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A STUDY ON THE INFLUENCES OF ENVIRONMENTAL
FACTORS TO THE PURE LINE SELECTION
FROM HYBRID POPULATION OF RICE*

Part 1. The Response of Yielding Capacity Among Different
Pure Line Groups Selected at Different Localities

by
T.S. Miu#*
INTRODUCTION

In this study, the following two hybrid combinations were used:
(A) Chia-nung 242x Baritol
(B) Taichung 65xBaritol
in which, parent varieties “Chia-nung 242” and “Taichung 65” are the most popular
rice varieties in Taiwan. “Baritol” is an upland rice variety cultivated in the
aboriginal region of Taiwan.

By the use of two crossing combinations mentioned above, it is expected that
through the successional generation of selections in the breeding program, new rice
varieties with disease and drought resistant characters might be developed. How
environmental factors influence the chance of pure-line selection from the hybrid
populations having the same parental combinations was also involved in the study.
F, individuals in each of the populations were divided into 4 equal portions and sent
to 4 localities situated at from the north to the south of the Province, for segregation

and natural selection under the different natural conditions in order to obtain data
and references for the readjustment of rice breeding regions according to natural

environs.
MATERIALS AND METHODS

After the F, generation in 1960, seeds of each of the two hybrid combinations
were thoroughly mixed, they were divided into 4 equal portions for planting at 4
different localities, namely, Taipei, Taichung, Chiayi and Pintung. From agricultural
point of view, these 4 localities represent 4 marked rice regions in Taiwan. At each
of these 4 localities two crops of rice in a year are grown. Each of the two crops
was applied with standard levels of fertilizer, or at a rate of 8oN, 40 P,0;, 40 K,O
kg/ha. Seeds obtained from each combination at different localities were kept in
separate. But seeds of each combination at each locality were thoroughly mixed and
a portion of which taken at random was used for planting of next crops. This was
continued until Fq generation. Thereafter, selections for better individuals from each
of the population were made and tested for their breeding-trueness by means of

* This topic is a part of the author’s research work on “The Causes of Low Yield of Rice in
Tropical and Subtropical Regions” which is- sutsidized by Rockefeller Foundation in the
rice breeding program.

** Senior Agronomist, Taiwan Agricultural Research Institute,



headrows. In comparative experiments of these lines,” most of the poorer lines were
discarded. The agronomic characters of the selected lines were also compared, 12
desirable lines from each locality, having 6 lines from combination (A) and 6 lines
from combination (B) were collected. Thus there were 48 lines in total from the 4
localities (12x4). A regional test of these lines was then conducted at the four
localities. Their adaptation to the localities in relation with the source of the group
of rice variety is then traced.

The selected rice lines or varieties for the regional test
are shown in the following:

\\\Eombination Combination A Combination B
Breeding‘\\\ Chi 242 Baritol Taichung 65x Baritol
Station ia-nung arito. aichung i
Taipei Taipei Taipei Taipei Taipei Taipei
No. 1 No. 2 No. 3 No. 7 No. 8 No. 9
Taipei
Taipei Taipei Taipei Taipei Taipei Taipei
No. 4 No. 5 No. 6 No. i0 No. 11 No. 12

Taichung | Taichung | Taichung | Taichung | Taichung | Taichung

No. 1 No. 2 No. 3 No. 7 No. 8 No. 9
Taichung
Taichung | Taichung | Taichung | Taichung | Taichung | Taichung
No. 4 No. 5 No. 6 No. 10 No. 11 No. 12
Chiayi Chiayi Chiayi Chiayi Chiayi Chiayi
No. 1 No. 2 No. 3 No. 7 No. 8 No. 9
Chiayi
Chiayi Chiayi Chiayi Chiayi Chiayi Chiayi
No. 4 No. 5 No. 6 No. 10 No. 11 No. 12
Pintung Pintung Pintung Pintung Pintung Pintung
No. 1 No. 2 No. 3 No. 7 No. 8 No. 9
Pintung -

Pintung Pintung Pintung Pintung Pintung Pintung
No. 4 No. 5 No. 6 No. 10 No. 11 No. 12

The varieties shown above were included in the regional test using random
blocks were carried out at Taipei, Taichung, Chiayi & Pintung. Each of the experi-
ments had 2 replications in the test during the first crop of 1964, and 6 replications
the second crop of 1964, in order to make the results of this experiment more reliable.

EXPERIMENTAL RESULTS AND DISCUSSION

From Fig.1 (Page 3), when we compared the grain yield, it was found that among
4 variety groups, the lines selected at Pintung were the highest yielder in Taipei
during 1st crop. But its heading time was 3.31 days, in average, later than those
lines selected at Taipei. While the yields of Taichung varieties was the next higher
than the lines selected at Taipei and their heading time was 1.25 days later than
those selected at Taipei. Lines from Chiayi yielded only little higher than those
selected at Taipei, but their heading time was 3.43 days later,



The grain yields of 4 variety groups shown by trend line are as follows:

Y =283.06+18.08 x(Taipei varieties)

Y’ =328.55-+15.87 x(Taichung varieties)
Y’’ =335.90+12.64 x(Chiayi varieties)
Y’’’ =347.31-+19,58 x(Pintung varieties)
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Each scale represents the position of each variety
(pure line) arranged by order of yielding ability.

Fig. 1: Trend lines of yielding capacity of 4 rice variety groups bred
at different localities cultivated in Taipei, 1st crop, 1964.

According to the adaptability of the 4 variety groups in Taipei, it may be seen
that the varieties developed from the southern regions of the Province is always
higher in yielding capacity than those bred in Taipei when they were grown during
first crop. In other words, there seems to be that Taipei is not a most suitable
place for rice breeding of the Province, because that the new lines of this experiment
selected from central and southern Taiwan appeared to be having acquired more
yielding potential as tested during 1st crop in Taipei. However, varieties selected
from Pintung and Chiayi were 3 days more later in heading time then these selected

Y =605.14420.96 x(Taipei varieties)
Y’ =602.83-+31.15 x(Taichung varieties)
Y’/ =618.29-+21.22 x(Chiayi varieties)
Y’/"=601.12+17.60 x(Pintung varieties)
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Each scale represents the position of each variety (pure

line) arranged by order of yielding ability.
Fig. 2: Trend lines of yielding capacity of 4 rice variety groups bred
at different localities cultivated in Taichung, 1st crop, 1964.
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in Taipei, from the crop rotation point of view, it is better to use varieties from
Taichung which is comparatively earlier in maturity in Taipei.

Taichung is located at central part of Taiwan, and where the soil fertility is
more rich than the other regions. Under such a condition, lines selected from
Taichung & cultivated in Taichung gave the highest yield. The slope of trend line
of yielding capacity rises steeply after 1-2 grade on X coordinate. It shows that
Taichung is a more ideal place for rice breeding for the 1st crop.

In comparison with the yielding capacity of four rice groups (Fig 2), Taichung
varieties yields highest in place where they originated (Taichung). Where as Chiayi
varieties ranked next; Taipei varieties the third. and Pintung varieties the last in
yielding capacity.

It is quite evident that there is a tendency for the yielding capacity of different
rice groups in Taichung to decrease with the increase in distance between the
breeding station and the Taichung region.

As for the heading period among the 4 variety groups in Taichung, lines selected
in Taipei were earlier than the other 3 groups, the average number of days from
sowing to heading is 131.54, But Taichung varieties were 1.33 days average later
than the Taipei lines, and Chiayi varieties 3.67 days more, and Pintung varieties,
2.71 days more than Taipei varieties, on average.

Y =426.78+34.60 x(Taipei varieties)

Y’ =651.20+17.32 x(Taichung varieties) ]
Y/’ =630.30-+20.93 x(Chiayi varieties) N
Y’/ =565.73+21.61 x(Pintung varieties)
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Each scale represents the position of each variety
(pure line) arranged by order of yielding ability.
Fig. 3: Trend lines of yielding capacity of 4 rice variety groups bred
at different localities cultivated in Chiayi, 1lst crop, 1964.

From Fig. 3, the results in Chiayi were discussed. In first crop of the year, we
had a serious drought there, so the irrigating water was not sufficient. The yielding
capacity of Taichung and Chiayi variety groups was somewhat close with each other
as shown on the trend lines Y’ and Y. The two lines crosses each other on the
middle point but the opposit vertical angle is very acute which supposes that a part
of the two groups of varieties may be replaced each other in practical cultivation.
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The grain yields of Pintung varieties were lower than Chiayi and Taichung
varieties in Chiayi, and the Taipei varieties in Chiayi due to drought weather
condition and serious pest damages (rice-blast and moth-borers were the more
important) showed the lowest yields.

The water levels under ground are higher both in Taipei and Pintung, so varieties
bred in such a condition, naturally can not tolerate drought.

Y =765.07+10.82 x(Taipei varieties)
Y’ =648.18-+20.86 x(Taichung varieties)
Y’/ =812,.95-+18.16 x(Chiayi varieties)
Y/’ =770.66+16.85 x(Pintung varieties)
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Each scale represents the position of each variety
(pure line) arranged by order of yielding ability.

Fig. 4: Trend lines of yielding capacity of 4 rice variety groups bred
at different localities cultivated in Pintung, Ist crop, 1964,

In Pintung (see Fig 4), the grain yields of Chiayi varieties were the highest among
the 4 lines. But the yield trend line of Pintung varieties is little lower than the line
of Chiayi varieties though the latter is very closely parallel to it. As for trend lines
of Taipei & Taichung varieties, they are much lower than the former two lines. It
indicated that rice varieties developed from Taipei and Taichung cannot adapte to
Pintung environment during the period of the 1st crop of rice. But Taipei varieties
in Pintung yielded higher than Taichung varieties when we compare the grain yields
of the two groups. We found that it may be caused by under-ground water levels.
In Pintung the water level under the paddy field is usually higher which is somewhat
similar to the condition of rice field in Taipei.

Then we conclude the first crop experiments. Although the soil fertilities of
this experiment at 4 localities were not on a homogeneous level, but when we
compared the yielding capacities among the 4 groups of varieties cultivated at single
place, it may find out that in rice cross;breeding program in this Province, varieties
developed from southern part of this Island may be adapted to north-ward areas,

but conversely, the northern varieties are always not adapted to south-ward parts.
(compare the trend line)



During the 1st crop, Taichung varieties may be adapted to the soutilern area
until Chiayi region is reached or to the north, Taipei. But when they were introduced
to Pintung area, the most southern part of the Island, the grain yields were not so
good.

Because Taicheng is located at central Taiwan, it seems to be a most suitable
place for rice-breeding. According to the regional test of the 1st crop in Taichung
(see Fig. 2) the rice varieties developed from Taichuug yields highest than all the other
variety groups developed from other regions. It may be concluded that, there
exists a relationshjp between the geographic distance from Taichung and yielding
capacity of rice group cultivated in Taichung. In order words, the near the station
located to Taichung, the higher the variety yields. This phenomenon shows Taichung
is a most suitable place for rice breeding during the 1st crop period of Taiwan.

Any variety group of this experiment introduced to Taichung may always get a
suitable return of grain yields, and the variability of grain yield among the 4 rice
groups cultivated in Taichung gives the smallest magnitude in distribution of yielding
ability. This also indicate that Taichung is the most favorable region for breeding
rice varieties for this Province.

From Fig. 3, we can see that in Chiayi, the two fitting lines of Chiayi and
Taichung varieties respectively are crossing each other near the middle point, and
the vertical angle formed by the two lines is rather acute. So we may suppose that
some of the Taichung varieties may be adapted to Chiayi during 1st crop period. But
it seems that varieties from Pintung are not so adaptable to Chiayi according to the
position of Pintung’s line in Fig. 3. While the Taipei varieties are the lowest yielder
in Chiayi. Because of the higher yields of Chiayi varieties in Chiayi, so we say that
Chiayi is also a suitable place for breeding rice varieties during 1st crop.

Y =418.754-14.99 x(Taipei varieties)
Y’ =460.13+16.37 x(Taichung varieties)
Y’/ =536.86+14.03 x(Chiayi varieties)
Y'"’=549.64-+16.96 x(Pintung varieties)
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Each scale represents the position of each variety
(pure line) arranged by order of yielding ability.
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Fig. 5:. Trend lines of yielding capacity of 4 rice-variety groups bred
at different localities cultivated in Taipei (2nd crop, 1964)
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In Pig. 4, it shows that Chaiyi varieties may be well adapted to Pintung and
even better than those Pintung local bred lines.

