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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 F1 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 
SKN1 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 
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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 F6, 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 BC2F4.  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. 

2. 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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Executive summary 

การใชเมล็ดพันธุลูกผสม (F1 hybrids) เปนเทคโนโลยีเพ่ิมผลผลิตขาว ที่ไดผลมาแลวใน
หลายประเทศ อาทิ จีน อินเดีย และเวียดนาม การไดผลผลติสูงของเมล็ดพันธุในชัว่แรก เปน
เปาหมายสําคัญของการผลติเมล็ดพันธุลกูผสม เพราะจะสงผลประโยชนใหแกเกษตรกรผูปลูกไมตอง
ซื้อเมล็ดพันธุในราคาแพง แตขอจํากัดของการผลิตเมล็ดพันธุลูกผสมในพืชที่ตามธรรมชาติเปนชนิด
ผสมตัวเอง จึงทําใหมีอัตราการผสมขามต่ําและขึ้นกับปจจัยภายนอกดวย ขาวปลกูปกติเปนพืชผสม
ตัวเอง แตบรรพบุรุษของมันคือขาวปาน้ันเปนพืชชนิดผสมขาม ดังนั้น ลักษณะการผสมเกสรทีเ่อ้ือตอ
การผสมขามที่นําไปใชประโยชนไดสามารถคัดเลือกจากลูกผสมขาวปลูก x ขาวปา สวนปจจัย
ภายนอกที่เปนตัวจํากัดการผสมเกสรและการติดเมล็ดในธัญพืชที่แพรหลายที่สุดปจจัยหนึ่งคือการ
ขาดธาตุอาหารโบรอน เพราะโบรอนมีบทบาทสําคัญตอพัฒนาการของละอองเรณูและการผสมเกสร 
งานวิจัยนี้ไดการสรางความเขาใจในความหลากหลายของกระบวนการสืบพันธุดวยเมลด็และการใช
ธาตุอาหารโบรอน และนําไปใชประโยชนในการเพ่ิมอัตราการผสมขามในการสรางลูกผสมโดยแบง
ตามวตัถุประสงคยอยแตละขอดังน้ี 

1. บงชี้ความแตกตางทางพันธุกรรมของลักษณะที่เอ้ือตอการผสมขามในขาวปลูก 

ขาวปลูกเปนพืชผสมตัวเอง แตมีรายงานวาในบางเงือ่นไขหรือบางพันธุพบวาขาวปลูกมี
อัตราการผสมขามสูงไดถึง 7% งานทดลองนี้จึงไดศึกษาพบความแตกตางทางพนัธุกรรมของลกัษณะ
ดอกท่ีเก่ียวกบัโอกาสการผสมขามในขาวปลูกพันธุไทยที่เปนพันธุสมัยใหม ไมไวตอชวงแสง ใน
ลักษณะเกสรตัวเมียพบวาขาวพันธุปทุมธานี 1 และเหนียวแพร 1 มีขนาดยอดเกสรตัวเมียใหญที่สุด 
บางพันธุขณะผสมเกสรมียอดเกสรตัวเมียโผลออกมานอกกลีบดอกโดยพันธุ กข 10 กข 7 และ
สกลนคร 1 มียอดเกสรตัวเมียโผลออกมาทั้งหมด 100% สวนลักษณะเกสรตวัผูนั้นพบวาขาวพันธุ 
R258 และปทมุธานี 1 มีอับละอองเรณู (anther) ใหญทีสุ่ด พันธุปทุมธานี 1 มีจํานวนละอองเรณูตอ 
anther มากที่สุด ทุกพันธุทีต่ิดเมล็ดเปนปกติพบวามีการโปรยละอองเรณูบนยอดเกสรตัวเมียไมนอย
กวา 40 ละอองเรณูขึ้นไป พันธุสกลนคร 1 รับละอองเรณูไดสูงสุดถึง 79 ละอองตอยอดเกสรตัวเมีย 
สําหรับพฤติกรรมการบานดอกพบวากลบีดอกจะบานแยกออกจากกันประมาณ 35-50 นาทีโดย กข 
10 R258 และปทุมธานี 1 บานดอกนานที่สุด ไดพัฒนาวิธีการตรวจสอบความมีชีวติของละอองเรณู
โดยการเพาะในวุนและเปนประโยชนในการศึกษาทางดานสรีรวิทยาและปรับปรุงพันธุ 

2. บงชี้ความแตกตางทางพันธุกรรมของการตอบสนองตอธาตุอาหารโบรอนในขาว 
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ศึกษาในขาวปลูก 3 พันธุคอืขาวดอกมะลิ 105 สุพรรณบุรี 1 และชยันาท 1 ทําซํ้า 2 ฤดู
ปลูกปลูกในกระถางบรรจุทรายรดดวยสารละลายธาตุอาหารครบแตผสมโบรอนใหเพียงพอ (B10) 
และไมให (B0) ในสารละลายพบวาการขาดโบรอนมีผลทําใหลดความมีชีวิตของละอองเรณูสงผลให
ลดการติดเมลด็ในขาวแตไมพบผลกระทบใดๆ ตอการเจริญเติบโตทางลําตนและใบ การวัดความ
เขมขนของโบรอนในอับละอองเรณูและในใบธงสามารถใชบงชี้สถานะของโบรอนที่มีผลตอการตดิ
เมล็ดได พบความแตกตางระหวางพันธุในการตอบสนองตอโบรอนในการติดเมล็ดของพันธุที่ศึกษา
โดยพันธุสุพรรณบุรี 1 มีสมรรถนะการใชโบรอนไดสูงสุด รองลงมาไดแกขาวดอกมะลิ 105 และต่ําสุด
ไดแกชัยนาท 1 นอกจากนั้นยังไดศึกษาในขาวพันธุลูกผสม 4 พันธุพบวาการขาดโบรอนใน
สารละลายที่ใหทางรากทําใหอัตราการตดิเมล็ดลดลงประมาณ 12% มีความแตกตางระหวางพันธุใน
ความตองการโบรอนในการงอกของละอองเรณูเม่ือเพาะในวุน แสดงวาการงอกของละอองเรณูนั้น
นอกจากตองการโบรอนภายในตวัละอองเรณูเองแลว ยังตองการโบรอนภายนอกในยอดเกสรตวัเมีย
ใหเพียงพออีกดวย 

