B) in sand culture.
Genotypic variation in hybrid rice was found in B requirement for pollen germination in



agar media. Low germination of pollen in media without added B indicated external B
was required for pollen germination. B deficiency reduced average grain set at about 12%.

3. To identify genotypic variation in grain set under high temperature

Variation in grain set was evaluated in 12 rice varieties at three planting dates in dry
season (mid-January, late January and mid- February 2009) at two locations, Chiang Mai
and Suphanburi. There were genotypic differences in response to high temperature.
Differential genotype response to high temperature was attributed to grain set failure and
unfilled grain. At mid-February planting date, grain set of the sensitive genotypes, SPT1,
RD4, RD10 and RD21 were reduced to 75-78% at The smallest decrease in grain set with
planting dates in both locations were found in RD29, SPR1 and PTT1 suggested that they
were tolerant to high temperature in this study.

4. To evaluate and select for traits promote outcrossing

Evaluation and selection for traits promote outcrossing, by the method developed
from objective 1, were conducted in two sets of crosses: (1) F4 generation from common
wild rice x SPR1 (2) Backcross populations derived from common wild rice (Oryza
rufipogon Griff.) x local rice and then backcrossed to Suphanburi 1 (O. sativa L., cv SPR
1). For the first set, selection and evaluation were carried on until Fg, selected lines
showed desirable recombination of many traits, e.g. photoperiod insensitivity, semi-dwarf
plant type, large panicle, high number of spikelets/panicle and high seed fertility.
However, seed shattering were found in all lines when compared with SPR1 parent. For
the second set, backcrossing, evaluation and selection were practiced until BC,F,4. Sixteen
lines with non-seed shattering type, large anther/stigma and desirable agronomic traits
were selected. These lines can be used as parents in breeding for male or female parents in
hybrid seed production.

Implication of main research findings

1. From variation in floral characteristics in rice the project has contribute to the extent
of variation found in rice varieties commonly grown in Thailand. This will help to set
the goal of improvement, source of variation and correlation of traits, to be used in
breeding program.

Selection and screening method for pollen viability has been developed.

3. B deficiency affected rice yield via pollen germination and grain set. Pollen
germination of sensitive genotypes were affected by both internal B in pollen and
external B in stigma. Applying B in soil has a potential to improve rice yield in areas
with low B soil. The results have led to the foliar B application study in hybrid rice
evaluation at Bayer research station.

4. Critical value for B established for reproductive development and can be used to
diagnose for B status and possibility of B deficiency in rice.

5. Grain set, number of filled grain can be used as screening tools for heat tolerance
during reproductive phase. Results on genotypic variation in response to high
temperature have led to further research on response to high temperature in rice. This
was part of the project funded by TRF and a PhD scholarship funded by The Office of
the Higher Education Commission.

6. Advanced lines with large anther and/or large pistil, transferred from common wild
rice to cultivated, high yielding rice variety, were developed. They can be used as
parents in breeding for large anther or large stigma in hybrid seed production.
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Improving Hybrid Rice Seed Production by Better Understanding of
Diversity in the Breeding System and Boron Nutrition
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Hybrid seed technology has been successfully deployed to increase efficiency in
maize production in Thailand and Southeast Asia. The private sector in this country is
now embarking in research in hybrid rice, which promises to raise farmer’s as well as
potential yield of irrigated rice by 30-50%.

Once the basic requirements for superior performance in production (wide
adaptation, high yield, resistance to major diseases etc) are met, the primary target in the
development of hybrid seed technology is high yield of the F; hybrid seed. The higher
yield will translate into lower cost per kg of the seed, which will in turn help to lower
farmers’ input cost. However, the key process in hybrid seed production is the pollination
and fertilization. This project has contributed to knowledge in genotypic variation in
breeding system and boron response to improve outcrossing in hybrid seed production, in
four sets of objectives as follows.

l. TECHNICAL REPORT

1. To identify genotypic variation in traits promote outcrossing in cultivated rice

This part was conducted in two main experiments, namely, variation in floral organs
and flowering behavior and pollen viability study.

Variation in floral organs and flowering behavior

Rice is a self-pollinated crop. Up to 7% of outcrossing has been reported in
specific varieties or conditions. Genotypic variation for floral morphology relation to
outcrossing was studied in 12 modern, photoperiod insensitive, Thai rice varieties during
dry season 2008/2009. The experiment was carried out in pots, 10 plants per pot for each
variety with three replicates. At flowering, floral traits those reported to influence
outcrossing were measured as (1) Stamen traits: anther length and anther width, number of
pollen per anther, pollen viability, (2) Pistil traits: degree of exerted stigma, number of
exerted stigma per floret, stigma length, style length and number of germinated pollen on a
stigma, (3) flowering behavior: time at blooming and blooming duration. Stamen and
pistil traits were collected from 27 florets per genotype. Anther and pistils were collected
and fixed in acetic-alcohol then the length and width were measured under
stereomicroscope. For pollen number, nine florets from each variety were collected,
stained with 1% potassium iodine (KI/I) and counted for number of pollen grains per
anther. Late in the afternoon when the florets have complete fertilization, three florets on
the top, middle and bottom of three panicles were collected and determined for number of
pollen on the surface of stigma. The florets were excised on slide and stained with cotton
blue. Pollen number and viability were counted under stereomicroscope.

For stigma exertion, data were recorded from 45 florets/genotype. Exertion types
were rated as no exertion, single stigma exertion and dual stigma exertion. For flowering
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behavior, time when the glumes started opening until closing for each floret were recorded
from 15 florets/genotype.

Outcrossing in rice was influenced by floral traits and flowering behavior.
Expected traits influenced outcrossing for genotypes used as female parents are stigma size
and exertion, style length and duration of spikelet blooming. On the other hand, traits
promoted outcrossing for the pollen, or male, parent are anther size, number of pollen
grains per anther, pollen viability and duration of spikelet blooming . Range of variation
of these traits among modern, high yielding cultivated Thai rice varieties found in this
study is summarized in Table 1.1 and genotypic variation for each traits in Tables 1.2-1.3
and Figure 1.1.

Table 1.1 Summary of flower characteristics of 12 rice varieties, grown at Chiang Mali,
Thailand.

Characters Mean = SE Min  Max

Female flower

Pistil length (mm) 1.9+0.05 1.7 24
Stigma length (mm) 0.9+0.03 0.7 1.1
Style length (mm) 1.0+ 0.05 0.8 1.3

Total stigma exertion (%) 79.1+49 48.9 100
Single stigma exertion (%) 522 +3.4 28.9 71.1
Dual stigma exertion (%) 26.9+5.8 44 711

Male flower
Anther length (mm) 25+0.03 2.3 2.7
Anther width (mm) 0.8+0.01 0.8 0.9
Pollen/anther 1509 + 17 1220 1960
Pollen/stigma 58.7+1.1 347 81.0
Pollen viability (%) 947+11 87.7 97.1

Flower behavior
Time at blooming (a.m.) 10:18 9:30 11:20
Blooming duration (min) 37+1.3 28 50




For traits require for the female parents, the range of variation for stigma and style
lengths were between 1.7-2.4 mm and 0.7-1.1 mm, respectively. Pathumtani 1 (PTT1) and
Neaw Phrae 1 (NP1) were the varieties with the longest stigma while, Chainat 1 (CNT1)
had the longest style (Tables 1.1 and 1.2). Extents of stigma exertion were between 49-
100%, with RD10, RD7 and Sakonakorn 1 (SKN1) showed 100% stigma exertion. As
each floret of rice has two stigma (Picture 1.1), we found variation in rice varieties of
exertion for single and dual stigma per floret (Picture 1.2). The highest dual stigma
exertion was found in RD10 and highest single stigma exertion in SKN1 (Figure 1.1).
NP1 and PTT1 exhibited the longest stigma among all varieties but turn out to be the
lowest rate of stigma exertion. Among the modern varieties, RD7 and SKN1 had higher
potential of outcrossing than the others.

For male flower of rice, anther length and width were between 2.3-2.7 mm and 0.8-
0.9 mm, respectively. R258 and PTT1 exhibited the largest anthers. Number of pollen
grains per anther were between 1,220 in RD4 to 1,960 in PTT1 (Table 1.3). Fertilization
was depended on number of pollen deposited on stigma. Most of varieties deposited more
than 40 pollen grains per stigma and ensured fertilization. The highest pollen grain per
stigma (79) was found in SKN1 (Table 1.3). For flower behavior, opening of the spikelet
or blooming at Chiang Mai University, Chiang Mai started at 9.30 to 10.20 am. Blooming
duration, the period from opening to closing of floret, was varied with genotypes and
within the range of 35-50 min. For the long duration genotypes, RD10, R258 and PTT1
lasted for 50 min (Figure 1.2).

Variations for some flower traits of the 13 genotypes were correlated. Variation in
pistil length was more influenced by style length than stigma length (Table 1.4). Positive
correlation between anther length was found with style length and anther width.
Improvement of floral traits involving size of male or female organ can be done together.
However, pistil length tended to show negative correlation with blooming duration.
Therefore, improvement of floral traits and duration of blooming should be done
separately.

Table 1.2 Variation in female reproductive traits of 12 rice varieties.

Genotypes Stigma length Style length  Pistil length  Stigma exsertion
(mm) (mm) (mm) (%)
NP1 1.01ab 1.00 cde 2.02 ab 5le
R258 0.74 cd 1.02 cde 1.76 abc 67 de
SPT1 0.83 cd 0.98 def 1.81ab 73 cd
RD4 0.76 cd 1.27 ab 2.03a 76 bcd
RD7 0.86 bcd 1.17 bc 2.03a 100 a
RD10 0.73 cd 1.10 bcd 1.83 ab 100 a
RD21 0.81cd 1.17 bc 1.98 ab 67 de
RD29 0.91 abc 1.03 cde 1.94 ab 78 bed
CNT1 0.71d 1.35a 2.06 a 91 ab
SPR1 0.88 bcd 0.81 fg 1.69 bc 91 ab
SKN1 0.81cd 0.64¢ 1.45c 100 a
PTT1 1.07a 0.81fg 1.89ab 49 e
F-test ** B * *kk

*, ** and *** significant at p<0.05, 0.01 and 0.001, respectively.

