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ABSTRACT

The mﬂuence of dry heat pre-sowing treatment was investigated to 1mprove rate and level of field
emergence and eventually seedling growth in ten new West African rice varieties. The varieties were
exposed to different dry heat temperatures (40, 45, 50, 55 and 60°C) and control (32°C) for 24 hours.

Variations in, dry: heat intensitics and varieties modulated field emergence and seedling growth.

Inﬂuence of dry heat treatment on field emergence and seedling growth occurred at all the heat
intensities. Dry heat intensities (50, 55 and 60°C) accelerated field emergence and low temperatures
(40", 45° and 50°C) had higher promotion tendency on seedling growth than other heat intensities.

Field emergence of ITA 230, TOX 4004-43-1-2-1, SIPT 692023 and WITA 12 had remarkable
improvement across all the heat intensities. Promotion of field emergence increased seedling height
in TOX 4004-43-1-2-1 and stimulation of seedling height enhanced seedling dry weight in WAB
189-B-B-B-HB. Field emergence of BW348-1, WITA 1 and CISADANE seeds had distinct
reduction across all dry heat treatments. Dry heat at 55” and 60°C had considerable improvement in
field emergence of TOX 4004-43-1-2-1 above other varieties. At pre-sowing dry heat of 50" and
55"C, field emergence of BW 348-1 and WITA 1 seeds was significantly promoted and a wider range
of heat intensities at 45" to 6QC enhanced field emergence of SIPI 692033 seeds. Dry heat
treatments did not have promotion tendency in the seedling growth of BW 348-1, WITA 1, WAB 99~

1-1 and WAB 189-B-B-B-HB.
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INTRODUCTION ‘ Lee et al. (2002) observed that at high

A primary objective of rice seed production ~ temperatures of 85 and 90°C, percentage
programme is to provide farmers withseeds ~ emergence, plant height and dry weight of
of high physiological quality which Korean rice varieties were significantly
guarantee the establishment of a uniform reduced compared to the control. They also
stand of healthy seedlings even under less ©observed that lower temperatures (70
favorable field conditions. Dry heat 80°C) had no adverse effects on these traits
treatments were earlier found promising in ~ and reported varietal differences in seedling
breaking seed dormancy and protecting the ~emergence, plant height and dry welght at
seeds from infection and gave encouraging 90°C temperature.

results in a variety of crop seeds (Dell-Quila Most publications deal with
and Di-Turi, 1996; Herranz er al., 1998; laboratory studies and there is dearth.of
Jeffery et al. 1988; Meng et al 1999; information on the efficacy of pre-sowing
Dadlani and Seshu 1990; Grondeau ef al.,, heat treatment on seedling emergence and
1992 and Zhang, 1990). seedling growth of new West African rice
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varieties. Besides, there exists
contradictory results in literature
concerning the improvement of . field
emergence and subsequent seedling growth
by means of pre-sowing treatments.
Moreover, since the ultimate criterion of
seed vigour is the ability to establish a stand
in the field, it is imperative to investigate
the efficacy of a pre-sowing treatment from
sowing to field establishment. In this
paper, the influenee of dry heat pre-sowing
treatment was investigated to improve rate
and level of field emergence and eventual
seedling growth in seeds of new West
African rice ‘varieties. Additionally, the
study set out - to defermine the extent of
varietal differences in field emergence and
- seedling -growth of West African rice
varieties following dry heat treatment.

MATERIALS AND METHODS
Seed preparation

~ Seeds of 10 new West African rice varieties

were sourced, soon after harvest, from the
 West Africa Rice Developmient Association
- (WARDA) in 2003 early cropping season.
The seeds were stored at room temperature
for five months (October 2003 to February,
2004) to break seed dormancy. The tenrice
. varieties were prepared for various dry heat
~ treatments.

Dry heat treatment
- Seeds were pre-treated to reduce

moisture content at 35°C for 48 hours in

.paper bags.before treatment. Water content
of seeds was about 10% after pre-drying
Hundred gramme seeds each of the ten rice

varieties were subjected to different dry-
- heat temperatures (40, 45,50, 55 and 60°C)
Control- treatment was

for 24 hours.
included at.jambient room temperature.
After treatment, seeds were kept at room
temperature for 5 days. Thereafter, seeds

were assessed for seedling emergence and
seedling growth in the screen house thus:
Seedling . emergence:  To determine
seedling emergence, 100- seeds in- three
replicates of each treatment were sown in
plastic pots (16 cm radius) at 1.5 cm depth.
The seedlings of 2.0cm length of each plot
were counted at 8 days after emergence and
divided by the sowing density.