3. บงชี้ความแตกตางทางพันธุกรรมของการติดเมล็ดในสภาพอุณหภูมิสูง 

ประเมินการตดิเมล็ดของขาวปลูก 12 พันธุโดยจัดวันปลูก 3 ชวงในฤดูนาปรัง เพ่ือให
ระยะเวลาออกดอกกระทบอุณหภูมิสูง ศึกษาในแปลงทดลองที่มหาวิทยาลัยเชียงใหมและแปลง
ทดลองของภาคเอกชนที่สพุรรณบุรี จากผลการทดลองทั้งสองแหงพบความแตกตางระหวางพันธุใน
การตอบสนองตออุณหภูมิโดยเม่ือปลูกกลางเดือนกุมภาพันธุพบวาพันธุที่ไมทนรอน ไดแกสันปาตอง 
1 กข 4 กข 10 และกข 21 ติดเมล็ดเพียง 75-78% ผลกระทบตอการติดเมล็ดในขาวหรือการเกิด
เมล็ดลีบเปนผลมาจากการไมผสมเกสรในระยะออกดอกหรือถึงแมผสมเกสรไดแตเกิดเมล็ดลบีไมเต็ม
เมล็ดเปนผลตอการสะสมแปงในเมล็ด พันธุกข 29 สุพรรณบุรี 1 และปทุมธานี 1 ถูกจัดเปนพันธุทน
รอนและติดเมล็ดเปนปกติ  

4. ประเมินและคดัเลือกลักษณะที่เอ้ือตอการผสมขาม 

ดําเนินงานจากคูผสม 2 ชุด คือ (1) ลูกผสมชั่วที่ 4 ระหวางขาวปาสามัญกับขาวปลูก (2) 
ลูกผสมกลับจากคูผสมระหวางขาวปาสามัญ x สุพรรณบุรี 1 แลวผสมกลับไปยังสุพรรณบุรี 1 ไดใช
วิธีการที่พัฒนามาจากวัตถปุระสงคที่ 1 ในการคัดเลือก ในชุดแรกไดประเมินและคดัเลือกไดลูกที่มี
ลักษณะใหมๆ จนถึงชั่วที่ 6 สายพันธุที่คัดเลือกมีขนาดเกสรใหญและมีลักษณะอ่ืนๆ ดีตามตองการ 
แตยังพบวามีอัตราการรวงของเมล็ดสูงอยู ในชุดที่ 2 ไดคัดเลือก ประเมิน ผสมกลบัจนถึงผสมกลับ
คร้ังที่ 2 ชั่วที่ 4 ไดคัดเลือกสายพันธุที่มีขนาดเกสรใหญและมีลักษณะอ่ืนๆ ดีตามตองการและเมล็ด
ไมรวงได 16 สายพันธุ ซึ่งสามารถนําไปใชเปนพอแมพันธุในการปรับปรุงพันธุเพ่ือคัดเลือกลกัษณะที่
เอ้ือตอการผสมขามไดตอไป 
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การใชประโยชนจากผลงานวิจัย 

1. จากงานศึกษาความแตกตางระหวางพันธุขาวปลูกในลกัษณะที่เก่ียวของกับการผสมเกสรทําให
ทราบถึงขอบเขตความสามารถของพันธุตางๆ สามารถกําหนดเปาหมายของงานปรับปรุงพันธุ 
ลักษณะที่ตองการปรับปรุง ความสัมพันธของลักษณะตางๆ จะชวยใหทราบถึงทศิทางของการ
ตอบสนองตอการคัดเลือกเพื่อปรับปรุงลกัษณะดอกตางๆ ใหไปในทางที่ตองการ 

2. ไดพัฒนาวิธีการตรวจสอบความมีชีวติของละอองเรณูอยางงาย รวดเร็ว แมนยํา สามารถใชใน
งานศึกษาผลกระทบจากสภาพแวดลอมตางๆ ไดอยางกวางขวางรวมทั้งชวยในการคัดเลือกพันธุ 

3. งานศึกษาการตอบสนองตอธาตุอาหารโบรอนนําไปสูความเขาใจในผลกระทบของการขาดโบรอน
ตอผลผลติขาวผานทางการลดการงอกของละอองเรณูสงผลใหการผสมเกสรลมเหลว และลดการ
ติดเมล็ดในทีสุ่ด ในพื้นที่ทีมี่โบรอนในดินต่ําการใสโบรอนในดินมีโอกาสชวยลดผลกระทบตอ
ผลผลติขาว ในพันธุที่มีสมรรถนะการใชโบรอนต่ํายังพบวาการงอกของละอองเรณูตองการโบรอน
ภายในตวัมันเองและโบรอนภายนอกในบริเวณเกสรตัวเมียดวย ผลการทดลองนําไปสูงานวิจัย
เรื่องการจัดการธาตุโบรอนในการผลิตเมล็ดพันธุขาวลกูผสมในภาคเอกชน 

4. นอกจากนั้นงานศึกษาดานโบรอนยังไดทราบและกําหนดคาวิกฤตของความเขมขนโบรอนที่มีผล
ตอพัฒนาการดานสืบพันธุและสามารถใชระบุสถานะของธาตุอาหารโบรอนและการขาดโบรอนใน
ขาว 

5. งานศึกษาการตอบสนองตออุณหภูมิสูงในขาวทําใหเขาใจและสามารถใชลักษณะการติดเมล็ด 
จํานวนเมล็ดเต็มในการคัดเลือกพันธุเพ่ือปลูกในสภาพอากาศรอน ผลจากการศึกษาความ
แตกตางระหวางพันธุไดพัฒนาตอไปเปนสวนหนึ่งของงานวิจัยขาวไทยเพ่ือโลกรอน (ทุน
สนับสนุนจากสกว.) และโครงการวิจัยเรื่องการถายทอดทางพันธุกรรมของการตอบสนองตอ
อุณหภูมิสูงในขาว (ทุนวิจัยระดับปริญญาเอกจากสกอ.) 

6. ใชความเขาใจและวธิีการตรวจสอบที่พัฒนาในการคัดเลือกและผสมพันธุขาว ไดลกูผสมสายพันธุ
กาวหนาที่มีลกัษณะเอ้ือตอการผสมขามที่พัฒนามาจากขาวปาสามัญและขาวปลกู สายพันธุ
เหลาน้ีสามารถนําไปใชในโครงการปรับปรุงพันธุเพ่ือสรางพอแมในการเพิ่มผลผลติเมล็ดลูกผสม
ได 
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Improving Hybrid Rice Seed Production by Better Understanding of 
Diversity in the Breeding System and Boron Nutrition 

 

การเพิ่มประสิทธิภาพการผลิตเมล็ดพันธุขาวลูกผสมดวยการสรางความเขาใจใน
ความหลากหลายของกระบวนการสืบพันธุดวยเมล็ดและการใชธาตุอาหารโบรอน 

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 F1 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. 
 