Means followed by the same letters within column do not differed significantly by LSD at p=0.05
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Figure 1.1 Frequency (%) of spikelets with no, single and dual stigma exertion per floret

of 12 rice varieties. Data were average from 27 florets per variety.

Table 1.3 Variation in male reproductive traits of 13 rice varieties.

Genotypes Anther Anther Number of pollen per Number of pollen
length Width anther deposited per stigma
(mm) (mm) Total KI/1? Total Viability”
stained (%) (%)
NP1 2.40 ¢ 0.86 a 1610 bc 88 f 50 54 ¢
R258 2.74 a 0.82a 1490 cd 9le 81 66 b
SPT1 2.44 bc 0.86 a 1470 cd 97 a 64 78 a
RD4 257abc  0.82a 1220 e 95¢c 63 78 a
RD7 2.43 bc 0.79a 1620 bc 96 ab 61 76 ab
RD10 254abc 0.8la 1320 de 95¢c 55 75 ab
RD21 255abc  0.78a 1330 de 96 ab 67 80a
RD29 256abc 0.77a 1470 cd 96 ab 44 79a
CNT1 2.44 bc 0.82a 1460 cd 96 ab 53 74 ab
SPR1 2.33¢C 0.80a 1367 de 96 ab 35 74 ab
SKN1 2.01d 0.64b 1795 ab 95 cd 79 78 a
PTT1 2.69 ab 0.80 1960 a 94 d 56 73 ab
F_test ** * *kx **x nS *k*k

% Pollen viability test by iodine (KI/I) staining.
® Pollen viability test by cotton blue staining.

* **and *** significant at p<0.05, 0.01 and 0.001, respectively.

Means within a column followed by the same letters do not differed significantly by LSD at p=0.05
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Figure 1.2 Time (a.m.) at first floret started blooming and blooming duration (min) of 12
rice varieties.

Table 1.4 Correlations between floral characteristics among 12 rice varieties.

Stigma Style Pistil Anther Anther
Traits length length length length width
Style length -0.156
Pistil length 0.446** 0.815***
Anther length 0.283 0.527*** 0.643***
Anther width 0.367*  0.555***  (0.718*** 0.705***
Blooming duration 0.062  -0.399* -0.325* -0.101 -0.148

*, **and *** significant at p<0.05, 0.01 and 0.001, respectively.



Picture 1.1 Anther and pistil measurements in this study.

(@) (b) ()

Picture 1.2 Types of stigma exertion in rice a) no exertion b) single stigma
exertion and c) dual stigma exertion.



Pollen viability

Pollen viability was studied in agar media in petri-dishes. Fresh pollen was shaken
directly to media after the anther just emerged from the glumes. This was done during
10.30-11.45 a.m. The media contained 0.70% agar, 0.50 M sucrose, 0.03 % CaCl,.2H,0
and 0.01 % boric acid gave the highest pollen germination when pollens were collected
immediately after anther dehiscence. Pollen germination was scored microscopically after
4h. Pollen was recorded as germinated if the pollen tube was longer than half of the
diameter of the pollen grain. Germination of rice pollen was depended on time of
collection, genotypes and other environmental factors. Rice pollen grains after shedding
were short life. For example, germination of CNTL1 after anther dehiscence was lost about
70% of pollen viability at 3 min and nearly 100% about 9 min (Figure 1.3).

Pollen viability test by agar developed in this study was validated further in three
rice varieties (CNT1, SPR1 and SPT1). Sowing dates were set to cover from November to
January 2008 to cover a range of seed set. Plants were flower during February to April
2009. Maximum and minimum temperatures during this period were between 30-40 °C
and 20-25 °C, respectively. At flowering, anthers were collected and germination tested in
agar. In addition, stigmata were also collected from six florets, stained with cotton blue.
Number of pollen grains deposited on each stigma were counted. Those stained with
cotton blue were rated as viable and those with pollen tube were rated as germinated. At
maturity, plant were harvested and determined for seed set. Significant correlations
between seed set at maturity and number of pollen germinated on stigma (r = 0.583**) and
between seed set and pollen germination on agar media (r = 0.841***, Figure ).
Therefore, pollen germination tested was reliable, and can be used to screen for pollen
viability in breeding program or other physiological and biological studies in rice.

Implications of main research findings

e From variation in floral characteristics in rice the project has contribute to the extent of
variation found I rice varieties commonly grown in Thailand. This will help to set the goal
of improvement, source of variation and correlation of traits, to be used in breeding
programe.

e Selection and screening method for pollen viability has been developed. Training for
students and researchers at CMUPNIab was done in 2008. Training for staffs in private
partner is scheduled in July 2010.
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Figure 1.3 Pollen germination (%) of CNTL1 rice, on agar media at different times
(min) after anther dehiscence.
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To identify genotypic variation in B response rice

A major constraint to successful pollination and seed set in cereals is boron
deficiency. Cereals, along with other grasses, require very little boron for their vegetative
growth. It is, however, well established that successful seed set requires many times more
boron per unit dry weight in specific tissues such as pollen grain (ten times or more) and
pistil or silk in maize (3-4 times) than in somatic tissues like root, leaf and stem.

Soils low in boron are widespread in Thailand, so the risk of boron deficiency
depressing the yield of hybrid seed is real, especially on highly leached upland soils of the
north and northeast. Better understanding of how boron nutrition affects male
fertility/sterility in rice may also offer another option for controlling male sterility in the
process of hybrid seed production. In this part, there are two sets of studies for a) response
to B in three commercial, popular Thai rice varieties and b) response to B in hybrid rice
varieties
Response to B in Thai rice varieties

Boron deficiency adversely affects grain yield of cereals including wheat, barley
triticale and maize. It has been reported that B deficiency caused male sterility and
reduced grain set via pollen sterility. In rice, B deficiency was confounded with seasonal
effect. Preliminary study found that grain set in wet season was not affected and no
genotypic variation was detected. Therefore, the experiments were conducted in dry
season in two years. Three rice varieties commonly grown in Thailand were grown in
sand culture, pot experiments. B treatments were set as with (10 M kg B, designated as
B10) or without added B (BO) to the nutrient solution. As found in other cereals,
vegetative growth and number of spikelets per panicle of all rice varieties were not
affected by low B supply (Tables 2.1 and 2.2). Significant interaction BxG effect was
found in pollen viability, grain set and B concentrations in flag leaf, YEB+1 and anthers
(Tables 2.1 and 2.3).

Table 2.1 Analysis of variance results for effects of boron (B), genotype (G) and boron x
genotype interaction (BxG) on vegetative response, reproductive response and B
concentrations of rice grown in two seasons (2007/08 and 2008/09).

Characters 2007/08 2008/09
B G BxG B G BxG
Vegetative response
Tillers plant™ ns *x ns ns *x ns
Panicles plant™ ns ol ns ns kel ns
Culm length (cm) ns ns ns ns ns ns
Straw dry weight (g) ns *x ns ns ** ns
Root dry weight (g) ns *x ns ns ** ns

Reproductive response

Spikelets panicle™ ns ok ns ns ok ns
Pollen viability (%) ok * * *ok ke *ok
Grain set (%) ok *ox * *ok ok ok

B concentrations (mg B kg DW™)

Flag Ieaf [B] ** *%* ** ** * *
YEB+1 [B] * ns ** ** * **
Anthers [B] ** ** ** ** * **

*and ** significant at p<0.05 and 0.01, respectively; ns not significant.
9



In these experiments, B deficiency can be seen in B concentrations in anther or flag
leaf. A reduction in grain set, compared with B10, was involving B concentrations in
anther and flag leaf less than 25 and 8 mg kg B, respectively (Figure 2.1). B in flag leaf
can be used as a general indicator for overall genotype for B status at early stage of plant
growth. Between the three genotypes, SPR1 was the most efficient and CNT1 was the
most inefficient and KDML 105 was intermediate.

Table 2.2 Number of panicles plant™ and spikelets panicle™ of three rice genotypes at

two levels of B supply.

B level  Genotype 2007/08 2008/09
(UM) Panicles  Spikelets Panicles Spikelets
plant®  panicle * plant™ panicle
0 KDML105 7 129 11 107
CNT1 8 113 13 85
SPR1 8 161 14 118
10 KDML105 7 125 11 125
CNT1 9 103 16 85
SPR1 10 146 13 134
F-test
Genotype (G) ** *x * *
B (B) ns ns ns ns
BxG ns ns ns ns

Table 2.3 Pollen viability and grain set (%) of three rice genotypes at two levels of B

supply.
B level  Genotype 2007/08 2008/09
(UM) Pollen Grain set Pollen Grain set
viability (%) viability (%)
(%) (%)
0 KDML105 28.6 a 10.9 25.2 a 115a
CNT1 33.2a 6.7 55.1 bc 14.6 bc
SPR1 274 a 27.9 54.0b 47.2 ¢
10 KDML105 36.9a 18.7 65.1¢c 21.7Db
CNT1 59.9b 12.9 59.6 bc 53.9 cd
SPR1 70.3b 38.4 80.9d 59.7d
F-test
Genotype (G) * ** **
B (B) ** ** **
BXG * ** **
LSDo o5 18.8 10.0 9.2

10
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Response to B in hybrid rice varieties
For hybrid rice, four varieties were tested at the same two B treatments in sand

culture (B0 and B10) in 2008/2009. Genotypic variation in hybrid rice was found for B
requirement for pollen germination in agar media (Table 2.4). Low germination of pollen
in media without added B indicated external B was required for pollen germination. At
maturity, no BxG interaction was significant for all characters. All hybrids responded to B
similarly. B deficiency reduced average grain set at about 12% (Table 2.5).