Seedlmg height: This was determined in
centimeters from the soil level to the
terminal end of the seedhng at 30 days after
sowing. , :
Seedling dry welght After 30 days, ten
seedlings from each treatment were dried
for 24 hours in a heated oven at 70°C and
later measured in grammes after cooling for
two hours.

Data analysis

Data analyses were performed
usmg SAS (2003) statistical soft ware
(version 8). Analysis. of variance was
computed for each trait and treatment
means were separated using Duncan's
(1955) multiple range test at 5% level of
probability. o

RESULTS '
The results of  the analysrs of
variance are presented in Table 1. Heat,
variety and interaction effects of heat x’
variety were highly significant (P 0.01) for
the three seed quality traits examined. -
Results presented in Table 2 show
that seedling emergence, seedling height
and seedling dry weight under different heat
regimes considerably differed. Percentage
seedling emergence ranged from 51% (for
control) to 70% and 70% (for 50°C
temperatures). “Seedling emergence was
significantly increased at high temperatures
of 50-60°C with emergence of 62% and
above. The seedling height was
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significantly highest (8.2 cm) when heat-

treatmient was carried out at 45°C whereas.

similar seedling height ‘was observed at

other heat intensities and control. Seedling

dry weight was ‘significantly ihcreased at
low temperature (40 ‘and 45°C) while other

heat intensities recorded similar dry weight.

In Table 3; significant differences  were
observed amorig" the varieties for all the
. traits. Percentage seedling emergence was
ranked- highest with TOx 4004-43-1-2-2

and 1TA ‘230 and with 81% and 79%

respectively, closely followed by SIPI

692033 (70%) and ‘WITA 12 (71%).

Conversely, BW348-1, CISADANE, WAB
189-B-B-B-HB and’ WITA 1 recorded low
seedling emergence, ranging between 19
and 30%. Seedling height was ranked

highest with WAB 189-B-B-B-HB with
11.25cm, followed by FARO 11 with

8.59cm. Seedling dry Wexght was
significantly ranked highest with TOx
4004-43-1-2-1 and WAB ‘189-B-B-B-HB

with 3.88g and 3.82g respectively, followed

by CISADANE (3.68g) and WITA 12
(3.10g).” Three varicties (BWB .348-1,

WAB 99-1-1 and WITA-1) were ranked"

lowest in seedling dry weight.

The results -presented. in_ Table 4)

show that seedling emetgence of ITA 230
was highest at control, 40, 45.and 50°C w1th

the range of 78-89%, indicating for this

variety and FARO 11 and CISADANE a
decrease in seedling emergence with
increasing heat-treatment . temperatures.
While some vanetles(WITAIZ and FARO
44) were mdlfferent, others (TOx 4004-43-

1-2-1 , WAB 189-B-B-B-HB, BW 348-1-)
were decreasmg in seedlmg emergence
with increasing -heat-treatment
temperatures. _Similarly, TOx:4004-43-1-
2-1 recorded significant hlghcst seedling

~ emergence (8 1 -87%) at55and 60°C.

Results in Table 5 reveal that H

seedlmg height of WAB"'189-B-B-B- HB
consistently rankeéd ' highest at all the dry
heat-intensities which ranged from'9.57cm
(for - control) to - 12.69¢m (for 45°C),
followed by FARO 11 with between 8.14
(for control) and 8.77cm’ (for 55°C).
Conversely, BW348-1, WITA 1, and
CISADANE wete among varieties with
low seedling height at each of the heat
intensities. In Table 6, seedlirig dry weight
of CISADANE was significantly highest at
low temperature (40, 45°C and ‘control with
4.79-6.32g. TOx 4004-43-1-2-1 recorded
high - seedling' dry weight- at higher
temperatures (45'and 50°C) but a drastically
low value at the highest- heat intensity
(60°C). Athigh temperature of 60°C, WITA
12 (13.82g), followed by BW 348-1(3.52g)
had high - significant seedling  heights

whereas CISADANE (1.23g), FARO 11.

(1.64g), ITA 230 (1. 83g) and TOx 4004-1-
2-1 (2.50g) recorded significantly low -
seedling weight, coinciding with
decreasing  seedling cmergence of
CISADANE, FARO11 and ITA 230 (Table
4). Exceptat60°C , the seedling dry weights
of BW 348-1, WAB991 1 and WITA 1
were .generally low at each of the heat
intensities., :

DISCUSSION

Variations in dry heat treatments
and varieties influenced the field
emergence, seedling helght and seedling
dry weight of West African rice seeds. The
influence of dry heat treatments on the seed
quality traits of the rice varieties depended
ondry heat intensity. Similar findings were
reported by Lee et al. (2002) in Koreanrice
varieties. - On the basis of earlier laboratory
studies , it was expected that the pre-sowing
treatment ‘would lead to an acceleration of
seedling- emergence (Ajala, 2003). ‘This |
proved to bé true as dry heat treatments at

© 50,55and 60 C stimutated ﬁeld emergence
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when compared with other heat intensities,
while low temperatures (40-and 45°C) failed
to promote seedling emergence above the
control treatment.
treatment at low temperature (45°C) for 24
hours considerably enhanced seedling
height but failed to increase seedling dry
weight.

