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EFFECTS OF SELECTION IN TWO HYBRID POPULATIONS
OF RICE PROPAGATED IN DIFFERENT CROP SEASONS

II. SELECTION IN LATE SEGREGATING GENERATICNS
by
F. P. Young and Y. C. Teng

Summary

As reported previously (6), the difference in selection efficiency in different crop
seasons on several agronomic traits like grain yield, number of tillers per plant, etc., in
early segregating generations were not always significant. In this study the effect of
selection in different crop seasons initiated from late segregating generations of the same
hybrids will be reported. Two hybrids, Nohrin 48 x Taichung (Native)1 and Chianung 242
X Rizzotto, were separately grown in both the first and the second crop seasons conse—
cutively under the bulk method up to Fs generation. Then, three seed samples were taken
from the harvested seed lot of each F; population to provided the seed for growing the
Fs and F; in three different groups, the first crop season alone, the second crop season
alone and both crop seasons. Eight thousand plants consisted a population in the F; and
80 plants were selected from them to establish plant-row in the successive F,. Finally, 21
lines were selected from each of the 3 populations to establish strains for yield trial.

In the second crop of 1968, the difference among average yields of three strain—groups
derived from the F; of Chianung 242x Rizzotto was highly significant. The strains selected
in the second crop yielded the highest in average among these three strain groups, though
their average yield did not significantly differed from that of the strains selected in both crop
seasons. Among the three strain groups derived from the F; of another cross, Nohrin 48
X Taichung (Native) 1, the strain group selected in both crop seasons yielded higher in
average than the rest of two strain groups, though significantly outyielded only the strain
group selected in the second crop season. The result of the 1969 first crop was similar with
that obtained in the 1968 second crop, except in those strains derived from the F, of
Chianung 242 x Rizzotto, among which the strain group selected in both crop seasons
significantly outyielded the strain group selected in the second crop season. The results of
this experiment seem to indicate there is little advantage in growing F; and F; hybrid
materials in a particular season for efficient selection.



MANIFESTATION OF HYBRID VIGOR IN RICE!
" W. L. Chang, E. H. Lin and C. N. Yang?

INTRODUCTION

Over the years, much of varietal improvemerif in rice has centered around the
development of purelines. The improved varieties were generally high yielding and had
contributed greatly to the increase of unit yield production of rice in the past years.
However, the efficiency of varietal improvement in rice in terms of the percent of newly
developed varieties outyielding the standard commercial varieties’ has been steadily
decreasing. For instance, Kariya (1966) has reported that average yield increase of the
Norin Number varieties has decreased from 6.8% for those developed during 1931-1941 to
only 2.1% for those registered during 1962-1965. Thus, a remarkable improvement in the
yielding ability of rice appears unlikely unless more “efficient breeding techniques become
available. The successful utilization of heterosis may set up a new level of varietal
productivity in rice.

Heterosis is but one requisite for commercial production of hybrid rice. Research
results indicated that the amount of heterosis exhibited in crosses among varieties and
strains of rice varied greatly. Jones (1926) found a distinct vigor in the number of tillers
and the yield per plant among.four crosses of American varieties. Hsu et al. (1969) also
reported that I'; plants produced more grain yield than their respective high yielding
parents in 44 out of 90 crosses evaluated. However, Jennings(1967)and Kawano et al.(1969)
indicated that heterosis in grain yield may not be generally expected under commercial
i)lanting of rice where close spacing and heavy application of nitrogen are usually recomm-
ended. Before commercial hybrid rice becomes a reality, it is imperative that sufficient
hybrid vigor be available through specific parental combinations so that hybrids will produce
signif icantly more grain than their conventional varieties, This paper presents results from
three-year study of heterosis displayed for several agronomic characters by a group of 265

rice hybrids studied at Chiayi, Taiwan.

MATERIALS AND METHODS

Heterosis in F; hybrids of rice was evaluated at the Chiayi Agricultural Experiment

Station for six crops from the second crop of 1967 to the first crop of 1970. Various cross

1. Series No. (Q) 534. This experiment was supported by the Taiwan Agricultural Research
Center (TARC) and the Joint Commission on Rural Reconstruction (JCRR) under the
projects of 69-A11-A-1951 (TARC) and 70-A11-A-2035 (TARC) .

2. Agronomist and Research Assistants, respectively, Chiayi Agricultural Experiment Station,
TARI. The writers wish to express their sincere.thanks to Mr. C. H. Huang, Senior Rice

Specialist, JCRR for his valuable advice during the course of this experiment.
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combinations were made either between local varieties or between local varieties and
foreign introductions. The number of crosses evaluated in this experiment is shown in
Table 1. Inter—type crosses were excluded from the tests after the first crop of 1969
because seed sterility associated with these hybrids prohibited accurate measurement of
hybrid vigor. F; hybrids between early and late maturing varieties or between short and
tall varieties were also not included in the tests after 1969 to prevent excessive segregation
for these traits in the F, population since the possiblity of utilizing hybrid vigor in
advanced generations of rice is also considered.

Table 1. Number of crosses evaluated.

Second | First |Second| First | Second| First
Crosses between crop crop crop crop crop crop Total

1967 1968 1968 1969 1969 ‘ 1970

1

Early maturing japonica varieties —_ -— — 27 24 13 —
Late matuiing j'aponica varieties —_ —_ —_ 18 28 25 —
Indica varieties — — — 15 29 27 —
Total 22 17 20 60 81 65 265

Field test was conducted separately for early maturing japonica, late maturing
japonica, and indica crosses. The F; hybrids, parental and check varieties of each group
were arranged in either randomized or lattice design with two to three replications. Plot
size was 05%x 2.0 m and consisted of 2 rows. The plants were grown at the spacing of 25
%20 cm with single seedling being transplanted at each hill.

Fertilization was made at the rate of 100, 50, and 50 kg per ha for N, P,0; K,o
respectively., Data for grain yield, yield components, and several important agronomic
characters were recorded and their heterosis estimated. Analysis of variance was made for
grain yield per plant only in 1969 tests. Correlations between F; hybrid and midparentél
values were calculated for grain yield and heterosis of grain yield. Correlation coefficients
for the heterosis of grain yield and its components were also calculated to indicate the
association of grain yield and four components of grain yield in F,; hybrids.

In this experiment, heterosis of F; hybrids was expressed in the percentage of (a) the
high or more favorable parent, i.e, more productive, earliness, etc., (b) the midparental
value, and (¢) the standard check varieties. Rice varieties Taichung 180, Tainan 5, and
Taichung native 1 were selected to represent standard check varieties for early maturing
japonica, late maturing japonica, and indica crosses. Special emphasis was, however, given
to the heterosis expressed in the percentage of standard check varieties since the hybrid
population will need to exceed the leading commercial varieties in one or more character—

istics if hybrid rice is to be very appealing.



10

EXPERIMENTAL RESULTS

Heterosis for Grain Yield

Average performance of the hybrids, parental and check varieties for grain yield and
its four components is presented in Table 2. The 6-crop average grain yield of all F,
hybrids was equal to the higher yielding parent but the hybrids exhibited advantages of
106 and 6.3 % over their mid-parent and standard check varieties, respectively. A summ-~
ary of the number of hybrids with means above those of their respective higher parents,
mid-parent, and check varieties in Table 3 shows that 54.7% of the hybrids had yield
higher than better parents while 725% of the hybrids outyielded both mid-parent and
check varieties. The average heterosis for these outstanding hybrids was 18.6, 20.3 and
19.1% based on the better parent, mid-parent, and check varieties, respectively. Tabulations
of the levels of heterosis on an individual cross basis are too voluminous for present—
ation herein and only several instances of high percentage heterosis in both crops of 1969
and the first crop of 1970 are given in Table 4. It can be seen that each of the hybrids
exhibited considerably large amount of heterosis in relation to its mid-parent. Heterotic
effects (F; minus mid-parent values) of these crosses all reached the 1% level of signific~
ance, The heterosis based on higher yielding parent was also substantially high for each

cross combination, although the amount of heterosis was somewhat smaller than that based

Table 2. Mean performance of grain yield and its components of

F; hybrids, parental and check varieties, 1967~70.

Grain yield | Number of | Number of | Weight of Percentage
panicle grains per |1,000 grains | of fertility
(g/plant) | per plant panicle (2) (%)

Mean of {
High-parent (HP) 30.2 15.8 128.2 226 | 817.5
Mid-parent values (MP) 27.3 14.3 114.8 219 84.2
Check varieties (CK) 28.4 14.2 1147 21.9 83.8
Fy hybrids 30.2 15.0 117.6 22.3 81.5

' |

F, hybrids as 1
2% of HP 100.0 94.9 91.7 98.7 93.1
2% of MP 110.6 104.9 102.4 101.8 96.8
2% of CK 108.3 | 105.6 102.5 101.8 97.3

on mid—-parent value. The greatest heterosis was manifested by the cross of IR8 x Liu~tou—
tze in the first crop of 1970 which outyielded mid-parent and high parent by as much as
79.1%, respectively. This hybrid also yielded 46.7% more than the commercial variety,
"Taichung native 1 but the highest percentage increase of 80.4% over the standard check
variety was recorded for the cross of Ti~chueh-min—tan xIR 9-60 in the second crop of
1969.
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Table 3. Number of F; hybrids with heterosis for grain yield and average
heterosis shown by these hybrids, 1967-70.

[ Nu{)nfber Number of hybrids with mean { Meaz;}if_}gs Oafs these
Crop hvbri . . ) !
ybrids |Above high | Above mid-|Above check o
tested paren{tg parent variety % of HP %5 of MP i/é of CK
| % T
Second crop, 2 | 6 @3) | 1382 | 11 (73.3) 119.5 1219 | 1063
1967 | ;

First crop, 17 | 4 (236) | 8 (471)| 10 (588) | 1617 1817 1322
1968 | Lo
Second crop, ) 20 \ 3 (15.0) 8 (40.1) 3 (15.0) 117.1 121.8 1 123.6

1968 ' ‘
First crop, 60 | 39 (65.0) | 51 (85.0) | 55 (9L7) | 1136 116.9 E 116.6
1969
|
) [
Second crop, 81 51 (63.0) 61 (75.3) 60 (74.1) 115.8 120.0 ! 122.0
1968 ! I
‘ ’ 1
First crop, 65 | 39 (60.0) | 42 (64.6) | 40 (615) | 1124 191 1172
1970 |
Total 265 145 (54.7) | 192 (72.5) | 192 (72.5) | 118.6 120.3 119.1

* Number in the parenthesis represents % of the total number of hybrids tested.
Heterosis for Components of Grain Yield

Comparisons of average parent and F; hybrid performance for four componeénts of
grain yield i. e. number of panicles per plant, number of grains per panicle, weight of
1,000 grains, and percentage of fertility are also shown in Table 2.The average performance
of the hybrids for these traits was generally inferior to that of their corresponding better
parents but was superior to those of mid-parents and check varieties in 3 out of 4 yield
components. The average heterosis expressed by the hybrids for these three components
was 4.9, 2.4, and 1.8% in relation to mid-parents and 5.6, 2.5, and 1.8% in relation to
standard check varieties for the number of panicles per plant, number of graihs per
panicle, and weight of 1,000 grains, respectively: The percentage of fertility was the only
component of yield that did not show hybrid vigor. Correlation coefficients between
heterosis for grain yield and its components all reached a significant level when F,
hybrids of all six crops were pooled(Table 5). The“r’values obtained between grain yield and
the number of grains per panicle, number of panicles per plant, and percentage of fertility
were +.4980, +.4206,and +.3714 respectively, whereas correlation coefficient between grain
yield and the weight of 1,000 grains was only +.1569. The former three correlation
coefficients were significant at the 1% level while the latter one was significant only at
the 5% level of probability.
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Table 4. F; hybrids showing high heterosis for grain vield.

[ Hybrid Mid- Hybridd Heterosis, [ Heterosis, [I}elerosis,
4 parent |minus mid-| 9 increase | % increase | % increase
Crop Fy cross ( ;’lﬂit) vield parent over mid- | over high | over check
&/ (g/plant) | (g/plant) parent parent variety
First Tainan S5x 50.6 34.6 16.0%* 46.2 45.8 45.8
Line 561111 .
crop, Taichung (N) 1 x 46.0 27.4 18.6%%* 67.9 40.2 40.2
CP 231
1969 CP 231 x Taichung 40.4 27.4 13.0%* 475 23.2 23.2
(N) 1
IR8 x Taichung 39.9 29.5 10.4%% 35.3 21.7 217
(N) 1
IR8 x Hsinchu-ai- 39.1 29.9 9.2%% 30.8 16.4 19.2
chueh-chien
Taichung 180 x 38.0 31.6 0.4%% 20.3 19.5 19.5
Fukunishiki
Taitung 138 x 36.5 32.7 3.8%% 11.6 8.6 14.8
Taichung 180
Second | Ti-chueh-min~tan x 424 271.3 18.1%* 55.3 36.3 0.4
IR 9-60 .
crop, IR 8 x Ti-chueh~ 417 30.9 10.8%* 35.0 34.1 77.5
min-tan
1969 IR 8 x IR 9-60 37.4 27.1 10.3%* 38.0 22.2 59.2
IR 9-60 x Saturn 26.7 17.3 9.4k 54,3 13.6 13.6
C 236 x Tainan 5 25.2 20.1 5.1%*¥ 25.4 21.7 29.9
C 223 x Taichung 65 25.1 18,5 6.6%* 35.7 19.5 29.4
C 236 x Hsinchub1 24.3 19.1 5.2%% 35.9 28.0 36.6
Taichung 186 x 18.1 12.2 5.9k 48.3 444 29.2
Yachikogane
Taichung 186 x 17.8 11.6 B.2%%* 53.4 41.7 26.8
BC-68
First IR8 x Liu-tou-tze 58.4 32.6 25.8%% 79.1 75.9 46,7
crop, Taichung (N) 1 x 474 35.9 11.5%% 32.0 19.1 19.1
IR8
1970 Taichung 122 x 45.4 37.6 7.8%% 20.7 16.4 28.3
C-early-1 [
Tainan 1x Tainan 3 |  45.3 375 7.8%% 208 12.1 28.0
Taichung 122 x 440 |. 35.6 8.4%x 23.6 21.9 24.3
Hsinchu 61
Ti-chueh-min~tan x 41.5 30.5 11.0%* 36.1 8.1 4.3
C230
Line 54233 x 40.7 31.9 8.9%% 21.6 18.0 38.9
Taichung 180 |
Taichung 180 x 40.2 31.9 8.3k 26.0 16.3 37.2
Line 54233

**Significant at 194 level.
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Table 5. Simple correlation coefficients of heterosis between grain
yield and its components of F,; hybrids, 1967-70.

Grain yield Grain yield Grain yield Grain yield
Crop D.F. and panicles and grains and 1,000~ and fertility
per plant per panicle grain weight percentage
Second crop, 1967 | 26 0.6355%* 0.3591 0.0534 0.0271
First crop, 1968 15 0.2269 0.8210%* 0.0773 0.7112%*
Second crop, 1968 18 0.7119%* 0.7531%* 0.633g%* —0.1464
First crop, 1969 58 0.6178%% 0.1562 0.3119* —0.1253
Second crop, 1969 79 0.8901%* 0.5796%* 0.0336 0.4918%*
First crop, 1970 63 0.3925%* 0.4707%%* 0.3659%* 0.0956
All six crops 263 0.4206%* 0.4980** 0.1369* 0.3714%%

* Significant at the 5% level of probability.
** Gignificant at the 125 level of probability.

Relationship Between Parental Performance and Hybrid Performance

Correlation coefficients between the grain yields of mid-parent and the hybrid,
between the grain yield of mid~parent and heterosis for grain yield of the hybrid, and
between the hybrid yield and its heterosis are shown in Table 6. Heterosis is expressed as
a percentage of the mid-parent value. Correlation coefficients between the grain yields of
mid-parent and the hybrid were significant in 3 out of 6 crop seasons. However, when
pooled data of 6 crop seasons were considered, the correlation coefficient was significant
at the 1% level, indicating that a close relationship exists between the parental perform-—
ance per se and the performance of their hybrids. Correlation coefficients between the
grain yield of mid—parent and heterosis for grain yield of the hybrid were mostly negative
and attained significance in 3 out of 6 crops, suggesting that the percent increase in yield
over the mid—parent of the hybrids tends to decrease as average yield of the mid-parent
increases. This, of course, is expected if the actual amount of heter osis on a gram of
grain per plant basis for the hybrid remains fairly constantrover a range of yield levels
for the mid—parent. A close relationship was also observed between the hybrid yield and
its heterosis as indicated by highly significant correlation coefficients. It appears, therefore,
that high level of grain yield of F, hybrids is likely to accompany relatively large amount
of heterosis. .
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Table 6. Simple correlation coefficients between yield performance
of mid-parents and their hybrids, 1967-70.
Mid-purene | GGLEE | nvbride and
Crop D.F. vield of Fy | heterosis for heterosis for
hybrids | YRS ST | Vhvbras
I y Y
Second crop, 1967 20 0.4366%* —  0.4173 0.6180%*
First crop, 1968 15 - 0.0115 — 0.5066* 0.8409%*
Second crop, 1968 18 . 0.6176%* — 0.2363 0.6080%**
First crop, 1969 58 ‘ 0.2457 —  0.5750%* 0.6445%*
Second' crop, 1969 79 0.8496%* A 0.2247* 0.6931%*
First crop, 1970 63 0.1000 — 0.3505%* 0.7857+*
All six crops 263 0.8326+* -~ 0.0735 . 0.4662%*

*Significant at the 5% level. **Significant at the 1% level.