We may now proceed to discuss the results of second crop of the experiment
which was also carried on at the 4 localities from north to south in the Province.

From the record of grain yields of 2nd rice crop 1964 in Taipei (Fig.5, page 6),
we found that when 4 variety groups cultivated together in Taipei, the Pintung group
was the highest yielder. And the growing duration from sowing to heading was also
the longest. This further noted that the Chiayi varieties rank next, the Taichung
varieties, the third, and the Taipei varieties the shortest in the number of days of
growing duration. The weight of grain yield is positively propertional to the number
of days of growing durations.

Under Taipei weather condition, if hybrid progenies are too late in maturity in
the 2nd crop, they are always discarded either by natural or by artificial selection.
However, though the rice varieties developed from Pintung and Chiayi are among the
highest yielders, but they were always mixed with many green grains. Due to colder
weather in late Fall in Taipei, so we may say that only the Taichung varieties
yielded plump seeds are better than Taipei varieties in the 2nd crop in Taipei region.

If the varieties from Pintung and Chiayi were cultivated in Taipei during the
the 2nd crop period, they do not happen to meet the early-coming cold weather in
Oct. & Nov., then they would able to give a better harvest in Taipei than Taipei
local bred varieties. So it indicats that the varieties developed from southern part
of this province may have the posibility to adapt to the regions north-ward of
Pintung or Chiayi. However, it may be certain that only the Taichung varieties
may give better repening grains during the second crop period in Taipei.

Y =696.20-+22.83 x(Taipei varieties)
Y’ =655.44-+23.95 x(Taichung varieties)
Y/ =641, 21+ 22.79 x(Chiayi varieties)

111 =796.76+18.42 x(Pintung varieties)
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Each scale represents the position of each variety

(pure line) arranged by order of yielding ability.
Fig. 6: Trend lines of yielding capacity of 4 rice variety groups bred
at different localities cultivated in Taichung (2nd crop, 1964)
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In Taichung (see Fig 6), the second rice crop of 1964 in the experiment was suffered
from Sclerotium diseases. In addition to the soil condition of the experimental field
which was too rich, most of the varieties in the experiment were not prevented from
lodging. But the Taipei and the Pintung varieties were not so serious when they
compared with Taichung and Chiayi varieties.

During the breeding programs were taken place in Taipei and Pintung, both
regions were under the circumstances of being more easily attacked by the Sclerotium
pathogen, and hence most individuals which were not resistant to Sclerotium diseases
were discared in early generations. In addition to the artificial selection, the varieties
developed from Pintung and Taipei are more resistant to Sclerotium disease than
the Taichung and the Chiayi varieties.

All varieties developed from the 4 localities yield steadily in Taichung, and the
range of grain yield of the varieties from minimum to maximum is rather narrow
than the other 3 experimental places.

Cowmparing the yielding capacity of four rice variety groups in Taichung, we
find that Taichung is the highest yielding place of rice crop than the other 3
experimental localities in the second rice crop.

It seemed to be that Taichung is the best place for growing many rice varieties
from different places during the 2nd crop. But if one want to extend a good variety
in Taichung successfully for the second crop it should be able to resistant to
Sclerotium diseases and to with-stand from lodging.

Y =414.08-18.57 x(Taipei varieties)
Y’ =498.86+16.32 x(Taichung varieties)
Y’/ =533.68-+17.61 x(Chiayi varieties)
Y’""=500.66-+25.72 x(Pintung varieties)
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Each scale represents the position of each variety
(pure line) arranged by order of yielding ability.

Fig. 7: Trend lines of yielding capacity of 4 rice variety groups bred
at different localities cultivated in Chiayi (2nd crop, 1964)

In Chiayi(see Fig7),during the second crop of 1964, all rice varieties in this experi-
ment were attacked by a new virus which occured only in recent years and originated
from Pintung. Varieties developed from Chiayi and Pintung are comparatively



tesistant to this sort of disease, whereas varieties from Taichung & Taipei are most
suscepfible to it. So the yielding capacity of Pintung and Chiayi varieties are rather
higher than those of Taichung and Taipei varieties. This fact was discovered in a
former research work by the present author that some Ponlai varieties (Japonica)
developed from Pintung & Chiayi are very resistant to the new virus disease.

So far as we know, the following varieties; (1) Chianan 2, (2) Kao-yu 10 (3)
Kaohsiung 68 and (4) Kaohsiung 122 are all the most resistant varieties developed
from the southern Taiwan. [The number (1), was bred from Chiayi, & the (2) (3) &
(4) from Pintung.] ‘

The Taichung and the Taipei rice varieties were susceptible to the new virus
disease, and some of the varieties, suffered very seriously to such a extent that they
near to extinguish.

The relavent experiment was also carried out in Pintung during the 2nd crop of
1964. The results are abnormal due to poor drainage of the experimental field. So
the data are not availiable for comparative studies.

CONCLUSION

According to the experimental results are shown above, Taichung & Chiayi
should be the better sites for rice breeding work in Taiwan, The varieties developed
from there possessed more extansive adaptability than Taipei & Pintung varieties.

Varieties developed from Taipei and Pintung excepting in a few cases are always
with narrower adaptation. Not only during 1st crop but also in the 2nd crop of
rice as well, the southern varieties may adapt the regions northward, but conversely,
the northern varieties have very little possibility of adapting the region southward.
Temperature and photoperiodism condition may not be the only cause, but there must
have existed some characters of the varieties which may resist to pest and insect
damages of the southern varieties. Pest & insect damage are more serious in southern
part, than in the north, when a pureline is selected from the hybrid population in
the southern area, it is always quite resistant to many sorts disease and insects. Lines
retained after natural and artificial selection in the south were possessing characters
with tolerated to the adverse environment more than the northern varieties.

In the first crop, varieties developed from Taichung were adapted well northward
to Taipei, and southward until reached Chiayi. But in the 2nd crop, these varieties
are not so tolerate to some new sorts of disease which occured in the southern part,
even in Chiayi. Taichung varieties did not have good performance in the 2nd crop
in south because of new virus disease infection. However, Taichung is neverthless
a good place for rice breeding in Taiwan. Because the varieties developed from the
region may adapt to both the northern and the central regions of Taiwan. Yet in
the futere, rice breeding in Taichung should use artifitial inoculation with all important
discases in order to select more resistant lines.

Chiayi varietes yielded higher in Pintung in the 1st crop, whereas Pintung
varieties were not so adaptable to Chiayi. So it seems to be that Pintung is only
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the place for breeding local rice varieties. Apparentiy, Chiayi is an ideal place for
breeding rice varieties for the southern Taiwan. In addition to its varieties having
broad adaptation in southern area it has also the benefit of good natural environment
in which rice blast disease prevail. It is in this connection that the Chiayi Agri-
cultural Experiment Station has its increasing importance in the rice breeding task
of this Province. Taipei or Pintung may carry on rice breeding work for their own
special purpose, the development of new lines resistant to the local disease, as well
as some foundamental researches on rice crop which would be strengthened in the
future.

After this study, a conception of two efficient centers (Taichung and Chiayi)

for rice breeding in this province was found, and the adaptation of their variety
groups are shown as the following figures: /
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---—>Most Suitable Extension Direction of ---—>Most Suitable Extension Direction of

the Taichung Rice Varieties (Ist Crop) the Taichung Rice Varieties (2nd Crop)

——Most Suitable Extension Direction of ——>Most “Suitable Extension Direction of

the Chiayi Rice Varieties (Ist Crop) the Chiayi Rice Varieties (2nd Crop)

Fig. 8: .Extension Directions Available for Fig. 9: Extension Directions Available for
the Rice Variety Groups Bred in the Rice jVariety Groups Bred in
Taichung and Chiayi Respectively Taichung and Chiayi Respectively
During First Crop. During Second Crop.
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FEAMEEREZRA BRTO » EENEEEREFZA TEERRAEDRHRE R - FrRkEL
) EFTREH BT R I R BE  RE  W L B B RIS S S AR o 5
PRI AP BRI » IERERER T o
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— i B

B Muller (1927) FEKSH B A TTRINEEZ > MK Stadler (1928) BEZ#H » x
BHe o TR BPTSBSIWE » EREEHBNREY A THEPESE o KBATHHEZH
98 FARUEE (1917) » HBEHETREK (1918) 2% o MRS TR TG X SHRERE » 77
g AUSNER (1931) BERRBE » TEMAR  TEK (1934) B x 5t > %41
W EES R ) EELSERES R ) RN BRUEEASS - MARELKSE Sk
SHRVERS » SR TRBGGTRENRAT » FRERSMKE » ERAEFEBAHREENZ 258
B o LSRR LR RMRTREASAY » MUBSBLREH BESBASANE » &
Ramiah ¥ Parthasarathy (1935) » 5ki (1950) ~ FAS (1952) ~ [ (1953) %A AUBRYE © 7E
2= > ik (1955) ~ BRAIE (1957) ~ 3 (1959) B EfAHi R BB A+ » BB Qe A TIigaE %
> GEIEEBRTAN o 3 (1961) WRUL TR x SHUEEE R B> BRRERBRZ 2§
R lEge c AHEITE > K (1960) dati BB B EAIIRE » MRMERERM © 2/
B GRBER) » BERMBEEERRRAT  ERREMHEIRI R » el eE » FEAZ
etk o SEE—S TH  BAHREKBREENETVERMRCBONTRZRE  THEMI
RBWERPPRER o

BB URREE

195748 » JHEEdR 6558 » FERA8HE » RASTIEN AR —IRF UMM 2 R T 2008 » REEAA
BRI AT » $55 X BHR20Kr FMOKr ;5 riHR ($h51) 25kr Fi50ke J Bheb 715/ R FI20/ B
(fEX B4R 36X10° F14.9X10%) o 1958 4255 1§ Z P65 ME T4 100g » RIEEK
BER , L0 X BHEATT 4 (85751 500r ~ 1,000r  2,000r ~ 4,000r ~ 8,000 ~ 16,0001 ~ 24,0001
#136,000r p B o X SHRBETERS » BT BOREEMIR 25cm JE » MBI o r SHREEER: » AUBREERR IR
50cm i o RIS 2R T-R1958EEMARES » K—REEFTEDFME —KRERSE » MRERTH
KE o T REFEEENEI > ZEBRERBI © HRERERITELSRNT ¢

1 BHFFZRE 1959521 » BEARKREELET 1500  SEFHIBENBEAMZ
ERER B AR TR 2K o BT B RSB MU REFTREFENE 5 3T
T WSS B A A B HIFRE o

2 EFHRERORBERCRE  FIREEREBZ R SREEEEATI0M » %52
BRI 4 208k o BARA RS ERAE Y - RRCH ~ WREATER B B0 BOBUISE » M BB R
o RBVE » BEKE ~ BE - BE ~ HERROTEESF YN A TE AR E R HRYE o

»X-% XY-¥% r —
e G ety T yiom Va2

3 FERZHIEREE  AEERREYHE ) #H Farmer REEEEEZ ° EEHHE
FERTOZ RS o FIA®IKY: (Smear method) BITER FHERZE I EH R S —F M2 R post
R -
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1 33FsEs , S3F8) ) SECHEMREESERE -

RE—TTRH » A REEEZEHE » HRRBE » KB ENRE > REERSFERRE o
X 4R 20kr %ﬁlﬁiﬂh ﬁ%@%ﬂi T6% LAk o x Btk 40kr £ JRFE 5 HEIEAYFE 45~64 %42
o S gulﬁﬁilﬂiz—-~ o ThHR 25kr YR 65ERFIZERISHE X AR » BHAIHTEI2Y
ko BREATERRMERZEBARK » UEHIRIE Z25~30%%k 4 T 41 50kr JE#
EAREAST~42% » B 1 4R 25kr JREY — LT o (HRERGE » R 15~22%7%745 o
R T 4R 25kr JEEY 80 BEA » MM BTEREFBLK o b TREEHNSIMER MBS »
49X} 10VER B I A R 36 X 10V EBME R o 741 (A TRRE) ZErh6sueF FARA x S
ERHE ) IGEAEER o

