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UNANNIVY

Analysis of Heterosis for Characters of Male Sterile Lines in Rapeseed
(Brassica napus L.)

Zesu Huangl*, Thitiporn Machikowa’, Zehui Chen®, Wendong Dai', Rong Tang1 and
Dezhen Li'

Abstract

The male sterile line is a very important component in the hybrid breeding program of rapeseed. This study
was conducted to evaluate the average performance of hybrids involving male sterile lines and their heterosis
of many characters. Ten recessive genetic male sterile (RGMS) lines were used as parents to cross in a half
diallel cross method to produce 45 single cross hybrids. These forty five crosses and their 10 parents were
evaluated at Guiyang during 2007-2008. The results showed that mean squares for parents and hybrids were
significant for all characters. Among 45 single crosses, the means for seed yield of top five crosses including
crosses between lines Qianyou 8A x You 2894B, You 2894A x Qianyou 6B, Qianyou 3A x Qianyou 8B,
Qianyou 8A x QH303-4B and Qianyou 8A X Qianyou 6B were 2,951, 2,817, 2,782, 2,683 and 2,661 kg ha™,
respectively. These crosses could be used in the breeding program. Both positive and negative heterosis and
heterobeltiosis were found for all characters in this study. The percentages for heterosis and heterobeltiosis
for seed yield in some crosses were considerably high indicating the high degree of genetic diversity among
parents. The highest heterosis and heterobeltiosis for seed yield were found in the cross between lines Qianyou
3A x Qianyou 8B with the values of 78% and 59%, respectively.

Keywords : Brassica napus L., male sterile line, heterosis, yield
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Introduction

China is the largest producer of rapeseed in both
planting area and total production of rapeseed.
Among three main species of rapeseed, Brassica
napus L. accounts for about 95% of'total planting area
in China (Wang et al., 2007). Prior to 1985, pure lines
were grown on a commercial scale. Until recently,
more than 70% of planted areas are grown to hybrids
(Zhou and Fu, 2007). Many research institutes in
China have been working on the development of
hybrid varieties to replace pure line cultivars.

For the breeding of hybrid varieties in rapeseed,
one of the most important parent is the male sterile
line. This is because rapeseed is a self-pollinated and
androgynous crop (Rakow and Woods, 1987; Li, 1999)
and it is difficult to obtain hybrid by emasculation.
Therefore, use of male sterile system is the most
practical method for hybrid seed production.

Heterosis is the most important indicator for
hybrid breeding in rapeseed. It is the ‘hybrid vigour’
manifested in increased size, growth rate or other
parameters resulting from the increase for
heterozygosity in F1 generation from crosses between
inbred lines. Heterosis in rapeseed had been studied
by many researchers for different characters but more
emphasis was put on seed yield and oil content
(Sernyk and Stefansson, 1983; Grant and Beversdorf,
1985; Lefort-Buson et al., 1987; Brandle and
McVetty, 1989; Anand, 1987; Prajapati et al., 2007,
Shen et al., 2002.

The objectives of this study were to evaluate
the performance of hybrids involving 10 male sterile
lines in rapeseed (Brassica napus L.), and to estimate

amount of heterosis and heterobeltiosis expressed

for seed yield, oil content, plant height, pods per plant,

seeds per pod, branches per plant and seed size.

Materials and Methods

Crossing of Plant Materials

Plant materials used in this study consisted of
10 recessive genetic male sterile lines (RGMS) with
low erucic acid and glucosinolate contents and varied
oil contents. These lines are shown with basic
information in Table 1. These parents were planted
in Sept. 2006 and crossed in a half diallel manner in
spring 2007. For each cross, plants with male sterile
were pollinated by male fertile plants in all
combinations including selfing. The pollinated
flowers were covered by paper bays after pollination,
and the bags were removed after 15 days. Four to
five plants were pollinated for each cross. According
to Griffing’s method 2 (Griffing, 1956). Onesed of
F1 & ten parents were obtained. Seeds were used in
the experiment by bulking of 4-5 plants in each

Cross.

Field Experiment

Experiment was carried out in a randomized
complete block design with three replications at
Guiyang, Guizhou, China, during Sept., 2007 and
May, 2008. Plots consisted of two rows of 5-m in
length with 45-cm inter-row and 33.3-cm intra-row
spacings. Before planting, plots were prepared
carefully and 600 kg ha” N, P and K fertilizers and
15 kg ha” borax were applied in hills. All the 45
crosses and 10 parents were planted in hills on 27
Sept., 2007, and thinned to two plants per hill within
45 days after planting. Each plot contained 60 plants.
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During growing period, the total amount of 375 kg
ha™ urea was used by applying in hills for two times.
Pesticide application was done three times, and
weeding was made twice. Supplementary irrigation
was made as needed. The experiment was harvested

from May 7 through May 19, 2008.

Data Collection

After blooming, ten plants, five male sterile
and five male fertile, were selected randomly for each
plot and tagged. At maturity, these ten tagged plants
were measured for plant height, branches per plant,
pods per plant and seeds per pod. Means of these
characters were used for analysis. One thousand seed
weight was measured by using a bulk of seed from
each plot. Days to flowering, days to maturity, and
yield were based on plot observation. Oil content
was analyzed by using open pollinated bulked seeds
Data for characters were recorded as follows :

Days to flowering (DF) : Days from sowing until
50% of the plants flowered.

Days to maturity (DM) : Days from sowing until
90% of the pods matured.

Branches per plant (B/P) : Productive branches
originating from the main stem.

Pods per plant (P/P) : Productive pods borne
on all branches of a plant.

Plant height (PH) : Main stem length measured
from the cotyledonary node to the top of the plant.

Seeds per pod (S/P) : Seeds of twelve
individual pods per plant, four each from bottom-,
middle-, and top-borne branches.

1,000-seed weight (TSW) : Weight in grams of

1,000 seeds taken randomly, average of three samples.

100 - X
Seed yield (Yield) : Y=L x F.W x
100-Y

10,000

where Y = yield in kg ha”, X = moisture content
(measured), Ys = standard moisture content (9%),
F.W. =harvested yield in kg plot”, A = area harvested
@m).

Percentage of oil content (OC) : Proportion of

oil content from dried seeds determined by NIRS.

Statistical Analysis

The analyses of variance for the experiment
were made by using DPS 9.50 data processing system
that copyright belonging to Tang Qiyi, China.