Table 2.4 Genotypic variation of pollen germination (%) in media with and without
added B of three hybrid rice and CNT varieties at two B supply (0 and 10 uM B;
designated as B0 and B10).

Plant Media HR HR HR HR 107-4-
107-3-3 107-3-5 107-4-5 5
BO Without added B 8.4 0.6 3.5 33.7
Added B 46.1 415 20.1 56.5
B10 Without added B 6.3 18.3 9.3 31.0
Added B 38.4 73.5 61.9 49.7
Mean 24.8 33.5 23.7 42.7
Gx B x G X
B G Media BxG Bxmedia media media
F_test **k* **k* *k*k *k*k N S **kk **kk
LSD o5 4.0 5.7 4.0 8.0 8.0 11.3

Table 2.5 Average culm length (cm) and number of tillers, panicles and spikelets and
grain set of four hybrid rice genotypes at two B supply (0 and 10 uM B; designated as BO
and B10).

B treatment Culm length Tillers Panicles  Spikelets Grain set
(cm) plant™ plant™ panicle™ (%)
BO 52 28 15 151 43
B10 53 25 19 157 54
F-test ns ns ns ns **
LSD0.05 7

Implications of the main research findings

e B deficiency affected rice yield via pollen germination and grain set. Pollen
germination of sensitive genotypes were affected by both internal B in pollen external
B in stigma. Applying B in soil has a potential to improve rice yield in areas with low
B soil. The results have led to the foliar B application study in hybrid rice evaluation
at Bayer research station.

e Critical value for B established for reproductive development and can be used to
diagnose for B status and possibility of B deficiency in rice.
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3. To identify genotypic variation in grain set under high temperature

Variation in grain set was evaluated in 12 rice varieties at three planting dates in dry
season (PD1: mid-January, PD2: late January and PD3: mid- February 2009) at two
locations, Chiang Mai and Suphanburi. The planting dates were set to allow genotypes to
flower during high temperature in summer. At Chiang Mai, genotypes were sown in pots
on Jan 17 2009 (PD1), Jan 31 2009 (PD2) and Feb 14 2009 (PD3). At Bayer Research
Station in Suphanburi, genotypes were sown in field experiments on Jan 13 2009 (PD1),
Jan 20 2009 (PD2) and Feb 10 2009 (PD3). Plants were flowering during mid-April to
late May 2009 which maximum temperatures were above 35°C and minimum
temperatures were above 20°C (Figure 3.1).

Numbers of spikelets, fertilized, filled and empty grains were recorded from both
locations. There were genotypic differences in response to high temperature.
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Figure 3.1 Daily minimum and maximum temperatures at Chiang Mai (a) and maximum
temperature at Suphanburi (b) during January 2009 to September 2009. Flowering times
of rice varieties of the three planting dates were between early April and late May 2009.
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Differential genotype response to high temperature was attributed to grain set failure and
unfilled grain. Significant effects of genotypes and planting date x genotype interaction
(p<0.001) were found for all variables (Table 3.1). For number of spikelets per panicle
RD21 displayed the highest spikelet number which were increased with planting dates.
There were different types of response of genotypes to planting date (Table 3.2).

Table 3.1 Analysis of variance results for effects of planting date (PD), genotype (G) and
planting date x genotype interaction (PDxG) on six traits of 12 rice varieties grown at two
locations, Chiang Mai and Suphanburi.

Characters Chiang Mai Suphanburi

PD G PDxG PD G PDxG
Spikelets panicle™ T NS Rx | ww
Grains panicle™ Kk kR ek akk kkk Rk
Grain set (%) Fkk Kk FkKk Fkk *kk Kk
Unfertilized grain (%) ik kkk kkk Kokk ok *kk
Unfilled grain (%) *hk kR Kk ok ek ek

*** significant at p<0.001; ns not significant.

Small but significant effect of planting date x genotype on grain set was observed.
Delaying sowing dates to the end of January or mid February decreased grain set on
average at 3-4%. All genotypes, except SPT1, RD4, RD10 and RD21, set grain between
80-96% at all planting dates. Grain set of the sensitive genotypes, SPT1, RD4, RD10 and
RD21, were between 85-94% at PD1 and PD2 and those of SPT1 and RD4 were reduced
to 76% at PD3 in Chiang Mai and of SPT1, RD4, RD10 and RD21 reduced to 75-78% at
PD3 grown in Suphanburi (Table 3.3). They were classified as sensitive to high
temperature. The smallest decrease in grain set with planting dates in both locations were
found in RD29, SPR1 and PTT1 suggested that they were tolerant to high temperature in
this study.

The negative effect of high temperature on rice yield not only came from grain set
failure alone but also included the effect on grain filling. These can be seen by number of
empty grains which resulting from both unfertilized and fertilized but unfilled grains. All
genotypes except RD29 and CNT1 had >30% empty grains when grown at Chiang Mai or
Suphanburi. For the effect on unfilled grain, about 20% unfilled grain were found in NP1
and RD21 at PD1 and SPR1 and PTT1 at PD3 grown in Chiang Mai (Figure 3.2). In
Suphanburi, unfilled grain of RD21 jumped to as high as 35% at PD3 (Figure 3.3). RD29
had the lowest unfilled grain in all planting dates and locations. Among genotypes those
bred and adapted to high temperature in the Central Plain, RD29 and CNT1 were the most
tolerant when flowering in summer of both locations. Further studies on effect of high
temperature on pollen production, fertilization and grain filling processes will provide
more knowledge on mechanism of heat tolerance in these germplasms.

Implications of the main research findings

e Grain set, number of filled grain can be used as screening tools for heat tolerance during
reproductive phase.

¢ Results on genotypic variation in response to high temperature have led to further
research on response to high temperature in rice. This was part of the project funded by
TRF (Prof. Dr. Benjavan Rerkasem at CMU) and a PhD scholarship funded by , The
Office of the Higher Education Commission Thailand (Ms Suphansa Sukkaew) started
from 2009, titled “Genetic control of response to high temperature in rice”.
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Table 3.2 Number of spikelets per panicle of 12 rice genotypes grown in dry season 2009
at three planting dates and two locations, Chiang Mai and Suphanburi.

Genotype Chiang Mai Suphanburi

PD1* PD2 PD3 PD1 PD2 PD3
NP1 91 ab 97 a 84D 120 c 140 b 160 a
R258 74 a 82 a 8la 95 a 109 a 102 a
SPT 93a 99 a 95 a 139 b 108 ¢ 159 a
RD4 93 a 98 a 97 a 111 a 107 a 116 a
RD7 85 ab 88 a 77D 103 a 94 a 96 a
RD10 82c¢c 110 b 119 a 110 b 105 b 135a
RD21 98 b 106 b 134 a 139 b 172 a 181 a
RD29 90 a 96 a 92 a 121b 134 a 103 ¢
CNT1 84D 103 a 98 a 121 a 101 b 89c¢c
SPR1 79D 110 a 104 a 121 a 107 ab 9% b
SKN1 95 b 111a 77¢c 110 a 9% a 93 a
PTT1 94 b 100 ab 113 a 89 a 99 a 77 a
Mean 88 B 100 A 98 A 115 114 117

PD G PDxG PD G PDxG
LSD(0.05) 2 4 8 ns 10 17

* Sowing dates at Chiang Mai were Jan 17, Jan 31 and Feb 14 2009; at Suphanburi were Jan 13, Jan 27 and
Feb 10 2009 and designated as PD1, PD2 and PD3, respectively. Means within each row follows by the
same letter are not differed signicantly at p =0.05.

Table 3.3 Grain set (%) of 12 rice genotypes grown in dry season 2009 at three planting
dates and two locations, Chiang Mai and Suphanburi.

Genotype Chiang Mai Suphanburi

PD1* PD2 PD3 PD1 PD?2 PD3
NP1 91a 80b 85D 88D 93a 80c
R258 92 a 86 b 89 ab 86 a 83b 85 ab
SPT 96 a 85b 76 ¢ 87b 94 a 76 ¢
RD4 89a 83b 76 ¢ 90 a 82b 86 a
RD7 94 a 84 b 9la 88 a 85b 88 ab
RD10 87hb 86 a 89a 86 a 94 a 78 ¢
RD21 8la 86 a 87a 93a 90a 75b
RD29 88 a 87 ab 84 b 89 a 85hb 87 ab
CNT1 94 a 91 ab 88 b 89b 96 a 95a
SPR1 86 b 90 ab 93a 93 a 91 ab 90 b
SKN1 89 ab 92a 87b 95a 86 c 90 b
PTT1 91a 9l1a 93a 94 a 9l1a 93 a
Mean 90 A 87B 87B 90 A 89 A 86 B

PD G PDxG PD G PDxG
LSD(0.05) 1 2.1 3.6 1 1.5 2.7

* Sowing dates at Chiang Mai were Jan 17, Jan 31 and Feb 14 2009; at Suphanburi were Jan 13, Jan 27 and
Feb 10 2009 and designated as PD1, PD2 and PD3, respectively. Means within each row follows by the
same letter are not differed signicantly at p =0.05.
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Figure 3.2 Empty grains (%) of 12 rice genotypes at three planting dates: a) Jan 17 2009
(PD1) b) Jan 31 2009 (PD2) and c) Feb 14 2009 (PD3) at Chiang Mai. LSDqs(PDxG) for
unfertilized and unfilled grains were 3.6 and 3.0% , respectively.
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Figure 3.3 Empty grains (%) of 12 rice genotypes at three planting dates: a) Jan 13 2009
(PD1) b) Jan 20 2009 (PD2) and c) Feb 10 2009 (PD3) at Suphanburi. LSDy 0s(PDxG) for
unfertilized and unfilled grains were 2.7and 3.1% , respectively.
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4. To evaluate and select for traits promote outcrossing