R TRAHGERBEEHEFENRZEE . (F—KRR)
Table 1. Effect of different radiation treatments on germination rate
(I1st experiment)

NEI DN
Germination\Varieties # * 65 % | 3% R 8 B | Mk | B 4 | BEE GO
rate
I Taichung Chianan Taichung Wu-chian lg\I:fir:)sf ,
No. 65 No. 8 native No. 1
Treatment\\ | seeded
CK 96.0 9.7 88.0 83.3 150
20Kr 98.0 94.7 86.0 76.0 150
X-ray {
40Kr 46.7 54.0 .64.0 44.7 150
{25Kr 92.0 93.3 26.0 20.7 150
r-ray
50Kr 37.3 42.0 22.0 15.3 150
Thermal {3.6><10Is 27.3 29.3 34.0 11.3 150
neutron 4.9x10'® 37.3 32.7 46.7 14.0 150

R RPHES T AHRER (INEZD BRI ERRR R S R Bk o REIET
A2 B > FTH N L R

RO BHERZEHANE (F—KRER)

Table 2. Analysis of variance for germination rate

] ] . i B TR - M i FE
= Variation A H ]SEIE‘ = ¥ 1{/}5 jﬂ] B éjs A ’ FF Valuﬂa | T%e%raituigal
54 & Varieties 3 3763.11 | 1254.37 7.55%% ‘ 3.16—5.09
7 7 Treatment 6 17574, 26 2929.04 17.62%% 2.66—4.01
# 3= Error 18 2991.02 166.16

AR L W BBEEVE > ER=HRTAER B x 598 20ke 4 SEEAE658] » 5
FABHR T SRSk ERE S 5 HERSIRIETIFIICE o # x SHR40kr M20kr 2 A2 164~
820672 © MRFTEARRZIE » WBHERRBA P TREE » BRT AT BB » ki
BEWR L



15

EENARRBEERF R RE

Table 3. Effect of different treatments on germination speed.

NEE RN . N T |
Germinzmhv:metles WOl 65 W | T oW S S| mlvpk—W, B 4 | EHE G
spee '
\\ . \ Taichung Chianan Taichung Wu-chian Nl?a:i nosf
moOB T No. 65 No. 8 native No. 1 . sgeeded
Treatment i B |
CK 96.0 90.0 82.7 71.3 150
{ZOKr. 98.0 93.3 77.3 68.7 150
X-ray
40Kr. 29.3 10.7 0 4.0 150
{25Kr . 88.7 90.0 0 1] 150
r-ray
50Kr. 0 16.0 0 0 150
Thermal {3.6><10‘3 0 0 0 0 150
neutron (4.9x10'8 0 0 0 0 150

BRI E A PR TR » P TR > 1 §HER S0kr PRER D A 8 5% v EPER—EN K
A0 T SR 25kr JRERD A ZER SRR 0 HEREIEE 2 IR 5 BREEE55R X iR
40kr EFREENWRESN > HBREENERE . ARREZFECEREERS o LTERBMRR
ABIEZ i o HERAEWYER » PSR MEEE 8 XS MIETHETY » DIszEH » HIREE
RS > AR ERIZARBAGK o Z2rh 73R —BR BRI A x 3 20kr AL iR 2 A 21~
29H o X S5HR40krEAIS 3 H 3 ~5H o BARAIBE » 2 18 o

W~ NHEEEECEZZE (F—KER)
Table 4. Effect of different treatments on lethal seedlings

ETFN & | - 3 _
Letilal Varieties) 2 W1 65 %% | 3% F§ 8 & | Bk | B 4 | R CRD
rate
Taichung Chianan Taichung Wu-chian Ng:;.ir(g
RO No. 65 No. 8 native No. 1 geeded
Treatmem\
CK 54.2 58.1 41.7 44.8 : 150
20Kr. 73.5 50.7 75.2 64.0 150
X-ray {
40Kr. 45,7 90.1 99.0 83.6 150
{25Kr. 59.4 45.7 100.0 93.5 150
rray 50Kr. 83.9 100.0 100.0 100.0 150
Thermal {8.6>< 10'3 100.0 100.0 100.0 100.0 150
neuton 4.9x 102 100.0 100.0 100.0 100.0 150

MERFTE » HRERZBEHRBEBHBI L o KR YBREE » HECHRARE—K
EEH A o fOBERETCRE  WHRBEREILCRS 2B o AR » x SHUERER r 4
ML PR DI R o

WHHEE 2B EETRBE RGN EEE H36~87% » HMREETRFEMR °
(EFREREE  BEESMEEREZRE » SOBSHETRERR » TR o MRHANAER
F—H o (A7EEErH65HR ~ 3578 8 Bt ~ BHTER—R B L x Sl 40kr BBE > HERA M
Wik o BRI - 313 A 5 BEE ) —AEFI0cmAERR s EERELT~20cm o HRFEF
FEZR—B% » BR x BHR 20kr JRERE AL > HENEE ) BRAFHPIHCIIEE— ZH o WEER
i o BEPTREE ) BRI o KRR (EIRRE) HERINE-LHTR o mEEENT ]
M2 RE  AAHEN WEFEZER  AREREREZRINTHRERBR o B5REEN
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ZERHEEE » FRNEIRE © JLEIZOREEBRS » TR R o
A~ XHHRFEEAT s BRI TR R R B

Table 5. Effects of X-rays and C,¢° on seed germination and injury in rice

X- L] i & N I
oW s R | R T K e .Z?_i_-réy_: et e S Co® —
Dosage No. of seed Gerr;xail?:tion %eth:}l rat‘e"' Gerr?;rtlgtion Ffethgf rat‘:;"‘
500 r 200 08 : 54 o8 51
1,000 r 200 97 56 98 31
2,000 r 200 97 57 98 43
4,000 r 200 96 62 99 47
8,000 r 200 96 59 99 44
16,000 r 200 96 66 98 46
24,000 r 200 95 77 98 43
32,000 r 200 95 57 99 40

CK 200 99 17 99 13

FANTABHRERERYRZEE (F—KER)
Table 6. Effect of different treatments on seedling height (1st experiment)

B oW 65 8 | % 8 gy | AETMAER—H 4
\\_\\ \?:érieﬁes Taichung No.méS 3Chianan No. ;§ Tamh&rég ln ative ‘Wu-chian
)4 o BB e g (BB e g (BB o (B E e o
Treatment \ Shetedégllg Ilrjldex ?ﬁedggg I?xdex Shiedggg Ilrj)dex Shiedléglg I;dex
CK 11.53 100 11.88 100 10.07 100 10.93 100
X {ZOKr. 9.54 82.7 9.69 81.6 6.93 68.8 8.15 78.4
™ \40Kr. 7.22 | 62.6 | 5.25 | 44.2 — 9.05 | 87.1
{25Kr. 9.79 84.9 8.78 73.9 — —
r-ray
50Kr. 4.15 35.9 4.84 s 40.7 — -—
FL o~ X SRR TEBRE (ZF655R) WMEZ e (B REE)
Table 7. Effect of X-ray and C,¢° on the seedling height in rice
& kR = BE
oW s R | oW % | R OB % Plant height
i By om B B O ox " %
Dosage No. of seedling Index Plant heiéﬁt (cm) St;ndard error ”Index
X-ray 500r 93 55.3 7.8 2.72 97.5
1,000r 88 42.9 8.5 2.18 106.2
2,000r 86 51.7 7.6 2.37 97.0
4,000r 76 45.6 4.1 2.43 50.0
8,000r 82 49.1 7.1 2.45 90.0
16,000r 68 40.8 6.9 1.94 86.2
24,000r 46 27.6 6.8 2.81 87.2
32,000r 85 51.1 7.2 2.49 90.0
CK 166 100.0 8.0 1.17 100.0
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Cof 500r 99
1,000r 129

2,000r 115

4,000r 105

8,000r 113

16,000r 114
24,000r 113
32,000r 120

CK

1

56.7
68.8
65.9
60.2
64.8
65.4
64.8
68.8
00.0

6.8
8.7
5.1
5.7
7.4
5.0
6.1
7.1
8.9

2.54
2.18

2.68
2.02
2.56
2.27
2.19
1.43

76.3
97.6
57.2
63.9
83.1
56.2
68.4
79.6
100.0

2 ERHRBESREEKEER .
R/ AN TRAEERTEEEHMZEE (B—KRB)

Table 8. Effect of different treatments on the growing period (lIst. expt.)
" T8 } = Z
5 | s | TR e | a B o O
Varietes Treatment Heading Heading date |Heading time| Growing
period period
CK 83 57278 ~5430H 4 117
. 20Kr. 84 5H30H~6/ 4 H 6 118
B g 65 5 Xray{ r A30R ~63
Taichung 40Kr 85 5H30H~65 3 H 5 119
No. 65 {25Kr. 84 5H30H~64 3 0 5 118
ra;
T8 50K % 6/ 10H ~65 147 5 120
CK 84 5H30H~6F 3 H 5 118
. . 20Kr. 84 5H3lA~6H 3 H 4 118
% M 8 % | Xr y{ A A
Chianan 40Kr. 91 6510 ~67 141 5 124
No.8 {25Kr. 85 5/128H ~6H 8 H 12 119
ra
Y 150Kr. 87 6/ 7 A ~6/10H 4 121
» . CK 83 5528 ~5A 290 2 110
BRI L
Taichung X {ZOKr 83 5H23A~6H5H 14 110
i ~ra
Native No. 1 ¥ 40Kr. 91 65 120 ~61 168 5 121
CK 82 5H27H ~57280 2 110
- 4 20Kr. 83 5H28E~6A 1H 4 110
~ . X-ray {
Wu-chian 40Kr. 86 6H 7 B~6A10H 4 116
r-ray 25Kr. 86 6H 7H~6H11H 5 116

BB » BUHHUEELS B BAE R A RET M B 3 M5 B SRS ERE A
BHOBS o RET MY B Y » BPH6SRMERE 85 » FRBIERI~TR o BRI x
5w 20kr JEBRR AR 5 x Hf7 40kr [RBEAE 8 K o RARKBMBEFLER 1~4K 4 o
MHEBIAE T RITR BB R EIEEWHEA o 7 8 5% r ghR 25kr MIEH7EK—BE X SHR
20kr pEBEE 10 RELE o HIRINGS » EREAE — » ZHIEER W K o TR A H B
ZER RERZTRME o —ERAK » ZA655R 2 2N o 3575 8 BEBR x BHR40kr B2 IE 6 K41
» BB EHAERIIRAK o EPIER—BRRSKRIOBEHHER o X iR 20kr S EFURERF »
M x G4#R 40kr R E QB — 11K /45 o MR A4 » RERERRM ) BBLEFHRK o &
BARH > HERBUD o A ERRAZBRRIEL o
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Fh o Wz EE (UERERSHNEE GB—XKREHD
Table 9. Variation of heading period (Ist experiment)

B R
7 & B E1:2} 11%
i Varieties Treatment —-6{-5|-4 —3‘]—2 -1/0|1}|2 . 3/4/5/6,7/8{9:10 o
20Kr, 7 3111 2] 1 2 1 1
X-ray {
= b 65 It 40Kr. 20 4 7 2| 4 4 11 1 1
Taichung No.65 25Kr. 70 22 | 2 1 3 2 1
r-ray {
50Kr. 2 2
X-ray 20Kr. 20 2 4" 11| 11} 8 1} 2| 2
i B B 1| rray oK. dal |23 10 3 6 2 |1 |3
r-ray 50Kr. 20 2 1 1
2 7E Ak — Bk .
Taichung Native b&ho.l X-ray 20Kr. 1 14 5 6 2 1
B 42 Wuchian X-ray 20Kr. 4/ 15| 3 1

SR ERITE B RS2 —4K o HORENL : K
FH N TREREEBBRNRZZE (F—KRB)
Table 10. Effect of different treatments on yield components (st experiment)

= o B K| e 5 | = | B &
Plant No. of Length of | Weight of | Fertility

height tiller head head (%)
1 g [ —~
i m|E S EAERETERECERECIENE N
- . L ~ ] b o <]
Varieties Treatment p % 'g .“g’ S 8 .Eb"o 3 | k3
[ = L4 3 B | BE |® &~ %
CK 105.0| 100.0| 17.7] 100.0| 22.5| 100.0| 26.1} 100.0; 90.3j 100.0