Comparison of F, Hybrids and Parents for Grain Yield

In this experiment, yield comparison of F,; hybrids and parents was based on the

yield data obtained in the first and second crops of 1969. A part of the analyses of

variance pertinent to the heterosis is given in Table 7. It was observed that differences in

grain yield of various F; hybrids and parents were highly significant. In order to find out

Table 7. Analysis of variance for grain yield of F; hybrids and their parents, 1969.

Crop | Soure of Barly maturing | amonien Indica Pooled
D.F. \ MS. | DF. | MS. | DF } MS. | DF ] M.S.

First Entries |40 53.84% 28 60.98%% 23 80.59% 93 % 72.00%%
F, vs. P (1) | 47468%% (1) | 16919% (1) | 84L4T* (1) | 1,252.30%*
F, vs. HP &) 1.43 (1) 26853 | (1) | 257828 (1) | 135.63%
F, vs. CK (1) | 4931%1 (1) 7839 | (1) | 7834%| (1) 179.14%
Residuals @37 | 4401 (25) | 5734 | (20) | 3381% | (90) |  56.99%*

Error 80 171 | 56 3559 | 46 17.35 | 186 21.48

| i

Second | Entries 44 20.60%# 50 32.01% 52 210.09%% 148 134,03
F; vs. P (D 1.23 (1) | 42774% (1) | 1274.89%% (1) | 1,200.77*

F; vs. HP (D 7.61 (D 27.09 (1| 3174 (1D 24.06

F, vs. CK (D 283 | (1| 1767 | (1| 320 (1) | 60.94%
Residuals (1) | 2182%%  (47) | 2413 (49) | 1956104 (145) | 127.04%
Error 88 350 | 100 837 | 104 1579 | 298 958

*Signficant at 5% level. **Signficant at 1% level.

whether grain yield of the hybrids was significantly different from those of parents and

standard check varieties, single degrees of freedom associated with F; hybrids vs. parents,
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F, hybrids vs. high parents, and F; hybrids vs. check varieties were partitioned from the
variation among entries. The yield difference of F; hybrids vs. parents attained signific—
ance except for early maturing japonica group in the second crop of 1969 while that of
F; hybrids vs. high parents was significant only for indica group .in the first crop of
1969. The differences in grain yield of F; hybrids vs. check varieties were significant in
the early maturing japonica and indica groups in the first crop of 1969. However, when
three varietal groups were pooled together, all comparisons were significant except that of
F, hybrids vs. high parents in the second crop of 1969.

Comparison of reciprocal crosses for grain yield was also made in the first crop of
1969 for the purpose of finding out whether there was a significant difference between
each of I, hybrids and its reciprocal cross. The results are presented in Table 8. It was
found that mean squares associated with reciprocal crosses all failed to reach a significant
level, indicating that there was no evidence of maternal effect on the expression for the
grain yield of F; hybrids. Thus, a given variety may serve equally well either as male or

as female parent.

Table 8 Analysis of variance for reciprocal effect of grain yield of
F, hybrids, first crop, 1969.

Source of variation Eargip’é‘:}:;ing Latjea;?)?ltig;ing Indica { mfic?oled
| DF. | MS. | DF. | MS DF. | MS. D.F. ] M.S.
Hybrids | 19 41.44%% 11 51.02 11 31.88 43 44.32%%
Reciprocals (1 1.74 (D 7.94 (D 6.77 (@) 3.74
Residuals (18) 43.64%%* (10) 58.33 1o 34.41 42) 45.28%
Error 38 16.98 22 49.43 22 | 20.30 86 27.42

* Significant at 5% level.
** Significant at 1% level.

Heterosis for Grain Yield Under Different Crop Seasons

Data on the amount of heterosis averaged over all entries at the different crop
seasons are presented in Table 9. Heterosis is expressed both as the difference between
yields of the hybrid and the mid-parent value on a gram of grain per plant basis and as
percentage of the mid-parent value. Examination of heterosis expressed on a gram per
plant basis revealed that larger heterosis occurred in the first rather than in the second
crop. The average actual increase of the hybrids over the mid-parent was 3.7and 2.0 grams
per plant respectively for the first and second crops, indicating that average heterosis in
the first crop was 85% higher than that of the second crop. When heterosis is expressed
on a percentage basis, however, there was a marked tendency for the hybrids to have
similar level of heterosis in different crop seasons. The average percentage increase for

the first and second crops was 11.1 and 9.7% respectively with a difference of only 1.4%
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in the magnitude of heterosis between the two crop seasons. In other words, average

heterosis in the first crop was only 14% higher than that of the second crop.

Table 9. Average heterosis for grain yield at different crop seasons, 1967-70.

Hybrid yield Mid-parent Hybrid minus Egterosis,
Crop yield mid-parent 0:7?:1:1?33
| (g/plant) (g/plant) (g/plant) parent

Second crop, 1967 25.8 23.1 2.7 11.7
First crop, 1968 24.2 24.1 0.1 0.4
Second crop, 1968 23.0 23.2 - 02 - 0.9
First crop, 1969 37.6 337 39 116
Second crop, 1969 21.6 19.2 2.4 12.5
First crop, 1970 40.6 35.9 47 13.1
Mean of first crop 36.9 33.2 3.7 11.1
Mean of second crop 22.6 20.6 2.0 9.7

Heterosis for Major Agronomic Traits

The heterosis of five important agronomic characters is shown in Table 10. It can be
seen that the greatest heterosis was exhibited by the leaf area index (LAI) measured at
heading stage. The average heterosis for LAI was 1.4, 14.5, and 22.0% in relation to the
high—parent, mid—parent, and standard check varieties, respectively. The manifestation of
heterosis for LAl was more pronounced in the first than in the second crop. The average
increase of the hybrids over the mid-parent for LAI was 181 and 11.5%, respectively for
the first and second crops (Table 11) . However, the correlation coefficients given in
Table 11 indicated that-the LAI value was more closely associated with grain yield of the
hybrids in the second than in the first crop. Correlation between LAI and grain yield
gave“r” values of +.1902 and +.7467 for the first and second crops, respectively. The
coefficient for the first crop failed to reach a significant level but that for the second
crop was significant at the 1% level. When data of all five crops were pooled, a highly
significant correlation coefficient was also obtained.
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Table 10. Mean performance for major agronomic traits of F; hybrids,
parental and check varieties, 1967-70.

l Days to i Plfint l Panicle Panicle
LAT* | height length | weight
. | heading l (cm) ‘ (em) | @)
Mean of .
High-parents (HP) 4.44 74.1 108.0 21.6 2.80
Mid-parent values (MP) 3.93 76.7 100.7 20.5 2.50
Check varieties (CK) 3.69 79.7 102.3 20.3 2.50
Fy hybrids 4.50 74.6 104.4 20.8 2.56
F; hybrids as
2% of HP 101.4 100.7 96.7 96.3 91.4
2 of MP 114.5 97.3 103.7 101.5 102.4
2 of CK 122.0 93.6 102.1 102.5 102.4

*Average of five crops, 1967-69.

The heterosis for days to heading is expressed by an earlier heading date in compari-
son with mid-parent and check varieties. On the average, heading date of the hybrids
was very similar to that of the earlier parents‘ but it was 2 and 5 days earlier than
the mid-parent and standard check varieties, respectively. For mature plant height,
panicle length and panicle weight, the hybrids had no advantage over the high parental
values but they expressed heterosis for these three characters in relation ‘to mid~parent

and check varieties, although the advantage for these characters was less significant than
that for the LAL

Table 11. Averagevheterosis for LAI and correlation between LAI and
grain yield, 1967-69.

Heterosis : Correlation
Crop Hybrid I Mid-parent Heterosis, - D.F. c
LAI LAI % of MP |
Second crop, 1967 3.19 3.08 104.6 20 0.4837*
First crop, 1968 6.32 4.82 131.1 ‘ 15 0.1381
Second crop, 1968 3:72 3.73 99.7 18 ‘ O.SIOQ*i*
First crop, 1969 553 4.86 113.8 58 0.4453%%
Second crop, 1969. 3.83 3.30 116.1 79 0.7271%%
First crops pooled 5.73 4,85 118.1 75 0.1902
Second crops pooled 370 332 1115 121 | 074874
All 5 crops 4.50 3.23 114.53 198 0.48‘10'**7

*Significant at the 1% level. **Significant at the 5% level.
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" Heterosis Expressed at Different Stages of Growth

The performance of the hybrids was compared with their respective mid—parents at
three stages of rice growth i.e. late tillering stage (50 and 40 days after transplanting
in the first and second crops respectively) , heading stage, and maturity stage. A summary
of thé number of hybrids showing heterosis for plant height and number of tillers per
plant based on mid-parent values is presented in Table 12. The hybrid advantage was
equ/ai‘ly evident at three growth stages-for plant height and number of tillers ‘p’ér plant.
The average percentages of F; hybrids-showing heterosis for ‘plant height and tiller number
were 73.6, 72.8, 66.4 and 67.6, 62.3, 67.6% at ilate tillerihg, heading, and maturing stages
respectively, indicating that the manifestation of heterosis was not greatly affected by the

stage of rice development.

Table 12. Number of F; hybrids with heterosis for plant height and numbc_sr of tillers
per plant based on mid-parent at different growth stages, 1967-70.

Numfber N © Plant height . Number of ti]ylers_per‘\ plant

P Lo S PR

forop htselsgeigs ‘ til%eartiig j Heading E Maturity tle]i:ffng He_ading i Maturity
Secolnéimcrop, 22 1 17 (77.3)>i< 15 (68.2) | 10. (45.3) 14 (63.6) 12 (54.6) 12 (54.6)
Firstlgcgé)p, 17 15 (88.2) 9 (52.9) 8 (47.1) 13 (76.5) 13 (76:5‘)‘ 15 (88.2) "
Seco?g%scrop, 20 18 (90.0) 8 (40.0) 11 (85.0) 7 (33.0) | © B (25.0) | -5 (25.0)
Firsigcggop,v ) éO 42 (70.6) | 45 (75.0) 33 (55.5) 3'? (61.7) 39 (65.0) 43 (71.7)
Secolnét‘gcrop, 81 59 (72.8)‘ 67 (82.7) 66 (81.5) 58 (71.6) 58 (71.6) 57 (70.4)
FirStlgc’]ré)p" . 65 44 (67.7) 49 (75.4) 48 (73.9) 50 (76.9) 38 (58.5) 47 (72.3)
Total 265 195 (73.6) | 193 (72.8) | 176 (66.4) | 179 (67.6) ! 185 (62.3) | 179 (67.6)

|

* Number in the parenthesis represents %5 of the total number of hybrids tested.

DISCUSSION

The data obtained in this experiment indicate that certain hybrids are clearly superior
in grain yield to both the higher yielding parents and the standard checks represented by
leading commercial varieties. Although average heterosis exhibited by the hybrids may
vary with cross combinations, a conservative estimate of the magnitude of this superiority
might range from 10 to 20%. Since comparisons between hybrids and their respective
parents as well as check varieties were carried out under growing conditions of close spac—
ing (20 hills per m®) and heavy fertilization (100, 50, and 50 kg per ha of N, P,O; and
K;O, respectively) , the results of this experiment also demonstrate that substantial amo—
unt of heterosis could be obtained under intensive cultural practices used for growing rice

<commercially in Taiwan. These results are generally in agreement with those reported by
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Hsu et al. (1969) but contrast with the findings of Jennings (1967) and Kawano ez al. (
1969) . However, it should be pointed out that yield data were based on individual plants
rather than whole plots as in the case of ordinary yield trials and the number of plants
sampled for each cross combinations were also relatively small. It appears likely, therefore,
that the performance of the hybrids could have been either over— or under—estimated in
this experiment. ‘

For a highly self-fertilized species such as rice (Oryza sativa L.) , two requirements
are generally considered necessary for a successful commercial production of F, hybrid.
The first requirement is that significant heterosis in grain yield must have been demonstra—
ted to occur in F; hybrid populations and the second requirement is that techniques must.
be available for economically producing large quantities of hybrid seeds. It has been shown
in. Table 4 that certain hybrids significantly outyielded their parents and heterosis
expressed in the percent increase over their parents and check varieties was substantially
high, suggesting that the first requirement for commercial production of hybrid rice could
be fully satisfied. As for the second requirement, no techniques is currently available for
economically producing large quantities of F; seed for rice. However, it is fortunate that
materials for cytoplasmic male sterility and genetic restoration of fertility have already
been found in rice. It appears, therefore, that hybrid rice will sooner or later become
practical on a commercial scale. Before hybrid rice being actually developed, the use of
heterosis in F, populations of rice seems to be another promising way. Preliminary results
so far obtained at this Station on the performance of F, populations are generally encour—
aging. Furthermore, F; seeds can also be rapidly increased by the vegetative propagation
of F, plants (Chang et al., 1971) which may considerably reduce the cost of seed produc-
tion. ' '

It was observed that among four components of grain yield, the hybrids seem to have
the advantage of producing more number of panicles per plant and more number of grains
per panicle, but there was no pronounced effect on the weight of 1,000 grains and the
percentage of fertility. Correlation coefficients of heterosis between grain yield and each of
its components also indicated that the number of grains per panicle and the number of
panicles per plant were the components most highly associated with grain yield. This
suggests that heterosis for grain yield in F; hybrids of rice depends largely on the hybrid
vigor manifested for number of panicles per plant and number of grains per panicle. As
most ponlai rice varieties are rather weak in their tillering ability, any increase in the
number of panicles per plant (or hill) will undoubtly result in the increase of grain yield
in rice. From this standpoint, hybrid advantage shown for number of panicles per plant
is highly encouraging. The degree of heterosis exhibited by the number of grains per
panicle appeared slightly lower than that expressed by the number of panicles per plant.
This may be due largely to the fact that most ponlai rice varieties are associated with
relatively large panicles. Kawano et al.(1969) also reported that majority of the I, hybrids
had larger. number of panicles per plant than mid-parent. The highly significant correlation
coefficients between grain yield and number of panicles per plant as ‘well as number

of grains per panicle may also.be of value in determining useful avenues for indirect
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selection of grain yield for the hybrids.

The correlation coefficient between yields of mid-parent and the hybrids (+.8326)
was highly significant as the data of all six crops were pooled. This coefficient was of a
high value and would transpose to a high coefficient of determination accordingly. This
suggests that parental values could be effectively used as a criterion for the prediction of
hybrid performance for grain yield. It appears likely that little is to be gained from testing
hybrids in which one or more of the parents are clearly inferior in vield to the standard
check varieties with which they would be compared. Preliminary screening of materials
for potential hybrids might depend entirely on the basis of the performance of the varie—
ties or strains. Of course, potential parents must perform at acceptable levels for other
important economic traits if the hybrids can be commercially accepted. This procedure
would permit the elimination of a large amount of undesirable parental materials and thus
avoid the necessity of testing numerous cross combinations. It should be pointed out,
however, that the correlation between mid-parent values and the hybrid performance is
obviously less than unity. It has been suggested that average heterosis and the mean
square for parents vs. hybrids may serve as-measures of nonadditive gene effects (Kirby
and Atkins, 1968) . Thus, significant mean squares for the parents vs. hybrids component
in Table 7 plus sizable heterosis value for the grain yield may indicate that nonadditive
gene effects also played an important role in the expression for grain yield. Obviously,
the performance of the parental varieties or strains themselves might not be sufficient to
insure the production of superior yielding hybrids. This should be supplemented by thoro-
ugh evaluation of individual cross combinations for specific combining ability. Frequently,
two cultivars of a specific combination may nick especially well to result in an exception—
ally high yielding F; hybrid.

The finding that the hybrids exhibited less heterosis for grain yield in the second crop
was somewhat surprising. The hybrids are generally considered to have greater adaptability
than their homogeneous parental varieties. Thus, the hybrids are likely to perform better
than their parents under less optimum environments. Present data indicate, however, that
greater heterotic effect was observed in the first rather than in the second crop season.
In Chianan district of Taiwan where this Station is located, environmental conditions in
the first crop season are usually more favorable for rice production than in the second
crop season. It appears, therefore, that greater heterosis for grain yield may occur when
the hybrids are grown under conditions approaching a more optimum environment for
high yield. It should be noted, however, that when heterosis is expressed as a percentage
of mid~parent value instead of actual increase in grams per plant, the difference in adva-
ntage for the hybrids between the two crop seasons tended to become smaller. For insta—
nce, average heterosis in the first crop was 85% higher than that in the second crop
when heterosis is expressed on a gram per plant basis, but it was only 14% higher in the
first than in the second crop if expressed on a percentage basis. This emphasizes the
need for careful interpretation of heterosis data expressed on a percentage basis.