The analysis of variance for each character
was performed by using the following model:

Y =m+V +B +e
i J

ij i

where

Y, = observed value of the ij " plot

m = grand mean

V. = effect of the i" entry

B = effect of the j " block

el_-j = the error associated with the ij °
observation.

h

and where
i =1,2,...,v;v=>55(v=number of entry)
j =1,2,...,r;r=3 (r=number of replication)
Heterosis and heterobeltiosis were estimated
as follows:

. P
Heterosis (%)= ' x100 (Shull, 1914)
MP

F -HP
Heterobeltiosis (%) = ———— x100
HP
(Fonseca and Patterson, 1968)
where MP is the mean of two parents and HP

is the value of the high parent.
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Results
Growing Condition

Growing conditions during 2007-2008 were
quite unfavorable for rapeseed. Early winter at
Guiyang was quite dry and late winter was quite cold
with long hail period during Jan 12, 2008 - Feb 4,
2008. The hail damaged early buds. Spring in 2008
was late, but the temperature was good for rapeseed
pollination. Therefore, seed yield was not much
affected. However, due to the cold weather, the
flowering and maturity periods of rapeseed were

longer than usual.

Analyses of Variance and Performance of
Hybrids

The results from analyses of variance shown
in Table 2 were highly significant among treatments
for all characters. Means of seed yield and other
characters are given in Table 3. Seed yield of hybrids
ranged from 1,841 to 2,951 kg ha' with the mean of
2,294 kg ha™'. The highest yield of 2,951 kg
ha” was recorded in the cross of Qianyou 8A x
You 2894B, followed by the crosses of You 2894A
x Qianyou 6B and Qianyou 3A x Qianyou 8B,
which yielded 2,817 kg ha” and 2,782 kg ha™,
respectively (Table 3). All hybrids performed better
than the mean of parents. The difference between
the mean of hybrids and the mean of parents was
553 kg ha.

All yield component traits were highly
significant (Table 2). Pods per plant of single crosses
ranged from 372 to 554 pods with the mean of 468
pods. The highest pod number was found in the cross

between 1A X You 2894B which produced 554 pods

per plant, and followed by the crosses of You 2894A
x Qianyou 6B (548 P/P) and You 157A x You 2341B
(546 P/P) (Table 3). Difference between the mean
of hybrids and the mean of parents was 47 pods per
plant.

The range of seeds per pod for single crosses
was between 15.1 and 20.1 seeds pod”', and the mean
was 18.1 seeds pod ™. The highest seed per pod was
detected in the crosses of ITA x QH303-4B and You
2894A x Qianyou 6B, both giving 20.1 seeds pod™'
(Table 3). Seed size of single crosses as measured
by 1,000-seed (TSW) weight ranged from 2.92 to
4.06 g with the mean 0f 3.39 g. The largest seed was
found in the single cross of IIA x Qianyou 5B which
was 4.06 g and followed by the crosses of Qianyou
5A x You 2341B and Qianyou 6A x You 157B which
were 4.00 and 3.90 g, respectively (Table 3).
Branches per plant, an agronomic yield related trait,
was found to range from 6.4 to 9.0 branches per plant,
and the mean was 7.8 branches per plant. The highest
branches per plant was found in the cross of Qianyou
3A x Qianyou 7B, followed by the crosses of You
2894A x Qianyou 6B and Qianyou 6A x You2341B
(Table 3).

Plant height of rapeseed is an important
agronomic character related to seed yield. It was
found that the range of single crosses for this
character was from 153.2 to 182.6 cm with the mean
of 169.5 cm. The highest plant height was measured
in the cross of Qianyou 8A x Qianyou 6B, followed
by the crosses of Qianyou 5A x You 2341B and
Qianyou 5A x QH303-4B. The lowest plant height
was measured in the cross of Qianyou 3A x Qianyou

5B, and followed by Qianyou 3A x Qianyou 7B and
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Table 1 Designations, names and origins of rapeseed lines used in producing single cross hybrids

Name Prominent character Origin
ITAB Medium flowering Introduced from Sinan county, Guizhou province.
Qianyou 3AB Early flowering and maturity  Introduced from Yunan province.
Qianyou SAB Low oil content and medium  Introduced from Sinan county, Guizhou province.
maturity
Qianyou 7AB Medium maturity Derived from a hybrid combination named Youyan no. 7.
in Guizhou.
Qianyou 8AB Yellow seedcoat, late Derived from a hybrid combination named You 1162 in
flowering and maturity Guizhou province.
You 2894AB High oil content with yellow  Derived from a hybrid combination named Youyan no.
seed coat 10 in Guizhou province.
Qianyou 6AB Medium oil content and Derived from a hybrid variety named Shuza no. 6 in
maturity Shichuan province.
QH303-4AB High oil content with yellow A mutation from a open-pollinated variety Youyan no.6
seedcoat
You 157AB High oil content Derived from a hybrid combination named You 157 in
Guizhou province.
You 2341AB High oil content with yellow  Derived from a hybrid combination named You 2341 in

seedcoat and late maturity

Guizhou province.

Table 2 Mean squares from analyses of variance for nine characters of diallel cross involving 10 lines of rapeseed

Sources of Mean squares
Variation df

Yield P/P S/P TSW B/P PH DF DM ocC
Replicationsns 2 253,611 24,757 **  4.63 0.15 2.60 ** 116.10 * 1.82 1.35 1.08
Treatments 54 340,346 ** 6,339 ** 521 **% (025 ** 147 ** 22259 ** 1472 ** 2039 ** 1143 **
Error 1088 84,111 2,490 2.03 0.05 0.34 37.31 1.31 1.92 0.94

* % = gignificant at 0.05 and 0.01 levels of probability, respectively.

Abbreviations : df = degrees of freedom; P/P = pods per plant; S/P = seeds per pod; TSW = 1,000-seed weight; B/P

= branches per plant; PH = plant height; DF = days to flowering; DM = days to maturity; OC = oil content



Table 3 Means of nine characters of single cross hybrids of rapeseed

Single cross hybrid Yield P/P S/P TSW B/P PH DF DM oC
(kg ha™) (no.) (no.) (2 (no.) (cm) (no.) (no.) (%)

