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Abstract:

The present study was conducted at Genetics Depatitrilazara University Garden Campus and during
2008-09 as a part of PhD study. Seed dormancy imggakermination tests of 2 wild speciesi.@.,
longistaminata and O. rufipogoand 3 local cultivated rice varieties/ germplase, Bwat-1, F. Malakand
and JP-5 were conducted under different treatments. Hudleelds were exposed to: constant temperatures of
28 degree celsius to 38 degree celsius & rooméeatypre (25#1 degree celsius); and alternating eestyres

of 40/30 degree celsius to 45/35 degree celdihdurs/12 hours) and at a room temperature(2gted
celsius). Third treatment ,intact seeds were exptsary heat at 50 degree celsius for 7 and 14 tiajore
germination of hulled and intact seeds under theirmam temperature for each wild species determirad
treatments 1 - 2 species that showed minimum % gdrmination , various chemical treatment, for
germination of intact seeds in 0.001M potassiumatét presoaking the seeds for 24 or 48 hour@.ingr 0.2

M Nitric acid , | M Hydrogen peroxide , 1000 ppmbBerellic acid (GA) and in-combination of 0.1 M HNO,
and 1 M H 0.2 MHNQO, 0.2 M HNG; and 1 MH,O,were conducted . It was observed that: removiief
seed hull is extremely effective for breaking seldmancy while species respond differently to vasio
constant / alternating temperatures and heat ggn@ramotes germination of the species that redptm
certain constant and alternating temperature butarsistent differences observed in seed germimaifo
most species between heat treatments at 50 degtgiascfor 7 or 14 day<O rufipogonand Swat-1both
respond to certain chemical treatments effectivelger the optimum temperature regimes. An apprtpria
combination of seed hull removal, dry heat or cluaintreatments, and germination under the optimum
temperature regimes individual species provides#st results for braking seed dormancy of riceisge
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Introduction

Rice is one of the agronomically and nutritionahyportant cereal crops and is the second princtaple
food after wheat in Pakistan. Pakistan growing av#éh an average production of 5.156 million toneth a
mean yield of 2.056 T Ha[3]. There is a remarkably rich diversity in cudited rice; however, a series of
biotic and abiotic stresses continue to limit itequctivity. Thus there is an urgent need to idgrdiverse
sources of genes for tolerance to various stremsgs$o broaden the rice gene pool. Wild specig3rgzaare

an important reservoir of useful genes and canxp®ied both to broaden the existing narrow genbtise
and to enrich the existing varieties with desirgdbaomically important traits. Wild rice related ¢altivated
rice, Oryza sativahas been recognized as an important constituegmyrrice genetic resource conservation
program.

About 22 wild rice species have been reported friamious parts of the world and they belong to
different genomic groups [1]. Accordingly. sativa O. nivara, O. rufipogorand O. glaberrimabelong to
genomic group AA an@®. eichingeriandO. rhizomatisbelong to genomic group CC. Species of the genus
Oryza are distributed throughout tropical and subtropregions of the world. Some of these species are
diploid with 2n = 24, while others, with 2n = 48eaetraploid. The genu8ryzacomprises two cultivated rice
speciesOryza sativaandO. glaberrima and about 20 wild species. The common cultivaieelO. sativais
grown all over the world whil®. glaberrimais limited to West Africa.
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A seed represents the end of flowering procesdtamtbeginning of a new plant in miniature means,
for dispersal, survival, renewal and germinatiorhe Tseed germinate even if required condition for
germination viz HO or G available renders than dormant [15] Rapid and dgelimination of seeds is an
essential firs step towards effective utilizatidrrioe germplasm. However, seed dormancy - a camdthat
temporarily suspends visible growth of meristenoi® of the factors that hamper germination. In megtu
dormancy can be an advantage for some species dee@arenders resistance to pre-harvest sproutidg a
prevents germination until favorable conditions [ideint development prevail [8] However, it is pretolatic
when utilizing rice species in research and brepd@ontinued improvement of rice varieties reliestbe
evaluation and utilization of germplasm in the rgne pool for agronomically important traits.

