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test should be a preliminary recommendation forgorvtest in rice seeds of Thai
varieties. Sixty seed lots of 10 rice varietiesirdifferent rice seed centers and rice
research centers in Thailand were used to veriéy ahove recommendation. The
results were similar to the above findings, exddat the correlations were higher
among the tests. The results showed highly sigmficcorrelations between the
accelerated aging test at°@4for 72 hours and the field emergence (r = 0.894f)d
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CHAPTER |

INTRODUCTION

1.1 Rational

Rice is life for thousands of millions of peopla.Asia alone, more than 2,000
million people obtain 60 to 70% of their caloriesrh rice and its products (FAO,
2004). Nearly 90% of the world's rice is produced aonsumed in Asia. Only about
9% of the total world harvest is produced outsidgaAFAO, 1998). Rice along with
wheat and maize comprises of at least 75 percemjraih production. The world
population is expected to increase by 3.68 billmtween 1995 and 2050 and Asia
will contribute some 2 billionBy the year 2025, about 760 million tons of paddy
needs to be produced to meet the increasing derdaedto increase in world
population, this requirement is 35 percent more thetual rice production (Duwayri
et al., 2000).

Rice is the most important food crop in Thailamtie total area under rice is
estimated to be about 11 million ha representingr@pmately 40 percent of the
cropped land area (Kupkanchanakul, 2000). Despiteldnd being one of the world’s
largest rice producers and also the world's biggestexporter (FAO 2004), it still
can be mentioned that the average yield as contpasther countries is much lower.
The average yield is often less than 2,000 kg/hapkénchanakul, 2000) which is
much less than other countries like Egypt (8,25¢h&p Australia (8,230), USA.
(6,740 kg/ha) and China (6,170 kg/ha) (Duwayri, @00 he attainment of high yields

depends on many factors: variety, land preparatieed control, fertilizer, disease



and insect control and seed quality. Furthermdre,nteedor high quality seeds has
increased in recent years. Information about seeality can benefit farmers in
making decisions regarding the cost of seeds, duaot seeds to plant, time of
planting, and the need to replant.

One of the potential means of enhancing rice bdty is to ensure the
quality of seeds for sowing. A good quality seeds aften free from diseases and
posses high germinability and vigor. The benefitsvarious production inputs and
improved farming technologies can be gained onlgnvhighly vigorous seeds are
used for sowing. In the Philippines, use of quatieds increased the rice yield to
12.6% (FAO, 2000). Since rice is self-pollinatedrfore achievement of pure seed is
relatively easy but obtaining high vigor seeds seedientific managements and
proper techniques for harvesting, processing, nreat, and storage (Seshu et al.,
1987).

Rapid seed deterioration during storage is on¢hefimportant constraints
encountered by rice growing farmers. Most of thedseompanies and rice seed
centers produce rice seeds and keep in stock Haoshe farmers. The storage seeds
are at least kept for 6 months to 1 year in theevamses. Although the germination
test are being carried out, but test results at@mlfrom seeds which have been placed
under favorable germination conditions. Seldom #rese favorable conditions
encountered in the fields and germination resultsnooverestimate field emergence
(AOSA, 1983). Therefore, it is of utmost importémat seed vigor test is being carried
out in time to time to check the seed quality amrdproper disposal of storage seeds to
prevent seed deterioration resulting into pooraiaractual field conditions.

Seed vigor is an index of seed quality. Seeds lthae high vigor will have

high quality. Seed vigor not only influences thedurctivity but also the storability of



seeds. Vigorous seeds can store well, produceramiétands, develop into vigorous,
and productive plants. To satisfy the need for @lgestimate of seed vigor in seed
programs, many vigor tests have been developedll @igor tests in use today, one of
the most important is accelerated aging test.

Accelerated aging test is a stress test. The samzistressed prior to the
germination test. Seeds are placed in temperafut@-45°C and nearly 100% relative
humidity for varying lengths of time, depending e kinds of seeds, after which a
germination test is made. The basis for this ®shat higher vigor seeds tolerate the
high temperature-high humidity treatment and thatain their capability to produce
normal seedlings in the germination test. It wast fdeveloped by Delouche (1965)
guoted in AOSA (1983) for seed longevity. Sincenteeveral researchers have carried
out and aging treatment has been recommended fde wange of crop species
(AOSA, 1983). However, there are no suggested comenended procedures for
conducting rice seed vigor tests including accéderaging test are available in the
handbooks of vigor test from the International S€esting Association (ISTA, 1995) or
Association of Official Seed Analysts (AOSA, 1983).

Although accelerated aging test is being carrietl lmy various rice seed
centers in Thailand as seed vigor test, there stamedard accelerated aging conditions
among rice seed centers, for example Chang Mai Ré&ssl Center uses “@for 72
hrs, Nakhon Ratchasima Rice Seed Center us&s #% 96 hrs, However, the aging
variables they adopt in the laboratory test doseparate vigor levels of seed lots thus,
affecting the accuracy of seed vigor estimationclvlseedmen use to make decision
for seed storage duration and arrangement forreéase priority. Determination of
seed vigor in rice seeds seems to be more imporéaeintly because some recent

recommend varieties of rice tend to have low segdrvGermination percentages of



those varieties usually decrease immediately aipening period [Singkanipa, 2008
(personal communication)].

Since, rice is one of the important cash crops ailand therefore it is of
utmost importance to have proper vigor tests womhd evaluate rice seed vigor and
thus could improve seed quality, benefit farmersl ancrease rice production.
Therefore, this study aims to investigate the pragxelerated aging conditions of

rice seed of common varieties in Thailand.

1.2 Research objectives

1.2.1 To develop a proper testing condition of terapure and time for
accelerated aging test as rice seed vigor tegttfar varieties.
1.2.2 To servey for possibility of alternative riseed vigor tests other than

accelerated aging test.

1.3 Scope and limitations of the study

This study included only recommended rice varietresome of the best and
popular rice varieties like KDML105 were includadthe experiments. Attempts are
made to include as many rice varieties and sesloiduced by rice seed centers and
rice research centers in Thailand. This means dhieties included in the experiments
were those varieties which have market requireraedtneed for seed multiplication.
The seed lots obtained were produced in the nomatiplication fields of seed
production of breeder seed, foundation seed, ergidtseed and extension seed. So,
the outcome of the study can be certainly bengfé seed centers and rice research

centers in Thailand.



CHAPTER II

REVIEW OF LITERATURES

2.1 Introduction

Seed quality is one of the major factors that daeirees the success or failure of
a crop. Seed vigor is a key element of seed quaieds selected based on high vigor
will produce more uniform, vigorous stand of plargsulting ultimately higher yields
per area (Tomer and Maguire, 1990). Some promiwerks related to seed vigor are

summarized below.

2.2 Concept of seed vigor

The development of a satisfactory definition ofcseegor has been a central
theme in the development of vigor tests. Withode#nition, the ability to measure or
test this undefined object becomes difficult. Foately, many definitions have been
proposed and a study of their development prestmsinitially confusing and
changing status in the expectations for seed \i@opeland and McDonald, 1995). As
an example, Gelmond et al. (19%8)fined seed vigor as potential ability of seeds to
yield the maximum plant products at the earliestetiunder variable environmental
field conditions. According to Bishnoi and Delougii®80), seed vigor is an aspect of
seed quality which control field stand establishtn@md vigor tests are required to
obtain reliable assessments of field performanden €1988)defined seed vigor as
the sum total of those properties of seeds whit¢aragenes the level of activities and
performances of seed lots during germination ardllsey emergences. Seed vigoras

per Sundstrom et al. (1986% the capacity of a seed lot to germinate quickigl



completely with subsequent uniform seedling devalept Seshu et al. (1987),
outlined vigor as a concept usually derived frone thbservation of differences
between seed lots, and a wide definition basednhenetfect have to be considered
more appropriate than one based on causes. Eglifakdony (1995)set vigor as
indicator for measurement of future performanceseéd lots which related to the
ability of seeds to germinate and produce seedlimgiswill emerge from the soil into
healthy vigorous plants. Seeds that perform welltarmed “high vigor seeds,” while
those that perform poorly are called “low vigor dgge

Association of Official Seed Analyst; AOSA (198d8gfined seed vigor as
those seed properties which determine the potéiatiaiapid uniform emergence and
development of normal seedlings under a wide raofydield conditions. The
definition of seed vigor adopted by AOSA (1983)iste similar to the definition of
International Seed Testing Association; ISTA (199&)ich stated seed vigor as the
sum total of those properties of seeds which detersnthe level of activities and
performances of seed lots during germination aedlsey emergences

At the beginning, more importance was given toghgsical characteristics of
seeds which were thought to be associated with logor but more recent
investigation have focused on the physiologicalkeawf vigor differences, especially
the role of seed aging and membrane integrity (dmgeand McDonald, 1995). Seed
aging has to be recognized as the major causaloted seed vigor and viability, and
involves the process of deterioration like the aaglation of degenerative changes
until eventually the ability to germinate is loBtofwell, 2006)

Seed deterioration usually begins at physiologicelturity and continues
during harvest, processing and storage at the gegatly influenced by genetic,

production and environmental factors. The time esnfyjom days to many years. The



process of deterioration is generally progressind aequential (AOSA, 1983). A
hypothetical model has been developed by Delouaie Baskin (1973) which

outlined the sequence of changes in seeds duriegia@tion. The first change that is
believed to occur is the deterioration of cell meame probably due to the oxidation
of fatty acid chains within the phospholipids ottmembrane (McDonald, 1999).
Since membranes are essential for many metabobkatevand enzyme synthesis,
therefore deterioration of cell membranes leadsldorease in the amount of ATP
formed as an energy source, as well as retard yhthesis of specific enzymes
essential for growth, reduce respiration which ptes seeds with the energy
molecules required for growth. The accumulationadfthese deleterious changes
contributes to a gradual decline in germinatiore railminating in a loss of seed lot
uniformity.

Other associated events which occur during detdrr are the loss in storage
capacity and the ability to resist diseases. Exalytihis subtle expression of loss in
seed quality is expressed by an increasing inceleh@bnormal seedlings, reduction
in the speed and uniformity of field emergence altichately reduced yield. All these
changes contribute to gradual decrease in seed argbgermination (AOSA, 1983).

The concept and importance of high vigor seedsbesn well understood.
Considerable researches have been done and stithgimg to acquire knowledge into
better understanding of seed vigor. Several appesmbave been made to 1) identify
high and low vigor seedsf wheat (Tomer and Maguire, 1990; Modarresi et al
2002), pea (Hampton et al., 2004), pumpkin and mac¢Dutra and Vieira, 2006),
and kale (Komba et al., 2006); 2) adopt vigor testa predictor of predict field
emergence of corn (Singhabumrung and Juntakool4)2Gbybean (Torres et al.,

2004; Egli and TeKrony 1995), french bean (Hampoml., 1992), lentil and chick



pea (Fernandez and Johnston 1995), cotton (Bisandi Delouche 1980and 3)
identify new vigor test in small seeded crops sagllower seeds (impatiengianhua

and McDonbald, 1996) and onion (Rodo and Filho, 3200

2.3 Factors affecting seed vigor

Seed development covers several important mataratages from fertili-
zation to accumulation of nutrient, to seed dryamgd to dormancy. These stages
represent a change in morphological and physicdbgievelopment that can alter
seeds performance potentials. The point at whiehstheds achieve maximum dry
weight is called physiological maturity (CopelantiavicDonald, 1995). At this point
seed have great potential for germination and vigorKiay et al. 1979)However,
since seeds generally achieve physiological matatihigh moisture levels unsafe for
storage, seeds are typically not harvested unéttéins harvest maturity, when seed
moisture content is low enough for safe storagéwBen physiological maturity and
harvest maturity, the seeds are essentially storedthe plants where they may be
exposed to severe environmental conditions thaersely affect seed quality. Post
harvest technologies like threshing, seed cleanseged treatments and storage
conditions also effect seed deterioration or segdrvSeeds may die in a few days to
years depending on the level of deterioration (Gomkand McDonald, 1995). Some
important factors which effect seed vigor are exyad briefly below.

2.3.1 Environment

Rice seeds obtained from plants given short degtiment germinate
more rapidly than seeds from untreated plantsjqodaitly at low temperature (Ota
and Takeichi, 1966). According to Sato (1973), seeds of japonica variety, Norin

17, ripened at 20°C day temperature, high lighensity and low relative humidity



(R.H.) showed maximum germination. A 30°C day terapge harmed the segdut
low night temperatures increased germinability. ideer, in the indica variety, IR8,
the optimum conditions for increased in germinaticere a day temperature of 30 or
35°C combined with high light intensity and low R.Finding of Krishnan and Rao
(2005) stated that warm weather conditions withhhsplar radiation and without
excessive rains during grain filling stage gavelibst seed yield with high quality

In wheat, Macchia et al. (1986) observed maximanmgnation at 36°C
but an optimum temperature for viability and geration energy was between 24°C to
28.5°C. Whereas finding of Kamana and Maguire (}98%ealed that, germination of
six winter wheats was zero at 5 and gradually meed and reached maximum
germination at 21°C and 25°C. But in western whesaigyWaldron et al. (2006),
found three different environmental conditions Hatle effect on seed yield and
seedling vigor. According to Woltz et al. (2006)edzing temperatures reduced
germination and vigor of corn seeds and to obtéghdr germination and vigor, the
corn seeds should be harvested immature stageeb#ferfreezing event. In peas,
maturation in cool temperatures led to the devekamrof larger seeds which gave rise
to taller plants and earlier flowering in companisto those of the same varieties
which had matured in warmer temperatures (Kant.efl73). Likewise Wang et al.
(2006) also revealed that high temperature strassgl pod development decreased
pod fertility, seed set and seed yield in chick.geasoybean, Spears et al. (1997)
revealed that high temperature during seed devedopmeduced seed vigor in the
absence of associated mechanical injury and seegt litiseases. Similarly, Khalil et
al. (2001)also found that seed germination was inversely gntagnal to temperature
experience by mother plant during pod filling stag@ch resulted into decrease in

germination by 10.7% with 1% increase in temperminrsoybean seeds.
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2.3.2 Nutrition and hormone

The crop response to N in terms of seed proteith g@rmination
potential increased with foliar spraying of gibbkceacid at 10 ppm in rice
(Mukherjee and Prabhakar, 1980). Warraich et a@022 indicated that nitrogen
application improved grain quality and vigor in valheby improving grain protein
contents which increased the final germination @et@ge and reduced theoTand
mean germination time. Where as in corn, Khan et(2005) stated that nitrogen
application of 120 N kg/ha resulted into maximurarlheight, number of plants per
area and low mortality percent. Finding of Mugnisgnd Nakamura (1984¢vealed
that high level of P application (1,000 kg/ha) @amth 80 NHCI kg/ha to the mother
plant influenced the vigor of resulting soybeandseproducing high vigor seeds,
further they also studied combination effect ofviest days and P application and
suggested that application of 0 or 250 kg/ha waekllt in high vigor seeds. Keiser
and Mullen (1993) suggested that reduced Ca supghe plants may reduce seed Ca
concentration in addition to altering other seettiant which are associated to poorer
seed germination in soybean. Similarly, accordmd@urton et al. (2000), decreased
calcium levels in the nutrient medium reduced saybeaf dry matter during seed fill,
seed production, seed Ca concentration, seed garoninand increased the incidence
of seedling disorders such as watery hypocotyleegicbtyl necrosis. Dordas (2006)
stated that application of Bo improved seed gertronaand seed vigor by 27% in
2003 and up to 19% in 2004 as compared with comtralfalfa.

2.3.3 Water stress
Surek and Beser (1999) in their investigation fotimat rice varieties

irrigated at 8 day interval after tillering initiah reduced grain yield due to decrease
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in number of filled spikelets per panicle and 1,@08in weight whereas highest value
of grain yield was observed at continuous floodingyation. Boonjung and Fukai
(1996), specified that occurrence of drought coodiiat vegetative stage had only
small effect with reduction in yield of rice up 89%, but when drought occurred
during panicle development, the stress was seestdting into 60% yield reduction
and during grain filling stage the drought strestuced yield to 40%. Work of Yang
et al. (2001) suggested that water stress altavaddnal balance in rice grains during
grain filling, especially a decrease in gas andnarease in ABAIn sorghum, water
potential at field capacity in two varieties showsihilar radical and coleoptile
emergence but at low water potential there wasatemhu in radical and coleoptile
emergence and radical length due to reduced watake (Gurmu and Naylor 1991).
Where as in peanut, water deficit during the gra@wseason of the parent plants
produced seeds with fewer rapidly growing seedliogspared to well water plants
(Ketring, 1991). According to Brevedan and Egli @30 water stress induced
acceleration of leaf senescence which led to rémhgtin seed size and yield of
soybean.
2.3.4 Herbicide management

Chemicals especially systemic ones used to comtest should be
tested for any side effect on seed quality. Eq4t@80) studied the suitability of pre-
harvest desiccants like diquat, glyphosate, patagond sodium chlorate, and found
that none of the above desiccants reduced seedrgeion or seed weight in rice.
Gangadhara and Kunhi (1978)their studies revealed the use of chemical Zkd, 5
-trichlorophenoxy acetic acid did not reduced geation and seedling vigor of rice,
corn, sorghum, finger millet and horse gram wheseemluction in germination and

seedling vigor was observed in tomato and brifg&lDaly (2006) indicated that high
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dose of cyanox (I8M) lowered the percent germination in radish.
2.3.5 Seed maturity and stage of harvesting

Harvesting the seeds at the appropriate stagmpsriant to achieve
good quality seeds (Copeland and McDonald, 199%¢. dptimum time for harvesting
has been considered to be 30-42 days after headihg@ wet season and 28-34 days
after heading in the dry season in rice (Seetame¢h e Datta, 1973)Pre-harvest
spraying of desiccants is a technique employethhamrce seed maturation (Seshu et
al., 1987).

Eastin et al. (1973), revealed that black layemfation in the placental
area of seeds as good indicators of physiologicurnty or date of maximum dry
weight accumulation in sorghum. Physiological mi&guof seeds can be detected
morphologically as well as formation of black layarcorn (Daynard and Duncan,
1969) where as milk line at stage 4 proved to leehkbst indicator of the time to
harvest corn seeds for maximum physiological guditanto et al.2005). Afuakwa
and Crookston (1978), suggested black layer is muekable indicator of
physiological maturity where as milk line is useitulmonitoring grain maturity prior
to physiological maturity in corn.

TeKrony et al. (1979) found that in soybean, pblpgjical maturity of
entire plant, estimated from dry seed weight dateuoed when 26% of the seeds
were yellow and 35% of the pods were yellow or grdde further suggested that the
occurrence on the main stem of one normally colonatlre pod per plant represented
a useful and acceptable indicator of physiologio@turity. In common bean,
maximum viability was achieved at moisture conteoits31-37% which was well
beyond physiological maturity but maximum seed vigwas archived at

physiological maturity (Muasya et al., 2002)
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According to Chuntarachurd et al. (1984yard long bean seeds
harvested at 16 days after pollination producedhdst seed weight and seed vigor.
However, as per finding of Santipracha and Sartimaa1997) yard long bean seeds
harvested at 18-20 days after flowering producedhrpod yield of 6,337.5-6,437.5
kg/ha which were significantly higher than the seédrvested at 14-16 days after
flowering. In stakeless yard long bean, Teekachigdma (2006) was found that
physiological maturity was 20 days after anthe#s. physiological maturity, it
showed 1) maximum seed dry weight of 163.37 mg/se)d maximum seed
germination and vigor, and 3) seed moisture cormém9.71%. However, maximum
seed size which measure by seed length was 13.0&tnd® days after anthesis and
reduce to 11.53 mm at physiological maturity. IfMesting was delayed to 30-34 days
after anthesis, seeds lost germination rapidiyal recommended to harvest the seeds
at 22-26 days after anthesis.

