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1. (BRI EM/ RN/ B
(Citrus unshiu Marc/c. reticulata Blanco/c Sunki Sakurai)
2. RN EH/TER/ RS
(C. unshiu Marc/c. Tankan Hayata/c. Sunki Sakurai)
3. BB/ BA
(C. unshiu Marc/c. Sunki Sakurai)
4. YEMEH/ AR (GEFH)
(C. unshiu Marc/poncirus trifoliata Rafin)
5. YRINEME/ R (R )
(C. unshiu Marc/poncirus trifoliata Rafin)
6. RINE M/ R e

(C. unshiu Marc/C. Limonia osbeck)



B. fBHET

AR gl AR
1. AFHE/ RN B/ B 1:4:1

(C. Tankan Hayata/c. unshiu Marc/poncirus trifoliata Rafin)
2. AR/ RN B/ AR 1:2:1

(C. Tankan Hayata/C. unshiu Marc/poncirus trifoliata Rafin)
3. R/ (BN B/ AR 1:15:1

(C. Tankan Hayata/C. unshiu Marc/poncirus trifoliata Rafin)
4. HRH/ BN EH/ R 1:1:1

(C. Tankan Hayata/C. unshiu Marc/poncirus trifoliata Rafin)
5. FHH/ RN BT/ FRR 15:1:1

(C. Tankan Hayata/C. unshiu Marc/poncrius trifoliata Rafin)
6. AR/ {EIN B/ R 2:1:1

(C. Tankan Hayata/C. unshiu Marc/poncirus trifoliata Rafin)
7. @A/ BN ER/ AR 4:1:1

(C. Tankan Hayata/C. unshiu Marc/poncirus trifoliata Rafin)

8. Hait/mett

(C. Tankan Hayata/C. Sunki Sakurai)
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EFFECT OF INTERMEDIATE-STOCKS ON SEGMENT
BREAKAGE AND HESPERIDIN SEDIMENT OF -
CANNED MANDARIN ORANGE |

By
J.L. ”'WENG

In order to get information on the desirability for topworking mature Ponkan
or Tankan trees to Satsuma orange for rapid increasing the production of fruit
for canning, studies were made on fruits produced from Satsuma orange on Tri-
foliate orange, Satsuma orange topworked on Tankan or Ponkan both with Sunki
rootstock, and Tankan topworked on Satsuma orange with Trifoliate orange root-
stock for comparing their suitability for éanning. The results were as follows:

(1) Satsuma orange topworked on Tankan or Ponkan with Sunki  rootstock
produced flat fruits, shorter segments, thiner segment wall, a lower percentage
of segment breakage after canning, a higher percentage of flesh, and a higher
soluble solid content in comparison with fruits of Satsuma orange directly on
Sunki rootstock. But, after canning, fruit segments from Satsuma orange top-
worked Tankan or Ponkan became coarse and showed a high degree of granula-
tion.

(2 Tankan topworked on Satsuma orange originally on Trifoliate orange
rootstock produced fruit much the same in form and in percentage of flesh as
fruits produced on Tankan directly on Sunki rootstock. But Tankan fruits from
tree with an intermediate-stock of Satsuma orange had more slender segments,
a higher seed content and a higher percentage of segment breakage after can-
ning. Although the appearance and texture of the canned products were the
same, but fruits from Tankan topworked on Satsuma orange gave a bitter taste
after canning in comparison with fruit produced by Tankan directly on Sunki
rootstock. Therefore, topworking Satsuma orange to Tankan would be of limited
value.

(® In comparison with Satsuma orange, Tankan fruite picked during the
later part of harvesting season gave bright orange colored flesh and clear syrup
after canning, but with a high degree of hesperidin sediment, dry segment,
coarse flesh and bitter taste, which materially lowered the value for canning.
Satsuma orange topworked on Tankan or Ponkan originally with a Sunki root-
stock produced fruits in no way comparable with fruits produced by Satsuma
orange directly on Trifoliate orange, but it was much better for canning than
Tankan produced on Sunki rootstock. But Tankan topworked on Satsuma orange
originally on Trifoliate orange rootstock produced fruits inferior for canning,
in other words, the Satsuma orange intermediate-stock gave no benifit influence
on fruits produced by variety topworked on it.
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INFLUENCE OF SPACING ON HERITABILITY AND
INTERRELATIONSHIPS AMONG AGRONOMIC TRAITS
IN THE F, POPULATION OF A RICE CROSS!

By

W. L. CHANG?

Grain yields of rice generally increase with increased planting density. One
of the major difficulties confronted with dense planting is lack of commercial
varieties adapted to this growing conditions. This can be explained partly that
the present varieties now commercially available are developed without paying
special attention to their spacing responses during the course of selection,
suggesting that some basic changes in the architecture of rice plant for these
varieties may be needed (Chang, 1965). Hence, considerable emphasis has been
placed on breeding rice varieties for dense planting in recent years. An under-
standing of the impact of spacing on yield and several other characters commonly
obtained in the evaluation of individual plants or lines will permit the use of
more efficient breeding techniques. 4

Estimates of heritablity and the interrelationships among important agrono-
mic traits are useful in designing an effective breeding program. Heritabilities
and correlations for most agronomic characters in rice have been reported by a
number of investigators (Bollich, 1957; Toriyama and Futsuhara, 1953; Nei, 1960;
Futsuhara et al,, 1965). However, these values change with spacing (Kariya and
Yamamoto, 1963; Sakamoto et al., 1963; Chang, 1564), and time of planting (Ake-
mine and Kumagai, 1958). Thus, in breeding rice varieties for dense planting,
such estimates are of most value when based upon materials grown under dif-
ferent spacings. .

The objectives of this study were to estimate heritability and interrelation-
ships among important agronomic traits of the F, population of a rice corss
grown under three spacings.

MATERIALS AND METHODS

Japonice varieties, Tainan 3 and Pi No. 4 were used as parents to make a
cross which was studied in the F, generation in the second crop of 1965 at the
Rice Experimental Farm of Chiayi Agricultural Experiment Station. Tainan 3,
developed by Tainan Agricultural Improvement Station, is a commercial variety
noted for its high yielding ability and wide adaptablity, while Pi. No. 4, an
introduction from Japan, has been widely used as the breeding material because
of its high level of resistance to rice blast disease (Piricularic oryzee). Both

1. This study was partly supported by the National Council of Science Development.
2. Agronomist, Chiayi Agricultural Experiment Station, TARI.
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parents and F. population were grown under three spacings given in Table 1.
For each spacing, more than 200 plants for each parent and 500 plants for F,
generation were represented. One seedling was transplanted to each hill.
Standard cultural practices were strictly followed for the management of the
experimental plot. Climatic conditions were favorable for good rice growth and
yield during the test period.

Table 1. Spacing for experimental materials
|

Spaci } Distance between [ Distance between Number of hills
pacing 1 row (cm) ; hills (cm) per m?
|
i ‘
Wide | %5 J 10 10
| l
Standard 25 | 20 20
Close | 25 j 10 40

About 50 and 100 plants were selected at random from each parent and F,
population respectively in each spacing. Data for all traits were obtained on
each plant as follows: heading date recorded in days from transplanting to the
date when the first ear emerged, plant height, number of panicles per plant,
panicle length, panicle weight, number of grains per panicle, weight of 100
grains, and grain yield per plant. Data thus collected for both parents and F,
population in each spacing were analyzed for each trait by the analysis of
variance and for each pair of traits by the analysis of covariance, based on the
data of individual plants. Heritability estimates and correlation coefficients
were computed from variance and covariance components by the same procedure
used in the previous study (Chang, 1964).

EXPERIMENTAL RESULTS

Effect of Spacing on Agronomic Traits of Rice Plant

Means of eight agronomic traits of both parents and F, population in each
spacing treatment are given in Table 2. The effects of spacing treatments upon
the agronomic traits of parental varieties and F, plants were quite remarkable.
Means of number of panicles and grain yield per plant showed a drastic decrease
with the increase of planting density, while close spacing caused only a slight
decrease in the means of plant height, panicle weight, and number of grains per
panicle. Heading date and 100-grain weight were not affected by spacing.

The average number of panicles per plant of F, population was smaller than
parental varieties in each spacing, whereas the means for the other characters
were located in general midway between those of both parents. Parental dif-
ferences in the means of heading date, plant height, number of panicles per
plant, number of grains per panicle, and grain yield per plant reduced with
increased planting density, especially the number of panicles per plant at close
spacing where difference between both parents almost disappeared completely.
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However, differences of parental varieties in the means of panicle length, panicle
weight, and 100-grain weight increased as plants were being spaced closer toge-
ther.

Table 2. Means of 8 agronomic traits for both parents and F, population
grown under 3 spacings in the second crop of 1965.

Wide spacing | Standard spacing | Close spacing
Character

PP B | P | P | R P PR
Heading date (days) 60.0 46.8 50.5 59.9 46.4] 50.4 57.7 48.4' 50.6
Plant height (cm) 106.5 86.0 96.4] 166.2| 85.5 93.9] 105.9 87.4‘ 93.6
Panicles per plant 17.2) 19.3) 17.2] 11.4| 14.0] 10.8, 6.6/ 6.8 6.0
Panicle length (cm) 21.2‘ 19.5] 19.7, 19.5] 16.8] 18.5] 20.4 17.1i 18.2
Panicle weight (g) 36: 2.3 3.0 2.8] 1.9 2.6/ 3.1 1.9; 2.6
Grains per panicle 146.6i 76.7| 108.2] 122.45 69.1| 96.7 131.4 65.0,: 92.5
Weight per 100-grain (g) 2.6] 3.00 2.9 2.7 2.9 29 27 30 29
Grain yield per plant (g) 49.8: 33.2/ 39.6 29.5} 22.6 24.9} 19.7 12.()|1 14.6

* P,=Tainan 3. ** P;=Pi No. 4.
Estimates of Heritability

Heritabilities in the broad sense for 8 agronomic traits in each spacing
calculated as the percent genotypic portion of the total F, variance, are presented
in Table 3. Estimates of heritability generally decreased with increased plant-
ing density. Differences between wide and standard spacings in heritability
estimates were less than those between wide and close spacings. The number
of panicles per plant at wide spacing were twice as large as that of standard
spacing and 20 times larger than that of close one. The rates of decrease in
heritability estimates for the other traits with increased planting density were
more or less slower and the heritabilities of wide spacing were only slightly

larger than those of standard spacing and 2 to 4 times larger than those of close
one.

Table 3. Heritability estimates for 8 agronomic traits of F, plant
grown under 3 spacings in the second crop of 1965.

Character Wide ég;ﬂ.cing Standar(%;pacing Close ;é)acing
Heading date 86.38 65.39 42.99
Plant height 75.34 71.50 48.89
Panicles per plant 40.39 17.59 1.92
Panicle length | 58.16 60.12 17.68
Panicle weight ! 58.06 38.46 29.17
Grains per panicle 59.74 47.65 26.10
Weight per 100-grain 79.41 44 .83 15.23
Grain yield per plant 44.12 50.67 24.73
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Table 4. Genotypic, phenotypic, and environmental correlations

between 8 agronmic traits of F, plants grown under 3

spacings in the second crop of 1965.

Wide spacing Standard spacing Close spacing
Traits correlated ‘ i - I
r | Te | Tm ra ‘ re | Te re ‘ re ’ re

Heading date and

plant height 382 .348%F— 065 454 377 — 222 .339] .231%k— 084

panicles per plant —.202|—.252 |—.257 .363|— .271%¢ — 041 .287|— .166 .042
panicle length .218) .186 |—.076 .236) .176% |—.103 L219) (44 |-, 322%F

panicle weight 330 .272%¥— .233 557|337 — . 438%5 268 .149 |—.127

grains per panicle 435 .353%%— .367F | .546] .355%F— 2987 .436] .285%—.055

weight per 100-grain —.046|— .45 |—.028 (48 — . 020 i1 .139—.131 |—.115

grain yield per plant .005|—.036  |—.361% 2()81 .103  |—.328* 2080 122 |—.074
Plant height and {

panicles per plant .137\ .116 .017 J131) .121 114 276, .202% | 077

panicle length 489 . 473%k 386“<<l .663| .596%K 254 L062| .070 .228
panicle weight .538| .497% 236 .754) .643%% 255 .709‘ 554K 176

grains per panicle 487 470" .365* | .835 .TU9*Y 186 L6871 .572%K  303*

weight per 100-grain |[—.021]—.007 .136 0420 041 .41 .138—.062 .105

grain yield per plant L4100 .366%F  .179 .590] .534** 205% | 629 .51()**% .236
Panicles per plant and ‘ }

panicle length L1570 127 1\ .002 1940 .207% | .260 208 —.103 | L041

panicle weight .060] .051 .014 17 .097 .061 .062/—.098 |—.153

grain per panicle .091 .099 .133 .046) .107 .245 052 .011 |—.051

weight per 100-grain —.104|—.075 .104 .120|—.001 |—.265 .094/—.101 |—.372%%

grain yield per plant 561 .563%F  Beg*K 653 649K 671FK 841l .816FH |, 792*F
Panicle length and

panicle weight 798| .765%F 609 812 .752%H .574FH 577 .627TF% 719%*

grains per panicle 7310 LTOURH BA2RE 822 LTT3®H  GUEHY| 415 BATRY | 776%*

weight per 100-grain .012)  .025 .125 L0700 .088 .154 .121‘—.039 .93

grain yield per plant .657| .589 J .314% | .654) 630K 541K .106" .195* | .348%
Panicle weight and l

grains per panicle J957| 971 734%F 878 854 .79(!*‘*“ 947| 881 [T754%*

weight per 100-grain .341 326%™ .240 .122) 105 .C59 .3261—.082 357«

grain yield per plant 748 698K 51GFN 729 .708%F .G51FF 260 .350%K .638%F
Grains per panicle and

weight per 100-grain — . 107—.097 |—.029 .1121—-.095  |—.049 .457/—.383% (23

grain yield per plant V767 LTITN 484K 813 781%% 680K 530 .467 .349*
Weight per 100-grain and

grain yield per plant - .0551— 021 | 187 021 009 [—.194 .147—.151 |—.160
Degree of freedom | | 109 | 43 | ‘ 114 ‘ 53 | ’ 114 . 53

i

* Correlations significant at 5% level.

