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ABSTRACT _
“Ten diverse modern West African rice varieties were exposed to six dry heat temperatures
(40°C, 45°C. 50°C, 55°C, 60°C and -control (32°C) for 24 hours and thereafter seed
germination, speed of germination and seedling vigor were investigated. Dry heat
temperatures significantly stimulated seed germination above the control. Temperatures of
40°C, 45°C and 50°C significantly promoted seed germination, seedling vigor and speed of
germination of the rice varieties. Dry heat temperatures generally = promoted seed
germination of TOx 4004 43-1-2-1 and WITA 12; speed of germination of ITA 230 and
seedling vigor of BW348-1, ITA230, SIP11692033, TOx 4004-43-1-2-1 and WITA 12.
There was enhanced seed germination of WITA 12 at all the heat intensities except at 60°C.
High dry heat temperatures (50°C, 55°C and 60°C) applied for 24 hours was sufficient to
break seed dormancy in BW 348- 1 WITA 1, CISADANE and WAB 189-B-B-B-H1. Seed
dormancy in ITA 230, WITA 12 and TOx 4004-43-1-2-1 was almost completely broken
under natural conditions. Beneficial carry-over effects beyond seed germination and vigor
stages would need further investigations. -
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INTRODUCTION establishment (Ajala,2003). In rice,

A high germination percentageisan - dormapcy creates a_problem in seed
essential characteristic of high quality analysis (Nugraha and Soejadi, 1991).

. ‘Rice seeds exhibit dormancy  which,
seed. Dormancy, when in place, prevents . .
seed from germinating, even when all given time, could be completely broken

o M . under natural conditions or accomplished
conditions for germination are provided.

Quality of seed for sowing is an important through application of certain chemicals
factor which affects rice production. Seed or heat];reag:etn.ts (Leieta{., 29023' fFecti

. is a biological input which determines the - -ty neatlsaconvenient and etiective
effectiveness of other inputs in crop method. for large-scale treatment in many
production.. Seed dormancy is a survival §eed crops. The dry heat treatment of ss:eds
mechanism by which seeds maintain their - is used mainly for two PUTPOSES. Oneisto.
viability in unfavorable conditions. In control the.exterr}al and 11}tema1 s;ed-})orne
order that a species is not obliterated during pathogens including fungi, bacteria, viruses

harsh weather, natural dermancy measures ?1913 ;1 elr:n atodets' gNz;ka;ggzgga énrd S((iamagl;cl}ia

developed by species and cultivars must be '19923 Dm:res 13993 '.,L ; / orzlo?);u ¢ th',

deliberately confronted for good stand » ety » Lec el a, )- €
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other is to break the dormancy of seed
(Zhang, 1990; Seshu and Dadlani, 1991; Lee
etal.2002).

Moteover, there exists contradictory
results in literature . concerning the
improvement of seed quality by means of
pre-sowing treatment. The range of dry heat
temperature differs from one researcher to
the other, and varies according to-crops and
purpose of treatment. Lee ef al. (2002)
reported that at higher temperatures (85°C
and 90°C), percentage germination was
significantly reduced in Korean rice
varieties compared to the control, whereas
treatment at relatively lower temperatures

(70°C to 80°C) had no adverse effects. An.

earlier study by Dadlani and Seshu (1990)
showed that in rice, dry heat treatment at
65°C for 7 days considerably lowered fungal
incidence and had no adverse effect on seed
germination and seedling vigor before or
after storage. However, Rast and Stijger
(1987) observed that dry heat application
(70°C, for 3 days) eliminated Capsicum
mosaic virus, but adversely affected seed
germination.