= 65 i X_ray{zoKr. 104.1] 99.1) 16.6 93.8 16.4] 72.9 22.9| 87.7] 45.1 49.9
Taichung No.65 40Kr. | 96.9 92.3| 16.8 94.9) 20.6| 91.6 14.8/ 56.7| 29.7] 32.9
rray 25Kr. | 100.5 95.7| 17.5 98.9, 21.8 96.9 19.2) 73.6| 41.2 45.6
CK 115.3 100.0| 15.8 100.0] 24.2 100.0{ 33.0| 100.0| 74.8 100.0
20Kr. | 106.3| 92.2| 16.4] 103.8] 22.2 91.7| 28.9| 87.6 53.6, 71.7
{4-0Kr. 84.3] 73.1 18.5 85.4 17.4) 71.9] 21.3 64.5 65.2 87.2
25Kr. | 105.3 91.3 15.3 96.8] 22.6| 93.4 19.9 60.3| 40.6/ 54.3
{SOKr, 83.3| 36.6 11.4 72.2 15.8 65.3 5.9 17.9 39.4 52.7
2 ek —a | CK §7.0| 100.0 27.3 100.0 21.3 100.0| 16.0| 100.0{ 74.3 100.0
Taichlg;gl‘llaﬁve{ {ZOKr. 79.0/ 90.8) 35.0{ 128.2] 21.6 101.4| 21.0| 131.3] 35.3| 47.5
10Kr. | 615 70.7| 29.0[ 106.2] 17.5| 81.7| 3.0 18.8 — «—

CK 131.7 100.0| 21.9| 100.0] 19.9 100.0| 13.2 100.0{ 49.8 100.0
4 x-ray{ZOKr' 119.9 o1.0 35.4] 161.6] 11.8 59.3 18.4) 139.4 32.4 65.1
40Kr. | 98.0| 74.4 40.0| 182.6] 18.0| 90.5 7.5/ 56.8) ~— —

r-ray 25Kr. 99.5| 75.6 27.5 125.6] 18.0| 90.5 5.5 41.7] 23.7 47.6

IS

i Wu-chian

REGIFA ISR E IR o RROEE » BikEERRRAREIIHEE o MHKREMR
R VRIE K o Y8R » BErR6SIAEEF 8 SRR BRI © 357 8 Bt X SHR20kr R EE
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AR 4% » (ARAPIER SRR RMIEA 2 DB HHHEES » BIN6~82% 744 © £ 1L x
BHE IR BRI N £ o BERITT » IREERAEA—BR x S 20kr JRELFISAR 41 » B2 HMEI
» HEBRES59~97% o BEEBE » ZEh65URfIZErS 8 SRI5 0 » BV BRI BIRIE I » Tz by
BRI X SR 20kr JRYEE > REE K L BHRER If81~3995 o H Ak T PR HIA AR
Do FEEA RIS BIRER o REBRIER—IFEMER T X 6 40kr BHE » FHEHEMESE
4 HAbAE > RERIREZ33~87%
3 REXEHKSHEENRE ;

FIFRA & IR AR R > SIS NSRS ) MEME 2R » 2655k » Zr 84
ZPAERRRBRERRT » 0.96 5 0.73 5 0.84700.65 » H I IR o ILE R E S G AT
B Bk A RS BARARE S thERHEE 2 MIBE » SHIR—0.18» 0.96 » 0.93F1—0.06 > 2k
655R NS HER AN » (BIEREER o ML AT SREERE 8 BRME 7k —5% » RSB In » (E(rH
AL o Zh65sR A AR AR MERTEEZ M » ZhERK—FMERETERR » 45
0.98%10.66 » Z2rhr 65 BEHIE—0.02 » 327 8 585 —0.003 » W& » WA HERR AL » BIR AR
ZANEMR » HEEEAER o WERNROEE » BEEEZ MEthBE THEDNNRE -
4 TN EMRLeReEA

TER R BB R MR — TR » BBRERESZT » HARA RV © I HER
~ ORERE ~ DOMEEE ~ REES ~ B RET 4% o MHB AR AIE 2V4H81 N 1IIVHOT 42T
VAT 42T % o HAPUEBE TR ~ ST ALMIBIR o £8A8 %  » DL 1IV410T HfY
RIS » MIOER SR LB E S8 o DL EFTE » RS2 B EA G o IERELs Y
PSRRI B SRR, © $hRTHEEE » 500r [E5 0.96 9 5 32,000r 2 B E HIFS18.94% »
ERABEER » 23T AECRT o X SR BRIREAE7.33~28.4195 2 [ o LUBE{H PUE Yo fo BEBE AL T D B3R R »
X BHREEEA R AT IR B » INE—FTR » 754 17.8r Co® ek —(EPU(Ese » 1091 4
PR T B A — A U (R o

H— TRKSHR B g b
Table 11. Effect of different doses of radiation on chromosomes of P.M.C.
F o0 B ¥ A A | PUEZ: a2 PufERg
(Type of chromosome pairing) (Shape of quadrivalent) | BRZX# | Zikzs

o+ 1w+ éI]}Z:F éIV:%— glV:%: %IV:!— %ﬁ% C%_Eifﬁ %hﬁt i No.nof Ratg 9f
sm | 101 | oy T2 AT 6T shape shape lothers| 10tal |gpoorerg) duadtt
Cofo 500r 1 7 1 6 1 3 10 104 0.96

1,0000 | 2 | 17 1 8| 4|10 22| 66 | 3.2
4,000 | 2z | 8| 4 9 | 1| 6|16 | 254 | 6.2
8,000r 22 | 6| 1 1| 1 16 | 30 | 429 | 6.9
16,000 | 1 | 27 | 6 | 2 1) 7| 7] 25 |3 | 5 | 866
24,00r | 5 | 45 | 9 15 | 10 | 4 | 6 | 371 | 17.52
32,00r | 7 | 34 | 6 21 | 12 | 27 | 57 | 301 | 18,94

Total .

Xray 500r | 3 |28 | 2| 1| | 11| 11| 17 | 39 | 532 | 7.33
1,0000 | 1| 5 | 1 1 3 4 8 | 98 | 816
2,000r 10 1 10 | 8 | 11.63
4,000¢ 12| 3| 3 11 1| 8| 2 | 166 | 12.05
8,000r 21 | 4 1 12 | 5 | 11| 28 | 227 | 12.33
24,000r 9 | 2 7 8 | 15| 82 | 13.41

4

32,000r 6 41 1 1 45 11 14 70 299 23.41
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500: 1000 2000 4000 8000 16,000 2,000 32000
E— : RESCS BB (E e e BE R AR 2 FAR

Fig. 1. Relation between dose of radiation and frequency of chromosomal interchange.

m BB K AW

E—gFta » EYRBSHHRERE » FEERERTRYAEE EEZEAR (Caldecott

1954, B B4 1960, Katayama 1962) » (AER BB LN » AKMIMEMKZER » EEF]E
BEpiT (FR1950) o R (1957)s MBS (1961) ZH#id » REE ALY 2 IET-23 22—
1009 » Bl B MINTEIN o REFZE AR MEBEERYEILCENMNIS—10% (F—~KRBS
40~100% ; S RARBIS—T77%) M FEREZEINTER o HIHETEERMY AR
TR © BIET » R ER N » THIHEERN » RERMR R EERAEER - BAARTe
B E | E A o MAERSE ) ZEAZ (Caldecott 1954) 5 /i (FEAS 1961) » f5 (kY 1961
» 41961) Heds (FER1961) SRy » WHEHRIETY o KESF S HTHEET » Frh TR x 4
#adOkrs » T G 50krs EHE » HHEEBFZ A » £ x 4T Co®® REKRBERYIHTLE
R WETHFERZPE N » XHREERRA T R » HEEREWIKHE o BB TEE
T HERAEK o BREBERME (1957) » 5k (1959) » F (1961) ZbEis » BimE®E
BEMHSEEESHS » HAEHNZ 2R R - AR8BT» O EEERRBNER
EBEBIZHE » BREOREERK B 83y EPAER—MAMRA=AEIEREEE B
BINEEA7E R0 X S 40krs JEEE » HREFEREERHE 2 T1% o SRS 6 R fmRe
ZRRAMA R 7 x 4 Cot* BB BHER » MEHFEERESER » x5HREEE  BkE
B > B Cot® BHLER o (AR BEMAEVRER .

e Y B 2 Ble » ZEIE/EH (Diakinesis) fngs—pHl] > #BHE 5% (Chain shape)
FiEH (Ring shape) PU{ERE ~ Yumists (Chromosomal bridge) ~ Bk (Segment) F1 ¥k 57
(delay)--SMEER%HS o KYEBAIER > RNEETAENAMEST o HAhIUER O 4EHR
ERA BHEBEEMEREESBYME o tft Ramiah (1935) Parthasarathy (1938)
#4E (1959) > Katayama (1963) SRBEHHER o (HE2REIREHERER LllFEEEr Wk
b o FBREEAR » R X SHEMAR Co®C o HIFKFIEREER » PHEEMERKEMS
ZR o HRRBIEFAMARE o HitkERM Coldecott (1954) i r 4 (Co®?) ZHEK X
SRR AL I o PRk EIRRER A » IBEFERIB SRR (LI STHER » HEREE
TR o MEFTRECBREMN X GHRA © FRERERZHBAIR Sparrow (1961)
iEl G
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T (1960) sty » WAHRE OB LS > RBETRTR o RIS (1961) s rsim
» AMEANRTTERF EZE R o FERBES » INE RRIVFER o HEIZRAERR » SHKSHRY
KEFRRA © bR SRR E R E TR SR MHARSER T HEREN » T REAE RS -
FRBS R RE IR T R B EY RS RER T ARES ) AASBE—P XL -

# Oka et al (1958) i » RESICKAIREEIR » BRIRE FTEEREN > BERTIRE
TEEEAR o MHFTEA B » JF [1E | 50 [ A ] W5 o Sparrow (1961) JR7EHAbEeY) b
TEILRE o KU  BATRIETE » DBEH B RSB RIR EIT R BB K o IR
W ELHEEAR o Bt RIEEZRR » EHE LTRINEROBE o BaR A AR LE
EWR TR A o HREFEEE LA PURF BB 717 - AESHEE L » MsEaEB®
o BBEEELARRAIRUE B B » M HOR LR ME © fldn » R BER A R » H BN
PR RS TURR SR o 7R B3R BRT » BIDAERTBSHR BB A » S TR
BAEERR 8 %2 % o FEAEEMIBES AT » JRESRH T HIS iR mE o REFHEH R
Berip SEREE A VERH R » ARCEM TEMGAERZER CGRES) © ISR BhERENR
ERIEE o HEEREEM > AASBBEZ ST -

—AFRAR  ERZRIBAT A A MR AL AR 1 MR SRR 4R o AT BRI BB BR AR TR S B
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EFFECT OF X-RAYS, THERMAL NEUTRON AND
COBALT 60 ON CHARACTERS AND
CHROMOSOMES OF RICE

by
S.T. YEN
SUMMARY

In order to study the effects of different radiation treatments on agronomic
characters and chromsomes, four varieties of rice (both japorica and indica) were
sant to National Genetics Institute of Japan for X-rays and thermal neutron treat-
ments; in the same time, seeds of Taichung no. 65 (japonica type) were also treat-
ed with X-rays and Cobalt 60 at the National Taiwan University Hospital.

The degree of plant injury in term of rates of germination, lathal seedlings
and szadling height was found to be in parallel with the dosz of radiations applied.
Though, the szedlings growth at tha early stage was differently inhibited by different
kinds and doses of radiations, but it recovered gradually until maturity.

Except Taichung native no. 1 and Wu-chian which were treated with 20 Krs. of
X-rays showed a slight increase in the number of tillers and weight of panicles,
others remained to be the same as contrels.”

The heading dates were varying widly from early to late with 6 and 10 days
respectively as it compared with controls. The correlation betwean plant height,
panicle weight and panicle length was also varying from different varieties.