The study revealed that percentage
seedling emergence of ITA 230, TOx 4004-
43-1-2-1, SIPI 692023 and WITA 12 had
remarkable improvement across all the heat
intensities.  Promotion of seedling
emergence increased seedling height of
TOx 4004-43-1-2-1 while stimulation of
seedling height increased seedling dry
weight of WAB 189-B-B-B-HB. From the
~ work of Zeigler et al (1987), heat and

chemical therapy may play a positive role in

controlling seed-borne infection, thereby
enhancing germination. The seedling
emergence of BW 348-1, WITA 1 and
CISADANE seeds had dlStlnCt reduction
acrossall heat treatments. This 'suggests the
exhibition of secondary dormancy. As
Nugraha and Soejadi (1991) used pre-
drying and soaking as an effective method
to overcome dormancy in IR-64 rice seeds,
this implies that for some genotypes, pre-
drying accumulates some deleterious
chemicals which presumably removed by
leaching / soaking . This further indicates
that efficacy of pre-sowing treatment to
improve seedling emergence and seedling
growth may be related to certain chemical

factors and dormancy-enhancing features:

in the seeds. Lee ef al. (2002) reported that
varietal differences in seedling emergence
of Korean rice seeds were not related to
grain size but closely related to ecotype,
dormancy and endosperm characters.

In this study, heat intensities of 55
and 60°C had significant increase in
seedling emergence of TOx 4004-43-1-2-1

Seed pre-sowing .

above other varieties, However,
percentages . of seedling emergence ‘of
CISADANE and WAB 189-B-B-B-HB
seeds were generally low at all dry heat

- intensities. Very notgworthy is the fact that

at temperatures of 50 and 55°C, field
emergence of BW 348-1 and WITA 1 seeds
was significantly stimulated while
temperatures of 45 to 60°C enhanced
seedling emergence of SIPI 692033 seeds.

There were significant varietal
differences in plant heights at all the dry
heat treatments. Varietiecs WAB 189-B-B-
B-HB and FARO II had a consistent and -
significant seedling height at all the heat
intensities including control, However, all
the heat treatments remarkably increased

.the seedling height of WAB 189-B-B-B-HB

but low temperature (40, 45 and 50°C) had
higher promotxon tendency than other heat -
intensities. Pre-sowing dry heat treatments
did not have promotion tendency in
seedling height of BW 348-1, CISADANE,
WAB 99-1-1, WITA 1 and WITA 12. The
study further revealed that low heat

intensities (40 and 45°C) promoted seedling

dry weight of CISADANE while varieties
TOx 4004-1-2-1 and WAB 189-B-B-B-HB
had superior seedling dry weight at all the
heat intensities. Moreover, irrespective of
the degree of dry heat intensities, seedling
dry weight was largely reduced in BW 348-
1, SIPI 692033, WAB 99-1-1 and WITA 1.
The study demonstrated that pre-
sowing dry heat treatments improved

“seedling emergence and seedling growth in

new West African rice varieties, although,
some varieties were sensitive to dry heat
intensities, The normal dry heat treatments

for new West African rice seeds was 45 to

55°C for improved seedling emergence
level and enhanced secdlmg development.
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. Table 1: Analysis of variance* '(ANOVA)’ of three seed quality characters
evaluated T ‘ “ :

Sources of Variation bf Seedling emergence  Seedling height

Seedling dry

{ %) fcm) weight
[{s]] | :
Heat 5 94.892* 12.930* 11463
Genotype 9 2127.327* . 24936  7.854*
Heat x Genotype 45 24.887** 3.630%* 2.173% -
Etor 120 130 076l 0373
Tolal 180 L

** Significant at P =0.0e

Table 2: Effect of dry heat trea!ment on seedlzng emergence and seedhng growth of rice.

‘ Dr,y Heat/ Seedhng emergence Seedling height - Seedling dry we:ght

Temperature (°C) .~ (%) _ (om0 {a)

Contrl 46b | | ‘7.595k R 253

I I | 92 3

" . 1 330
o w2

B - S 7 ¥ S
60 .‘603 R Co7ee 2600
e w a m

"“Values within a column followed by-a common letter are not signifi canlly different accordlng to

Duncan s multlple range test atP=0. 05
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Table 3: Effect of variety on seedling emerge:ice and seedling growth after fieat treatment.