2.3.6 Position of seeds

Food reserve accumulation and seed weight maywiinythe position
of the seeds on the panicle and on different sillAmatitka (1992)revealed that in
indeterminate soybean, large seeds all from the Ipéant portion had the highest
germinability and vigor followed by the medium seeal from the middle portion.
According toThomas et al. (1987), immature seeds from secondiamyels took 6
days longer to germinate at 5°C and 2 days long@0eC than those from primary
umbels in radish and seedling weight about 20 d#tgs 50% emergence were greater
from seeds from primary than secondary umbels.elerg also heavier seeds were
produced from primary umbels and were less dornt@ant those from quarternary
umbels. Similarly,Pereira et al. (2008) also revealed that carroisé®m primary

and secondary umbels had higher vigor and gerromdtian tertiary umbels under
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high temperature of 36°@&lan and Eser (2007), concluded that fruits haeed$tom
different layers (first, second and third) of pepptants showed gradual decrease in
fruit weight and seed yield throughout fructificati from the first to the third layer
and seeds extracted from fruits of the first lalyad higher germination and vigor,
lower mean germination time than those from othgets. Seeds from the third layer
caused decline in seed quality especially vigoh\6&.3%.
2.3.7 Seed size and weight

Heavy rice seeds gave better germination, emeegear@ more
resistance to deterioration (Akil and Araujo, 1973jmilar to this Roy et al. (2008)
revealed, germination rate and seedling vigor ingkdxes increased with the increase
of seed size in rice suggesting selection of lasgeds for good stand establishment.
In contrast to above finding Krishnasamy and S€4890) reported that seed weight
negatively correlated with germination in ridceafond and Baker (1986) investigated
the role of seed size, speed of emergence andfaiant development in seedling
vigor of nine spring wheat varieties and found thkints grown from small seeds
emerged faster but accumulated less shoot dry wtigh those from larger seeds and
further suggested that seed size may be taken egrdrria for evaluating seedling
vigor. Baalbaki and Copeland (1997) suggested that seedsgjnificantly affected
emergence and yield in wheat with small seeds miaguowest grain yields. From
their work they recommended that selecting largeds would provide high quality
seeds with the potential for increased vyields ireathunder variable conditionB
corn also, large seeds resulted in maximum emeeg@ec area, maximum plants
height, maximum number of plants per area and lowtatity percent(Khan et al.,
2005).

In pea, large seeds gave rise to taller plantciwRowered earlier
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(Kant et al., 1973). As per finding of Amin (1999ungbean seed size showed no
significant effect on yield except largeeded plants flowered and matured earlier than
small seeded plants producing heavier se&isiilar trend was observed by Na
Chiangmai et al. (2007) where large mungbean skadsadvantages only in sprout
production than small seeds without any effectioalfyield.
2.3.8 Mechanical injury

Mechanical injury during threshing, cleaning, hiamgl and planting is
considered as one of the most important factorsienting seed quality and thus
seeds and seedling vigor. Machine threshed seeds@e injured than hand threshed
ones because machine damages the embryo causthg dea

According to Bourgeois (1993) a high vigor could maintained in
durum wheat seeds by threshing at low cylinder ¢@e®l low kernel water content
Similarly, Kantor and Webster (1967) observed, eased cylinder speeds of the
thresher not only increasdtle percentage of cracked seeds but also redu@ed th
germinabilityof ‘sound’ seeds and increased the percentagérdrmal seedlings in
sorghum. Fessel (2006), evaluated sixteen samplesomn seeds in series of
conditioning steps like reception, pre-cleaningstpgravity separator, post grader and
after bagging and concluded that mechanical daroagle occur at any stage of seed
conditioning and was cumulative. According to Cacest al. (1998), mechanical
damage especially ruptures which caused restrigifonutrient translocation to the
embryonic axis caused seed and seedling abnoresailiticorn seeds.

Studies in bean and cabbage seeds showed thaktimmal damages
were much larger in bigger bean seeds than in smadlbbage and the mechanical
abuse was not only visible such as cracking seatscand breaking seeds in both

species but also invisible, internal injuries, whitaused lower germination down to
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60-70% and increased the number of abnormal sesd{iDuczmal, 1981). In cotton,
handpicked and laboratory ginned lots were of betpgality than mechanically
harvested and commercial ginned seeds (BishnoDatwliche, 1980).
2.3.9 Aging

During aging declined in seed vigor, respirati@ter phosphatase
activity and sugar content accompanied by a complieiclined of alpha amylase
activity are noticeable. The concentration andribmber of amino acids and the RNA
and DNA contents also show a similar reduction Witiher RNAse activity (Seshu et
al.,, 1987). Rise in respiration rate, phosphatasévity and sugar content
accompanied by a complete decline of alpha amydasigity and RNA, DNA and
protein content were noticeable in rice during séetkrioration. (Zhoe et al., 2002);
Decrease of phospholipids, carbohydrates, sugantgips ascorbate and peroxidase
activity with increased in fatty acids and malomdiygdes were observelliring aging
of corn seeds (Basavarajappa et al., 1991). KalpaddMadhava Rao (1999) observed
accumulation of reducing sugar in pigeon pea duagimpg which caused rapid seed
deterioration. Likewise in french bean seeds, agiagsed complete loss of nucleoli
(Begnami and Cortelazzo, 1996); while aging of @afAl-Maskri et al., 2003) and
cotton (Basra et al., 2003) seeds caused incredged peroxidation leading to loss in
germination and seed vigor.

2.3.10 Pathogens

Infection of plants and seeds by various plant@ge¢hs, fungabacterial,
or viral in nature, in the field or in storage, caaduce vigor directly through such
mechanisms as enzymatic degradation, toxin proolu@nd growth regulation. Seed
vigor loss because of infestation by pathogensdcoatur indirectly to the extent that

pathogenic infection limits the ability of the sseah the plants to develop normally
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(Copeland and McDonald, 1995). Imolehin (1983) wied a high negative
correlation between rice seed infestation by d#iféfungi and seed germination in the
laboratory. According to Phat et al. (2005), seedngnation of jasmine 85 rice
affected by discoloration disease in both wet andsg¢asons resulted into decrease
number of filled grains/panicle and 1,000 graingi®i The presence of pathogens in
the soil clearly had a deleterious effect on fielshergence of soybean as field
emergence of low vigor seed lots were reduced rhgrithe non-sterile soil than the
medium and high vigor seed lots (Hamman et al.2200
2.3.11 Seed treatment and priming

Seedreatment is one of the important quality aspettseeds. Treated
seeds are protected from pests that attack seedseadlings and can improve stand
quality and increase yields also (Powell, 2008entura and Garrity (1987)
recommended hot watgeatment at 52°C for 15 min was physiologicallfedarrice
seeds regardless of variety as it increased fieddli;ngvigor and tiller number over
the untreated control. According to Bhattacharjee &hattacharyya (1989), pre-
treatment of rice seeds with dikegulac-sodium (BKgrowth regulator at 1,000 and
2,000 pg/ml slowed down the rapid fall of germioatiand arrested the leakage of
electrolytes, reduced the leaching of soluble daydmates and decrease the loss of
RNA from seeds.

Biswas et al. (2000) indicated that certain sgahnonphotosynthetic
diazotrophs, including rhizobia, could promote gttovend vigor of rice seedlings
Nghiep and Gaur (2005), studied efficacy of varichemical seed treatment in rice
seeds and found that seeds treated with Vitavaikaifhand Mancozeb maintained
germination above 80% after six months of stordgeording to Farooq et al. (2004),

thermal hardening in indica rice increased gernonaindex, energy of germination,
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radical and plumule growth rate, and root/shoabréebeed treatment of coarse and
fine rice with CaCJ gave higher values of final germination, emergespsed, energy
of germination, higher root and shoot length anedieg fresh and dry weight than
other chemicals like KN KCI and NaCl.

Hu et al. (2005) suggested that rice seeds primgd sands that
contained 3.8% (v/w) water at 18°C for 72 hrs inyaw energy of germination,
germination percentage, germination index and vigawlex, resulting in higher
seedling height, root length, number of roots aadt rdry weight as compare to
control. As per Basra et al. (2006), rice seeds primed W@hppm ascorbic acid
promote early germination and vigor enhancemente Beeds soaked in potassium
and phosphorous solutions produced taller plants laad higher dehydrogenase
activity suggesting higher viability and vigor ofexls (Bam et al., 200Q6)n wheat,
seeds primed with 25 ppm kinetin and 1% prostratérg) treatments showed best
results on seedling growth, fresh and dry weightden both saline and non-saline
conditions (Afzal et al., 2005).

2.3.12 Genetic Variability

Differences in seed vigor usually arise as a tesularious factors
which effect seeds (Seshu et al., 1987) identifiedcipal causes of vigor differences
in rice and stated that seed dormancy may obsbereigor potential of seed lots in
laboratory test, but it should not be regarded araponent of vigor if seedling
emergence is unaffected in field sowings. As pedigue et al. (1988), different rice
varieties have different tolerance level to agiHgs studies indicated that out of 64
and 121 varieties tested during dry season andseaton in 1985, respectively, the
most tolerance to 6 days aging at 43°C were foundach eco geographic races of

Oryza sativa L. (indica, japonica and javanica) and also amphgtoperiod sensitive
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and insensitive strains, upland and lowland typescording to Ali et al. (2003),
germination of rice varieties in low temperatureswg#luenced more by genotype than
seed quality.

Krishnan and Surya Rao (200Byestigated 12 rice genotypes grown
during 2000-2003 and found out that proportion ektd setting, seed leachate
conductivity, potential of seed longevity, percga&aof seed germination and
proportion of seed discoloration were influencedrenby environmental effects than
by genotype. But in contrast, yield, panicle numisered weight, and proportion of
high-density grains were influenced more by geniotiipan by environmental effects.

2.3.13 Other factors

Schweizer and Ries (1969) reported that seedlnogvth and grain
yield were significantly correlated with seed piotan barley, likewise in wheat also
they found seed protein positively correlated wstibsequent seedling growth (r =
0.7335**). Pedersen and Toy (2001) investigatedefifiect of seeds and plant color on
seed vigor and found out that in sorghum, purpéfptolor phenotypes had higher
cold germination, higher germination after accdtstaaging, and greater seedling
elongation at 10 days than tan plant color phoregygimilar results were observed in
peas by Woyke (1987) where green-yellow seeds fglgeh vigor as compare to
yellow-green and yellow seeds. Finding of Atak let(2008) also revealed that dark
green colored pea seeds germinated faster hadshigheot, root length and fresh
weight resulting into higher seed vigor than lightdt medium colored seed?atil and
Andrews (1986) studied response of cotton hardsseedccelerated aging and found

out that hard seeds were less susceptible to staletgrioration.
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2.4 Classification of vigor test

The challenge of vigor testing has been to idengifyneasurable parameter
which is common to seed deterioration. The mostawted area of seed study remains
the physiological and biochemical characterizabbseed deterioration. The principle
reason for this lack of knowledge is that many éveould create and contribute to
loss in seed viability which leads to difficulty identifying the cause and effect of a
specific deteriorative response (Copeland and Mellihn1995). Although it is
impossible to state with accuracy which events pdawing seed deterioration we can
speculate on the probable sequence of changesra®ped by Delouche and Baskin
(1973) which suggested that seed deterioratioreqgiential and accumulative and
outlines some of the major parameters which caatitieed in measuring seed vigor
(AOSA, 1983)

Seed vigor test is more sensitive index of seeditguthan germination test,
any of the events which precede loss of germinatmuid serve as vigor tests. Thus,
according to the seed deterioration model develdpeDelouche and Baskin (1973),
the most sensitive vigor test might be the one Wwinhonitors membrane degradation
as it is the first sign of seed deterioration. Hesi this at the biological level, it
involves biosynthesis of energy and metabolic caimgs such as proteins, nucleic
acids, carbohydrates, lipids, etc. which coordimatellular activity, membrane
integrity, and transportation and utilization ofeeve foods. At the germination level,
it involves speed and totality of germination, meuilsal rupture force of seedlings,
tolerance of seedlings to environmental stresstigehses resistance (AOSA, 1983).
A vigor test can be a measurement of one or motieeske events.

Hampton and Coolbear (1990) classified vigor tedtsa) single test based on

some aspects of germination behavior such as fajermination, seedling growth
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and seedling evaluation, cold tests, acceleratetdyagnd controlled deterioration, b)
physiological or biochemical test as electrical dwctivity and tetrazolium test and c)
multiple testing, such as assessments based onthaor@ne technique. AOSA (1983)
classified vigor tests into a) biochemical testhsas tetrazolium (TZ), conductivity,
respiration,glutamic acid decarboxylase activity (GADA) and Aténtent, b) stress
test such as cold test, accelerated aging, cooligation, brick test and osmotic stress
and c) seedling growth and evaluation tests suclseaslling vigor classification,
seedling growth rate, speed of germination
2.4.1 Biochemical test

2.4.1.1 Conductivity test

The conductivity test is a measurement of elegtes! leaking from
seeds. Changes in the organization of cell membraoceur during the development of
seeds prior to physiological maturity, seed desicoabefore harvest, and during
imbibition prior to germination (ISTA, 1995). As ex rehydrates during early
imbibition, the ability of its cellular membranes teorganize and repair any damage
that may have occurred will influence the extencelgctrolyte leakage from seeds.
The greater the speed with which the seeds aretable-establish their membrane
integrity the lower the electrolyte leakage. Highegor seeds are able to reorganize
their membranes more rapidly, and repair any damtma greater extend, than lower
vigor seeds. Consequently, electrolyte leakagessuned from high vigor seeds are
less than that measured from low vigor seeds. Layorvseeds have been shown
posses decreased membrane integrity as a resuktoohge deterioration and
mechanical injury.

The conductivity test has been successfully usedracommended in

corn and soybean (AOSA, 1983), pea (AOSA, 1983AlSIP95), barley (Shephard et
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al., 1989), rice (Krishnasamy and Seshu, 1990hagd (Taylor et al., 1995) and bean
(Fernandez and Johnston, 1995).

The correlations between conductivity and field egeace had been
studied among several crop seeds. Bedford (197€greed conductivity test as good
indicator for predicting field emergence in peadsgewhere as Bustamante et al.
(1984) found no significant correlation betweendwxctivity test and field emergence.
Studies on other crop seeds such as lentil, bedwcldaokpea (Fernandez and Johnston,
1995), soybean (Makkawi et al., 1999) and frencanbend mungbean (Hampton et
al., 1992) showed that conductivity test could prefield emergence significantly. In
rice, Chea (2006) observed that conductivity teas the only one seed vigor test
among several other seed vigor tests which cowddigir field emergence of rice under
different seed bed conditions.

2.4.1.2 Tetrazolium test

The tetrazolium test is commonly used to assesvitbility of seeds
and it can also be used to detect vigor differefB€xSA, 1983; ISTA, 1995). The test
evaluates the presence and location of living ésaithin the seeds through the
reaction between a solution of 2, 3, 5-triphenyatatlium chloride (TZ) with active
dehydrogenase enzymes. The TZ is reduced by enzynpsduce the red and stable
substance triphenyl tetrazolium formazan. Hences pnesence of red staining
indicates living tissue; dead tissue remains unsthiVigor is evaluated through the
appraisal of sound, weak and dead tissues as #late rto subsequent seedling
development. This test has been used and recomuohendseeds of corn, pea,
soybean, cotton, and clover (AOSA, 1983). Amari{2004) found that soybean seeds
stained with 0.1% TZ was not reduced in germinaperncentage. The stained seeds

could germinate into normal seedling properly. Heeloped the germination of TZ
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stained seed technique with very accurate and etmna@tandard patterns of TZ for
viability and vigor evaluation of soybean seeds.

2.4.1.3 Respiration activity

Seed germination and seedling growth require the af metabolic
energy acquired from respiration. This test is dase the assumption that seeds
showing high respiration rate can produce vigoraeedlings (AOSA, 1983).
Woodstock and Pollock (1965) quoted in AOSA (198%)orted that during the first
few hours of imbibition, respiration was closelyated with seedling growth rate in
beans. Woodstock (1966) quoted in AOSA (1983) geduporn seeds into high,
medium and low vigor ones by using the differermeserved in respiration rates.

2.4.1.4 Glutamic acid decarboxylase activity (GADA)

Glutamic acid decarboxylase (GADA) is an enzymdcWhwas first
observed to be activated in wheat seeds duringbitidn and later it was recognized
also as a better indicator of storability of sedusn the level of free fatty acids.
Determination of this enzyme is known as GADA t83te procedure for measuring
GADA is simple. The equipment consists of waterhbat temperature control,
manometers, a scale for measuring manometer flowhents, %2 pint jars and a small
grinder. Seeds are grinded and placed in the jtr buffered glutamic acid (Bedell,
2001). The glutamic acid decarboxylase (GADA) reawaith glumatic acid and
glutamate is converted into aminobutyric acid whigsults in released of GO
(Hampton, 1995). The amount of €€volved reflects the level of enzymatic activity.
Measurements are usually taken after 30 minut@6%t (Bedell, 2001). High vigor
seeds usually produced more amount ot @ vise versa in low vigor seeds. Grabe
(1964) quated in AOSA (1983) worked a lot in depahg the GADA test to one of

the potential values in vigor testing. He foundttGADA was highly correlated with
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seedling growth in corn.

2.4.1.5 Adenosinetriphosphate (ATP) content

The energy for biochemical reactions in livingleere stored in high
energy compounds such as ATP. ATP can be extrécesdimbibed seeds by boiling
water and measured by photometer. The ATP congediréctly proportional to seed
vigor levels. However, recent study has reported &T'P content was not correlated
in corn, cucumber, onion and radish seeds (Styal,e1980 quoted in AOSA, 1983).

2.4.2 Stresstest

2.4.2.1 Accelerated aging

Delouche and Baskin (1973) developed acceleratgohga test
procedure to measure seed storability and evalugte. The technique involved the
exposure of seeds to adverse levels of temperéti@€5°C) and 100% R.H. for
varying length of time followed by regular germiioat test. The seeds absorbed
moisture from the humid atmosphere and aged rapidéy/ to high temperature. The
basis for this test is that higher vigor seedsrédéethe high temperature-high humidity
treatment and thus retain their capability to pomiunormal seedlings in the
germination test. Accelerated aging test has beggested and recommended in
many crops such as wheat, sorghum, corn, beanseanyonion, radish and lettuce
(AOSA, 1983; ISTA, 1995). Several studies in seedfench bean (Pandey, 1989),
wheat (Bhattacharyya et al., 1985), rice (Krisnasand Seshu, 1990, Ali et al.,
2003), cotton (Basra et al., 2003), carrot (Al-Mask al., 2003)aubergine, cucumber
and melon (Demir et al., 2004), beet root (Silvaakt 2006), kale (Komba et al.,
2006), soybean (Torrest al., 2004), radish (Jain et al., 2006) have alswved that

accelerated aging test could be successfully useded vigor test.