** Correlations significant at 1% level.
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In each spacing treatment, estimates of heritability for heading date, plant
height, panicle length and number of grains per panicle were generally high,
whereas those of panicle weight, weight of 100 grains, grain yield per plant and
number of panicles per plant were relatively low. However, heritability esti-
mates for 100-grain weight and panicle weight were quite high under the condi-
tion of wide spacing.

Genotypic, Phenotypic, and Environmental Correlations

Genotypic, phenotypic, and environmental correlations measured over 3
spacings between all possible pairs of 8 traits are given in Table 4. Genotypic
correlations were generally higher than the corresponding phenotypic correla-
tions. Environmental correlations were larger than either genotypic or pheno-
typic correlations in certain combinations and smaller in the other ones. Geno-
typic and phenotypic correlations between various pairs of 3 spacings had like
signs with the following exceptions, i.e., negative phenotypic correlations between
heading date and grain yield per plant in wide spacing, and between panicles
per plant and weight of 100-grain in standard and close spacings to their
corresponding positive genotypic correlations. In general, more phenotypic
correlations were found to be significant in standard spacing than in the other
two.

Heading date gave negative environmental correlations with the rest of 7
traits in all spacings. The genotypic and phenotypic correlations between head-
ing date and other traits were rather small in magnitude, especially in close
spacing. Associations of plant height with both panicle weight and grains per
panicle were high, particularly in standard and close spacings. The size of
genetic correlations between plant height and grain yield, as well as all 3 cor-
relations between panicles per plant and grain yield per plant increased as
plants were being closely ‘spaced together. Genotypic and phenotypic correla-
tions between panicle length and panicle weight, grains per panicle, and grain
yield per plant were high in standard spacing, but the magnitude of correlations
decreased when population increased or decreased. Correlations between panicle
weight and grains per panicle showed the highest values in all spacings, the
phenotypic and environmental correlations being highly significant. Grain yield
per plant was found to be closely associated with both panicle weight and grains
per panicle, especially in wide and standard spacings. Weight per 100-grain was
negatively correlated with other traits in close spacing while some positive
associations were found in the other two.

DISCUSSION

Parental varieties, Tainan 3 and Pi No. 4 differ quite greatly in agronmic
characters and a sufficient segregation in F. population for 8 traits measured in
this experiment was available. Agronomic traits showed different responses to
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spacing indicating that the ability to make adjustment to spacing varied with
characters. Panicles and grain yield were found to be more easily influenced by
spacing than others which is in agreement with the result of Chang (1965).
Difference in panicle per plant among parental and F, plant was negligible under
close spacing. Kariya and Yamamoto (1963) also suggested that rice varieties tend
to become a similar type under close spacing, as far as tillering is concerned.
Since competition is more intense under densely planted condition, the reduction
in average values of agronomic traits observed in this experiment may be partly
attributable to the effect of competition.

Estimates of heritability for heading date, plant height, and grains per
panicle were generally higher than panicles and grain yield per plant which
were similar to the results reported by other workers (Bollich, 1957; Toriyama
and Futsuhara, 1958; Oung and Chang, 1958; Chang, 1960; Nei, 1960). Heritabili-
ties for weight of panicle and 100-grain were also considered to be low (Matsuo,
1956) as was the case in standard and low spacings of this study, but these esti-
mates were quite high under wide spacing, indicating that the variability of
these two traits in F, population is rather great under the growing conditions
of wide spacing. It was noticed that heritability values decreased as population
density increased which may be attributable to either the decrease in F, geno-
typic variance or the increase in environmental one. The smallest heritability
value obtained in this experiment was 191 for panicles per plant under close
spacing showing that there was practically no genotypic variance left in total
F, variance after the removal of environmental one. Under close spacing where
competition is rather intense, low heritabilities of several agronomic traits in
close spacing will unquestionably render selection for these traits more difficult.
Since competitive ability is generally not correlated with productive traits
(Yamada, 1950'; Oka and Sakai, 1956), and density response (Sakai and Iyama, 1966),
genotypes of high yielding and density response are not necessarily strong com-
petitors. Efficiency of selection for these tratis under dense planting would,
therefore, be reduced.

Heritabilites and correlations obtained in this experiment appeared different
in size and, in some comparisons, in the direction with those of another cross
reported in the previous study (Chang, 1964). This indicates that certain esti-
mates of heritability and correlation may be characteristic of certain population
in a certain planting and that there would be no reason to expect consistent
values in other segregation populations. Akemine and Kumagai (1958) also re-
ported that heritabilities and correlations of certain agronomic traits changed
with time of planting. ’

The estimates of heritability and genetic relationships which exist among
different traits must be considered in a breeding program. Gotoh and Osanai
(1959) suggested that if a high heritability estimate of a given character is
obtainable under a particular set of conditions, the efficiency of selection for
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this character could be enhanced in this environment. In this experiment, grain
yield per plant was genetically correlated with panicles per plant and plant
height in close spacing; and with grains per panicle, panicle weight, and panicle
length in wide and standard spacings. Since heritability estimate for panicles
per plant was extremely small in close spacing, more effective selection for
grain yield in F, population may probably be made through selecting tall plants.
In wide spacing, grains per panicle appeared to have the highest estimate of
heritability. therefore, emphasis should be placed on the selection of plants with
more grains per panicle. As for standard spacing, heritabilities for both grains
per panicle and panicle weight were lower than that for panicle length, plants
high in grain yield may be better obtained by selecting plants with long pani-
cles. Considering the magnitude of heritability and association of characters
obtained in this study, it seems highly likely that selection for grain yield in
F, population would be more effective in wide spacing than in the other two.
Kobori (1963) reported that selection on ear weight per plant is more effective
under the condition of sparse planting. Sakamoto ef. @l. (1963) also observed
that panicle weight per plant of the population cultured in low planting density
was significantly higher than the population grown in high planting density.

SUMMARY

Eight agronomic traits of a rice cross, Tainae 3 X Pi No. 4, were studied in
in the F, population in the second crop of 1965 to 3 spacings, i.e., wide, standard,
and close spacings with distance between rows and hills of 25 x 40, 25 x 20, and
25 % 10, respectively. Data for all traits were obtained on individual plants
randomly selected.

Close spacing caused a drastic decrease in panicles and grain yield per plant
whereas plant height, panicle weight, and grains per panicle decreased very
slightly. Heading date and weight of 100-grain were practically not affected by
spacing.

Estimates of heritability for panicles and grain yield per plant were low
largely due to the low genotypic variance of F, population. Heritabilities for
other traits were in general higher. Heritability estimates for traits in wide
and standard spacings were larger than those in close spacing.

Grain yield per plant was closely associated with panicles per plant and
plant height in close spacing, and with grains per panicle, panicle weight, and
panicle length in wide and standard spacing.
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EFFECT OF SPLIT APPLICATION OF FERTILIZER ON
YIELD, COMPONENTS OF YIELD, AND OTHER
AGRONOMIC CHARACTERS OF RICE (IV).*

By
W. L. CHANG, S.C. YANG, and J. N. CHAO**

The effect of split application of fertilizers has been under investigation at
Chiayi Agricultural Experiment Station since 1963, with a simple objective of
finding out whether the efficiency of fertilizer utilization could be further
improved by manipulating the time of fertilization. Experimental results
obtained so far indicated that split application of nitrogen and potassium
fertilizers was generally effective in raising grain yield in both the first and the
second crops of rice (Chang and Yang, 19564a,b; 1966), whereas split application of
phosphorus fertilizer did not show any significant increase in grain yield of rice
(Chang and Yang, 1964b). Similar results were also reported by Tsai et al. (1965)
and Tsai and Chen (19566) for nitrogen fertilizer and by Shen and Yuan (1954), and
Feng and Kuo (1965) for potassium fertilizer. No significant difference was
observed between the basal and split application of phosphorus fertilizer (Matsuo,
1948). Mitsui (1954) also suggested that sufficient amount of phosphorus fertilizer
applied to rice as a basal dressing would be enough to cover the need for a
maximum yield production.

An experiment- designed to furnish information on the most favorable time
of applying nitrogen and potassium fertilizers at various places of the island,
was initiated in 1965 under the -sponsorship of the Joint Commission on Rural
Reconstruction with Chiayi Agricultural Experiment Station and all the 7 District
Agricultural Improvement Stations cooperating. The purpose of this paper is to
pressent a brief summary of the significant results obtained at this Station.

MATERIALS AND METHODS

Yield data were obtained for 4 successive crops, 1965 to 1966, inclusive, from
an experiment in which a given amount of nitrogen and potassium fertilizers
were applied to rice in a single application or in different combinations of split

application as listed in Table 1.

* This experiment was supported by the Joint Commission on Rural Reconstruction under the
projects of 65-C12-A-1653 (b-1) and 66-C12-A-1722 (b).

** Agronomist, Associate Agronomist, and Assistant Agronmist respectively, Chiayi Agricuitural
Experiment Station, The authors wish to express their thanks to Dr. Y. S. Puh, Senior
Specialist, JCRR, for his kind review of the manuscript and helpful advice during the
course of this study.
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Table 1. Treatments of fertilizer application*

Treatment | Element Fasal First '[ Second [ Third ¢ opl-;‘ctl):efstshing top-gi‘fet;lsing

dressing top-dressingitop—dressing“tc_)p-dressing fe(l'li?llgézc;%?)n);ferﬁgirzgtl:lion)
A Nk 100 — - — —_ —
B N 50 50 — — — —
C N 25 — — 75 — —
D N 34 33 33 — — ! —
E N 30 — 40 — 30 —
F N 25 — — 40 35 —
G N 25 — — 40 25 10
H N 25 — — 40 25 10
K 50 — - 50 — —
I N 25 — -— 40 25 10
K 25 — — 50 25 —

* Pasal dressing: One day befor transplanting.
First top-dressing: 10 days (Ist crop) and 7 days (2nd crop) after transplanting.
Second top-dressing: 20 days (Ist crop) and 14 days (2nd crop) after transplanting.
Third top-dressing: 30 days (Ist crop) and 21 days (2nd crop) after transplanting (maximum
tillering stage).
Fourth top-dressing or panicle fertilization: Panicle initiation stage of about 58 days (1Ist
crop) and 37 days (2nd crop) after transplanting.
Fifth top-dressing or grain fertilization: Heading stage or about 86 days (Ist crop) and 63
days (2nd crop) after transplanting.
** The whole amount of P;O5 was used as a basal dressing, and the relative amounts (%) of
N and K;O applied at different times were shown in Table 1.

The trial was located in Tai-tou-ken Farm of Chiayi Agricultural Experiment
Station on silty clay loam, a light colored, moderately heavy-textured soil of
typical rain-fed paddy in Chianan area. Soil samples were taken before each trial
and the analysis was made by Taiwan Agricultural Research Institute. Table 2
shows the result of the analysis.

Chianung 242, a typical panicle weight type of Japonica rice variety was used
in the test. The plant spacing was 225 by 22.5 cm, (approximately 20 hills per
square meter), with 5 seedlings being transplanted at each hill. Ammonium
sulphate, calcium superphosphate, and potassium sulphate were used as carriers
of N, P»O;, and K,O which were applied at the rate of 100, 50, and 50 kg per ha
respectively. Climatic conditions were favorable for good rice growth during
the test period.