In general, the use of high
temperatures in dry heat treatment of crop
seeds (high temperature seed drying)
invariably reduces seed viability and
seedling vigor, but optimum temperature
for breaking dormancy promotes seed
germination and vigor in cereal crops (Lee
et al, 2002). This study views vigor as a
measurable physiological trait of seed
expressed -as  rapid, uniform and. high
germination or emergence even under
unfavorable conditions.. Among soybean
seed lots, vigor differences of a given
cultivar are expressed as differences in
emergence, total growth and uniformity
among individuals of the plant population
(Abdul-Baki, 1980). Jeffery et al. (1988).
and Herranz ef al. (1998) reported that the
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degree'of seed germination by dry heat
treatments showed a wide intraspecific
variation. . Most publications on heat

- treatment deal with foreign rice variety

studies and there is a dearth of information
on the efficacy of a pre-sowing treatment
under laboratory conditions in West African
rice varieties. Therefore, since the modern
West African rice varieties were developed
from different genetic sources, it is
necessary to determinge the effect of dry heat
treatment on seed germination and vigor
and to evaluate whether or not the methods
recommended by ISTA and AOSA are still
fully effective for overcoming seed
dormancy in West African rice varieties.

MATERIALS AND METHODS

Seed preparatmn

Seeds of 10 rice varieties were
collected, soon after harvest, from the West
African Rice Development Association
(WARDA), International Institute of
Tropical Agriculture (IITA) branch in 2003
early season. The list of the rice varieties,
status, region, year -andsgenotype utilized

Tor the study is shown in Table 1.The seeds

were stored at room temperature for five
months to break seed dormancy. The 10
rice varieties were prepared for various dry
heat treatments. :

Dry heat treatment

Seeds were pre-treated to reduce
moisture content at 40°C for 48 hours in
paper bags before treatment. Water content
of seed was about 10% after pre-drying.
Hundred gramme seeds of each rice variety
was subjected to different dry heat
temperatures of 40°C, 45°C, 50°C, 55°C and
60°C for 24 hours and repeated twice
between January 5 and February 6, 2004
using ventilated oven at the Seed
Laboratory, University of Agriculture,



Table 1: The hst of rlce varieties, status orlgm, year and type utlhzed for study

S/N DESIGNATION Status Ongm Year Type

1 BW348-1 ; . notreleased  Srilanka —--  Upland -
2 . CISADANE (FARO 51) - released Indonesia 1995 lowland
3 - FARO 11(056) released Nigeria , C - Upland

4 ITA 230 (FARO 50) released CWTA 9192 lowland -
5 SIPI692033(FARO44) released Taiwan (China) ~ 87/88  lowland .
6 . Tox 4004-43-1-2-1 not released  NITA - " lowland -
7 WAB 99-1-1 notreleased ~ WARDA - - Upland

$  WABI189-B-B-B-HB released WARDA Upland
9 WITA | notreleased ~ WARDA . . - lowland
10 WITA 12 released WARDA fowland

Abeokuta, Nigeria.. Control treatment was
included at ambient room temperature (32°
C). After each heat treatment, seeds were
kept at room temperature for 5 days and
thereafter subjected to the following seed
tests:

Seed Germination: One hundred seeds of
each variety under each treatment were
placed on filter paper, moistened with 10ml
distilled water and put inside incubator at
30°C for germination test. All treatments
were tested in a :completely randomized
design with three replications. Germinated
seeds were defined as those with a radicle at
least 2Zmm long. -Percentage . germination
was recorded at 8 days after sowing. ‘
Speed of Germination Index (SGI): This
was calculated as described in the
handbook of the Association of Official
Seed Analysts (AOSA) 1983 using the
following formula:

SGI: Number of germmated seeds +

: Days of first count +--------
------------ +days of final count -

Seedling Vigour Index: Seedling vxgor
level of each genotype was calculated by
multiplying percent normal germination by

' the average of seedling length of each

genotype after 8 days of germination and
divided by 100 (Adebisi and Ajala, 2000).

Statistical Analysis '
Data analyses were performed using the
SAS (2003) statistical software (Version 8).
Data for each trait were analyzed for
statistical significance using ANOVA and
differences. among treatment means were
compared using Duncan's (1955) Multiple
Range Tests at 5% probability level.

RESULTS

‘ " Data in Table 2 show that heat and
variety effects as well as interaction effects
ofheatx variety were highly significant for
the three seed-quality traits examined.