25

2.4.2.2 Cold test

The cold test expose seeds to cold temperatuf@®€ (for 7 days) in
non-sterile field soil at approximately 60-70% odter holding capacity prior to a 4-7
day grow out period in ideal conditions (25°C). Thwoisture and temperature
provided in the cold test simulate the adverse itmmd that seeds might encounter in
an early spring planting. Besides this two stremsditions, other factors like seed
guality, genotype, pathogens and seed treatmentatsayaffect seed vigor. The cold
test attempts to measure the impact of the combafiedts of all these factors and
often represents the lowest emergence that wouldxpected from seed lots when
planted under reasonably satisfactory field coadgj while the standard germination
test represents the highest emergence potenttatabéd be expected.

When germination obtained in the cold test is velyse to that
obtained in the standard germination test, the smsdwvould be expected to emerge
well over a wide range of soil moisture and tempee (ISTA, 1995) The cold test
has been traditionally used for vigor testing aficib is also used as ability to forecast
seed performance in cotton (Bishnoi and Delouch@80L It has also been
successfully used and recommended in crops suctomms (AOSA, 1983; ISTA,
1995).

2.4.2.3 Cool germination

The cold test was too severe for cotton; therefoi@ germination test
was developed especially for cotton to provide BEmmanding yet sufficiently severe
test conditions to enable the separation of vigersam less vigorous seeds. Cotton
seeds are germinated in darkness at a constanetatuge of 18°C for seven days

since the minimal temperature for cotton seeds getion is about 15°C. Normal



26

cotton seedlings having a total length of 4 cm onger after seven days of
germination at 18°C are considered high vigor (AQ$5283).

2.4.2.4 Brick test

Also called as hiltner test, seeds are plantedasnp brick grit or sand
or flower pot and covered with 3 cm damp brick gmid germinated in darkness at
room temperature for a specific time. Seeds intettg pathogens fungi, injured or
low in vigor are unable to penetrate the brick taiters. The percentage of normal
seedling emerged is considered an indication ovitper (AOSA, 1983). The test has
been suggested and recommended for corn, whebdypaats and rye (ISTA, 1995).

2.4.2.5 Osmotic stress

When the seeds are sown in the field, they arenofiubjected to
drought stress which results in poor field emerger8uch drought condition can be
simulated in a laboratory test by using solutiomihg specific osmotic potential like
sodium chloride, glycerol, sucrose and polyethyigyeol (PEG). The rate of
germination under water stress conditions is mdykestluced; only vigorous seeds
could tolerate a more sever osmotic stress (AOS283L The test has been
successfully used in peas and sugar beet (McDoh@4$).

2.4.3 Seedling growth and evaluation tests

2.4.3.1 Seedling vigor classification

This vigor test is similar to the standard gerrioratest. The only
difference between the two tests is that normablisegs are further classified as
“strong” and “weak”. The basis for the test is thia@ “strong” and “weak” classi-
fication provides means of separating seedlings &kdeficiencies from those with
deficiencies which are symptomatic of low vigorreduced quality. The test has been

successfully used and recommended in beans, soyB&€xpA, 1983; ISTA, 1995),
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peanut and cotton (AOSA, 1983) and pea (ISTA, 1995)

2.4.3.2 Seedling growth rate

Vigorous seeds are able to efficiently synthesizev materials and
rapidly transfer new products to the emerging emihbig/ axis, resulting in increased
dry weight accumulation. The seedling growth ra&s is based on this concept and
vigor results are expressed as mg dry weight/segedieeds are germinated according
to the standard germination test but kept in thix darminator. After 7 days normal
seedlings with cotyledons or endosperms removedeea dried at 80°C for 24 hrs
and weight to determined seedling dry weight. Test thas been suggested and
recommended in corn and soybean seeds (AOSA, 1983, 1995).

2.4.3.3 Speed of germination

Speed of germination is an important vigor asjpectuse it provides a
reasonably good index of vigor. A faster germinatiate will facilitate early seedling
establishment, a clear advantage under direct samenculture (Seshu et al., 1987)
Seed lots with similar total germination often vanytheir rate of germination and
growth. Unlike in standard germination test, thenmal seedlings are evaluated on

daily basis starting from first count till the fineount and calculated as follows

Foeed of germination= —————— +.....
daysof first count daysof last count

It is found that the higher the number, the higther seed vigor. The
advantage of the speed of germination test is\hat little work is required when

compared to the standard germination test.
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2.5 Correlation between field emer gence and laboratory tests

Most definitions of seed vigor emphasize the refethip between seed vigor
test and field emergence and many studies have m#mted that this association
exists. Consequently, the ultimate value of anylsegor test would be its ability to
predict field emergence. Field emergence dependsitenaction between the seed
vigor and seed bed environment, under favorabld éenditions only the germination
in the laboratory correlates to the field emergemaethe correlations declined under
stress field conditions (Tomer and Maguire, 1990).

Venter van de et al. (1993) observed in wheat stedgpercent germination at
low temperature (9°C) had higher correlation (r 716*) with percent field
emergence than other seed vigor tests like acteteraging test (r = 0.13) and
complex stressing vigor test (r = 0.50*). Baskinagt (1993) compared standard
germination and cold test for predicting field egesrce in sorghum. They observed
that both tests showed high correlations with fieldergence under favorable soil
condition (r = 0.848** for cold test and r = 0.825br standard germination test) but
under unfavorable soil conditions the correlati@iween standard germination and
field emergence decreased (r = 0.501**), wheredd twst still showed almost the
same correlation coefficient with field emergence 0.845**). According to Lovato
et al. (2005), the cold test at 10°C for 7 days acaklerated aging test at 45°C for 72
hrs provided higher correlation ( r = 0.75* and-10.79**, respectively) where as
standard germination test poorly correlated (r 5.8) with field emergence in corn
seeds. Similar results were obtained in two expemiis by Noli et al. (2008) where
they observed highest correlation (r = 0.66** and36*) between cold test at 10°C
for 7 days and field emergence in corn seeds. Adlipeet al. (2009), cool germi-

nation test at 18°C could be used as alternatstefoe seed vigor test in corn as it
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provided high correlation (r = 0.890**) with fieldmergence and with cold test (r =
0.828**).

Bustamante et al. (1984) studied the correlatiofiedi emergence and seed
quality in pea seeds and reported that water sfres.78**), controlled deterioration
(r = 0.91**) and laboratory soil emergence (0.94%¢re the good seed vigor indices
for predicting field emergence where as condugtiffit= -0.51) failed to predict field
emergence. In contrast to this, Bedford (1974)istld2 pea varieties and concluded
that conductivity test could be a good indicatar poedicting field emergence (r =
-0.809**). Fernandez and Johnston (1995) perforimeit conductivity test in lentil,
bean and chickpea and found that bulk conductitest correlated well with field
emergence. However, Makkawi et al. (1999) did radesve any correlation between
conductivity test and field emergence in one ofthis experiments instead standard
germination provided high correlation (r = 0.8114hd r = 0.555*) in both the test
conditions with field emergence in lentil seedseixd et al. (2004), studied the
relationship between electrical conductivity and/leman seedling emergence and
recommended that under optimum field conditioneddets with up to 110 pS chg*
of EC would establish adequate field stands.

Amaritsut (2004) developed standard patterns ofdrZ/igor test in soybean.
He proposed that high vigor and medium vigor sesmtsording to TZ test would
represent field emergence percentage. It was prihatrhigh correlations were found

between the TZ vigor test results (r = 0.985**) diet emergence (r = 0.994**).

2.6 Accelerated aging as seed vigor test
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2.6.1 History

Accelerated aging as a test for seed quality vias developed by
Delouche (1965) quoted in AOSA (1983) at the seedhriology laboratory,
Mississippi State University, USA. It was initialjeveloped as a test to estimate the
longevity of seeds in warehouse storage. Subsegstemlies have verified the
accuracy of this test in predicting the life spdracumber of different seed species
under a range of storage conditions (Delouche amskiB, 1973). In 1970, Baskin
proposed using the accelerated aging test to gretind establishment of peanut and
suggested that accelerated aging test might hadéicadhl utility as a test for
predicting seed performance other than storabiliynce then other studies have
shown that accelerated aging test functions equalgll in forecasting stand
establishment of seeds of various crops.

2.6.2 Principle of accelerate aging test

The accelerated aging test functions by exposewfs to the most
important environmental conditions which influersead deterioration; high temperatures
(40 to 45°C) and high relative humidity (greateartl90%) for short periods of time
(48 hrs or longer depending on the species). Utitese extreme conditions, the rate
of deterioration is greatly enhanced (AOSA, 1983has been proposed by Delouche
and Baskin (1973) that the declined following aecatied aging is proportional to the
initial physiological potential of the seeds. Higigor seeds would show only small
decreases in germination after accelerated ageatntent while low vigor seeds
would demonstrate marked decreases. Similarly, iddle and Baskin (1973)
suggested that the germination response after eatel aging was related to the
performances of seed lots in the field under a washge of environmental conditions.

2.6.3 Seed deterioration processes after accelerated aging
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The two most important factors that influenceltfeespan of seeds are
relative humidity and temperature. The effect ddtree humidity (and its subsequent
effect on seed moisture) and temperature are higkdéydependent. Most crop seeds
lose their viability at relative humidity approaati80% and temperatures of 25 to 30°C
(Copeland and McDonald, 1995). Accelerated aging jpdhysiological stress test that
permits controlled deterioration of seeds (Begnamd Cortelazzo, 1996) due to
exposer to high temperature and high relative hityni@reater than 90%) (ISTA,
1995). Seed moisture content and high temperatilgence seed metabolism. High
relative humidity increases seed moisture, whichlte in biochemical events such as
increase hydrolytic enzyme activity, free fattydscivhere as high temperature serves
to enhance the rate at which many enzymatic andbokt reaction occurs, increases
the metabolic activity of hydrolyzed substrates andymes causing more rapid rate
of deterioration (Copeland and McDonald, 1995).

Some researchers studied the deterioration pro&iss seeds were
subjected to accelerated aging test. The deleterahianges that occur during the
process of aging have been described in detail anynoccasions The first sign of
seed deterioration was membrane degradation (Dedoand Baskin, 1973). The first
change that is believed to occur is the deteriomadif cell membranes, probably due to
oxidation of fatty acids chains within the phosppiols of the membrane (McDonald,
1999). This leads to a reduction in the integritycell membranes and the first clear
expression of deterioration, an increase in soleékage from the seeds (AOSA,
1983). Electron microscope studies have revealed disruption of sub-cellular
organization, reduced enzyme activity, decreasedhm rate and efficiency of
respiration and over all reduction in synthesignaicromolecules. Finally, before the

germination of a population begins to decline, anrease in the incidence of
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chromosome abnormalities, observed in the root dipgermination of aged seeds,
suggested damaged DNA (Powell, 2006).

Pauratsamee (2008) also revealed that in soybeedss membrane
degradation was the first sign of seed deterionaditber accelerated aging due to lipid
peroxidation. As per Perez and Arguello (1995)ebrated aging caused changes in
membrane integrity associated with seed determraith embryonic axis of peanut
resulting in leakage of vital electrolytes out bétseeds. Jain et al. (2006) found that
the protein content declined under acceleratedgagpndition in radish may be due to
either decreased rate of synthesis of proteinsnoreased degradation activity of
proteinases, or the combination of both. The dedlim the total protein content due
to impaired protein biosynthetic activity with tiggadual loss of seed viability have
also been reported in pigeon pea (Madhava Roo aldaKa, 1994); declined in
viability, vigor, lipoxygenase and acid phosphatastvity and lipid content in cotton
(Freitas et al., 2006).

2.6.4 Ben€fits

Accelerate aging test is very popular and mosiueatly used in seed
testing laboratories because it is rapid, simpleexpensive, no sophisticate
equipments are needed and it could be done by apywathout training (AOSA,
1983). Besides, seed vigor test for predictingdfieinergence it can also be used in
evaluating storage potential crop seed. Surveyseefl testing laboraties in North
America have shown that the accelerated agingdeste of the most frequently used
vigor tests (TeKrony, 1983; Ferguson, 1990 quoteA®SA (1995). The accelerated
aging method has been proved as indicator of siged v wide range of crop species

and has been successfully related to field emesgand stand establishment. AOSA
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(1983) and ISTA (1995) have recommended commonitarglfor accelerated aging

test as seed vigor test in various crops as predemttable 2.1

Table2.1 AOSA (1983) and ISTA (1995) common

recommendatiofts

conditions of accelerated aging test for vigor tastariables among crop

seeds.
AOSA (1983) ISTA (1995)
Crop

Temp (°C) Hour Temp (°C) Hour
Tall Fescue 40 72 41 72
Lettuce 40 72 41 72
Garden bean 42 72 41 72
Bean and Onion 42 72 41 72
Corn 42 96 45 72
Sweet corn - - 41 72
Sorghum 45 72 43 72
Wheat 45 48 41 72
Radish 45 48 45 48
Soybean 41 64 41 72
Onion 42 72 41 72
Tomato - - 41 72
Mungbean - - 45 96
French bean - - 45 48
Pepper - - 41 72
Cotton - - 45 72
Water melon 45 72 45 144

2.6.5 Specific accelerated aging conditions
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Although, AOSA (1983) and ISTA (1995) have recomaed common
conditions for accelerated aging test as seed \&girin various crop (table 2.2), the
recommendations are only common or general comdittmmd many seed crops are not
included. Currently, there have been the evideribas specific crop varieties or
types need specific accelerated aging conditionshf® most accurate
vigor test results.

Aging conditions either £& for 72 hrs or 48C for 72 hrs provided
better separation of wheat seed lots into vigoelethan 41C for 72 hrs as suggested
by ISTA (Modarresi et al. 2002). According to Sargicha et al. (1997), accelerated
aging at 42C for 96 hrs for corn seeds as recommended by AQ%&3) showed
only some reduction in germination and suggestatlttie aging conditions should be
at 44C for 96 hrs to evaluate vigor of hybrid corn sed@ashumid tropics. The
accelerated aging conditions of°€lfor 72 hrs internationally accepted for seed vigo
test of soybean could also separate pea seedfearedt vigor levels (Hampton et al.,
2004). Hampton et al. (1992) suggested that actel@raging at 4% for 96 hrs and
45°C for 48 hrs could separate mungbean and french seeds into different vigor
levels. Komba et al. (2006) evaluated acceleratgagatest in brassica species and
suggested that aging conditions of°@1for 72 hrs which is presently used for
Brassica naphus L. was too sever for kaleB( oleracea L. var. acephala DC) and
recommended aging conditions of’€lfor 48 hrs should be used due to its short and
suitable time. In order to find out the best acadkr aging conditions in aubergine,
cucumber and melon seeds, Demir et al. (2004) eteduseries of temperature {@0

and 48C) and time (24, 48, 72, 96, 120 and 144 hrs) coatlins and found out that
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aging conditions of 4% for 72 hrs for cucumber seeds, @5for 120 hrs for melon
seeds and 4% for 48 hrs for aubergine seeds gave best separagitween the lots.

In contrast to the above finding Torres and F{{B003) concluded that
the aging conditions of 38 or 40 for 72 and 96 hrs provided differences in
physiological quality of melon seeds. In pumpkim aaicchini seeds, aging conditions
of 41°C for 96 hrs gave the best result in evaluatingpgbeential of physiological
seed quality (Dutra and Vieira, 2006). Aging of ftex seeds over a period of 42
for 72 hrs resulted in complete loss of germinataoml failed to separate seeds into
vigor levels and greater difference in seed vigarels was observed at the aging
conditions of 42C for 48 hrs (Diederichsen and Jones-Flor, 200%rieS of
accelerated aging conditions were evaluated iri,cbggplant and tomato and the best
aging conditions as seed vigor test wergCitor 72 hrs, 4€C for 96 hrs and 4% for
48 hrs, respectively (Thakan, 2004). According & and Filho (2003), the aging
conditions of 41C for 48 and 72 hrs could be used in evaluatinggbiential of
physiological quality of onion seeds.

2.6.6 Prediction of field emergence

Various investigation relating the results of #ueelerated aging test to
field emergence among crop seeds revealed thaleaaisal aging test could predict
field emergence such as in seeds of Wheat (Tormeéiviaguire, 1990), sweet corn
(singhabumrung and Juntakol, 2004), soybean (EgliBeKrony 1995; Torres et al.,
2004), cotton (Bishnoi and Delouche 1980), wateomeglMavi and Demir 2007),
pepper (Sundstrom et al. 1986) and rice (Che&;)200

Among the three test, high correlations were olekbetween field

emergence and seedling vigor test (r = 0.983**¢etarated aging at 46 for 48 hrs
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(r = 0.714**) and standard germination test (r 698**) in wheat seeds (Tomer and
Maguire, 1990). In contrast to the above findingntér van de et al. (1993) did not
find any correlation between accelerated aging itioms of 45C for 48 hrs (r = 0.13
and r = 0.18) and field emergence in wheat seedsweet corn, accelerated aging at
41°C for 96 hrs and 4& for 72 hrs were the best filed emergence predigte
0.96**) followed by conductivity test (r = 0.95**and complex stress vigor test (r =
0.91**), respectively (Singhabumrung and Juntak@0D4). Egli and TeKrony (1995)
studied standard germination, accelerated agingtekslPC for 72 hrs and cold test in
soybean seeds for 10 years under different fieldditons and demonstrated that
soybean seed lots with germination after aging drigthan 80% or standard
germination above 95% had a high probability ofduwng adequate seedling
emergence under a relatively high variation of mmental conditions. However,
different result was obtained by Torres et al. @00vhere soybean seeds with
germination after aging (42 for 48 hrs) was above 90% showed field emergence
more than 80% ( r = 0.94**). According to BishnaidaDelouche (1980), the cold test
and accelerated aging test {€2or 144 hrs) were adequate for predicting thellewof
deterioration and field performances of cotton seelth watermelon seeds also
accelerated aging at 45 for 120-144 hrs provided highest correlation wiitkld
emergence (Mavi and Demir, 2007).

2.6.7 Prediction of seed storage

The storability of seeds in a specific environmieriargely determined

by its inheritance and pre-storage history. Inheifferences in longevity among
species and varieties are biological facts overclwisieed specialist have no control.
These differences, however, must be recognizedak®sh into account in planning for

storage. The pre-storage history of seeds howeveontrollable. Timely harvesting
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and threshing, prompt and adequate drying and wdaheindling minimize quality
losses from field exposure, high moisture contemtgd mechanical damage and
contribute to a seed history favorable for stord@@eouche et al. 1973).

Accelerated aging was first used as test to esioagevity of seeds
in warehouse storage (Delouche, 1965 quoted in AQJ®8&3)). The seeds that had a
high survival after accelerated aging stored wehljle the seeds that were severely
reduced in germination by accelerated aging detliapidly in storage (Delouche and
Baskin, 1973). Results from 6-years study involvingny lots of 16 different seed
kinds showed that germinative responses after a@ted aging were highly
correlated with responses in storage under a yaoietonditions for periods up to 3
years (Delouche and Baskin, 1973). According to tifectha et al. (1993),
accelerated aging at 44°C for 96 hrs had betteelation to the quality of corn seeds
packed in paper bags and stored for one year. &ignih mungbean Santipracha et al.
1993 (a) and 1993 (b) reported that acceleratatbagfi 43°C for 96 hrs gave the best
longevity evaluation in the humid tropics. A temgaere of 37°C caused accelerated
aging of soybean seeds and provides a satisfactodel for seed deterioration under
normal storage conditions (Likhatchev et al. 1984).