ITA*Qianyou 3B 1,981 456 17.9 3.65 8.4 1544 1733 231.3 36.6
[TAxQianyou 5B 2,405 422 17.5 4.06 7.3 173.3 174.3 231.7 38.0
ITA*Qianyou 7B 2,379 454 17.1 3.62 7.5 173.3 174.0 231.7 36.2
[TAxQianyou 8B 2,330 406 16.6 3.63 6.4 1637 173.0 232.0 37.9
ITAXYou 2894B 2,504 554 18.8 325 7.6 1728  174.7 234.0 36.7
[TAxQianyou 6B 2,371 426 18.2 3.35 7.2 1757 174.3 232.0 36.5
[TAXQH303-4B 2,573 472 20.1 3.58 7.6 1757 1743 232.7 39.2
ITAxYou 157B 2,138 442 15.1 3.63 7.4 163.3 172.7 230.7 38.9
ITAxYou 2341B 2,172 433 18.6 3.43 7.3 170.6  174.7 2343 38.5
Qianyou 3AxQianyou 5B 1,928 444 19.7 2.88 8.3 1532 172.0 227.0 373
Qianyou 3AxQianyou 7B 1,841 447 17.1 3.36 9.0 153.3 168.3 225.3 36.7
Qianyou 3AxQianyou 8B 2,782 540 19.6 3.10 8.1 164.0  173.7 230.0 37.7
Qianyou 3AxYou 2894B 2,324 498 19.6 2.92 8.2 1704 170.7 229.0 39.6
Qianyou 3AxQianyou 6B 2,050 462 19.5 2.94 8.4 1646  173.0 227.7 38.5
Qianyou 3AxQH303-4B 2,191 441 19.9 3.14 8.3 1699 1717 231.3 39.8
Qianyou 3AxYou 157B 2,313 483 18.9 3.00 7.9 155.4 168.7 225.0 39.1
Qianyou 3AxYou 2341B 2,104 491 18.6 3.06 8.2 1686  171.7 228.7 39.5
Qianyou 5A*Qianyou 7B 2,155 452 17.0 3.58 7.6 163.7  173.7 229.0 35.6
Qianyou 5A xQianyou 8B 2,503 473 18.6 3.33 7.1 1747 175.0 231.7 35.4
Qianyou 5AxYou 2894B 2,235 472 17.4 3.71 6.9 1700  173.7 231.7 38.5
Qianyou 5AxQianyou 6B 2,243 467 17.2 3.53 7.8 1632 172.3 228.0 36.2
Qianyou SAXQH303-4B 2,103 372 18.8 3.64 6.9 179.2 174.3 232.7 39.4
Qianyou 5SAxYou 157B 2,079 401 18.7 3.55 7.9 162.8 172.0 227.0 37.9
Qianyou 5AxYou 2341B 2,235 416 15.4 4.00 7.3 180.8  172.7 2333 389
Qianyou 7AxQianyou 8B 2,137 468 17.8 3.17 7.6 170.0  174.7 232.7 34.8
Qianyou 7AxYou 2894B 2,495 483 18.9 3.15 7.9 1717 174.0 228.7 37.7
Qianyou 7AxQianyou 6B 2,324 453 18.2 3.50 7.9 173.1 174.7 229.0 38.9
Qianyou 7AxQH303-4B 2,139 476 18.3 3.42 8.4 160.5 175.3 2323 37.1
Qianyou 7AxYou 157B 2,251 495 16.5 3.47 8.1 174.0 173.0 230.3 37.5
Qianyou 7AxYou 2341B 1,899 496 17.3 3.30 7.6 170.5 173.7 233.0 38.4
Qianyou 8AxYou 2894B 2,951 518 183 3.36 7.2 177.5 174.3 2323 40.3
Qianyou 8AxQianyou 6B 2,661 438 20.0 3.46 6.9 1826 175.0 233.3 39.1
Qianyou 8AXQH303-4B 2,683 531 193 3.33 73 1734  175.0 234.0 39.6
Qianyou 8AxYou 157B 2,117 449 18.9 3.29 7.3 176.2 176.0 233.0 403
Qianyou 8AxYou 2341B 2,001 465 17.2 3.18 7.1 174.1 176.3 2343 39.9
You 2894A*Qianyou 6B 2,817 548 20.1 2.93 8.9 173.3 172.3 229.0 40.4
You 2894AxQH303-4B 2,155 395 18.9 3.61 8.3 1584 170.3 230.0 23
You 2894AxYou 157B 2,452 508 15.3 3.59 7.9 1759 1743 231.7 40.9
You 2894AxYou 2341B 2,518 462 17.2 3.58 8.1 174.5 174.3 233.0 422
Qianyou 6AxQH303-4B 1,913 428 16.2 3.49 8.3 1702 175.0 233.7 39.6
Qianyou 6AxYou 157B 2,493 496 16.9 3.90 8.6 1656 1727 232.0 40.4
Qianyou 6AxYou 2341B 2,587 490 19.0 3.45 8.9 1782 1747 233.3 39.8
QH303-4AxYou 157B 2,259 496 19.3 2.94 8.1 1717 174.7 230.7 42.4
QH303-4AxYou 2341B 2,151 488 17.8 3.34 8.3 1658  173.0 233.0 4.5
You 157AxYou 2341B 2,303 546 18.6 3.30 8.9 1728 172.7 2323 41.8
LSD, 0.05 470 81 2.3 0.37 0.9 9.9 1.9 2.2 1.6
LSD, 0.01 622 107 3.1 0.48 1.2 13.1 2.5 3.0 2.1
Mean of hybrids 2,294 468 18.1 3.39 7.8 169.5 173.4 231.1 38.8
Mean of parents 1,741 421 17.8 3.15 8.3 1577 1721 229.3 38.8

Abbreviations : See Table 2
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ITA x Qianyou 3B crosses (Table 3).

Days to flowering and days to maturity,
the indicators of early and late maturity, are being
important characters in our breeding program
of rapeseed. It was found that the cross of Qianyou
8A x You 2341B expressed the longest days to
flowering (176.3 days), while the shortest was
expressed by the cross of Qianyou 3A x Qianyou 7B
(168.3 days). The range of days to maturity of 45
crosses was between 225 and 234.3 days, and
the mean was 231.1 days. The longest days
to maturity was recorded in the crosses of Qian
you 8A x You2341B and ITA x You 2341B, followed
by Qianyou 8A x QH303-4B cross. The shortest
days to maturity expressed by the cross of Qianyou
3A xYou 157B, followed by Qianyou 3A x Qianyou
7B cross (Table 3).

Oil content, an important character related
to rapeseed quality, ranged from 34.8 to 42.5%
with the mean of 38.8% for single crosses. The
highest oil content was found in the cross of
QH303-4A x You 2341B, followed by the crosses
of QH303-4A x You 157B, You 2894A x QH303-
4B and You 2894A x You 2341B, which gave
oil content of 42.4, 42.3 and 42.2%, respectively
(Table 3).

Heterosis

For oil content, heterosis ranged from -6.3 to
6.5%, and the mean of heterosis was 0% (Table 4).
Twenty five out of 45 crosses gave positive heterosis,
among them, three crosses gave significant values.
The highest heterosis was found in the cross of lines

Qianyou 8A x You 2894B which gave relatively

high oil content of 40.3% (Table 3).

Heterosis of pods per plant ranged from -9.9
to 48.6% with the mean of 11.4% (Table 4) 39 out
of 45 crosses gave positive heterosis, among them,
6 crosses gave significant values. The highest value
was found in the cross of lines Qianyou 3A x Qianyou
8B which also gave high pods per plant and seed
yield (Table 3). All the top four crosses for seed yield
expressed significantly positive heterosis for this
character.

Heterosis for seeds per pod ranged from -17.9
to 17.6% with the mean of 1.9% (Table 4). Out of
45 crosses, 3 crosses showed significantly positive
heterosis. They were crosses between lines ITA %
QH303-4B, You 2894Ax Qianyou 6B and Qianyou
6Ax You 2341B. The cross between lines Qianyou
6A x You 2341B expressed the highest heterosis for
this character.