It is of interest to note that substantial amount of heterosis for leaf area index(LAD)

occurred at heading stage. Under recommended levels of spacing and fertilization for
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commercial production of rice in Taiwan at the present time, grain yield usually increases
with the increase in LAI value especially in the second crop season when LAI tends to
become smaller (Chang, 1968) . This indicates that hybrid advantage for LAI at heading
stage may have contributed greatly to the expression of heterosis for grain yield in this
experiment. Jennings (1967) reported that the absence of heterosis for grain yield in the
tropical environment was due largely to the extremely vigorus vegetative develcpment of
the hybrids during the early growth stage, resulting in excessive mutual shading which
retarded net assimilation and also reduced the amount of storage products available for
translocation to the grain after flowering. The situation in Taiwan is ‘appérently different
from that of the tropical countries. Mutual shading seldom constitutes a serious problem
for the improved varieties provided that the recommended cultural practices are followed.
On the contrary, low LAI has been identified as one of the main causes for low vield in
the second crop season (Lian et al., 1969) . It becomes apparent that heterosis for LAI
could greatly enhance the yielding potential of the hybrids. The correlation between LAI
and light transmission ratio (LTR) at heading stage gave “r” value of +.0049 for the
hybrids in the first crop of 1969, showing that the transmission of light may not be
affected by increased LAI of the hybrids.

In Taiwan, a farming practice of growing one or more upland crops between two rice
crops on the same piece of land during a single year has heen widely adoptéd by farmers.
As successful operation of this multiple cropping system depends largely on the growing
of early maturing rice varieties, the finding that the hybrids headed earlier than both the
earlier parents and the commercial check varieties was highly encouraging. The successful
utilization of the hybrids would make it possible to grow more upland crops which are
otherwise difficult to fit into the multiple cropping system. It was also noted that the
plant height of the hybrids was taller than shorter parents or check varieties. Heterosis
for plant height may contribute to the yield increase for the hybrids between semi-dwarf
cultivars. However, when parental varieties with plant height exceeding 110 cm are invol-
ved, hybrid advantage for plant ‘height might bring in the problem of lodging because
plant height is negatively correlated with lodging resistance factor (Chang, 1967) . Careful

selection of parental materials based on plant height appears to be necessary.

SUMMARY

The manifestation of heterosis for grain yield, yield components and several important
agronomic characters by a group of 265 F, hybrids of rice over a six—crop period from
the second crop of 1967 to the first crop of 1970 are reported. Among 265 F,; hybrids
evaluated, a total of 192 or 725% of the total hybrids outyielded their mid—parent and
check varieties while grain yield of 145 or 54.79% of the hybrids exceeded their respective
high—parent. The average heterosis for these outstanding F; hybrids was 20.3, 19.1 and
18.3% in relation to mid-parent, check varieties and high—parent, respectively. However,
the magnitude of hybrid advantage over the mid—parent and check varieties reduced to
10.6 and 6.3% respectively when the average data of the isix crops were considered. The

superiority of F; hybrids over high~parent was also reduced to nil when averaged over all
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entries. The number of panicles per plant and the number of grains per panicle were
found to be the most important components associated with the manifestation of heterosis
for grain yield. v . .

The correlation coefficient between mid~parent yield and yield of the hybrids was
large enough to indicate that mid-parent value would be highly effective indicator of
hybrid performance. However, mean square associated with F; hybrids vs. parents also
attained significance in some cases. There was no evidence of maternal effect on'the grain
yield of the hybrids.

The heterosis expresses for grain yield in the first crop was generally larger than
that in the second crop. F; hybrids also exhibited large leaf area index; earlier heading,
taller plant, longet and heavier panicle in comparison with mid—parent and check varieties,
The expression of heterosis for plant height and number of tillers per plant was ‘not

affected appreciably by the stages of rice growth.
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Fe— ~ INRUKFEE

AikERFERICE: (—

B TP B w om o Noa j No4 | Nos No.6 No9 | Noll | No.l3

®) R g |

1| 4t 2 PR | pIESRSE | PIERSR | iERR |PERRE|ELE IR ARE
2% 8 B M 59. 7.12 | 59.7.13| 59. 713 | 59. 7.14 59.7.16]  95.7.16| 59. 7.19
3 b3 186 | MKE | MBKE | WIRIS3 | ZEARLUE | HESRITEN: R 1

4 F #% B cm 23.4%23.4 24.8x 238 25.6%24.0] 25.8x23.0, 24.2x 23.8| 24.6x23.8 24.3x22.4
514 B #®| % 16.7 17.3 20.0 17.7 16.9 17.6 16.6

6 | Bk Bk RE| cm | 763/1027) 797/100.8) 79.0/106.4 81.3/97.0, 75.9/90.7| 64.7/98.0 67.0/84.2
7| BEE () BE 64.6 72.7 59.6 75.8 68.7 523 68.4

8% 4 W E| cm 14 12 18 14 1.8 2.2 1.0

9 gg%ggﬁ) % 80 75 75 80 go | ~ 80 90

10! sRmEEs AN E g 39.0/68.0, 24.5/64.3] 32.0/55.0, 40.1/76.2 20.1/59.8| 28.9/68.5 60.4/85.1
11 ;%z)fi/,;ﬂ(ﬁé_ % 14.9 163 16.9 17.8 26.7 30.4 223

12 ®m W B 52.7 69.4 63.6 65.3 86.0 721 60.0

13| g PR OB % 4838 319 296 18.1 35.9 22.0 13.5

14| §7 B 3% EF | m/sec 0.49 0.60 0.56 0.60 0.58 0.61 0.64

15| 48 R B | i/ m? | 93 184 176 202 290 40 107

16| B aKSE | % : 59 63 62 58 66 60 45

17/ B &' | m? : 678 970 743 240 123 875 570

5 W B W gl N i |

) A L A 0.14 i No.17 No.18 No.19 No.20 No.21 No.24

13 2 HERHE K B | K B | K B | K B | K B BI=SES
20% B B # 89,719 | 59.7.22 1 59.7.22 | 59.7.22 | 59.7.22 | 59.7.23 | 59. £.26
3 & B Hnl 5% | RRKGRE | MKW | FPRo sk | ENISeE | HiEE | ERSH
4|7 # BB em | 247x24.0 24.8x24.2 25.8X25.2 25.3x24.8 24.9X24.2| 252 23.8 24.2x 212
504 B | ¥ 18.2 186 1727 1 160 16.7 187 23.0

6| BKBEHAR/ER | om 65.3/84.6| 71.4/105.2 70.0/103.0E 70.0/103.0| 69.4/100.4 75.1/105.7] —/103.6
7| BURERE () tc—z' 67.9 57.7 50.3 54.3 57.4 57.9 65.3

8l% -+ mW cm 1.8 1.7 1.7 1.9 2.8 1.3 21

9 (iﬁﬁ;ﬂ?’%% % 90 80 80 80 80 75 80

10 | SRR/ ES|  er 46.2/76.5| 41.0/83.2| 23.7/40.2| 25.6/44.0| 69.8/91.0] 34.1/58.6| 92.1/110.5
11 gﬁ@m%éﬁ %% 10.8 31.0 28.7 16.7 27.0 30.0 17.8

128 R OB R 63.3 80.7 63.5 81.0 59.8 67.3 77.0

13| BE i b s | % 14.1 29.1 197 25.4 24.8 131 30.9

14 [ FFaE OB m/sec 0.58 0.630 0.61 J 0.60 0.58 059 0.64
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15! Boos % | k/me 99 200 134 97 22 50 | 70
16| e aKsE | % 24 49 49 50 75 76 60
7w E E§ %| m 622 728 754 769 635 627 1,600
Bl oy o |

I K| No2s | No26 | No27 | No28 | No30 | No3l | No.32
1| 5 S | Sm | B e | B s l @ | B s
2l# m B 50. 6.291 59. 630 | 5911 8| 5911 8| 5911 9| 59.11. 9| 59.1112
3| @ " M5B | RIS W | FI00 | HRI000 | AR | RReOR: | %
4|/ % B | em | 242x182 242x212 24.X240) 23.7x238| 23.6x23.3 238X 28. 6[ 2%752’?
5|4 W O®m| % 17.8 17.8 11.2 w7 | 13 | 13l \ 14.0
6| HEER &E | om | 657/1046 60.9/1058 73.5/90.5 77.8/95.5t 74.0/98.3| 80.0/99. 11 76.3/94.3
71 EUREREE (FH) B 55.0 487 74.6 74.1 728 788 | 768
8 cm 16 18 1.2 15 16 16 i 15
9 éﬁﬁf”"‘% % 80 80 85 80 85 &5 | 80
10 %ﬁé’ﬁﬁ%dx/zﬁ gr | 90.3/108.4 85.3/117.2180.0/195.01360‘/172.0110.0[198011520/1870\130 .0/175.0
1] #H A aKkassE | % 17.0 15.9 11.0 20.0 150 | 180 | 280
120 8 kW B| K 84.6 80.8 840 | 1060 82.0 79.0 \ 75.0
13| JE 48 R B % 22.4 26.2 10.0 1 7.0 \ 13.0 5.0 “ 10.0
u|F/ = & B | mfsec 050 | 043 066 | 055 | 058 057 | oss
15 8 B B K/me 07 | 119 l 110 | 72 101 \ 48
16| KGR % 57 55 417 54 l 50 51 55
17| M | JE #%| m2 1,345 1,020 95 | 760 ! 698 988 l 992
11;\ Eﬁ ;‘% ; B fr| Nos3 | No.35 No.36 } No.37 No.39 } No.40

N = —
1 % B o B kB @ ok B A B | kG
2‘;%] moa i S01112 | 591112 | 590113 | 591117 | 591210 | 591210
s 7 e s B S AR S B WHGY | EEEOW | £ B
4“ F kB em 25.2%24.0, 251%23.3 | 25.0%x240 | 26. 4\/240‘l 26¢O><24.6‘52%f)§>6<12@£5
a‘ﬁj o #| % 14.1 163 156 155 ‘\ 153 ‘ 106
Gﬁ%} BRIZER | em 755/93.3 | 73.1/91.3 | 755/93.6 720/1015\ 75.1/96.1 ‘l 81.2/94.4
7 s G | 786 768 l 795 ]‘ 8.0 | 840
8% £ £ T | em 15 1.4 ) 1.4 17 i 1.4 : 1.4
91 (;@%%f%%% % 80 | 80 t 80 90 90 “ 9%
10| iHIBRERN 2 gr 161.0/199.01 1250/1920, 115.0/163.0 108.0/1180] 780/123.00, 82.0/35.0
11\ ﬁd\ LRAE | % 19.0 23.0 11 23.0 | 19.0 | 20.0 1 26.0
] | |
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12| W ' r 80.0 86.0 63.0 99.0 63.0 71.0
13 B2 % 2 R B % 10.0 12.0 18.0 5.0 190 | 32.0
14| 77 == 3 B | mfsec 0.53 0.61 0.61 0.50 0.63 0.57
15| 3 W # | kH/m2 49 72 67 126 147 106
16| mEmAEKSE] % 50 58 54 53 66 62
17\M B B & | m? 416 830 1,182 672 1,430 649

TR TSR B R A BB P R BRI > R NPLRIBREY ~ FIORLBN ~ RB R B /K SRR Fod
BEEBZEE  RBERGBSTHER FlnE = » HBFSI#EEME= -

R~ BAIRCONYLEIEREE » ORI - BB KO BRRERERE S BRSBE

BNTHIRE (gr) ook B BRI AR (%) | FE B bR B (%)
39.0 527 14.9 4838
32.0 63.6 16.9 29.6
23.7 63.5 28.7 197
24.5 69.4 165 31.9
40.1 65.3 17.8 18.1
34.1 67.3 30.0 131
25.6 81.0 167 25.4
20.1 86.0 267 35.9
28.9 72.1 30.4 ‘ 22.0
78.0 63.0 20.0 10.0
60.4 60.0 223 135
69.8 59.8 29.0 248
46.2 63.3 10.8 14.1
92.1 71.0 17.8 30.9
62.0 71.0 26.0 32.0
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85.3 80.8 15.9 26.2
90.3 84.6 17.0 22.4
41.0 80.7 31.0 29.1
152.0 79.0 18.0 5.0
115.0 63.0 23.0 18.0
130.0 75.0 28.0 10.0
180.0 84.0 11.0 10.0
110.0 82.0 15.0 13.0
161.0 80.0 19.0 10.0
106.0 99.0 19.0 5.0
136.0 108.0 20.0 7.0
125.0 86.0 23.0 12.0
K= RNPURIEREE ~ FORIES ~ BB 7K O 2 MBI R B 2 B b
A £ BHHE, & F f | B il F Q
£ AN B O B 2 1,474.46 737.23 13.07%* 0.465
i b -4 2 14.35 7.18 — —
2 N & K & = 2 15.44 7.72 — —
BN HEE T ok 8 4 298.86 7472 1.33 0.025
B/ NFLRREE X B &K ER 4 606.78 151.70 2.69 0.130
B R BXERAKsSER 4 64.84 16.21 — —
B 3% 8 451.12 56.39 — 0.380
i B 26 2925.85 —_— — 1.000
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SRR (er) X

HEE BB/ NTURIR B R R Ik 8 2 B R

REEE= > SiriER » TRBNMURRE R AR » BN S EEEER « B/ R A »

RIBRRAD » b —BR RSB EE » WEB— ARG -
y=—0.14X431.17 X BRE/NRHAEEE (gr) o
y EgEiE (%)

RO BRI ALK 2 7RG > BE ARG BRIl SR 25 Bl - (E MR » R BB 15 D L
FORLBRMBAIK S & RS FEMRED § AR/ IRTZRRASEBR B2 2% )
ZLREAE TR F A B - HBROK G & RO S/INUR T B ERSR 5 — RO BOISHE Noh
BYZZ &I

HRUA LIIRREEE s b o2 SR > ThEH QM » QEK THIARKE ¢

0, — CARTFFFHRD — (ARTEhEE X Gl )
4 ey

= PR QIE » TIE HUEOR e/ MU DR BES PR B a0ky B 2 SR8 0154659 » B/ NPT
BREK DR LT RZBIERINGEL3% » S/ NURIBR R $02 LR BB 9152.5% o

(Z) BEEEFON SR ATE R ~ KT S R NI K RSB A e s R o 2 S8

H R/ NRK RS B IR K B L » 45— 2805 AR 230k BORVEE B el S M B8 7 Hh PP ~ /K
FRAEEA T 2 ARE  MERSBERTINED » HEFOTERNER -

R~ BRI THERE - KERAEMEHMRE 2B R EE

BEHE WM B (%) | fT R E B (mfsec) | K@ R B BE (%) FRIHSKER (i m2)
10.0 0.53 B 80 49
13.0 0.55 85 72
5.0 0.50 90 126
10.0 0.56 80 46
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7.0 0.55 80 110
50 0.57 85 101
13.1 0.59 " 75 50
120 0.61 80 72
100 0.66 83 127
224 0.59 80 107
248 0.58 80 222
14.1 0.8 9 99
180 0.61 80 67
19.7 0.61 80 134
18.1 0.60 80 202
220 0.61 80 40
135 0.64 % 107
190 063 9 147
296 0.6 75 17;—
488 0.49 80 93
26.2 0.43 80 119
254 0.60 80 97
359 0.58 80 290
320 0.57 90 106
319 0.60 75 184
309 0.64 80 70
201 0.63 80 200
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BRI~ FEGRIE - FTHOHREE » KR BB R H R B B 2 8805 W 52

\
7] EX Eamﬁgqif B il F
BE B M R O 2 19,238.35 9,619.18 2.36 0.12
T B e B 2 1,360.30 680.15 — —
X B K B OB 2 10,972.17 5,486.09 1.35 0.03
B N BXIT B O B 4 3,027.11 981.78 — _
JHE 482 a1k BOX K A RS SR 4 9,466.40 2,366.60 — _
T OB OH EXKERAR 4 17,510.99 4,377.75 1.07 0.01
s # 8 32,579.55 4,072.44 — 0.84
i
e B 26 95,054.87 — — 1.00
320
280
y
0 240
;F? x
k200 =
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E 160
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R RLAFRE - BESKSE - HERRNBRTIFEREZERDBER

BEERGHE (em) | BERAKAH ) | H OB B O (m) 1 TfF#EE (min/102)
2.8 : 75 635 l 106
18 | 62 743 | 124
1.8 66 1281 | 108

| |

2.2 60 | 875 9
1.8 55 1,020 102
21 | 60 1,600 77

1
18 24 62 | 99
17 53 672 87
1.9 50 769 ‘ 80
14 59 678 109
15 55 992 95
16 57 1,345 90

|
15 | 50 416 95
15 54 760 91
16 51 988 87
16 50 | 68 | o7
17 s | 78 76
17 49 754 ‘ 76
13 | 76 621 | 88
12 | 63 970 82
1.4 66 1,430 89
1.4 62 619 | 93
14 58 890 . 99
14 58 940 83

|
11 43 570 91
12 47 995 73
14 54 1,182 78




L RIEZRE - BESKSE - HRERMRESG TIFREZBT R

|
73] ES J B BB ‘ B F R o# b F Q
£ + B F OB OE 2 621.76 310.88 10.87%* 0.15
| o & K 45 & 2 1,002.13 501.07 17.52%* 0.25
H = H ® 2 622.92 311.46 10.89%* 0.15
F - EE R X Ak S AR 4 543.74 135.94 4.75% 0.12
BLEEEEEH B OEF 4 300.74 75.19 2.63 0.05
TEWEAKSEXE B H OB | 4 405.80 101.45 355 0.08
ik 3 8 228.76 28.6 — 0.20
o) 4 26 3,725.85 — | - 1
140 > 140
y x y *
g 120 4 120
10 10
& N
B 100 i/
S 5 100
B3 B
& 80 80
™ 4
60 60
05 1 15 2 2.5 3 10 30 50 70 ) 110
x  FEEZEE (cm) x TRESKGE (%)
#HAE BLETEERTESRTIEE F£-HE BESKSFNBRBITFE
B2t i 1A
#EF #r QEEFDIE SR T B E R 140

EWRE LEERAKSRZBEEE K
FBERE2506 » BRI R 22 R
AN BAE1206 % 8 26 o TRIED Ky AR
TYrRER 2 HRYBAMRAR ¢
y=0.26x+76.94
y : LffggE (min/10a)
x RESKSE O

—
1)
>

o
=

SERFATIEN <

~

oy
=

/{H{E%E%ﬁ_&?ﬁ@ﬂ(ﬁzmﬂ(%ﬂ(ﬁﬁ s 00 700 900 1100 1300 1500 1700
- A ) x HEEH(m?)
BB 2 B IR R e — 2 » T 8

I Bt 2 R P » PR AORIELSm —E EEERR R
EAEEAEER S » FIOEEE AR R E R
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REIEFRER HERRZ /NS TIFER S AEE RS L EREE15% » Kbl r pe
BEAG2096 o = LA B E SR H LAY Sem DIRES » BE ZBIETAEIES » b B L EZTSE
BEFIB R TIFBE R 2 MAYBRGR A

y=9.45x+76.07 . v LfFsEE (min/10a)
X ELEFERE (ecm)

EEEEHEZFHEERS Scm K BRI ESTEZ AR « HAEKER > XT3
Za e FRTT » WA Lrh > BB AFATIR S RS o BIE AT R R A BN Y T » B JT R 7E b il
o FTRIZEE R E R A AT R R  MIEEBM AR » BEITEEERE X » THISHEH X i
o BEEBR T AR o BRBULETIRER » BESSFEAA AR ERRAEREE S T
HOERME - BRRE » RAERBRREGE 250 » BHEERRBERL

EEEZFHEEBE 6em DIER » BT EREREE » BB EE > DRAERRES R 2
R TR RIBEE - (FEBREE » AEEREM o KM » ZEARRE » BEEHERAZEEEHE Scm
B o BENEERER -

HE2 K/ TIERER 2 IR -

=—0.01x+100.14 y : T{EfEE (min/10a)
x HEGE (m?