2.6.8 Restriction

Certain precaution needs to be taken to reducabibity in test results,
like initial moisture had been reported to be dadacausing variation in test results. In
using testing apparatus like sealed jar or box owkthvariations in the distance
between seeds and water surface can cause vasiativest results (Tao, 1979 quoted
in AOSA (1983). Seeds should be either treatednmreated (ISTA, 1995; AOSA,
1983). Variation in temperature and other environtaleconditions are also critical

for accelerated aging test. A 1°C difference inperature during the period of the
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standard germination test probably has little éffea the percent germination
obtained, but a 1°C difference in temperature far extended period during
accelerated aging test might have a consideralidetedin the deterioration of seeds
(Copeland and McDonald, 1995). Therefore, striccpdure needs to be followed to
avoid any variation in the result. Sufficient ewide has now accumulated to show
that repeatable results can be achieved usingaaatetl aging as seed vigor test. Only
slight modifications in temperature control, sampglee or aging time will cause
variation in final seed moisture or germination @hwill limit the acceptance of vigor
test (AOSA, 1983)

From the previous researches and suggestions ars¢hef accelerated
aging as seed vigor test in many crop seeds ardtiaet popularity of this test in rice
seed centers in Thailand, the scope of using tbelem@ted aging as vigor test in rice
should be greatly enhanced.

2.6.9 Accelerated aging conditionsfor rice seed vigor test

Few researchers have been conducteddelerated aging test as rice
seed vigor test and there are no suggested or reended accelerated aging test
variables available in the handbook on vigor tegtirom the ISTA (1995) or the
AOSA (1983). Patin and Gutormson. (2009) studiedrit® seed lots to examine
possible vigor tests for rice seeds. They evaluste@ral seed vigor tests such as sand
germination, cold germination, cool germinationcederated aging and conductivity
test in rice seeds. Based on their finding, it vwascluded that cold test and
accelerated aging test might be suitable in evialgatigor in rice seeds. Similarly,
Chea (2006) evaluated several vigor tests sucheadlisg growth rate, seedling
growth test, osmotic stress test, accelerated amidd.°C for 84 hrs and conductivity

test and their use in predicting field emergence irnice varieties (KDML105 and
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RD6) of Thailand. He observed that accelerated gagoonductivity test, seedling

growth test and standard germination test coulddsel in predicting field emergence

of rice seeds but the accuracy was strongly depende field environment and

cultural practices.

Some seed analysts and organizations have berg ascelerated

aging as seed vigor test in rice as presentecine(.2).

Table 2.2 Accelerated aging test conditions used in differese seed laboratories as

seed vigor test.

No. Aging Sour ce Reference
Condition

1 42°C, 72 hrs  Chaingmai, Rice Seed Centefingkanipa (2008)
Thailand

2 45°C, 96 hrs Nakhon Ratchasima Rice See Singkanipa (2008)
Center, Thailand

3 41°C, 72 hrs CABI Abstract, USA. Patin and Guonson

(2009)

4 41°C, 84 hrs  Khon Kaen University, Chea (2006)

Thailand

Although the rice seed centers in Thailand havenbdoing the

accelerated aging test as routine rice seed vigglr liut there is no standard aging

conditions which could predict filed emergence ¢&amipa, 2008). The accelerated

aging conditions of 41°C for 72 hrs of Mid-West &&ervice, South Dakota, America

may not be applicable in Thailand because of difiee in genetic constituents, paddy

field environment and growing techniques.



CHAPTER Il

MATERIALS AND METHODS

3.1 Experiments

Experiment . Identification of accelerated agiconditions for seed vigor
test in rice Qryza sativa L).
Experiment 1l. Verification of recommended accated aging test condition

and conductivity test as rice seed vigor tests.

3.2 Period of study

The research works of experiment | and Il wereiedrout from July 2008 to

March 2009 and April 2009, respectively.

3.3 Place of study

1) All the laboratory tests were conducted at Séechnology Laboratory,
Center for Science Equipment and Technology buld@rat Suranaree University of
Technology, Nakhon Ratchasima Province, Thailand.

2) The field emergence tests were conducted atUhersity Farm at

Suranaree University of Technology, Nakhon RatechadProvince, Thailand.

3.4 Experiment I. Identification of accelerated agig conditions for

seed vigor test in rice

The accelerated aging conditions currently pradtiégn Thailand are not
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accurate, therefore the objective of this experinveass to develop a proper testing
condition of temperature and aging period for ameged aging test as rice seed vigor
test of various recommended Thai varieties. Stahdarmination, field emergence,
several seed vigor tests and 9 accelerated aginditmms were tested and statistic
correlations with field emergence were observed.

3.4.1 Statistical design

Completely Randomized Design of 24 seed lots \8itheplications

were used in experiment |. The rice varieties usezkperiment | were 1) Khao Dawk
Mali 105 (KDML105), 2) Chai Nat 1 (CNT1), and 3) iRfanulokl (PSL1). Each
variety consisted of 8 seed lots with differentoridevels ranging from 40-80% as
determined by field emergence test. Nine accel@ratgng conditions of seeds are
presented in table 3.1. The quality of selectedl $ets were determined by standard
germination test, seedling root length, seedlingosHength, total seedling length,
seedling growth rate test, conductivity test aetbfemergence test.

3.4.2 Seed procurement

One hundred sixty four seed lots of different ricarieties were

procured from various rice seed centers and rigeareh centers in Thailand. The seed
lots were produced in the multiplication fieldsheit at research stations and contract
growers’ fields. The seeds were cleaned by oblamgesn (1.785 X 12.7 mm) and
South Dakota seed blower. The seeds were air driélte laboratory before packing
for storage. The seed moisture measured by electmoisture meter (lab model
Steinlite 900, Seedburo Equipment Company, USAyed from 10-12%. To prevent
seed deterioration, seed lots were packed in sqdésiic bags and stored in cold
storage at ® and 60% R.Huntil used in the experiments. A preliminary field

emergence test was conducted and accordingly 2#tletseof three rice varieties of
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different vigor levels ranging from 40-80% of fiekdnergence were selected for the
experiment | (table 3.1).
3.4.3 Seed testing procedures

Working sample were drawn from each seed lotstesteéd for

1) Standard germination test (SG)

2) Field emergence test (FE)

3) Five vigor tests

3.1) Seedling root length (RL)

3.2) Seedling shoot length (SL)

3.3) Total seedling length (TL)

3.4) Seedling growth rate test (SGR)
3.5) Conductivity test (CT)

4) Accelerated aging test (AA) at 9 conditionsretioned in table 3.2

The following procedures were followed for eactality test

3.4.3.1 Standard germinatiortest (SGT)

Three replications of 50 seeds were drawn from esedd lot. The
seeds were germinated by between papers (BP) math®8C and 8 hours light in
the germinator. Seedling evaluation were done @n8 10 days after incubation
following the procedure for standard germinatiost tes described in the ISTA rules
for seed testing (ISTA, 1999).

3.4.3.2 Field emergence test (FE)

Three replications of 50 seeds were planted inred@glots (19.0 m x
0.80 m) in plastic roofed house. The soil was sarldy loam. The seeds were hand
planted (50 seeds per row), in September 2008.pldts were covered with plastic

nets and rotenticide (flocoumafen; common name)apgdied in and around the plots
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to prevent bird and rat damages, respectively. glbes were watered immediately
after planting the seeds through pipe and everytideneafter. Healthy seedlings were
counted at 15 days after sowing.

3.4.3.3 Seedling root length (RL)

Between paper (BP) germination test was used. Tlemdeations of 25
seeds were germinated between germination papeeldoat 25C in the dark
germinator. Each replication consisted of threeepapwels, two below the seeds and
one covering the seeds. The seeds were place@ aetiter of the paper towels in a
straight line with the radicle end towards the tattof the towels. Once the seeds
were covered with the third towel, the paper towekre folded from both sides
towards the middle in a rectangle shape of 13 cmidth. To prevent the bending of
paper towels only 5 sets of paper towels were plagea plastic box (W x L x H =
18.5 x 27.5 x 10.0 cm), then put in a black plabtg to create dark germination. The
plastic boxes were placed in a 45° upright positioiine germinator. The seedling root
length of only normal seedlings were measured iratm days after planting. Means
of seedling root length then were calculated inpgmseedling (ISTA, 1995)

3.4.3.4 Seedling shoot length (SL)

The same samples used in the determination ofisgedlot length as
described in 3.4.3.3 were used to measure seedlmpt length. Only normal
seedlings were measured for seedling shoot lengitm. Means of seedling shoot
length then were calculated in cm per seedling

3.4.3.5 Total seedling length (TL)

Mean of total seedling length of each seed lot determined by the
accumulation of seedling root and shoot length rmeaineach seedling as demon-

strated in 3.4.3.3 and 3.4.3.4, respectively.
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3.4.3.6 Seedling growth rate test (SGR)

Three replications of 25 seeds were germinateddstvpapers at 26
in a 45° upright position in the dark germinatordascribed in 3.4.4.3. After 7 days
the seedlings were evaluated. Abnormal seedlings dead seeds were discarded.
Normal seedlings were cut free from seeds and dvied at 86C for 24 hrs. After the
drying period the seedlings were weighed to 3 datjtaces. The total weight of dry
seedlings per roll of germination paper towels wemn divided by total number of
normal seedlings. The seedling growth rate was esgad in gram per plant as
described by ISTA (1955) seed vigor testing han&boo

3.4.3.7 Conductivity test (CT)

Three replications of 25 uninjured seeds of eaeld $at were weighed
to 2 decimal places. The seeds of each replicatene placed in a 200 ml beaker and
75 ml of deionized water was added. The seeds geamdy stirred by stirring rod to
ensure that all seeds were completely immersedeardly distributed. All beakers
were covered by aluminum foil to reduce contamorati The beakers were placed at
the constant temperature of°80for 24 hours. The electrical conductivity of lbates
of each replication was measured by using condtictineter (model Consort C 831,
Cole-Parmer Instrument Company, Belgium) and cotndtic per gram of seed
weight was calculated (uS ¢git) and recorded as per the AOSA (1983) seed vigor
testing handbook.

3.4.3.8 Accelerated aging test (AA)

Three replications of 50 seeds of each seed lo¢ wkaced one layer
deep in wire mesh baskets (8 cm in diameter amah ¢éhdength including legs which
the legs are 3.5 cm in height), One hundred tweritgf water was then added to the

plastic box (10 cm in diameter and 10.5 cm in higigho prevent the dropping of
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condensed vapour from the lid into the seeds, oeeepof blotter paper of circular
shape was placed on eash basket. The lid of tisiglzox was then tightly closed and
placed into incubator at temperature and hoursesepted in table 3.2. Subsequent to
aging treatments the seeds were germinated agdbedure described in 3.4.3.1, the
standard germination test.
3.4.4 Statistical analysis
Analysis of variances were performed on the dath the Statistical

Package for Social Sciences (SPSS) version 15¢lamhd Hills, 1972). Duncan’s
multiple range test (DMRT) was used in the mean gamsons. Correlation co-
efficients between all test results were calculdtedbserve the relationships of all

tests.

3.5 Experiment Il. Verification of recommended acelerated aging

test condition and conductivity test as rice seedgor test

According to the results of experiment I, acceledahaging condition at 44°C
for 72 hrs was recommended for accelerated agisgae seed vigor test in rice.
Furthermore, conductivity test was also recommentteduse as supplement or
substitute test for rice seed vigor test. Howeviervas necessary to verify these
recommendations before making finale suggestionsortler to verify the above
recommendations as seed vigor tests in rice, hayimtons of rice seed lots and
varieties of different vigor levels must be incldd@ both recommended vigor tests
and observations of correlation coefficients withd emergence were observed.

3.5.1 Statistical design

A completely randomized design of 60 seed lotsae varieties and 3

vigor tests; field emergence, conductivity test andelerated aging condition at 44°C
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for 72 hrs, were included in experiment II.
3.5.2 Seeds procurement
From 164 seed lots procured from various rice semders and rice
research centers as mentioned in 3.4.2, 60 seedfl® rice varieties which were not
yet used in experiment | were selected for expatinhie(table 3.3). Before selection,
seed lots were tested for field emergence to iflewigor levels. The selected lots had
field emergence percentages in the range of 40-85.
3.5.3 Seed testing procedures
Working samples were drawn from each seed lotgestdd for
(1) Field emergence test
(2) Conductivity test
(3) Accelerated aging at 44°C for 72 hours
The testing procedures of these tests were the ssndescribed in
3.4.3.2, 3.4.3.7 and 3.4.3.8, respectively.
3.5.4 Statistical analysis
Analysis of variances were performed on the dath wie Statistical
Package for Social Sciences (SPSS) version 15¢glarhd Hills, 1972) Duncan’s
multiple range test (DMRT) was used in the mean mgamsons. Correlation co-
efficients between all test results were calculatedbserve the relationships of all

tests.
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Table 3.1 Twenty four seed lots of 3 rice varieties incluge@xperiment .

Production
No Lot No. Variety Seed Source Seed Class Season and
Year
1 8 CNT1 Pattani Rice Seed Center ES RS 07
2 24 CNT1 Surat Thani Rice Seed Center FS RS 08
3 34 CNT1 Khon Kaen Rice Seed Center ES DS 08
4 36 CNT1 Khon Kaen Rice Seed Center ES DS 08
5 54 CNT1 Phatthalung Rice Seed Center RS DS 08
6 71 CNT1 Phatthalung Rice Seed Center FS RS 08
7 72 CNT1 Phatthalung Rice Seed Center FS RS 08
8 85 CNT1 Nakhon Sawan Rice Seed Center RS RS 08
9 5 KDML105 Nakhon Ratchasima Rice Seed Center ES RSO0
10 46 KDML105 Chiang Mai Rice Seed Center FS RS 07
11 48 KDML105 Chiang Mai Rice Seed Center FS RS 07
12 9 KDML105 Nakhon Ratchasima Rice Seed Center FS o0RS
13 82  KDML105 Phitsanulok Rice Seed Center FS RS 08
14 88 KDML105 Nakhon Ratchasima Rice Seed Center ES 0RS
15 90 KDML105 Nakhon Ratchasima Rice Seed Center ES 0RS
16 106 KDML105 Nakhon Ratchasima Rice Seed Center ES RS 08
17 128 PSL1 Phitsanulok Rice Seed Center FS RS 08
18 129 PSL1 Phitsanulok Rice Seed Center FS RS 08
19 130 PSL1 Phitsanulok Rice Seed Center FS RS 08
20 131 PSL1 Phitsanulok Rice Seed Center FS RS 08
21 132 PSL1 Phitsanulok Rice Seed Center ES RS 08
22 133 PSL1 Phitsanulok Rice Seed Center FS RS 08
23 134 PSL1 Phitsanulok Rice Seed Center ES RS 08
24 135 PSL1 Phitsanulok Rice Seed Center ES RS 08

Table 3.2 Nine accelerated aging conditions used in experirhen
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Treatment Temperature (°C) Hour
1 42 72
2 42 96
3 42 120
4 43 72
5 43 96
6 43 120
7 44 72
8 44 96
9 44 120




Table 3.3 Sixty seed lots of 10 rice varieties included ipexment 1.

Production Season

No. Lot No. Variety Seed Source Seed Class
and Year
1 14 CNT1 Surat Thani Rice Seed Center FS DS 08
2 15 CNT1 Surat Thani Rice Seed Center FS DS 08
3 20 CNT1 Surat Thani Rice Seed Center FS DS 08
4 29 CNT1 Surat Thani Rice Seed Center FS RS 08
5 33 CNT1 Surat Thani Rice Seed Center FS RS 08
6 35 CNT1 Khon Kaen Rice Seed Center ES DS 08
7 38 CNT1 Khon Kaen Rice Seed Center ES DS 08
8 40 CNT1 Khon Kaen Rice Seed Center ES DS 08
9 53 CNT1 Phatthalung Rice Seed Center RS DS 08
10 57 CNT1 Phatthalung Rice Seed Center RS DS 08
11 65 CNT1 Phatthalung Rice Seed Center RS DS 08
12 69 CNT1 Phatthalung Rice Seed Center RS DS 08
13 70 CNT1 Phatthalung Rice Seed Center FS RS 08
14 73 CNT1 Phatthalung Rice Seed Center FS RS 08
15 75 CNT1 Phatthalung Rice Seed Center FS RS 08
16 79 CNT1 Phatthalung Rice Seed Center FS RS 08
17 83 CNT1 Nakhon Sawan Rice Seed Center RS -
18 84 CNT1 Nakhon Sawan Rice Seed Center RS -
19 86 CNT1 Nakhon Sawan Rice Seed Center RS -
20 87 CNT1 Nakhon Sawan Rice Seed Center RS -

6V



Table 3.3 Sixty seed lots of 10 rice varieties included ipexment Il. (continued)

Production Season

No. Lot No. Variety Seed Source Seed Class

and Year
21 46 KDML105 Chiang Mai Rice Seed Center FS RS 07
22 47 KDML105 Chiang Mai Rice Seed Center FS RS 07
23 82 KDML105 Phitsanulok Rice Seed Center - -
24 93 KDML105 Nakhon Ratchasima Rice Seed Center - -
25 98 KDML105 Nakhon Ratchasima Rice Seed Center - -
26 110 KDML105 Nakhon Ratchasima Rice Seed Center - -
27 114 KDML105 Nakhon Ratchasima Rice Seed Center - -
28 118 KDML105 Nakhon Ratchasima Rice Seed Center - -
29 121 KDML105 Nakhon Ratchasima Rice Seed Center - -
30 128 PSL1 Phitsanulok Rice Seed Center - -
31 129 PSL1 Phitsanulok Rice Seed Center - -
32 130 PSL1 Phitsanulok Rice Seed Center - -
33 132 PSL1 Phitsanulok Rice Seed Center - -
34 134 PSL1 Phitsanulok Rice Seed Center - -
35 44 SPT Phrae Rice Seed Center FS RS 08
36 45 SPT Phrae Rice Seed Center FS RS 08
37 80 SMP Phatthalung Rice Seed Center FS RS 07
38 81 SMP Phatthalung Rice Seed Center FS RS 07
39 49 IR6 Chiang Mai Rice Seed Center FS RS 07
40 50 IR6 Chiang Mai Rice Seed Center FS RS 07

0S



Table 3.3 Sixty seed lots of 10 rice varieties included ipexment Il. (continued)

Production Season

No. Lot No. Variety Seed Source Seed Class

and Year
41 51 IR6 Chiang Mai Rice Seed Center FS RS 08
42 52 IR15 Chiang Mai Rice Seed Center FS -
43 136 IR15 Phitsanulok Rice Seed Center FS -
44 137 IR15 Phitsanulok Rice Seed Center - -
45 138 IR15 Phitsanulok Rice Seed Center -
46 139 IR15 Phitsanulok Rice Seed Center FS -
a7 144 SPR1 Suphan Buri Rice Research Center BS 07RS
48 147 SPR1 Suphan Buri Rice Research Center BS 08DS
49 148 SPR1 Suphan Buri Rice Research Center FS 08DS
50 149 SPR1 Suphan Buri Rice Research Center FS 08DS
51 152 SPR2 Suphan Buri Rice Research Center BS 07RS
52 153 SPR2 Suphan Buri Rice Research Center BS 07RS
53 154 SPR2 Suphan Buri Rice Research Center BS 07RS
54 155 SPR2 Suphan Buri Rice Research Center BS 07RS
55 157 SPR2 Suphan Buri Rice Research Center FS 07RS
56 158 SPR2 Suphan Buri Rice Research Center FS 08DS
57 159 SPR2 Suphan Buri Rice Research Center FS 08DS
58 163 SPR3 Suphan Buri Rice Research Center FS 08DS
59 164 SPR3 Suphan Buri Rice Research Center FS 08DS
60 160 SPR3 Suphan Buri Rice Research Center FS DS 08

TS



CHAPTER IV

RESULTS

4.1 Experiment |. Identification of accelerated agqg conditions for

seed vigor test in rice.