The design of the experiment was a randomized complete block with 4
replications. Each plot consisted of 13 rows 20 hills long or an area 3 by 4.5
m from which 11 rows of 18 hills each or an area 2.5 by 4 m (10 m® or 1/1,000
ha) was hervested for yield determination. Plot borders were not included so that
border effects could be minimized. Besides grain yield, data for heading date,
plant height, number of panicles per hill, panicle weight, panicle length, weight
of 100 grains, number of grains per panicle were also taken for the analysis of
variance. Since data on four crops in two years were available, combined analyses
were also made for the recorded traits so that their interactions between treat-
ments and years in both the first and the second crops could be determined.
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Table 2. Result of soil analysis

Organic matter Available [ Available |
(%) | PO, (kg/ha) | KiO (kg/ha) | pH

First crop. 1965 ‘

Surface soil 0.94 (low) 145 (high) i 90 (low) 6.6 (medium)

Subsoil 0.38 (very low) 45 (low) ‘ 88 (low) 7.2 (high)
Second crop, 1965 |

Surface soil 1.64 (low) 242 (high) ‘ 149 (medium) | 5.6 (low)

Subsoil 0.06 (very low) 65 (medium) | 116 (medium) | 6.7 (medium)
First crop, 1966 “ ‘

Surface soil 1.40 (low) 210 (high) | 88 (low) | 5.7 (low)

Subsoil 1.20 (low) 123 (high) | 60 (low) 6.9 (medium)
Second crop, 1966

Surface soil 1.80 (low) 229 (high) 98 (low) 5.8 (low)

Subsoil 1.46 (low) 134 (high) 85 (low) 7.0 (medium)

RESULTS AND DISCUSSION

Effect of Time of Fertilizer Application on Grain yield and Its Components.

The average grain yields for the 2-year period are given for each treatment
in Table 3. Combined analyses of variance made on the 2-year summary of data in
both crops indicated that differences in treatment means were highly significant.
Treatments F and C gave the highest yields in the first and the second crops
respectively, whereas treatment D, the lowest in both crops. The curves of grain
yield were, as shown in Figure 1, generally in parallel with those of panicles
per hill, indicating that the increase in grain yield was causzd primarily by the
increase of panicles per hill. The combined analysss of variance for yield

Table 3. Effect of time of fertilization on grain yield and its components. :

Grain yield Number of panicles | Nummber of grains| Weight of 100
Treatment i (kg/ha) _per hill __ per panicle [_*._gieiiﬂs_v(g)_m_
IC";I(‘;‘: l Secignd First Second lgll‘rst ; Si(;ond g First ‘ Second
| D crop crop op | op crop crop
A 5,868 4,492 12.2 8.5 135.0 156.5 / 2.92 3.02
B 5,352 4,493 11.1 8.5 139.0 154.5 ‘ 2.98 3.11
c 5,975 5,135 12.4 10.4 133.3 147.2 | 2.93 3.06
D 5,227 4,430 10.6 8.3 132.9 152.6 | 3.01 3.04
E 5,658 | 4,652 10.5 9.7 411 | 1648 | 2.9 2.95
F 6,065 5,125 12.3 10.8 144.7 162.1 | 2.91 2.94
G 5,646 | 5,028 10.3 10.1 142.7 i 155.0 | 2.86 2.99
H 5,742 | 5,071 11.4 10.1 1379 | 1643 | 2.c8 2.97
I 5,624 5,052 10.8 9.9 136.5 162.6 i 3.01 2.99
Mean 5,684 4,831 11.3 9.6 138.1 | 157.8 | 2.96 3.00
LSD 5% 311 300 0.3 1.1 \ 9.3 | 0.10 0.09
1% 415 400 0.4 1.5 — ] 12.5 | —

* Data are means of 1965 and 1¢6¢ Crops.
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components (Table 3) showed that differences in panicles per hill among treatments
were significant at 12/ level in both crops. Grains per panicle and 100-grain
weight were not in close association with grain yield. However, treatments with
top-dressings at panicle initiation stage and heading stage produced more grains
per panicle, especially in the second crop.
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Figure 1. Effect of time of fertilization on yield
and its components.

Treatment F produced 838 kg or 16.03% more grains per ha than that of
treatment D in the first crop, whereas treatment C outyielded treatment D by
705 kg or 15.91% per ha in the second one, differances being significant at 1%
level. The highest yield increases previously recorded for split application of
fertilizers at Wang-tien-Li Farm of this Station were 5.69% and 6.36% for the
first and the second crops respectively (Chang and Yang, 1966). Since soil fertility
of Tai-tou-Ken Farm is lower than that of Wan-tien-Li Farm, split application
of fertilizers appears to be more effective under the lower fertility conditions.

The differences in yields between treatments C and F were not significant,
suggesting that both treatments had almost the same yielding ability. Treatment
C had only one top-dressing of nitrogen at maximum tillering stage, whereas
treatment F top-dressed twice at both maximum tillering stage and panicle
initiation stage. The lowest yielding treatments B and C had one and two top-
dressings of nitrogen respectively before maximum tillering stage which are very
much similar to the conventional method of fertilization generally practiced by



26

farmers in Chianan area, and their yields are considered to be the typical ones
for Chianung 242 obtainable at Tai-tou-Ken Farm. It appears, therefore, that yield
increases of treatments C and F may be attributable to their proper timing of
applying nitrogen fertilizer, and top-dressing of nitrogen at maximum tillering
stage and panicle initiation stage are apparently necessary for increasing grain
yield production. Similar results were also reported previously (Chang and Yang,
1966). As shown in Table 3. top-dressing of nitrogen at maximum tillering stage
generally resulted in more panicles per hill, whereas that at panicle initiation
stage or so called “panicle fertilization” appeared to produce more grains per
panicle. This observation well agreed with those of Matsuo (1948). and Matsushima
et af. (1964).

Top-dressing of nitrogen at heading stage or so called “grain fertilization”
was practiced in treatment G,H, and I. Since grain yvields of these treatments
were all lower than that of treatment F, it seems likely that top dressing of
nitrogen at heading stage may be unnecessary provided a sufficient amount of
nitrogen is top-dressed at panicle initiation stage. Although nitrogen application
at milk ripe stage was reported to be effective for yield increase (Matsuwura,
1962), it may be useful only under certain growing conditions as pointed out by
Matsushima et @/. (1963). The top-dressing of nitrogen at full heading stage was
recommended by Matsushima and Tanaka (1967) to increase the percentage of
ripened grains if the supply of nitrogen is withheld during the growing stage
from 69 to 92 in leaf number index or about 42 to 18 days before heading. As
shown in Table 5 the fertility percentages of treatments with nitrogen top-dressing
at heading stage were not significantly higher than those without grain fertiliza-
tion in this experiment. Nevertheless, the quality of rice grains can be greatly
improved by top-dressing of nitrogen at heading stage. Tsai et «l. (1965) reported
that nitrogen or crude protein content of brown rice and milled rice increased 10
to 15% when the nitrogen fertilizer was applied at heading stage.

It is interesting to note that treatment A which applied all nitrogen as a
basal dressing yielded as high as the two top yielding treatments C and F in the
first crop whereas its yield was as low as the lowest yielding treatment D in
the second crop. The seasonal difference in yield response of treatment A was
further demonstrated by the partitioning of the treatment effect on grain yield
as shown in Table 4. The component of the treatment effect, single versus split
applications of fertilizers with one degree of freedom was not significant in the
first crop, suggesting that nitrogen applied at one time during planting or split
twice or more did not cause any significant difference in yield in the first crop,
but in the second crop, the difference between single and split applications of
nitrogen was significant at 1% level, indicating that split application of nitrogen
was effective in increasing grain yield in the second crop. Moomaw (1965) also
reported that Chianung 242 did not show any significant response to variously
timed nitrogen applications in the 1963 and 1964 dry seasons (an equivalent of the
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first crop in Taiwan). The similar observation was also made by the writers in
the previous report (Chang and Yang, 1966). Since panicles per hill is the most
important component influencing grain yield, and rice plants generally produce more
panicles per hill in the first crop, it appears necessary that more nitrogen should be
applied at the early stage of growth in less splittings in order to prevent a
drastic decline of effective tillers in the first crop. In the second crop, however,
the environmental conditions are not favorable for rice plants to produce more
panicles per hill, but are rather favorable for producing longer and heavier
panicles with more grains per panicle, it seems desirable that nitrogen should by
applied in more splittings with more emphasis placed at the late stage of growth.

Combined analyses of variance for grain yield and its components in Table 4
showed that differences between years were not significant in grain yields in both
crops but they were mostly significant at 1% level in yield components. Interac-
tions between treatments and years were highly significant only in grain yield
and panicles per hill of the second crop, indicating that treatment effects on
grain yield and panicles per hill varied with years. It seems reasonable, therefore,

to suggest that environmental factors and nutritional status of rice plants should
be taken into consideration when application of fertilizers is to be made.

Potassium fertilizer was split applicated in treatments H and I which gave
slightly better yields than of treatment G which applied all potassium as a basal
dressing, showing that split application of potassium fertilizer was slightly
effective. Treatment I which applied more potassium fertilizer in top-dressings did
not produce higher yield than that of treatment H which applied more potassium
fertilizer at the basal dressing was found to give better yield by Feng and Kuo
(1965). The grain yields of the treatments H and I, however, were all lower than
those of treatments C and F, suggesting that the effect of split applicaton of
potassium fertilizer is negligible when application of nitrogen fertilizer is not
properly pract.icgd.

Eﬂ"eAct of Time of fertilizer Application on the Growth of
Rice Plant and Some Agronomic Traits.

Piant height, number of tillers per hill, and leaf area were measured bi-weekly
to determine the effect of time of fertilizer application on the growth of rice
plant. Figure 2 shows that plant height increased as rice plant grew older. Plant
height was not greatly affected by the time of fertilizer application in the early
stage of growth, but it appeared to be closely associated with grain yield at the
late stage of growth. Treatment means as shown in Table 5 differed significantly
in both crops. :

Rice plant showed a better growth with more tillers per hill in the early

stage of growth up to heading stage when more nitrogen was applied at or before
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Figure 2. Effect of time of fertilization on plant height

at different stage of growth.

Table 5. Effect of time of fertilization on some agronomic traits of rice.
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Treatment
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H

I
Meaﬁ
LSD 5%

1%

Heading date

First |{Second

86
86
87
86
85
86
86

_crop |

|

crop |

63
62
63
63
63
63
63
63
64
63
0.6
0.8

Plan(tcélglght l:ianlc(lceml)ength Pa.mc(lgmv;relght Fertility (%)
First [Second First \Second First |Second| First lSecond
Crop | crop | crop | crop , crop Crop | _crop | crop
103.7 114.5 ‘ 22.5 24.2 1 3.9 4.6 95.7 93.4
100.5 | 113.1 i 22.8 24.1 3.9 4.6 96.0 | 93.8
102.8 117.0 ‘ 22.2 23.8 ‘ 3.8 4.3 95.5 92.6
99.0 | 113.1| 23.1 | 240 | 4.0 4.5 | 9.2 | 92.8
103.0 115.5 ‘ 24.1 23.6 4.3 4.4 95.9 82.6
104.0 119.1 24.0 24.0 4.1 4.5 95.9 89.3
101.9 117.3 23.3 23.5 4.1 4.5 96.3 91.9
104.0 | 114.2 | 23.4 24.2 4.1 4.6 95.5 91.0
102.7 115.4 . 23.5 23.8 4.1 4.6 94.7 91.5
102.4 115.5 | 23.2 23.9 4.0 4.5 95.7 91.8
2.7 3.7 0.5 s 0.2 — — 2.0
3.5 | ‘ 0.7 | — 0.3 L — 2.7

* Data are means of 1965 and 1966.

maximum tillering stage in the first crop as indicated in Figure 3. However,

percentage of effective tillers was apparently lower in the treatments with early

application of nitrogen as compared with that of the treatments which applied

nitrogen lately. In the second crop, early application of nitrogen did not result

in good tillering of rice pl.ént, and treatments with nitrogen top-dressed at the

late growing stage generally produced more tillers and panicles per hill.

It

is

conceivable that early application of nitrogen is not effective in producing tillers

and panicles which is the most important factor influencing grain yield in the
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second crop, since tillering is largely controlled by water temperature (Matsushima
et al., 1964), and it is not unusual for water temperature during the tillering
period in the second crop to outreach 31°C, the optimum temperature for maxi-
mum tillering.

————— Ist. crop 14 days

-2nd. crop o042 ¢
470

a 498

AT SN

iny sod ssoqup
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I i 1 It 1

A B C D E F G 1
Treatment

Figure 3. Effect of fertilization on tillers per hill
at different stages of growth.