I. 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 Mai, 
Thailand.  

Characters Mean ± SE Min Max 
Female flower 
Pistil length (mm)    1.9 ± 0.05 1.7 2.4 

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 ± 4.9 48.9 100 
Single stigma exertion (%)    52.2 ± 3.4 28.9 71.1 
Dual stigma exertion (%)    26.9 ± 5.8 4.4 71.1 

Male flower 
Anther length (mm) 2.5 ± 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 34.7 81.0 
Pollen viability (%)  94.7 ± 1.1 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 
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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  
(mm) 

Style length 
(mm) 

Pistil length 
(mm) 

Stigma exsertion 
(%) 

NP1 1.01 ab 1.00 cde 2.02 ab 51 e 
R258 0.74 cd 1.02 cde 1.76 abc 67 de 
SPT1 0.83 cd 0.98 def 1.81 ab 73 cd 
RD4 0.76 cd 1.27 ab 2.03 a 76 bcd 
RD7 0.86 bcd 1.17 bc 2.03 a  100 a 
RD10 0.73 cd 1.10 bcd 1.83 ab  100 a 
RD21 0.81 cd 1.17 bc 1.98 ab 67 de 
RD29 0.91 abc 1.03 cde 1.94 ab 78 bcd 
CNT1 0.71 d 1.35 a 2.06 a 91 ab 
SPR1 0.88 bcd 0.81 fg 1.69 bc 91 ab 
SKN1 0.81 cd 0.64 g 1.45 c 100 a 
PTT1 1.07 a 0.81 fg 1.89ab 49 e 
F-test ** **** * *** 

*, ** 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 
length 
(mm) 

 

Anther 
Width 
(mm) 

 

Number of pollen per 
anther 

Number of pollen 
deposited per stigma 

Total 
 

KI/Ia 
stained (%) 

Total 
 

Viabilityb 
(%) 

NP1 2.40 c 0.86 a 1610 bc 88 f 50  54 c 
R258 2.74 a 0.82 a 1490 cd 91 e 81  66 b 
SPT1 2.44 bc 0.86 a 1470 cd 97 a 64  78 a 
RD4 2.57 abc 0.82 a    1220 e 95 c 63 78 a 
RD7 2.43 bc 0.79 a 1620 bc   96 ab 61   76 ab 
RD10 2.54 abc 0.81 a 1320 de 95 c 55   75 ab 
RD21 2.55 abc 0.78 a 1330 de   96 ab 67 80 a 
RD29 2.56 abc 0.77 a 1470 cd   96 ab 44 79 a 
CNT1 2.44 bc 0.82 a 1460 cd   96 ab 53   74 ab 
SPR1 2.33 c 0.80 a 1367 de   96 ab 35   74 ab 
SKN1 2.01 d 0.64 b 1795 ab   95 cd 79 78 a 
PTT1 2.69 ab 0.80    1960 a 94 d 56   73 ab 
F-test ** * *** **         ns *** 

a  Pollen viability test by iodine (KI/I) staining. 
b  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. 

Traits 
Stigma 
length 

Style 
length 

Pistil 
length 

Anther 
length 

Anther 
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. 
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Picture 1.1   Anther and pistil measurements in this study. 

 

 

 

 

   

  (a)    (b)          (c) 

 

Picture 1.2   Types of stigma exertion in rice  a) no exertion b) single stigma 
exertion and c) dual stigma exertion. 
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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 % CaCl2.2H2O 
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 CNT1 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 ºC 
and 20-25 ºC, 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 

• 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. 

• Selection and screening method for pollen viability has been developed.  Training for 
students and researchers at CMUPNlab was done in 2008.  Training for staffs in private 
partner is scheduled in July 2010. 

 

 
Figure 1.3  Pollen germination (%) of CNT1 rice, on agar media at different times 
(min) after anther dehiscence.
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a) 
 

 

r = 0.842*** 

 
 
 
 
b) 
 

 

r = 0.583*** 

 
Figure 1.5   Relationship between grain set (%) at maturity and a) pollen 
germination (%) on agar media b) number of pollen germinated on stigma. 
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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 (B0) 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 B x G  B G B x G 
Vegetative response        

Tillers plant-1 ns ** ns  ns ** ns 
Panicles plant-1 ns ** ns  ns ** ns 
Culm length (cm) ns ns ns  ns ns ns 
Straw dry weight (g) ns ** ns  ns ** ns 
Root dry weight (g) ns ** ns  ns ** ns 

        
Reproductive response        

Spikelets panicle-1 ns ** ns  ns ** ns 
Pollen viability (%) ** * *  ** ** ** 
Grain set (%) ** ** *  ** ** ** 

        
B concentrations (mg B kg DW-1)        

Flag leaf [B] ** ** **  ** * * 
YEB+1 [B] * ns **  ** * ** 
Anthers [B] ** ** **  ** * ** 

* and  ** significant at p<0.05 and  0.01, respectively;  ns  not significant. 
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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-1, 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-1 and spikelets panicle-1 of three rice genotypes at 
two levels of B supply. 
B level 
(µM) 

Genotype 2007/08  2008/09 
 Panicles 

plant-1 
Spikelets 
panicle -1 

 Panicles 
plant-1 

Spikelets 
panicle -1 

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) ** **  * * 
   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 
(µM) 

Genotype 2007/08  2008/09 
 Pollen 

viability 
(%) 

Grain set 
(%) 

 Pollen 
viability 

(%) 

Grain set 
(%) 

0 KDML105 28.6 a 10.9  25.2 a 11.5 a 
 CNT1 33.2 a   6.7  55.1 bc 14.6 bc 
 SPR1 27.4 a 27.9  54.0 b 47.2 c 
10 KDML105 36.9 a 18.7  65.1 c 21.7 b 
 CNT1 59.9 b 12.9  59.6 bc 53.9 cd 
 SPR1 70.3 b 38.4  80.9 d 59.7 d 
F-test       
   Genotype (G) *   ** ** 
   B (B) **   ** ** 
   BxG  
   LSD0.05 

* 
18.8 

  ** 
10.0 

** 
9.2 

 
 



 
a)  

 
 
b) 
 

 
 

Figure 2.1  Relationship between grain set (%) and B concentrations in a) anther and b) 
flag leaf of three rice genotypes, Pot Experiment 2008/09. 
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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 
107-3-3 

HR 
107-3-5 

HR 
107-4-5 

HR 107-4-
5 

B0 Without added B 8.4 0.6 3.5 33.7 
 Added B 46.1 41.5 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 

  B G Media B x G B x media 
G x 

media 
B x G x  
media 

F-test *** *** *** *** NS *** *** 
LSD 0.05  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 B0 
and B10). 
B treatment 
 

Culm length 
(cm) 

Tillers 
plant-1 

Panicles 
plant-1 

Spikelets 
panicle-1 

Grain set 
(%) 

B0 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 
• 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. 