Although rice is self-pollinated crop. High rate of cross pollination was found in its
progenitor, common wild rice (Oryza rufipogon Griff.). Research results from Thai Rice
Germplasm Project at CMU showed that cultivated rice had lower stigma exertion, shorter
stigma and anthers than common wild rice. Therefore, an attempt was made to transfer
long stigma and anther traits from common wild rice collected in Thailand to cultivated
rice. Populations derived from crosses between crop rice and common wild rice were
kindly provided by the Thai Rice Germplasm Unit of Plant Nutrition and Genetic Resource
Laboratory at Chiang Mai University (CMUPNIab) directed by Professor Benjavan
Rerkasem. Evaluation and selection were conducted in two sets of crosses: (1) F4
generation from common wild rice x SPR1 (2) Backcross populations derived from
common wild rice (Oryza rufipogon Griff.) x local rice and then backcrossed to
Suphanburi 1 (O. sativa L., cv SPR 1). The objectives of this part was to develop lines
possess floral traits from common wild rice those increase outcrossing and can be
transferred to parental lines in hybrid seed production. Therefore, selection was aimed for
two sets of floral traits, large and exerted anthers for pollen parents; and large and exerted
stigma for female parents.

Populations were evaluated in the fields. Evaluation, selection and backcrossing
were done in four consecutive seasons. For each generation, about 600-800 plants were
sown for F3-Fs populations, and 100 plants for BCF1, 200-300 plants for BCF, and >1500
plants for BCF; populations. Before anthesis, anther and stigma size and exertion were
rated and selected visually. Then five florets from each selected plant were collected and
kept in eppendorf tube and fixed with acetic:alcohol. Anther, stigma and style lengths
were measured microscorpically, two anthers and stigma per floret. As wild rice possess
some undesirable linkage between long stigma or long anther with low pollen viability and
seed shattering. At anthesis, pollen grains from selected plants were collected and viability
tested by iodine and agar methods. After anthesis, two panicles of each selected plants
were bagged to recover the shattered seeds. The same procedure was carried out in all
generation.

Evaluation of F4-Fgderived from common wild rice x SPR1

Seven hundred F,4 plants of cross between common wild rice and SPR1 were grown
in the experimental field in wet season 2007. Single plant selection was made based on
reproductive traits including anther size, stigma size, stigma exertion, pollen shedding and
also some other agronomic traits that involved yield components. Fs lines were grown in
pot experiment in dry season 2007/08. Lines were evaluated for the reproductive traits,
plant type, days to flowering and plant height. All selected Fs lines exhibited large anthers
and well exerted, large stigma (Figure 4.1). Fs lines with photoperiod insensitivity
(evaluated from pot experiment) were sown in experimental field, with more plants per
lines (60) in wet season 2008. All selected Fs lines exhibited large anthers and well
exerted, large stigma (Figure 4.2). Selected lines showed other desirable traits, e.g.
photoperiod insensitivity, semi-dwarf plant type, large panicle, high number of
spikelets/panicle and high to intermediate seed fertility when tested in the following season
(Tables 4.1 and 4.2). However, seed shattering were found in all lines when compared
with SPR1 parent. To recover non-seed shattering, the progenies between common wild
rice and SPR1 were backcrossed to SPR1 and described in the next section.
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Table 4.1 Characterisitics of five lines selected for large pistil, Dry season 2008/09.

Code 11 1-2 1-3 1-4 15 SPR1
Stigma length (mm) 2.00 1.65 1.62 1.54 15 0.9
Style length (mm) 0.80 0.85 0.78 0.84 0.85 0.8
Pistil length (mm) 2.80 2.50 2.40 2.38 2.35 1.7
Anther length (mm) 2.75 2.57 2.59 2.52 2.66 2.30
Anther width (mm) 0.75 0.78 0.79 0.78 0.79 0.80
Plant height (cm) 85 110 85 88 73 87
Panicles/plant 11 16 12 16 17 13
Panicle length (cm) 29 33 26 32 26 26
Branches/panicle 14 15 13 12 12 12
Spikelets/panicle 171 203 149 160 121 134
Grains/panicle 126 154 108 109 105 125
Grain set (%) 74 76 72 68 87 92
Grain weight (g/plant) 28 50 28 35 35 32

Table 4.2 Characterisitics of four lines selected for large anther, Dry season 2008/009.

Code 2-1 2-2 2-3 2-4 SPR1
Anther length (mm) 3.17 2.9 2.9 2.75 2.30
Anther width (mm) 0.81 0.85 0.8 0.75 0.80
Stigma length (mm) 1.4 1.15 1.1 2 0.9
Style length (mm) 0.78 0.63 1.05 0.8 0.8
Pistil length (mm) 2.18 1.78 2.15 2.8 1.7
Plant height (cm) 83 108 93 85 87
Panicles/plant 16 15 25 11 13
Panicle length (cm) 28 30 25 29 26
Branches/panicle 13 13 9 14 12
Spikelets/panicle 160 143 115 171 134
Grains/panicle 78 117 58 126 125
Grain set (%) 49 82 51 74 92
Grain weight (g/plant) 22 32 38 28 32
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Selection and evaluation of backcross populations

BC1F1s were sown in 2007/08. Plants with anther or pistil longer than SPR1 were
selected and backcrossed to SPR1. BC;F;s were sown in 2008 to produce F;, seeds. Two
BC,F, populations (70034 and 70036) were evaluated in the field in 2008/09. Anther and
pistil length of SPR1 crop rice were 2.2 and 1.7 mm, respectively. BC,F, populations of
both crosses were segregating in a large range of anther and stigma sizes. All plants had
longer anther and stigma than SPR1 (Figure 4.3). For both crosses, significant positive
correlations between anther length and anther width (r = 0.51**and 0.76** for 70034 and
70036, respectively), and between pistil length and stigma length (r = 0.89** and 0.88***)
were found (Table 4.3). This indicated that selection for anther length and width can be
done together and selection for long pistil resulted from long stigma. As the crosses were
derived from common wild rice, many undesirable traits were transferred together with
floral characteristics. These characters included poor pollen viability and seed shattering.
BC,F, plants also segregating for pollen viability. Significant relationship between anther
length and pollen viability was found between crosses. For 70034, no correlation for the
two traits was found and pollen viability were between 40-100% with three plants had
pollen viability less than 40% (Figure 4.4a). In contrast, positive correlation (r=0.55*%*)
between anther length and pollen viability was shown for 70036 (Figure 4.4b). Therefore,
there was a higher possibility to select plants with large anther with viable pollen grains.

Thirty-one BC,F, families were selected (Table 4.4). The F3 families were
evaluated in the field experiment in Wet season 2009. To select for lines with large anther
or pistil with desirable agronomy traits and non-seed shattering types, larger number of
plants were screened than that used in the former section. Families were grown in rows,
50-60 plants per family, total 1680 plants. About 124 plants (7.4%) from 12 families were
selected visually. Then the anthers and pistils from the selected plants were collected for
size and the panicles were bagged. At maturity, plants with large anther or pistil with good
agronomic characters were selected. Sixteen plants with non-seed shattering type and
desirable flowering and agronomic traits were recovered (Tables 4.5-4.6). These plants
will be multiplied and the progeny lines can be used as parents in breeding for large anther
or large stigma in hybrid seed production.

Implications of the main research findings
e Advanced lines with large anther and large pistil, transferred from common wild
rice, were developed. They can be used as parents in breeding for large anther or
large stigma in hybrid seed production.
e New project is being developed with Bayer in which the screening and selection
method will be applied to outcrossing rate study and development of parents.
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Table 4.3 Correlation coefficients (r) between floral traits of BC,F, populations from crosses
derived from common wild rice and cultivated rice;70034 and 70036, Dry season 2008/09.

'f;r:gtehr A\,‘J:glﬁr Stigma length ~ Style length v?;t::leirt]y
70034
Anther width 0.51**
Stigma length 0.34 0.12
Style length -0.34 -0.43* -0.40*
Pollen viability -0.22 -0.16 -0.20 0.10
Pistil length 0.23 -0.08 0.89*** 0.05 -0.19
70036
Anther width 0.76**
Stigma length -0.18 -0.47*
Style length -0.31 -0.21 -0.04
Pollen viability 0.55** 0.50* -0.09 -0.48*
Pistil length -0.32 -0.56** 0.88*** 0.41 -0.34

*, ** and *** significant at p<0.05, 0.01 and 0.001, respectively.
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Table 4.4 Anther length, width and pistil length (mm) and pollen viability (%) of selected
BC,F, plants and characteristics of BC,F3 seeds from Cross 70034 and 70036. Dry season
2008/09.