Figure 4 shows that leaf area index (I.AI) increased as rice plant grew bigger,
and reached its maximum somewhere around heading stage in both crops. The

curves of LAI in Figure 4 were very much similar to those of number of tillers
as shown in Figure 3, indicating that changes in LAI resulted primarily from
changes in tiller number. Tanaka ef /., (1964) also reported that the tiller number
per unit area was the major factor controlling LAI It was observed that early
application of nitrogen generally resulted in larger LAI in the second crop. The
maximum values of LAI before heading were approximately 6 and 4 in the first
and the second crops respectively, which were considered to be the right sizes
for maximum dry matter production (Tanaka e# /., 1966). The optimum LAI for
the rice plant has been reported to be between 4 to 4.5 by Kanda and Sato (1963)
and 7 to 8 by Matsushima e¢ /., (1964). It seems highly likely that the response
of LAI to the time of fertilizer application may have a great impact on the
yield response, since treatments with larger LAI generally produced higher grain
yield.

Table 5 shows that time of fertilizer application did not cause a significant
difference in heading date in the first crop. However, late application of nitrogen
significantly delayed heading date in the second crop. The fourth top-dressing of
nitrogen or so called “panicle fertilization” was applied 58 days and 37 days
after transplanting or 28 days and 26 days before heading in the first and the
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Figure 4. Effect of time of fertilization on leaf area
index at different stages of growth.

second crops respectively. Matsuo (1966) also suggested that the suitable date for
top-dressing at the time of ear-formation stage szems to be from 18 to 25 days
before heading, depending upon the fertility of soil. The average length of young
panicles at these stages were about 1 to 3mm as shown in Figure 5 which are in
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Figure 5. Growth of young panicles at their early initiation stage.
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the early to middle spikelet differentiation stages (Matsustima, 1966). The stage
when the length of young panciles nears lmm is generally termed the beginning
of panicle initiation, and the application of nitrogen at this stage has been proved
to be highly effective in increasing grain yield production (Matsuo, 1948; Suzuki,
1958; Mitsui, 1964).

Nitrogen top-dressed at the later stages of growth produced longer and
heavier panicles in comparison with the early top-dressings of nitrogen in the
first crop, differences among treatment means being significant at 1% level. In the
second crop, however, time of fertilizer application did not cause any significant
changes in both panicle length and panicle weight. Combined analyses of variance
given in Table 6 indicated that mean squares associated with years were highly
significant in heading date, plant height, panicle length, panicle weight and
fertility percentage in both crops. Interactions between treatments and years
were not significant in most of the traits.

Table 6. Mean squares and significance of Fvalues in the combined
statistical analysis of data for the effect of time of
fertilization on some agromic traits of rice. -

Certim degrees of freedom Heading Plant Panicle Panicle | Fertility
B partitions date ‘helght (cm) length (Cl’l’l)' weight (g) (%) )
Source £, M. [F‘ MS. [F.| M.S. |F.|MS. F. MS. |F
First crop
" Treatments L8 J‘ 2.17 | -~ 22.93 1% 3.3985:' 14| 0.1371 | 1% 3.5465 -—
Single vs. Split o1 1.18 1 —| 16.17) —| 4.8473 1% 0.1882 | 5% 0.14 —
Within Split 7 2.31 — 23.90] 1% 3.1916!‘ 1% 0.1298 | 14| 4.0331 --
Years 1 l 308.35 | 14! 352.45 1%| 22. 10()2; 9_‘5557 14| 41.7698| 5%
Treatments x Years | 8 0.88 | — 6.21] — 1.04.86‘ 1%] 0.0471 | — 6.8168 -—
Single-split x Years 1.77 ~—! 8.35 — 1.1165? 5%| 0.0158 | — 0.1540 ---
Within spli tx Years 7 0.7 | 5,90, — 1.0161i 1%| 0.0516 | —| 7.7687] —
Error 48] L1 j 6.99 0.2633; 0.0414 5.8651
Second crop
Treatment 8| 1.55| 14| 3266 5% 0.51] - 012 s 1w
Single vs. Split 1|23 lsel 780 — o0 0.14 | - 26.87 |59
Within Split 7 1.46 | 1% 36.21 5/06{ 0.49 »—‘ 0.12 - 20.60 1%
Years 1 51.68 | 19(1,932.35/ 1%]| 16.62 | 1] 0.25 --1117.68 1%
Treatment x Years 8 ! 0.71 | — 20.44 - 0.67 | — 0.07 i — 5.68 —
Single-split x Years 1 0.09] — 3.18) —  3.031 1% 0.05 —| 4.94 —
Within split x Years 7 0.80 | —| 22.9 —-‘ 0.30 i — 0.07 5.79 -
Error 43 0.38 13.67 I 0.38 ‘ 0.09 4,12

* Analysis was based on data of the same crop season of 1965 and 1966.

It should be pointed out that the results summarized in this paper are indi-
cative of the effect of time of application of fertilizers on one rice variety grown
under one set of conditions. The Chianung 242 variety might respond differently
on different soil types and under different climatic conditions.
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SUMMARY

The effects of time of fertilizer application on yield, components of yield,
and some important agronomic characters of rice evaluated in 1965 at the Chiayi
Agricultural Experiment Station are summarized.

Treatment C with nitrogen fertilizer top-dressed at maximum tillering stage
and treatment F, at both maximum tillering and panicle initation stages produced
the highest yields in both crops. The yield increases appeared to be due largely
to the increase of panicles per hill. Top-dressings of nitrogen fertilizer before
maximum tillering stage did not contribute to yield increase. The effects of
applying nitrogen fertilizer at heading stage and split application of potassium
fertilizer were not evident in this experiment.

Early application of nitrogen fertilizer generally producad more tillers per
hill and larger leaf area index in the first crop whereas late application of
nitrogen fertilizer resulted in better growth of rice plant in the second crop.
There was an indication for a tall and late heading plant to be associated with
high yielding ability.

Significant interactions between treatments and years were observed in panicle
length and number of grains per panicle in the first crop, and grain yield and
number of panicles per hill in the second one.
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Table 1. The number and origin of rice varieties used

|

- T N
&4 4% BB 2 #| Numberof |4 i MR B | E  Hi| Number of
Classification Origin Varieties Classification Origin Varieties
PH | Philippineo ﬁ 38 LO Lombock 1
SO { Soembawa \‘ 39 Fl Flores 9
# Indochina | 45 Pa Pali 14
CE ! Celebes ‘ 50 I i3 India 41
T Tailand | 2 REN U4N 5] Others 8
Ma Malaya 1 {t {%"TEET‘?J% 18
Ja 1 Java ; 12 & Ft 272
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B 91— 95 96—100 71— 75 76— 80
el {r{? : 96— 100 101—105 76— 80 81— 85
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M P 111115 116—120 91— 9% 101—110
B : 1160 | 121—125 96 Lk 111 Kk
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HRRERZ > T CE 8 SO A5 Br s o $iAm T8 » 220 6555 1o — ~ “HIfEL B >

= B R o

T HRSEERR G S HE Sk

Table 2. Variation in heading date of rice varieties from Southeast Asia

n " Bl | PH | SO . % {CE | T  Ma| Ja | Lo | Fl | Ba l ;5?1‘ B 3
AV AV N A R S g P | ®C
(T| 4 1 4 9 |3.23
J?L(H
I )
I\
(1| 2 2 4 11.43
I
=R
i I
I\ 1 |1 3 |1.07
1| 4 1 1 2 3 | 11 [3.95
I
i
I |
W s 2 1 1 i 2 11 {395
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(1 2 2 J 1 5 |1.79
1 ‘
$<m
v 4 2 1 7 1251
(I
I
1
v 2 1 3 | 1.07
T 1 2 lomn
i 1
m 7 2 4 13 | 4.67
v 1311 2 2 18 | 6.46
r:[ !
I
E‘111 3 1 1 4 1 1 4 15 | 5.38
LIV 1 10 3 2 16 |5.74
I
I
# " \m| 7 | s 6 | 3 2 | 33 1187
1% 6 6 |2.15
I
Il 1 9 12 | 22 | 17 2 1 3 11 4 82 129.49
e i 3 11 18 1 3 37 113.26
Ay 1 2 3 11.07
& Bt ! 41 38 39 45 ‘\ 50 2 5 1 12 \ 1 9 ] 14 26 | 278 | 100
|

TNBEZHR .

FrEfel MR ER 2B AR » HIEEL R QIFESRERT R AE » SEMEREX > 7
Brfgsgrf > L SO BEfy7iE BARENIEN » Hrpl Semora mangga, Gadi 5 FI EZ
Djamboe % FHERE » ¥E 53.9 A% (HREIEEEM Macan Barret JiJINH: 47 BR5EMER
5 R 2684) o QISR BN A TE 10BE R 117 FE 2R > 4835 55.6 & > DAAEHR) SO » Ba
S =R ) AR GEE AEEECA > A0 SO [E.2 Montja mangge 1 Kariiranga 1855 116
BELLE o HkBCE ) SEEEREIENE » B/NS e SZ TEE4SER » A 121 - Ba JFHRERE
TREEIR R RS — BT L8ALL L o TR EHE & R ZEE IR » £ 1.0
—15 A2 R REPERE KA Ba & Dari djawa, Poetih menlk Don 1 2 SO &>
Keta mee 4% » $E24AR NS HRBMIER 70°som Cau  SEEIEEATEIE.7 B > 15
RHEEM0.92 4y o LAEER AT S SO 8 Ba B ZWERKAESH L EMBE Z fERA o

R FIERE  RERABEHESNR

Table 3. Variation of characteristics of flag leaf

B (B5) : wmoE R B
Length (cm) 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 R A0 N =

48 B
Frequency 3 5 7 13 3 35 31 38 4 18 25 5 7 3 3 278 39.5
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aelm CRIR) oR E m
V\{idth {m.m.) 0.91.01.11.21.31.41.51.6 1.71.81.92.02.12.22.32.42.5 Total Mean
bze] i 00 . PO -
Frequency\( 2 8 29 28 31 28 3) 47 27 29 27 18 2 5 2 2 278 1.8
l Eﬁ\ A B*z b S ST A
Angle of flag 8 17 27 37 47 57 67 77 87 97 107 117 Total M. -
leaf to ear ota ean
| Ji3 5 14 24 53 52 48 45 27 8 1 1 278 55.6
Frequency
= TR 2R

P atiniE A2 BK O BRABURESE » RS BB ENTRRISFEIZ0A 5L 1+ » Hirp145
NOIEFHEEL I o BHEMREAITIREE 2 Linleng » ME185RMME 2 RT.S. 3 454 ifE
1692853 B - RS A EE L1 B &~ RT.S. 26 BRIETT 11225 o TWFUMAN » R/ » 3t
B RS ATESTAMZ M » (ERLEREIMANATAELE S » HrhJE@RER 2 3 » KRR
Ko WET2H L) E2 REEEAIAE » Bk CE » SO 1 Fl & 2 W8 o FragestmfEns » Ll SO
Bz Montja mangge FENHAEAMBERAK » MEETHRRALK » HBEJEHE >~ Davaol # CE
B2 At RERIGRSSAMEA L » MMER < LTI 8 BRI A 294 H o f#e38 RE R
TR MRS FRE R (ARTRE R REINSE > Hrh 78% 2 ) FERORE M 30055 L | » 2345
1$363.55% o (KIME S » Ba» So - CE FIERESE 2R E AR KR » £ Ba .2 Dari
djawa, Del idjogading 88 SO 2 Montja naq £ FEHERNET727 » 662515557 24
o IR SRR 0 MIRERMBERAK » TR 15.94 » HAr ey REENTERS » FH204K
#iin 33 bgie n'oi RT.S. 15 Hl 178 R 2/ BEHR20R 24 » HRBEE ~ Tk SO g3k
AE R - B ER SO Ef Montja manggafidiftE ) Kinan Kuda SpEMN 2 W& » &
BT o FE « WEUEM » SR ST R0 TE & R MRS 3 ¢ P

& AR PR B IUCE BT

Table 4. Variation of characteristics of culm

)ﬁlf—{ (/.—L\\ﬁvl\) b i} ;F i,h
Plant height 110 115 120 125 130 135 147 145 153 155 160 170 175 185 ”)I: LR A
(¢m.) otal Mean
I 53 3 11 23 19 32 38 53 49 32 17 4 2 2 278 149.6
Frequency S
i (AE)D W R b
Diametergof 25 3.0 35 40 45 50 55 6.0 ol M -
Stem (m.m.) otal  Mean
35 B 2 8 17 109 82 26 4 278 4.4
Frequency

HAGTEE () o N SR

Number of 7 9 11 13 15 17 19 21 23 25 27 29 31 !

effective tillers Total = Mean
$A Jicy 2 13 52 59 65 42 20 14 4 6 278 15.9
Frequency