The results in Table 3 indicate that
the percentage seed germmatmn, speed of
germination and seedling vigorindex under
different heat intensities considerably

differed. Seed germination
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Table 2: Summary of analysis of variance (ANOVA) of seed germmatlon speed
of germlnatlon and seedlmg vigor of rice varieties evaluated

Source,s of variation
: (%)

Df Seed germination  Speed of germination - Seedling vigor index

Heat R 12331.180%% 2135.046%* ‘ 8.926%*
Variety 9 1017409 9223.781%* 37.273*+
Heat x Genotype a5 1125.150** 635.606%* 4.102%*
Error 120 40.967 43450 0.537
Total 180 ‘

** Significant at P = 0.01

Table 3 :Effect of dry heat treatment on'seed germination and speed of gén'niriation.

Speed of germination index Seedling vigor index

Temperature ("C)  Seed germination (%)

Control st 7.3% 3.2°
a0 56° 8.0 e
45 55°. 82 ’ 4.1*
50 : 70* 1.3 39
55 66 102° 3.5*
60 62° 10.1° ' 3.0

Mean - 59 92 3.6

Values within a column foilowed by a commeon letter are not sngmﬁcantly different according to Duncan s

multiple range test at P =0.05..

values of heat-treated samples
ranged from 51% to 70%. Seed
germination  under control was lowest
with 51%,whereas seed germination and
speed of germination were significantly
highest at 50°C w1th 70% and 11.3
respectively.

There were significant differences
in the three seed quality traits evaluated
among the varieties as shown in Table 4.
Mean seed germination was ranked highest
with WITA 12 (88%)

and TOx 4004-43-1-2-1 (85%) ,
followed by ITA 230 with (80%) and SIPI

692033 with 79%. Speed of germination of

-values.

ITA 230 was ranked highest with a value of
142. Seedling vigor was significantly
highest with TOx 404-43-1-2-1 (5.2)
whereas CISADANE, WAB 189-B-B-B-
HB and WITA 1 recorded lowest seedling
vigor indices of less than 2.0,
corresponding to their low germination

Results in Table 5 show that the
percentages of seed germination for the 10

. rice varieties.differed according to dry heat

intensities. Seed germination of WITA'12
was significantly highest at 40° C to 55°C
and control. However, ITA 230 had

significantly highest seed germination of
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94% and 95% under control treatment and
40°C heat intensities respectively. Variety
TOx 4004-43-1-2-1 recorded 86%
germination at 55°C and was significantly
above 74% and 70% obtained for BW 348-1
and ITA 230 respectively. When the dry
heat treatment was increased to 60°C, TOx
4004-43-1-2-1 and BW 348-1 had
significant highest germination values of
between 78% and 77% respectively.
Variety CISADANE had the lowest
germination of 15% at 60°C.

From Table 6, speed of germination

of ITA 230 was consistently (P = 0.05)
ranked highest at all the heat intensitics
including control with speed of germination
of 13.9 (for45°C), 15.9 (for 55°C)and 12.7
(for 60°C) However, WITA 12 and SIP!
692033 ‘had comparable speed of
germination with ITA 230 at low treatments
(40 and 45°C) while BW 348-1.
CISDADANE, WAB 189-B-B-B-HB and
WITA 1 recorded significantly low speed of
germination under low heat intensities of
40, 45°C and control.

Table 5 : Effect of dry heat treatment on percentage seed germination of 10 rice varieties

" Dry Heat / Temperature (°C)

Variety .
Control 40 45 50 55 60
Mean .
% Seeed Germination
BW 348-1 4# 4 13# 69 14 TP 40
CISADANE (FARO 51) 8t Hf 11 80% 22" 15t 25
FARO 11 (056) 58°¢ 714 e 62 61" 60 63
ITA 230 (FARO 50) 94* 95+ '9|" 73 70° 58! 80
SIPI 692033 (FARO 44) 77 95° 8¢ 8F 65 6 79
“TOX 400443-1-2-1 36° 86° 88 8P 8 78 85
WAB 99-1-1 | 68 81 B 6 6 6 0
'WAB 189-B-B-B-HB 23 2 267 290 3r s4t 3l
WITA | S » & s @ & R
. WITA 12 ' 2 9 o 9 o I 38
0 6 60

Mean - ) 51 56 55

Values within a.column followed by-a common lettcr are not significantly dlﬁ‘crcnt according to

- Duncan’s mumple range testat P=0.05.
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Table 6: Effect of dry-heat treatment on speed of germination of 10 rice varieties.