Most crosses showed higher 1,000-seed weight
than mid-parent. The heterosis ranged from -11.3 to
25.4%, and the mean heterosis was 7.5% for this
character (Table 4). Out of 45 crosses, 39 crosses
gave positive heterosis, and 9 crosses among them
showed significant values. The cross between lines
ITA x Qianyou 3B showed the highest heterosis value.
Among three high-yielding hybrids, two crosses
(Qianyou 3A x Qianyou 8B and Qianyou 8A x You
2894B) showed positive heterosis, but cross You
2894A x Qianyou 6B failed to give positive
heterosis.

Most crosses had lower branches per plant than
mid-parent. The heterosis ranged from -22.5to 11.3%
with the mean of -5.3% (Table 4). Out of 45 crosses,

7 crosses showed positive heterosis, but only the



Table 4 Heterosis of single cross hybrids involving 10 lines of rapeseed

Single cross hybrids Yield oC P/P S/P TSW B/P PH
[IAxQianyou 3B 44" 2.5 15.0 3.2 254" -0.6 1.5
[IAxQianyou 5B 60" 22 7.4 2.0 24.07 -8.2 12.0”
[IA%Qianyou 7B 49" 3.7 6.8 2.8 12.6 -0.7 6.6
IIA%Qianyou 8B 49" 3.0 10.0 -14.0° 18.4" 7.9 0.6
IIAXYou 2894B 39" -5.8" 29.0" 53 -0.8 3.8 8.0"
IIA*Qianyou 6B 62" 4.7 5.1 25 47 2.7 13.07
[IAxQH303-4B 63" -1.8 14.8 13.2" 13.7 7.9 10.5"
IIAxYou 157B 20 -1.3 1.6 -17.97 154" 15 2.8
IIAxYou 2341B 40" 3.3 -4.1 12.7 6.4 -10.4" 3.8
Qianyou 3AxQianyou 5B 29 1.2 14.6 7.9 -4.5 -8.8 4.6
Qianyou 3AxQianyou 7B 16 -1.5 6.6 -5.0 13.7 34 -0.6
Qianyou 3AxQianyou 8B 78" 3.4 48.6" -0.5 10.5 0.0 6.2
Qianyou 3AxYou 2894B 29 26 17.5 7.4 3.2 94" 123"
Qianyou 3AxQianyou 6B 40° 1.4 15.5 7.4 0.0 -1.8 11.8"
Qianyou 3AxQH303-4B 39 0.6 8.8 9.6 8.7 -11.7 12.8”
Qianyou 3AxYou 157B 307 0.1 12.5 0.5 4.0 -13.77 33
Qianyou 3AxYou 2341B 36" 0.1 10.1 10.1 32 -11.8 8.1
Qianyou 5AxQianyou 7B 25 -3.5 8.7 -2.0 7.8 =13 43
Qianyou 5A xQianyou 8B 48" -1.9 314" 24 5.0 -6.6 11.17
Qianyou 5AxYou 2894B 16 0.7 12.2 -1.1 9.8 -19.3" 10.17
Qianyou 5A*Qianyou 6B 41" 3.7 17.8 -1.7 6.8 3.1 8.8"
Qianyou 5AxQH303-4B 23 0.5 -75 7.4 11.8 225" 16.8"
Qianyou 5AxYou 157B 9 2.1 -5.9 3.0 9.2 -8.7 6.2
Qianyou 5AxYou 2341B 33" -0.5 -6.0 -5.2 20.17 -17.07 13.9”
Qianyou 7AxQianyou 8B 20 4.7 19.4 -5.3 1.9 5.6 3.0
Qianyou 7AxYou 2894B 24" -2.5 6.7 8.9 -5.1 -3.1 5.8
Qianyou 7AxQianyou 6B 38" 24 5.7 55 7.9 3.3 9.7"
Qianyou 7AxQH303-4B 19 -6.3" 9.7 6.1 7.0 -1.2 -0.4
Qianyou 7AxYou 157B 13 4.1 8.1 -7.8 8.8 -1.8 8.0"
Qianyou 7AxYou 2341B 7 2.8 4.5 8.1 0.9 95 24
Qianyou 8AxYou 2894B 48" 6.5 306" -3.9 6.0 -4.6 9.3"
Qianyou 8AxQianyou 6B 61" 5.1 17.6 5.5 11.8 2.1 15.6"
Qianyou 8AxQH303-4B 52" 2.1 405" 1.8 9.4 -7.6 7.4
Qianyou 8AxYou 157B 8 52" 11.4 3.6 8.2 -4.6 93"
Qianyou 8AxYou 2341B 15 3.1 11.1 2.8 1.9 9.0 4.4
You 2894AxQianyou 6B 49" 2.7 26.3" 14.9° -11.3 11.3° 11.77
You 2894AxQH303-4B 7 3.3 9.9 8.0 10.9 -6.2 0.2
You 2894AxYou 157B 11 1.1 9.8 15.7" 10.5 -8.1 11.07
You 2894AxYou 2341B 27" 3.3 3.5 5.8 7.5 7.4 6.4"
Qianyou 6AxQH303-4B 15 -1.7 3.3 -6.9 9.7 -0.6 104"
Qianyou 6AxYou 157B 34" 1.5 13.1 -6.4 22.8" 6.2 75
Qianyou 6AxYou 2341B 58" -1.0 7.7 17.6° 6.0 7.9 11.8"
QH303-4AxYou 157B 14 24 11.7 6.9 -5.9 95 9.17
QH303-4AxYou 2341B 22 1.7 6.0 10.2 42 -8.8 1.8
You 157AxYou 2341B 18 12 12.7 10.7 3.1 0.6 6.2
Mean 328 0.0 11.4 1.9 75 5.3 75

Abbreviations : See Table 2
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cross between lines You 2894 A x Qianyou 6B gave
significant value.

Heterosis for plant height ranged from -0.6 to
16.8% with and the mean was 7.5% (Table 4). Forty
three out of 45 crosses showed positive heterosis,
and 28 crosses gave significant values for this
character. The highest value was found in the cross
between lines Qianyou 5A x QH303-4B which
ranked the third in plant height.

Heterobeltiosis

Percentages heterobeltiosis of single cross
hybrids for all characters are presented in Tables 5.
The heterobeltiosis of single crosses for seed yield
ranged from -5 to 59% with the mean 0f21.6% (Table
5). From these, eighteen out of 40 crosses showed
significant positive heterobeltiosis. The highest
heterobeltiosis was expressed by the cross of lines
Qianyou 3A x Qianyou 8B.

For oil content, the heterobeltiosis ranged from
-11.5 to 1.4% with the mean of -3.3% (Table 5).
Twelve out of 45 crosses showed positive heterosis
for this character, but none was significant. The
highest positive value was found in the cross between
lines QH303-4A x You 2341B. The three high-
yielding hybrids gave positive heterobeltiosis for oil
content and gave relatively high oil contents.