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



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-1 *** *** ***  ns *** *** 
Grains panicle-1 *** *** ***  *** *** *** 
Grain set (%) *** *** ***  *** *** *** 
Unfertilized grain (%)  *** *** ***  *** *** *** 
Unfilled grain (%) *** *** ***  *** *** *** 
*** 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 
• 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   84 b 120 c 140 b 160 a 
R258 74 a   82 a   81 a   95 a 109 a 102 a 
SPT 93 a   99 a   95 a 139 b 108 c 159 a 
RD4 93 a   98 a   97 a 111 a 107 a 116 a 
RD7   85 ab   88 a   77 b 103 a   94 a   96 a 
RD10 82 c 110 b 119 a 110 b 105 b 135 a 
RD21 98 b 106 b 134 a 139 b 172 a 181 a 
RD29 90 a   96 a   92 a 121 b 134 a 103 c 
CNT1 84 b 103 a   98 a 121 a 101 b   89 c 
SPR1 79 b 110 a 104 a 121 a   107 ab   96 b 
SKN1 95 b 111 a   77 c 110 a 96 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 PD2 PD3 
NP1 91 a 80 b 85 b 88 b 93 a 80 c 
R258 92 a 86 b   89 ab 86 a 83 b   85 ab 
SPT 96 a 85 b 76 c 87 b 94 a 76 c 
RD4 89 a 83 b 76 c 90 a 82 b 86 a 
RD7 94 a 84 b 91 a 88 a 85 b   88 ab 
RD10 87 b 86 a 89 a 86 a 94 a 78 c 
RD21 81 a 86 a 87 a 93 a 90 a 75 b 
RD29 88 a   87 ab 84 b 89 a 85 b   87 ab 
CNT1 94 a   91 ab 88 b 89 b 96 a 95 a 
SPR1 86 b   90 ab 93 a 93 a   91 ab 90 b 
SKN1   89 ab 92 a 87 b 95 a 86 c 90 b 
PTT1 91 a 91 a 93 a 94 a 91 a 93 a 
Mean 90 A 87 B 87 B 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.  LSD0.05(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.  LSD0.05(PDxG) for 
unfertilized and unfilled grains were 2.7and 3.1% , respectively. 
 

17 

 



18 

 

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 (CMUPNlab) 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-F5 populations, and 100 plants for BCF1, 200-300 plants for BCF2 and >1500 
plants for BCF3 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-F6 derived from common wild rice x SPR1 

Seven hundred F4 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.  F5 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 F5 lines exhibited large anthers 
and well exerted, large stigma (Figure 4.1).  F5 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 F5 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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Figure 4.1  Frequency distribution of days to flowering , culm length, stigma 
size and anther size of  F5 lines from cross between O. rufipogon and SPR1, Dry 
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Figure 4.2  Distibution of a) anther length (mm) and b) pistil length (mm) of selected F5 
plants from crosses derived from common wild rice and cultivated rice, Wet season 2008. 
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Table 4.1  Characterisitics of five lines selected for large pistil, Dry season 2008/09.  
Code 1-1 1-2 1-3 1-4 1-5 SPR1 

Stigma length (mm) 2.00 1.65 1.62 1.54 1.5 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 2008/09. 
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.  BC2F1s were sown in 2008 to produce F2 seeds.  Two 
BC2F2 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.  BC2F2 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.  
BC2F2 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 BC2F2 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 

• 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.   

• 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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b) 

Figure 4.3  Distibution of a) anther length (mm) and b) pistil length (mm) of BC2F2 populations 
from crosses derived from common wild rice and cultivated rice, 70034 and 70036.  Dry season 
2008/09.  Note: anther and pistil length of SPR1 parent were 2.2 and 1.8  mm, respectively. 
 
Table 4.3  Correlation coefficients (r) between floral traits of BC2F2 populations from crosses 
derived from common wild rice and cultivated rice;70034 and 70036, Dry season 2008/09. 

Anther 
length 

Anther 
width Stigma length Style length Pollen 

viability 
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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SPR1 

 
b) 

 

SPR1 

 
Figure 4.4  Distribution of anther length (mm) and pollen viability of F2 plants from 
crosses derived from common wild rice and cultivated rice; a) 70034 and b) 70036, Dry 
season 2008/09. 
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Table 4.4  Anther length, width and pistil length (mm) and pollen viability (%) of selected 
BC2F2 plants and characteristics of BC2F3 seeds from Cross 70034 and 70036.  Dry season 
2008/09. 

Selected 
No. 

Anther   Pistil length  Pollen 
viability 

(%) 

Seed 
shattering 

Pericarp 
color Length 

(mm) 
Width 
(mm)   

Stigma  
(mm) 

Style  
(mm) 

Total 
(mm) 

92 3.4 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 3.5 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 3.4 0.8  1.7 0.7 2.4 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   1.5 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 

no. 

 

Anther size (mm) Pistil size (mm) 

Height 
(cm) 

Panicles/ 

plant 

Seed 
wt/plant 

(g) Length Width Stigma Style Pistill

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. 
 

Line no. Shattering 
Hull 
color 

Pericarb 
color Awning 

Seed size (mm) 

Length Width Thickness

5 no straw white awnless 10.61 2.49 1.82 

4 no straw white awnless 10.63 2.36 1.86 

1 no straw white awnless 10.7 2.44 1.73 

7 no straw white awnless 10.77 2.4 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 10.59 2.33 1.76 

8 no straw white awnless 10.91 2.37 1.75 

11 no straw white tip awned 10.77 2.48 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 2.48 1.81 

19 no straw white tip awned 10.74 2.43 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 2.22 1.81 

SPR1 no straw white awnless 9.33 2.56 1.99 
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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 µM (sufficient, B10) or without boron (deficient, B0).  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/I2).  
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 KI/I2 staining.  In 
both B treatments, pollen viability of all three varieties which was indicated by %KI/I2 
staining, had significant correlation with anther B concentration in 2007/08 (r = 0.414*) 
but not in 2008/09 (r = 0.287ns).  When considered the correlation between %KI/I2 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 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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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 µM (sufficient, B10) or without boron (deficient, B0).  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/I2).  

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 KI/I2 staining.  In 

both B treatments, pollen viability of all three varieties which was indicated by %KI/I2 

staining, had significant correlation with anther B concentration in 2007/08 (r = 0.414*) 

but not in 2008/09 (r = 0.287ns).  When considered the correlation between %KI/I2 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 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. 