In order to identify the accelerated aging condsidor seed vigor test in rice,
24 seed lots of 3 rice varieties of different vigewels were tested for standard
germination test, field emergence, 9 acceleratedgagonditions and several vigor
tests. The statistical differences of means wemmaxed using Duncan’s multiple
range test and correlation coefficients amonghalltests were observed.

4.1.1 Seed quality of 24 rice seed lots of 3 varietiessted by standard
germination, field emergence, 5 seed vigor testsié 9 accelerated
aging conditions.

Seed quality of 24 seed lots determined by stahdarmination, field
emergence, 5 seed vigor tests and 9 acceleratad agnditions are shown in table
4.1-4.4 and appendix table 1 and The germination percentages of 24 seed lots
ranged from 44.00 to 99.33% with average of 88.68% very highly significant
differences (p< 0.01) were observed among means of 24 seedten seeds were
planted in the field, field emergence percentadesved significant difference (p
0.05) between means of seed lots. From the resufisseed vigor tests; seedling root
length, seedling shoot length, total seedling lengieedling growth rate and
conductivity test, each test showed highly sigaific differences among its seed lot

means except seedling growth rate test which wassignificant. Each accelerated
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aging condition also showed highly significant drffnce among 24 seed lots (table
4.2 and 4.4).

According to high coefficient of variation (C.V.)f & accelerated aging
conditions (44°C, 120 hrs, 43°C, 120 hrs, 44°Ch&6and 44°C, 120 hrs) (table 4.2
and 4.4), therefore the data were transformed bgregroot method.

4.1.2 Correlation coefficients amongst standard germinabn test, field
emergence, 5 vigor tests and 9 accelerated agingnditions of 24
seed lots of rice.

Correlation coefficients of standard germinatiost,t® seed vigor tests
and 9 accelerated aging conditions of 24 seedolotge are shown in table 4.5. The
relationships among standard germination testl ®shergence, conductivity test and
accelerated aging conditions are presented indigut-4.17.

Highly significant correlation (r = 0.64**) was sbrved between
standard germination and field emergence tests.sédid vigor tests; seedling root
length (r = 0.56**), seedling shoot length (r = &%), total seedling length (r =
0.63**), seedling growth rate test (r = 0.55*) awdnductivity test (r = -0.82**)
provided highly significant correlations with fieldmergence. Correlations of 9
accelerated conditions with field emergence wese &ighly significant (r = 0.55**
to 0.78*).

Among standard germination test, 5 seed vigor t@sts9 accelerated
aging conditions, the three highest correlatiorth Weld emergence were conductivity
test (r = -0.82**) followed by accelerated agingnddion at 44°C for 72 hrs (r =
0.78**) and seedling shoot length (r = 0.75*), pestively. According to
conductivity test, seedling shoot length showedhésy correlation (r = -0.82**)

followed by accelerated aging condition at 44°C7A»ihrs (r = -0.71**).
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Negative correlations were always observed betveeenluctivity test
and standard germination test and other seed ugsts. This is because low
germination and vigor seeds give high amount dfdga of electrolytes (measured in
1S cmg?), in contrast high vigor seeds give low amounieakage of electrolytes.

Standard germination test showed highly significamtrelations with
all tests except accelerated aging test conditean$4°C for 96 and 120 hrs. Highly
significant correlation coefficients were obsendsziween standard germination test
and seedling shoot length (r = 0.93**), total seegllength (r = 0.92**), seedling root
length (r = 0.88**), and accelerated aging at 48%C72 hrs (r = 0.80**). Correlation
coefficient of standard germination test and fieltlergence test was only 0.64**
which indicated the deficiencies of standard geatiam test on vigor determination
for prediction of field emergence.

From the results of maximum correlation coefficee() of accelerated
aging condition at 44°C for 72 hrs (r = 0.78**) azwhductivity test (r = -0.82**) with
field emergence obtained in experiment |, accederaiging condition at 44°C for 72
hrs is recommended as preliminary recommendationrib® seed vigor test and
conductivity test is also recommended as alteraativ substitute test for rice seed
vigor test. Seedling shoot length seems to be gowa vigor test, but was not
included in the recommendation, as it is a timescomng and tedious test, therefore it

may not be practical as rice seed vigor test i sied laboratories.

4.2 Experiment Il. Verification of recommended acelerated aging test

condition and conductivity test as rice seed vigaests.

According to the highest correlation coefficient3 §howed among field

emergence, conductivity test and accelerated agorglition at 44°C for 72 hrs,
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therefore accelerated aging test at 44°C for 72 &msl conductivity were
recommended for rice seed vigor tests in rice. Qotdty test is rapid, simple and do
not need personal skill for result analysis, soidess accelerated aging test,
conductivity test may be used as alternative ostiuite test for rice seed vigor test.
Sixty seed lots of sixice varieties which were not used in experimemepresenting
various rice seed centers and rice research cant&€rsiland were used in experiment
Il to verify the recommendations made from the ltssof experiment .

4.2.1 Seed quality of sixty rice seed lots (10 varietiedested by field
emergence, conductivity test and accelerated agingondition at
44°C for 72 hrs.

Seed sources and quality of sixty seed lots détexmn by field
emergence, conductivity test and accelerated agpnglition are shown in table 4.6
and 4.7. Field emergence percentages ranged frd##8 885.00% with mean of 55.15
%. The field emergence showed very highly signiftcdifferences among seed lots.
Highly significant differences among sixty seed slotvere also observed in
conductivity test resultsThe germination percentages after accelerated aigisig
ranged from 0.00 to 90.66% and germination peracaefin was 51.04%. The
accelerated aging test also showed highly sigmfidéferences in seed quality among
sixty seed lots.

4.2.2 Correlation coefficients among field emergence, cahctivity tests
and accelerated aging condition at 44°C for 72 hrsf 60 seed lots of
rice (10 varieties).

Similar correlations among all tests as foundxpegiment | were also
observed in experiment Il, but the correlationexperiment Il were higher than in

experiment I. This was due to less variation amtegj results as the inclusion of
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many seed lots (60) in experiment Il. Correlatioef@icients among conductivity test,
accelerated aging at 44°C for 72 hrs and field germere of 60 seed lots of 10 rice
varieties are shown in table 4.8.

The accelerated aging at 44°C for 72 hrs showeblekigcorrelation
with field emergence (r = 0.89**) followed by coraivity test (r = -0.86**). Highly
significant correlation (r = -0.77**) was observbdtween accelerated aging at 44°C
for 72 hrs and conductivity test.

From the above findings, we can recommend thatl@ated aging at
44°C for 72 hrs and conductivity test are vigortdesf common rice varieties in
Thailand. Conductivity test can be used as alterair substitute test in rice seed

vigor.
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Table 4.1 Standard germination and vigor tests of 24 seeddb8 rice varieties, data
sorted according to varieties and minimum to maximpercentages of

standard germination test.

Vigor Test

Variety Lots SG FE RL SL TL SGR CT

(%) (%) (cm) (cm) (cm) (mg/plant)  (uS cm-g-)
CNT1 36 44.00 ht 31.33e 2.84h 0.79¢9 3.63i 0.160 b 81.98 a
CNT1 72 80.67 g 48.67 c-e 8.49¢g 3.67 e-f 12.16 g-h A6 31.36 d-g
CNT1 34 82.00 f-g 66.00 a-e 9.29fg 3.95 a-f 13.23f-h 4.125a 28.25 e-g
CNT1 71 83.33 eg 61.33 a-e 8.53¢g 3.36f 11.89 h 30B6 33.34d-e
CNT1 85 90.67 b-e 79.33 a-c 9.62 f-g 4.31 a-f 13.93 e-h5.436 a 27.76 e-g
CNT1 54 93.33 a-d 76.00 a-d 11.19 d-f 4.44 a-e 15.64 c-f 25Ba 26.76 e-g
CNT1 8 94.00 a-d 85.33 a-b 10.65 d-g 4.44 a-e 15.09 c-g 0045a 23,579
CNT1 24 94.67 a-d 86.67 a 11.02 d-f 4.78 a-d 15.81 b-f a3 23.12¢
KDML105 48 88.67 c-g 42.00 d-e 10.94 d-f 3.60 e-f 14.54 d-h 248.a-b 34.15 d-e
KDML105 46 88.67 c-g 65.33 a-e 10.79 d-f  4.09 c-f 14.88 c-h .166 a 32.97 d-f
KDML105 90 89.33 c-f 49.33 b-e 10.24 e-g 3.92 d-f 14.16 e-h 90&a 35.15d-e
KDML105 5 90.67 b-e 72.00 a-d 11.99 b-e 4.43 a-e 16.42 b-e 7593 24.56 f-g
KDML105 82 94.67 a-d 76.67 a-d 12.80 a-d 4.95 a-c 17.75 a-c 5826 27.54 eg
KDML105 106 96.00 a-c 54.67 a-e 12.38 a-e 4.94 a-c 17.32 a-d 3664 44.18 b-c
KDML105 9 98.67 a-b 84.00 a-c 14.28 a 5.23a 19.51 a 4.960 a 24.87 f-g
KDML105 88 99.33 a 80.00 a-c 13.55 a-c 5.11 a-b 18.66 a-b 33m=9 24.83 f-g
PSL1 135 83.33 eg 64.67 a-e 11.40 c-f 3.65 e-f 15.05 c-g6.645 a 44.10 b-c
PSL1 132 87.33 d-g 60.67 a-e 10.34 e-g 3.51 ef 13.86 e-h 9204a 37.28 c-d
PSL1 134 88.00 c-g 56.00 a-e 13.65 a-b 3.75 ef 17.41 a-d 55%a 48.04 b
PSL1 131 89.33 c-f 60.00 a-e 10.44 e-g 3.61e-f 14.06 e-h 08®a 38.09 c-d
PSL1 133 91.33 a-e 60.67 a-e 11.11 df  3.72e-f 14.83 c-h .9241a 36.80 c-d
PSL1 129 92.67 a-d 57.33 a-e 10.33 e-g 3.85 d-f 14.18 e-h 53%a 4752 b
PSL1 130 94.00 a-d 52.00 a-e 11.37 cf 4.13 b-f 15.51 cf 348B.a 35.16 d-e
PSL1 128 94.00 a-d 70.00 a-d 12.01 b-e 4.24 a-f 16.25 b-f 59%a 33.54 d-e
Mean 88.69 64.17 10.8 4.02 14.82 4.895 35.21
F test *ok * *k - - ns o
C.V. (%) 4.87 28.25 10.74 12.9 10.66 38.7 12.48

! = Means in the same column that followed by theesketters are not significantly different accogiin DMRT.

* ** ns = Significant difference at p < 0.05,<0.01 and non-significant, respectively.



Table 4.2 Accelerate aging test of 9 conditions of 24 seead ¢ 3 rice varieties, data sorted according teeti@s and minimum to

maximum percentages of standard germination teEable 4.1.

Accelerated Aging Condition

Variety Lots 42°C 42°C 42°C 43°C 43°C 43°C 44°C 44°C 44°C

72 hrs 96 hrs 120 hrs 72 hrs 96 hrs 120 hrs 72 hrs 96 hrs 120 hrs

(%) (%) (%) (%) (%) (%) (%) (%) (%)
CNT1 36 13.334 1.33k 0.00 f 29.33 e 11.33 g 4.00d 0.00i 0.00f 0.00 h
CNT1 72 73.33a-e 65.33b-e 42.00a-d 79.33a-c 77.33a-c 33.33b-c 27.33g-h 4.67e-f 2.00g-h
CNT1 34 44.67f 41.33g-j 20.67c-e 50.00d 58.00 c-f 58.67 a-c 56.67 b-g 38.00a-d 19.33 b-f
CNT1 71 73.33a-e 57.33c-g 28.67h-e 86.67a-b 7266a-d 54.66a-c 3500fh 12.67de 1.33g-h
CNT1 85 90.00a-b 57.33c-g 45.33a-d 86.00a-b 80.67a-c 81.33a 78.00 a-b 32.67 a-d 20.67 b-f
CNT1 54 78.00a-d 73.33a-c 70.00a 85.33a-b 86.67a-b 48.00a-c 79.33a-b 70.00a 45.33 a-b
CNT1 8 8l1.33a-c 51.33c-g 48.00a-c 90.67 a-b 66.00a-f 64.00a-c 59.00 b-f 32.67 b-d 6.00 d-h
CNT1 24 84.00a-b 82.00a-b 53.33a-b 90.67 a-b 90.00 a 84.00 a 95.33 a 65.33 a-b 62.00 a
KDML105 48 62.67d-e 31.33]j 22.00c-e 71.33b-c 47.33d-f 28.00c 21.33h-1 13334 4.00d-h
KDML105 46 85.33a-b 48.00e-j 28.00b-e 79.33a-c 43.33e-f 36.67a-c 52.00 b-g 34.67 a-d 22.67 b-d
KDML105 90 79.33a-d 50.67d-i 21.33c-e 80.00ac 7467ad 63.33ac 42.00d-h 22.00c-e 000h
KDML105 5 65.33c-e 35.33h-j 28.00b-e 64.67c-d 58.00c-f 60.00a-c 67.33a-e 38.67 a-d 26.00 b-c
KDML105 82 86.67a-b 57.33c-g 32.00b-e 92.00a 78.00a-c 79.33a 76.67 a-c 59.33 a-c 40.67 a-b
KDML105 106 72.00b-e 64.00 b-f 54.67 a-b 78.67 a-c 68.00 a-f 56.00a-c 57.33b-f 16.67 d-e 14.00 b-g
KDML105 9 82.67a-c 68.00a-d 29.33b-e 91.33a 65.33 a-f 64.00a-c 60.67 b-f 28.00a-d 17.33c-g
KDML105 88 90.67 a 84.00 a 58.00 a-b 83.33a-c 88.00a-b 48.00a-c 56.67 b-g 6.00 e-f 4.00 f-h

8G



Table 4.2 Accelerate aging test of 9 conditions of 24 seead ¢ 3 rice varieties, data sorted according teeti@s and minimum to

maximum percentages of standard germination teBable 4.1(continued)

Accelerated Aging Condition

Variety Lots 42°C 42°C 42°C 43°C 43°C 43°C 44°C 44°C 44°C
72 hrs 96 hrs 120 hrs 72 hrs 96 hrs 120 hrs 72 hrs 96 hrs 120 hrs
(%) (%) (%) (%) (%) (%) (%) (%) (%)
PSL1 135 79.33a-d 62.00cf 12.00e 77.33a-c 69.33a-e 56.00a-c 39.67e-h 29.33b-d 10.67 c-g
PSL1 132 80.00a-d 32.00i- 11.33e 80.00 a-c  42.00 f 62.00 a-c 62.33 b-f 15.33d-e 3.33e-h
PSL1 134 74.00a-e 41.33 gj 38.00a-e 74.67a-c 63.33af 64.67a-c 70.67a-d 40.00a-d 3.33 d-h
PSL1 131 74.67 a-e 45.33 fj 18.00d-e 81.33a-c 74.67a-d 50.00a-c 47.33c-h 33.33a-d 13.33b-g
PSL1 133 60.00e 41.339-j 30.67b-e 64.67c-d 58.00c-f 42.00a-c 58.00b-f 9.33 d-f 10.00 c-h
PSL1 129 84.00a-b 55.33c-g 26.00b-e 80.00a-c 72.00a-d 55.33a-c 50.00 b-h 24.00c-e 6.00c-h
PSL1 130 81.33a-c 46.67e- 30.00b-e 82.67a-c 77.33a-c 72.67a-b 62.67b-f 15.33d-e 8.67c-h
PSL 1 128 82.00a-c 56.67c-g 39.33a-d 80.00a-c 61.33b-f 45.33a-c 68.00a-e 31.33a-d 20.00 b-e
Mean 74.08 52.03 32.78 77.47 65.97 54.64 55.14 28.03 15.03
F test *k ok *k ok *k ok *k ok *k
C.V. (%) 12.2 19.2 24.57 12.6 21.16 22.22 27.98 35.55 50.77

! = Means in the same column that followed by thresketters are not significantly different accongin DMRT.
** = Significant difference at p < 0.01.

65
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Table 4.3 Standard germination and vigor tests of 24 seeddb8 rice varieties, data

sorted according to varieties and minimum to maximpercentages of

field emergence test.

Vigor Test
Variety Lots SG FE RL SL TL SGR CT
(%) (%) (cm) (cm) (cm) (mg/plant)  (uS cmig*)

CNT1 36 44.00 h* 31.33e 2.84h 0.79¢g 3.63i 0.160 b 81.98 a
CNT1 72 80.67 g 48.67 c-e 8.49¢g 3.67 e-f 12.16 g-h A6 31.36 d-g
CNT1 71 83.33 e-g 61.33 a-e 85349 3.36 f 11.89h 3886 33.34 d-e
CNT1 34 82.00 f-g 66.00 a-e 9.29 f-g 3.95 a-f 13.23 f-h 4.125a 28.25e-g
CNT1 54 93.33 a-d 76.00 a-d 11.19 d-f 4.44 a-e 15.64 c-f 25Ba 26.76 e-g
CNT1 85 90.67 b-e 79.33 a-c 9.62 f-g 4.31 a-f 13.93 e-h5.436 a 27.76 e-g
CNT1 8 94.00 a-d 85.33 a-b 10.65d-g 4.44 a-e 15.09 c-g 0045a 23.57¢g
CNT1 24 94.67 a-d 86.67 a 11.02 d-f 4.78 a-d 15.81 b-f @a3 23.12¢g
KDML105 48 88.67 c-g 42.00 d-e 10.94 d-f 3.60 e-f 14.54d-h 248.a-b 34.15 d-e
KDML105 90 89.33 c-f 49.33 b-e 10.24 e-g 3.92 d-f 14.16 e-h 908a 35.15d-e
KDML105 106 96.00 a-c 54.67 a-e 12.38 a-e 4.94 a-c 17.32 a-d 3664 44.18 b-c
KDML105 46 88.67 c-g 65.33 a-e 10.79 d-f 4.09 c-f 14.88 c-h .166 a 32.97 d-f
KDML105 5 90.67 b-e 72.00 a-d 11.99 b-e 443 a-e 16.42 b-e 759%: 24.56 f-g
KDML105 82 94.67 a-d 76.67 a-d 12.80 a-d 4.95 a-c 17.75 a-c 5826 27.54 eg
KDML105 88 99.33 a 80.00 a-c 13.55a-c 5.11 a-b 18.66 a-b 33m9 24.83 f-g
KDML105 9 98.67 a-b 84.00 a-c 14.28 a 5.23a 1951a 4960 a 24.87f-g
PSL1 130 94.00 a-d 52.00 a-e 11.37 c-f 4.13 b-f 1551 cf 34B.a 35.16 d-e
PSL 1 134 88.00 c-g 56.00 a-e 13.65 a-b 3.75 ef 17.41 a-d 55%a 48.04 b
PSL 1 129 92.67 a-d 57.33 a-e 10.33 e-g 3.85d-f 14.18 e-h 53%a 47.52 b
PSL 1 131 89.33 c-f 60.00 a-e 10.44 e-g 3.61 ef 14.06 e-h 08®a 38.09 c-d
PSL 1 132 87.33 d-g 60.67 a-e 10.34 e-g 351 ef 13.86 e-h 920a 37.28 c-d
PSL1 133 91.33 a-e 60.67 a-e 11.11 d-f 3.72 ef 14.83 c-h .9241a 36.80 c-d
PSL1 135 83.33 e.g  64.67 a-e 11.40 c-f 3.65 e-f 15.05 c-g6.645 a 44.10 b-c
PSL1 128 94.00 a-d 70.00 a-d 12.01 b-e 4.24 a-f 16.25 b-f 59%a 33.54 d-e
Mean 88.69 64.17 10.8 4.02 14.82 4.895 35.21
F test ** * *x *x >k ns -
C.V. (%) 4.87 28.25 10.74 12.9 10.66 38.7 12.48

! = Means in the same column that followed by theesketters are not significantly different accogiin DMRT.