HE&A TIFRERE

(m) P EBEBETEE S mE RS EER

A KA S B E > WCEIIR D BUR BB T & R ETAIAE » R E RS £ FTHE R
FITIRRT > SRS A R A% RS A R KR 2R P Ll A e T EI2 3~ 6 47 » 11
BEFHRTLRE o BB RIINEA -

R\ NEDKEI S RS (2O

jp—— = o
ok | paT UolE | No. 3 No. 4 No. 5 No. 6
IR & e
1 EE I ST T - m? 678 970 743 940
Kﬁﬁi—%{
2 BOE P E H OB m? 490 750 553 727
% /2 77 74 77
3 /5% #H R OBIXA B XA 53.3%1=53.3/61.8 X 1=61.868.5x1=68.5 60.0%1=50.0
%% 41 38 40 29
i
4 EEETHEN A K TN 488x1-48.853.1x1~531144.4x1=44.4 515X 1=5L5

% 38 | 33 26 24
5 | BERT{ ESTEMIGERX AN B | XA | 92x3=27.616.0x3=48.019.7x3=59.1] 33.0x3=99.0

A 21 29 34 47

6 I fF 2 B EMBR . & 111.3 130.9 1326 1445

7 \ T i i 128.7 162.9 172.0 210.5

8 | B0 AR FM I K | 5 191 ‘ 168 231 224

9 | & = T E W B ‘ #+/10a 109 82 124 83
|
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[ 1

|

HHEAERIE KB % 67 69 | 43 65
\
|

OB T OfF oM | % a7 63 41 62

1. MTH= GBS x (ABD + (HEEFEEHRED x (KB + (HEEsiRefd < (A3
2. TR BRI = B R + ST RN R 4 A R

o, BSEMERERE
3. BEMFREEY I %100
4o IR X ABhy,— BESTLEAK 100
5. mﬁﬁ%ﬁw@xkﬁm%=f@ﬁ§§¥§@2§£xmo
6. FSTAHSIARSEE X A BHy2p — — i PR X AL 09
@ THE

7. HOAMFELTI- o L F 1000

[ A IR
f
TREE No. 9 No.13 No.14 No.17 No.18 | No.19
|
1 1,231 570 622 728 754 769
2 996 418 468 521 526 542
81 73 75 72 70 70
3 |107.4x1=107.4 37.9x1=37.9, 463x1=463 | 39.9x1=399 | 401x1=40. | 43.8x1=438
43 ] 30 29 31 28 32
4 5717x1=577 402x1—402 373x1=37.3 | 492x1—49.2 | 6LOX1=6L0 | 5L0x1—~5L0
23 31 23 38 43 37
5 283%3=849 16.8x3=50.4 25.4%3=762 | 10.0x4=40.0 | 103x4=412 | 105x4=420
34 39 48 3l 29 31
6 193.4 94.9 109.0 90.1 111.4 105.3
7 250.0 128.5 150.8 129.2 1423 1368
8 203 225 257 177 189 178
i
0 108 | 91 99 76 76 80
10 58 59 59 65 70 69
11 47 57 52 82 67 64
TEHE No.20 No.21 No.24 No.25 ~ No.26 No.27
[ ) |
1 635 6%7 1,600 mﬁ\ 1,020 995
2 400 402 | 1,285 1,200 l 896 | 770
63 64 | 78 89 | 83 | 77




38

3 42.5x1=425 353X1=353 965x1=96.5 108x1=108.0 91x1=91.0 56.0x1=56.0

21 29 34 52 50 31
4 55.9x1=355.9 544x1=54.4 97.7x1=977 475X 1=415 41X 1=41.0 56.8x1=56.8

27 44 35 23 23 32
5 35.2x3=108.6] 10.9%x3=327| 22.0x4=88.0 13.0x4.0=52.0| 12.0x4.0=480| 23.1x1=69.3

52 27 31 25 2 38
6 133.6 100.6 216.2 168.5 144.0 135.9
7 204.0 1224 282.2 207.5 180.0 182.1
8 322 195 176 154 175 187
9 106 88 71 90 102 73
10 55 64 70 65 79 72
11 48 58 67 57 50 170

SR No.28 No.30 No.31 No.32 No.33 No.35

1 760 698 988 992 416 890
2 579 526 776 811 310 713

16 75 79 82 74 80
3 82.7x1=5827] 510xX1=5L0] 67.8X1=67.8 77.3xX1=771.3 29.3X1=29.3 70.3x1=70.3

33 36 35 40 32 36
4 46.6xX1=46.6] 452x1=452 547X1=54.7 457xX1=45.7 27.8x1=278 43.1X1=43.1

30 31 29 23 31 22
5 19.4x3=58.2 158%x3=47.4] 23.3x3=69.9 24.3x3=729 11.3%x3=33.9 21.0x4=284.0

37 33 36 37 37 42
6 118.7 112.0 1458 147.3 68.4 134.4
7 157.5 1436 1924 195.9 91.0 197.4
8 207 206 195 198 219 222
9 91 97 87 95 95 99
10 70 66 70 63 66 55.1
11 56 53 59 54 54 52




39

IH “,L.,‘ No.36 No.37 No.39 No.40 3 b5
1 ’ 1,182 672 1,430 649 880.9
2 9352 537 1133.0 503 682.9

8l 80 79 78 78
3 743X 1==74.3 465x1=465 | 100.4X1=100.4 |  47x1=47.0 61.7
34 31 33 | 37 35
4 58x1=58.0 39x1=39.0 70.5X1-70.5 20.8X1=20.8 50.0
27 26 23 16 28
5 28.6x3=85.8 16.0X4=64.0 34%x4-=136.0 15.2x4=60.8 64.5
39 4.3 44 47 37
6 160.9 101.5 204.9 83.0 1311
|
7 ‘ 218.1 149.3 306.9 128.6 176.2
|
8 184 222 215 198 204.3
9 78 87 89 93 91.3
10 70 72.8 57 69 64.9
11 66 39 58 33 57.5
R ya=BeHEERE
ye= BRE RS
100}

(%) N
g0}
x X
yt=26 1+0.0099%
w0}
X X
vt x> x x
(%) o N . , . .
400 600 800 1000 1200 1400 1600 HEHERE (m®

BAE IR A/ N EE R RO B TR Z B R

A~ WA R S T B U AR TR 49220 » (BT BRI U0 21152806 » R L37.06 » 58k
1565% » (EHIA TR FEBER A ZE » MREKREF MR - RESRTERENRSE A
Pt EREIE R IR RIS » LR ERTF R RSB BaR E(FE o



40

M BRI BT 4 TS T SRR RS 2 18 A TR I 0 B HER o HARMRBR0.75 5 [
FRE '
v¢=0.0099x + 26
ST B UCHE P A T AT S AR BATE I 2 0 TR T » SLHIBE ( B0RS 0.6 AR
va=0.0124x+ 65
BR ma=0.0124 k% me=00099 » p5 L aT 5T RS TE 64 » 7 o 5 e R TG % He SR 38 i

Biro
AE: ye=BEREEMHE R TR B5E (%)
Va =B EHMH LB 2 B4 (%)
x=E#E (m?)

() MBTIEE | | |

TP AT TP B T AR o TR0 (S 47 A3 ) AT B LB SR I,
T RS BT AT TP BRI F R T (R B2 ook 5 A4 T S P 2 U P
BRTETSE SR B T R MR 7 2 5 L (S T 0 1 (R Z GG o MO T AP i i
BLREASFRE RN » R TRELEOESRLERREZT » BRI R - =
PR TAFACR R IR AT AR  SHRTIE M ATRY: R R T8 BT B R B8 o

RENERRE R > MR TR TISR5TY 5 MIMA A TR LR64.9% « URHES £ =
BAE AR > P ~ 5 B9~ MBS TR b o B — MR R - R —rER K
FIEHY RS BT e > TR R R SR 5 BT R BB T o (BB
R AR BB A SRS > (ERETBEN BT EIBETE © WS R 2 T B I »
T E AR AR DURREAY: » OB MRk RS -

1 C
3% WV
1

°

3 1 RIS TR~
FIRE S T =~ X v °
C — /MBS S B T fE B (m2/hr) o
W — AR BB (cm) o
V= BT R EE (m fsec) o
We = FIRBEBOEIZEE (cm) o
e — I B BT BE (m/sec) o

1 _w R
g = AR

(R) BRA& LT ¢

L-RITfFRZH#E KREBER BRI E 0. 10EPENTE0 m (AERE RIS -
A THCERBEEO A ER) » —RI(FRERBI0/N » FEFERRB0% » Al—KAT LI
BRI 0.648 -

2 R ITEBR 2w

BEFTER  BERVNKRES BB 2 RS E R TER 215 100,00000E120,00050 2 [ » dn i
feHit BRIOR Ny - AR PR N 2R TR » prOMG TR 2 2 IE B B R90,000C4 7 o #am
- BRI RGEERR R AR DURE 2109655 JIER 9,0005C o a6 HEIRE x 42 > Q4T

s i e, S 00 81, OOO,

PR RRBUR ST AR E R BB RIS DB 9 % sl

90,4900;—9,000x 0.09 —



41

4,4557%

Eeady MBI R 2 SO0 - R ARz 8 iﬁ%ﬁﬂa%@ﬂu » (B350
e BRR A EE 2 2B RILDIEHEMS 2 o SR RBA 2 EAMA fSr DB RERSH
Haz 05 QG EHEE o A AR 2/ NI A AR > HBHE IR MR — TR ~ THE AL
T AL AR B » TR A S RS > BTDIEELL 8 96EH A » Al 90,000 0.08=7,2003%

P EEs i =Et A =000 445547200 500

557G ©
SAERERL R REEEE=A (AR NSRBI = S 4

ponEh RERBER . SAEER Mo & 057 U Bl AERTRMIERRS.T X34
=19457

Mk RINEEIRRDURILZ 5 %58 MG AEFREHRIRAM X 0.05=1.7 (£) - 4 LI16
FEEE > QI16x1.7=27.275 o

AT BEHE—A > BRSBRGHEERRETEA > EEA S FATEREYL 120505
o BATE=120x3X =% = 6005C °

+11,6

1
0.6
81, 000 11,655

BOHETERA FAELERE= =[HEH + I R+ A TR =" N 194
+27+600
—2E TR SATE R 43 B 525 ~ 30 ~ 35 ~ 40445 » RITT B iRE I + EPTR
B RI7E AR B S —AUKE » IRIRE o
R 2,0005C 5 FTIAEEFTIE > BFE—
SHEEFEEERIOAER » LTS 4000
IRMZER 2 F0 ko BAEFEERRZAE 5500

BB 4 DL o [AIRFTER Z BB o |,
G R NI > WA A a0
OAEHIGHMBEEANE  GRRE  BE
5| 2000EFERFFRZERTHAFE B 5
REAGE ORI BE sE A 0
% A THY B » ESERIEE A 2 BR

2500

HES T W=t , 1500

(b) 4HIESGE 2T 1000

S TEAYT » TR TR A 0 B -
W o IR TR AR » TYHEI AR i e 3§ 4 5 6%
TS N AU o , P IR

(1) RUTIEAR @ HEFEIE (RS S+=E SAEEERATE

» R E S RART TRATIR - WTRE  J
WEE=FAR » SAESES 6005 » MEAEREEU RRILAER » MEDWHA=52—2
LEyER A > REME(E R A R o

(2) WETIER : ZHRBAEIT R G RARES [Zt]lﬂ:ﬂ%%&‘ﬁ%%?ﬁ[‘ﬁ HLIEERGER
FIRS T KB B > SRR AE TIRR SRR > —E R TIFERES AT HEI0AH « IR
BED R B UM R O R (R e T/ E BT R R KB BERY 8 I o



(3) ImBRMAREAE @ AATATL »  foaes
FERSRHE » MBI > MR > RILERED
ACHEER - (RS I8 niE B R E e > R B REeT
F R A/ » ZERIERIES » XITIE B A JRHE

s MR ARGBE R EBHASBEE B8
TAREAT » ESHE A REBRE - KSR
Ko LIS MIEAT IR » RIME 9 KA gE

(4) BHERQ L EWR » TFEA BT
BES2— FLERTEREM AW » WACHE
REIM s Qildg A TERA G EF 140050
VIR » SENRKERGUEFESERAED -

(5) M|z 2 HENE: @ RI2 IR Z A

FASR > KPR LA RARYIBIE T il - (ABLH
WOHERE 2 AT TR MR A B B B AR DU AT 8
s SEFIERR  BEAFEINE - 7R
FIFARBRBITE  FBRH » NI RR(IF
R R BITERFR A pTRIRE 2%
B AZUMRLEGE » 3T 8 InE R e

LB R BB - RN R T R

2UEERETBIEE c IO X — > AEEF ©

SARIRKBFE 2B - BEE » BT ER T EE= i -

i

2

JC
4000
3500
3000
&
A 2500
By
{F
E 2000
%
N
1500 iR
-”]4_..
1000 [EEAG
e R
500
AR
0 1 2 3 4 5 ¢ &
B R
BH=E FERASE
E30k

1. FE TR R B N LR SR BB BRI R B 2 SE Y Q 75 46.5% » BB A K 3R 2 AR MF AL R
BB R ZQE » Rl 13% R 2.5% » FTIRERL B/ ML R EE 2 K/ N R s by 2 52 4

BR > AR AR
y==—014x+31.17

y o EEREE (%)

X ! ERNR/NURIREE (gr)

2. B /NIRRT B R 2 IRBGE SR » BB IBE S S B RB R EE R
HEARE 2 B8 FiRASEREGHE » FREEBEAREIEL 2K » BhNHESE G
EMAGERTR2RE » RILERAR I ~ THEEE - KBERBESRFREKEB S HERG (2
HABAZHE  FERABRE/N  AMERRZF EETEE o
S.HMR IR (BEREE) » BEAKSRRARERANMI TIFERSFHEEZZE B
ERGRZEZERERGNE25% » HMHMRAE L L RBEFREIEI20%5. 8 % -

TRES/KOXKEBRTFEE 2HAYMRRE ¢
y @ LEteE (min/10a)

y =0.26x +76.94

x I BEESKSE (%)

HZIEFRERBEEEA NS LR SBEER15% » Kl 2 BEERA% -



43

RIBFRERTIFERZMAIB: L
y =9.45x +76.07 ~~I¢%5(mmnwj
x =R THEEY (cm)

EEEEk$EZ¢%EZ%%ﬁ% \

y =—001x +100.14 y =T{rhe® (min/10a)
x =HE®® (m?)