The tetravalents, univalents in the shape of chain and ring and chromosomal
bridges were found in the PMCs of R, plants. The effect of X-rays was found to
be stronger than r-rays from Cobalt 60 source in term of rates of chromosome
aberration so far the present experiments are concerned.
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EFFECT OF GROWING CONDITIONS ON YIELD
AND COMPONENTS OF YIELD IN RICE

by

W.L. CHANG and S.C. YANG*

INTRODUCTION

Fertilization and spacing have been the problems ‘of great concern to rice
growers. Although these problems are not new and actually a considerable amount
of work has already been done with regard to these practices, yet they still remain
a challenge to the rice workers today. In Taiwan, where rice culture has been
gradually moving toward the direction of heavy fertilization and high density of
planting so as to further increase the unit production, these problems appear to be
of particular significance. Since a number of workers have pointed out that various
rice varieties respond differently to various fertility levels and planting densities
(Yamada, 196la; Chang, 1963), it seems necessary that optimum levels of fertility
and planting density should be worked out for each commercial variety of rice.
Chianung 242 has been among the top three leading commercial varieties in T aiwan
and it seems desirable to give first priority to this variety for the solution of these
problems. Also related to the problems of fertilization and planting density is the
manner or shape of planting which was also shown to play an important role in
the growth of rice (Wada, 1949; Ishi, 1957). The effect of planting shape on the
characteristics of rice may also be worthwhile to investigate. _

In recent years, however, considerable emphasis has been placed on the study of
the adaptation response of rice variety to different conditions of fertility and spacing.
Rice breeders are particularly interested in developing a new variety which can
adapt well to heavily fertilized and closely spaced conditions. Some possible
approaches to this end have been discussed by Oka and Lin (1958), and Jennings and
Beachell (1964) regarding the response of rice varieties to fertilizers and by Kariya
and Yamamoto (1963) regarding the planting density thereof. Plant type of rice
adaptable to the tropics was also reviewed by Jennings (1964). The understanding of
the relationship between yield and the components of yield in rice under different
growing conditions may also be helpful toward throwing some light on the adaptabi-
lity of rice. The primary purposes of this experiment, therefore, were (1) to evaluate
the response of rice to three different growing conditions in terms of yield and the
components of yield, and (2) to analyze the relationship between yield and the com-
ponents of yield in each growing condition.

- % Agronomist, and Associate Agronomist respectively, Chiayi Agricultural Experiment Station.
Grateful acknowledgement is made to the Joint Commission on Rural Reconstruction for its
financial support (64-A-1607).
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MATERIALS AND METHODS

Two field experiments were conducted in the second crop of 1963 and the first
crop of 1964 at Chiayi Agricultural Experiment Station. The dominant ‘soil type of
the paddy field used in this experiment is clay loam which is a well drained,
moderately dark colored soil with pH value, organic matter and available phosphorus
contents ranging from 5.3 to 56, 1.60 to 1.75%, and 40 to 65 kilogrms per hectare,
respectively.

Chianung 242 was used exciusively in the experiment. It is a Japonica variety
of the so-called panicle-weight type with large and heavy panicles, which is typical
of this variety. The culm of this variety is rather tall, and is therefore susceptible
to lodging. However, this variety is noted for its resistance to the rice blast disease
(Piéricularia oryzae) and its high yielding ability.

Three treatments of growing conditions, i.e., fertilizer rate, planting density, and
planting shape, were included in the experiment. There were two rates of fertilizers,
80-40-40, and 160-80-80 kg of N, P, K applied per hectare; three spacings, 64, 96, and
128 hills per 3.3 m?; and three shapes of planting, rectangular 1 with row space of 24
cm, rectangular 2 with 27 cm between rows, and square. The experiment was laid
out in a split-plot design with rates of fertilizers labsled as the main treatments ;
planting density, the sub-treatments; and planting shape, the sub-subtreatments.
There were five replications in the experiment. Plots were 2.5m wide and 4 m long,
each being equivalent to 1/1,000 hectare. Approximately five seedlings were planted
in each hill.

Number of panicles per hill was taken at the full ripe stage by randomly count-
ing 10 hills located at the center of each plot. Number of grains per panicle and
weight of 1,000 grains were recorded for each plot based on 20 randomly sampled
panicles, one from each hill. Grain yields in kilograms per plot were taken by the
standard method. All data thus collected were subjected to the analysis of variance.
Simple correlation coefficients between yield and each of its components were
calculated for every treatment by using the treatment averages. Coeficients of
determination were also calculated so as to show the percentage of yield variation
determined by each component.

EXPERIMENTAL RESULTS

Treatment Effects

Effect of fertilizer rate—The high rate of fertilizers (160-80-80) resulted in more
grain yield per hectare than the low one (80-40-40) in both crop seasons (Table 1).
The difference of yield between different rates ef fertilizers, however, failed to reach
a level of significance. The response of grain yield to the increase of fertilizers was
more pronounced in the first crop of rice.

The effect of fertilizer levels on the components of yield was manifested by the
increase of panicle number per hill and the reduction of the nuniber of well-formed
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Table 1. Yield and components of yield of rice variety Chianung
242 under three growing conditions in the second crop
of 1963 and the first crop of 1964

Grain yield Panicles Graiqs per Weight. of 1,000
Treatment an(.kg/‘ha>lst. anp.er hmlst. 2nd?an11 delst. *Qh%xx:ams (%)st.
1933 | 1954 1953 1964 1953 1954 1963 1964
Fertilizer (NPK applied, kg/ha)
80-40-40 4,724 5,742 7.7 9.2 ‘ 149 116 | 28.9 29.5
160-80-80 4,870 5,946 8.3 10.0 t 147 115 28.6 29.1
5% NS NS NS NS NS NS 0.3 " NS
L.S.D.{ l
1% — - - - - - — —
Planting density (hills/3.3 m?)
64 4,715 5,765 10.0 11.7 | 155 118 28.9 29.2
95 4,792 5,827 7.7 9.3 148 115 28.6 29.3
128 4,885 5,949 6.3 7.8 141 112 28.7 29.4

5% NS 171 0.4 0.5 3 4 NS NS
1% - — 0.6 0.7 5 — — —

L5.0.{

Planting Shape
Rectangular 1 (row width 24 cm)

| 4,736 | 5,758 | 3.0 | 9.5 | 149 | 114 | 28.4 | 29.1
Rectangular 2 (row width 27 cm)
4,642 | 5,754 [ 8.0 9.7 152 117 28.9 29.3
Square 5,014 6,020 8.0 9.7 143 115 28.8 29.5
5% 148 171 NS NS 4 NS NS NS
Lso
1% 197 227 — —_ — — — —

|

grains per panicle and the weight of 1,000 grains with higher rates of fertilizers
(Table 1). The differences between fertilizer levels were not significant famong the
three components in both crops except that the weight of 1,000 grains in the second
crop of 1963 was significant at the 5% level. ’

Effect of planting density—Results showed that grain yield responded positively
with the increase of planting densities (Table 1). The effect of planting density on
grain yield was significant at the 5% level in the first crop of 1964 where high
planting density of 128 hills per 3.3 m? produced 175kg or more grain per hectare
than that of low planting density, i.e., 64 hills per 3.3m? In the second crop of
1963, however, grain yields did not differ significantly among the different planting
densities.

Among other yield components, the number of panicles per hill and the number
of grains per panicle decreased significantly with the increase of planting densities
in both crops (Table 3). The degree of reduction was similar in both crops for
panicle number but it was slightly greater in the second crop than in the first
insofar as the number of grains per panicle is concerned. Seed weight was least
affected by the treatments.
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Effect of planting shape—The data obtained for planting shape indicated that
within a given planting density, the square shape of planting, with equi-distance of
rows and hills, gave the highest yield; while the rectangular shape with row space
fixed at 27 cm gave the lowest yield (Table 1). Differences among shapes of planting
greatly exceeded the 19 level of significance in both crops.

Shape of planting did not give rise to a great change in seed weight, and panicle
number apparently remained unchanged among the treatments in both crops (Table
1). However, the rectangular shape with row space fixed at 27 cm produced more
grains per panicle than the other two shapes (Table 1). This difference was signifi-
cant at the 5% level in the second crop of 1963, but failed to reach a significant
level in the first crop of 1964.

Interactions—None of the 24 two-way tables are given. Of these only one, i.e,
fertilizer rate x planting density for weight of 1,000 grains in the first crop of 1964,
was significant at the 19 level. In low fertilizer rate, grain weight decreased as
planting density was raised to 96 hills per 3.3m? and then increased as planting
density reached as high as 128 hills per 3.3 m?; while in high one, the situation was
just the opposite. Within a planting density, higher rate of fertilizers reduced
weight except for the one with 96 hills per 3.3 m? in which seed weight was increased
with the addition of more fertilizers. » -

Relationship Between Yield and the Components of Yield

Correlation coefficients between yield and each of the three components of yield
for each treatment are given in Table 2.

Number of panicles per hill was positively correlated [with yield in the second
crop under all treatments except rectangular shape 2, while the correlations were
mostly negative for the treatments in the first crop except the treatments of 64;;hills
per 3.3 m? rectangular shapes 1 and 2, where the correlations were positive. The
correlations were significant at the 59 level in the first and second crops of 64 and
96 hills per 3.3m? respectively, while in the second crop of 128 hills per 3.3m?, it
was significant at the 1% level.

Number of grains per panicle was negatively correlated with yield in the second
crop for all treatments but negatively correlated in the first crop. The correlations
were significant at the 595 level in the first crop of both fertilizer rates and signifi-
cant at the 19 level in the first crop of 96 hills per 3.3m? and square shape of
planting.

Weight of 1,000 grains was positively correlated with yield in the second [crop
for all treatments. In the first crop, however, no consistent trends were observed
in seed weight among treatments. The correlations in the second crop were signifi-
cant for all treatments except that of rectangular shape 1 which was not significant.
Grain weight was not significantly correlated with yield in the first crop.

Coefficients of determination (r?) for all significant correlatoins showed that
about 10 to 329 seed yield variations could bz ascribed to the effect of one particular
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T'able 2. Correlation coefficients and coefficients of determination
between yield and components of yield of rice variety
Chianung 242 for three growing conditions

’ Crop \ Yield-Panicle/hill . Yield-grains/panicle l Yieldggt.gai.glss/ 1,000
Treatment I [ i
[ season \ r ‘ r? ‘ r ] 2 ’ r l r2
Fertilizer (NPK applied kg/ha)
80-40-49 { 2nd. 1983 +0.151 | 0.023 \‘ —0.262 0.069 +4-0.446%%  0.199
Ist. 19€4 —0.139 0.019 +0.370% 0.137 +0.275 0.076
160-80-80 { 2nd. 1963 -+0.021 0.001 —0.203 0.041 +0.392%¥% 0,154
Ist. 1964 | —0.192 0.037 +-0.313% 0.098 —0.147 0.022
Planting density (hills/3.3 m?) o
2nd. 1963 | 40.289 | 0.083 | —0.254 | 0.065 | +0.385% | 0148
o { 1st. 1964 | +0.372% | 0.138 \ +0.094 0.009 | —0.06) ™ 0.004
" | 2nd. 1953 +-0.433% 0.187 | —0.288 0.083 +0.468%F  0.219
9 { Ist. 1934 —0.265 0.070 +0.539%%  0.291 +0.111 0.012
198 { 2nd. 1963 +0.493%*  0.243 | —0.059 0.004 +0.369* 0.136
Ist. 1964 —0.159 0.025 ‘ +0.341 0.117 |.+0.09 0.009

Planting shape
:Rectangular 1 (row width 24 cm)

{ 2nd. 1963 +0.229 l 0.052 \ —0.183 N 0.033 \ +0.294 0.087

Ist. 1964 +0.226 | 0.051 +0.086 0.007 -+0.268 0.072
Rectangular 2 (row width 27 cm) ,

2nd. 1963 —0.155 0.024 —-0.139 0.019 +0.523%% 0,273

{ Ist. 1964 +-0.051 0.003 +0.729 0.078 -0.279 0.078

2nd. 19563 +0.055 0.003 —0.139 0.019 +-0.563%%  0.317

Square { Ist. 1984 —0.162 0.026 +-0.540%*% 0,292 +0.058 0.003

* Significant at the 5% level. The d.f. was 43 for fertilizer and 28 for both planting density
and planting shape.
#** Significant at the 1% level.
component of a given treatment. Small values of coefficients of determination were
obtained for correlations which were not significant.