The heterobeltiosis of pods per plant ranged
from -17 to 38.1% with the mean of 4.5% (Table 5).
Thirty one out of 45 crosses showed positive
heterosis and 5 gave significant values for this
character. The highest value was found in the cross
of lines Qianyou 3A x Qianyou 8B.

The heterobeltiosis for seeds per pod ranged

from -19.3 to 14.2%, with the mean of -2.3% (Table 5).
Out of 45 crosses, 18 crosses showed positive
heterobeltiosis, but only one cross gave significant
value. The cross of lines You 2894A x Qianyou 6B
gave significant positive heterobeltiosis for seeds per
pod.

The heterobeltiosis of 1,000-seed weight
ranged from -14.8 to 20.7% with the mean of 3.6%
(Table 5). From these crosses, 32 crosses out of 45
gave positive heterobeltiosis, and 7 crosses showed
significant values. The cross between lines Qianyou
6A % You 157B showed the highest heterobeltiosis
value.

The heterobeltiosis for branches per plant
ranged from -25 to 4.7%, and the mean of
heterobeltiosis was -11.3% (Table 5). Out of 45
crosses, only two crosses showed positive
heterobeltiosis, they were crosses between lines
Qianyou 7A x Qianyou 6B, and You 2894A x
Qianyou 6B.

For plant height, the heterobeltiosis ranged
from -7 to 13.7%, and the mean was 4.5% (Table 5).
Thirty six out of 45 crosses showed positive
heterobeltiosis. The highest significant value was
found in the cross between lines Qianyou 5A x
QH303-4B, while the lowest negative significant
value was found in the cross between lines Qianyou

3A x Qianyou 7B.

Discussion

The percentages for heterosis and heterobel-
tiosis for seed yield in some crosses were considerably
high indicating the high degree genetic deversity

among parents. The cross of lines Qianyou 3A X



Table 5 Heterobeltiosis of single cross hybrids involving 10 lines of rapeseed

Single cross hybrids Yield ocC P/P S/P TSW B/P PH
[TAxQianyou 3B 44’ 3.4 13.4 5.3 1517 -12.57 -3.7
IIA*Qianyou 5B 48” 0.3 5.0 3.3 20.17 -15.17 8.0"
IIAxQianyou 7B 317 45 1.3 5.5 11.0 -3.8 5.2
IIAxQianyou 8B 33" 0.0 1.0 -19.0” 14.5" -12.3 -0.9
[TAXYou 2894B 12 82" 212" 3.9 3.8 -10.6° 7.7
[IA%Qianyou 6B 53" =577 42 0.6 3.7 -4.0 95"
[IAxQH303-4B 44" 64" 12.4 11.0 12.9" -17.4" 9.5
IIAxYou 157B 2 -4.9" -5.6 -19.3" 14.5" -14.9” 1.8
[IAxYou 2341B 25" 177 -136 2.8 4.6 -18.9” 1.4
Qianyou 3AxQianyou 5B 19 0.3 13.6 42 -14.8 -13.5”7 2.7
Qianyou 3AxQianyou 7B 2 -1.6 -0.2 -9.5 3.1 -6.3 -7.0"
Qianyou 3AxQianyou 8B 59™ 13 38.17 -4.4 47 -15.6" -0.7
Qianyou 3AxYou 2894B 4 -1.0 9.0 3.7 -13.6° -14.6” 6.7
Qianyou 3AxQianyou 6B 32" -0.5 13.0 32 9.0 -12.57 9.2"
Qianyou 3AxQH303-4B 23 -5.07 5.0 53 0.3 -13.57 7.8
Qianyou 3AxYou 157B 6 4.4 32 0.0 3.8 -17.77 -1.2
Qianyou 3AxYou 2341B 21 -53" 2.0 -1.6 -6.7 -14.6” 0.2
Qianyou 5AxQianyou 7B 19 4.6 0.9 3.4 5.9 -11.6° -0.7
Qianyou 5A xQianyou 8B 43" -3.0 232" 93 -1.5 -17.4" 5.8
Qianyou 5AxYou 2894B 0 3.8 33 -1.1 9.8 -19.8" 6.4"
Qianyou 5A*Qianyou 6B 38" -6.5" 14.2 2.3 4.4 9.3 8.3"
Qianyou 5AxQH303-4B 18 60" -114 6.8 7.7 -25.0" 13.77
Qianyou 5AxYou 157B -5 73" -143 0.0 5.0 9.2 35
Qianyou 5AxYou 2341B 29" 67" -17.0° -12.5 18.37 -18.9” 7.5
Qianyou 7AxQianyou 8B 18 -6.7" 4.5 -13.2° -2.8 2.6 2.9
Qianyou 7AxYou 2894B 12 -5.7" 5.7 7.4 -6.8 7.1 42
Qianyou 7AxQianyou 6B 28" 0.5 1.1 4.6 7.4 1.3 5.0
Qianyou 7AxQH303-4B 18 -11.57 6.3 5.2 49 -8.7 2.6
Qianyou 7AxYou 157B 3 -8.3" 5.8 -11.8 6.4 -6.9 5.6
Qianyou 7AxYou 2341B 5 7.9 -1.0 12 0.6 -15.6" 1.4
Qianyou 8AxYou 2894B 337 0.7 133 -10.7 -0.6 -15.3" 74
Qianyou 8AxQianyou 6B 52" 1.0 7.1 2.4 7.1 -8.0 10.57
Qianyou 8AXQH303-4B 50" 55" 264" -5.9 6.4 -20.7" 5.0
Qianyou 8AxYou 157B 3 -1.5 -43 7.8 5.4 -16.17 6.7
Qianyou 8AxYou 2341B 14 43" -72 -16.17 3.0 2117 35
You 2894AxQianyou 6B 27" 1.0 19.7 14.2° -13.3 47 8.5
You 2894AxQH303-4B -3 1.0 -13.6 7.4 6.8 9.8 -0.8
You 2894AxYou 157B 10 0.0 8.5 182" 6.2 9.2 10.17
You 2894AxYou 2341B 13 12 7.8 23 59 -10.0 3.7
Qianyou 6AxQH303-4B 7 -5.5" 1.9 -6.9 8.0 98" 8.0"
Qianyou 6AxYou 157B 14 -12 6.0 9.6 20.7" -1.1 53
Qianyou 6AxYou 2341B 49™ -4.6° 22 9.2 52 -1.1 59
QH303-4AxYou 157B 4 12 6.0 3.2 -6.1 -12.0° 8.9”
QH303-4AxYou 2341B 21 1.4 2.6 23 1.8 9.8 -1.4
You 157AxYou 2341B 6 0.2 9.0 -0.5 0.6 -1.1 27
Mean 21.6 3.3 4.5 2.3 3.6 -11.3 45