Anther Pistil length

Selected Eol!e_n Seed Pericarp
No. Length  Width Stigma  Style  Total viability shattering  color
(mm)  (mm) (mm)  (mm) (mm) (%)
92 34 0.8 1.7 0.8 2.5 - no white
65 3.3 0.8 1.3 0.8 2.1 45 no white
94 3.2 0.6 1.7 0.7 2.4 62 no red
101 3.2 0.9 2.1 0.8 2.9 - no white
119 3.0 0.5 1.8 0.7 2.5 - no white
58 2.9 0.8 1.4 1.0 2.4 87 no white
121 2.7 0.5 1.6 0.6 2.2 - no white
79 3.7 0.8 2.0 0.7 2.7 85 yes white
102 3.6 0.8 1.9 0.7 2.6 - yes white
48 3.5 - 1.4 1.1 2.5 96 yes white
63 35 0.8 1.4 0.9 2.3 65 yes white
76 3.5 0.8 2.0 0.8 2.8 75 yes white
85 34 0.8 1.7 0.7 24 90 yes white
89 3.4 0.8 1.5 0.9 2.4 90 yes -
73 3.3 0.6 2.1 1.0 3.1 70 yes white
54 3.2 0.5 1.6 1.2 2.8 75 yes white
59 3.2 0.8 1.3 1.0 2.3 87 yes white
104 3.2 0.8 1.5 1.0 2.5 - yes white
122 3.2 0.8 15 1.2 2.7 - yes -
62 3.2 0.8 1.5 1.2 2.7 96 yes -
56 3.0 0.9 1.4 1.0 2.4 90 yes white
64 3.0 0.8 1.3 0.9 2.2 60 yes white
83 3.0 0.8 1.5 0.8 2.3 80 yes white
117 2.9 0.4 2.2 0.7 2.9 - yes red
57 2.8 0.7 1.2 0.8 2.0 82 yes white
17 2.8 - 1.6 1.1 2.7 80 yes white
99 2.8 0.4 1.9 1.0 2.9 45 yes white
14 2.6 - 2.0 0.7 2.7 96 yes white
SPR1 2.3 0.8 0.9 0.8 1.7 98 no white
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Table 4.5 Floral size (mm), plant hight, number of panicles and seed weight (g) per plant

of 16 selected F3 families, Wet season 2009.

Selection  Anther size (mm) Pistil size (mm) Seed
ne- Height Panicles/ Wt/i)?ant
Length  Width Stigma Style Pistill (cm) plant (9)
5 4.0 0.9 1.8 0.8 2.6 147 4 9.5
4 4.0 0.8 1.8 0.9 2.7 77 6 7.3
1 3.9 0.9 2.2 1.0 3.2 138 3 4.7
7 3.8 0.8 1.6 0.7 2.3 60 9 9.4
6 3.8 0.8 1.8 0.7 2.5 117 8 16.0
13 3.4 0.8 1.7 1.0 2.7 87 5 13.8
10 3.3 0.8 1.8 1.0 2.8 132 4 4.8
8 3.2 0.7 1.8 1.0 2.8 91 4 4.9
11 3.2 0.8 2.1 0.8 2.9 118 9 12.6
12 3.1 0.8 1.8 1.0 2.8 80 3 5.6
18 3.0 0.8 2.1 0.8 2.9 69 5 8.5
16 2.9 0.8 2.0 1.0 3.0 120 5 5.5
19 2.9 0.8 2.0 0.7 2.7 94 4 6.8
15 2.8 0.7 2.3 1.0 3.3 112 7 9.8
17 2.8 0.7 2.0 1.0 3.0 131 4 4.1
20 2.4 0.7 2.1 0.8 2.9 139 5 6.6
SPR1 2.3 0.8 0.9 0.8 1.7 - - -
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Table 4.6 Seed characteristics of 16 selected F4 seeds, Wet season 2009.

_ Seed size (mm)
Hull  Pericarb

Line no. Shattering color color Awning Length Width Thickness

5 no straw  white awnless 10.61 249 1.82
4 no straw  white awnless 10.63  2.36 1.86
1 no straw  white awnless 10.7 244 1.73
7 no straw  white awnless 10.77 24 1.79
6 no straw  white awnless 11.04 2.29 1.82
13 no straw  white awnless 11.20 2.6 1.85
10 no straw  white awnless 1059 233 1.76
8 no straw  white awnless 1091 237 1.75
11 no straw  white  tip awned 10.77 248 1.92
12 no straw  white awnless 10.88 2.35 1.84
18 no straw  white awnless 10.62 2.42 1.82
16 no straw  white  tip awned 10.97 248 1.81
19 no straw  white  tip awned 10.74 243 1.74
15 no straw  white awnless 10.38  2.43 1.83
17 no straw  white awnless 10.75 2.34 1.81
20 no straw  white awnless 10.77 222 1.81
SPR1 no straw  white awnless 9.33 256 1.99
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Genotypic variation of boron deficiency in rice
Sawika Konsaeng, Sittichai Lordkaew, Benjavan Rerkasem and Sansanee Jamjod

Abstract

Boron (B) deficiency adversely affects growth and development of various crop species.
The variation among plant genotypes of response to B deficiency has been reported, but
little is known about B deficiency in rice. Thus, the objective of this experiment was to
determine how B deficiency affects rice and to examine genotypic variation in the
response to B deficiency. Two repeated experiments were conducted in sand culture
during October to February in 2007/08 and in 2008/09. Pots were applied with nutrient
solution with B added to 10 uM (sufficient, B10) or without boron (deficient, BO). Three
rice varieties, KDML105, CNT1 and SPR1, were sown in freely drained pot containing
washed river sand, five plants per pots with 3 replications. At anthesis, anthers from each
treatment were collected for determining pollen viability by iodine solution (KI/I5).
Growth responses (number of tillers, plant height, root length, shoot dry weight and root
dry weight) were collected at 2 harvests (anthesis and grain maturity). Yield and yield
components were also recorded at maturity. Flag leaf, the first leaf below flag leaf (FL+1)
and anther were collected at anthesis for B analysis. The parallel results were found in two
experiments of both years. It was shown that vegetative growth of rice was not affected by
low B supply at both harvests. The difference in growth was due only to the variation of
rice varieties. For reproductive responses, it was found that B had no effect on number of
spikelets/panicle while significant difference in response to B on grain set was shown by
the significant B x G interaction of % grain set. The percentage of grain set in 2007/08
and 2008/09 of three rice varieties in sufficient B was between 13-39% and 22-60%,
respectively . In B0, % grain set was decreased to 7-28% in 2007/08 and 12-47% in
2008/09 with the highest in SPR1. Additionally, significant B X G interactions were
found for B concentrations in flag leaf, FL+1 and anther at anthesis. The results also
showed genotypic variation of B deficiency on pollen viability by using Kl/I; staining. In
both B treatments, pollen viability of all three varieties which was indicated by %KI/I,
staining, had significant correlation with anther B concentration in 2007/08 (r = 0.414%*)
but not in 2008/09 (r = 0.287™). When considered the correlation between %KI/I; staining
with % grain set from all three varieties of both B treatments, positive correlation (r =
0.412* for 2007/08 and r = 0.653** for 2008/09) was shown in this experiment. In
conclusion, the responses of B deficiency varied among rice genotypes. The response to B
increase from BO to B10 and the low pollen fertility and grain set in B10 suggest that the B
supply in B10 may still be insufficient for maximum reproductive development in rice
under the condition of this study. The most tolerant to B deficiency was SPR1 while the
most sensitive to B deficiency was KDML105. The method used in this experiment could
be used for determining the responses to B deficiency in other rice varieties of interests.
The different response to B deficiency, especially in pollen viability and % grain set, of
rice genotypes will be useful for controlling male sterility in hybrid rice production.
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low B supply at both harvests. The difference in growth was due only to the variation of
rice varieties. For reproductive responses, it was found that B had no effect on number of
spikelets/panicle while significant difference in response to B on grain set was shown by
the significant B x G interaction of % grain set. The percentage of grain set in 2007/08
and 2008/09 of three rice varieties in sufficient B was between 13-39% and 22-60%,
respectively . In BO, % grain set was decreased to 7-28% in 2007/08 and 12-47% in
2008/09 with the highest in SPR1. Additionally, significant B X G interactions were
found for B concentrations in flag leaf, FL+1 and anther at anthesis. The results also
showed genotypic variation of B deficiency on pollen viability by using Kl/I; staining. In
both B treatments, pollen viability of all three varieties which was indicated by %KI/I,
staining, had significant correlation with anther B concentration in 2007/08 (r = 0.414%*)
but not in 2008/09 (r = 0.287™). When considered the correlation between %KI/I, staining
with % grain set from all three varieties of both B treatments, positive correlation (r =
0.412* for 2007/08 and r = 0.653** for 2008/09) was shown in this experiment. In
conclusion, the responses of B deficiency varied among rice genotypes. The response to B
increase from BO to B10 and the low pollen fertility and grain set in B10 suggest that the B
supply in B10 may still be insufficient for maximum reproductive development in rice
under the condition of this study. The most tolerant to B deficiency was SPR1 while the
most sensitive to B deficiency was KDML105. The method used in this experiment could
be used for determining the responses to B deficiency in other rice varieties of interests.
The different response to B deficiency, especially in pollen viability and % grain set, of

rice genotypes will be useful for controlling male sterility in hybrid rice production.



Introduction

Boron (B) deficiency adversely affects growth and development of various crop species
(Shorrocks, 1997). The higher impact of B deficiency was found during reproductive
development than in vegetative growth. It has been reported that B deficiency caused male
sterility and reduced grain set in wheat (Rerkasem and Jamjod, 1997) and barley (Jamjod
and Rerkasem, 1999). In rice, Garg et al. (1979) suggested that pollen fertility was
decreased. Rice yield could be increased 10-46% with B application (Rashid et al., 2000).
The susceptible to B deficiency was found to be varied among plant genotypes, e.g. in
wheat (Rerkasem and Jamjod, 1997), barley (Jamjod and Rerkasem, 1999) and rice
(Rashid et al., 2000). Therefore, this study aimed to determine responses of B deficiency
in rice and indicate its genotypic variation. The different response to B deficiency,
especially in pollen viability and seed sterility of rice genotypes will be useful for

controlling male sterility or enhancing seed set in hybrid rice or cultivated rice production.