Dry Heat/Temperature (°C)
Variety .
Control 40 45 50 55 60
Mean .
Speed of germination -
BW 348-1 03" 05 . 05- 11.0¢ 111t 128 60
CISADANE (FARO 51)  L.1% 1.5 1.7F 125° 3.3 2.6° 38 -
FARO 11 (056) 7.7° 8.1¢ 8.3¢ 8.9f 9.6 10.7° 8.9
ITA 230 (FARO 50) 13.6° 13.8% 13.9° 154 159 12.7% 142
SIPI 692033 (FARO 44) 11.6 13.5° 142° 127 1087 10.2° 122
TOX 4004-43-1-2-1 12.1° 12.6° 12.6°  12.7¢ 12.9°  13.0° 12.7
WAB 99-1-1 9.2¢ 11.1¢ 108 105  9.8° 92¢ 10.1
'WAB 189-B-B-B-HB 2.7f 3.8 4.3 458 48"  9.0¢ 4.8
WITA | ' 1.0% 1.4° 1.8 10.0° 10.3°  10.7° 5.7,
WITA 12 13.8° 13.9° 13.9°  14.6° 13.6°  10.1° 3.3
Mean ' 7.3 8.0 8.2 11.3 102 10.1

Values within a column followed by a common letter are not significantly different accordmg to

Duncan’s multiple range test at P = 0.05.

In Table 7, seedling vigor index of
ITA 230 was significantly highest under
control heat treatment with 5.4, followed by
TOx 4004-43-1-2-1 with 5.0.. Variety SIPI
692033 recorded the highest seedling vigor

index (6.5) at 40°C. ITA 230 recorded the

highest value (5.6) at 45°C and at 50°C, it
was significantly outstanding in seedling
vigor with a value of 6.2. Howev_e‘r, ‘when

the heat intensity was increased to 55°C and
60°C. TOx 4004-43-1-2-1 was ranked
highest in seedling vigor with 5.5 and 4.9
respectively compared to other varieties.

Three varieties (WAB 189-B-B-B-HB,

CISADANE and WITA 1) consistenﬂy
recorded significantly dow seedling vigor
under all the heat mtensmes mcludlng
control.
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. Table 7: Effect of dry-heat treatment on seedling vigor index ot 10 rice varieties. -

—_—

Variety -

Dry heat / Temperature ("C)

Control 40 45 50 55 60  Mean
‘ ‘ Seedling Vigour Indéx o
BW 348-1 43 47 47" 58 43" 38 . 46
CISADANE (FARO 51) 0.3 05° 53 Lt 05 03 13
. FARO 11 (056) 2.5° 3.3¢ 354 38 347 25" 32
ITA 230 (FARO 50) 5.4° s 56 62 46  2F 50
SIPT 692033 (FAR0 44) . 4.5¢ 65 54 49 34 33 47
 TOX 4004-43-1-2-1 5.0° 53" 53 54 55 49° 52
WAB 99-1-1 C 36t 45 395 390 39 3 38
WAB I89-BB-B-HB 07 09 Lre 122 15t 29 14
 WITA 1 10010t 12 1 26 26 19
CWITA 12 4.6 47 . 48 48 500 . 37T 46
41 39 35 30

*Mean ) . 32 3.7

-

" Values within a column followed by a common letter are not significantly different according to -

ca ~ 'Duncan’s multiple range test at P = 0.05."