Abbreviations : See Table 2
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Qianyou 8B gave both the highest heterosis and
heterobeltiosis for seed yield, besides giving high
seed yield. It was found that percentages of heterosis
and heterobeltiosis for seed yield were associated
with those of yield related characters, especially pods
per plant and seed size. For example, the lines
Qianyou 3A x Qianyou 8B cross gave significant
heterosis for seed yield and pods per plant, while the
lines ITA x Qianyou 5B cross gave significant
heterosis for seed yield and seed size (TSW).
Studies on the manifestations of heterosis and
heterobeltiosis of yield and other characters were
made by many workers. Our result on heterosis for
seed yield was high and impressive. Which is similar
to that found by Shen et al. (2002) who reported that
heterosis for seed yield ranged from 5.5 to 64.11%
with the mean of 29.41%. Other workers reported
either higher or lower heterosis than this study
(Brandle and McVetty, 1989; Singh, 2007; Radoev,
et al., 2007; Sernyk and Stefansson, 1983; Starmer
et al., 1998). For oil content, the range of heterosis
in this study were bigger, but the mean of heterosis
was smaller than those found by some researchers
(Shen et al., 2002; Hu and Liu, 1989), but the range
of heterosis was smaller than that found by Wang
(1992). For other characters, similar or different
results could be found in many reports (Fray etal., 1997,
Shen et al., 2002; Pourdad and Sachan, 2003).

Conclusion

Ten recessive genetic male sterile (RGMS)
lines were crossed in a diallel manner to produce
45 single crosses. These crosses and their parents
were evaluated for average performance of hybrids
and their heterosis. Analyses of variance showed
significant variations among parents and hybrids
for seed yield, pods per plant, seeds per pod, seed
size, branches per plant, plant height, days to
flowering, days to maturity and oil content.
Among 45 single crosses, the means for seed yield
of five crosses including crosses between lines
Qianyou 8A x You 2894B, You 2894A X Qianyou
6B, Qianyou 3A x Qianyou 8B, Qianyou 8A
x QH303-4B and Qianyou 8A X Qianyou 6B were
2,951, 2,817, 2,782, 2,683 and 2,661 kg ha™,
respectively. These crosses could be used in the
breeding program.

Both positive and negative heterosis and
heterobeltiosis were found for all characters in
this study. The percentages for heterosis and
heterobeltiosis for seed yield in some crosses
were considerably high indicating the high degree
genetic diversity among parents. It was found that
percentages of heterosis and heterobeltiosis for
seed yield were associated with those of yield
related characters, especially pods per plant and

seed size.
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A Development of Dye-sensitized Solar Cells Using Chlorophyll
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Abstract

A dye-sensitized solar cell using extracted chlorophyll from lemon leaves adsorbed on a TiO2 film as the
visible light sensitization was developed. The visible spectrum of chlorophyll adsorbed on a TiO2 film and
cell photovoltage characteristics was studied. The dye sensitized solar cells were prepared using different
types of the electrolyte which were Kl/l2 and the evaporated lz. The dye sensitized solar cells using Kl/lz or
evaporated I2 an electrolyte under light illumination of 1000 lux gave the maximum open-circuit voltage
about 91.6 and 93.5 mV, respectively. The evaporated I2 dye-sensitized solar cells was tested with the sunlight,
and as an electrolyte the result showed that the open circuit voltage was 273 mV. The obtained response of
Iz dye-sensitized solar cells gave long term stability obtained with this new type of solar cell. The advantages
of the fabricated dye-sensitized solar cells in applying with the sunlight, when compared to silican solar cell,
were the low cost and the ease in preparation.

Keywords : Dye-sensitized solar cells, chlorophyll; TiO r visible light sensitisat, renewable energy; low

cost solar cell

' Formerly research assistant at the Innovation in Physics and Intellectual Properties (IP)’ Research Unit, Department
of Physics, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90110, presently lecturer, Faculty
of Science and Technology, Hatyai University, Hat Yai, Songkhla 90110

* Lecturer, Department of Materials Science and Technology, ® Assistant Professor, (IP)* Research Unit, Department
of Physics, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla, 90110

" Corresponding author email address : pattara@aiyarak.net

Hatyai Journal 8(1) : 15-21



NsMNIMAIHYININT 8(1) .0, — A8, 2553
Hatyai Journal 8(1) Jan —Jun 2010

16

Introduction

Dye sensitized solar cells (DSCs) have been obtained
considerable attention for the conventional solid-state
photovoltaic cells because of simple fabrication
process and low fabrication cost (O’Regan and
Gritzel, 1991). Many studies on the dye-sensitized
solar cell have been reported in recent years (Gritzel,
2001; Hagfeldt and Gratzel, 2000; Wang et al., 2003;
Gritzel, 2004). The most successful photo-induced
electron transfer sensitisers employed so far in these
cells are ruthenium(II) polypyridyl complexes. The
overall photovoltaic conversion efficiencies were
10% in the dye-sensitized solar cells using
organometallic compounds based on the ruthenium(IT)
polypyridyl complexes (O’Regan and Gritzel, 1991;
Nazeeruddin et al., 1993). To further improve the
dye-sensitized solar cells, chlorophyll instead of the
organimetallic dye should be used as it is cheaper
and easier to prepare. Chlorophylls, which act as an
effective photosensitizer in photosynthesis of green
plant, has maximum absorption at 670 nm (Scheer,
1991). Thus, chlorophylls are an attractive compound
as a photosensitizer for the dye-sensitized solar cell
in visible region. A new kind of solar cell, based on
dye sensitized nanocrystalline titanium dioxide has
been developed (O’Regan and Gritzel, 1991). In the
simplest form the dye sensitized solar cell consists
of two glass plates with a transparent conducting
coating such as SnOz. One side, the photoelectrode,
is coated with a porous layer of a wide band gap
semiconductor, usually TiOz, which was sensitized
for visible light by an adsorbed dye. The other
conducting glass was coated with a catalytic platinum

and served as counter electrode. The space between

the two electrodes was filled with an electrolyte
containing a redox couple such as iodide (I-)/triiodide
(Kay and Gritzel, 1996). We also have utilized the
use of the evaporated 12 as the electrolyte. The use
of evaporated 12 has not been yet reported. In this
work, chlorophyll solution, extracted from lemon
leave and immobilized on TiO2 electrode was
prepared and the photoelectrochemical properties of
the dye-sensitized solar cell using visible light

sensitization chlorophyll were investigated.

Research Procedures

Materials

Titanium dioxide powder was purchased in
commercial grade. The I, (purity 100%) was obtained
from BDH Laboratory Supplies, England. Tin(IV)
chloride pentahydrate (SnCl4.5H20, purity 99%)
and KI were purchased from Aldrich. Other
chemicals were analytical grade or the highest grade
available.

Preparation of dye sensitizer

As a simplified procedure, fresh lemon green
leaves were minced to pieces and put in the 50 ml
(99.5%) of acetone. The solution was shaken for 200
times and then left it overnight. The dark green
acetone solution was obtained from this procedure
(Smestad, 1998). The obtained solution was studied
using spectroscopy measurements UV-Vis absorption
with Lamda 35 spectrophotometer (Perkin Elmer).
The UV spectra are shown in Fig. 3.