* ** ns = Significant difference at p < 0.05,<0.01 and non-significant, respectively.



Table 4.4 Accelerate aging test of 9 conditions of 24 seead ¢ 3 rice varieties, data sorted according toeti@s and minimum to

maximum percentages of field emergence test ofeT4ld.

Accelerated Aging Condition

Vaiiety  Lots 42°C 42°C 42°C 43°C 43°C 43°C 44°C 44°C 44°C

72 hrs 96 hrs 120 hrs 72 hrs 96 hrs 120 hrs 72 hrs 96 hrs 120 hrs

(%) (%) (%) (%) (%) (%) (%) (%) (%)
CNT1 36 13334 1.33k 0.00 f 2933e 11.33g 4.00d 0.00 i 0.00 f 0.00 h
CNT1 72 7333 a-e 65.33b-e 42.00a-d 79.33a-c 77.33a-c 33.33b-c 27.33g-h 4.67ef 2.00g-h
CNT1 71 73.33a-e 57.33c-g 28.67b-e 86.67a-b 72.66a-d 54.66a-c 35.00f-h 12.67de 1.33g-h
CNT1 34 4467f  41.33g§ 2067ce 5000d 58.00cf 58.67ac 56.67b-g 38.00a-d 19.33 b-f
CNT1 54 78.00a-d 73.33a-c 70.00 a 85.33a-b 86.67a-b 48.00a-c 79.33a-b 70.00a 45.33 a-b
CNT1 85 90.00a-b 57.33c-g 4533ad 86.00ab 80.67ac 8l.33a 78.00ab 32.67ad 20.67 b-f
CNT1 8 8l.33ac 51.33c-g 48.00a-c 90.67ab 66.00af 64.00ac 59.00bf 32.67b-d 6.00d-h
CNT1 24 84.00a-b 82.00a-h 53.33ab 90.67ab 90.00a 84.00a 9533a 6533ab 62.00a
KDML105 90 79.33a-d 50.67d-i 21.33ce 80.00ac 7467ad 63.33ac 4200d-h 22.00ce 000h
KDML105 106 72.00b-e 64.00 b-f 54.67 a-b 78.67 a-c 68.00af 56.00a-c 57.33b-f 16.67d-e 14.00 b-g
KDML105 5 65.33c-e 35.33h-j 28.00b-e 64.67c-d 58.00cf 60.00ac 67.33ae 38.67ad 26.00b-c
KDML105 82 86.67a-b 57.33c-g 32.00b-e 92.00 a 78.00 a-c 79.33a 76.67 a-c 59.33 a-c  40.67 a-b
KDML105 88 90.67a 84.00a 58.00a-h 83.33ac 88.00ab 48.00ac 56.67b-g 6.00ef 4.00fh
KDML105 9 82.67ac 68.00ad 29.33b-e 91.33a 65.33af 64.00ac 60.67bf 28.00ad 17.33cg
KDML105 48 62.67d-e 31.33j 22.00ce 71.33b-c 47.33d-f 28.00c 21.33Mh 13334+ 4.00d-h
KDML105 46 85.33a-b 48.00ej 28.00b-e 79.33a-c 43.33ef 36.67ac 52.00 b-g 34.67a-d 22.67b-d
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Table 4.4 Accelerate aging test of 9 conditions of 24 seead ¢ 3 rice varieties, data sorted according toeti@s and minimum to

maximum percentages of field emergence test ofel4ld.(continued)

Accelerated Aging Condition

Variety Lots 42°C 42°C 42°C 43°C 43°C 43°C 44°C 44°C 44°C
72 hrs 96 hrs 120 hrs 72 hrs 96 hrs 120 hrs 72 hrs 96 hrs 120 hrs
(%) (%) (%) (%) (%) (%) (%) (%) (%)
PSL1 130 81.33a-c 46.67e-j 30.00b-e 82.67a-c 77.33a-c 72.67a-b 62.67b-f 1533d-e 8.67c-h
PSL1 134 74.00a-e 4133 g 38.00a-e 74.67a-c 63.33a-f 64.67a-c 70.67 a-d 40.00a-d 3.33 d-h
PSL1 129 84.00a-b 55.33c-g 26.00b-e 80.00a-c 72.00a-d 55.33a-c 50.00 b-h 24.00c-e 6.00c-h
PSL1 131 74.67 a-e 45.33 fj 18.00d-e 81.33a-c 74.67a-d 50.00a-c 47.33c-h 33.33a-d 13.33 b-g
PSL1 132 80.00a-d 32.00i-j 11.33e 80.00 a-c 42.00f 62.00 a-c 62.33 b-f 15.33d-e 3.33e-h
PSL1 133 60.00e 41.339-j 30.67b-e 64.67c-d 58.00c-f 42.00a-c 58.00b-f 9.33 d-f 10.00 c-h
PSL1 135 79.33a-d 62.00c-f 12.00e 77.33a-c 69.33a-e 56.00a-c 39.67 e-h 29.33b-d 10.67 c-g
PSL 1 128 82.00a-c 56.67c-g 39.33a-d 80.00a-c 61.33b-f 45.33a-c 68.00a-e 31.33a-d 20.00 b-e
Mean 74.08 52.03 32.78 77.47 65.97 54.64 55.14 28.03 15.03
F test *k *k *k ok ok ok *k *k *k
C.V. (%) 12.2 19.2 24.57 12.6 21.16 22.22 27.98 35.55 50.77

! = Means in the same column that followed by #iraes letters are not significantly different accogrio DMRT.

** = Significant difference at p <0.01.
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Table 4.5 Correlation coefficients (r) of standard germinatield emergence and accelerated aging testcohéitions and other seed

vigor tests of 24 seed lots of 3 rice varieties.

Accelerated Aging Condition

Test SG RL SL TL SGR CT 42C 42C 42C 43C 43C 43C 44C 44C 44C FE

72 hrs 96 hrs 120 hrs 72 hrs 96 hrs 120 hrs 72 hrs 96 hrs 120 hrs
SG 1.00  0.88*  0.93* 0.92 ** 0.73 ** 076"  0.84*  0.69*  059*  0.80* 0.70 ** 0.65 ** 0.71 ** 0.38 0.33 0.64 **
RL 1.00 0.86 ** 0.99 ** 0.80 ** -0.58 ** 0.71 ** 0.57 ** 0.45 * 0.64 ** 0.52 ** 0.54 ** 0.64 ** 0.36 0.26 0.56 **
SL 1.00 0.92 ** 0.69 ** -0.82 ** 0.77 ** 0.77 ** 0.66 ** 0.74 ** 0.71 ** 0.67 ** 0.74 ** 0.46 * 0.47 * 0.75*
TL 1.00 0.79 ** -0.66 ** 0.75 ** 0.64 ** 0.53 ** 0.69 ** 0.59 ** 0.60 ** 0.69 ** 0.40 0.33 0.63 **
SGR 1.00 -0.62 ** 0.75 ** 0.50 * 0.32 0.61 ** 0.59 ** 0.61 ** 0.65 ** 0.45 * 0.26 0.55 **
CT 1.00 -0.68 ** -0.69 ** -0.56 ** -0.68 ** -0.69 ** -0.65 ** -0.71 ** -0.48 * -0.48 * -0.82**
42°C 72 hrs 1.00 0.74 ** 0.50 * 0.94 ** 0.72 ** 0.65 ** 0.61 ** 0.34 0.26 0.61 **
42°C /96 hrs 1.00 0.74* 0.75 ** 0.86 ** 0.48 * 0.53 ** 0.37 0.44 * 0.66 **
42°C /120 hrs 1.00 0.54 ** 0.68 ** 0.32 0.60 ** 0.40 0.46 * 0.56 **
43C /72 hrs 1.00 0.74 ** 0.64 ** 0.56 ** 0.37 0.30 0.61 **
43C /96 hrs 1.00 0.65 ** 0.58 ** 0.42 * 0.39 0.55 **
43C /120 hrs 1.00 0.79 ** 0.54 ** 0.44 * 0.64 **
44°C /72 hrs 1.00 0.74 ** 0.71 ** | 0.78** |
44°C /96 hrs 1.00 0.86 ** 0.62 **
44°C /120 hrs 1.00 0.63 **
FE 1.00

*, ** = significant difference at p < 0.05 and p0<01, respectively.

€9
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Table 4.6 Field emergence, accelerate aging test &€ 4dr 72 hrs and conductivity

of 60 rice seed lots of 10 varieties, data sorteddrieties and minimum to

maximum percentages of field emergence test.

No. Variety Lot No. FE (%) CT (uS miig?) AA (%)

1 CNT1 40 22.66 w-y* 46.86 b-d 12.66 z

2 CNT1 38 26.00 v-y 39.29 c-g 12.66 z

3 CNT1 75 35.00 r-x 33.95 e-m 15.33 y-z
4 CNT1 79 41.66 o-v 32.85 e-n 34.00 u-x
5 CNT1 70 52.00 j-r 24.10 j-r 36.66 t-x
6 CNT1 35 5233 i-r 33.00 e-n 36.00 t-x
7 CNT1 15 53.33 h-q 23.30 k-r 44.00 g-w
8 CNT1 57 58.66 e-0 16.52r 78.00 a-d
9 CNT1 14 63.67 d-m 19.61 o-r 46.33 p-v
10 CNT1 73 64.33 c-m 16.74 r 70.00 b-h
11 CNT1 53 65.00 c-m 17.00r 74.66 b-e
12 CNT1 83 66.33 b-l 23.99 j-r 53.33 k-q
13 CNT1 20 67.66 a-k 21.47 m-r 51.00 m-r
14 CNT1 29 72.33 a-g 17.33 g-r 88.00 a
15 CNT1 87 74.33 a-f 28.11 g-r 80.66 a-c
16 CNT1 69 75.66 a-e 16.45r 83.00 a-b
17 CNT1 84 76.66 a-e 18.42 p-r 65.33 d-I
18 CNT1 86 81.66 a-d 18.48 p-r 82.66 a-b
19 CNT1 33 82.33 a 18.50 p-r 90.66 a
20 CNT1 65 85.00 a 16.83 r 88.66 a
21 KDML105 47 39.33 p-w 36.50 c-j 33.33 u-x
22 KDML105 118 47.33 m-t 41.06 c-f 48.66 n-t
23 KDML105 114 51.33 jr 39.43 c-g 51.00 I-r
24 KDML105 121 58.33 e-0 28.00 g-r 55.00 i-q
25 KDML105 93 65.66 c-m 28.13 g-r 54.33i-q
26 KDML105 82 69.66 a-j 21.41 m-r 73.66 b-f
27 KDML105 46 71.33 a-h 21.20 m-r 68.66 c-i
28 KDML105 110 71.66 a-h 23.04 k-r 65.66 d-k
29 KDML105 98 84.33 a-b 24.11 jr 73.66 b-f
30 PSL1 130 50.00 k-s 25.49 i-r 54.00 j-q
31 PSL1 134 54.00 g-p 22.80 k-r 50.66 m-s
32 PSL1 132 58.33 e-0 25.38 i-r 58.66 g-p
33 PSL1 128 62.00 e-n 22.57 I-r 61.33 e-0
34 PSL1 129 74.33 a-f 25.87 h-r 61.66 e-0
35 SPT 45 40.00 o-w 38.68 c-h 62.00 e-n
36 SPT 44 53.66 g-p 26.83 g-r 56.00 h-q
37 SMP 80 54.00 g-p 27.60 g-r 63.33 e-m
38 SMP 81 54.66 g-p 41.08 c-f 47.33 0-u
39 IR6 50 13.33y 62.10 a 0.00z
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Table 4.6 Field emergence, accelerate aging test &€ 4dr 72 hrs and conductivity

of 60 rice seed lots of 10 varieties, data sorteddvieties and minimum to

maximum percentages of field emergence test. (coeti)

No. Variety Lot No. FE (%) CT (uS miig?) AA (%)
40 IR6 49 40.66 o-v 42.79 b-f 37.00 s-x
41 IR6 51 49.33 k-s 35.75 c-k 58.00 g-q
42 IR15 136 34.66 r-x 38.99 c-g 0.00z
43 IR15 139 43.66 n-v 37.59 c-i 37.66 n-v
44 IR15 52 54.33 g-p 20.59 n-r 31.66 w-x
45 IR15 138 54.66 g-p 26.83 g-r 35.00 t-x
46 IR15 137 64.33 c-m 30.23 f-q 52.66 k-q
47 SPR1 144 21.66 x-y 48.23 b-c 0.00 z

48 SPR1 147 28.00 u-y 48.13 b-c 10.00 z
49 SPR1 149 66.66 b-| 27.01 gr 68.00 c-j
50 SPR1 148 73.66 a-f 21.89 I-r 66.66 d-k
51 SPR2 155 30.00 t-y 54.37 a-b 25.66 x-y
52 SPR2 154 33.00 s-x 44.57 b-e 32.66 v-x
53 SPR2 153 48.00 I-s 34.94 d-l 38.33 r-x
54 SPR2 152 54.00 g-p 25.50 i-r 46.66 p-v
55 SPR2 159 56.00 f-p 27.16 g-r 64.00 d-m
56 SPR2 157 61.66 e-n 30.56 f-p 63.33 e-m
57 SPR2 158 71.00 a-i 25.10 i-r 72.00 b-g
58 SPR3 163 35.33 g-x 42.25 c-f 26.00 x-y
59 SPR3 164 45.00 n-u 37.64 c-i 54.66 i-q
60 SPR3 160 53.33 h-q 32.45 e-0 59.66 f-p
Mean 55.15 29.94 51.04

F test *% ** *%

C.V. (%) 16.77 21.49 14.20

! = Means in the same column that followed by theesketters are not significantly difference accogdio DMRT.

** = Significant difference at p <0.01.



66

Table 4.7 Field emergence, accelerate aging test & 4dr 72 hrs and conductivity

of 60 rice seed lots of 10 varieties, data sortganimimum to maximum

percentages of field emergence test.

No. Variety Lot No. FE (%) CT (uS mig?) AA (%)

1 IR6 50 13.33y 62.10 a 0.00 z

2 IR15 136 34.66 r-x 38.99 c-g 0.00z

3 SPR1 144 21.66 x-y 48.23 b-c 0.00 z

4 SPR1 147 28.00 u-y 48.13 b-c 10.00 z

5 CNT1 40 22.66 w-y* 46.86 b-d 12.66 z

6 CNT1 38 26.00 v-y 39.29 c-g 12.66 z

7 CNT1 75 35.00 r-x 33.95 e-m 15.33 y-z
8 SPR2 155 30.00 t-y 54.37 a-b 25.66 x-y
9 SPR3 163 35.33 g-x 42.25 c-f 26.00 x-y
10 IR15 52 54.33 g-p 20.59 n-r 31.66 w-X
11 SPR2 154 33.00 s-x 44.57 b-e 32.66 v-x
12 KDML105 47 39.33 p-w 36.50 c-j 33.33 u-x
13 CNT1 79 41.66 o-v 32.85 e-n 34.00 u-x
14 IR15 138 54.66 g-p 26.83 g-r 35.00 t-x
15 CNT1 35 5233 i-r 33.00 e-n 36.00 t-x
16 CNT1 70 52.00 j-r 24.10 j-r 36.66 t-x
17 IR6 49 40.66 o-v 42.79 b-f 37.00 s-x
18 IR15 139 43.66 n-v 37.59 c-i 37.66 n-v
19 SPR2 153 48.00 I-s 34.94 d-l 38.33 r-x
20 CNT1 15 53.33 h-q 23.30 k-r 44.00 g-w
21 CNT1 14 63.67 d-m 19.61 o-r 46.33 p-v
22 SPR2 152 54.00 g-p 25.50 i-r 46.66 p-v
23 SMP 81 54.66 g-p 41.08 c-f 47.33 0-u
24 KDML105 118 47.33 m-t 41.06 c-f 48.66 n-t
25 PSL1 134 54.00 g-p 22.80 k-r 50.66 m-s
26 KDML105 114 51.33 jr 39.43 c-g 51.00 I-r
27 CNT1 20 67.66 a-k 21.47 m-r 51.00 m-r
28 IR15 137 64.33 c-m 30.23 f-q 52.66 k-q
29 CNT1 83 66.33 b-I 23.99 j-r 53.33 k-q
30 PSL1 130 50.00 k-s 25.49 i-r 54.00 j-q
31 KDML105 93 65.66 c-m 28.13 g-r 54.33i-q
32 SPR3 164 45.00 n-u 37.64 c-i 54.66 i-q
33 KDML105 121 58.33 e-0 28.00 g-r 55.00 i-q
34 SPT 44 53.66 g-p 26.83 g-r 56.00 h-q
35 IR6 51 49.33 k-s 35.75 c-k 58.00 g-q
36 PSL1 132 58.33 e-0 25.38 i-r 58.66 g-p
37 SPR3 160 53.33 h-q 32.45 e-0 59.66 f-p
38 PSL1 128 62.00 e-n 22.57 I-r 61.33 e-0
39 PSL1 129 74.33 a-f 25.87 h-r 61.66 e-0
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Table 4.7 Field emergence, accelerate aging test & 4dr 72 hrs and conductivity
of 60 rice seed lots of 10 varieties, data sortganimimum to maximum

percentages of field emergence test. (continued)

No. Variety Lot No. FE (%) CT (uS mig?) AA (%)
40 SPT 45 40.00 o-w 38.68 c-h 62.00 e-n
41 SMP 80 54.00 g-p 27.60 g-r 63.33 e-m
42 SPR2 157 61.66 e-n 30.56 f-p 63.33 e-m
43 SPR2 159 56.00 f-p 27.16 g-r 64.00 d-m
44 CNT1 84 76.66 a-e 18.42 p-r 65.33 d-I
45 KDML105 110 71.66 a-h 23.04 k-r 65.66 d-k
46 SPR1 148 73.66 a-f 21.89 I-r 66.66 d-k
47 SPR1 149 66.66 b-I 27.01 gr 68.00 c-j
48 KDML105 46 71.33 a-h 21.20 m-r 68.66 C-i
49 CNT1 73 64.33 c-m 16.74 r 70.00 b-h
50 SPR2 158 71.00 a-i 25.10 i-r 72.00 b-g
51 KDML105 82 69.66 a-j 21.41 m-r 73.66 b-f
52 KDML105 98 84.33 a-b 2411 jr 73.66 b-f
53 CNT1 53 65.00 c-m 17.00r 74.66 b-e
54 CNT1 57 58.66 e-0 16.52 r 78.00 a-d
55 CNT1 87 74.33 a-f 28.11 g-r 80.66 a-c
56 CNT1 86 81.66 a-d 18.48 p-r 82.66 a-b
57 CNT1 69 75.66 a-e 16.45r 83.00 a-b
58 CNT1 29 72.33 a-g 17.33 g-r 88.00 a
59 CNT1 65 85.00 a 16.83 r 88.66 a
60 CNT1 33 82.33 a 18.50 p-r 90.66 a
Mean 55.15 29.94 51.04

F test *% *% *%

C.V. (%) 16.77 21.49 14.2

! = Means in the same column that followed by theesketters are not significantly difference accogdio DMRT.