Variation in seed dormancy has been reported feréifit varieties oD. satival5; 23; 1; 25; 24], and
several studies have been undertaken to breakdeesthncy of cultivated rice [21 ; 26 ; 10 ;31]. Hower,
information on dormancy and dormancy breaking ituwpecies of rice is rather limited, a previousearch
[28; 7; 6; 8] and it was noted that in general,dnM@ryza species possess stronger seed dormancy than
cultivated rice varieties. While reported by [30ht seed were soaked in tap water for 24 hoursegrdive
best treatment for early emergence and seed brgeakirmancy in tea seed after sun drying for 24hbyt
further reported that the use 0§3ty damaged the embryo of the seed completely.

The objectives of this study were to evaluate twenéncy of wildOryzaspecies and local cultivated
varieties of rice , their response to different dancy-breaking treatments, by removal of seed hull,
germination under different constant and alterigaté@mperature , heat treatment of seeds, and oki&mical,
with most appropriate dormancy-breaking procedarefch species of rice.

Materials and methods

Seeds of both the wild speci€s longistaminata and O. rufipogoand local cultivated ric&wat-1, F.
Malakand and JP-5(Table I) were collected from gene bank of PGRARC (PARC) Islamabad .The dried
seeds were subsequently stored at 2°C and 40% Rid imctive collection storage vault of the genekhantil
needed. Thereafter, seed samples were alloweduibbegte at room temperature (25 + | degree celsind
68-80 % RH) for 7 days before being subjected tondmcy-breaking treatments.

Viability of rice seed, dormancy determination aygmination

Tetrazolium tests [3] were conducted to estimatd saability for all the rice species and cultivéitace
before proceeding with dormancy-breaking treatmefgh hulled seeds (i.e., with the hull removeanfr
each species were preconditioned by soaking illelistvater at 28 degree celsius for 3 hours , et
dissected longitudinally and medially through tingbeyo were soaked in 1% tetrazolium solution foour at
4°C in the dark, and then washed several times dighlled water to remove excess solution. Seeds w
considered viable when the embryo was completainatl, or when the only extremities of the scutellu
and/or the tip of the radicle remained unstainegddormancy was determined by germination of irseeds

in normal size of Petri dishes 3 lined with filteaper and moistened with distilled water, in geation
chambers at 31°C constant temperature, 99% RH 2iburs light. Germination was monitored daily oser
period of 14 days. It was reported by differenthans that seed @D. Sativagave the best germination at this
temperature [12; 13; 9]. Germination was scoredthes emergence of the radicle. Species with seed
germination< 25% were considered to be strongly dormant, wisette@se with seed germinatiarb0% were
considered to be weakly dormant [7].

Dormancy-breaking treatments

Three replications, each containing 25 seeds, uszd in the different treatments throughout

all experiments. For treatments | and Il describetbw, seeds of each species were geminated at room
temperature (25t 1 degree celsius) in 12 hourd,lighthout control of relative humidity, to monitahe
possible loss of dormancy over time. Germinatioss wenitored daily over a period of 14 days, and sl
shoot lengths were measured at the 2nd, 4th, dndafys after germination.

a. Germination under constant temperatures Intact and hulled seeds were germinated under the
constant temperature i.e., 28°C, 32 °C, and 381, 99% RH in 12 hours light.
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b. Germination under alternating temperatures. Intact and hulled seeds were germinated under
one of the alternating temperature i.e., 40/30°@%W and 45/35°C for 12 hours with light at thgper
temperature of each cycle, and 99% RH.

c. Dry heat treatment. Two sets of intact seeds were incubated at 5@r and 14 days. Each of one
set from each treatment was hulled after equilibnato room temperature for 2 days. Both hulled anact
seeds were germinated in the best constant onatieg temperature regime for each species detedhinom
previous germination tests. When more than onerédole temperature regime was observed in seed
germination of the same species, the availabilitya germination chamber was taken into consideratio
regarding the choice of the temperature regimestaded.