The preparation of dye-sensitized solar cell.

The conductive glass plate was first coated
with a layer of SnO2 by the rocedure modified by
Tanaka and Suib (1984). The oven was cleaned by
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heating 1200 °C for 12 hours. Put a ceramic tile
glazed side up in an oven to serve as a support. The
oven was preheated to 650 °C. A glass microscope
slide was placed on the unglazed side of a ceramic tile
and both were placed in the oven. After heating the
glass and tile for 2 minutes, both were removed from the
oven, immediately sprayed with a fine mist of tin (IV)
chloride solution and 30 g of SnCl45HZO dissolved
in 300 ml methanol and returned the glass and tile to the
oven. The treatment was then repeated for 15 cycles.

Secondly, TiO2 electrode was prepared on the
conductive glass. The preparation was as follows :
Ten grams of titanium dioxide (TiOz) were ground
in a mortar and mixed with a few drops of very dilute
acetic acid. It was alternatedly grinding and the
addition of a few drops of acetic acid, 0.1 ml
concentrated acetic acid to 50 ml of water until a
colloidal suspension with a smooth consistency was
obtained. Few drops of clear dishwashing detergent
(triton X-100 surfactant) were added.

With the conducting side up, the glass was
taped on three sides using the 250-270 micrometer
thick tape to control the thickness of the paste layer.
The cleaning was made by using tissue wet with
acetone to remove any fingerprints or oils. The

titanium dioxide was pasted and spreaded using a

Evaporated I3

glass rod on the space on the taped glass slide. The
tape was removed without scratching the TiO2
coating. A glass was heated on a hotplate in a hood
for 60 minutes. The glass was cooled at the room
temperature and the slide was immersed in the
chlorophyll solution to obtain coating. The white TiO2
will change color as the dye was absorbed. Another
piece of tin oxide glass, conducting side down, was
prepared through a candle flame to coat the conducting
side with carbon (soot). For the best results, pass
the glass piece quickly and repeatedly through the
middle part of the flame. The two glass plates with
coated sides were assembled together and clamped the
plates together. The two types of dye-sensitized solar
cell were prepared with different electrolytes which were
clamped KI/I2 (triiodide) and evaporated L crystal.
The dye-sensitized solar cell with the KI/I2
(triiodide) was prepared by adding a few drops of a
KI solution were to the edge of the plate. The dye-
sensitized solar cell with evaporated I2 crystal was
prepared by placing the TiO2 electrode on the I2 crystal.
Then the I2 crystal was evaporated and doped on the
TiO2 electrode surface. The solar cell was connected
(the negative electrode is the TiO2 coated glass and
the positive electrode is the carbon coated glass) to test

the voltage produced by dye-sensitized solar cell.

TiO;

/

[ N

I ~ ]

O

Cﬁ

Condlicting Glass

Dye-sensitized obtain from
extracted chlorophvll solution

Fig. 1 The structure of the dye-sensitized solar cell.
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Photovoltage response of chlorophyll
adsorbed on a TiO2 electrode

Photovoltage response of the chlorophyll
adsorbed on a TiO2 electrode was measured with a
sandwich type cell. The working electrode with the
chlorophyll adsorbed on a TiO2 electrode was gently
squeezed together with a carbon-coated glass
electrode. The KI/I2 (triiodide) solution and
evaporated I2 crystal were used as the redox
electrolyte. A 500 W tungsten lamp was used as the
light source for the voltage response with the digital
multimeter with model 197 (Fluke) (Curri et al.,
2003). A scheme of the experimental set-up is shown
in Fig. 2. The distance between lamp and tested cell
was 60.00 = 0.05 cm. The active electrode area was
8 x 5.5 cm”. The light illumination on the surface of
cell was 1,000 lux measured by lux meter The light
illumination of 1,000 lux was applied to the solar cell.
Then, the light was applied to the solar cell and

repeated the experiment 3 times.

Results and Discussion

Spectroscopic characterization of
chlorophyll adsorbed on a TiO2 electrode.

The absorption spectrum of extracted

200,

15
oy
10|

05

0.00

Fig. 2 The experimental set-up for the
measurement of photovoltage response of dye-
sensitized solar cells on a TiO2 electrode with light

illumination 1,000 lux.

chlorophyll solution from fresh lemon green leaves
is shown in Fig. 3. The absorption band of chlorophyll
in the visible region had a maximum at 431.97 and
662.46 nm which was the working range of the
sensitizer. This result showed that this chlorophyll
was useful sensitizer for a dye-sensitized solar cell

in visible light.

31

3500 400 450 500 550

600 650 700 750 8000
L

Fig. 3 UV-Vis absorption spectra of extracted chlorophyll from the lemon leaves in acetone solution

Voltage response of dye-sensitized solar cell with KI/I2 (triiodide) solution as an electrolyte.
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Voltage response of dye-sensitized solar cell
with KI/I2 (triiodide) solution as an electrolyte

Fig. 4 shows the voltage response
of a sandwich solar cell based on chlorophyll
adsorbed on TiO2 film electrode irradiated with
500 W tungsten lamp with a light illumination
of 1,000 lux as the light source. The voltage versus
time was investigated. The result showed that
the voltage increased after applying the light.
Electrons in the sensitizer were excited by the
photons and conversed energy from ground state

to excited state. Therefore, the electrons drifted to

the external circuit. When the sensitizer lost
its electrons, the molecules will receive the electrons
from the electrolyte and returned to ground state.
The Vmax of each measurement were 72.6, 91.6
and 64.3 mV, respectively, which are indicated
in Fig. 4.

If the light was not applied, the voltage
decreased continuously because the electron was not
generated from the dye. The voltage changes were
observed, indicating that dye sensitizer solar cell
using chlorophyll adsorbed on a TiO2 electrode was

relatively response with irradiation.

110 O~ 135t Applied 1,000 Lux
00 - 4~ 15t Applied 0 Lux
- 'M o~ 2ad Applied 1,000 Lux
=70 _M .
E 1 f —#= 2Ind Applied 0 Lux
= 30 : t ~O- 3rd Applied 1,000 Lux
g 30 H \& T 1 +— 3rd Appliied 0Lux
~ 10 H 'E\
j T [ — I p— T T 1
-10
0 30 60 9 120 150 180 210 240 270 300
Time (min)

Fig. 4 Voltage response of dye-sensitized solar cell with KI/I2 (triiodide) solution as an electrolyte.

Voltage response of dye-sensitized solar cell
with evaporated I2 crystal as an electrolyte

Fig. 5 shows the voltage response of a
sandwich solar cell based on chlorophyll adsorbed
on TiO2 film electrode irradiated with 500 W tungsten
lamp with a light illumination of 1,000 lux as the
light source. The voltage versus time was investigated.
The result showed that the voltage increased after
applying the light. The Vmax of the measurements
were 93.5, 76.4 and 59.0 mV, respectively, which

are indicated in Fig. 5. Three measurements were
investigated within 1 months by testing 2 weeks of
each measurements without any filling the electrolyte
solution.