Strength of 110 152 200 253 300 352 400 45) 53) 553 600 650 750 ”I& “1 M 5

Culm fo prevent ota ean

from breaking

sl i3 4 12 28 27 43 58 56 29 18 1 1 1 278 353.5
Frequency

PO~ B SR

HARMERTHER > BE >~ BREEDRRERZHE S MR INER o BREE G
PR RS AR 2 BERERER 2280 L SEIMGTE 2T 4 » HihBath &

REWREHLERIGHE0ATE L » kA SO~ CE WIFHEEE S Ba B2 Dari djawa
# SO 2 Semora mangga & NEAFREMIEE  SAFLME RIER ML
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RSB Ay AR o B BIL—RORT Y BB [ SR BRI 13 4.935 » {HLESIRESEN 1, 1,335 » (5141
JEFEE Z Linleng, SO &2 Montja mangge §i CE [ 2 Poeloet oelan & /jf > RiEA
4.65.2% > Al 2 W Danh #471.2358 o By @b LSO » CEBLEAE B 2 k8 HRR ik T )
» PR Z AR LR R > R — BRI OS2 0% > JEA 7025 2 88— BOR B0HS B 140K, 1),
Lo gk # 2 Pulot, Caranglan SR 185 S5 ML 5205k & % o 35 B I BLES T 28 4%
Mol B 22 BB o A5 R EEBEAR O 76 30—95K1 2 [ » {AA5—T75% Z B4 B ~ 784455 55.7
Ko Jerp LR EBCE R 8 & RIS K » WIEAEE 2 Pulot ~ FIIS185EELMEIE 2 558
giou nghé &R BI1796.0 » 95.18192.747 o
HHEANZARRREE S HBSEE ) MEZmE26 > POT.B. 165800 & L4554
;'ﬁ'zﬁé%kgﬁnfz% » F96% 2% MY SO [~ Bako, Dewa Hi Mantja 458 » 188588
0% » BLAREEAIEZ 0 > R EERI » RO IR E R B — 4 2 e o

R PEAMERBER ~ — ORI SR8 AR R SIS ) ik

Table 5. Variation of characteristics of ear

R (27 , N
Leng(g}rlno;f ear 18 20 22 24 26 28 372 32 34 36 38 49 Total Mean
b1 [ 6 31 57 63 55 24 18 13 7 2 2 278 26.1
Frequency
WoE (2 , 5 O 2
Welg}(lé ())f ear 1.0 1.5 2.0 25 3.0 3.5 4.0 4. 5.0 Total Mean
4 53 1,4 4,7 6,4 7,8 48 1,9 5 3 278 2,6
Frequency _
— TR B Wl ki
Number of 70 80 92 100 110 120 13) 149 150 16D 175 180 199 2001 |- -
[‘ otal Mean
grams per ear
IEY 2 5 816 23 35 48 38 3% 17 12 8 9 14 278  149,3
Frequency o
E‘ *}L ﬁj R\ a 5 ¢ - Ld ul ;/I‘-‘ Jﬁj
Number of 3) 35 49 45 50 55 60 65 70 75 80 85 90 100 Total Mean
grains per unit
length of ear
] S 2 8 22 49 59 57 38 25 7 2 6 1 2
_Fr ljequency _ )
TR (%) 30 4 5 6 70 8 9 100 wonk 2 3y
5 Fertxhty Total Mean
117‘ Jn P . o
Frequency 2 8 39 55 102 69 3 278 71,8

TL N BB B
ATHER IR > %
Linleng, Balid ¥ Kinan Kudo 43\ Tk 15
5 Kosungsung (fiARI125E o JLRMHARHAFHEL A Tk
SO FI Wb FHIHIS » MRS » 5
K~ TSI FE54.9% » JBLUEHE o B - b9 CE

EMSZEBE

Kuda » 5Tk BB — T B IR L3R o

—HRBEE

BRRSERTIE > 1 RTS. 17, Quang nghé %% 7050 1 »
Mﬁoﬁ%ﬁﬁ’%ﬁ~%ﬁ&—%ﬂ%%ﬁ2ﬁ%h%’%mixo

Mol 2 BB IR LR o SR HORA SR R RS o plinske
33.2 W% IR Mllagrosa
AR o (LRHf Jete s
CK RS IR AL A RN O & o 8t
SEE 2 REEEE 5 BINJEAEE 2 Kinan

PLRAG R [ 2 22 50K MMM A 19—T 255 2 [ » 'Pi’J354£ Forp s féé~
5 CE» SO BiFe s .~
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Table 6. Variation of weight of 1,000 grains

TTE (5 .
Weight of 1,000 14 16 18 20 22 24 26 28 30 32 34 36 31': "1 M -
grains {(g,) ota ean

3 5 5 2 39 68 49 42 20 11 6 2 1 278 18,8
__Frequency
AN—AE G WoOE R B

Weight of one 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 m’f ”l R/I -

liter of )grains ota Mean

(g,
b7} 18 105 13 15 21 30 31 28 28 35 26 4 5 1 2 254 54,9
Frequency

—FFRE (%) @ i F -
Panicle weight 10 20 30 40 50 60 70 80 1}‘ ”1 -
per plant otal Mean

JE B 1 79 129 51 14 3 1 278 35,4

Frequency

R Bk TR

FER Z R/ NI IREE R SRS ML N ) 28 SRR » iR RUT.S. 4 388 R.T.S. 3 5
SRMBEERRREIAMN » SERAMEHRES » HXBIEMEDavao 3 HEATSAR
KAZEA)maR > JERYE ~ # ~ SO~ CE B F1 S 2 5188 > HoRKIR S BOMTE 6 DIE/AA » B
SRR AU 4—6 AE 2R » FHBESAE » kK& r CE &2 Haloes Koening
R LTAE  REFHIAEE Kinan Kuda, Balid # Linleng 548455 3.1 2 EL [ »
PrAERE PR CE BREBE SRR BHH » SR 1.7 2.6 2 » B B2.3A K » fide
HEEAEEERE MY > T 27 A o RRITBI > BIEIRIE Z G KA Z 0 H
BRBEAR THE o (G ETTZ M EBRAE ) HEWES 2—3 » LR SE N b
W CEHES2 30 HA19% HR IR H A 1AB2.0Z BB » KB 4 9fy i Bk »
HRWEHAR 3.0 UL » pealbpbheb sk B BLB DR R 78 o Fra st g Bk ko s ClpLE
XOKRRLEL) ZBRIEW R INEL © 31 56% WA/ NN » 38.1% Brpifl » (5 58% Bk
BB > PR BN AR A AR, > b SR  E A B kB % > (%L Linleng Balid Bt
Sinaguiug H=EHBAKE o BRI NGB B > b BFTRE o Rk
RANZAMEER CRUN s RERIRRS) Bokohr 2 12T AL & S 608885 » b i 2 4%
fEER S > HEp AR HIERE ~ h ~ CE BULM SR IR 2 B R Bk » Kk Ja @ Fl
> BREBUNG SO REEE T o

R HERURRERIEORRIE ~ RIS RIEH B IERE 2 SR ik

Table 7. Variation of characteristics of brown rise

Rk Er (D R N
Length of 4,24,44,64,85,05,25,45,65,86,06,26,46,66,87,07,27,48,2 Tf'ota[i e
kefnel (m,m,) n

B3 B 1 4 2 717 17 30 48 45 30 28 18 10 6 7 2 6 278 5,8
Frequency - o i
HRTL (280 i P

Width of 1,7 1,9 2,1 2,3 2,5 2,7 2,9 3,1 3,3 3,5 3,7 LS Mo

kerneli{(m,m,) ota ean
9 i3 2 11 36 48 125 42 9 4 o 1 278 2,5
Frequency -

ERChR /) s o s e e P

Rgttf)l(:)v?fdti;ﬂ:)%th bEOLO B0 232680035 40 Total Mean

kernel
(length/width)
2l B¢ + 11 38 9% 78 37 7 4 278 2,0

Freqcency
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Table 8. Variation of seedling blast resistance

& K MERME ki it i

Degree %4 s Fo -
Freguency 44 %4 22 60 19 39 278

FEN p\ﬁnmﬁﬁlﬁ:ﬁkzlﬁk@ﬁd‘uuﬁ%
Table 9. The names of varieties showing extreme expression each of 20 plant
characteristics among 278 varieties introduced from Southeast Asia.
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* }"{ ! | Gadi | }
B Macdn ‘ T 47 ‘ }
| | barret Karike i |
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STUDIES ON THE VARIETIES OF RICE INTRODUCED
FROM SOUTHEAST ASIA

by

T. H. Hsu, C. C. PHONG, F. P. YouNG anND Y. C. TENG
SUMMARY

1. Two hundred and seventy eight varieties of rice introduced from the rice
producing countries of Southeast Asia, such as Philippineo, Soembawa, Indochina,
Celebes, Tailand, Malaya, Java, Lombock, Flores, Bali and India etc. were studied
in order to get informations to be used for breeding purpeses. Various morphol-
ogical as well as physiological characteristics such as plant height, length and
width of leaf blade, tiller and panicle numbers per plant, the strength of culm
to prevent from- breaking, number of grains per panicle, shape and size of grains,
weight of 1,000 grains, blast disease resistance and date of maturity etc. were
studied.

2." The varieties which did not head when planted in the regular 1st and 2
nd crop seasons, due to different photoperiodic responses, were further planted
in four different seasons i. e. April 3, May 25, July 2 and July 23. It was found
that the majority of vatieties tested were late in heading as compared with Tai-
wanese varieties. The days from transplanting to heading of the varieties tested
were 79—91 days (89 days in check) in the 1st crop, 135—150 days (105 days in
check) in the 2nd crop, 87—138 days (64 days in ceeck) in the third crop and 64-—98
days (69 days in check) in the fourth crop. Some early maturing varieties were found
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in India and Java groups, while most of late-maturing varieties were found in
Indochina, Celebes and Soembawa groups.

3. The length of flag leaf as an average of all varieties investigated was
39.5 cm.; Semora mangga and Gadi from Soembawa had the longer flag leaves,
while Macan Barret from Philippines and Java 47 had the shortest flag leaf. The
average width of leaf blade was 1.8 cm. in those varieties, Philippines and Bali
varieties such as Keta mee, Dari djawa and Poetih menlk Don 1 etc. had wide
leaf blade, While some Indochinese and Indian varieties such as 70® s6m cau, IV
Tam lun and India 7 etc. had leaves as narrow as 1.0—1.5 cm. in width. The
angle of flag leaf to ear was found to be quite variable, as from the widest Soe-
mbawa group to narrowest India group.

4. The plant height was 145 cm.; Linleng, India 18, R.T.S. 3 etc. had the tal-
lest plaht height (180 cm.) while that of India 11 and R.T.S. 26 etc. was shortes
(114 cm.). The stem of the majority of Philippino varieties was generally bigger
with 4.9 mm. culm diameter and had 300 g. of culm strength to prevent from
breaking. The ear length as an average of all varieties concerned was 26 cm.;
but the varieties from Bali, Philippines, Soembawa and Celebes had longer and
heavier panicles when compared with other varieties.

5. The weight of 1,000 grains and the weight of one-liter brown rice varied
greatly wider, the average of 15—35 g. and 48—63 g. respectively. The yield of
single plant ranged from 19. (Mraja) to 72 g. (R.T.S. 17); the average being 35.4 g.

6. Except a few varieties which showed short or medium in grain length,
most of varieties tested within the present study had long grains. The average
length and width of brown rice were 5.8 and 2.7 mm., respectively. The average
ratio of length/width and value of length x Width of grains were found to be
2.5 and 15 respectively.

7. It was found that 59% of the varieties testaed in seedling stage showed
either non-infection or resistant reaction to blast disease, while 21% and the
remaining 20% of the varieties tested showed intermediate and susceptible react-
ions respectively.

8. It was concluded from the present observation that although the majority
of varieties from the Southeast Asia were not suiteble for the imediate cultivat-
ion in Taiwan, however, there were many desirable characters can be introduced
into Taiwanese varieties through hybridization breeding, such as panicle numbers,

lenght of panicles, number of grains per panicle, size of grain and blast disease
resistance etc.
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Table 2: Effects of maneb sprays with different timing and applications

on the rust occurrence and yield of mint.

Disease investigated Yield investigated
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5 P BRI | IRk AERRRT L TRE | B s AR | 35 | REFUE | IRK o R | TR
’l‘r i Per- Degree Per-
mreat centage | of centage Fresh Yield
en of in- | disease of Phyto- | weight of oil
fected Index‘ infected Index!| disease | toxicity kg/10 |Index g/10 Index
plant control m?| ; m?
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1 67 74 | 0.77 35 65 — 18.3 108 46.6 | 114
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CK 90 100 J‘ 2.20 100 0 — 17.0 100 40.9 100
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Fig.: Effects of maneb sprays with different timing and applications on the rust

occurrence and yield of mint.
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SCREENING TEST OF FUNGICIDES FOR
CONTROLLING OF MINT RUST (II)

by
F. S. Wu
SUMMARY

This paper deals with the results of maneb spray test on mint rust control
for its effective spraying timing and application frequencies.