Materials and Methods

Genotypes

Three Thai rice varieties, KDML105, Chainatl (CNT1) and Suphanburil (SPR1) were
used. KDML105 is the jasmine rice improved by pure line selection from local jasmine
rice. CNT1 and SPR1 are semi-dwarf, photoperiod insensitive high yield varieties bred
and released from Department of Rice, Thailand. Seeds were pre-geminated in petri dish
for 48h before sowing to ensure uniform germination.

Experimental procedure

Two experiments were carried out in dry season, between October to February, for two
years, 2007/08 and 2008/09. Sand culture was used. Rice seeds were sown in freely

drained earthenware pots (30 cm diameter, 30 cm deep) containing washed river sand, five



plants per pot. Pots were applied with basal nutrient solution [containing (ppm):

NH;NOj3, 40; NaH,PO,4.2H,0, 10; K;SO,4, 40; CaCl,.2H,0,40; MgS0,4.7H,0, 40; Fe-
EDTA, 7; MnCl,.4H,0, 0.5; (NH4)sM070,4.4H,0, 0.05; ZnS04.7H,0, 0.01;
CuS0O4.5H,0, 0.01; CuS0O4.5H,0, 0.01, modified from Yoshida (1976)] with added 10 uM
B (sufficient B, B10) or without added boron (deficient B, BO). Boron treatments and
genotypes were arranged factorially in a completely randomized design with three
replications. At anthesis, anthers were collected for B concentration analysis and pollen
viability determination. For B analysis, anthers were collected from 10 panicles from 5
plants. Boron concentration was determined by dry ashing and azomethine-H method
(Lohse, 1982). For pollen viability test, anthers from top, mid and bottom of five panicles
from each treatment were randomly collected. Each anther was placed into an eppendorf
tube containing 500 pL of KI/I. The tube was vortexed and pollen were counted from five
replicates of 10 pL. Pollen viability was estimated as the percentage of stained pollen to
total number of pollen grains counted. At maturity, flag leaf and the first leaf below flag
leaf (YEB+1) of all plants were collected for B analysis. The rest of each pot were
measured for culm length, number of tillers plant™, number of panicles plant™. Then each
plant was harvested and separated into panicles, straw and root. Straw and root were oven
dried and dry weight determined. Panicles of each plant were counted for number of
spikelets panicle™, filled grains panicle™. Grain set was calculated from percentage of
filled grains per panicle.

Data analysis

Data were analyzed statistically by analysis of variance. Significantly different means

were separated at the 0.05 probability level.

Results and discussion



Vegetative responses to boron deficiency

In both years, vegetative growth was not affected by low B supply at all harvests. The
difference in growth was only due to the variation of rice varieties (data shown only the
second harvest at grain maturity, Table 1 and Table 2). Remarkably, B-deficient plants
(BO) of year 2 (2008/2009) produced more tillers per plant than B-sufficient plants (B10)
(Table 2).

Table 3 showed panicles per plant and tillers bearing panicles of rice varieties
grown in both years. In year 1 (2007/2008), the difference in panicles per plants was
either from rice varieties or B levels. When considered tillers bearing panicles (%), it was
found to that B deficiency did not affect tillers bearing panicles. KDML105 had 38.3 % of
tillers bearing panicles which was higher than the other two varieties. In year 2
(2008/2009), panicles per plant ranged 11 -16 panicles which was due to only from the
variation of rice varieties (Table 3). However, significant B x G interaction was shown for
the percentage of tillers bearing panicles. In B-deficient plants (B0), the percentage of
tillers bearing panicle was between 35-71% with the lowest in RD29. The supply of B
added to nutrient solution increased the percentage of panicles bearing tillers of all rice
varieties except KDML105.

Reproductive responses to boron deficiency

In 2007/2008, B had no effect on number of spikelets/panicle (Table 4). However,
significant difference in response to B on grain set was shown by the significant B x G
interaction of % sterility. Sterility percentage of three varieties in sufficient B was
between 61-87%. In BO, sterility was increased to 72-93% with the highest in CNT1 and
KDML105. Differently, number of spikelets/ panicle of 2008/2009 was affected by either
rice varieties or B levels (Table 5). However, the significant B x G interaction was found

in the percentage of seed sterility (Table 5). In B-sufficient rice plants, % sterility was



between 40-79%. It was found that B deficiency increased the percentage of seed sterility
of all four varieties to 53-97% with the highest in RD29.
Boron concentration in plant parts
Significant B x G interactions were found for B concentrations in flag leaf, YEB+1 and
anther at anthesis in both years (Table 6). In Year 1 (2007/2008), B concentration of flag
leaf and YEB+1 in B10 of CNT1 and SPR1 were 21.8-27.6 and 11.2-13.3 mg B/kg DW,
respectively, while those of KDML105 were 8.5 and 8.4 mg B/kg DW, respectively.
Anther B concentrations in B10 of CNT1 and SPR1 were 18.3 and 28.2 mg B kg/DW,
respectively whereas those of BO were 13.2 — 13.9 mg B kg/DW. It was found that anther
B concentration of KDML105 in B10 and BO were not significantly different. In Year 2
(2008/2009), B concentration of flag leaf YEB+1 of B10 plants were 11.4 — 23.3 mg B/kg
DW and 8.0 — 9.3 mg B/kg DW, respectively. Boron concentrations in BO plant of all four
varieties in both years were reduced to about 28 — 80%, compared with B10 (Table 6).
Pollen viability and the seed sterility
There was genotypic variation of B deficiency on pollen viability by using Kl/1, staining in
both years (Table 4 and Table 5). At sufficient B in 2007/2008, about 59-70% of pollen
from SPR1 and CNT1 and 36% of KDML105 were stained with Kl/I,. At B0, those of
both CNT1 and SPR1 were reduced significantly, compared with B10 (Table 4). In
2008/2009, the staining with KI/I, of B-sufficient pollen was 15%, 60%, 65% and 81% in
RD29, CNT1, KDML105 and SPR1, respectively. Boron deficient condition decreased
%KI/1; staining to 1%, 25% and 54% in RD29, KDML105 and SPR1 but did not affect
CNTL1 (Table 5).

These responses were supported by the reduction of B concentration at anthesis in
flag leaf, YEB+1 and anther of CNT1 and SPR1 in BO compared with B10 in 2007/2008,

while that of KDML105 was still the same (Table 5). In both B treatments, pollen



viability of all three varieties, which was indicated by %KI/I; staining, had significantly
correlation with anther B concentration (R = 0.414*) (Figure 1a). Unlikely, no correlation
between anther B concentration and %KIl/1, staining was found in 2008/2009 (Figure 1b).
Although seed sterility in B10 of all four varieties was reduced compared with BO, it was
found that anther B concentration of SPR1 and RD29 had no difference (Table 6). When
considered the correlation between %KI/I, staining with % seed sterility from all three
varieties of both B treatments in Year 1 (2007/2008), negative correlation (R= - 0.412*)
was shown in this experiment (Figure 2a). In the same way, it was also found negative
correlation (R=-0.734**) between %KI/I, staining with % seed sterility in 2008/2009
(Figure 2b).

The present study suggested that B deficiency affected on reproductive development in
rice without any responses during vegetative growth. This was as previously reported in
wheat (Rerkasem and Jamjod, 1997; Huang et al., 2000) and barley (Jamjod and
Rerkasem, 1999). Reproductive stage has been found to be more sensitive to low B supply
than vegetative growth (Dell and Huang, 1997), especially to male sterility which cause
grain set failure (Rerkasem and Jamjod, 1997). Similarly, the results gained from this
study showed that seed set of all rice varieties in both two years was depressed in BO
treatment (Table 4 and Table 5). The main cause of this phenomenon was related to pollen
viability which was shown by the significant correlation between %KI/I, (Figure 2a).

The response to B increase from B0 to B10 and the low pollen fertility and grain set in
B10 suggest that the B supply in B10 may still be insufficient for maximum reproductive
development in rice under the condition of this study. The most tolerant to B deficiency
was SPR1 while the most sensitive to B deficiency was KDML105. The method used in
this experiment could be used for determining the responses to B deficiency in other rice

varieties of interests. The different response to B deficiency, especially in pollen viability



and % grain set, of rice genotypes will be useful for controlling male sterility in hybrid rice

production.
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Table 1. Analysis of variance results for effects of boron (B), genotype (G) and boron x

genotype interaction (BxG) on vegetative response, reproductive response and B

concentrations of rice grown in two seasons (2007/08 and 2008/09).

Characters 2007/08 2008/09
B G BxG B G BxG
Vegetative response
Tillers plant™ ns ok ns ns ok ns
Panicles plant™ ns e ns ns *k ns
Culm length (cm) ns ns ns ns ns ns
Straw dry weight (g) ns *x ns ns ** ns
Root dry weight (g) ns ** ns ns ** ns
Reproductive response
Spikelets panicle™ ns *x ns ns *x ns
Pollen viability (%) fala * * fala x* *x
Grain set (%) fala fal * fala ** *x
B concentrations (mg B kg DW™)
Flag leaf [B] *x *x *x *x * *
YEB+1 [B] * ns % e * ok
Anthers [B] *x *x *x *x * *x

*and ** significant at p<0.05 and 0.01, respectively; ns not significant.



Table 2 Numbers of tillers plant™, panicles plant™ and spikelets panicle™ of three rice

genotypes at two levels of B supply in two seasons 2007/08 and 2008/009.

B Genotype 2007/08 2008/09
level Tillers  Panicles  Spikelets Tillers  Panicles  Spikelets
(LM) plant®  plant®  panicle * plant®  plant®  panicle
0 KDML105 7 129 11 107
CNT1 8 113 13 85
SPR1 8 161 14 118
10 KDML105 7 125 11 125
CNT1 9 103 16 85
SPR1 10 146 13 134
F-test
Genotype (G) *x *k * *
B (B) ns ns ns ns
BxG ns ns ns ns

*and ** significant at p<0.05 and 0.01, respectively; ns not significant.