** = Significant difference at p < 0.01.

Table 4.8 Correlation coefficients of field emergence, cortity test and

accelerated aging tests at 44°C for 72 hrs of 66 seed lots of 10

varieties.
Test FE AA CT
FE 1.00 0.89** -0.86**
AA 1.00 -0.77**
CT 1.00

** = Significant different at p < 0.01.



CHAPTERYV

DISCUSSIONS

5.1 Deficiencies of standard ger mination test

It has been known for a long time that germinate&st has a lot of deficiencies
on vigor determination. This deficiency was alssated in this experiment. In tables
4.1 and 4.3, mean of standard germination was 88.6A9t when the seeds were
planted in the field, the mean of field emergenacrdased to 64.17%. Some
individual seed lots showed very high standard geation percentage but in actual
field conditions the seedling emergence reducedtidedly showing low seed vigor
for example seed lot no. 46 and 48 of KDML105 vgribad same standard
germination of 88.67% but in actual field conditiibrese seed lots gave different field
emergence percentages of 65.33 and 42.00%, resggctimilarly in CNT1 variety
lot no. 72 and 34 had standard germination of 8ar&¥82.00%, respectively but field
emergence percentage reduced to 48.67 and 669p@ctevely. The result justify that
standard germination can not be used to predidtd famergence and standard
germination can not be used as seed vigor detetimmia rice.

Baskin et al. (1993) studied relationship betwdandard germination test and
field emergence of sorghum under favorable and vamédble field conditions.
Standard germination percent of seed lots rangad 3% to 99% with a mean of
89.5%. Under favorable condition the field emergepercent ranged from 69% to
97% with a mean of 86.5% and highly significantretation (r = 0.825*) was

observed with standard germination test. Underwaré&ble field condition (cold wet



69

soil condition) the mean field emergence percentrebsed to 65.9% and low
correlation coefficient (r = 0.501**) was observiedtween standard germination test
and field emergence. Similarly in cotton, BishnodaDelouche (1980) observed that
only vigor tests like accelerated aging test atC4a% 144 hrs and cold test which
simulated adverse field conditions were effectivpiedicting field emergence and no
significant correlation between standard germimatiand field emergence was
observed.

However, the objectives of standard germinationt &esl vigor tests are in
different purposes. Standard germination test igensally accepted and used as seed
qguality test. The test methodology has been stdimkat so that test results are
reproducible within and among laboratories. Thermfation provided by the test, i.e.,
the germination percentage of a seed lot, is eguelkful as an index of quality in
seed trade negotiations, certification, seed cormctivities and in in-house quality
assurance and control programs. The test resutablisér the maximum plant
producing potential of seed lots and correlate equitell with emergence under
favorable field conditions. But seldom are thesaditons encountered in the field

and germination results therefore are always hitrear field emergence percentages.

5.2 Accelerated aging test

5.2.1 Designsfor the best combinations of accelerated aging conditions
We can conclude from the table 2.2 that acceléraggng condition is
basically time against temperature. When the teatpes is increased time can be
reduced and in the opposite way when the temperatudecreased time must be
increased to create the same stress conditiondpagtang these two conditions, seed

testing agencies could find a perfect match of tiamel temperature for accurate
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accelerated aging test. However, it is suggestatiating duration should not be too
long for faster test results. Very high temperagusdél also decrease testing time but
create too extreme stress which result in highatian of test results. Another very
important aspect of suitable duration of agingtést could be done during convenient
time and which would fit in routine working housss at the end of aging hours, seeds
must be tested for germination immediately. Theottatory officers should have
enough time to finish the germination test befbieeeénd of working hours.

From the information in table 2.2 it seems thatakseeds are more
tolerance to high stress conditions. Similar reaa$ obtained in this experiment also
where aging condition of 44°C for 72 hrs is suigahhd perfect combination which
could predict field emergence in rice seed as sggutr test which could fit in seed
laboratory daily work schedule.

5.2.2 Confirmations and verifications of recommendation of accelerated
aging condition

Our results showed that accelerated aging testittom at 44°C for 72
hrs could predict field emergence and could be w@wsedeed vigor test in generally
recommended common Thai rice varieties. But betbeeaging condition is being
standardized by seed agencies or rice seed cem&ifications of accelerated aging
condition needs to be done especially for new seleand specific varieties and
different rice types.

Our finding of accelerated aging at 44°C for 7R ds seed vigor test in
rice is for generally recommended common Thai W@sebut not for specific
varieties. In experiment 1, the observations ofalation coefficients between field
emergence test and 9 accelerated aging conditibnsach variety showed that

maximum correlation coefficients between field egegrce test and accelerated aging
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test were found at 44°C and 72 hrs (r = 0.93**PCldnd 96 hrs (r = 0.88**) and 45°C
and 120 hrs (r = 0.88**) in CNT1, KDML 105 and PSlespectively. When the
verification of aging at 44°C and 72 hrs was domeexperiment 2 with 10 rice
varieties, the correlation coefficient among fielshergence test and accelerated aging
of some varieties were highly significant but sooighem were non-significant with
high correlation coefficients while some of themowh very low correlation
coefficients. The correlation coefficients of fiedthergence and accelerated aging at
44°C and 72 hrs for each variety were shown aspICNT 1 = 0.91**, KDML105 =
0.93**, PSL1 = -0.15, SPT =-0.51, IR6 = 0.99, IR1®.87, SPR1 = 0.99**, SPL2 =
0.95** and SPL3 = 0.95.

Usually one rice seed center will produce only vaBeties of rice. To
be more accurate of accelerated aging results pecic rice varieties, it is
recommend that seed centers should verify thisl@@ted aging condition or conduct
experiments for new conditions. In the same manher,suggested aging condition
needs to be verified in new release varieties énftiture. For those seed agencies or
rice seed centers which deal many rice varietiesfizations of the accelerated aging
condition is also recommended.

In order to reduce works and times used in veiion processes, rice
seed centers can add accelerated aging, condydtsit and field emergence in some
routine seed testings and pool data from diffemece seed centers for statistical
analysis to determine correlation coefficients.

Currently there have been the evidences that fap@tant varieties or
types need specific accelerated aging variableth®dmost accurate vigor test results.
Komba et al., (2006) observed that aging varialiegl1°C for 72 hrs currently

suggested as seed vigor test in brassica specgetowvaever for kaleB( oleracea L.
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var acephala DC) which differentiated seeds into low vigor ordgd recommended
aging conditions of #C for 48 hrs as seed vigor test in kale due tcslisrt and
suitable time. According to Santipracha et al. {)9@ccelerated aging at 42l for 96
hrs was the best combination of time and tempezdior seed vigor test in widely
used hybrid corn in humid tropics than the agingdiions of 42C for 96 hrs and
45°C for 72 hrs for corn seeds as recommended by AQASA83) and ISTA (1995),

respectively.

5.3 Benefits and limitations of conductivity test

In this research we observed that conductivityt tesuld predict field
emergence of rice seed and could be seed as sgmdrvrice.

The integrity of cell membranes, determined byedetative biochemical
changes and/or physical disruption, can be cormidéhe fundamental cause of
differences in seed vigor which are indirectly deti@ed as electrolyte leakage during
the conductivity test (AOSA, 1983). The loss in neame integrity and the leakage of
electrolytes are the first symptoms of seed detatimn (McDonald 1999). Thus, the
measurement of electrolytes or conductivity tesbusth be most important and
effective seed vigor test as it can detect betwegim and low vigor seed at very early
seed deterioration stage.

The conductivity test offers a quick (24 hrs), alipe vigor test that can be
conducted easily on most seed testing laborataviéls minimum expenditure for
equipment and training of personnel. Physicallyref and mechanical damaged
seeds can influence the results. Initial seed m@st another source of variation in
conductivity test results. Treated seeds shoulaMo&led for conductive test.

According to advantages and disadvantages of cdivitydest as described
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above rice seed analyst should consider usingtéisisin certain cases or even use

multiple seed vigor tests to obtain maximum infotimas on rice seed vigor.

5.4 Urgent need for vigor testsin rice seed

Few researches in rice seed vigor tests have lmewhucted so far and at present
there is no specific recommended accelerated dgsigonditions or even other vigor
test in rice seeds. The followings are the repatisch show the awareness of some
researchers who think that having vigor testsaa seeds is necessary.

Bradford (1988) form Department of Vegetable Crdgsiversity of California
evaluated different rice seed lots with high geation percentages through accelerated
aging test and compared the result with field emecg. He observed that accelerated
aging test could provide additional useful inforiroatabout seedling vigor and seed
germination of 40% after accelerated aging testetated well with field emergence
but not below that.

Patin and Gutormson (2009) at Mid-West Seed Sesvire. South Dagota,
USA, reported that cold and accelerated aging besthods could discriminate
between 10 rice samples with low seed vigor anddlvaith high standard germination
percentages. From their finding, they suggestet ¢blal and accelerated aging test
could be suitable seed vigor test in rice and shdad verified with actual field
emergence.

Chea (2006) did his studies at Khon Kaen Universitigailand, which
performed tests on 2 rice varieties (KDML105 and6REb find possible seed vigor
tests which could predict field emergence. He eateld several seed vigor tests of dry
and pre-germinating seeds under dry and wet segddmaitions. He suggested that

standard germination test, accelerated aging 445€( 84 hrs) seedling growth rate
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and conductivity test could be used in predictietfdfemergence in rice seeds.

The above suggestions support our finding thatlacated aging test could be
used as an accurate seed vigor test in rice. Howenaglford (1988), and Patin and
Gutormson (2009) might not have used specific aattd aging condition because
the condition was not mentioned in their repoiristhe near future, it is anticipated
that specific recommendations of accelerated agar@bles of rice seeds should be
widely explored by several researchers.

Currently, no suggested or recommended procedoresohducting rice seed
vigor tests are available in the handbooks on vigsting from International Seed
Testing Association (ISTA, 1999) or the AssociatadrOfficial Seed Analysts (AOSA,
1983). There could be various reasons for not giawareness in conducting seed
vigor tests in rice. Probably rice seeds may haadongevity and store well for one
growing season. However, currently there could beudent need to have suitable
seed vigor tests in rice because of following reaso

Some recent recommend varieties of rice in Thdils@em to have low seed
vigor due to physiological or genetic deformiti€ermination percentages of those
varieties usually decrease immediately after ripgnperiod (Singkanipa, 2008;
personal communication). Seed vigor tests for srch varieties could provide
information to seed agencies for seed quality memesnt.

For old varieties, seed vigor tests are importartigh grain quality for export
is very important and vigorous seeds can improse production to meet high quality
standards. Besides the quality of grains the amotiroduction also increases to
meet high demand for export which more amount eflseequirements are needed.
Supply of high vigor seeds for export varietiesthe farmers will give proper plant

populations with uniform seedling emergence, taleeato adverse environmental
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conditions, uniform maturity and finally increasiniige grain yields. Therefore, by
using high vigor rice seeds, farmers can gain bisney receiving higher income from
higher yield which will minimize input costs.

Today most of the farmers practiced informal segstesn (seed villages or
self-saved seeds). They use their own seeds eeary The seeds are weak and of low
vigor due to no replacement of commercial seedsni@ny years. This could decrease
over all rice production of the country. A propered vigor test could prevent this
problem and replacement of low vigor seeds witthhigjor seeds to them from rice
seed centers in every 3-4 years could improve progluction. High amount of rice
seed requirement leads to great increase of seehligiron of rice seed centers and
thus may risk in having low seed quality in theteygs Therefore, rice seed centers
need to have efficient quality control system teuwe seed quality including seed
vigor determination.

Climate changes (global warming) also have effectseed vigor of rice, it
creates adverse climatical conditions which coufigca rice seed vigor thereby
reducing seed longetivity in ambient storage. Adoay to global warming, farmers
can not any more expect optimum conditions in tdlges of rice culture such as
seeding, planting, flowering, harvesting etc. Onigh seed vigor can help farmers to
overcome the negative effects from climatic chandgdlanting rice seed varieties
which are tolerance to aging would withstand adwefield conditions providing
healthy seedlings and optimum plant populations.

Changes in post-harvest technologies of rice seeduption create negative
effects in rice seed vigor. Rice seeds are hardedtbigh moisture content while lack
of farmer drying facilities and raw seed dryingsaed centers must be well organized.

Some seed growers use combines to harvest rice.sEadvesting by combines is
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done at high seed moisture content. Some time @mdimbines, seeds are packed in
small bags and subsequently the bags are thrown tine harvesters into the fields
waiting many hours in the sun to be transportedteimporary storage houses.
Moreover, farmers do not have drying yards for uicying so seeds must be directly
transported to seed centers for drying. Curresiyed centers have received higher
amount of high moisture raw seeds into the prongsgilants which are more

complicate in drying management and increase daskdving low vigor seeds.

5.5 Impact of test results on seed development program in Thailand

Currently, no standardized rice seed vigor testsavailable in Thailand.
Therefore, the findings of both accurate vigordpatcelerated aging test at 44°C for
72 hrs and conductivity test, recommended for viageties in Thailand could have
following useful impacts on seed development progia Thailand.

5.5.1 Decisions making for seed management and marketing

Seed companies can use vigor informations in tipe#lity assurance
program as a marketing strategy. Seed companiewicatme confidence of the client
and gain good image in seed market with the supplyood quality and high vigor
seeds.

Seed company management must make many techeigalahs in the
course of business operations. High vigor rice sean be stored well for a long time.
One of the important decisions that must be madeh eseason involves the
determination of which seed lots among those helohventory should be marketed
first and which can be safely held for carryovetthie event of a weak market or to
insure an adequate seed supply the following yealoiche and Baskin, 1973). Seed

companies can make decision on timely sale of steekls as per seed vigor levels.
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Low vigor seeds can be sold first in the marketed blending of
different vigor levels is considered as anothezrakttive for seed companies to avoid
inventory losses. Low vigor seeds can be blenddl high vigor seeds (within the
minimum germination percentages required for irdiral crop) and supply in the
market for sale. Seed manager can also decide tttheldl low vigor seeds from
processing for further quality determinations awdsideration for blending or even
consider upgrading among low vigor seeds on theshbaisseed weight by using
gravity separator. Low vigor seed could also bepBag to farmers along with seed
treatments like fungicides as preventative meadunes fungal attack and diseases, so
that seeds are still produce optimum seedlings.

Seed lot vigor information is also important foowsng seeds in
differential environmental conditions (ISTA, 1995pr example in harsh envi-
ronmental conditions (rainfed areas, early growsgason which may experience
drought, broadcasting technique is used in seedhgdwtc., a good seed quality with
high vigor seed lots should be supplied as theyvaéimstand those stress conditions
resulting into rapid, uniform and high percentagserdling emergence which would
serve well in giving good vyield. In case of goodvieonmental conditions
(transplanted rice areas, irrigated areas, goddasodi good climate) low vigor seed
lots can still be used and produce satisfactoryfation of seedlings.

Seed storage managers can use seed vigor informattheir decision
making such as rice seed lots can be arrangedrasgpe levels in the store for better
inventory management. Management can also decidéisposal of low vigor rice
seeds by various programs like sales promotiore Balsubsidized rate or use in

farmer’s demonstration plots.
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5.5.2 Seed purchasing

When vigor of rice seeds is accurately distingedstvigor levels could
be used as a pricing criteria in seed purchasidgyporhat could be a win-win
situation for seed companies. In one hand farmersa@ppy to get good price, they get
more encouraged to produce high vigor seeds and faomers may come up to take
seed production scheme. In the other hand, seegaiues can increase selling price
of high vigor seeds in the market.

5.5.3 Seed storage management

Adequate provisions for storage of seeds are anmomfeature of
successful seed production marketing programmearatgss of their geographical
location. Seeds in storage represent not only granome or company’s potential
return on substantial investments in research aweldpment, production, facilities,
operations and promotion, but also an input vidaldontinued agricultural production.
Accelerated aging test has been successfully usguedicting storage potential of
different crop species under wide range of storageditions (Delouche and Baskin,
1973). Abba and Lovota (1999) observed acceleratgdg test at 42°C for 96 hrs
could predict corn longetivity for one year undrage condition at 20°C 45% R.H..
Similar results were obtained by Basu et al. (20@dich stated that accelerated aging
test condition at 40°C for 168 hrs could prediotage potential of corn for 8 months
under ambient storage condition. Santipracha €18D3) observed accelerated aging
at 44°C for 96 hrs could be used for predictingagie potential of corn seeds packed
in paper bags for at least one year. Researchdelaated aging test for rice seed

storability should be explored.
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5.6 Ricevarietiesscreening for plant breeding program

Humid tropics climates (with high temperatures aigh relative humidity) are
conducive to rapid seed storability deterioratiofhe degree of tolerance for
accelerated aging conditions has been related d@osthvivability of the seeds in
storage (Delouche and Baskin, 1973). Acceleratethgagonditions could help
breeders determine differences in a variety’s gakno resist seed deterioration
during storage. Siddique et al. (1988) used acatgdraging test to screen different
rice varieties tolerance to aging and developeapadrscreening test that can evaluate
rice seeds tolerance for adverse environmental igons. In their studies they
evaluated 185 rice varieties (116 indicas, 39 ja@a® and 30 javanicas) which were
subjected to accelerated aging test at 43°C fa@r, 2nd 6 days. They observed that
varieties with superior tolerance for the agingdibans were found among each eco-
geographic races dbryza sativa L. (indica, japonica, and javanica), photoperiod-
sensitive and insensitive strains, upland and Iow/lgypes, salt tolerant, and tungro
virus-resistant varieties. Their results indicatieak rice varieties differ significantly in
their ability to maintain seed viability througlhtificial aging.

From our finding, plant breeders in Thailand skoakperiment the use of
accelerated aging test condition at 44°C for 72duscreen out Thai rice varieties for
aging tolerance varieties or lines which could helmleveloping improved varieties

with the potential for maintaining longer and sgenseed viability in storage.



CHAPTER VI

CONCLUSION AND RECOMMENDATION

6.1 Conclusions

1) The accelerated aging test condition at 44°C fohi&was accurate and
suitable rice seed vigor test which showed highgynificant correlation with field
emergence.

2) Conductivity test can be used as substitute orratere seed vigor test in
rice as it also showed highly significant corradatiwith field emergence and
accelerated aging test at 44°C for 72 hrs.

3) Seedling shoot length could also be a good rice segor test as it also
significantly correlated with field emergence butsi not recommended as it is very

time consuming method.

6.2 Recommendations

1) Accelerated aging conditions at 44°C and 72isirecommended as vigor
test in rice seeds for common Thai cultivars. Hosvevollowing points need to be
taken into consideration before the aging conditsostandardized.

1.1) Seed agency needs to verify this recommeadedlerated aging
test condition for general Thai rice varieties.