d. Chemical treatments. Chemical treatments were only appliedorufipogonandSwat -1that
did not reach above 80% germination in former tremits. Four chemical treatments were (a) 0.001 M
potassium nitrate (KNg), (b) 0.1 M and 0.2 M nitric acid (HNQ (c) | M hydrogen peroxide @@,) and (d)
1000 ppm gibberellic acid (GAapplied accordingly. Intact seeds were germindiegttly in sterilized Petri
dishes lined with 3 layer filter paper moistenedhw6 ml KNG;. All subsequent treatments involved
presoaking intact seeds in 1 M or 0.2 M HNO, MOK and 1000 ppm GAfor 24 and 48 hours, prior to
germination. A combination of presoaking for 24 &&lhours each successively in 0.1 M HNMd 0.1 M
H,0, and in 0.2 M HNQ@and 0.I M HO, was also included in the chemical treatments.rAltging at room
temperature for 30 minutes to 01 hours, all treadedds were germinated under the best constant or
alternating temperature regime for each speciesméted from the former germination tests.

Analyses of variance were carried out using IRRI$T™Mersion 3.1 [11]. The arcs in transformation
were used for percentage germination data. Theriegets were conducted in randomized complete block
design, while arrangements were made as split pliincan’s Multiple Range Test (DMRT) was used to
compare mean values using transformed means, amférred to the original mean values [12]. Howgthrex
least significant difference (LSD) was used foryeise comparison of mean values between intacthaiidd
seeds for the 50°C heat treatment.

Results and discussion

Seed viability and dormancy of Oryza species

Seed viability in both th@©ryzaspecies studied was high based on the tetrazééistnranging with both were
same at 92 % (Table 1). While the other cultivated was 72 to 98 % had strong dormancy and getinima

at 32°C %. BothOryzaspecies included in this experiment showed sarad giability of 92% based on the
tetrazolium test. The low germination of intact deainder swat-1 was observed i.e., 72 % with 0 %
germination at 32C indicated strong dormancy white Malakandshowed 98 % with 75 % germination at 32
°C among others.

Table I:- Seed dormancy, and viability GfryzaSpecies and cultivated rice varieties
used in dormancy breaking tests

Wild Species Seed Germination
Viability (%) * at 32 °C (%Y

O. longistaminata 92 1.2

O. rufipogon 92 0

O. sativa cultivated varieties

Swat -1 72 0

F. Malakand 98 75.0

JP-5 81 1.4

! Tetrazolium test conducted before the dormancgking experiment.
2Percent germination and intact seeds at constaf€32as used to determine dominancy level. Gernnat
< 25% strong angd50% indicates weak dominancy.

545



J. Mater. Environ. Sci. 3 (3) (2012) 551-560 Waheed et al.
ISSN : 2028-2508
CODEN: JMESCN

Germination under different temperatures
Table-2 showed that germination of intact seedsoith theOryzaspecies was low at constant temperatures
with germination of O - 4.1 % in different tempenas followed by 1.2 at 3Z JP-5showed 1.2 % at 3T
where as maximum was observed in 78 %FinMalakandat 32°C In contrast, hulled seeds showed
substantially higher germination of all speciesnthiae intact seeds under constant temperaturdmugih
there was significant variation within both the dvipecies. Maximum 96.2 % at 38 while lowest 6.9 % at
38 °C was recorded i©. rufipogon Germination of hulled seeds higher than intaetdseunder constant
temperatures.

Germination of intact seeds under alternatimgpteratures was higher in cultivated rice as contpare
to wild species .Minimum 0 in w. species in cas®ofongistaminatavhile in case oD. rufipogon at 40/30,
40/35 & room tempand 1.2 in cultivated rice at 40/35 temperature waked in bothJP-5 and Swat -1
respectively .

Table 2:- Germination of intact and hulled seed<f/zaspecies cultivated rice varieties under
constant and alternating temperatures

Wild Species Constant Germination (%) Alternating Germinat{és)
temp. temp
(°C) Intact Hulled (°C) Intact Hulled
12/12 hrs
with light
O. longistaminata 28 0 a 27.7a 40/30 6.8b 6.9c
32 13a 422a 40/35 41bc 254b
38 40a 420a 45/35 23.0a 620a
RT 0 a 171a RT 0 a 11.2bc
O. rufipogon 28 0 a 203ab 40/30 0 a 42c
32 0 a 109ab 40/35 0 a 109hbc
38 0 a 69b 45/35 39a 403a
RT 0 a 383a RT 0 a 29.0ab