The maneb dilution was applied on mint with six treatments of spray timing
and application frequency combinations.

Results obtained were summarized as follows:

1. With exception of treatment with one application on 52 or 62 days after
planting, all treatments showed significant control effects on mint rust control.
In addition to it, no injuries by chemical were observed.

2. There were no differences among the treatments with one application of
the different spray timing. It was also the case in the treatments with two
applications. However, treatments withtwo or three applications showed the
superior effect on rust control to the treatments with one application. There
were no significant differences among the treatments with two and three appli-
cations

3. With exception of treatments with one application on 52 or 62 days after
planting, all treatments showed a significant increase of mint yields.

4. Among the treatments, one application treatments of different spray
timing showed no difference among them, while between two twice application
treatments, the later spray was superior to the earlier spray.

5. Generalizing the results, the treatments of three applications and two
applications of the later spray showed the significantly economical increase of
the yield. So, for the practical control of mint rust the two applications of
maneb spray initiated on 62 days after planting could be recommended.



AN OBSERVATION ON ECOLOGY OF Stephanitis
typica DISTANT (HEMIPTERA, TINGIDAE)
ON BANANA

By

C. H. CHENG

INTRODUCTION

‘Banana lace bug, Stephanitis tyj)z'm Distant, which were originally described
in Ceylan in 1903. In 1914, it was first recorded in this inland. Later, Takahashi
(1936), Shiraki (1937) and others etc. reported that this bug mainly attacked lan-
guas (Alpinia galange, Zingibraces) in Taiwan; whereas it feeded on banana and
other plants in the southern part of China, Java and India. Subsequently, this
bug was recognized to be a pest of banana in this island by Miwa (1943).

Since 1963, the bug has been found to be aboundant on banana orchard and
caused a serious damage by its infestation in Chia-yi and Kaohsung districts.
In the following years, it rapidly distributed to every banana plantation through-
out this island. Under requiring, a test of chemical control was carried out by
Chein & Huang (19565). The present study was conducted during the years of
1965 to 1966 to investigate some ecological aspects of this bug that might bhe
helpful to field control of this pest.

MATERIALS AND METHODS

Life history study: This study was carried out near our laboratory where thirty
banana-plants were grown for rearing of lace bug. One portion of a banana leaf
on each plant was caged with wire-cage of 25 cm in each side. A pair of freshly
emerged adults were then placed in this cage. After the adults oviposited readily-
in the tissues of banana leaf, then they were removed to the another cage for
determination of their longevity and the fecundity of female adult. On the other
hand, as the nymph hatched, they were transferred individually to another cage
for the investigation of the duration of each stage and survival rate. Twenty
five pairs of lace bugs were observed in each generation.

Field observation: This obszrvation includes habits, scasonal succession,
proportion of sexes, distribution and naturl enemies of this bug. Two banana
orchards were chosen for this study, one was at Chiayi Agricultural Experiment
Station, the other was in the suburb of Chiayi. On each of banana orchard, forty
plants were marked for the observation, and each leaf of plants was taken three
parts and each was 10 cm in length for sampling (Fig. 1). The survey was by
means of counting the number of the insect pest per sampling part on each leaf
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of a plant. The various damages by this pest on each banana variety, on different
height of banana-plant were also noted in this study. All the available data were
recorded and analyzed statistically.
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Fig. 1. Bananaleafishowing the sampling parts for an investigation
of lace bug population

Natural enemy study: This study was performed in the laboratory for
investigating the life history, feeding behavior and feeding capacity of the
predator. The adult of predators were collected from the field and confined
individually in the glass tube, 3 cm in diameter and 13 cm in height, containing
a section of banana leaf infested with lace bugs. The predators oviposited readily
in the tissues of aleaf, then the leaves with eggs were removed daily and placed
into another glass tubes. As the nymph hatched, they were transferred individ-
ually to another tube contaning a section of banana leaf infested with the lace
bugs. The leaves with preys were renewed daily, and the duration of each stage
and the number of lace bugs preyed were also recorded.

In the whole period of observations, the climatic data at Chiayi Agriculutral
Experiment Station were also recorded.

RESULTS AND DISCUSSION

1. Character of injury

Both adults and nymphs infest plants by sucking the sap from the under-
side of the leaves. This withdrawal of plant juice causes the leaves become
mottled with grayish-yellow blotches which, when aboundant, result in complete
blanching.

The lower sufface of infested leaves is discolored by numerous flattered, black,
shinym molasses-like spots of excrement. Its ecdysis may be seen adhering to
the underside of the leaves until the leaves wilted. Badly damaged plant would
wilt early, and then retarded the growth of plant at last.

2. Life history

The banana lace bug was known to have 9 generations from July 1965 to
July 1966 in this area, Eight stages: egg, five instars and adult were found in a
life~cycle. Data of the interval of each stage and generation were shown in
Table 1.
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Table 1. Records of observation on the life history of Stephanitis
typica Distant on banana from July, 1965 to July, 1966

. Duration (Days)
No. of Date Mean | Preovip. l Nymph (Inatar) | one
gener. conduct temp. | (days) ' Egg | 1st | 2nd | 3ra l 4th ’ 5th I lifecycle
1965 ’ ? |
6 20/7-10/8 27.95 3.54 8.70 | 2.36 | 2.10 | 2.22 | 2.56 | 3.29 I 24.36
7 16/8-10/9 27.27 5.63 13.45 | 2.33 | 2.33 | 1.62 | 2.10 | 3.14 30.20
8 20/9-19/10 26.75 6.72 11.91 | 3.00 | 2.55 | 2.52 | 3.24 | 4.06 l 34.20
9 22/10-3/12 23.44 7.36 13.67 | 4.36 | 3.05 | 2.55 | 2.98 | 6.24 i 40.88
1 12/12-19/2 18.56 9.87 31.45 | 6.90 | 5.90 | 6.25 n 6.00 | 6.20 ! 73.72
1966 |
2 24/2-6/4 21.99 4.13 16.37 | 4.58 | 4.43 | 4.00 | 3.93 | 4.64 t 44.06
3 13/4-17/5 26.03 3.02 13.40 | 3.60 | 3.40 | 2.93 | 4.93 | 3.60 ' 35.22
4 23/5-25/6 26.18 3.17 11.38 | 3.75 | 3.13 | 2.75 | 2.58 | 3.75 31.55
5 27/6-23/7 3.45 9.39| 2.30 | 2.22 | 2.09 | 1.87 | 4.91 26.20
Average | 521 | 14.30] 3.69 | 3.23 | 2.99 1335 | 443 | 3782

The egg, which is approximately 0.39 mm. in length, 0.12 mm. in width, is
like a pearl in color, but smooth, ovoid-clliptical and with a cap at the top end.
The eggs were deposited in cluster in the tissues of banana leaf, and on each
egg’s cap where was covered with an excrement immediately after the egg has
been deposited. The duration of the incubation period varied with the tempera-
ture. Observation (Table 2) indicated that the mininum time required for its
incubation was 7 days at the average temperature 28.53°C; while at 17.10+0.23°C,
it lasted 23.10+0.59 days in average.

Table 2. Effect of temperature on incubation of egg

Mean Temp. Incubation of egg (Days)

(°C) Maximum Minimum l Average
17.30+0.23 33 29 | 32.1040.59
22.19+0.34 20 16 i 17.75+1.39
25.24+0.34 16 11 i 14.08+1.62
26.070.21 16 10 | 14.041.09
26.47+0.89 14 11 ‘ 12.67+1.07
28.06+0.38 16 7 | 11.92+2.43

The newly-hatched nymph, average 0.68 mm. in length and 0.31 mm. in width,
is yellowish~-white in color. After they sucked the sap from plant, the color
of head, end of antenna and abdomen change into brown. They generally got
together and lived on the underside of a leaf, they also crawled short distance
from where they were hatched or molted but never migrated from a leaf to
another, excepting the leaves were wilted. In the nymphal stage, it molted 4
times. When they took the first step for molting, the insects standed with two
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pairs of final leg, it lasted 4 hours to 12 hours and then emerged from the
caronal suture. The wing-bud and paranotun was found to develope in th third
instar, and especially noticeable in the fourth and fifth instar. The length of
the nymphal stage was about 12 day in summer, and about one month in winter.
The relation between the temperature and duration of nymphal stage were pre-
sented in Table 4. The survival rate of nymphal stage in each generation ranged
from 59.86 to 88.24 per cent with an average of 71.16 per cent in the field (Table
5); while they were protected against the natural enemies attack, the survival
rate nearly reached to 100 per cent.

Table 3. Characteristics on external feature of Stephanitils
typica Distant

Body | Pody ‘
Stage |length | width | Color Other
(mm.) | (mm.) i
Egg 0.39 0.12 | Pearl in color Ovoid-ellipticul, with an cap at the
top end.
Ist 0.64 0.31 Head brown, other Paranotum undevelopment, without
instar yellowish white wing-buds.
2nd 0.93 0.43 | 5th segment of antenna, Similar to 1st instar.
instar head, abdomen brown;
other yellowish white.
3rd 1.19 0.53 Similiar to 2nd instar. Wing-buds and paranotum start to
instar develop.
4th 1.53 0.68 | Similiar to 2nd instar. Wing-buds reach to 2nd segment of
instar abdoment, paranotum develop.
5th 2.21 0.93 | Both end of wing-buds Wing-buds reach to 5th segment of
instar, slight brown, other abdoment, Parantum very development.
similar to 2nd instar.
Adult 2.14 1.15 | Wings have two brownish| With a pair of full-growth wing, head
female 3.36% | 2.0 * | spots, body heavy brown. | with hood, paranotum with median

and lateral carian. The end of abdomen
like V in form.

Adult 2.20 0.85 | Similiar to female All similar to female excepting the
male 3.43% | 2.10% end of abdomen like U in form.

The asterisk is shown the length or width with wings.

Table 4. Effect of temperature on the length of nymphal stage

l Duration (Days)
Mean temp (°C) —_— e
l‘ Maximum | Manimum Average

|
20.26+0.28 38 29 33.10+2.96
21.96+-0.59 26 23 | 24.004-1.73
22.26--0.14 25 20 | 22.8341.64
23.20£0.08 | 24 20 21.40--1.69
25.64:0.03 21 16 18.79+2.07
26.22-£0.05 17 15 16.50+0.17
27.63+0.07 16 15 14.88+-2.06
28.18:+0.03 13 10 * 12.00+1.05




58

Table 5. Survival rate of Stephanitizs typica Distant

No. of 1 Mean temp. No. of No. of nymphs| No. of adults i Survivor
gener. obs. | (°C) colonies obs. hatching appear. \ per cent
6 ‘ 27.95 10 83 50 | 60.24

7 i 27.27 17 64 84 | 75.00

8 } 26.75 27 238 210 88.24

9 { 23.44 35 183 115 ‘ 62.84

1 . 18.55 15 142 8 | 59.86

2 l) 21.99 10 91 62 } 68.13

The newly-emerged adult is white with a pair lace-like wings. After 2-3
hours, the body changed into heavy-brown in color. It was difficult to find their
flying freely except they were disturbed or when they felt the places for oviposi-
tion. Although the flying capacity of this insect was very poor, but if they
lean upon the help of the wind, they could be distributed to a great distance.
Mating process usually accomplished in 1-2 days after the last molt of the
female. As they were mating, the male and female were at an angle from 45 to
80. The mating act lasted from 50 seconds to 4 hours, and may be repeated.

Longevity of Adult: The longevity of adult was found to vary with the
season, when the newly emerged adult was reared in the wire-cage containing a
portion of a banana leaf, it took 11 to 73 days with an average of 31.44 days in
male and 33.8 days in female during the cold season (18-20°C); while it took 2
days to 19 days with an average of 6.48 days in male and 7.1 days in female in
summer, 1956 (27-30"C). However, the newly emerged or old adults were placed
in the glass tube, 3 cm in diameter, 10 cm in length, with or without food, they
only lived 2-3 days.

Proportion of sexes: In order to determine the sex ratio of the lace bug, the
adults were collected every other days in September 1966, from a banana planta-
tion in the suburb of Chiayi, and examined in laboratory with a low-power
binocular microscope. The results were summarized in Table 6.

Here the sex ratio appeared to be slightly different, the number of the males
were more than that of the females at the beginning of emerged period. There-
after the famales were more than the males. It was possible that the males
developed more quickly and lived shorter than females. The overall sex ratio
in the entire period of 17 days was approximately 3:2.