-
1.

Variety Seedling emergence  Seedling height  Seedling dry weight
_ (%) {cm) g .
BW 348-1 261 6.944 1.974
CISADANE {FARO 51) 128 ) 6.3¢ 3680
FARO 11(056) Coeot 8.500 2.33¢
ITA 230 (FARO 50) 790 ' 7.79¢ 2.56¢
SIPI 692033 (FAR0 44) 706 7.561 2.54¢
TOX 4004-43-1-2-1 81 7.97¢ 3.88
WAB 99-1-1 66¢ 7.43¢ 1.969
- WAB 189-8-B-B-HB 199 11.25 3.822
 WITA 1 30¢ 6.85¢ 1.72¢
WITA 12 716 7.20¢ 3.10b
‘Mean 51 7.80 276

Values within a column followed by a common letter are not significantly different accordmg to
Duncan’s multiple range test at P = 0.05. A

Table 4: influence of dry-heat treatment on percentage seedling emergeace of 10 rice varieties.
Dry Heat/ Temperature (°C)

Variety : : _
Control 40 45 50 55 © 60
‘Mean
BW 348-1 : o2 3 4 60 660 183 26
CISADANE (FARO 51) 17 15¢ 15¢ 16/ % g 12
FAROQ 11 (056) 63¢ 64¢ 63¢ B2¢ 55¢  54e 60
ITA 230 {FARO 50) 89s 89s 892 782 §5¢ 530 79
© SIP1692033 (FARC 44)  63¢ 639 770 760 74v  68c 70
TOX 4004-43-1-2-1 780 79 79® . 792 - - B1a  §7e 81 -
WAB 9911 55¢ 56¢ 624 65¢ 71¢ . 856 66
WAB 189-B-B-B-HB 129 151 150 17" 260 49 19
CWITA ¢ 4» 69 79 479 54e - 494" - 3P
WITA 12 74¢ T4¢ T4e 73¢ 730 55¢ 71 -
Mean 46 45 48 57 57 - 5§

- Values within' a column followed by a common letter are not significantly different according fo
Duncan’s multiple range test at P = 0.05.
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Table 5 Inﬂuence of dry -heat treatment on seedhng heught of 10 rice vanetxes

Dry Heat / Temperature (°C)
Variety _
| Cotol 40 45 50 55 60
Mean ‘
 Seedling Height.(cm)
BW 3481 642 644 6908 992  740e 757
6.94 ' :

* CISADANE (FARO51) 648 698 644 625 6019 588
634 o |

FARO 11 (056) 8.142 8.540 860> 867 87/m 884
8.59 : ,

[TA230(FAROS0) 768 787 793 84% 80%  7.08
7.79

(9P 692033(FAR044) 7496 7510 755 760  7.60¢ 791
756 .

JTOX 400443121 80B  B3®  83% 798 76N 752
lrer | . |

WABSO1  7EK 76 T4k Td> T2 Ta®
48 | -

WAB18-BBBHB 057 12372 1260 1265 1025 098
11.25 ’ ‘ :

WITA1 . 651 684 688 690 687 7.1

685 | |
WITA12 g6 B6% 731 721e 703 6869
720 , v - -
Mean 792 792 801 . 797 768 760 -

Values within a column followed by a common letter are not sngnlﬁcantly dlfferent -
~'-;~-acoord|ngtoDuncansmﬂtplerangetestatP =0.05. S -
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Table 6:In_fluence of dry heat treatment on seedling dry weight of ten rice varieties.

Dry Heat / Temperature (°C)

Variety - ; o : :

: Control - . 40 45 - 50 - 5 60
Mean : v : .

| _ Dry Weight (q)
BW 348-1 1640 165 165 1689 168 352 197
CISADANE (FARO5Y) . 479 603 632 206 165 123 368
FARO 11 (056) 2060 3260 326 109 1794 164 233

TA230 (FAROS0) 244 260¢ 344 312 1920 18% - 256

SIPIG92033(FAROA) 148 ° 257 2606 260 3500 2388 254
TOX4004431-21 3800 4280 46  44fs  36ts 2500 388
WAB99-1-1 L4700 A7 477 178 183¢ 2950 196

WAB1SQBB-B HB 3670 418 457  39% 328 327 382

WITA 1 074 0963 1.000° 288  1.91e 281 172
WITA 12 212 311c- 369 2994 285 3.82 3.10
Mean - 253 3.04 3.30 266 240 260 ‘

Values within a column followed by a common letter are not significantly different according to-
Duncan’s multiple range test at P = 0.05.
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