1.2) For the most accurate aging test conditionsspecific varieties,
new release cultivars or eco-geographic racescef the accelerated aging test at 44°C

for 72 hrs needs to be verified and re-tested.
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2) The conductivity test can be used as substitutccelerated aging test or
alternative test for rice seed vigor test.
3) Future researches need to be done on suitabildgcelerated aging test and

conductivity test to predict storage potentialioérseeds.
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Appendix Table1l Standard germination, field emergence and accelerated aging test of 9 conditions and other seed vigor tests of 24

seed lots of 3 rice varieties, data sorted according to varieties and minimum to maximum percentages of standard

germination test.
Vigor Test Accelerated Aging Condition
Varety Los OF FE RL SL TL SGR CT 42°C 42°C 42°C 43°C 43°C 43°C 44°C 44°C 44°C
(%) (%) (cm) {erm) (emm) (mg/plant) (pS em™g™) 72 hrs 96 hrs 120 hrs 72 hrs 96 hrs 120 hrs 72 hrs 96 hrs 120 hrs
(%) (%) (%) (%) (%) (%] (%) (%) (%)
CNTI 36 44.00 k' 31.33¢ 284h  079g 3.631 0.16 81.98a 13.33 ¢ 133k 0.00f  2933¢  1133g 4004 0 0001 00DF 0.00h
CNT1 72 80.67¢p 48.67ce 849 3.67ef 1216gh 4467 3136dg  73.332e 65.33be 42.00ad 7933ac 77.33ac 33.33bc 27.33gh 467ef  2.00gh
CNT1 34 82.00fp 6600ae 929fg 3.95af 13.23fh 4125 28.25eg 44.67f  41.33gj 2067ce S50.00d  58.00cf 58.67ac 56.67bg 38.00ad 19.33bf
CNT1 71 8333ey 6133ae  B53g 3361 11.89h 3086 3334de  7333ae 5733cyg 2867be B6.67ab 72.66ad S466ac 35.00fh 1267de 133gh
CNT1 85 90.67b-e 7933ac  9.62fg 431af 13.93eh 5436 27.76eg 90.00a-b 57.33cg 45.33a-d 86.00ab 80.67ac 81.33a  7R00ab 32.67ad 20.67bf
CNT1 54 9333ad 76.00ad 1119df 444ae 156d4cf 5257 2676ey 78.00ad 7333ac 70002 8533ab B86.67ab 4800ac 7933ab 7000a  4533ab
CNT1 8 M.00ad 8533ab 10.65dg 444ae 15.0%cg 5004 23.57g 81.33ac S51.33cg 48.00ac 90.67ab 66.00af 64.00ac 59.00bf 32.67bd 6.00d4h
CNT1 24 94.67ad 86672 11.02df 478ad 1581bf 443 93.12g 84.00ab 82.00zb 5333ab 9067ab 90.00a  B4.00a 95332  4533ab 62.00a
KDML 48 88.67cg 42.00de 10.944Ff 3.60ef 14.54dh 3246 3415de 62.67de 31.33] 22.00ce 71.33be 47.33df 28.00c  21.33hi  13.333df 4.004h
KDML 46 88.67cg 6533a-c 1079df 4.09cf 14.88ch 5166 32.97df 85.33a-b 48.00ci 28.00b-c 79.33ac 43.33ef 36.67a-c S52.00b-g 34.67ad 22.67b-d
KDML 90 89.33cf 4933be 10.2eg 3.02df I1416eh 4908 3515de  79.33ad S50.67d4 21.33ce B80.00ac 7467ad 63.33ac 42.004h 22.00ce 0.00h
KDML 5 90.67b-e 72.00a-d 11.99b-c 443ac 1642be 5759 24.56fg 65.33ce 35.33h 28.00b-c 64.67cd 58.00cf 60.00a-c 67.33ae 38.67ad 26.00b-c
KDML 82 94.67ad 76.67ad 12.80a-d 4.95ac 17.75ac 6582 27.54eq 86.67ab 57.33cg 32.00be 92002  78.00ac 79.33a 76.67ac 59.33ac 40.67ab
KDML 106 96.00a-c S4.67ac 12.38ae 49%ac 17.32ad 4366 44.18bc  7200be 64.00bf 5467ab 78.67ac 68.00af 56.00ac S7.33bf 16.67de 14.00bg
KDML 9 9367ab B400azc 14.28a 5.23a 19.51a 496 2487fg 82.67ac 68.00ad 2933be 01332  6533af 64.00ac GO67bf 2800ad 17.33cy
KDML 88 99.33a  80.00ac 13.55a-c S1lab 1866ab 5933 24.83fg 90.67a  34.00a  S$3.00a-b 83.33ac 88.00ab 48.00a-c S56.67b-g 600ef 4.00fh
PSL1 135 8333eg 64.67ae 1140cf 3.65ef 1505cqg 6645 44.10bc  7933ad 62.00cf 12.00e  7733ac 69.33ae 5600ac 39.67eh 2933bd 10.67cy
PSL1 132 87.33dg 60.67ae 103eg 3.5lef 13.86eh 492 37.28cd 80.00ad 32.00ij 11.33e¢  80.00ac 42.00f 62.00ac 6233bf 1533de 3.33eh
PSL1 134 88.00cg S6.00ae 13.65ab 3.75ef 1741ad 6555 48.04b T400ae 41335 3800ae 7T46Tac 6333af 6467ac 70.67ad 4000ad 333dh
PSL1 131 89.33c¢cf 60.00ae 1044eg 3.6lef 14.06eh 6.08 38.0%cd  T4.67ae 4533f) 18.00de B8133ac TAh67ad S50.00ac 47.33ch 33.33ad 13.33bg
PSL1 133 91.33a-c 60.67a-c 1L11d-f 3.72¢f 14.83ch 4924 36.30cd 60.00e 4133 g4 30.67b-c 64.67cd S58.00cf 42.00a-c S58.00bf  9.33df 10.00ch
PSLI 129 92.67ad 57.33ae 1033eg 3.85df 14.18eh 4530 47.52b 84.00ab 55.33cg 26.00be B80.00zc 72.00ad 5533ac S50.00bh 24.00ce 6.00ch
PSL1 130 94.00a-d S2.00a-c 11.37cf 4.13bf 1551cf 5348 35.16d< 81.33a-c 46.67ci 30.00b-c 82.67ac 77.33ac 72.67ab 6L67bf 1533de Q.67ch
PSL1 128 94.00ad 70.00ad 12.0lbe 424af 16.25bFf 5593 33.54de 82.00ac 56.67cg 39.33ad B80.00ac 6133bf 4533ac 68.00ae 31.33ad 20.00be
Mean 88.69 64.17 10.8 4.02 14.82 4.895 35.21 74.08 52.03 32.78 77.47 65.97 54.64 55.14 28.03 15.03
F test e £ e £ s s £t e Wi e EE e e e B s
CV. (%) 4.87 28.25 10.74 12.9 10.66 387 12.48 12.2 19.2 24571 12.6 21.16 22222 27.98 35.557 5077 4

1= Meansin the same column that followed by the same letters are not significantly different according to DMRT.
*, ** ns= Significant difference at p < 0.05, p < 0.01 and non-significant, respectively.
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Appendix Table2 Standard germination, field emergence and accelerated aging test of 9 conditions and other seed vigor tests of 24

seed lots of 3 rice varieties, data sorted according to varieties and minimum to maximum percentages of field

emergence test.
Vigor Test Accelerated Aging Condition
Vit o SG FE RL SL TL SGR CT 42°C 42°C 2°C 43°C 43°C 43°C 4°c 44°C H“4°C
(%) (%) {cm) {cm) {cm) {mg/plant) (pScmlg?) 72 hrs 96 hrs 120 hrs T2hrs 96 hrs 120 hrs T2hrs 96 hrs 120 hrs
(%) (%) (%) (%) (%) (%} (%) (%) (%)

CNTL 36 4400 k' 3133e 280 0T9g 3.631 018  8loga 1333 g 133k o00f 2033e  1133g 1004 0.001 0.00f 0.00h
CNTIL T2 8067g  4B6Tc-e  B40g  36Tef 1216gh 4467 3136dg 73332 6533be 4200a-d 7933ac T733ac 333Ibc 2733gh  467ef 200gh
CNTIL 71 8333eg 6l33a-e  BS53g 3361 11890 3.006  33.34 de 7333a-e 5733cg 2867be 8667ab 7266ad S466ac 35.00fh 1267de 133gh
CNTIL 34 BL00fg 6600ae 920fg 395af 1323fh 4125 2825eg 46T 4133gj 2067c-e 5000d  5800ct SB6Tac 5667bg 3800ad 1933bf
CNTIL 54 0333ad 7600ad 1L10df 444ae 1568dcf 5257 2676eg 7800a-d T7333ac 7000a  8533ab 8667ab 4800ac T933ab 7T000a  4533ab
CNTL 85 9067be 7933ac  9.62fg 43laf 1303eh 5436 2776eg 9000a-b 5733cg 4533ad B600ab B06Tac B8l33a  7800ab 3267ad 2067bf
CNTIL § 0400ad 8533ab l065dg 44dae 1509cg 5004 2357g 8l33ac 5133cg 4800ac O067ab 6600af 6400ac 5900b4 3267bd  6.00dh
CNTIL 24 9467ad 8667a  11.02df 478ad 1581 bf 443 2312 #00ab B8200ab 5333ab O067ab 00002  B400a 95332  6533ab 62002
KDML 48 8867cg 4200de 1084 df 360ef 1434 dh 3246 3415 de 6267de 3133]  2200ce 7L33bec 473344 2800c  2133h4 1333344 4.00dh
KDML o0 8933cf 4933be 102deg 3Wdf  1416eh 4908 3515 de 7933a-d 5067d4 2133c-e 8000ac T46Tad 6333ac 4200dh 2200ce 0.00h
KDML 106 96.00ac S5467a-e 1238ae 4¥ac 1732ad 4366 4418 bc T200be 6400b4 S467ab T86Tac 6800af S600ac S5TA3bE 1667 de 1400bg
KDML 46 8867cg 6533a-e 1079df 400ef 148 ch 5166  32.97 df 8533a-b 4800ej 2800be 7933ac 4333ef 3667Tac 9200bg 3467Tad 267bd
KDML 5 9067be 7200ad 1199be d43ae  1642be 5758 24561 6333c-e 3533hi 2800be 64.67cd 5800cH 6000ac 6733a-e 3867ad 2600b<
KDML 82 0467ad T667ad 1280ad 495ac 1775 ac 6582 275 eg 86.57ab 5733cg 3200be 02002  78ODac 7933a  T66Tac 5933 ac 4067ab
KDML 88 09332  B000ac 1355ac Sllab 1866ab 5033 2483 fg 90672 84002  5800ab B8333ac 8800ab 4800ac 3667bg  6.00ef 4.00fh
KDML 9 0867ab B00ac 14282 523a 195l a 496 2487 fg 8267ac 6800ad 2033be 01332  6533af 6400ac 6067bf 2800ad 1733cg
PSLl 130 94.00ad 5200a-e 1137t 413bf 155l cf 5348 3516 de 8l33ac 4667ef 3000be B8267ac T733ac 7267Tab 6267bf 1533de 867ch
PSLL 134 8800cg S5600a-e 1365ab 375ef 1741ad 6.555 480D TAD0a-e 4133g] 3800a-e T46Tac 6333af 646Tac T067ad 4000ad 333dd
PSLl 126 9267ad 5733a-e 1033eg 385df 1418eh 4539 4752b #M00ab 5533cg 2600be B8000ac 7200ad 5533ac A000bh 2400ce  600ch
PSLl 132 8733 d-g 6067a-e 103deg 35lef 1385 eh 492 3728cd 80.00a-d 320014 1l33e  80O0ac 4200f  6200ac 6233b4 1533de  333eh
PSLl 133 0l33ae 6067a-e 1lL1l1df 372ef 148ich 404  3680cd 60.00e  4133gi 3067be 6467cd SBO0cE 4200ac 58004 933 df  1000ch
PeLl 135 8333 eg 6467a-e lldDcf 365ef  15.05cg 6.645  44.10b< 79332-d 62.00cf 1200e  7733ac 6933ae AG600ac 3967eh 2033bd  106Tcg
PSLl 128 0400ad 7000a-d 12.01b-e 424af 1625bf 5503 33.54 d-e 82.00a-c 5667cg 3933ad B8000ac 6l33bf 4533ac 6BO0ae 3133ad 2000be
PSLl 131 8933cf 6000a-e 104deg 36lef 1406eh 608 38.09cd TA6Ta-e 453314 1800de 8l33ac 7467ad 5000ac 4733ch 3333 ad 1333bg
Mean 88.69 6d.17 10.8 4.02 14.82 4.895 35.21 74.08 52,03 3278 77.47 65.97 54.64 55.14 28.03 15.03
F test L2 Ed L2 £ £ s 0 £ L0 E 0 L2 e X £ 0 £
V. (%) 487 28235 10.74 129 10.66 387 1248 122 19.2 24571 126 2116 22222 2798 35557 50774

1= Meansin the same column that followed by the same letters are not significantly different according to DMRT.
*, ** ns= Significant difference at p < 0.05, p < 0.01 and non-significant, respectively.
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Appendix Table3 Mean sguares of standard germination, field emergence and other seed vigor tests of 24 seed lots of 3 rice varieties.

Source of variation df SG FE RL SL TL SGR CT
Treatment 23 344.52%* 607.33* 15.21** 2.29%* 27.63** 5.59 ns 462.98**
Error 48 18.61 328.61 135 0.27 2.50 3.59 19.33
Totd 71 36.13 935.94 15.56 2.56 30.13 9.18 482.31
C.V. (%) 4.87 28.25 10.74 12.90 10.66 38.57 12.48

*, %% ns= Significant difference at p < 0.05, p < 0.01 and non-significant, respectively.

Appendix Table4 Mean squares of accelerate aging test of 9 conditions of 24 seed lots of 3 rice varieties.

Accelerate Aging Condition
Source of Variation df 42°C 42 °C 42 °C 43°C 43°C 43°C 44°C 44°C 44°C
72hrs 9% hrs 120 hrs 72hrs 96 hrs 120 hrs 72hrs 96 hrs 120 hrs

Treatment 23 828.85** 949.50** 805.99** 590.37** 912.64** 961.45** | 1,276.29 1,009.45** 732.87**
Error 48 81.67 99.44 227.89 94.78 194.78 397.94 238.00 258.22 136.33
Total 71 906.85 1,048.94 1,033.88 685.15 1,107.42 1,359.39 1,514.29 1,267.67 869.20
C.V. (%) 12.20 19.20 24.57 12.60 21.16 22.22 27.98 35.55 50.77

** = Significant difference at p < 0.01.
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Appendix Table5 Mean squares of accelerate aging, standard germination, field emergence and accelerate aging at 44 °C for 72 hrs of

60 rice seed lots of 10 rice varieties.

Source of variation df FE CT AA
Treatment 23 837.03** 321.16** 1,542.52**
Error 48 85.58 41.42 52.68
Total 71 922.61 362.58 1,595.20
C.V. (%) 16.77 21.49 14.20

** = Significant difference at p < 0.01.
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Appendix Figurel Relationship between standard germination (SG) and field
emergence (FE) of 24 seed lots of 3 rice varieties arranged from
minimum to maximum field emergence percentages as shown

by histogram and linear graphs.
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Appendix Figure2 Relationship between accelerate aging (AA) at 42° C for 72 hrs
and field emergence (FE) of 24 seed lots of 3 rice varieties
arranged from minimum to maximum field emergence

percentages as shown by histogram and linear graphs.
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Appendix Figure 3

Relationship between accelerate aging (AA) at 42° C for 96 hrs
and field emergence (FE) of 24 seed lots of 3 rice varieties
arranged from minimum to maximum field emergence

percentages as shown by histogram and linear graphs.
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Appendix Figure 4
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Relationship between accelerate aging (AA) at 42° C for 120 hrs
and field emergence (FE) of 24 seed lots of 3 rice varieties
arranged from minimum to maximum field emergence

percentages as shown by histogram and linear graphs.
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Appendix Figure5 Relationship between accelerate aging (AA) at 43°C for 72 hrs
and field emergence (FE) of 24 seed lots of 3 rice varieties
arranged from minimum to maximum field emergence

percentages as shown by histogram and linear graphs.
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Appendix Figure6 Relationship between accelerate aging (AA) at 43° C for 96 hrs
and field emergence (FE) of 24 seed lots of 3 rice varieties
arranged from minimum to maximum field emergence

percentages as shown by histogram and linear graphs.



109

100

8

=T — FE

| —— AA(43°C, 120 hrg)

8
\

et

\

FE
B AA (43°C, 120 hrs)

/
| r=0.64**
20
0] ‘FHEHEHE T HEREEEELEL
OI

Seed lots

Percent
g 8

!

L
\

8 8
|

Appendix Figure7 Relationship between accelerate aging (AA) at 43° C for 120 hrs
and field emergence (FE) of 24 seed lots of 3 rice varieties
arranged from minimum to maximum field emergence

percentages as shown by histogram and linear graphs.
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Appendix Figure8 Relationship between accelerate aging (AA) at 44° C for 72 hrs
and field emergence (FE) of 24 seed lots of 3 rice varieties
arranged from minimum to maximum field emergence

percentages as shown by histogram and linear graphs.
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Appendix Figure9 Relationship between accelerate aging (AA) at 44° C for 96 hrs
and field emergence (FE) of 24 seed lots of 3rice varieties
arranged from minimum to maximum field emergence

percentages as shown by histogram and linear graphs.
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Appendix Figure 10 Relationship between accelerate aging (AA) at 44° C for 120 hrs

and field emergence (FE) of 24 seed lots of 3 rice varieties
arranged from minimum to maximum field emergence

percentages.
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Appendix Figure 11 Relationship among accelerate aging (AA) at 44°C for 72 hrs,
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conductivity (CT) and field emergence (FE) of 24 seed lots of 3
rice varieties arranged from minimum to maximum field

emergence percentages.
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Appendix Figure 12 Relationship between conductivity test (CT) and field

emergence (FE) of 24 seed lots of 3 rice varieties arranged from
minimum to maximum field emergence percentages as shown

by histogram and linear graphs.
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Appendix Figure 13 Relationship between conductivity test (CT) and accelerate
aging (AA) at 44°C 72 hrs of 24 seed lots of 3 rice varieties
arranged from minimum to maximum field emergence

percentages as shown by histogram and linear graphs.
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Appendix Figure 14 Relationship among accelerate aging (AA) at 44°C for 72 hrs,
conductivity (CT) and field emergence (FE) of 60 seed |ots of
10 rice varieties arranged from minimum to maximum field

emergence.
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Appendix Figure 15 Relationship between accelerate aging (AA) at 44°C for 72 hrs
and field emergence (FE) of 60 seed lots of 10 rice varieties

arranged from minimum to maximum field emergence

percentages.
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Appendix Figure 16 Relationship between conductivity (CT) at 44°C for 72 hrs and
field emergence (FE) of 60 seed lots of 10 rice varieties
arranged from minimum to maximum field emergence

percentages as shown by histogram and linear graphs.
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Appendix Figure 17 Relationship between conductivity (CT) at 44°C 72 hrs and

accelerate aging (AA) of 60 seed lots of 10 rice varieties
arranged from minimum to maximum field emergence

percentages as shown by histogram and linear graphs.



BIOGRAPHY

Mr. Suraj Chhetri was born on January"1I974 in Samtse province, Bhutan.
He received Bachelor degree in Agriculture in 1989n College of Agriculture,
Maharashtra, India. After graduation he was empmloye Druk Seed Corporation
(Government Undertaking), under Ministry of Agrituke.

Since 1999, he has successfully served Druk Semgo@tion in various
capacities. Till 2003, he served as regional manageponsible for temperate
vegetable seed production and marketing. In 20@4wbrked as general manager
RSG (Registered Seed Grower) scheme, coordinaged groduction all over the
country through registered grower’s seed villageeste. He also worked as general
sale manager and prior to his study; he was wgrk field crop seed coordinator

responsible for seed production and marketingedd fcrops.