Fecundity of the female: Thirty pairs of adults were observed in this study,
each pair of newly emerged adults were placed in a wire-cage, 20 cm in each
side, containing a portion of growing banana leaf. Observation was made daily
till all the insect was dead. The results indicated that the number of eggs lay-
ing by each female adult was 36.8 in average, ranged from 0 to 71 in the period
from January to Feburary, 1965. Another test took place in the period of July
to August 1966, and adult laid 0 to 55 eggs with an average of 31.75. However
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in these two tests, many adults died within 3 to 5 days after they were caged
in the wire-cage, therefore the fecundity of a female was probably more than

that has been shown in our study.

Table 6. The sex ratio of Séephanrisiis ¢ypica Distant

Date of ‘ No. of ; SeXifaﬁo Note
obs. }‘ obs. 1 Female i Male i
Sept. \[ ‘ (
4 j 158 46.20 53.80 At the beginning of emergence
7 536 45.95 54.10 l At one-third of emergence
9 ‘ 765 53.69 | 41.31 At the maximum emergence
11 ; 433 67.90 i 32.10 i At the end of emergence
13 ? 559 | 55.20 34.80 | At the period of 1st to and instar
15 s | w2t 2479 At the period of 2d to 3rd instar
7 ‘ 443 73.82 26.18 At the period of 3rd to 4th instar
19 ‘ 195 ' 62.05 ‘ 37.95 : At the period of 4th to 5th instar
21 ; 373 60.05  39.95 | At the period of 5th instar
Average 1 €2.58 l; 37.42 “

Length of life-cycle: The life~cycle was determined as the interval from the
parent adult to the appearance of next adult generation. From the data present-
ing in Table 1, the minimum period from the parent adult to the next generation

adult was found in the 6th generation, which averaged 24.36 days, and ranged
from 17 days to 26 days; while the maximum period was found in the 1st genera-
tion, it lasted 73.72 days in average, ranged from 69 days to 80 days. Total of

9 generations, the average duration of a life~cycle was found to be 3182 days.

FIELD OBSERVATION

1. Gbservation on the location of eggs laid and number eggs in each egg-
mass: The eggs of lace bug were laid together in the tissues of banana leaf
Generally an egg-mass was laid by a female adult, but it was found that two or
more adults oviposited their eggs together in the period of high population
density. However, a few adult females were found to lay their eggs in more
than one place when they were disturbed in the midst of oviposition. It is easy to
distinguish where the eggs were laid by many irregularly arranged excrements,
which were used to cover on the top of the eggs.

In the pericd from August to September, 1966, the egg-masses on 10 banana
plants were measured and collected from fields, and examined under low-power
binocular microscope in the laboratory. The location of egg-mass on each leaf
or a plant and the number of eggs were determined. The results were presented

in Table 7 to 8 respestively. ;
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Table 7. Location of egg-mass on a banana leaf

i | i ¥ ‘ § N -
Distance from Apical part Middle part ! Pasal par:
midrib (cm.)

1l

No. of eggs | percentage | No, of eggs i percentage | No. of eggs l percentage
I
\

0-10 290 90.91 219 63.85 ; 327 72.51
10-20 29 9.09 124 35.15 ! 123 27.27
Over 20 0 0 | 0 0 1 0.22
Total 310 L 243 } 451
Percentage 28.66 30.82 ‘ 40.52

Table 8. Location of egg-mass on each leaf of a banana-plant

Number of banana-plant observated

Leaf order | ‘ 2 j 3 ‘ 4 ! 5 * 6 i 7 [ 8 f 9 ’ W | Totali f:;g:g;
1 0 0 0 ol o 0 0 ol o 0 o | 0
2 1 1 5 1 6 2 30 7.91
3 9 | 21 6 | 15 | 13 | 27 7 4| 12 | 11 125 52.93
4 1 |24 | 12 | 15 8 | 181 11| 12 3 | 16 130 | 5430
5 0 10 8 | 8| 11 8 | 11 0 7 72 19.00
6 — 1 1| — 3 2 | 1 1 12 3.17
7 — — 1 2 | — 1] — 1 2 1 10 2.64

From the data of Table 7 and Table 8, it indicated that lace bug laid their
egg-mass mostly on the 3rd and 4th leaves in a plant and about 67.28 per cent
out of the total located in that place. The egg-mass was scarcely found to lay
on the newly grown leaf. The old leaves which had been deposited a great
number of eggmasses by lace bugs before the last generation were not a
preferential place for oviposition.

As a leaf was transversely divided into three part; namely basal part, middle
part and apical part, then about 40.52% of egg-masses was laid on the basal part,
another 30.82 per cent of egg-mass laid on the middle part of leaf, and only a few
egg-masszs was laid on the apical part. On the other hand, if the leaf was
based on the midrib and perpendicularly divided into three parts of each side,
then about 72.71 per cent of egg-mass was found to be laid on the place within
10 em from midrib. The range from 10 cm to 20 ¢cm away from the midrib was
laid only 27.27 per cent, and the marginal zone was rarely laid.

The number of eggs containing in an egg-mass was quite uneven. The data
indicated that the most egg-massss contained 10 to 15 eggs. The lowest number
of eggs in an egg-mass was 1; the highest was 232; the average number of eggs
of 589 egg-masses was 33.93.

2. The distribution of lace bug in a banana orchard: In order to determine

the distribution of lace bug in a banana orchard, the number of adults and nym-
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phs on each sampling place of a plant were counted and recorded. The results
revealed that there were more lace bugs settling on the banana plants of 1-2 m.
in height than those below 1 m. or over 2m. in height, except in the period of
adults in their maximum emergence. Generally, most adults would fly to the
leaves of apical part for oviposition after they were emerged from nymphal
stage, so that, at that time the population on the higher plant was higher than
those on the lower one. It was especially noticeable on the plants of wind-
sheltered plots. While, on those of no sheltered plots, the adults population on
the plant of 1-2 m. in height was higher becausz the upper leaves would be blown
to pieces (See Table 9-11).

Table 9. Distribution of Stephanitis typica on different height of
Banana-plants in 1966

Height of plant

Date of obs. Over 2 m. ‘ 1—-2 m. “ Below 1 m. Total
No. of 1 Percen- | No. of | Percen- ; No. of | Percen-
) bugs tage bugs | tage | bugs tage |
Jan. 7 | 630 | 3114 | 1005 ‘ w8 | s | 1988 | 205
March 23 61.71 l 69.57 | 2272 | 25.54 455 | 500 | 83.95°
June 26 18.65 | 32.97 20.35 = 35.98 | 17.55 ‘ 31.75 55.15
Sept. 24 8.09 ] 70.43 1 77.30 i 12.59 1‘ 13.82 | 91.11

The asterisk is shown the adults in their maximum emergence.

Table 10. Distribution of Stephanitis itypica on various part leaves
of banana plants

| The ieaves of The leaves of The leaves of
| upper part middle part _ low part
D . No. of bugs No. of bugs No. of bugs Pk
ate of obs on the samp—‘ Perceh- jon the samp-| Percen— |on the sampJ Percen—- Total
ling place { tage ling place tage ling place ‘ tage
of a leaf of a leaf of a leaf
1935 Adult

Apr. 15 2.65 40.90 2.37 36.57 1.45 22.53 6.48
M 19 7.04 63.03 2.90 25.96 1.23 11.01 11.17%
4y 129 13.63 66.75 5.57 27.28 1.22 5.97 20.42%
June 24 1.21 50.63 0.67 28.03 0.51 21.34 2.39
Jul { 7 11.56 47.06 8.04 32.74 4.96 20.20 24.56%
y 19 4.91 50.00 3.26 33.20 1.65 16.80 9.82
Au { 2 2.15 37.99 2.00 35.34 1.51 25.68 5.65
g 116 4.45 41.55 3.95 33.52 8.67 24.93 10.71%
Sept { 1 1.69 31.47 0.93 17.32 2.75 51.21 5.37
Pt 14 10.35 40.91 9.91 39.17 5.04 19.92 25.30%
Oct { 1 1.60 44.69 1.27 35.47 0.71 19.83 3.58
© U5 6.55 20.20 20.74 63.43 5.42 16.55 32.71%
Nov { 1 1.59 18.01 4.39 49.66 2.86 32.33 8.84
© e 4,00 55.74 2.12 30.07 0.93 13.19 7.05
b { 3 65.44 51.26 28.21 22.95 34.01 25.78 127.66%
€C- s 20.53 29.03 33.47 47.33 16.71 23.64 70.71
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1956
Jan { 1 577 | 34.22 7.93 47.03 3.16 | 18.74 16.88
Jan. 4 1,86 8.85 10.85 51.69 8.28 39.44 20.99
Feb { 1 3.93 39.30 3.43 34.30 2.63 26. 40 10.60
<4 4.95 | 20.30 12.41 50.88 7.03 28.82 24.49
M { 1 38.58 | 76.61 6.09 12.09 5.69 11.30 50.56*
ar- 115 16.91 40.67 19.99 48.08 4.68 11.25 41.58
Apr { 2 14.43 28.30 22.83 44.77 13.73 26.93 50.98
Pr- 15 16.39 20.28 40.00 59.25 11.12 16.47 67.51%
Total 263.17 40.02 252.97 38.61 139.97 | 21.37 655.11
1965 Nymph
Apr. 15 | 0.39 1.95 11.08 55.26 8.58 42.79 20.05
Ma. 19 21.33 19.44 65.27 57.50 23.10 21.06 109.70
Y29 2.34 11.56 14.15 69.91 3.75 18.53 20.24
June 24 5.68 5.76 | 9.60 81.29 1.53 12.95 11.81
Jul { 7 8.31 30.27 16.07 58.52 3.08 11.22 27.46
Yoo 10.91 33.24 20.42 62.22 1.49 4.54 32.82
A { 2 1.29 3.84 27.96 83.29 4.32 12.87 33.57
ug. 1i6 1.55 9.90 12.98 83.00 1.11 7.09 15.65
Sent { 1 0.61 1.10 44.71 80.39 10.32 18.54 55. 64
Pty 1.20 5.21 17.69 76.85 4.13 17.94 23.02
|
Oct {1 | 2.72 7.16 27.40 72.11 7.88 20.73 33.00
- s 2.95 6.42 39.16 84.89 4.01 8.69 46.13
No { 1 0.07 6.24 1.01 90.01 0.04 3.57 1.12
V-6 6.56 5.95 55.87 50.68 47.82 43.37 110.25
Dec { 3 3.10 17.03 14.98 82.31 0.12 0.66 18.20
¢ R 1.98 5.71 22.21 64.08 10.47 30.21 34.66
1966
Tu { 1 0.01 0.19 1.61 30.67 3.63 59.14 5.25
o 4 0 0 11.68 41.26 16.63 58.74 28.31
Feb { 1 3.72 11.29 12.91 39.18 16.32 49.53 32.95
<4 1.61 2.17 51.96 69.98 20.68 27.85 74.25
Mar { 1 3.15 30.11 7.28 69.50 0.03 0.29 10.46
ar- 15 6.68 13.26 33.55 66.61 10.14 20.13 50.37
Aor { 2 7.28 3.34 167.73 76.90 42.93 19.70 217.94
b 15 6.99 3.83 157.25 86.25 18.07 9.92 182.31
Average 95.44 7.95 844.54 70,37 260.18 21.68 1200.16

The asterisk is shown the adults in their maximum emergence.

Another investigation was used to determine the distribution of lace bug on
a banana plant throughout the year. The plants of 1-2 m. in height were used
for investigation and then thae leaves of each plant were divided into three
parts: Upper part leaves (From 2nd to 4th leaf in order), Middle part leaves
(From 5th’to 7th leaf), and low part leaves (Below 7th leaves). The number of
bugs of on each part was recorded twice a month. The results were shown in
Table 10. The data clearly showed that during the period of warm season, the
most adults were actively on the upper part’s leaves, especially on the 2nd and
third leaf, but most of the colonies of nymph settled on the middle part’s leaves.
During the cold season, it was found that the most adults changed to live on the

middle part leaves, and nymphs settled on the lowest part’s leaves. It sz2ems the

longevity of adults and the duration of a life-cycle were longer in cold szason
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than in warm season; therefore, the upper or middle part’s leaves which origin-
ally colonized by the most of adults or nymphs werza changed into the middle or
lowest part’s leaves owing to the newly grown leaves. Cold and severe wind
might be an another factor that forced the insects to live on the lower leaves.

3. Seasonal succession: This investigation were carried out from April 1935
to April 1966 The number of adults and nymphs on each sampling place of
every one leaf of 25 banana plants were counted and recorded twice a month,
respectively. The plant of 1-2 m. in height were chosen for this investigation.
The results were summarized in Figure 2.