" DISCUSSION '
" The study vividly-revealed that the
. dry heat treatment remarkably stimulated

seed germination “when compared with

control. Dry heat treatment at 50°C

enhanced seed germination and speed of - ‘
- revealed that low temperatures (40°C, 45°C

>and 50°C) enhanced seedling vigor above

germination above other heat intensities.
However, high heat treatment (55°C and
60°C) had no adverse effects on seed
~ germination and speed of germination.
‘Low temperatures (40°Cand 45°C)
¢nhanced seed germination above " the
control. Numerous cracks in the hull may
have been initiated by dry heat, and this
probably enhanced permeability which
premeted seed germination and resulted in
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increased seedling vigor (Hayashi, 1980) .
Similar finding was observed by Dandlahi
and Seshu (1990) in rice, and by Zaglaer ef
al (1987), Nakagawa and Yamaguchi
(1989), Fourest et 'al-(1990) and Meng et al
(1999) in other crops. Qur preesent study

the control while high heat intensity (60°C)
failed to increase seedling vigor.
Specifically, dry heat treatment
remarkably promoted seed germination of
TOx 4004-43-1-2-1 and WITA 12, closely
followed by/ ITA 230, SIPI 692033 and
WAB 99-1-1 with correspondingly high
speed of éermination and seedling vigor



indices. It is noteworthy that speed of
germination of ITA 230 and WITA 12 was
stimulated only after heat treatment. In like
manner. five varieties (BW 348-1, ITA 230,
"SIPI 692033, TOx 4004-1-2-1 and WITA
12) had hi ghest seedling vigor after dry heat
treatment. An earlier study by Lee et al.
(2002) reported significant varietal
differences in seed germination and
seedling vigor index in five Korean rice
vawicties after heat treatment. ’

The study showed that seed
germmatlon speed of germination -and
- 'seedhng vigor among tire 10 West African
rice varieties invariably depended on dry
heat intensity. . There were distinct varietal
differences at each of the dry heat
intensities suggesting differences in the
genetic constitution of the varieties. Except
at 60°C, WITA 12 had distinct seed
germination at all the heat intensities
including control. Seed dormancy was
observed in BW 348-1, WITA 1,
CISADANE and WAB 189-B-B-B-HB and
this was broken at high temperatures of
50°C, 55°C and 60°C apphed for 24 hours.
High- temperature (60°C) -recorded
signifieant adverse effect on seed
germination of WITA 12 WAB 99-1, TOx
4004 -43-1-2-1, SIPI 692033 and ITA 230
but remarkably stimulated germination in
BW 348-1. This observation on responses
based on varietal differences was also
observed by Hertanz et al. (1998) who
initially pointed out that the enhancement

of seed germination by dry heat treatment

showeda wide intraspecific variation
Seedling vigor of ITA 230 was

strongly stimulated at 45 and 50°C while H1on ¢
- exposure and has proved effective in

that of SIPI 692933 was equally promo_ted

even at low temperature (40°C). -

- Surprlsmgly, dry heat temperatures (49
60°C) failed to increase seedling vigor in
CISADANE, WAB 189-B-B-B-HB and

WITA 1,'an indication that some varieties -
could be heat- specific. This is a testimony °

to the fact that varieties may react

differently to treatments and stresses, thus
reflecting differences in standards of
excellence commonly referred to as seed
quality (Hampton, 2002)

Metabolic events in living organisms
, including seeds, are temperature
dependent. Even though, optimum
temperature for seed germination is usually -
a species characteristic, the above findings
confirm that it is also variety- dependent.

* Optimum temperature for germination may

shift close to the maximum in some or in
others, to the minimum temperature,
depending on the cumulative prevailing
environment during seed development and
maturation for many years: In general,
while low temperatures (40-50°C) appear to
have no effect on the speed of germination,

‘mediui temperatures were generally found

stimulating germination and seedling vigor
of others. In a few instancts, those varieties:

_with improved germination at high

temperatures have both their speed of

' germination and seedling ‘vigor equally

enhanced. .High temperatures of 55-60°C
were generally stimulatory with respect to
germination and overall seedling vigor, a
feature that cannot be compromised for
good stand establishment under poor field
situations. _

CONCLUSION

~ :The result of this 1nvest1gat10n
suggests that dry heat temperatures for
improving seed germination and vigor
depended on heat intensity and duration of

overcoming dormancy in some modern
West African rice varieties. Also, dry-heat
treatment for improving seed germination
and vigor varfed with rice varieties,

140



implying that it is a varietal attribute. Asa
consequence, further investigation is
necessary to classify rice varieties
_according to seed quality and to determine
the - critical . temperatures - of dry heat
treatment with resultant modification  of
feedling growth behavior of new West
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