If the light was not applied, the voltage
decreased continuously because the electron was not
generated from the dye. The voltage changes were
observed, indicating that dye sensitizer solar cell
using chlorophyll adsorbed on a TiO2 electrode was

relatively responsive with irradiation.
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Fig. 5 Voltage response of dye-sensitized solar cell with evaporated Iz.

Voltage response of dye-sensitized solar cell
with evaporated I2 crystal as an electrolyte with
the sunlight

Fig.6 shows the voltage response of a sandwich
solar cell based on chlorophyll adsorbed on TiO2 film
electrode irradiated with sunlight for 20 min. The
voltage versus time was investigated. The result

showed that the voltage increased from 29.3 mV

after applying the light. The Vmax is 273.0 mV
which is indicated in Fig. 6. Then the dark box was
covered, the voltage decreased continuously until
34.5 mV because the electron was not generated from
the dye. The voltage changes were observed,
indicating that dye sensitizer solar cell using
chlorophyll adsorbed on a TiO2 electrode was

relatively responsive to irradiation.

300

250 _E@ & Without the sun light
Y

200 -
E ~O~ With the sun Eght
Z 150
H i
1] M
[

50 . .

0 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 9%
Time (min)

Fig. 6 Voltage response of dye-sensitized solar cell with evaporated I2 crystal as ann electrolyte with

the sunlight.



A Development of Dye-sensitized Solar Cells Using Chlorophyll

21

Thuanthong Thananimit, Wachirapat Pattanachot and Pattara Aiyarak

Conclusions

In this work the chlorophyll extracted from the
lemon leaves was investigated for spectroscopic
characterization. The dye-sensitized solar cell using
the extracted chlorophyll adsorbed TiO2 film
electrode was prepared and its photovoltage
characteristics voltage response was studied. The

dye sensitized solar cells were prepared using

I2 a electrolyte under light illumination of 1,000 lux
gave the maximum of open circuit voltage were 91.6
and 93.5 mV , respectively. The dye sensitized solar
cell using the evaporated I2 as an electrolyte was also
tested with the sunlight. The result showed that the

open circuit voltage was 273 mV.
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A Comparative Study of Science Learning Achievement and Critical-
Thinking Ability of Students in Junior High School Level 3, Title
“Ecological System” by Using Storyline Method and Teacher’s Manual.
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Abstract

The objectives of this research were 1) to compare the academic achievement in science and critical thinking
ability on ecological system of Mathayomsueksa 3 students taught using the storyline method with those
taught using teacher’s manual, 2) to compare the academic achievement in science and critical thinking
ability on ecological system of Mathayomsueksa 3 students before to after being taught using the storyline
method and 3) to compare the academic achievement in science and critical thinking ability on ecological
system of Mathayomsueksa 3 students before to after being taught using the teacher’s manual.

The sample for the study consisted of 90 Mathayomsueksa 3 students attending Kobkarnsueksa
Moonnithi School during the second semester of academic year 2010. The class were chosen by the simple
random sampling technique and students were divided into two groups : the first group of 45 students were
taught using the storyline method and the second group of 45 students were taught using the teacher’s
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manual technique. The instrument used in the study included 1) the teaching plans based on the storyline
method and those based on the teacher’s manual and 2) the tools used for data collecting consisted of academic
achievement test on ecological system and critical thinking ability test. The hypothesis testing result was
analyzed using a statistic dependent and indepent t-test.

The findings of the study revealed that 1) the students taught with the storyline method showed higher
mean scores for academic achievement and critical thinking ability than those taught with the teacher’s
manual at 0.01 level of significantly; 2) the students taught using the storyline method showed higher mean
scores for academic achievement and critical thinking ability than before they were taught with this method
at 0.01 level of significantly; 3) similarly, the students taught with the teacher’s manual showed higher mean
scores for academic achievement and critical thinking ability than before they were taught it at 0.01 level of
significantly.

Keywords : Storyline technique method, teacher’s manual learning technique, academic achievement in

science subject, critical thinking ability
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Teachers’ Need for Personnel Development of Teachers in Hatyai
Municipality Schools, Songkhla Province
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Somsak Datnuan and Padoung Prommul

Abstract

The objectives of the research were to study the need for personnel development of teachers in the schools
under the jurisprudence of Hatyai City Municipality and to compare the teachers’ need based on their
personal variables as ages and work experiences. A total of 190 teachers working in the municipality schools
in 2008 academic year served as the sample for this survey research. The instrument used in the study was
a set of questionnaire with 0.9517 reliability and the data were analyzed using such statistics as percentage,
arithmetic means, standard deviations, t-test and One-way Analysis of Variance and paired comparison
using Scheffe’s method. The findings of the study reveal the followings : 1. Overall, the teachers’ need for
personnel development is average. By individual aspects, the requirement for further study is average, and
the need for training and self-development is high. 2. A comparison of the need for personnel development
reveals that the teachers who differ in their ages show no differences in their requirement for training and
self-development. However, they show a 0.01 significant difference in their requirement for further study.
The teachers who differ in their work experience show no differences in the overall personnel development
need. Similarly, by individual aspects, they show no significant differences in their needs for further study
and training. However, the teachers show a 0.05 significant difference between in their requirement for
self-development.

Keywords : Personnel development, further study, training, self-development
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Research in University 4 : Usage of Thai Language in Writing Academic Articles

1

Twana magassa

Paisan Laosuwan

Abstract

In writing an academic article in Thai language, Thai grammar must be strictly attended to make the paper
preserves the correct academic communication. First thing to consider is the choice of words. In Thai
language, it is very often that many words have the same meaning. Therefore, the most appropriate one
should be used. In writing Thai articles, many authors tend to integrate English words or use the English
technical terms in the same sentence with Thai where those words should be translated into Thai. The
technical terms can be substituted with Thai translation made by the Royal Institute. The usage of punctuation
is also one of the main concerns. The errors in punctuation can lead to different meaning of sentences.

Keywords : Thai grammar, treatment of technical terms, punctuation, types of sentense
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International Relations

VAR 1S’
Kapichart Ratsang

Abstract

International relations is related to Exchange and Interaction between state to state, non—state actor to state,
and non —state actor to non—state actor in the dimensions of politics, economic, association, soldiery and
culture. The collaboration can be of one dimension or many dimensions at a time. Each dimension can be
categorized into 3 activity frameworks. The political activity framework concerns state power and the
state security. The economic activity framework concerns commerce investment and products trade. The
association concerns cultures, traditions and values. Every actor in the relationship holds different forms
of relation. It can be either of collaboration, confliction, difference, or competition forms. On the international
relation stage, different actor posses different ideology and objectives depending on national power. The
national power indicates actor’s power and potential. The international relations are then the complicated
issue. Sufficiency of knowledge base or information source can improve the understanding and can be used
to describe circumstance and phenomenon logically
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