4. BIGI R BT ES 2 RS AR (R R 1 H%%ﬁﬁ&%aﬁ%%Z&% KEAERIFZHA
HISE > RBERARE » ARk ZER ~ SR GBS RS Y fF 2 A A K B > (s
ZEERZKTEANEEKRE -

S.AEBRZETEERE » LK E%aﬁ&ﬁ%ﬁ%mutﬁ » BB ZATEMAE T »

FETIRRER B8 6cmP) 1 > TIEEREEE o
6Em2$imP%A&%%’ﬁfIﬁﬂ$$E&%(MA@ @%@ﬁmﬁﬁwwﬁlﬁ’
ks TR ERER » RS AHERS - RBESBE TR » Boi2 TH AR TR
Bk FEAENBEAREA %&%Lf&%ﬁﬁﬁ%&&%%&%ﬁzm%%%%%°
7%§ME%$%0&4%Zﬁ s PAEBURKBEE o
BAEBRALRERUNG > s &%&I%ﬁ%%%%ﬂ%%%’$IMﬂE§@
H%%’ﬂﬁ%AW%%Z%%%%ﬁ%%Eé%%W%oﬂﬂI%%mL&%Tﬁﬁ o BEERYH R
VIEERAHERR  MEWREAR > ek EERERATIE -

9. 2R EY MR TIEACRTHR5T% » MRMAE R TR 64.9% o & H K TIENERE
FE AR EEHERESREZEFRAMK » BA—FHEG/LREMER, RS BOTEFE o

10. HAEFTBEIIERA > T TIAFERERZ

= 81000, L85 1 g1 |
XPARELIEER (A » x BHEAEE  REBEESES ) ILleTrERTEREHSE
BIRABRORT o &G EA6E AR £ TERR0AE » ERASRS4 5 QS AHFS
TRRAR 178070 o tRERAREEEMNLI00TT » MBS ATRBES > FRIFABRSB =R £T
PETERRAETEA0ORED b » THAER 4 DL E » BAPTER o
11. BEETIERE » 4RESCENF AW TS

C1) FXIETED & NIRRT BRI » BT R AR IS S AT -

(2) BIRBSEAEG TASENK » MEZBEARNEK s BE -

(3) MABEREERE » RN FRHEREERARRERE -

(4) BLERI RS T » W IRTE LAY o

(5) BhmHas 2 Ehd: > DIGEIRE R AR o



44

TESTS ON THE PERFORMANCE OF SMALL RICE
COMBINE HARVESTER IN RELATION TO SOME
PHYSICAL PROPERTIES OF RICE

C. P. Wu & K. H. Huang

Summary

1. The minimum tensile strength of rice grain significantly affected the friction loss
of grain. The” Q”value was 46.59%. The moisture content of grain and the number of grain
affected the friction loss were not as important as the minimum tensile strength. The” Q”
values were 13% and 2.5% for moisture content of grain and - number of grain per panicle
respectively. The regression equation between minimum tensile strength and. friction loss
of grain is :

Y =—0.14X+31.17

Where X=the minimun tensile strength of grain. (gr.)

! Y =the percentage of the friction loss of grain. (%)

2. The effect of friction loss of grain, the forward speed of the combine & the degree
of maturity of rice on grain loss caused by combine harvester were not significant. This
would be possible that factors other than the above mentioned three were involved. For
instance, the moisture content of the leaves, the fesding speed of rice bundle and the length
of rice plant feeding inside the threshing machine. For the purpose of fitting and easing
the handling of rice bundles under different conditions, this combine is equiped with various
attachments which are so encepliated that the operator is not very easy to familiar with
it and run it properly. therefore the improper handling of the combine would cause more
grain loss. o :

3. The hardness of the surface soil or top soil, the moisture content of the leaves, and
the size of working plot all greatly affected the working capacity of the combine harvester.

The regression equations for the moisture content of the leaves, hardness of the sur—
face soil and the size of working plot with the working capacity are :

a. moisture of leaf : . Y=0.26X+76.94

where : Y =working capacity (min/10a)
X =moisture content (%)
b. Hardness of surface soil Y =9.45xX+76.07
where : Y=working capacity (mim/10a)
X =the depth of the weight droped into the
surface soil (cm)
c. The size of working plot : =—0.01X+100.14
where : Y =working capacity (min/10a)

X=size of each working plot (m?)



45

4. The rice pick-up attached to the cutting mechanism of the small rice combine is
excellent, The rice cutting height and the length of rice plant for feeding to the threshing
mechanism can be adjusted properly. Hence, if all parts are properly adjusted, these factors
such as the height of rice plant, the number of rice plants per hill, and the declination
angle of rice plant will not affect much on the operation of combine. However, this type
of small combine won’t work well when lodging of rice plants is very serious. k

5. The height of the track on both side of the combine isn’t sufficient. If the surface
soil of the field is too soft (when a given weight is droped down from a height of one
meter to the soil surface and penetrates into the surface soil by 3 ¢cm but less than 6 cm.)
combine won’t proceed well and its efficiency is very low. When the given weight penetra—
tes into the soil by 6 cm or more, this combine won’t work any more.

6. The working capacity of this small rice combine is 0.6 hectare per day in average
under normal conditions. However the capacity of this machine is greatly reduced or even
won’t work when the leaves are wet. In the meantime, the threshing machine will be in
trouble when more too much rice plants are fed. The combine would he efficient if the
present rice feeding mechanism, which is fed under the threshing drum, be changed to
feed rice plants on the threshing drum, and the wind cleaning mechanism be changed to
vibrating sieve.

7. The percentage of grain loss is ranging from 0.5 to 2%, which is considered not
a very serious loss of grain.

8. To harvest one hectare of rice required 34 man-hours, which included 35% for by
combine in normal operation, 28% for cutting rice in the border rows, 37% for combine
threshing the rice harvested in the border rows. Therefore, it is quite clear that the size of
farm for using combine with great efficiency and better benefit is exstremely important.
Because 659 of manhour required for harvesting the rice on the border row is quite
unreasonable.

9. The theoretical ficld efficiency of the machine is 57% in average, and the effective
field efficiency is 64.99 in average. The effective field efficiency can be increased if the
proportion of length to width of a field is increased in order to reduce the turn of com-~
bine, the machine construction be further simplified and the regulating process be abated.

10. The following equation expressed the total cost for harvesting one hectare of rice.

Y =81,000/AX 411,655/ A+ 821

Where :
A =Hectare of rice to be harvested per year.
X =Effective service life of the machine.

The high price of the machine, the acreage harversted per year and the service life of
the machine affected the total cost greatly. From this test, 30 hectares of rice harvested
per vear, and 4—year service life will be the minimum requirements for economic use of
the combine. Under this conditions, the total cost for harvesting one hectare of rice is
NT$ 1,780.00. If we want .to reduce the cost to less than NT$ 1,300.00, then the machine
should be improved to allow 2 operators to work on, more than 40 ha. of rice be harvested

per year and the service life of the machine be more than 4 years,
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11. We would suggestAthat the following improvements be made in order to reduce
the cost of operation to a more economic level :

(:1) Set the cutter before the threshing sorting parts in order that the cutting and
threshing of rice in the border row could be avoided.

(2) Improve the working ability of the threshing and sorting parts, in order to make
the machine to be able to work in rainy day and high humidity in the morning hours.

(3) Enlarge the diameter of both the driver and the driven sprocket, or improve the
track structure to made it suitable for soft, muddy field operation.

(4) Simplify the structure and ease the regulation of the machine parts and inten~
sify their durability.

(5) Make the machine easy to transfer, in order to promote its availability.
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11 \‘ 2 2 1,000%% 518 12 232 | 1480 | 210 5.48 4.33
12 BOWm | B O® 5004 514 16 311 | 1726 | 230 6.30 4,66
13 ‘ Y 2 1,0004# 502 | 25 498 | 2072 | 223 5.83 6.02
VR p W= 5004% 520 6 115 | 1898 | 2.8 6.05 435
15 l » 2 1,000f&% 517 8 155 | 17.18 | 2.10 5.73 6.68
pEE= -~ RE— - 54 BEHFEZ LESESE o HEEEEERE 10.37%  MRERAEE

205 5.47% » RUNTERYARE; NAE L (BEW XS AR IMNE 2 1) & ZAERE

23.78% » W R B A2 LHEASFE ZIRIEHEE o Basd g s AR EEE(Fusa-
rium sp., Alternaria sp, Helminthosporium sp., Monilia sp., EHEET) » g% (Sclero—
tium sp. ¥ EEEEREEBEAEREE AN DERREET  HRRERELEEARE
SIEE R TERILTES o AT E CRREERT) BEEER - BT Tachigaren (535 500 5K
1,000 F TR FEHE » B EHaaR » HlERE 500f5EEL, 000/5 R 2 g » Tl %
S REEZE o etk IR 2 T 500{EEAEEH A FAEER 2ml > 1,00005E AR Iml
» TR 2 e R 2 5 WHEE LSH®% A Tachigaren 1 ml BRF o
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Fig.1. Comparative control effect of rice seedling disease

e EEEREATRIURSY  AE LI BE 2R A B » SBR RN Ta-
chigaren PETEIE 2 A R » SELEMA BTN L ERAK » [BXHLRE S0 SE L
MBS » TELH Tachigaren [REE b » 500 EHL, 000EIEM S » TRZELRRAIRZ » &)
1,000 4R H SO0MFEIRE o TATEHES » LA RIA TR KL AT % 2 P REHE -

BHEEGE)  (1971) AR 2R > BRI (1) HARRATS » R
BEE LREES » WKL - [EERS 20°C DLk > MEKE 15°C D TR 0B -
(2) +48% () JHE/LH (Chloropicrin) i7 » HECMMATANACL » 1B ERER 2 2
MBS R » SRR T (97 ~10%) » L FSTISKAUE 3 mP L
RAREME IR TSRO T LR A TIRSRGE SRR R o ()
Fi Tachigaren i+ JUSRMM » 43 AT -HI I — 475 BIBERIF AR A B D RENTETE » A
W) > R 14T Tachigaren 1,000 fEchssiini: 500ml  GOREZSF AR 8 470 » Wi
B2 TR I Z BEHERS » R ATREPES00fHE » TTAE B BB AR o

ABBRTETIGIRRG) (97) 7R AFEERERND HAREEEKI AR BT
FE » BEITITRIB R R Tachigaren 1,000 KRTRIE » FUBTRAA » 45 B HTER500~1,000 ml

RIRTAE B AR o




B OB

A (1971) 8 1 Wi e (LRI B A TR (F R AV BT S L T8t 4 AR S A R »
HERRIERE » B HRREURBR T FrasEHmEnT @

B R AR O SR « Sclerotium sp., Helminthosporium  sp.,
Fusarium sp., Alternaria sp. Jr Monilia sp. % o L B BERE RS EPHEEOEEE >
B8 Sclerotium sp. o

RPREIWE » BRTHEREEE » RESEEEEREH M Tachigaren 1,000 5K 500
~1,000 ml» AEBRITZEEESE

Vi

Z X K

1.hEBERAE (1963) : WEFIEFIEHREER > p18~20 » HEE o

2. RGP B E (1968) : BAFRFYRESRALRE  p.7 o

SEEMEKE (1959) : HIfINE & £ OBiRE: » BEREE > 34 (2) :365~368-

4.0 E (1956) : EEMTERE—HEEL  ERaEH » 3 (2) 110~11-

S5.EB=E (A971) M A AME OEATROB ES » 4 HOAZE 15 (3) 141~43»
6.1&MRI . (1958) @ KE » p.107~108 » FAES -

PRELIMINARY INVESTIGATION ON THE
RICE SEEDLING DISEASE

by h
C. C. Chien and Y. C. Hung

Summary

In order to pair with the operation of rice transplanter, seedling cultivation boxes are
used at Hua—tan Hsiang of Chang-hua Hsien. In the first crop of this year (1971) , the
rice seedling disease severely occurred in seedling cultivation box. Concerning with the
pathogen and controlling methods, the results are obtained as follows.

The fungi isolated from dead tissues of the discased seedlings or tissues not yet comp-—
letely dead, were Sclerotium sp.; Helminthosporium sp.; Fusariwin sp.; Alternaria sp.
and Monilia sp.. On the other hand, there was same fungus Sclerotium sp. obtained from
the roots of diseased seedlings and from sclerotia existed in the contaminated soil.

For the control of seedling disease, seed disinfection and application of “Tachigaren”
onto the seedling cultivation box at the rate of 500~1,000ml per box at 1:1,000 dilution,

might give good control.
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1 2 3 1 2 3 4 1 2 3
A B C
l.tAEREL BB - 1. BT B EHE R 1. L3R » BEEEEYED
2. HEEEE  BEE Tachigaren 500{Z o Tachigaren 1,000{&#% °
3.1EBE  EEE 2.:LEBR  BEEHEWEE 2. HER%  BEEE RN R
Tachigaren 300£%¥% o Tachigaren 1,000£%% o
3. +EBE  BEEEE - SRR BEREME-
4. TEmEBE ? HEREME- 4. HEIHATE s BRI

1 2 3 4 1 2 3 4
D E

1. BBeE » BN EELER 1. HEEIRE » BEE R IERE K -
Tachigaren 500f%% Tachigaren 1,000£%%% o

2. TIERR  BEREYED 2. -EBE  BEEEWEDE SR
Tachigaren 5005 Tachigaren 1,000Z%% o

3. 1ERE Y BIEEE - 3. EEE  BEE

4. HERSE » BEEE - 4. TIEMIEE » BUEER

[E= ~ %= Tachigaren HEHEE L FE
Fig.2 : The influence of Tachigaren on the growth of rice seedling.



#kBE%] (Green asparagus) RERHIHIARSE L2HMR » HENERER -RLAESE (White
asparagus) {E15~200¢ » [HHEEEM CLiiEMa CaR) MABEARE - MENRERI®Z
R — > MESMETIEEA » WESEARE - REIEEEEZEE » et EE 2 REIR
o ROmEE R BB B E R 0 ORI R o KRR KFRIEHZE » DIRAIH
PRESHIBRT » Seinl)idBs o

- MERFE

(=) HRER B R
Lpgiaam  UC 71 (&%) o
2. T A 1120 20cm, B :120%30cm, C.: 120<40cm, D : 120 x 50cm,
.MM /NEER 1.2m X 10m =12m? 5 —fEEEiEIRE —/NE » 4 B > EBEMEES] > &R
B ERE192m? o
(=) MEHELERESEAET AR
LEmARgE  UC2 (g4)
2B T R ¢ Tender pod
S.HMFEEE : A MfFENEEERER - B HEEENEHREKEE - C L RHEF R

2 o
A ~ BHEIWEYTEL0 F R e Rk A W AU B » £k 30cm o

4. BEREET ¢ ANEERKL2m x10m =12m? » 3 E3 » 8 HE » FREMLET] > REEFER288m?
(=) Hens s ERELHIRE PR
1SR HERTE - UC 309 (—gEHE) o
2. T « A Diaron 80% W.P. 1.04/AE B : Monuron 80% W.P. 1L.OAF/ALE

C : Herban 80% W.P. 1.2 F/Z2tH D : Afalon 50% W.P. 124 AE
E : Lasso 48% E.C. 2.0 7] A F : Alicep 45% W.P. 242F [ AEE
G : Lasso 48% E.C. 1.04F+Herban 80% W.P. 0.6 [ AtA

H: Lasso 48% E.C. 1.08F-+Diuron 80% W.P. 0.54 R/ A

I ATREHRE o TR EEBRE -

A ERFHEER G L HIORE » ORI SRS » BB AL R MRS
AR RS2 » SR erE 2 W) » BEBCEEBCAL, o

| RS B R LR GRS  ~ R R T

2. E S R L BB S T
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3.HIREIEE /NEFEEL2m X 6m="72m? » 10578 o 4 B » Z@IEHEHS] » AEEER288m?

= ERR S
(=) il B A T SR B
LB B2 0 MER R nEl
‘ ®1 KERRBMEERZYE

Table 1. Effect of planting distances on the yield of spears

12m? NEFHER | 10 & 74 5 18 B
B H Ave. yield per 12m2 plot i yield per 10 are Index
Treatment | @ (%) | mﬁac@>‘§ﬁ<f> | eaE (kg) | W% E

No. of spears ‘ Wt. of spears | No. of spears

! |
i |
|

\
Wt. of spears]‘ No. of spears

|
|
120.50 i 124.85

A 20cm 264.50 3.278 \ 22,040.79 273.14

B 30cm 264.75 ‘ 3.228 22,061.62 1 268.96 120.62 123.94
C 40cm 247.25 i 3.103 1 20,603.34 ‘ 258.60 ( 112.64 118.20
D 50cm 219.50 } 2.626 ‘ 18,290.94 218.78 ‘ 100 100

0. PR T B R 2 IR | R
S0 kR B A B B B

Table 2. The relationship between planting distances and accumulated yield of spears

| B | }
};‘Z ke ;@ - f“; i g?: — $ = ‘ﬁi ZF‘ i":]
- e e .
Treatment | g & | & | B & | 8 W | BHEE | .