O. sativa cultivated varieties

Swat-1 28 l4a 69.0ab 40/30 189a 97.8a
32 0O a 582b 40/35 1.2c 98.0a
38 0 a 883a 45/35 109ab 71.1b
RT 0 a 622ab RT 42bc 63.7b

F. Malakand 28 62.0a 834 ab 40/30 81.3 ab 98.0a
32 78.0a 95.3a 40/35 73.3b 97.0a
38 72.7a 96.2 ab 45/35 2.7¢c 63.4b
RT 70.3a 815b RT 93.3a 93.7a

JP-5 28 0a 5l17a 40/30 14.7a 79.7a
32 1.2 a 58.0a 40/35 21.3a 87.0a
38 13.0a 75.0a 45/35 33.3a 70.0a
RT 29a 73.1a RT 1.3b 80.0a

Means followed by a same letter are not signifigadifferent at 5% level of probability (Duncan’sWliple
Range Test (DMRT).
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Maximum germination was observedfnMalakand95.2 % followed by 81 .4 % at 26 and room temp as
well. Maximum germination of 23.0 % at 45/35@n longistaminatavhile minimum 0O at room temperature
in both the wild species was recorded. But vayaf germination was observed over all in all bath
species at different alternating temperatukéidled exposure responded well of all species umifégrent a
temperature regimes promoted with minimum 10.9 &aximum 98.0 %. Whereas wild species performed 68.0
% maximum 11.2 minimum i®©. longistaminata40.3 and 4.2 was recorded@ rufipogon. As with the
constant temperature, variation in germination alae found within the same species at differemradting
temperatures. In general, hulled seeds exposedtedmating temperatures had similar or slightly Hag
germination compared with that under the constamiperatures for most species. The germination alata
indicated that species which showed good respanetconstant temperatures also gave a good resistr
alternating temperature as well. Wild species oedyerice in general have strong dormancy [Bsld also
indicates a remarkable diversity of dormancy initgrisetween the rice species.

Heat treatment

Heat treatments( dry ) at 50°C both for 7 and lysda general gave a substantial increase in gextinim of
intact seeds for both species and cultivated ragéeties at the optimum temperature regimes, coetpatith
the germination responses of intact seeds under dhggmum temperature regimes without heat treatsie
(Table-3). There were no significant difference®inlongistaminata and O. rufipogdor both treatments at
50°C in 7 & 14 days of observance in between geation of intact seeds treated at 50°C for 7 or dysdhat 1
% and 5 % level of probability.

There was an increase in germination of hulled sedtbr heat treatment of cultivated rice species
under their optimum temperature regimes as compartdthe germination responses of intact seedg. Th
results are more or similar as per (Table-2). Hu#leeds of both the wild species and cultivates varieties
had germination higher than 18-28 % and 18 - 98.@rfder their appropriate temperature regimes #fier
heat treatments.(Table-3)

Table 3:- Heat treatment of both wild species and cultivaiegl
Wild Species Optimum Germination (%)
temp.( °C)

50°C for7 days 50°C for 14 days

Intact Hulled Differenée Intact Hulled Difference
O. longistaminata 45/3C¢ 50.3 84.0 39.8* 48.7 87.7 41.0**
O. rufipogon 45/30 18.0 54.0 42.0* 128 28.0 18.2*
Cultivated rice
varieties
Swat-1 40/30 10.2 90.3 80.7* 30.6 98.7 70.0**
F.Malakand 40/30 63.7 97.7 35.2** 74.4 98.9 27.5%*
JP-5 40/30 38.2 86.7 47.1* 60.0 88.1 26.9**

b = significant at 1% level;* = significant at 5%vel ns = not significant
2 12/12h, with light at the upper temperature afreaycle.

Chemical treatments and germination under optimeimpteratures regimes

Only O. rufipogonandSwat-1which had seed germination lower in the previoeatments

were subjected to chemical treatments, and onacirdeeds were used for both. Table-4 presentdruggran
data of both wild and cultivated rice variety undieeir optimum temperature regimes after presoaking
different chemicals, except for KN@n which the seeds were directly germinated.
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Seed germination in 0.001 M KN@olution was suppressed completely in both speBiesoaking
seeds in HNG IM H,0,, at 1000 ppm GApromoted seed germination (Table-4). Both werparded very
differently to various concentrations of treatment.