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, Chainat1 (CNT1) and Suphanburi1 (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):  

NH4NO3, 40; NaH2PO4.2H2O, 10; K2SO4, 40; CaCl2.2H2O,40; MgSO4.7H2O, 40; Fe-

EDTA, 7; MnCl2.4H2O, 0.5; (NH4)6Mo7O24.4H2O, 0.05; ZnSO4.7H2O, 0.01; 

CuSO4.5H2O, 0.01; CuSO4.5H2O, 0.01, modified from Yoshida (1976)] with added 10 µM 

B (sufficient B, B10) or without added boron (deficient B, B0).  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 µL of KI/I.  The tube was vortexed and pollen were counted from five 

replicates of 10 µL.  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-1, number of panicles plant-1.  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-1, filled grains panicle-1.  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 

(B0) 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 B0, 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 B0 were 13.2 – 13.9 mg B kg/DW.  It was found that anther 

B concentration of KDML105 in B10 and B0 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 B0 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 KI/I2 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 KI/I2.  At B0, those of 

both CNT1 and SPR1 were reduced significantly, compared with B10 (Table 4).  In 

2008/2009, the staining with KI/I2 of B-sufficient pollen was 15%, 60%, 65% and 81% in 

RD29, CNT1, KDML105 and SPR1, respectively.  Boron deficient condition decreased 

%KI/I2 staining to 1%, 25% and 54% in RD29, KDML105 and SPR1 but did not affect 

CNT1 (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 B0 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/I2 staining, had significantly 

correlation with anther B concentration (R = 0.414*) (Figure 1a).  Unlikely, no correlation 

between anther B concentration and %KI/I2 staining was found in 2008/2009 (Figure 1b).  

Although seed sterility in B10 of all four varieties was reduced compared with B0, it was 

found that anther B concentration of SPR1 and RD29 had no difference (Table 6).  When 

considered the correlation between %KI/I2 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/I2 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 B0 

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/I2 (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. 

 

Acknowledgement 

This work was supported by a grant from the Thailand Research Fund (TRF). 

References 

Dell B and Huang L, 1997. Physiological response of plants to low boron. Plant and soil 

193: 103-120  

Garg OK, Sharma AN and Kona GRSS. 1979. Effect of boron on the pollen vitality and 

yield of rice plants (Oryza sativa L. var. JAYA). Plant and Soil 52:591-594 

Huang L, Pant, J, Dell B and Bell RW. 2000. Effects of boron deficiency on anther 

development and floret fertility in wheat (Triticum aestivum L. ‘Wilgoyne’). Annals 

of Botany 85:493-500 

Jamjod, S. and Rerkasem, B. 1999.  Genotypic variation in response of barley to boron 

deficiency.  Plant and Soil 215: 65-72. 

Lohse G. 1982. Microanalytical azomethine-H method for boron determination in plant 

tissues. Communication in Soil Science and Plant Analysis 13:127-134 

Rashid A, Muhammad S and Rafique E . 2000. Genotypic variation in rice susceptibility to 

boron deficiency. International Rice Research Notes 25.3:29-30 

Rerkasem, B. and Jamjod. S. 1997. Genotypic variation in plant response to low boron and 

implications for plant breeding. Plant and Soil 193: 169-180. 

Shorrocks. VM. 1997. The occurrence and correction of boron deficiency. Plant and Soil 

193: 121-148 



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 B x G  B G B x G 

Vegetative response        

Tillers plant-1 ns ** ns  ns ** ns 

Panicles plant-1 ns ** ns  ns ** ns 

Culm length (cm) ns ns ns  ns ns ns 

Straw dry weight (g) ns ** ns  ns ** ns 

Root dry weight (g) ns ** ns  ns ** ns 

Reproductive response        

Spikelets panicle-1 ns ** ns  ns ** ns 

Pollen viability (%) ** * *  ** ** ** 

Grain set (%) ** ** *  ** ** ** 

B concentrations (mg B kg DW-1)        

Flag leaf [B] ** ** **  ** * * 

YEB+1 [B] * ns **  ** * ** 

Anthers [B] ** ** **  ** * ** 

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



Table 2  Numbers of tillers plant-1, panicles plant-1 and spikelets panicle-1 of three rice 

genotypes at two levels of B supply in two seasons 2007/08 and 2008/09. 

B 

level 

(µM) 

Genotype 2007/08  2008/09 

 Tillers 

plant-1 

Panicles 

plant-1 

Spikelets 

panicle -1 

 Tillers 

plant-1 

Panicles 

plant-1 

Spikelets 

panicle -1 

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)   ** **  * * 

   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 (µM) Genotype 2007/08   2008/09  

Pollen 

viability 

(%) 

1Grain set 

(%) 

 Pollen 

viability 

(%) 

1Grain set 

(%) 

0 KDML105 28.6 a 10.9 d  25.2 a 11.5 a 

 CNT1 33.2 a 6.7 d  55.1 bc 14.6 bc 

 SPR1 27.4 a 27.9 b  54.0 b 47.2 c 

10 KDML105 36.9 a 18.7 c  65.1 c 21.7 b 

 CNT1 59.9 b 12.9 cd  59.6 bc 53.9 d 

 SPR1 70.3 b 38.4 a  80.9 d 59.7 d 

F-test       

   Genotype (G) * **  ** **  

   B (B) ** **  ** **  

   BxG  * **  ** ** 

   LSDBxG(0.05)  18.8 8.1  10.0 9.2 

 



Table 4  Boron concentrations (mgB kg-1) 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 

(µM) 

Genotype 2007/08  2008/09 

 FL YEB+1 Anther  FL YEB+1 Anther 

0 KDML105 4.64 a 6.19 bc 20.85 bc  7.12 b 7.25 b 21.57 a 

 CNT1 6.40 a 5.49 bc 13.88 a  3.86 a 3.72 a 17.09 a 

 SPR1 5.49 a 5.06 a 13.21 a  6.64 ab 4.14 a 22.06 a 

10 KDML105 8.53 a 8.40 cd 24.76 cd  11.42 c 8.10 bc 40.19 b 

 CNT1 21.82 b 13.32 d 28.18 d  23.32 d 9.26 c 37.49 b 

 SPR1 27.56 b 11.24 de 18.33 b  22.42 d 8.01 bc 20.47 a 

F-test         

   Genotype (G) ** ns **  ** * * 

   B (B) ** ** **  ** ** ** 

   BxG ** ** **  ** ** ** 

   LSDBxG(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 

 

 

b) 2008/09 

 

Figure 1 Anthers 



a) 2007/08 

 

b) 2008/09 

 

Figure 2 Flag leaf 



a)  

 

b)  

 

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. 
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width) and pollen germination were collected.  Results from the experiment indicated that 
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of were at 10:00 A.M.  The average blooming duration ranged from 33–43 minutes.  
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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-1, 

grains panicle-1, empty grains panicle-1.  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 

 

9:00-

9:30 

>9:30-

10:00 

>10:00-

10:30

>10:30-

11:00

>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 5 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 35 de 31 45 

SPT 1 9 6 36 cde 30 40 

RD 4 15 33 e 30 37 

RD 7 15 33 e 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 

CNT 1 15 33 e 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 

PTT 1 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. 