DISCUSSION

The results of this experiment demonstrate that further increase of yield in rice
can be expected by increasing fertlizers and planting densities. However, differences
between fertilizer rates and among planting densities failed to reach a significant
level, indicating that rice varieties available at present may not be sensitive enough
in its responsiveness to addition of fertilizers and increased planting densities.
Actually, Chang (1963) has already pointed out that the varietal response to nitrogen
was generally poor. Since the existing commercial rice varieties have been developed
without paying attention to their responsiveness to growing conditions during the
process of selection, it seems natural that these varieties are rather poorly equipped
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with this ability, which has since become so important in recent years. A simiiar
trend seems to prevail also in other crop varieties. Gotoh and Osanai (1959a)
observed in wheat that lines selected from widely spaced planting yielded better
than those from closely spaced one. Rumbaugh (1963) also reported that seclection
indices based upon yield component data obtained from spaced nurseries may not
accurately portray the yield potentials of genotypes in solid planting of alfalfa.

It was observed that high levels of fertilizers increased leaf size and stimulated
tillering, thus producing much more foliage. Close spacing also causzd the same
effect. The combination of heavy fertilization and close spacing, therefore, produced
more internal foliar shading and lowered light transmission rate. It seems, therefore,
reasonable to suggest that the insignificant effects of added fertilizers and increased
planting density on grain yield may be attributable to increased mutual shading of
rice plants. Yamada (1961b) concluded that under heavily fertilized and closely spaced
condition, sufficient penetration of light is prerequisite to higher yield response.
Tanaka (1963) also demonstrated that mutual shading increases at higher levels of
nitrogen and that this mutual shading reduced the effect of the nitrogen. Generally,
carbohydrate synthesis slackens, respiration increases, and grain yields are reduced
when foliar shading increases (Jennings, 1964). It is, therefore, suggested that in the
future breeding program, emphasis should be placed on selecting individual plants
or lines, among other desirable characters, with short, sturdy straw; and erect, small,
thick, and dark-green leaves as suggested by Jennings and Beachell (1964). It would
also be profitable, as indicated by the correlation coefficients, that new varieties
should have heavy grains in the second crop and more grains in the first one, if
they are to be adaptable under heavily fertilized and closely spaced conditions. For
varieties to yield more under high planting densities in the first crop, high tillering
capacity seems indispensable.

Methods of breeding varieties for fertilizer and density responsiveness have been
a matter of great concern to rice breeders in recent years. Oka and Lin (1958)
suggested that if rice varieties with high fertilizer response are to be selected,
culture of hybrid population with a high dose of fertilizer is effective for the
purpose. However, Gotoh and Osanai (1959b) reached just the opposite conclusion in
wheat. They concluded that to select high yielders with tolerance to heavy fertilizer
applications, selection should be made under low fertility condition. In selecting
rice varieties adaptable under high planting density, Kariya and Yamamoto (1963)
suggested that the best method may be conducting the selection in high planting
density on the basis of line means. The issue, however, is still unsettled and further
investigation is necessary.

At the present time, growing rice under heavily fertilized and closely spaced
conditions, maximum yield seems attainable by arranging various cultural practices
in such a way so as to enable those characters which are in close association with
yield to reach maximum development. This approach seems to be of particular
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significance for rice culture in Taiwan since the practice of heavy fertilizing and
close spacing has already gained wind, but new varieties with best fertilizer and
density responsivenss are not yet developed.

Correlations between yield and its components were generally of small magnitude
although some of them were significant even at the 1% level. The results seem to
indicate that factors other than these three components of yield may also be in
operation. The coefficients of determination indicate that they could account for
no more than 10 to 32% of the variations in seed yields. Matsubayashi (1963)
included percentage of rippened grains as the fourth component of yield. Shibata
(1964) added three more components to the yield of rice, namely, heading date,
maturity date and number or days from heading date to the date when half of the
plants in plots are completely prostrated.

It is of interest to note that square shape of planting gave, so far, the highest
yield, while rectangular 2, the lowest. Since square shape has equal distance both
between rows and between hills within rows, while rectangular 2 has wider space
between rows (27 cm) than between hills within a row, it seems to indicate that low
yielding ability of the latter planting shape may be due primarily to the early com-
petition between hills at the early stage of growth. Ishi (1957) reported that square
shape enables rice plants to tiller early, and provides more space for young tillers
to absorb nutrients so that they can be well established at the early stage of growth.
Wada (1949) also suggested that when sufficient fertilizers are available for rice
plants, square shape of planting can best serve the purpose. Based on the results of
this experiment, and also on the findings of these two workers, it appears probable
that better yield could be expected in heavily fertilized and closely spaced paddy
field, especially in the second crop, if the rice plants were transplanted in square
shape. Incidentally, the trends of association between yield and the components of
yield in square shaping were similar to those of high fertilizer rate and high plant-
ing densities.

SUMMARY

The effects of 2 fertilizer rates, 3 planting densities, and 3 shapes of planting
on the growth of rice conducted in the second crop of 1963 and the first crop of
1964 at Chiayi Agricultural Experiment Station are reported.

Grain yields increased with increasing fertilizers and planting densities. The
increase of yields was more pronounced in the first crop of rice. Differences in
yields between fertilizer rates as well as among planting densities were not signifi-
cant except in planting density of the first crop, 1964. Square shape of planting
outyielded the other two rectangular shapes, a difference greatly exceeding the 19
level of probability in both crop seasons.

Number of panicles per hill slightly increased with added fertilizers, decreased
significantly with increasing planting densities and remain almost unchanged among
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planting shapes. Number of grains per panicle decreased slightly with added
fertilizers, decreased significantly with increasing planting densities. Rectangular
shape with row space of 27cm significantly increased grains per panicle in the
second crop. Seed weight was least affected by the treatments.

Seed weight was significantly correlated with grain yield in the second crop for
fertilizer rates, planting densities, square shape and rectangular shape 2 (row space
27 cm). Grain number per panicle was significantly associated with grain yield in
the first crop for fertilizer rates, high planting density, and square shape of planting.
Panicle number per hill was significantly correlated with grain yield in the second
crop for high planting density (96 hills/3.3 m?) and in the first crop for low planting
density. Coefficients of determination showed that about 10 to 32% of seed yield
variations could be ascribed to the effects of yield components.
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THE BREEDING FOR DROUGHT RESISTANT RICE
VARIETIES, TAINUNG SELECTION NO. 1 AND NO. 2

By
C.S. Lin

SUMMARY

The breeing for drought resistant varieties has been considered to an effective
method for improvement of rice yield in weather-depend paddy field in Taiwan.

In order to attain this purpose, mass selection for drought resistant lines, with
an upland rice named Baritol (japonica type) was started at Taiwan Agricultural
Research Institute in 1952.

Two desiaable lines, one being non-glutinous, the other glutinous were seleted
in 1955, The selected lines were subjected for the test of drought resistance, yield
and adaptability for ten yeare. In 1964, the two new strains were formally named
as Tainung Sel. No.1 and No.2 with approvement of Taiwan Provincial Department
of Agriculture and Forestory of Taiwan Provincial Government.

From the results of previous experiments, it was proved that, these varieties
can stand heavey water shortage, therefore suitable to cultivate on weather-depend
paddy field of montaneous region. The direct sowing method for this kind of paddy
is recommended, while transplanting is recommended for ordinary paddy field.

Further, the new varieties gave good yield wehn planted in soild of deep surface
layer or light texture such as sandy loams.
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STUDIES ON THE VARIETAL DIFFERENCE OF
NITROGEN FERTILIZER RESPONSE TO THE
YIELD OF RICE

By

F.P. YounGg AND Y.C. CHEN
SUMMARY

1. In order to study the effect of different nitrogen fertilizer levels on the yield
of rice, 15 popularly cultivated ponlai varieties were planted under three fertilizer
levels i.e. 80, 120 and 160 kg per hectare. Spilit plot design in which fertilizer was
treated as main plot and variety as sub-plot with four replications was employed.

2. The grain yield was found to differ from different varieties; but the varietal
difference in fertilizer response was not so prominent in view of insignificant
interaction between variety and fertilizer level.

3. In the first crop, Hsinchu No.56 and Kaoshung No.68 gave the higher yield
than control but all other varieties showed 1 to 109 decrease in grain yield in the
plot applied with 120 kg of nitrogen. Varieties in 160 kg showed 10 to 30% reduc-
tion in yield.

In the second crop, Taichung No. 65, Nungshi No. 21, Hsiuchu No. 56, Taichung
181, Taichung No.179 gave the higher yield than control, while other varieties
showed 1 to 10% decrease in the plot applied with 120 kg of nitrogen fertilizer. In
160 kg plot, except Nungshi No.21 and Taichung No.65 which showed a little
increase, all other varieties showed different degree of reduction in grain yield.
From these results, it is inferred that the nitrogen response to the yield of respective
variety in the first crop is more prominent than that of the second crop.

4. The highest average yield was found in control (N 80 kg) in the first crop;
same is true in the second crop though not so conspicuous. It is concluded that an
addition application of nitrogen fertilizer up to 160 kg seemed to be not able to
increase the yield in the first crop. However, it is effective in the second crop.
Further studies are needed to determine the standard amount of nitrogen fertilizer
for second crop.
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EXPEPIMINT ON THE TIMING OF UREA APPLICATIQON
IN RICE

by
S.C. YANG
SUMMARY

An investigation was carried out in both crops of 1964 at Chiayi Agricultural
Experiment Station to evaluate the effect of the timing of urea application on rice.
The rice variety Chianung 242 was subjected to the following treatments:

A. Ammonium sulfate. 1/2 applied as a basal dressing, and the balance as a
top-dressing at 30 days (Ist. crop) and 20 days (2nd crop) after transplanting. (check).

B. Urea. 1/2 applied as a basal dressing, and the balance as a top dressing at
50 days (Ist. crop) and 40 days (2nd. crop) after transplanting.

C. Urea. 1/2 applied as a basal dressing, and the balance as a top dressing at
60 days (Ist. crop) and 45 days (2nd. crop) after transplanting.

D. Urea. 1/5 applied as a basal dressing, 2/5 as first top-dressing at 30 days
(1st. crop) and 20 days (2nd. crop), and 2/5 as second top-dressing at 50 days (1st.
crop) and 45 days (2nd. crop) after transplanting.

E. Urea. 1/2 applied as first. top-dressing at 7 days after transplanting, and the
balance as second top-dressing at 30 days (Ist. crop) and 25 days (2nd. crop) after
transplanting.
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F. Urea. 1/2 applied as first top-dressing at 7 days after transplanting, 1/4 as
second top-dressing applied at 30 days (Ist. crop) and 20 days (2nd. crop), and the
remaining 1/4 as third top-dressing at 60 days (Ist. crop) and 45 days (2nd. crop)
after transplating.

The total amount of fertilizers used in this experiment was 80, 40, 40, and 100,
50, 50, kg per hectare for N, P, K, at first and second crops, respectively. The plot
was 4x 25 m in size which was equal to 10 m? or 1/1,000 hectare. fApproximately
5 seedlings were transplanted in each hill. The distance between rows was 25cm
while that of hills was 20 cm. The experiment was arranged in randomized blocks
with 8 replications. Some-important findings are summerized below:

1. When split-applicated, urea could produce bettey yield than ammonium sulfate,
the main source of nitrogen fertilizer in Taiwan.

2. Urea fertilizer splitted 3 times in the first crop and 2 to 3 times in the
second crop gave the most astisfactory results.

3. Urea fertilizer used either as a basal dressing or top-dressing appeared to be
equally effective. However, heavier dosage at the later top-dressing seemed more
profitable.