(kg/10a) Index i (kg/10a) Index (kg/lOa) Index

A 20cm 232.98 137.88 1 273.14 ‘ 124.85 253.08 ‘ 130.52

: |
B 30cm 179.70 106.35 268.96 122.94 224.33 } 118.71
C 40cm 183.87 108.81 : 258.60 118.20 221.24 | 114,11
D 50cm 168.97 100 218.78 ] 100 193.88 } 100

3. PREFpETEUH R A E 2 BAGR | RAIEKS.
R 3. PRI IR ARG E ZBR R

Table 3. The relationship between planting distances and ave. wt. of spears

g ogm | B - & “ # = @ = & F 0B
Treatment | ZN35 = & | 18 ® | B EE | I8 B O RHER | IR
Ave. Wt. (g) Index | Ave. Wt. (g) Index  |Ave. Wt. (g) Index
| |
A 20cm 11.59 9847 12.39 10360 11.99 101.01
B 20cm 10.93 92.86 12.19 101.92 % 11.56 97.39
\
C 40cm 11.33 95.26 12.55 10493 | 11.94 100.59
D 50cm 11.77 100 11.96 100 } 11.87 | 100
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WA SERAEEE > EEDKIE 20cm (AREHE) EEEE » 30cm(BEE)E » 40cm (C
EEm) Bz 50cm (DEE) EEERE o ARB20cmE k50cm EE—aiEE 37% 0 BER
2496 » IR0 » RENHREER/D » EERA o HAEE /R Jones & Hanna (1940) ,Hanna

(1950) Morgan & Isacs (1960) R ZHERIEA o MM EAL X B 2 PREE TR
JEEE > 3E > i Morgan & Isacs K2 R#AEF o Morgan & Isacs (1960) #iihis i
kPR 18 0240 JEERIE 2 2 S E HobkEE 6 M a12nd REETRE » BH=EEES WEHEPE-H6
nga12m) > pEEERE > 18nf Ba24n) RIS RF A AR - ERaMEEk ) NBSEEEY » B
T R R o2 L) R 2 2 38 DT S 2 » 0 0 M R 2 K R o B B (1 AR 2
WE o

(OB ESERXERESERRERR
1. Ve N A I FE B B | R R IR RS,

#£4. HERERE-FRBMEKERZPE

Table 4. Effect of intercropping on the spear yield of the first year

12m? JNEELER 04 W B R b 3
= beiid Ave. yield per 12m? plot yield per 10 are Index

Treatment | WEEEL (3 |REEE (ko) | Mol () | HBEE (o) | W = W | M B ®
No. of spears| Wt. of spears| No. of spearsth. of spears|No. of spears | Wt. of spears

ARJERHIRE 187.13 2.468 15,593.54 205.66 87.14 | 80.31 a
B BIfpighess 195.63 2.649 16,301.85 | 220.75 91.10 8620 b
C AR RIE 214.75 3.073 17,895.12 | 256.09 1 100 100 ¢

o pEFAR Y 2 REEERERA Duncan’s Multiple Range Test PRI » EIRRFE R R R RS R
Rz ZRERE

%5 H{FREESTAEGREERZPE

Table 5. Effect of intercropping on the spear yield of the second year

12m? NEFLER L0 4 owmoE R 1 ®
B P Ave. yield p2rl2m?2 plot | yield per 10 are Index
Treatment | W (%) | WEE (kg) | HEK () | #EE (k) | M ¥ # | M X =
No. of spears| Wt. of spears| No. of spears| Wt. of spears| No. of spears|Wt. of spears

ABteEMEEE 188.75 2.064 15.729 172.01 108.34 102.03

B lifeaiZET 1185.78 2.138 15.479 178.15 104.65 105.67
BRI :

C REEERE 1177.50 2.023 14.791 168.59 100 100

A RBRNE R R SATKEAEAETSKEBAT ZHEAEHRER (B &)
s MOBAT 2k AT RE 2 SET (A BHE) » £4EMIFY—{F » TR BTERNR 2K
A o BABE G » MR BHEREIER 20 T > NER A LTINS FEABEER ZER
o A RBEEREE  KEPELSMEND  BECEORE 2 AEARE  MERNFEE
[E R F S B E R IR 15~209% » ILERMEH VRS » RIBTE 258 - LTREANEE—(F



56

REUFRLERGWEL - R BHET Z IR BI85 385 B B » WEEZ e R E
B RIERRMIFE M 2HMEE o
RERWAE > REEAEMF AR D2 R > 2 B2 T » BB A
WEEENRIBARYEBRETEE - REE5. 57 TEAFRE S M 2 R » R
W—(FRE » MHE B ERE 2 EES) > 8 M5~6% o
(S HESES SR RS

1. ESWEEYEEEE R WS k6o
6. ZEEIE I EE A R

Table 6. Important weeds of asparagus field in Taiwan area

OB & B B4 =) £ s =h
1.4 & = = Eleusine indica Gaertn.

208 & g =& Z Digitaria sericea Honda

3.8 | OE 2 Digitaria longiflora (Retze) Pers.

4 B OE 7 Digitaria chinensis Hornem. Beanv.
5.5 B 48 =& 7 Digitaria violascens Link.

6.% ¥ B 2 Echinochloa crus-galli. Beauv.

7.8 7 7 Echinochloa colona (Linn) Link.

8.5H ZE B R v Echinochloa crus-galli Beauv.
0. R fs = 7 Dactyloctenium aegyptium (Linn) Richt.

W.hEBEBEE 2 Eragrostis plumosa Link.

11.3¢ B 2 Imperata cylindrica (L.) Beauv.

12.4 = % E R Mariscus cyperinus Vahl,

13BR 76 3 & z Cyperus difformis Linn. » MEIEF
14,35 = 2 Cyperus iria Linn.

15.% B = z Cyperus rotundus Linn.

16. e #ehr 17 28 TEREECR] Commelina undulata Br. o 3
7.8 B = Kk # Phyllanthus niruri Linn.

18.55 B B B Polygonum caespitosum Bl

19.8¢ B 3z B O® Amaranthus viridis Linn.

2.8 # 7k A Alternanthera nodiflora R.Br. o # 1k
2% X B 7 Alternenthera sessilis R.Br.

. EZBEHE BEER Portulaca oleracea Linn. ¥ R
2.3 R OB Vel Stellaria aquatica (Linn) Scop. BB E
2400y ZF oz -+ {ERE Rorippa atrovirens (Hornem.)

25.4 = = = B Mimosa pudicea Linn.

2.0 3 ERE R Oxalis corniculata Linn.




2.

21.8% T
28.%8

2008 ¥
0% F H
3l R H
32. B &
3.\ M OE
KL ]
BE W OB
BEEHEXR B M
Taly
38.% &
39.4 %
400 £

b

%

o o m

fak

#

Acalypha australis Linn.

Solanum nigrum Linn.

Physalis angulata Linn.

Ageratum conyzoides Linn.

Chenopodium ficifolium Sm.

Wedelia chinensis (osbeck) Merr.

Erechtites valveianafolia DC.

Soliva anthemifolia R. Br.

Centipeda minima Linn.

Gnaphalium purpureum Linn.

Lactuca indica Linn.

Bidens bipinnata Linn,

Emilia sonchifolia (L) DC.

Alysicarpus nummularifolius (L) DC.
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FEBEZHE  RERFIEHE » 1E  BEIEE SRS B BRI ESHA L »
MEREIUNERE CRRZD) ~ R BEE (B3 ~ 5l HuREM - BRE Sy

s o

PRECREERE MR A4 v P BB R ET o

=1.

PR BT B SR B A R B B AR

Table 7. The relationship between herbicide treatment and weed emergence.

~ EEEEE ]
\ ) ___ Date BEFEI0K B O % 45 XK B OHE % 60 X BEHBLIBEX
NIRRT o
~ Weeds ] ‘
, s | M| A | SE | WSS | AR | A | WEE | AF | &% || an

B B Treatment
A 280, 200, 245 1.73] 4.30, 3.02f 2.08 0.40 124/ 4.40 " 1.00] 270
B 2.65 1.18) 1.80 1.88 0.5/ 1.02] 1.68 0.30] 0.99 374 1.78 276
C 275 3.05] 290 1.60, 1.55 1.58] 1.53] 1.18 1.38] 4.95/ 244/ 3.69
D 3.020 3.40, 38.21) 1.0/ 0.55] 1.28] 1.3 0.83] 1.08! 4.07' 222 3.4
E 4120 271 345 268 0.93] 1.81] 245 0.93 1.69! 5.82| 244 4.13
F 3.78 3.67) 374, 8100 185! 233 2.60 110, 1.851 692 3.89 B5.41
G 1.87] 2.60] 224 273 218 246/ 1.800 223 2.020 593 467 5.30
H 370 170, 270 1.80] 0.13] 0.97] 2.10| 0.20{ 1.15 4.84] 0.44/ 254
I 6.45] 7.32] 6.89 5.43] 478 5.11 6.33 6.43] 6.38 7.69] 11.33 9.31
J 10.00{ 10.00{ 10.00; 10.00/ 10.00{ 10.00{ 10.00| 10.00{ 10.00! 10.00/ 10.00, 10.00

B RERBEREEHUBEERE (JEE) ZHE8I08HE:
3. BB 2 M | WA RMES o
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®8. B EMFHEEREZ HBERBRERR

Table 8. Weed emergence and control effect between Spring and Summer season

N I
\»*. \‘Season #E B E R E = EER
A \\
HER EX = S LA
. Weeds/NEZP#H| 1048 | 8 B INERS| 1048 | 8 B
7ok i(g/7.2m? (kg) Index (g/7.2m2)| (kg) Index

Treatment ™-.__]
A 78.8 | 1094 | 116 |15768 {21899 | 30.99 %&ﬁ% N REEL S BPRIS S RRIR
B U3 | 1546 | 164 | 8328 | 1566 | 16.37 éﬁ%%si%l ~ BEE S BT ER

o
C 104.6 | 14.54 154 11023.0 [142.07 | 20.10 | BREFEENERE - B~ Bk
D 1227 | 17.04 18.1 12488 |173.43 | 24.54 é%ﬁ S EEE R PR B
E 87.6 | 1217 129 |1520.0 |[211.10 | 20.87 %ﬁgﬁgg ~ JEREE S BT ~ BT ~
T
F 4042 | 56.14 59.7 |2398.8 (33315 | 47.14 | SRELJGED~ ARRRED~ ESAE ~ WiRE
G 247.2 | 34.33 365 |1821.8 |253.01 | 35.80 | EEHE ~IEERAM -~ BEISHE
H 45.5 6.32 6.7 | 6758 | 93.86 | 13.28 | BT~ SEIE - B4
1 2805 | 38.96 414 | 976.0 (13555 | 19.18 | FERES~ SRR~ B ~ Frigwr
3 677.6 | 94.11 100 {50887 |706.72 100 | #FEHRAM B~ B~ 4045
BRI

& LAZNERAESFI2H12ARBRTISR » 2 A24RHE -
2.EFHRERIAAERF 4R EEBIK 6 H3EHEE -

4. BREEZEHCME: : FINEK9 o

RO, JEREERBBE LB

Table 9. Comparison of residual effects of herbicides used

BAr 8RR gf72m? NE

# - R E P % = ® ER
Téeatmi%t )

BREKIRZ ATRRERS0 | &5 126K | @E¥E#% 38 X | ATRE®RI | 410K
¥ OE R XZ%EEE ZHRER| ZHEEER | RZEER | 2 B
12.25 788  13.78] 24.65| 26.00/103.45| 79.50, 1576.8 — 8950, — 10,526.8

A { (27.07); (11.83)] (29.73)| (22.06) (64.17)| (30.99) (100.88)
1230, 1113 11L.50, 106.80, 24.00/217.80] 39.25| 832.8] — 3204/ —| 4,036.8

B { (27.62); (16.43)] (24.86)| (95.30) (26.75)| (16.37) (36.11)
16.75) 104.6) 26.50] 31.33| 43.25/135.93] 2950, 1023.0, — 9562 —| 10,585.0

¢ { (37.02)! (15.44)| (57.30)| (28.04) (20.10)| (20.10) (107.78)
1425 1227 26.00f 64.50| 34.25/187.20| 57.00] 1248.8] — 8020 —| 9,268.8

P { (31.49)| (18.11)} (43.24)] (87.72) , (38.84)| (24.54) (90.40)
19.00] 87.6, 15.80] 91.00, 34.80|178.60, 47.50, 1520.0! — 6037, —| 7,857.0

B { (41.99)| (12.93) (34.16)} (81.43) (32.37)| (29.87) (68.03)
- 2430 404.2)  30.00| 143.60| 54.80|547.80, 52.75| 2398.0 — 5010 — 8,308.0

F { (54.14)| (59.65); (64.86)| (128.50) (35.95) (47.12)! (66.61)




24.00
o {

(53.04)

12.00
u

(26.52)

38.52
c

(84.53)

4525
r

(100

247.2
(36.48)
48.5
(6.71)
280.5
(41.40)
677.6

(100)

28.25] 142.63

(50.27)} (127.63)|.

23.00 6238
(49.73)] (55.82)
1850 53.75
(40.00)| (48.10)
4625/ 11175
(100)|  (100)

47.25) 389.83

25.00, 107.88,

56.75! 334.25

91.50, 789.35

61.75 1821.18‘ -

(42.08)] (35.80)

40.50 675.8] —

l
(27.60); (13.28);

13450 9760 —

(91.63) (19.18)‘

146.75 5088.7’l —

(100) (100)“

(100)%
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8140, — 09,9518
(91.75)
8375 —| 9,030.8
(94.40)
8740 — 7,716.0
(75.97)
8872 —'i 13,960.7
|

1. () ARG
2.55—vk (BE) » HI2H12HEM » 2 H24B8 K 4 H15HME »
ok (BE) +FE4AVHERE 63K TATHRAE

5. BREHEENFMERZEE:

HERERIMEI0

#10. BREREHEEERLRR

Table 10. Effect of herbicide treatment on the crop yield

] \ Tomd NEFMER | 10 & @B R B
oA ¥ | Ave. yield per 7.2m? plot [ yield per 10 are Index
Treatment | MW (%) | WEeE (ke) | WO GO | Marm () | M @ B | M @ ®
‘No. of spears | Wt. of spears‘i No. of spears| Wt. of spears | No. of spears| Wt. of spears
A i 157.00 ‘ 1.826 ‘1 21,804.16 283.53 89.84 93.01
B 153.25 ‘ 1.773 \ 21,283.36 246.23 87.70 90.33
C 141.75 ‘ 1.820 19,686.24 252.80 81.12 92.24
D 183.00 i 1.704 21,248.64 236.62 87.55 86.80
E 153.00 w 1.824 21,248.64 253.25 87.85 92.91
F 181.25 : 1.967 25,172.00 273.14 l 103.72 100.20
G 158.25 1.769 21,977.76 245.64 90.56 90.12
H 148.00 1.881 20,554.24 201.16 84.69 95.81
I 202.50 2.466 27,845.44 342.48 11474 125.64
J ‘ 174.75 1.963 ‘ 24,269.28 272.59 100 100
RRER SR EE A Diuron, Monuron, Herban, Afalon, Lasso, Alicep R » BIEEA 6

PR 2 TR AR R 2 TR R e - LR 104

W o BRI — IR EI2H12E AT >

ik BB AR HERERS0K ~ 455K ~ 60K ~ T5RFE » MABOKE (594 4 H15H) T HIEM Ak

M o RAERETE 4 A29F g - 35K% (6 H3HD

BRI 2 R ©

mAeEHEELAER;BRE (7T ATH #HE

FEDIAR SRR T » BB AR A A B A B i I 2R CR > R RA T
B (BHEETS)

5SS AELRL Monuron (1kg/ha) » Diuron (lkg/ha) ZEREIHCREE: 5 HINRIELIE
[pILasso 1¢ [ha-+Herban 0.6 kg/ha j 78 2 res goREE ©
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MR EBRRRREE R » BRI RN HE - AR E R N R R 2
HIVBIRYEEE > (B G008 FRTR » B8R IER 2587 (retention) BAHF (accumulation)
s MAETIERA 2 BB TE (leaching) » REHEEBE G 2 A BT MELIE  AEEE— B2
5o

WA BB LA ZER - U R ZRAE S » Alicep |2 Afalon 2Bk {UlEE » Monuron J
Lasso 2 MEMEER o i Sandhu & Greig (1966) #4: » FEEFIF Bioassay EJl%E 1 1%
Fiih > M40 Monuronfg AtH 1~ 2 AFF » Simazine 2~4 AF 28 » 9HABELBO~30 &
3~Omf AR EN o A6~ B » R R (L EEm 2 585 o

BAEIREERE 2 M BIE RS » &% P Lasso 1¢ [ha+Diuron 0.5 kg/hapgs (HE#E) » Diuron
1kg/ha gz (BIEA) K Lasso 2¢ [hapis (EpE) 2 IREsUREEE » ¥/ 2 B BT Y
IR (JRREL) Z1206DUF » JRENH 9 RZFR B o Alicep 24 ¢ [hajgss (F jEE) 2R B EE
s HEEE R BRRERRBIE (JEE) 260%  FEEFARZRENE - BEESEEAMER AL
> 10 Lasso 1£ [ha+Diuron 0.5kg/haji 4 mss (HEEH) 2RISR % » Monuron lkg/ha
PR (BREED 2 o Alicep 24 ¢ [hajifi (FIEHE) ZIRESREE o (BEET-8)

REARBEEREGR » BRNERDREI0ATMEEERBAT » MEEFHIBSE5F
MERZETORAT  HEBARTH7EUE BHES) » BEMEWAEEL  MEEERL -
B NTRREARE » OMEH » WOE B SR SRR ER B

AR - FTANRZEHS N O RAE RIS 4 2 M A Ay BE s 4 > (H
RZERMEEE FERGRA~13% 2 - SESERy—EA 2 ERTS » EEEMER TS
WA 8 ~200 » WEEBRBAD 4~13% » HEERZERAL - s cERMY 2EA 2 2yES
WG OITER » BEZERRERE 2B Wit » ERWBIEHET AR E /D2 BEHR 4 >
FIREFBREHAEA K » MEHERFZRE > HEMEERE » LEBER2Z BRI » i
EGFIRTR o STEMER AR ST 2 B R 11 > A TIREREE S BE T » DI A s
F o

Mz TR R RIS E BT 2R ENE » R R s S RIER R 2 AT
FIEZ B H B R R H s o

M~ 3 =

Rk FEMEEE20~50e mB B P » AR R > BATEEE BERE 0 #5 20cmpsiEi 50cmE
IS0 - M EA MR EEREE » B ERESZ R RMET S —FSHHED » T
BEFEAME L AEREEMS ~ 63 5 BRI 2 IR » JIREE RS 2 B s 4 )
HAHE P RERELS~20% -

RREEAE 2 M3ERA > 2L Monuron (1kg/ha) # Diuron (lkg/ha) ZBRESS RE(E 3 B
BERER > DLasso (1¢ [ha)+Diuron (0.5kg/ha) & F K Monuron (1kg/ha) R
> MiiAlicep (2.4kg/ha) ZBRELHIRE o AR RN EREIER AR » $RIESEERERE
VIR A 2 K > B A VB 2 B A » (RS EE BRI 4 ~139%6 o R AR s 4 /b % SR 4
oo TEGETABRER] 5 (E7EHERCE A SN A TIREARE 2T » DB R R S
Fo
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STUDIES ON THE IMPROVEMENTS OF QUALITY
AND YIELD OF ASPARAGUS IN TAIWAN

IlII. Fundamental Experiments for Commercial Production of Green Asparagus
by
Chao-hsiung Lin 2
Summary

Three experiments including (1) Plant spacing study, (2) intercropping study, (3)
herbicide study were conducted under field condition with the objective of providing
profitable information for asparagus growers to establish commercial production of green
asparagus in Taiwan.