Genotype 

Frequency of florets (%) 

No exertion 
With exertion 

   Single    Dual    Total 

NP1 49 ab 49 bcd   4 e   51 e 

R 258 33 bc 51 abcd 16 de   67 de 

SPT 1 27 cd 41 cd 32 cd   73 cd 

RD 4 24 cde 71 a   4 e   76 bcd 

RD 7   0 f 40 cd 60 ab 100 a 

RD 10   0 f 29 d 71 a 100 a 

RD 21 33 bc 56 abc 11 de   67 de 

RD 29 22 cde 53 abc 24 cde   78 bcd 

CNT 1   9 ef 67 ab 24 cde   91 ab 

CNT 80 13 def 62 abc 24 cde   87 abc 

SPR 1   9 ef 51 abcd 40 bc   91 ab 

SKN 1   0 f 67 ab 33 cd 100 a 

PTT 1 51 a 44 bcd   4 e   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  

(mm) 

Style length 

(mm) 

Pistil length 

(mm) 

NP1 1.01 ab 1.00 cde 2.02 ab 

R258 0.74 cd 1.02 cde 1.76 abc 

SPT1 0.83 cd 0.98 def 1.81 ab 

RD4 0.76 cd 1.27 ab 2.03 a 

RD7 0.86 bcd 1.17 bc 2.03 a 

RD10 0.73 cd 1.10 bcd 1.83 ab 

RD21 0.81 cd 1.17 bc 1.98 ab 

RD29 0.91 abc 1.03 cde 1.94 ab 

CNT1 0.71 d 1.35 a 2.06 a 

SPR1 0.88 bcd 0.81 fg 1.69 bc 

SKN1 0.81 cd 0.64 g 1.45 c 

PTT1 1.07 a 0.81 fg 1.89ab 

F-test ** **** * 

*, ** 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. 

Genotypes 

 

 

Anther 

length 

(mm) 

 

Anther 

Width 

(mm) 

 

Number of pollen per 

anther 

Number of pollen 

deposited per stigma  

Total 

 

KI/I2
a 

stained (%) 

Total 

 

Viabilityb 

(%) 

NP1 2.40 c 0.86 a 1610 bc 88 f 
 

50  54 c 

R258 2.74 a 0.82 a 1490 cd 91 e 
 

81  66 b 

SPT1 2.44 bc 0.86 a 1470 cd 97 a 
 

64  78 a 

RD4 2.57 abc 0.82 a    1220 e 95 c 
 

63 78 a 

RD7 2.43 bc 0.79 a 1620 bc   96 ab 
 

61   76 ab 

RD10 2.54 abc 0.81 a 1320 de 95 c 
 

55   75 ab 

RD21 2.55 abc 0.78 a 1330 de   96 ab 
 

67 80 a 

RD29 2.56 abc 0.77 a 1470 cd   96 ab 
 

44 79 a 

CNT1 2.44 bc 0.82 a 1460 cd   96 ab 
 

53   74 ab 

SPR1 2.33 c 0.80 a 1367 de   96 ab 
 

35   74 ab 

SKN1 2.01 d 0.64 b 1795 ab   95 cd 
 

79 78 a 

PTT1 2.69 ab 0.80    1960 a 94 d 
 

56   73 ab 

F-test ** * *** ** 
 

        ns *** 

a  Pollen viability test by iodine (KI/I2) staining. 

b  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. 

 



Genotypic Variation of Grain Set in Rice
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Abstract: Effect of increasing temperature as a consequence of global warming on grain set reduction in rice is

a serious problem on rice productivity. Therefore, the objective of this study was to evaluate the variation of

grain setamong ricevarieties in summer season. Eleven photoperiod insensitive rice varietiesweregrown on 9

January2009 in plastic pots, 10 plants per pot in 3 replications. At maturity, two panicles from each plant were

randomly selected. Number of spikelets/panicle, number of filled grains/panicle, number of unfertile

grains/panicle and number of unfilled grains/panicle were recorded. The results illustrated that there was

genotypic variation in grain set among rice varieties. RD21 and NP1 had the lowest percentage of filled grain

(59.5 and 72.5%, respectively). More than 20% of empty grains were found in NP1, RD4, RD10 and RD21

which were between 20-40%. Variation of grain set among 11 rice varieties under high temperature resulted

from both unfertilized and unfilled grains.

Keywords: Improved rice variety, grain set, high temperature
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nM (RD4), m 7 (RD7), m10 (RD1O), n'll21 (RD21),

n'll29 (RD29), -llJU1 \'1 1 (CNT1), 11~11rul.[11 (SPR1)
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U~~MI'1U~11 (SKN1) t1~nLri'tl<JU~ 9l-Jnn~l-J 2552

~~'tl11X~lJ"l ru1.llJillj~1u'li 1~'fl 'tln l1l 'tl n Ll1llJ!j ru1.l1J illj~1111l

UI'1~~11111l'll'fl ~oJu1u'li 1~iK~nIi11~'fl 40 ~~1'1~ 22 'fl~~1
L'1Im~lJ~ ~1l-J~1iKlJ 11~~L~Um1\'111l1'1'tl~~LlJlJ~l-J~l-Jl,J1nr

(Completely Randomized Design) 91U1U 3 ~1 t1~n

1um~m~~1'11~~nm1'1~U~U1I1l Li\'u~ 1~UUnI'11~ 30

L'IIU~Ll-J 11l1 91U 1U 10 ilfulii'tlm~m~ 111~lJlj~116-20-0

!l~11 25 nn. Ill' 1.li\'~ihlJtI~n1um~m~ 20 L~I'1 ~ 60 <JU

L~I'1~ 46-0-0 !l~11 5 nn.M 1U1~lJ~lhUI1l'li'flI1l'flnLii'flii~

1~lJ~LiilJL~m ~l-J ~iilJiil1'tltJ1~ 2 11~Iii'tlilfu 1!1LLliil'1~11~

l-J1,rlJLLlJn Ll-Jill1l~ (filled grain) Ll-Jill1l~lJ UlJlJ~~l-J1l.i~11l

(unfertilized grain) Ll-Jill1l~lJ~~lJlJ~~l-J~11l (unfilled grain)

:j L ~ n~",~ 1'1 1111\'11111'1 'tl ~LI1l lJ:jfi n11:j ~~ n~",~ 1 1 l-J

L~t1 1t111U (Analysis of Variance) LtI1lJlJ ~Yi lJlJ~11l-J

L~~n lii1~Ll1l lJH~1 Least Significant Difference (LSD) ~

P=0.05

~ lJ ~11 l-J LL~ n Iii1~ 1 ~ 1.l ~ 1~Wuflu\i'n~ru~
91\l1UI1l'tlnlii'tln~L~I'1~!l11l11m1~I1lLl-Jill1l (11l1n~~ 1) Ll1llJ. .
~tJ(l1 ;j~ '1'I.J 'J tJ~'tln~'fl~,)~~~~~11I~!l nfJ.J 21 LL fl ~

MI'1U~1 1 jj~1'tl~ 1~1.l~ 1~ 95-98 l1l'tlnlii'tl11~ 1I1uwu(~

jj91u1ul1l fl n lii 'fl 11 ~ ii'tl lJ~ 11 11l1 Iii LLri wu(mf 258, m 10,
..... .... .... I I I

'1IlJU1\'1 1 UI'1~I1~11rul.l11 l-J~1flii1~~1 1 ~ 73-84 l1l'tln
. 0 _ 0:

~'tl 11~ ~11.l1lJ'tl~nm1~I1lLl-J1'1 11l ~U~\'Il-J'tlI1l~"I1lI1l ~l-J1'111l
loo ... o<lI .... , .... I • .,.