Temperature n
Nl \
\/\_/ o
7 —\ e
Ea
P N i — ,.,\/\‘ \
; kv \\ . ~ '

w e SN T N

Plonth %

Fig. 2. Indicates a correlation between the seasonal fluctuation of
lace bug and environmental conditions relative to clemate
and natural enemies—Stethocunus sp.

According to the peak and tendency of the curve shown in Figure 2, the
lace bug occured 9 generations in mid-south part of the island in a year round.
The duration of the first generation began from the middle of December to the
middle of February; of the second, from the end of February to the beginning
of April; of the third, from the beginning of April to the beginning of May;
of the fourth, from the beginning of May to the middle of June; of the fifth,
from the middle of June to the middle of July; of the sixth, from the middle
July to the middle of August; of the seventh, from the middle of August to the
middle of September; of the eighth, from the middle of September to the middle
of October; of the ninth, from the middle of October to the beginning of Decem-
ber. It took about 25-45 days to complete one generation in warm season, while
it took about 60-75 days in cold season. All stages may be observed during the
winter of that year.

The temperature at the area was favorable for the lace bug all the year
round. The population density as shown in Figure 2 tended to he high during
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the dry season, between September, October, November, December and the first
five monthes of the next year. Rainy season seemed unfavorable for the lace
bug, and was noted to have reduced the spring population and depressed a low
population throughout the summer.

4. Geographic distribution: From October to December 1965 and in September
1956, the distribution of lace bug on various environment was investigated. The
number of lace bugs on each sampling place of a leaf of 40 banana plants were
counted and recorded. The data were shown in Table 11 which revealed that
the banana plants which grew in the place of the wind-sheltered seemed to be
infested more seriously than those of growing in the windswept areas. This
case was particually noticeable in winter. Another inspection showed that there
were no different in the population of lace bug if plants were cultured in the
hillside, upland or on low land areas. Ina banana orchard, generally, the popula-
tion density of lace bug was higher in the side of shelter from wind than those
in the sides of wind-received area.

Table 11. Geographic distribution of St¢ephanitic typica

No. of lace-bug on the sampling place of a leaf (AV)

. 3 I No.of |_ ~ — ——
obs 94 Planis obs. Windswebt g ioonmeny| Wind Sheltered b ionment
Oct. 7 { 40 ﬂ 6.08 Up-land | 10.€3 Hillside
Nov. 15 ! 40 ‘ .86 Up-land \ 56.38 Up-land
Dec. 5| 40 ‘ 3.55 Low-land 251.88 Up-land
Dec. 16 l 40 30.15 Low-land 134.73 Low-land
Dec. 17 40 1.53 Hillside 141.18 Hillside

5. Preference on varieties of banana: 54 spacies of banana varieties in the
orchard of Chiayi Agricultural Experiment Station were used for this study.
The number of lace bugs on each sampling place of a varieties (1 to 5 plants
(some varieties of banana were too high to be investigated, and some were absent))
were counted and recorded during the monthes of September, November and
December in 1965. The data were shown in Table 12.

Table 12. The population density of lace bugs among 54 verieties of banana

i No. of | Average number of lace-bugs on sampling part of a leaf
Varieties | plants -

j obs. ! Sept. 15 Oct. 14 Dec. 15 i Nov. 16 Total
Abaca Seedlin 3 8.35 51.12 297.00 ‘ 173.00 529.48
Ai-Chueh Chiao 2 16.79 27.67 288.50 — 322.96
Ambon 3 2.34 49.47 46.00 561.50 659.31
Apple 3 1.56 7.00 2.50 474.00 485.06
Assam 3 0.63 4.14 28.00 386.00 418.77
Awak 3 1.00 21.12 73.00 45.50 140.62
Blue-Field 3 0 51.31 3.00 394.00 4438.31
Boyang 2 2.23 14.69 3.00 — 19.92
Breazilian 5 0.63 25.86 24.40 23.50 79.39
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According to the data, some varieties such as Bboyand, Idzo, Paruk, Rilian,
Hung-Pi Chiao, San-chih Chiao and Shuang-Sui Chiao showed less injury by lace
bug, and the varieties of Hung-Mao Chiao, Amban, Apple, Latundan, Monkey etc.
seemed to be favourite host to the lace bug. Same observations were made by
Chein & Huang (1965) at the southernpart of the island in 1934, they reported that no
lace bug was found to injure the varieties of Latundan and Pipoh. However,
the results of their observation disagreed with those reported in this report.
Hence, it is necessary to have a further study on the field of resistance of
banana to lace-bug.

NATURAL ENEMIES

During the investigations, a species of Mirid and several species of spider
(Family Salticide) were observed to be associated with the lace bug. The later
species were predacious on both of lace-bug and two-spotted spider mite (Tefza-
nychus urticae Koch) on banana. The data about their biological studies were
not observed here.

The Mirid which was identified as Stethoconus sp. was yellowish white in color
with many dark-brown spotted in the body. According to the record of rearing
in laboratory from March to May 19€6, it took 14 to 17 days with an average of
15.13 days to complete a life-cycle at 27.03+1.63°C; while it lasted 19 to 24 days
with an average of 22.13 days at 22.81+0.20"C (Table 13). It was about 8-18 days
shorter in their whole development than that of the victims. The longivity of
adult was 10.27 days in average, within a range of 4 to 10 days in summer. The
average number of eggs laid by each female was 34, ranged 20 to 48.

Table 13. Effect of temperature on the incubation period and
completed one life-cycle of Stethoconus sp.

Incubation period Completed one life-cycle
Mean Temp. (°C) Days Mean Temp. (°C) 1 Days
20.94+0.16 12.56+0.88 22.81+0.20 22.13+1.38
28.03+0.39 7.89+0.78 27.03+1.63 15.13+0.C4

Both nymph and adult of Mirid were found to attack the nymph and adult
of lace bug. Table 14, showed that the nymph of a Mirid destroyed 121 to 184
lace bugs (Including adult and nymph) with an average of 140.5, while in adult
stage, it could prey 109 to 273 lace bugs with an average of 182.3; and therefore,
a Mirid could prey some of 356 lace bugs in whole life.

Field observation indicated that the Mirid spent their winter with their egg
stage. The adults of the first generation appeared in the middle of February
in the area of the wind-sheltered; as to the area of the windswept, the appearance
of the first generation of the Mirid would come to the beginning of April. Egg
was deposites in the tissue of the leaf where the egg-mass of lace-bug was near



67

to. 2 or 3 of eggs were laid in a deposited site. After they hatched, the nymphs
dispersed into the colonies of lace bug. Some lace bug population were quite
seriously injuried by Mirid. However, Mirids caused a unevenly destribution of
the population of lace bug sometimes. There were 0 to 187 mirids being found
in the plant of the orchards.

Table 14. Duration of each stage of Stathoconus sp. and their
predatory capacity

| | [
4 Nymphal stage ) ! Aquit | Total
Ist | 2nd | 3rd | 4th | 5th | stage ‘
| instar instar | instar | instar | instar | [
Length of each instar 2.06 ' 1.38 1.50 1.75 2.88 | 13.14 23.28
or stage | ‘I
(Days) (2-3)* (1-2) (1-2) (1-2) (2-3) | (4-21) | (15-27)
No. of lacebugs 8.63 10.33 22.00 27.33 72.17 ' 223.27 363.77

were preyed

(3—18)*1 (5-19) | (11-32) [ (14-38) I (58-100) 1{(109—273) (233-396)

[

Note: The number in the parenthesis were shown the minimum and maximum.

SUMMARY

The observation on the ecology of banana lace bug (Stephanitis typica Dis-
tant) in laboratory and field during 1965 and 1966. The insect which we observed
was a small bug about 0.40 mm. in length, and was a species of the family
Tingidae. Poth the adult and nymph of the insect injured the banana by suck-
ing the sop of leaves under the surface, that caused the leaves to become mottled
with grayish-yellow blotches and retarded the growth of plant consequently.

The result of the observation in laboratory indicated that, the bug took 9
generation in a year. The period of incubation lasted 11.92+2.43 days in summer
and 32.10+10.59 in winter. The interval of nymphal stage ranged from 10 days
to 38 days with an average of 17.69 days. The average number of days length
of life for a female was 7.1 in summer and 36.8 in winter. The time for complet-
ing a life-cycle required 387.82 days in average, within a range of 17 days to 8)
days.

The average number of the total eggs produced by one female was 36.8. The
average survival rate from newly hatching nymph to adult was 69.05 per cent
in field, and it reached 100 per cent if they were protected against the natural
enemies. The sex ratio of adult was approximately 3:2.

Observation in field indicated that the bugs builded up some denser and
larger colonies in the banana plantation where these plants were sheltered from
wind than those on the wind sewpt orchard. There was no difference between
the population size of the bug if the banana plants were cultured in the hillside,
upland or on low land areas.

Most adults of the bug were actively on the upper part of the leaves (From
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2nd to 4th leaf), and about 67.28 per cent out of the total egg-mass were found
there. Nymph mainly settled on the middle part of the leaves (From the 5th to
7th leaf), about 70.37 per cent out of the total nymphs was found living on
those place.

Temperature here, was favorable for the bug to propagate all the year round.
The population of the bug tended to be high during the dry season, from Septem-
ber to May of the next year. Rainy season seemed unfavorable for the lace bug.
It was noted to have reduced the spring population and depresed a low popula-
tion throughout the summer. All stages might be observed during the winter.

Among 54 varieties of banana being planted in Chiayi Agricultural Experi-
ment Station, no varieties had exactly shown resistant to the bug. The varieties
such as Boyang, Idzo, Paruk, Rilian, Hung-Pi, San-chih and Shung-Sui shown less
injured by lace bug.

One species of Family Miridae, Stetkocunus sp. was found to attack both
nymph and adult of lace bug. This predacious insect appeared in whole year
except December and January of the next year, and they spent their winter with
egg’s stage. The average number of egg that was laid by each female was 34. The
time for completing one life-cycle required 8-18 days. It was quicker than the
victim of the insect in the same environment. A mirid could prey some of 356
lace bugs in its whole life.
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T AE R EL RS (Stephanitis typica Distant)
ZHEREBIEL

FoX o OE

BHENS (Stephanitis typica Distant) HAEEARERER 2 2HES » 2H40
TR EH I o HERBERLUR G K5 0 BRI RIRW » T0E5E IR HTE R K
BZPEE: ) ERES > EEEFZEBR ) SR ENE  RITHEERZEY ©

REREFEFILE » FEEER KR REAKBLIR ; REBROK « ALFREHA
IR EIIRR S WA A B » ZEHE & BRI AT R g B o

HE SRS DPIZE R E (28.06+0.38°C) 2195 11.92--2.43 K » 78 4(17.10-£0.23°C)
PIYF 32.10:20.59 K o AR IR LTINS » JREF 12—38%K ) IG5 17.29 K o MM HE
v T BERRE 710 X » £RE 30.80 K o £i-ARMATRI:H 2B » BWEES TH SIS 5K
AR

e R RR A0 7% ARk S INER IR A RS T AR 45 —HESR T IS IPRUS 3580 KL » DY
HEIE (67.28%) WENE HBHEUAEE (MLETE) o EETIERIILI0A DEEEA
&% o $188(70.37%) (ERRPFREELEARFBHELR) » HERMZBISRF 15 F69.06% » (HE
REHEZREEE » AIEE 100% o HRYE SRRE » B L EENZHYE » &
W B—SE-EE > NEREER—RE o PRk A RISBEREIEL M » RIFZ IR -
TESHEENE VBRI c RBAZHELES 2 : ©=3: 20

REMFERB BN T EER R B EEHE > NESEH (BILABREAR) &5
RN E AR o HIERBBELR LM ~ bR R KE 2 5 > 36 EHHE &2 8 o i H 78 b
REREERE  THERERERBESES » HR—REED » REURR—FERESERE
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1. Thermodynamics by George A. Hawkins
2. REMWEREE HEUKESBSETEY S
3. BE T EEIR AR R B IR

TESTING OF THE EFFICIENCY OF THE CURRENT
GRAIN DRYER IN TAIWAN
by

C.H. Lin & C.P. Wu

SUMMARY

1. The deeper the grain layer, the more the drying time needs and the more
moisture contain difference between the top and the bottom of the grain layer.
As the moisture contain is high and the layer deep, it is better to mixture

Do

the grain layer occasionally to get the higher drying efficiency.

3. For a 40% high moisture contain of a more than 17cm. deep layer, and the
air velocity maintain at 0.85 m/sec, it is still safe to operate in the drying
speed of 8.6% per hour,

4. Rapid drying has higher heat efficiency than storage drying.

5. Whether it is good or not in the operation of drying can be checked by the
heat efficiency.

6. A new dryer must be designed in such a new way as can control the change
of the miosture contain in the drying.
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