Spacing study showed that increased yield resulted from reducing distance between
plants, i.e. the closer plant spacing we used, the higher yield per unit acreage we obtained.
The yield from the 20 cm spacing plot was 30% higher than that from 50 cm spacing
plot. The intercropping of snap beans for processing in winter asparagus field showed to
be profitable, i.e. not only get one more crop of snap bean but also get 5~69% increase in
asparagus yield of next year, provided that extra fertilizer of intercrop was applied. Otherwise,
the yield of spears from the intercropped plot would be decreased by 15-20% than that
from unintercropped plot. Effects of several herbicides such as Diuron, Monuron, Herban,
Afalon, Lasso, Alicep and their combination in asparagus field were evaluated. Monuron

(1 kg/ha) and Diuron (1 kg/ha) showed to have remarkable control for broad—leaved
weeds, while, the combination of Lasso (1 L/ha) +Diuron (0.5 kg/ha) and Monuron a
kg/ha) showed good control for narrow-leaved weeds. And the herbicides and rates used
in this experiment didn’t show phytotoxicity on old plant and new spears. Since these
herbicides showed to have some slight influences on the yield of speafs, the herbicides
should not be applied in the season or on the land which weeds might be less vigorous.
In case that weeds would thrive vigorously and costly, they would take water, fertilizer
and light from the crop plants, the application of appropriate herbicide and rate seemed
to be profitable. However the selection of appropriate herbicides, we should consider residual
toxicity of herbicide in addition to the effectiveness of weed control, phytotoxicity on plants

and yield of spears.

This study is a research problem supported by NSC & JCRR.
1 Published with the approval of the Director as paper No.537 (Q)
2 Horticulturist, Fengshan Tropical Horticultural Experiment Station, TARI
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a7l #Q’fﬂ%f B h\ oy & R

% i &2
—#% =

SRR » BB Asparagus officinalis L. var. altilis L. » BERS AR EBEINE
» B » MEHRIEEREY o AHREFE 2 AR NBARRZ - Bk s RETERAG T ARE
> R ATEE Q) (1970) » HEIREFEYISHERER » AR AN R ALK (Phoma aspar-
agi) ~ B (Cercospora asparagi) ~ IKEE (Botrytis spp.) REMEE  (Fusarium
oxysporum f. asparagi) SRERHE » BUEHRESBAIMERERELELE > 5lEG IR
MBAFTZHRZES  BEGIMERRAEHER ° IR ERE NSRBI S BT > Suzu
tablet, Dithane M-22, Dithane stainless =R EHI/E agar B E o MERIRE Phoma
asparagi A& RHMHZR o ﬁﬁ%iﬁjmgﬁﬁz%%x%iﬁﬂﬁ RELAIMEEZ AR
THHEFF SRR I A T RR 2 B e s o YRS FTIERE BARER L » DI 4 B G IHiEs LR
Biih28%

’

REBHHRAE

(=) B st
(S TRME MR R -
QUEER Phoma asparagi ffHEIH SRR LATHERIEREEATA LR

[}

@R BERE 4 WEREBRRTIINE—

F—  PERR R R HA B

Table 1. Fungicides tested and their active ingredients
2 e B | e R e
oo H " o B ) #oE RO

Fungicides { Active ingredients Manufacturer

|

‘\ .
Dithane M-22 ‘

Co.

Suzu tablet ‘ 20% Triphenyltin acetate

| | BALEETHEAR
l .

Difolatan \ 80% Cis-N- [(1,1,2,2-tetrachloroethyl) thiol] 5@ Chevron Chemical
: ! 4-cyclohexene-1,2-dicarboximide Co.
Tenhide ‘ 19% Triphenyltin hydroxide | BARFEEAF

i
8094 Maneb(Manganese ethylene bisdithiocarbamate) 1 Z#E Rohm & Haas
|
|
|
|
|
|
i
|
|

A RBRE T R R LR AR B R BEE R o SURMR ISR TR R o REBEIL
R EBRTHERZ/R |
2 B HBRRBITEE
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(=) HEFHE
A, EREAEER : :

IR L BB E NRBR TR R > BIAE agar P LMK E Phoma asparagi ' EH
MEIZFE 2 Suzu tablet, Dithane M~22 WifE » A€ XA Difolatan, Tehide RFREIY L HIEFR
B o

LR B G IHERRERR T B 23N
Wil T B EEE R potato sucrose agar #ITH » $R10H DB T2 205510 » iy ik Em
WiaTFEER » FRRBERS —ESHERE (400x) 19&H 30~40 FEiE T2 BE » S5
ZIFAEUK 5 B RE3LS, 62.5, 125, 3125, 625 p.p.m.) » I T-E AR 0.5mL FiRmIE » IR mmn
BUHB 2 BRI (E R 2ml) ; BRERBERERKEERS 25, 50, 100, 250, 500
p.p.mEEE - FHERETEE R R o BT ERERRARE TREE (LEg—/ECollodion
#WED b BAFBREERITENBIRIEEN (Petri dish moist chamber) » ifff7ER 28°C
RN » RASNFRAUES BB 28R o
2. B RIS A I MBI B B 2 AR IR AR
AR ERMRER 25, 50, 100, 250, 500, 1,000 2,000 4,000 p.p.m. 8 FEJEE » [
¥#&fr Potato sucrose agar EfRI10R ZiKEEH¥ » AEK 5mm. 2 Cork borer §JRUR 34
BIH > M AR F LN AR 2 Z R AR SRR (BRI 10mL)4&4& 10,20,30,60 4>
SR FIRBEAKFGRE=X » RBEARKE GRREE) BRREH LBSKS BHEBEXER
A BN o REH 22007 » RUEERB Y B BB 2 i BT E o
B. A RIEMTIE A5

HERERBRRE IR 2 E M 84 REE R 2 BB R L s EHGENAEEEEES
SR BAZAIKF - B HEK > BEETHEE o SRR ETEE R 100, 250 p.p.m. FHEEE 5
BAREREREE NS Z RO EEREEOEHE  BREREE 2 ~3 UNERE N IV
T HAR M NI TR B BB A BIR IR 2 SRR R 0 54 28°C » #2848
NEFERHBRER 0 ISR RIA L LI SR 2 R o

C. i

FERTER (RBREEHE) EE4-ERBRTE 25Tk PR B BRI A S ST T
BIEHESL » B SRS B A R B B35 B B TABY M 79 88 2 3% R 2 Suzu tablet,Dithane M-22757E5%
RIS > ROEH BT MM - I BEE Suzu tablet 4% 1/800(=250p.p.m.)>1/1,000( =
200p.p.m.)»1/1,200(=#y 167p.p.m.) =% > Dithane M-22 553 1/400 (=2,000p.p.m.) > 1/500(
=1,600p.p.m.) » 1/600(=#41,333p.p.m.) =REHLER o HLELEL BRI IE TALS » TR BIE R N
Fir (WBLEER) HE (HREHZEERHR) - &3 /NEUE % Eﬁ@@if%;;@f%ﬁ*ﬁﬁ
BRI REE (B ml 98F5 250,000 EETF 2B &5 REBRARBEEN 2 5RER
s PRFF28°C » $R48/ N R IR I B IRIE R A » 87 KI5 B 43 BIFHA 45 T 2 BRI TE » et & Al
THBT AR B A 23R -

(=) KRB R I TR S

AT (FHSEA SRS Al 3E » 586k KRAB/ N SR T
o HiFEINE -
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Table 2. Toxic effect of fungicides on pycnidiospore germination

wom oM | om B BEETH | BEWTR | B F A | M (CKAI00)
Concentrations | No. of spore No. of Rate of Index number
Fungicides (p.p.m.) examined germinated | germination (CK=100)
spore \ (%)
500 900 0 0.00 0.00
( 250 900 0 0.00 0.00
Dithane M-22 4 100 900 0 0.00 0.00
1 50 900 0 0.00 0.00
\ 25 900 0 0.00 0.00
500 900 0 0.00 0.00
J 250 900 6] 0.00 0.00
Suzu tablet {100 900 0 0.00 0.00
t 50 900 0 0.00 0.00
v 28 900 0 0.00 0.00
( 500 900 0 0.00 0.00
] 250 900 0 0.00 0.00
Difolatan ! 100 900 0 0.00 0.00
]; 50 900 0 0.00 0.00
L 25 900 0 0.00 0.00
( 500 900 0 0.00 0.00
\ 230 900 0 0.00 0.00
Tenhide J 100 900 0 0.00 0.00
| 50 900 0 0.00 0.00
25 900 0 0.00 0.00
CK 4,645 2,578 55.50 100.00
i

3%~ » F5R Suzu tablet, Dithane M-22, Difolatan, Tenhide % EBEE » HEE
25p.p.m, REEHIHINRE T 285 o

(=) &35 A T AR TS B R 2 A R

ARG — R (B—BRA 2 —REE) £BE A BEEER > EE6 1R & 4 BRBEN
o T s HEERIES
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Table 3. The killing effect of various fungicides on the mycelium of

= AREHIEE -T R SRR B R R IR R

Phoma asparagi Sacc.

v p=4
® OB A 3 _E = Tiriie of dip}f?;xg (min.l;Eﬁ @)
Concentrations
Fungicides (p.p.m.) 10 20 t 30 60
I
/ 4,000 + - - -
| 2,000 + + - -
| 1,000 + + + +
) 500 ++ ++ ++ ++
Dithane M-22 1250 + o+ ++ + ++
| 100 ++ ++ ++ ++
L 50 ++ 4+ ++ ++
{25 +++ +++ ++ ++
(4000 | - - - -
| 2,000 - - _ _
| 1,000 - - - ; -
| 500 - - - —
Suzu tablet l 250 _ _ _ _
100 + + + +
-1 + + + +
\ 28 -+ ++ ++ ++
/4,000 REEES ++ + +
| 2,000 o ++ ++ +
| 1,000 4+ ++ ++ ++
/800 + 4+ +++ ++ ++
Difolatan I 250 ++ + o + ++
| 100 + 4+ + 4+ +++ o+
150 o+ +++ +++ ++ +
VB + + A+ o+
/4,000 | + + + -
2,000 | + + + -
1,000 | + + + +
- / 500 | + + + 5 +
Tenhide | 250 | + - ;’ < “ +
100 | ++ + | + 1 +
50 | 4+ ++ + 5 +
25 E ++ + 4 + | +
i |
f | ( |
CK | +++ e+ 4 R

|

R+ ZSTRTEREEEE -

Note: Number of +marks indicates the grade of mycelial development,

mycelium growth.

BEROITR » SRR Suzu tablet B H > 7E 250 poan. ZIEEER104 M0

FORMESREL o

—mark indicates no
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BEARE BN » X Dithane M~22 Z 2,000 p.p.m. &304 4% > Tenhide Z 2,000 p.p.m. &

TR605y SR BHR » AR BRI AE L (AU BE 2 RBE P9 S04 R » HIRITEDEES = 4,000 p.p.m. 74
FRFER IR R o

(=) EEZEMTELG Bk
KRB EERTELR > FAERE K 28°C HEmER » %F.AS/J\B%"’HK&(@ﬁEW #15H
TRBEEL > RS SR A S TR AR AR —

ull

MEZKE

100 /100 papam,
==y 250 p.p.m, 7
(=1 -
g ] 80
=]
4 60, -7
X ;
o 40
°© |
& 20, l'a
8
[=1
g % i .
= ~ = c (=] (<]
g 8. Ex &f = g
Ny - © g"
b ® - -
B 4 ® =)
a o o
g

B — » BBEHB L TSR Z BB (%D
Fig. 1. The effectiveness of various fungicides for prevention of asparagus
stem blight (stalk)

WEEOFR » Gl Suzu tablet BB HE > 7F 250 p.p.m. ZIEEF > HIERERE
100% » Mi7ZE 100 p.p.m. FREFELE » 7% » Dithane M-22 T?ﬁ’ﬁxﬁ% ) HAAT BRI
(M) EHEkERE

AERBRUA Tk g E AL B i 28°C B » A/ NSRRI kB =R » 15E %A
¥ RS » NS RER 2T » RS RNE S

100 .

§ A
el SJ"E el
g YA
£ 80 /" Suzu tablet
& Pi e
= 60 v
Fq)l s
oo
‘2‘ 40
g 9
0o~
¥ 20 .
Dithane M-22
i
T T T L} T T
@) - = () o] =] —
s s R oSS oa
(&) o o 8] o [e)
o (o] (&) 8 o

E=- %ﬁ%ﬁli‘fﬂ?*ﬁﬁﬁﬁZ?ﬁ%xﬁ% (EFRMER

Fig. 2. The effectiveness of various fungicides for prevention of asparagus
stem blight - (potted plant)
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B EEOBUR Suzu tablet 2 U HE » BLIBEETIS Dl Yool (=250 p.p.m.) 23 EESE > &
X5 Suzu tablet 21,0000 (=200p.p.m.) > Tfi Dithane M—22 Z JEBh % SLH5% o

meE &

BEFEERENRBIEEE  BRE agar T ENEHRE 2 A EHIHEESZ  Suu
tablet, Dithane M-22» 5 jnA Difolatan, Tenhide %ﬁi%ﬁﬁﬁjﬁé%ﬁ%ﬁﬁ%ﬁ%% s ATEFEH
BRI ERIRENIE T3 25 s WSR2 BRI, Suzu tablet BEE » HXE
Dithane M—22 2 2,000 p.p.m. 1530548244 » 978 Tenhids 2,000 p.p.m. EE605 478 H 2R
B2 SR o .

Eﬁiﬁr{%ﬁi@%%&ZfﬁZ%ﬂ&@@f%E%ﬁii@%ﬁﬁﬁ% ~ RPN RS R Wl — ~ TR
4 TR BB R 2 B AU L) Suzu tablet SEEAZC > 76 250 p.p.m. 2 RS H D 221009 o

VE RGN MR a2 ~ B SERR RS & > Suzu tablet 2 URFEE » BRIEEETIE » DY w0
# (=250 pp.m.) ZHEREE » IS AR A& R B HI B SAB S JR4E7E » T Dithane M—22
LR o

ERYA-THEIRIEEAERRR - & REH T R R R A R A R
Suzu tablet » 7EHMEM L2 B0 > 95 B — 5 2 BFSTHES - '

-1 2

1.BE3R8 8% Suzu tablet, Dithane M-22, Difolatan, Tenhide & B & BEMRETBE S
TR HELE

2. BEMIRIR R B B 2 BB o R B Ll Suzu tablet £/ » #% Dithane M-22,
Tenhide Z 2,000 p.p.m. FREEH 24 o

S BB BN IR 2 BB R » 704 KEEMITAD 8L Suzu tablet 2 250 p.p.m. BEME » 3
X Dithane M-22 FIEHKE o

L TERANER R » BB R R4 2408 » 5L Suzu tablet 553 » T Dithane
M-22 230058 -

OTERMBERISER ~ A RTERITA R  ARIEH RN RS 2 B A7 T S e e 2
R B RE~SZEH -

x 2 F X B

LB ILFL « WH K% A98):ERAE v Iy 7 BE% p 4430

2 BINFH o 1] FRE (1965): MWK EERE: B AMYSEE pp. 656~723¢

3L < EETR (1965): 3o A ke El: BT pp. 1~200

4RHIEE (Q964)  BEAERMS 7ATHA RLETEH: pp. 291~298

O.MILIEE (1958): iR MIEBRAERIRE®ER: %82 pp. 173~180 0

6. HFE— 2 EHF (1966): HEORE LBRE #E% p. 2150

7.Walker, J.C. (1952): Diseases of Vegetable Crops, Mc Graw-Hill Book Co. Inc.
New York pp. 1-9.