U'tllJ\'II1I1l~'tl mum~~~11 L~I'1~ n'll21 l-Jm'tlii\'l 72.5 ~~1'1 ~

59.5% ml-J~1iKlJ 1I1uwu(~m~'fljj!ll1lnm1~I1l Ll-Jill1l

fl~~ 79-91% 1I1u~t1'tlfL-nut>lLl-Jill1l~lJnl-J,ru ~lJ~1 wu(

~jjLl-J~I1l~m1l-Jmnn~1 20% ~u1t11i>1 ~~riwu( L1.lUm
, col , , I

LL~1 1 , m4, n~ 1 0 ~~1'1~ m21 l-Jm'tlii 1~1.l11~ 20-40%

Lri'fl91~LUnLl-Jil l1l~ lJ fl 'fl nLU U~'tl~1I1U~fl 1I 1U~ ~n 11l91n

m1~~l-J1lJ~11l (unfertilized grain) ~~1'1 ~1I1u~~n l1l~1nm1

~~l-J~I1l ~Llii1l.iLtiil-J~l-Jill1l (unfilled grain) ~lJ~11uwu(~

~11lLl-Jill1liifllJ~1111l ~ 'tl mum L~~l'1 1I1u11.lCliLn11l91nm1

~~l-J~mLlii1l.i Ll>il-JLl-Jill1l Lvh nlJ 18.7% Lri 'tlLYi lJlJnlJ~~ l-J

1lJ~I1l~~m 8.8% 1I 1U!ll1lnLl-J~I1l~lJ1Uwu(m21 ,ru~nl1l

91n~~ 2 UlJlJ1ui\'11l 111u1ni\'~~mnu 1uwu(~m~'tl1l1U



1myLlJj;l1I ~ lJ'l~ Lll\J~ ~ lJ1'l 1nmruI'llJh i ~ I1I lJ1nn~1

~l'llJ~ I1I LLlii hiL~lJ LlJj; 111 L~tl 'i'11I f'11 1lJil'm1\Jllm"~ 1~

Iin".ru~~~n~l1 lJ~1Iim,rru~~ 1\J1\J l1Itl n liitln~'Wil ~~

Iii tl -5l11 n n1 r~ 111 LlJ j; l1I ~ tl ~ ;r11 I1lJ f'1 11lJIilJl1\Jfi1\J

vmm n (r=0.46') r~lI~ l~LlJj;I1I~lJ'IIUI1l'W ~l'llJ LL~~

LlJ j;I1I~lJ'IIUI1I~l'llJ LLIii'WL~lJLlJ j; 11I m n n I1I LlJ j; l1I~lJ1\J11\J{

;r11~~n~;jLnl1l'lln~~n1r'W~l'llJmMLL~~~l'llJml'l r LLIii

'bh~ lJLlJiI 111 LIilUilR1rl11lJil'lJl1\JllrllJm nn 111 LlJiI l1I~lJ

Lvh rllJ 0.81" LL~~0 .89" 11I1lJ~1111lJ (11I1r1~Vi 2)

Table 1 Number of spikelets per panicle filled grain (%) unfert ilized grain (%) and unfilled grain (%) of

eleven varieties.

Spikelet/panicle Filled grain (%)
Empty grain (%)

Variety
Unfertilized grain Unfilled grain Total33333

Neaw Phrae 1 (NP1) 91.1 ab" 72.5 c 8.8 bc 18.7 a 27.5 b

R-258 73.5 b 85.8 ab 8.2 bc 6.0 bc 14.2 cd

Sanphatong 1 (SPT1) 92.8 ab 91.2 a 4.2 c 3.9 c 8.1 e

RD4 93.3 ab 79.7 b 11.0 bc 9.3 b 20.3 be

RD7 84.9 ab 91.3 a 6.3 c 2.4 c 8.7 d

RD10 82.2 b 78.4 bc 12.6 b 9.0 b 21.6 bc

RD21 98.0 a 59.5 d 18.8 a 21.8 a 40.5 a

RD29 90.0 ab 82.9 b 12.0 bc 5.1 bc 17.1 c

Chainat 1 (CNT1) 84.4 b 86.2 ab 6.0 c 7.8 bc 13.8 cd

Suphanburi 1 (SPR1) 78.7 b 80.8 b 13.9 ab 5.3 bc 19.2 c

Sakonnakhon 1 (SKN1) 95.4 a 84.4 ab 10.6 bc 5.0 bc 15.7 cd

F-test " " '" ' "

LSD (0.05) 12.2 7.8 5.8 4.5 7.9

CV (%) 8.2 5.7 33.4 31 24.7

vend ••• Significant at P < 0.01 and P < 0.001 , respectively.

l/Means within a column withthesame letterdo notdifference significantly at 5% level with LSD.

Table 2 Correlation coefficients (r) between spikelets per panicle, filled grain, unfilled grain, unfertil ized

grain and empty grain.

Spikelet/panicle Filled grain (%) Unfilled grain (%) Unfertilized grain (%)

Filled grain (%) -0.26

Unfilled grain (%) 0.31 -0.89**

Unfertilized grain (%) 0.13 -0.81** 0.46'

Empty grain (%) 0.27 -1.00 0.89" O.Sf**

"and'" Significa nt at P < 0.05 and P < 0.01, respectively.
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91nn1~~mnYllJm1l,mlilnIii1~l'ml1l.1~nm-l

1l.1n11~IiIU-liI liI'lJll~l1l.1~;h1~~mn I1l.1~~~ IiIU-liI 1iI~~111i1
1l.1'lh~ IiIll nlJ1l.1~~ iiiNrllJ L~ ll l.l L l-J 1j1 U l.I dll.l'ri1~~il