Table 3 Pollen viability and grain set (%) of three rice genotypes at two levels of B

supply.
B level (UM) _ Genotype  2007/08 2008/09
Pollen Grain set Pollen 'Grain set
viability (%) viability (%)
(%) (%)
0 KDML105 28.6a 10.9d 25.2 a 115a
CNT1 33.2a 6.7 d 55.1 bc 14.6 bc
SPR1 274 a 279b 540b 47.2 ¢
10 KDML105 36.9a 18.7¢c 65.1¢c 21.7b
CNT1 59.9b 12.9 cd 59.6 bc 53.9d
SPR1 70.3b 384a 80.9d 59.7d
F-test
Genotype (G) * *k *k ok
B (B) o o o o
BXG * o o o

LSDgxc(0.05) 18.8 8.1 10.0 9.2




Table 4 Boron concentrations (mgB kg™) in flag leaf (FL), first leaf below flag leaf

(YEB+1) at maturity and in anther at anthesis of three rice genotypes at two levels of B

supply in two seasons 2007/08 and 2008/09.

B level Genotype 2007/08 2008/09
(UM) FL YEB+1 Anther FL YEB+1 Anther
0 KDML105 4.64a 6.19 bc 20.85 bc 7.12b 7.25b 21.57 a
CNT1 6.40 a 549bc 1388a 3.86 a 3.72a 17.09 a
SPR1 549a 5.06 a 13.21a 6.64ab 4.14a 22.06 a
10 KDML105 8.53a 8.40 cd 24.76 cd 1142c 8.10bc 40.19b
CNT1 21.82b 13.32d 28.18d 23.32d 9.26¢ 37.49b
SPR1 2756b 11.24de 18.33D 2242d 80lbc 20.47a
F-test
Genotype (G) *x ns ** ** * *
B (B) *x *x *x *x *x *x
BxG wx wx e e e e
LSDexc(0.05) 7.35 2.98 4.10 2.99 1.55 9.02

*and ** significant at p<0.05 and 0.01, respectively; ns not significant.

Mean within a column with the same letter do not differ significantly at 5% level with

LSD.



a) 2007/08

120 -
s
= 100 AAOCA ao 0O
= A
=)
& 804 A0
<
2 60 4 OKDML105
g o O OCNTL
¢ 407 o ASPR1
2 O
= 20
&
0 T T T T T T T T T T 1
0 10 20 30 40 50 60
Anther B concentration (mg B kg'! DW)
b) 2008/09
120 -
s
z 100 1 M A OO DO O
s 801
< AL
z 60 - 50 OKDML105
= o OCNT1
S 40 - ASPR1
o O
= O
= 20
z O
0 T T T T T T T T T T 1
0 10 20 30 40 50 60

Figure 1 Anthers

Anther B concentration (mg B kg'! DW)



120

100

60

40

20

Relative grain set (%o, B0/B10)

b)
120
100

80

60

40

20

Relative grain set (%o, B0/B10)

2007/08
1 @D OoOoa A O
] O A
- A D
i OKDML105
Oé OCNT1
] O ASPR1
1 O
0 5 10 15 20 25 30
Flagleaf B concentration (mg B kg ! DW)
2008/09
1 A a0 A O 8@
AA OKDML105
- o0
OCNT1
| @]
O ASPR1
O
1 O
0 5 10 15 20 25 30

Flagleaf B concentration (mg B kg ! DW)

Figure 2 Flag leaf



120 4
E 100 - o @ Oda A O
2
s 80 A O
<
% 60 - OKDML105
= Oé OCNT1
o 40 A o) ASPR1
2 O
< 20 -
&
0 T T T T T T T T T 1
0 5 10 15 20 25 30
YEB+1 B concentration (mg B kg DW)
b)
120 4

= 100 1 @D Oooa A O
S Oa
=)
s 80 A O
<
2 60 4 OKDML105
= Oé OCNT1
o 40 A o) ASPR1
= O
= 20 -
&
0 T T T T T T T T T 1
0 5 10 15 20 25 30
YEB+1 B concentration (mg B kg DW)
Figure 3 YEB

Figure 2.1 Relationship between relative grain set (% B0/B10) and B concentrations in a)

anther and b) flag leaf of three rice genotypes, Pot Experiment 2008/09.



NOT TO BE COPIED, DISTRIBUTED OR CITED

To be submitted to ScienceAsia

Genotypic variation in floral morphology traits of Thai rice (Oryza sativa L.) varieties

Sansanee Jamjod, Nipim Paramee, Thitinan Sreethong and Sunisa Nirantrayakul.

Abstract

Variation in natural outcrossing in rice (Oryza sativa L.) can be attributed to
variation in flowering behavior, floral traits, pollen parents and variation in environmental
factors. These reproductive traits play an important role to seed production in hybrid rice
varieties. This experiment aimed to evaluate reproductive traits contributing cross
pollination in 12 cultivated rice varieties bred and released in Thailand. Plants of each
variety were grown in pots, 10 plants per pot. There were three replicates. At flowering,
data for flowering behavior (time at blooming and duration of blooming), pistil traits
(degree of stigma exertion, stigma and style length), stamen traits (anther length and
width) and pollen germination were collected. Results from the experiment indicated that
differences in blooming duration and flowering behavior were found between varieties.
The blooming for most varieties occurred between 9:30 A.M. to 11:00 A.M. and the peak
of were at 10:00 A.M. The average blooming duration ranged from 33-43 minutes.
Varieties with the longest blooming duration were RD10, PTT1 and SKN1. For stigma
exsertion, the highest stigma exsertion rate was found in RD7, RD10, SKN1 and the
lowest in PTT1, NP1 and R258.

For floral traits, genotypic variation in pistil and stamen lengths were found. The
longest anther were observed in R258 and PTT1 and the longest stigma and longest style
lengths found in PTT1 and CNT1. For pollen study, number of pollen grains per anther of
all varieties were between 1,220-1,960. At anthesis, about 35-81 of pollen grains per
stigma were found with about 73-80% viability. The variety with the highest percent
pollen viability on stigma was RD21 and the lowest was NP1. Information on variation of
floral traits of the local varieties will assist in targeting of characteristics to be improved
and parental selection in hybrid seed production for Thailand and Southeast Asia.
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Abstract

Variation in natural outcrossing in rice (Oryza sativa L.) can be attributed to
variation in flowering behavior, floral traits, pollen parents and variation in environmental
factors. These reproductive traits play an important role to seed production in hybrid rice
varieties. This experiment aimed to evaluate reproductive traits contributing cross
pollination in 12 cultivated rice varieties bred and released in Thailand. Plants of each
variety were grown in pots, 10 plants per pot. There were three replicates. At flowering,
data for flowering behavior (time at blooming and duration of blooming), pistil traits
(degree of stigma exertion, stigma and style length), stamen traits (anther length and
width) and pollen germination were collected. Results from the experiment indicated that
differences in blooming duration and flowering behavior were found between varieties.
The blooming for most varieties occurred between 9:30 A.M. to 11:00 A.M. and the peak
of were at 10:00 A.M. The average blooming duration ranged from 33-43 minutes.
Varieties with the longest blooming duration were RD10, PTT1 and SKN1. For stigma
exsertion, the highest stigma exsertion rate was found in RD7, RD10, SKN1 and the

lowest in PTT1, NP1 and R258.



For floral traits, genotypic variation in pistil and stamen lengths were found. The
longest anther were observed in R258 and PTT1 and the longest stigma and longest style
lengths found in PTT1 and CNT1. For pollen study, number of pollen grains per anther of
all varieties were between 1,220-1,960. At anthesis, about 35-81 of pollen grains per
stigma were found with about 73-80% viability. The variety with the highest percent
pollen viability on stigma was RD21 and the lowest was NP1. Information on variation of
floral traits of the local varieties will assist in targeting of characteristics to be improved

and parental selection in hybrid seed production for Thailand and Southeast Asia.

Introduction

In recent years, private sectors have invested in hybrid rice research in Thailand.
Development for commercial production is now underway by breeding to improve
adaptation to local area such as cooking quality, pest and disease resistance. Major
limitation of hybrid seed production is low outcrossing rate in rice because it is
predominately self-pollinated crop. However, outcrossing were observed under specific
forms and environmental conditions (Virmani, 1994). Variation in natural outcrossing in
rice can be attributed to variation in flowering behavior, floral traits, pollen parents and
variation in environmental factors. These reproductive traits play an important role to seed
production in hybrid rice varieties. Genotypic variation for traits contributing outcrossing
in rice have been studied inter- and intra-specifically (Kato and Namai, 1987; Uga et al.,
2003). However, no information of flowering traits involving outcrossing in Thai rice
genetic background is available. Therefore, the purpose of this study was to evaluate
genotypic variation in floral morphology traits of Thai rice varieties focus on those

contributing to outcrossing.



Materials and Methods

Genotypes and experimental procedure

Twelve rice varieties (Table 1) were used, including Neaw Phrae 1 (NP1), R258, Sun Pa
Thong 1 (SPT1), RD4, RD7, RD10, RD21, RD29, Chainat 1 (CNT1), Chainat 80 (CN80),
Suphanburi 1 (SPR1), Sakonnakorn 1 (SKN1) and Pathumthani 1 (PTT1). Seeds of each
variety were pre-germinated in petri dishes. After 5 days germination in the petri dishes,
10 seedlings of each variety were transplanted in an un-drained, plastic pot (30 cm
diameter, 30 cm deep), containing soil of the San Sai series. When the rice seedlings were
about 10 cm tall, the pots were kept flooded with about 5 cm of water above the soil
surface until maturity. Fertilizers and pesticides were applied uniformly to avoid nutrient
deficiency and insect infestation. Genotypes were arranged in a Completely Randomized
Design with three replications.