4. There was a close association between the times and the time of urea
application. Treatment F in the first crop and treatment E in the second crop
produced the highest yield due presumably to applying urea at the critical stages
of rice growth namely, the panicle primordia differentiation in the former, and the

maximum tillering in the latter.
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Z o Witk » E B 195942 8 JZR19624E 8 F B7EE N IA R Ll S M RIS FI I Hol » SEAREAT
REPERIE NE R D RERER » L S RN RM A N » IREZ 8% o

FRBEAEETRBIRREGHKEE » REBSRARMMERE > EEILRZAM 5
NG~ RS REGARETREN ) FREAEAEAETLITIHY » BB o

— EARER
& RBTE R

GRS
x 1. SBHEEHEIEE
% M 4 W A0S ®m & W W ®om om
Malathion 95 2£[@ American Cyanmid 0.2%8ppm(1: 250),4ppm(1:500),
Company 2ppm(1:1,000).
Premium malathion 1 Eﬁ}?&]ﬁ%%’lﬁiiﬁ@ i 0.2%10ppm(1: 200),8ppm(1:250),

6ppm(1 333), 4pprn(1 500).
1%8ppm(1:1,250),6ppm(1: 1 666),
4ppm(1:2, 500)

Alodan 5 f4Farbewrke Hoechst |2.5%50ppm(1:500),31.2ppm(1:800),
AG. 25ppm(1:1000).
5262. 5ppm(1:800),50ppm(1:1,000),
33.3ppmm(1:1,500), 25ppm(1 :2,000).

Bromodan 5 ) E 59%62.5ppm(1:800),50ppm(1:1,000),

‘ 33.3ppm(1:1,500), 25ppm(1:2,000).
Lindane 99.8 | *[EChemical Insecticide |0.2%8ppm(1: 250),4ppm(1:500),

Corporation 2.5ppm(1:800), 2ppm(1: 1,000).

Lindane -+ 0.1 | [E_ LRSS B BT 38n
Malathion 0.1 0.2%4ppm(1:500).
Alodan -+ 2.5
Premium malathion 0.2

2.7%67.5ppm(1:400),54ppm(1:500),
36ppm(1:759).

Bromodan -+ . 2.5

Premium malathion 0.2 2.79%67.5ppm(1:400),54ppm(1;500),
36ppm(1:759).

Lindane -+ 0.2

Premium malathion 0.2

0.4%8ppm(1:500),5ppm(1:800),
4ppm(1:1,000).

LTI R TSR B > DR B IR 885 % » (1 R R R R R Zﬁﬂﬁﬁ’
IR R R R > DA o

PERR s« ARBRITH MR E & MEBFEREE  AIERE N BE S BRESRBSE
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i B B M A T RS 1 T A S IR R I A T A LR S5 A R R By o SBATHE SR
REEERREXRDIFE RS o

SRERAOR © ARERIE FRER (R AR R RS NI > I BB H PR
B3l 5 FOR RIS ALOATH DBEEEH » DULL MBI SR UPIRE » A -5 C KM SR
TEH IIMHESE o BB A ERS RIS LRREREARRSR  BE
AL o

REH I« KBERREGEA 3 AT RIOATHH DL » BRI LR FEANR »
H R 2959 » IR AA L TR » FHBHILSREAH > FIINAFF 200 AMMRE
B DMER SRS o SAEBARIAEANNEE » ANEE T RIRERRIER » 251520
AFBEEA—RL ) B8 EAREMB B » BIREER 28~30°C EHEET (R—
AEEERZEERL) » R —K » BESRRIKES 200 5 SHZKER ) BABIHE
(OIcmEEL7em) N » RBHKA LFI=EER (&) > AK50~2005K » JHAH 0 A=
W » B A29~30°C EEAA » £296 ~ 120 ~ 144 ~ 168/ » B HHRE —K » BRRERhZ B 3
H o RES RS TRE » RWASRE iR ES 7 AGRIE » BRAKBTEEEERARS
BEGRSIE » SRS -

@) RGN H
F 2. FERPEORBEBRERTEER (1959)

B oK M RO T & (D)

JBEL
Ay

L T

9% A 1 | M A R
(dust) (ppm) Sitophilus|Tribolium|Sitophilus|Tribolium Sz'iophz'lusl Tribolium
pp orvzae |castaneum| oryzae |castaneum| oryzae 1castaneum
. 8 98 99 100.0 99.8 100.0 . 100.0
0.2% Malathion { 4 100, 100 100.0 195.2 100.0 98.5
2 104 93 98.3 26.9 100.0 34.5
. 8 101 75 100.0 12.4 100.0 17.8
0.2% Lindane { 4 101 101 100.0 1.9 100.0 2.5
2 102»' 99 99.0 0.6 99.8 3.5
Check — 101 98 9.2 1.3 10.6° 1.7
5% 30.6 1.4 5.8. 16.3
(L.S. D) 1 wle| 20 7.9 | 224

%3, BARMEKEHBEERTEARE  (1959)

e . , Iy B B 5 W B s T & (%)
3 mooowmop B R B K 9% N ®m [ 4 L &
wn 'g 123 ..g ©y 'g
< RS S 3 S = =
NIEHEH I SR L R A L
NI | s N B3 s S @ =S N 3 L@
o (e em) | H° S (8§ &7 | £8 | &% | &% | &Y | &8
0.2% Malathion 4 50 | 50 | 50 | 100.0] 52.5 89.9 — 61.4 97.9
0.1% Malathion-+ -
0% Liaiwon® b 4 | 51 | 52 | 50 | 10000 78.4 29.8 84.0 40.6
0.2% Lindane 4 52 | 50 | 49 | 100.0, 87.4 7.1 — 92.5 1.2
Check — | 50 | 50 { 51 3.0 1.5 0.5 — 2.1 1.5
5% 81.9 8.1 20.1 — 18.1 8.6
(L.S.D.) Yy e23 | 116 4.9 — 26.0 12.4
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# 5. BEEMEEKEBEEREIREY (1959)
i # W op N o O R OB O T OE (%)
< H < S ,f;ﬂ\: Eiﬁ B’%LH %{( .
96 N 53 144 7 I
N ] | ]
$.0388Y| &, Syl B &, |z EB
SY | QF |88 S} | &% | 3% | 8% | &% | 3%
S RE (]3| 8D N S S R |8 =8
bl Y @ ) R L@ N S N N
(dust) (ppm) l.';l '§~3 {: g 573 §§ g E VN} §§ g g
T ] —
: 5) 103] 52 | 50 | 100.0| 97.8| 1.0 | 100.0| 98.5] " 2.0
5% Alodan { 33.3| 102| 49 | 50 | 99.7| 655| 0.5 | 100.0 97.0 1.0
25 104] 49 | 50 97.6 93.2| 0.5 | 1000 97.9| 1.5
Check — 104 | 47 | 50 48, 23.4| 1.0 10.0| 38.7| 1.5
5% 5.6 | 28.8| 1.9 1.6 1.6 | 2.5
@w.sp) $Z320| 45| 28 23| 23| 37
% 6. FBHEEEEBRTEAFA MR (1960)
HR 95 N 153 l 144 /j\ 153 .
. Sitophilus Rhizopertha Sitophilus Rhizopertha
(dust) (ppm) | (D oryzae dominica oryzae dominica
2 100.0 81.6 100.0 93.5
50 4 100.0 55.3 100.0 68.8
6 — 65.3 — 77.1
7 — 26.5 — 40.8
2 100.0 71.4 100.0 82.6
2.5% Alod 4 100.0 36.7 100.0 50.0
5% Alodan 3.3 91 ¢ - 5.1 | - 79.2
7 — 34.7 | — 49.0
2 85.1 18.4 100.0 41.3
95 4 96.4 12.3 100.0 25.0
6 — 20.4 — 54.2
7 — 0 y — 10.2
2 91.5 89.8 97.7 97.8
50 4 100.0 66.7 100.0 | 813
6 67°4 89.8 97.4 93.6
7 — 91.8 - 98.0
2 87.2 93.9 97.7 5793.8
% Bromod 4 100.0 68.0 100.0 .1
976 Hromocan 38311 6 81.4 91.8 97.4 100.0
7 — 83.7 — 90.0
2 85.1 75.5 97.7 | 87.0
95 4 100.0 47.1 100.0 64.6
6 58.1 63.3 94.7 85.4
7 — 53.1 — 83.7
2 70.2 38.8 83.7 69.6
4 4 100.0 28.6 100.0 54.1
6 - 40.1 — 79.2
7 — 42.9 — 77.6
0.2% Lindane - i ]
2 57.5 55,1 93.0 9.5
254l 4 92.9 14.0 94.4 31.3
: 6 | — 30.6 — 77.1
7 — 20.4 — 57.1
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2 6.0 2.0 14.0 8.0
4 4.0 0 64.0 4.0
Check - { 6 14.0 2.0 24.0 40
7 - 2.0 — 2.0
215% 12.6 10.1 5.8 42.6
1% 17.6 13.9 8.1 58.7
15% 4.4 10.9 1.9 11.3
(L.S.D.) 1% 6.1 15.0 2.6 15.6
: 5% 16.0 14.8 4.8 9.2
1% 22.0 20.4 6.6 12.7
205% 11.0 35.5 | 4.9 14.1
1% 15.2 48.9 ] 6.7 19.5
% 7. Bromodan {E#RkBERBESENRS (1959)
N T ) #OM KM OE O & (%)
® OB E gom s owu -
9% NI ] 44
(2] ,g 0 ,g » S 3
< RN = = ~ K 1 ~
SOIRE (S8 S0 §E 1 8% §Y % S8
(dust) (ppm) | & © '§'§ &8 | &° §~§ 8 | &° §§ K
50 | 5 | 50 | 50 | 100.0| 86.7| 5.3 — | 9.7 6.4
5% Br°m°dan{ 33.3| 51 | 54 | 50 | 100.0| 85.7| 2.1 — 97.7| 2.5
25 | 50 | 56 | 50 | 100.0] 82.1| 3.5 — | 93.3] 4.1
Check — | 50 | 57 | 50 8.0 10.3| 1.0 — | 13.9| 20
5% 1.6| 1.6| 5.1 — 6.2 2.7
(L.S.D) 1% 23| 23| 73 — 89| 3.9
% 8. Premium malathion B#E K EEBERTTHRR (1960)
= i B (9
9% 4 I ‘ 120 I
3 N % S
SIEIEHIE TR R TR R
R S 3 s BN S 8 =
HIRHE IR A LRI R B
(dust) (ppm) | & © SR &8 | &° g3 &S | &° SR 58
1% Premium
Matatimn 4 49 | 48 | 50 | 97.4| 79.5| 100.0| 99.5| 85.9| 100.0
0.2% Malathion 4 48 | 47 | 50 | 77.9| 425! 97.5| 84.9| 48.8| 100.0
Check — | 49 | 46 | 50 2.1| 47| 49| 31| 53| 63
@.s.p) %22 92 47| 29| 82| L9
> P 19397 10| 71| 316| 125| 2.9
£9. BEEARBRBRIIEALRR (1961—62)
] EBENAEERCE @D
£ il #OBE R 4 B
Sitophilus Rhizopertha' Tribolium
(dust) (ppm) | () oryzae dominica castaneum
0 100.0 100.0 60.0
62.5 2 100.0 100.0 10.5
‘ . 6 100.0 100.0 -
10 1000 100.0 o~
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J (2) 100.0 100.0
; 100.0 100.0
5% Bromodan 59 6 100.0 100.0
10 100.0 100.0

0 100.0 100.0

33.3 2 100.0 100.0

: 6 100.0 100.0

10 100.0 100.0

0 100.0 100.0

67.5 2 100.0 100.0

. 6 100.0 100.0

10 100.0 100.0

0 100.0 100.0

2.5% Bromodan 54 2 100.0 100.0
0.29% Premium Malathion 6 100.0 100.0
10 100.0 100.0