'!lC\.llM:Jjj~~I1Ii1'lJll~nl'lwi'Il~~~~40 ll~~Wllm~U~ LLI'l~

nl'l1~i'il.l20 1l~~1 L'lII'l L~U~ 1tlfLLril1l.1~i\l.Ilhlilll~ 1 LLI'l~

m7 dll.ll111~~ 1'\ 1iI ~ 1tl19~'II l.1 lii IIM1Y1!l1 rn ~\'lll.l1tlf~

LLliil1n9 ~iln1 1'11Ii1~lllJ8l.1tJl.I 1l.1~l.I~~l.I 1 ~~
1111l-J~1l-J11n1l.1n1 1~ iiiLl-Jil iii ~1l.1l1l.1~~1l-i LLl.I~1111,x

tJ~nll.1~Il1Y1!l1n1~\'lllli'ill,~l.I~ n'lJ21 LLI'l ~.",i:im LLYl i 1

LYl11~illi'1iI11n11~IiILl-JilIilVii>l11i1~flJl1l.1~ n'lJ4, n'lJ10,

-lUl.I1'11 1, 11Y111C\.ll.l11 LLI'l~ MI'lll1111 illi'liInn11~1iI

U-l il liI ll~~ 78-86 Li1!lLViUlJrllJl1l.1~i\lltl11i111~ 1 LLI'l ~ n'lJ7

~iltllilnn11~ iiiLl-Jil 1iI~~111i1 LL~1 I1l.1~""~1d~1l1tlf~1il
li'liInn11~IiIU-lil liI'fl~ll.11~~lJ tJ 1l.1nln~ Prasad et a/.

(2005) YllJ~1'!lC\.lw:Jjj~~vh1,xli'1i111n1 1~1iIU-liIIiIll.1i11

I'llill'l~ ~~9~ LLIiInIii1~rll.Illlln1tJl11LLIiiI'l~1111~Llil!JLLtJ~lllln

1tlfLlll.l3 n~l-Ji'i'fll1l.1~~'IIl.1liillMnYl'!lC\.lw:Jjj~~1tlf~~111i1

I1l.1~~'II111tlflhl.lnI'l 1~ LLI'l~l1l.1~~'!i lll.lLLll~111i1 1i1~flJ

Ll-J il liI ~lJ11l-J~YllJ91nl111~~~nml1f~dl-J1~1n 2 ~1l.1i'ill

~1l.1~~~l-J1l-i~1iI LLI'l~~1l.1~~~l-J~IiILLIii1l-iL~l-JLl-JilIiI91n

~1l.1'111i1 1'l1l~'lJ'fl~ Peng et et. (2004) YllJ~1'!lC\.lW:Jjj~~~

ll.1 li1 11 l.ln I'l 1 ~ -ll.l il ~ l'l lii ll n11~~ l-J Ln~1'lJ'fl~i11 LLI'l~91n

~ 1l.1'lJll~ Jagadish et al. (2007) ~lIitJ~ 1'!lC\.lW:J jj

n1'l1~ i'il.lil ~I'llii 'fln11L~ l-J L~ l-J Ll-Jil iii II !h~hii1i11l-Jn11

'11li1l'l ll~dLlll.ln11l'11i11'l1l~ ~l-J tIIl.I~ ~nmLV;U~-ll.ltJ~ n L~m

n11L~ l-J-ll.ltJ~ n111n1 1'11 1i1 1'l ll~ Iii111tJ9~~1l-J 11n8l.1tJII

~1"""l1111l-J LLtJru11l.1LLI'l~~11l-J1I1l-J11nll.1n11~ IiILl-JiI iii

'lJ ll~i11I1l.1~1ii 1~ 1 1tlfl-J1 n~ l.I

91nn11tJ1~ Ljjl.lm1l-J uan Iii1~ll.1n11~ iiiLl-Jil iii
•to- &0' <V ~ ,.., , ......."" .... "'"

'lJ'fl~'lJ11'11~~l-J1iI1 1 Yll.Ifi YllJ11'lJ11LLIiIYlllfi l-J1l1il11n111i1 1i1, ,
Ll-J ilIiIIl1Ult11I1Il1Y1~il'!l C\.lW:Jjj~~ 1ii 1~ rll.l LLI'l~Yl lJ~1 ~ I'l

'lJ'fl~n1 1~IIl-JLnM LLI'l ~111 1 l-J 1I 1 l-J 1 1nll.1n11Liii l-J L~l-J Ll-Jil iii
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~1l.11 4"ud 1tlff lJ'Vl l.l~ 11lJII Ifl.I91 nIi111n~1l.1

n'fl~'Vll.lll11lJ~ lfl.l~1 l.114"u (M1.) LL I'l ~ l;! l'l ilfi McKnignt

04"ULLm1MlJ'Vlllll11lJlllfl.l91nL/11~n11L11111,huL'Ii~nI'l

~ 'IIIfL~ IIn11~illil LLI'l ~l1l!l-1l.11!l1911u'1l.I11mUll'illill-J~nm
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2. กิจกรรมที่เก่ียวของกับการนําผลงานไปใชประโยชน 

2009 เขารวมประชมุเสนอผลงานในการประชุมรวมระหวางกลุมเมธีวิจัยอาวุโส สาขาพืชไร 
โดยมีนักวิจัยในกลุมและนักศึกษาบัณฑิตศึกษารวมเสนอผลงานจํานวน 4 เรื่อง โดย
เสนอแบบปากเปลา 2 เรื่องและโปสเตอร 2 เรื่อง 

2009 นักวิจัย (รศ.ดร.ศันสนีย จําจด) ไดรับเชญิใหเขารวมประชุมเสนอบทความเรื่อง 
Genetic diversity and gene flow of common wild rice in Thailand, organized by 

Collaborative Investigation to Research Wild Rice Committee ระหวางวันที่ 22-24
พฤศจิกายน 2552  

2008 นักวิจัย (ดร. สาวิกา กอนแสง) เดินทางไปปฏิบตัิการวจัิย (วิเคราะหโบรอนในละออง
เรณูขาว) ณ Murdoch University, Western Australia (Prof. Bernie Dell) April-May 
2008 

2007 นักวิจัย (ดร. สิทธิชัย ลอดแกว) จัดอบรมวิธีการทดสอบความมีชีวติของละอองเรณู
ขาวในวุนใหแกนักวิจัยและนักศึกษาบัณฑิตศึกษา CMUPNlab ภาควิชาพืชศาสตร
และทรัพยากรธรรมชาติ มหาวิทยาลัยเชยีงใหม ประมาณ 25 คน 

 
 

3. Expected and realized project output 
 
Project outputs Proposed Achieved 

1. Publications 
Manuscripts under preparation 
Paper in Thai 

4 
 
 

 
2 
1 

2. New varieties 
Advanced lines 

2  
16 

3. Protocol 
Method to evaluation pollen germination in agar 

 
1 

 
1 

4. Researchers and postgraduate students gain experience in 
R&D with industrial section 

20 20 

 
 
 