Flowering duration and stigma exertion

At flowering, three panicle from each pot was randomly selected. Five florets per panicle,
45 florets per variety, were marked and recorded for time that lemma and palea began to
open and duration of blooming. In the afternoon, stigma exertion of the marked florets
were determined as single, dual or no stigma exertion and then converted to rate of stigma

exertion (%) as described by Yan et al. (2009).

Anther and pistil sizes

Three panicles per replication were randomly selected. Three florets, at the top, middle
and bottom of each panicle were collected and kept in a tube containing 95% alcohol. For
each floret, stigma length, style length, anther length and anther width were measured

microscopically.



Pollen number and pollen viability

Five florets from five panicles from each variety were randomly collected. Number of
pollen grains per anther and number of pollen grains on a stigma were counted. For pollen
grains per anther, anthers were collected before anthesis. For each panicle, anthers from
the top, middle and bottom were collected. Each anther was placed into an eppendorf tube
containing 500 uL of KI/I. The tube was vortexed and pollen were counted from five
replicates of 10 uL. For pollen grains on stigma, the florets were collected about 3 hours
after anthesis and fixed in 90% ethanol. Stigma from these florets were excised on a glass
slide and stained with cotton blue. Pollen viability was estimated as the percentage of

stained pollen to total number of pollen grains counted.
Grain set

At maturity, two panicles from each plant were harvested. Data on spikelets panicle™,
grains panicle™, empty grains panicle™. For empty grains, each spikelet was opened by
foceps and determined as unfertilized or fertilized but unfilled grains. Grains set was
determined as the percentage of number of fertilized grains to total number of spikelets.

Therefore, grain set included both completely filled and partially filled grains.
Data analysis

Data of all traits were analysed as CRD design with three replications. Relationship

between characters was determined by correlation coefficient (r).
Results

Flowering duration and stigma exertion



Opening of the spikelet or blooming at Chiang Mai University, Chiang Mai started at 9.30
to 10.20 am (Table 1). Most genotypes started opening at close to 10 am except SPT1,
RD7, RD10, RD21 and PTT1 which were half an hour later. Blooming duration, the
period from opening to closing of floret, was varied with genotypes and within the range
of 35-50 min (Table 2). RD10, R258 and PTT1 were among the group of long duration
genotypes, lasted for 50 min (Figure 1). Extents of stigma exertion were between 49-
100%, with RD10, RD7 and SKN1 showed 100% stigma exertion. As each floret of rice
has two stigma, we found variation in rice varieties of exertion for single and dual stigma
per floret (Table 3 and Figure 2). The highest dual stigma exertion was found in RD10
and highest single stigma exertion in SKN1 (Figure 1.1). NP1 and PTT1 exhibited the
longest stigma among all varieties but turn out to be the lowest rate of stigma exertion.

Anther and pistil sizes

For male flower of rice, anther length and width were between 2.3-2.7 mm and 0.8-0.9
mm, respectively. R258 and PTT1 exhibited the largest anthers. Number of pollen grains
per anther were between 1,220 in RD4 to 1,960 in PTT1 (Table 4). Fertilization was
depended on number of pollen deposited on stigma. Most of varieties deposited more than
40 pollen grains per stigma. The highest pollen grain per stigma (79) was found in SKN1.
The range of variation for stigma and style lengths were between 1.7-2.4 mm and 0.7-1.1
mm, respectively. Those two made up for the length of pistils between 1.45-2.06 mm
(Table 5). PTT1 and NP1 were the varieties with the longest stigma while, CNT1 had the
longest style. When sum up the length of stigma and style, CNT1, RD4 and RD7 had the

longest pistils.

Pollen number and pollen viability on stigma



Fertilization was depended on number of pollen deposited on stigma. All variety
deposited more than 40 pollen grains per stigma and no significant different between
genotypes was found. On the stigma, NP1 and R258 expressed the lowest pollen
germination rate, 54% and 66%, respectively. While those of the other genotypes were at

74-80% (Table 7).
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Table 1 Distribution of time of blooming for 12 rice varieties.

Time (AM)

Genotypes >9:30- >10:00- >10:30- >11:00-

10:00 10:30 11:00 11:30 >11:30 Mean Min Max
NP1 6 4 5 10:06  9:35 10:38
R258 15 10:02 10:00 10:05
SPT1 3 12 10:28 9:40 10:43
RD4 9 3) 1 10:01 9:38 10:37
RD7 4 8 3 10:46 10:10 11:15
RD10 2 2 11 10:51  9:47 11:20
RD21 15 10:38 10:30 10:49
RD29 6 6 3 10:12  9:40 10:55
CNT1 6 4 5 10:03 9:30 10:35
SPR1 3 12 10:00 9:34 10:10
SKN1 10 5} 9:53 9:41 10:15
PTT1 2 7 6 10:51 10:25 11:15




Table 2 Distribution of blooming duration for 12 rice varieties.

Duration (min)

Genotypes 20-29 30-39 40-49 50-59 Mean*  Min Max

Neaw Phrae 12 3 36 cde 33 40
R 258 14 1 35de 31 45
SPT 1 9 6 36 cde 30 40
RD 4 15 33e 30 37
RD 7 15 33e 32 35
RD 10 12 3 46 a 43 50
RD 21 15 34 de 30 38
RD 29 1 12 2 34 de 28 41
CNT1 15 33e 30 39
CNT 80 15 37 cd 35 39
SPR 1 13 2 37 cd 35 41
SKN 1 7 8 40 bc 36 44
PTT1 4 8 3 43 ab 35 50

* Means followed by the same letters within column are not differed significantly by LSD
at p=0.05.



Table 3 Distribution of stigma exertion from florets of 12 rice varieties.

Frequency of florets (%)

With exertion

Genotype No exertion Single Dl ot
NP1 49 ab 49 bed 4e Sle

R 258 33 bc 51 abcd 16 de 67 de
SPT1 27cd 41cd 32cd 73 cd
RD 4 24 cde 71a 4e 76 bcd
RD 7 Of 40 cd 60 ab 100 a
RD 10 Of 29d 7la 100 a
RD 21 33 bc 56 abc 11 de 67 de
RD 29 22 cde 53 abc 24 cde 78 bcd
CNT1 9 ef 67 ab 24 cde 91 ab
CNT 80 13 def 62 abc 24 cde 87 abc
SPR1 9 ef 51 abcd 40 be 91 ab
SKN 1 of 67 ab 33 cd 100 a
PTT1 ola 44 bed 4e 49¢e

Means followed by the same letters within column are not differed significantly by LSD at
p=0.05.



Table 4 Variation in female reproductive traits of 12 rice varieties.

Genotypes Stigma length Style length  Pistil length

(mm) (mm) (mm)
NP1 1.01 ab 1.00 cde 2.02 ab
R258 0.74 cd 1.02 cde 1.76 abc
SPT1 0.83cd 0.98 def 1.81ab
RD4 0.76 cd 1.27 ab 2.03a
RD7 0.86 bcd 1.17 bc 2.03a
RD10 0.73 cd 1.10 bed 1.83 ab
RD21 0.81cd 1.17 bc 1.98 ab
RD29 0.91 abc 1.03 cde 1.94 ab
CNT1 0.71d 135a 2.06 a
SPR1 0.88 bcd 0.81fg 1.69 bc
SKN1 0.81cd 0.64 9 1.45c
PTT1 1.07a 0.81fg 1.89ab
F-test ** ol *

*, ** and *** significant at p<0.05, 0.01 and 0.001, respectively.

Means followed by the same letters do not differed significantly by LSD at p=0.05



Table 5 Variation in male reproductive traits of 12 rice varieties.

Anther Anther Number of pollen per Number of pollen
Genotypes
length Width anther deposited per stigma
(mm) (mm) Total KI/1,2 Total Viability”
stained (%) (%)
NP1 240c 0.86 a 1610 bc 88 f 50 S4c
R258 2.74 a 0.82a 1490 cd O91e 81 66 b
SPT1 2.44 bc 0.86 a 1470 cd 97 a 64 78 a
RD4 257abc  0.82a 1220 e 9%c 63 78 a
RD7 2.43 bc 0.79 a 1620 bc 96 ab 61 76 ab
RD10 254abc 0.8la 1320 de 9%5c 55 75 ab
RD21 255abc  0.78a 1330 de 96 ab 67 80a
RD29 256abc  0.77a 1470 cd 96 ab 44 79a
CNT1 2.44 bc 0.82a 1460 cd 96 ab 53 74 ab
SPR1 2.33¢C 0.80 a 1367 de 96 ab 35 74 ab
SKN1 2.01d 0.64b 1795 ab 95 cd 79 78 a
PTT1 2.69 ab 0.80 1960 a 9 d 56 73 ab
F-test *x * xxx ** ns xxx

% Pollen viability test by iodine (KI/I,) staining.
® Pollen viability test by cotton blue staining.

* **and *** significant at p<0.05, 0.01 and 0.001, respectively.

Means within a column followed by the same letters do not differed significantly by LSD at p=0.05
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Figure 1 Frequency (%) of spikelets with no, single and dual stigma exertion per floret of
12 rice varieties. Data were average from 27 florets per variety.
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Figure 2 Time (a.m.) at first floret started blooming and blooming duration (min) of 12
rice varieties.
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3. Expected and realized project output

Project outputs

Proposed  Achieved

1. Publications 4

Manuscripts under preparation 2
Paper in Thai 1
2. New varieties 2

Advanced lines 16
3. Protocol

Method to evaluation pollen germination in agar 1 1
4. Researchers and postgraduate students gain experience in 20 20

R&D with industrial section