Table 4:- Germination of intact seed Gfryzaspecies treated chemically

Treatments Species cultivated rice variety
O rufipogon Swat-1

KNO; 0 d 0 e

0.1M HNG;

24 h 48.2 ab 86.0 abc

48 h 38.2 abc 92.1a

0.2M HNG;

24 h 49.0 a 91.1ab

48 h 16.4 cd 77.3 abc

1M H,0;,

24 h 18.2 bc 35.9d

48 h 36.1abc 47.8 cd

1000 ppm GA

24 h 25.7 abc 55.9 bcd

48 h 40.3 abc 83.3 abc

0.1M HNG;+1M H,0,

24 h 1.2d 0 e

48 h 0d 0 e

0.2M HNG; + 1M H,0O,

24 h 0d od

48 h 0d 0 e

Means followed by same letter are no significadifferent at the 5% level of probability. But inrggral, no
consistent differences in germination were obseavadng the treatments with different concentrationer
soaking duration in the chemicals. The data frormiigation of various rice species after chemioedtments
did not exceed the amount of germination of huledds under their optimum temperature regimes utitho
chemical treatment, except for tBevat -1, which achieved germination of 91.1% in 0.2 M HNDhis is the
only CRV to reach germination higher than 85% untter optimum temperature regime after chemical
treatments.O. rufipogonresponded best treatments in 0.2 M HNO for 14 héallswed by 40 in 1000 ppm
GA in 48 hours respectively. The combination ofsp@king successive in HN@nd HO, did not induce
better germination than using Hy@nd HO, alone.

Root and shoot growth

Under constant temperature regimes root and shamwtly did not differ significantly at 2 days after
germination (Fig. 1). Growth was affected startatgabout 4 days after germination at this poirghibwed
maximum growth at 31°C the effects of 26°C, 368G room temperature treatments on growth variau fr
each others . However, under alternating temperstwignificant differences in growth were obsersedn
after germination (Fig.1). Maximum growth was gextigrobserved at 40/30 °C where the roots and shinot
most of the species were generally longer than 80 @rowth under the 40/25 °C temperature regime was
slightly slower than at 40/30°C. Exposure to 458@rnating temperatures always resulted in slawdgr of
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roots and shoots, Under all 4 temperature regimetsrand shoots were generally < 5 mm 6 days after
germination.

25
Constant temperature (C) alternating temperature (70 o
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Fig 1. Average root growth rate all 5 (2) Wild speciesl (3)cultivated rice measured at 2, 4, and 6
days after germination regimes.*RT = Room tempeeat28+ 1°C).

A combination of different treatments and exposafreeeds to the optimum temperature regimes for
individual species will provide the best resultslioeaking seed dormancy Ofyza species. Table- 5 showed
the simple and effective seed dormancy-breakingqutores for each rice species and variety based on
experimental results used. There was also havehantages and disadvantages, e.g., removal ogtehull
is very effective in breaking seed dormancy, bus iabor-intensive and may also have the riskashaging
embryos.

Table 5:- Suitable dormancy breaking proceduresGoyza sp.
Species Pre-germination treatments Germination
Temperature
(cC)
O. longistaminata heat treatment at 50°C for 7 days and hull removal 45/35(12/12h)
O. rufipogon heat treatment at 50 °C for 7 days and hull rexhov 45/35
O. sativa cultivated varieties
Swat-1 hull removal 40/30
F. Mlakand hull removal 40/35
JP-5 hull removal 40/35

Recommendation

It is recommended that seeds are transferred torewolution or soil, immediately after radicleengence to
permit maximum seedling growth. Dry heat treatmeatihough promoting moderate germination, proviges
easy method when handling a large number of sampiks chemical treatment promotes germination for
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Oryzaspecies, and at the same time, it is also anyemsilied method. Therefore, the choice of an gmate
dormancy-breaking treatment depends to a consildeeadbent on the species, the amount of seedsthend
available conditions.
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