0 100.0 100.0

36 2 100.0 100.0

6 100.0 100.0

10 100.0 100.0

g 100.0 180.0

100.0 100.0

92.5 6 100.0 100.0

10 100.0 100.0

(2) 100.0 100.0

v 100.0 100.0

5% Alodan ¢ 50 6 100.0 100.0

10 100.0 100.0

(2) 100.0 100.0

100.0 100.0

33.3 6 100.0 100.0

10 100.0 97.5

0 100.0 100.0

2 100.0 100.0

6 100.0 100.0

10 100.0 100.0

0 100.0 100.0

2.5% Alodan ¢ 2 100.0 100.0
0.2% Premium Malathion 6 100.0 100.0
10 100.0 100.0

0 100.0 100.0

2 100.0 100.0

6 100.0 100.0

10 100.0 100.0

0 100.0 100.0

2 100.0 100.0

6 100.0 100.0

10 96.4 100.0

g 100.0 100.0

0.2% Lindane 2.5 2 100.0 o

10 96.4 100.0

0 100.0 100.0

2 100.0 100.0

6 87.5 92.9

10 96.4 100.0

0 100.0 100.0

2 100,0 93.3

6 100.0 100.0

10 —_ —

0 100.0 100.0

0.2% Lindane 2 100.0 93.3
0.2% Premium Malathion 6 100.0 100.0
10 —_ -

QO

e

W
o

=S
122
wuo

122
wo
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( 0 100.0 100.0 100.0
4 2 100.0 93.3 10.5
6 100.0 100.0 -—
10 — - —
0 100.0 100.0 100.0
8 2 97.8 92.3 82.6
6 100.0 92.9 —
10 5).0 65.2 —
0 100.0 100.0 100.0
. : - 2 100.0 79.5 63.2
1%5 Premium Malathion 6 { 6 95.8 64.3 o
10 28.6 52.2 —
0 100.0 100.0 100.0
1 2 100.0 51.3 23.3
6 87.5 78.6 -
10 25.0 52.2 -
0 100.0 100.0 100.0
8 2 100.0 100.0 94.7
6 100.0 100.0 -
10 — — —
‘ 0 100.0 100.0 100.0
0.2% Premium Malathion §| 6 { g }888 lggg 63__'_2
10 — — —
0 100.0 100.0 100.0
4 2 100.0 76.9 26.3
6 95.8 85.7 -
10 — — —
0 {5% 0.3 2.9 13.1
1% 0.4 3.9 17.5
2 [5% 0.3 gg 1’{.1
1% 0.4 . 21.8
(L.5. D) ¢ §5% 15.0 9.7 -
1% 20.1 13.0 —
10 §5% 9.9 5.8 —
1% 13.4 7.9 —

KRR BIFORBE RS » NEIHERES » BEE IR » s T A B P neAH 1
o (H ABUE BRI I KRB E R L HFELIET » IISERPHE S » WRAER
SR R E ) Rl o BisEAEEHEN S0 RBITEFRAENERER
» FERETTIREE o

1. 0.2% Malathion J 0.2% Lindane Ri#iMl> B AR EB KL SEHEN » HREERE R
BEAATRZHBBE (322~4) o Malathion #ESHREE T B ME » (AHENESEZEK
Wl Lindane 2% o Lindane Mypt a8 5 s 30 M B4 80000 o FRRRRRIE A 00 Holg
» HR B RE % > B TEARE > BRHEAKMEE o fk ™ RAHEE LB H
W WAL RRETEMRAH (£3) o |

2. ZREBBIRAROREEE ZBESHIFEAM » Lilindane # Malathiong £ A ; Malathion
8ppmEBEE KR 1 18 B i » BB HREB0% » (BB E L HNEE8.6% » WHEBAS
24.7% 1 fNL\2pPmR B RS M HISE 254 o bl Lindane 2ppm. I 2 M A WHS2E
WR51.2% > BEER 43.29 » falt » W40 Malathion B BERHETT » Bk &R ERER
R BUT o

3. Alodan FREEREREHRBER S FHHE » HEKERENZEEERAREE » HHNE
Lindanefi/Ri R 5 SNBSS s BEARE 2B WiRBERasHE (£5) o
4. Alodani i BRI Z B BURAYE » HiBE A TRESIER Lindane ##5E (&
5) ° ! '
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5. Bromodan $fEEaEaz UE » #F# Alodan~ Lindane JEHIQL » (S5 T
B E A WRBG BT (£7) o ALHFBHFAAIKAledan  Lindaness
HiE (%6) o
6. Premium malathion JREKK » EEBERZTHIE » HRLABEII T REHRE
B ~ ki Malathion BEEE (%8) o (HHBERRBECBETREAMES » i
K2 B AISEZRWIRBE > 3 EABDERERBER
7. KR PR > BaR/LEEIE 2 Bromodan ~ Alodan ~ Lindane &%}kl E7A
B o REE A ) i e fTHPremium malathionB &R-EEERBIER (329) o K
FEEEEEE10M A » BAERERE B ER:iE S 144 /Ny WIEBERFIH ) TREBE ER
B » A RRES TR AR B UIEBEAEREBRREE S B AERR
B 5 (AEHESEFHA 0 BIDE Premium malathion {8 &% BB H 2 A #BURSE o
Premium malathion 6ppm R » fHE 2 H AR 96 0% L L2BRHBRHHS » HdLl
HBEBRS 1 %R 0.2% Bl (BMEMSRER) » HEBKEBREBHZT) » AILIRE&E PR
SERAEREE  ARERSEERERER > HERBEEHIMN S A R REE o
8. HE4 ~EROHEHEIFY  UMESEY > UNHRERYCREEZBSIFACES
» BT M S EE BRGR o BILURORSRRRE » SOERM R » BEARTE R RIRR BB SR » (HLUHE R
ERGEREES  ERHERCRM 0 RA—BRETRAES  HBRBUER PO ByiE
BERBEESE B » BMEREARZEYRIRFENEFEOLK » EEBRBHUH A o
Z EERE
FIEAERBRIREZR D ~ R ITEER » R196042 8 A A ERLA » FEALERZBTE ~ KM ~
PMSHER A EHARBRTH®AZ
) BB TG
HESREERH « BTHEHEE » BB RRRE SN RREHE o
REHE: : AP HOERE » £FF 120 AT IR » DL— B2 WY Rtk o
FITS T NERRE 0 ST 6 Jii4S 0 AR IR20 80T 0 73 6 SRR EMTI I ERIG o AREBUSK
T 6 BRI FIEAGABILERSSES  MIENANEARET  FREA K HAEERY
LRSS (ERRE R o METEMREG T WEROAFERPIIALEFERTHEES
HE o EREESRIERE A F TR FHEIER o
6 RBRERAEH
%10. EHIE LR A BEZ SR (1960—61) HrIE ~ AHE ~ FhFn

s N . ’ i =5 B
55 # W pr % A "B %v £ S B 4 OB K
2 @ /3 118 | o
(dust) (PP g 7 s b ot 4 et s st e
(125.3) (145.2) (225.8)
10 | 333 99 150 441 7.3 10.6 1,139 29.3  41.1
(105.1) (276.9) (253.3)
0.2% Premium Malathiond| 8 | 201 8.3  12.5 405 13.8]  20.2 919 32.9  46.1
(316.5) (855.8) (341.8)
6 | o204 2500  37.8 591 43.3  63.2 1,121 444  62.2
(64.6) (90.)| (12.1)
52 3120 5.1 7.8 285 4.6 ( 6();‘ 758 1.6 2.2
(51.9) 142. 1) (16.5)
2.5%§ Alocan . 32.5 321 4.1 6.1 349 7.2 104 353 2.2 3.0
0.1% Premium malathion (154.4) (168.5)| (31.3)
26 | 230 127 18.4 8 8.4 .3[ 47 4.
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(64 6) (131.5) | (19. 2)
50 | 415 5.1 ) ) 425 6.6 ® 9.6 ) 438 2.5 3.5
o 2194 9.5 s1.9)
2.5% Alodan 31 | o254 107 29.8 479 47 © 6.8 w5 6.7
(188.6) (252.0) . (45 1)
25 | 357 14.9  22.5 451 12.6 © 18.4 1,302 5.8
@ (19.2) (4.4)
100 4zei 1.6 ) s> 529 1.0 (521 : 499 0.6 ) 0.8
2. - 6.0)
% Bromodan 50 | 389 1.8 384 2. 495 0.8 1.1
(73 4) (104 1) (26. 9
33 | 360 5.8 = 8.8 38 5.2 394 3.6 = 4.9
a0, 0 (100 0) (100.0)
0.2% Lindane 2.5 355 7.9 378 5.0 624 12.9  18.2
Check v — | o251 66.1 100.0{ 1,044 68.6 100.0| 4,094 71.4] 100.0
5% 18.6 16.8 3.1 .
(L.S.D) 1% 252 22.6 420
£ EAFEMEIEAE R 0ATZRER ST HIEH
?ﬁ%ﬁZﬁ?ﬁTﬁ%%ﬁﬂFﬂﬁﬁi Lindane >l o
#11. REESRERESTERE
BB 2 B B O ¥H @)
’ 4] [ @wn N v
S @ 3 S 3 4 4 $s =
SRS N SR "E.'E'o R * 3 I Q Y :§§‘51~
ST | S0 S8 | §F| 8| 3E | 8% 8% 3% [EEN%
B R3 N R B N 2] S B Fr S
] D ~
GO A L N L I R
1 5 3 4 13 0 25 1 7 26 0
2 41 2 66 27 1 6 37 61 1
3 ) 6 8 64 1 5 4 12 41 0
4 563 83 1 | 168 60 4 4 14| o1 0
5 1.375 | 124 19 | 203 9 4 14 9| 151 1
6 2.820 | 419 17 | 428 14 3 42 18 | 232 1
@ @ B | 4,892| 637 68 | o2 | 121 42 71| o7 | 638 3
He %= | 65.13| 8.46 | 0.91 |12.54 | 1.6 | 0.56 | 0.95 ] 1.20 | 8.49 | 0.04

= EARERNEASER0AT Y SEBEESSBH o

O BE R=RAEGAR/REZ » ARNHERES RN A& R » HyrEE:
BOBREE - #MBHSEREREN » AFEEERERESRESH o IWEKBIRERE 6 EH
58 Lindane B2 1% M4 S I (80 100) » 1| Bromodan j#s# Bt » Alodan
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CHEMICAL CONTROL OF GRANARY INSECTS AND THE
ORAL TEST OF WHITE MICE WITH INSECTICIDES

by

T.LIN

SUMMARY

The brown rice and grain mixing with insecticides were inoculated with testing
granary insects and kept in 28-30°C ready for examination. Malathion was inferior
against Rhizoperthz dominica but remaining chemicals were very effective. Premium
malathion was the best for the control of Tribolium castanzwm, bromodan, alodan
and lindane were also effective in testing, however, premium malathion was mixed
with any one of them which might increase its effectiveness. The residual effect
of mixed grain, bromodan was the longest, alodan and lindane were the next,
premium malathion was the shortest. Grain were mixed in the chemicals which
were the same active ingredient but in low concentration and high volume seemed
more effective. '

After six months in storage, the survial rate of insect in our treatment, bromodan
was the lowest, alodan combined with premium malathion was the next, alodan or
premium malathion was the worst, therefore the lindane, bromodan and alodan were
same effective.

After six months in storage, the insects and their population ratio found in the
check except the small amount of psocids and flour mites, which were not counted,
were Rhizopertha dominica Fabricius 65.13: Laemophloeus ferrugineus Stephens 12.54:
Sitotroga cerealella Olivier 8.49: Sitophilus oryzaz Linne 8.46: Oryzaephilus surina-
mensis Linne 161: Tinea granelle Linne 1.29: Lophocateres pusillus Klug 0.95:
Tribolium castanzum Herbst 0.91: Tenzbrioides mauritanicus Linne 0.56: Carpophilus
obsoletus Erichson and Palorus subdzpressus Wallaston 0.04, T'ribolinm castancum was
the main pest of stored corn.

Oral test of adult and bady mice were fed with four above chemicals with meal
over 62.5 and 50 ppm of bromodan in one year. It showed no difference in the
increasing of their body wight, its offspring fed with the same dosage as adults
for four months the growth rate was normal. According to the above results, 33.3
ppm of bromodan in grain against granary pests showed no influence to the human
body -but it was not used directly for food. '

The results of above testing, bromodan showed the reasonable effectiveness in
the control of granary pests, its residual effect could maintain through 10 months, it
was the equivalent of 0.67 kg of 5% bromodan mixed in 1,000 kg of grain thoroughtly
which was received in extension. However, corn was more susceptible to T7zbolium
castanewm and it had better use 2.5% bromodan in 0.2% premium malathion together,
i.e. 1.33kg of 259 bromodan plus 0.2% premium malathion mixed in 750 kg of
grain or dusted with 0.2% premium malathion on the surface and outside of grain
pile bimonthly would be effective for keeping away the attack of Tribolium
castaneum.
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