8.RMEE (1970)1E;37FETP§%§Z%JEF§E"J§%'JE (B—#) EFEHEE 194): 71~81-

9Lzt (1958): TR R pp. 341~373- :
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10.35 R/ « 3 RES (1967) WITRFFHERE #H% pp 355~356°

EXPERIMENT ON THE CHEMICAL CONTROL

OF STEM BLIGHT OF ASPARAGUS
by
F. S. Wu

Summary

The asparagus stem blight caused by Phoma asparagi Sacc. was a destructive disease
found in many fields of the asparagus growing areas in this Island. The present experi-
ment deals with the fungicidal test, in order to evaluate cotrol measure of the asparagus
stem blight. The results will be summarised as follows:

1. In the toxic effect of various fungicides on pycnidiospore germination of Phoma
asparagi test, the fungicides Suzu tablet, Dithane M-22, Difolatan, Tenhide gave the good
results.

2. In the fungicidal test with the fungus mycelium, Suzu tablet was the most effective
ones, and Dithane M-22, Tenhide at concentration of 2,000 p.p.m. had some inhibitory
effect.

3. The effectiveness of various fungicides for prevention of asparagus stem blight by
asparagus stalk test, Suzu tablet at concentration of 250 p.p.m. was the most effective
ones, and Dithane M-22 showed some effectiveness.

4. The preventive effectiveness of fungicides on asparagus stem blight in green house
experiment, Suzu tablet was the most excellent ones, and Dithane M~22 be inferior to the
former.

5. Effective fungicides on inhibiting the development of causal organism and on pre—
vention of asparagus stem blight disease occurrence, selected by laboratory test, asparagus
satlk test and green house experiment are expected to be checked by field experiment.
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B S 3 A T B
AWt B8 v 2 B4R AR AT 5

¥ — B
—

Esn BRI (Potato leaf roll virus) HHZ Kbl SIENEHE » 3 R #Botjes (1920) =4
4 o hfRKasai (1921) » Smith (1929, 1931) ,iE+ (1946) s &1l (1964) sz » BEMyzus
persicae Sulz. , Aulacorthum matsumuraeanum Hori, Macrosi phum euphorbial Thom. =
AR 2B i # - Kirkpatrick (1948) #i45 Physalis floridana Rydb. B&i%2 Mkt o BER
AR B EE > Day (1955) , Harrison (1958) , Heinze (1959) , Kassanis (1952) ,
MacCarthy (1954) /EA-+t> (1966) » KBS (1966) » Smith (1931) , Stegwee (1958,
1961) , Williams (1957) &5 ARAESERNAAE BRI o Kirkpatrick (1952) , Klostermeyer
(1953) , Meester (1956) » FRIFEAR ZBIERTRME » WWHRM o Day (1955) , Heinze
(1959) » Kirkpatrick (1952) , MacCarthy (1954) , kB2 (1956) Smith (1965) &k
JURE 2 I BT RS > (5288 » #20R (virus source plant) REEETIAE o Day (1955) #:
W ARIRIR TR - WESRE MBS - Stegwee (1958) B LIS NS RER NIRRT R
E2HE8MI8%E 5 T Harrison (1958) HIZ &8 o A REBRAEERIL AR 2 SR 5 (5 BT TR P e 2
BRERN - FHUBE 225 > 19641965 45 R H A bk B BB AT » AL A g
FoNE s e B Bl » EEREIE - :

= MHEFE

BEGERERRANL (BEE) FARZIH I (Myzus persicac Sulz) 4
¥ Physalis floridana Ridb. B Datura stramonium L., Vit 2 BiEYRE R —E B2
I REERIR - HRABEEY (test plants) BkAEERK 9 545 » 1288 RIS AL TEHk 2 P. flor—
tdana,D. stramonium REI 1 BEHE » RBHE2~4EMZ 2 ~ 4 EHRSUH o HEE Ak
RO ES > AEEERPEEZHE L ARIENRRIE EHES (18~28°C) » WF SR R 6
BE o ARABREDl Myzus persicae HE » MiDIRER 2 Physalis floridanafigsmsis » ETFH=
TR

(=) BHRZEFRARKM (acquisition feeding period) JifsseE=RE P&  (Starva-
tion) 3 ~ 5 /NI ; ﬁ(?z(’c%':ﬂ&:iﬂﬁ%ﬂ]l (B9 A5 Pz SmiFREE » B 8 A& T 8 Ho s o
WESB AR 5 ~ 10~ 20~ 30~ 608 7 o KIRIEH W A MR T RIS 85 3 B Rk
Y > I L SR o TR S A8 N R R 5 BRI 2 BIRER o

(Z) FHZHEER AR (inoculation feeding period)  HHFfEEiA 3 ~ 5/ AT T
TR LEFW AN BEiA 3N ARBEREMY L > SEK 1 ErE HERAERMS R
5 ~10~20~30~ 603 FTE » BTER AR TR EN £ » WERSEREY 2 BRE o

(2) ¥HRBEAZERY (laten period) 4 S5l & 3 ~ 5/ NEREH EHEE LESR A
6 /NR R EHENE Y b o L L IR BER A 6 NSRBI EEEES 1 kEEREy L
MEHRA—-EFBER6 /NEENBER 1 EREY L » B8 7% » LBSERREE -

(1]

1 ABREBEFRISNAE 2 EEABESRRSTEsEERRSIEL
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(=) RABSREREERFEE AR SERR (BB »BRMNE1L -

# 1. REESRAHEET EEERBRIEN ZVE

Table 1. Transmission of potato leaf roll virus by Myzus Persicae

using different acquisition feeding periods.

TR AR R BB TERREE (%)
) D) Plants infected/Plants inoculated
duration of infected
acquisition 1 ] percentage
feeding (min.) | B ¥ — %% | P. floridana | D. stramonium total
! | :
5 5/16 | 1/63 \ 0/10 6/89 ; 6.7
10 7729 [ 3/88 | 0/10 10/127 7.9
20 6/11 ] 1760 | 0/10 7/81 8.6
30, 10/28 l 1/81 0/10 11/119 9.2
60 0/5 ' 5/22 — 5/27 185

B L ETTa o BSZEAT b L A 5 A RITT MR AN 0 PTSEELREREE 6.7 5 605
EER18.50  HEMERMKE » AEEENIKS -
(=) ARSER ARSI EEAR 2 E 8RR ERE) » BRNE?2 -

= 2. FRFBRR AN DL R 4 MR 2

Table 2. Transmission of potato leaf roll virus by Myzus persicae vary

with different inoculation feeding periods.

B AR TR B HEARY s (%)
C2)) Plants infected/Plants inoculated
duration of infected
inoculation l \ percentage

feeding (min.)) | B % — % | P. floridana \ D. stramonium | total
5 2/11 2/44 0/30 4/853 47
10 16/37 9/61 3/31 28/129 217
20 11/36 8/30 10/29 29/115 252
30 13/26 11743 9/21 33/96 343
60 14/21 5/21 — 19/42 452

H BRI AR 2 SR ERREY BB A 5 BT RE AR - TR RS
4.7% 5 60545 F345.2% o BB ARMARR » HERBEREEE -
(2) BHERIERRESHEERGEAZBRIRSE (B=18) FRNES -
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Table 3. Laten period of potato leaf roll virus in the Myzus persicae.

# R M H SRR | BERAHE (8 OB & K 5 FROBT Rk % 2 SEETS G

ChRR) k)
Infected plant discovered after
Test plants acquisition infection insects

feeding (hrs.) | feeding (hrs.) per plant

Duration of Duration of No. of | transinoculation (hrs.)
\ 12 18 24 30 36 42 48

f
P. floridana 6 6 i 1 t - 4+ o+ o+ o+ o+ o+
D. stramonium 6 6 1 i - - + + + + +
— &k (Healthy) —+ @ EYskk (Infected)

B ERTA » R AR LERRAENSE » ZRI8~2U/NED B2 B » IR IR AR

» BTN TR AEDRET 48 MU 18~ 24/ Nis 2 7B (R AT p 4 30/ 58 © R Lt S TR R B

» TTAIBREF B AR 284 - B8 3 ~ 5 /N BT R R 2 BRIF AR b S 2 B A RIEETE R » TS5 e

BN R AR AR 5 SO BRI AR 18~ 24/ N IR IA SR (B AR » T R AR E SR B R

ZIER RIS ~2UNEE DL L o i1 LIRS ARG 2 R R ARSI R » PTRESRLERE » Ht

B ARG o XiEDay (1955) #ima R ZBRYGRRESRAT B ZEBNEERT &2
[ o

M-/ =

FRBAERATRAESRERBREERERMNKIT SR ERERERZEE ) RERRES
RIEF BN 2B R o A RBAE RkiFR e Physalis floridana Rydb. 2 B ZHBIERREE
BRBMREREE T RAENMR L 48 - ARESEHKIFEEA 1R P. floridanaf§gysE &g
ERBERMEL 08 - ZEHHEESES > ﬁ&ﬁ/\&ﬁﬂ‘kwwmﬁﬁ ERE 6 /NS » KIRREEKITER
2B R IAR18~24/NEs o A RERIE FE Day (1955) , Williams (1957) , Stegwee (1961)
Tanaka (1970) Z#&AHED - ’
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LATENT PERIOD OF POTATO LEAF ROLL VIRUS
IN THE GREEN PEACH APHID

I. I.. Yang

Summary

This paper reports the relationship of acquisition feeding period, inoculation feeding
period and latent period to the aphid transmission of potato leaf roll virus by Myzus
persicae Sulz.,

The shortest period for acquisition feeding of potato leaf roll virus by green peach
aphid from infected Physalis floridana Rydb. plants was 5 minutes. Viruliferous aphids
transmitted the virus to healthy Nunlin No. 1 and P. floridana plants by inoculation
feeding of at least 5 minutes.

The shortest latent period of potato leaf roll virus in aphids after acquisition feeding
of 6 hours was found to be 1824 hours in green house temperature.

These results are comparable to those described by Day (1955) , Williams (1957) ,
Stegwee (1961) and Tanaka (1970) .
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1.k& (1) AK500 AF/AE UEHD L
(2) AK5,000 &7,/ AE GEdED L,
2.8 (1) P, O5 80 AF7 /ZAtH P,
(2) P; Os 120 27 //AtE P,
(3) Py O5 160 &fF /At Py
3 NE (1) RERmBRE Io
(2) #SEmEN L

NEEE 20m2, E bm, & 4m o R RERKT AT (Glycine Koidzmii) » %% » /7#E80c
m s F/NERENE 547 0 1R I5ARF /AE » iIE/NEEERRI0ARE - AT REN » TRURER
BEBTER » (BYABE20AT /AHBE ; HIEHERME 10047 /AtE » (FRERER 5 BIE
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2. H AR IEL B2 AR ORI B -

S HARAE (RLf) FEKEBRRILT » BRLEYE -
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LR KRR » SR B RIRRE o (Lo Po 1)
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AFTEYT > #5845 5 A 8 HIEE > 8 A23H LX) o
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Table 1. Green weights of Glycine koidzumii

o B0 B ] B OB
= L A % kg/Plot Average Yield
. AFSINE | ST/ A
Treatment I | i} v kg/plot kgfha
LPiIy 21.50 16.10 17.50 19.25 18,588 9,294
L,Pi, 22.50 1470 14.17 18.50 17,468 8,734
L,Psl, 20.50 20.00 20.00 18.75 19,813 9,907
L,Ps], 19.00 30.50 20.00 22.50 23,000 11,500
L,PsI, 28.75 22.50 20.00 18.00 22,313 11,157
L,PsI, 39.63 25.00 19.50 23.75 26,970 13,485
LoPqI, 19.00 23.00 16.00 20.00 19,500 9,750
LoPiy 21.00 28.70 21.00 15.75 ' 20,863 10,432
LoPol, 35.30 3L.10 20.00 | 28.50 28,725 14,363
LoPoly 32.63 32.20 31.67 1 25.00 30,375 15,188
L2Psly 38.00 35.80 33.50 21.00 32,075 16,038
|
LoPsly J 50.80 | 44.20 4250 | 33.00 42,625 21,313
1
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Table 2. Analysis of variance of the yield of Glycine koidzumii

N J‘ NN _ R B F 5
br = B K OH B OBE|E o F| 8 J7 | F & |_Theoretical F-Value at
Source of variation ’ I)lcigéf‘lin(if §UL1;IEIH'2£ MLe:lrrles F-Value 5 % | 1 %
’ q sq % %
i % Block 3 387.62
KA (L) Main-Plot 1 708.34 706.34 28.41% 10.13 34.12
KEHs3E (Ea) Error a 3 74.57 24.86
FEERA (P) Sub-plot 2 1133.79 566.90 7.81%%* 3.88 6.93
LxP 2 S02.23 231.11 3.73 3.88 6.93
PRiE#ZE (Eb)Error b 12 \ 870.87 72.56
NEZRA (1) Plot 1 137.80 ; 137.80 3.71 441 8.28
PxI 2 1263.82 631.76 17.08%* 3.55 6.01
LxI 1 384.07 384.07 10.33%* 4.41 8.28
LxPxI 2 383.72 191.86 5.16 7 3.55 6.01
/hE#3E (Ec)Error ¢ 18 669.45 37.15 |
]
H i Total 47 3338.57 “ “
i
HOORERENE YRR SEREE

RI. HRAEMEEREERILKRE

Table 3. Difference among treatments

= Item H x Main plot = ‘ g Sub-plot . g Plot -
B etmen B I Ls ; b B - ’
ZﬁAvera gi;J viel dﬁgkg/haé 8,7osf 6,%07 é 6,199/' 5,096 ‘ 3,8?0 ) 8,065 7,05(1
5 Index | 135 (100) J 162 f 133 t (100) ] 114 (100)
Significant ranges ‘T‘;: R |
i

ARERDL B S HTAS RBUR © PRk K IR DI M IR IE RS 8 » DU 1 SN0 S TG IR
DIHES, 000877/ AEEREHS00 AT ANUEARE » 38 5 B HUEE TN o SFIRRIS 2 SURIL 8 frok 43
TEE - EREE o

PR A Za BB R BN E 4 > HWEHFDHIRNE 5 » HREEMHERNES o
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£4. HERAZARABBFRERER
Table 4. Green weight of potting Glycine koidzumii
B Ei:ih £ B Replication FiN #
Treatment I I il ’I I\ Vv Vi Average
Lo Po Io 108.5 84.5 89.0 84.7 74.0 64.5 84.2
Ly Po Iy 922 113.5 385 57.5 194.0 67.5 93.9
LiPiTo 129.0 151.5 170.0 248.0 240.0 149.5 181.3
Lik I 109.2 271.5 324.5 188.0 196.0 206.0 210.9
#5. WERAKEZHARMEREREESIPTR
Table 5. Analysis of variances of the yield of Glycine koidzumii
. 5 F lic
Bk Wi & B3R F FlH 5| F g Theoretical F-Value
Source of variation | Degree of | Sum of Mean F-Value 5 % 1 %
| freedom squares squares I
55 o) 5 11932.31 2386.46
Block
A B 3 \ 71676.61 23892.20 7.57* 3.29 5.42
Treatment
% # 15 47293.29 3152.88
Error
1 # 23 130902.21
Total
£ 6. FRERATZRADREE o2 RILRE
Table 6. Difference among treatments
% %eatmeﬁ B LiP L Li Pr o LiPo L Ly P Ip
r B KB G :
Average vield (00 2019 161.3 939 84.2
1Y :
E Index L2t 262 191 111 (100)
|
B OoF 8w 1 5 %
Significant \ '
ranges 1 %
BED ES RN MRAE SRR ER  EEGKRBE 2SR THER » HEEED
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Table 7. Number and dry weight of nodules obtained by field test

oo R B BEBE (R | B | AERE (AT EiE B
Number of nodules Dry weight of nodules

Treatment (No./Plant) Index (g/Plant) Index
L P I | 58.5 (100) 0.53 (100)
L,P L 127.5 229.7 0.97 183.0
L, P; I, 60.8 1095 | 0.29 54,7
Ly P I 2085 375.7 1.31 247.2

L;P; Iy 35.8 64.5 0.40 755
L, P; I 3208 . 5780 1.97 371.7
Ly Py I 16.5 29.7 0.17 32.1
L, Py I 281.5 507.3 1.14 215.1
Ly Py I, 52.5 94.6 0.57 75.5
Ly Py I 435.5 784.6 1.68 317.0
Ly Py Ip 60.8 109.5 0.47 88.7
L, Py I 359.5 647.7 1.68 317.0

A DL RS R AR IR B 5 ik 0 B0 2 o

RE. ZRABIMRKERBEYURZYE

Table 8. Number and dry weight of nodules obtained by Potting test

BEO#E N % | BEEE /8 i B | BEEHE (A% | 15 B
Number of nodules Dry weight of nodules
Treatment (No./Pot) Index ’ (g/Pot) Index
Ly Py Ip ’ 57 (100) 0.70 (100)
Ly Py Iy 69 121.1 0.64 91.4
Ly Py I 343 601.8 2.65 378.6
L Py L 370 649.1 2.51 358.6

R 2 BL RS (RIS 3 B » BHBHEZ A M o

T R EH > R AR B R T SRS K TR B T A 2 B
s (BRI A 2 BEUN > ILATRETE A BRI R S B TR -

R BRI B K LRI BRI AT M B TRINEE O 3810 o
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Table 9. Amount of residual P,O;

Y P #
Treatment L, L. Average
Py 122.3 76.8 99.6
Py 242.5 92.5 167.5
Py 3342 147.0 2406
= ¥ Average 233.0 105.6
3E ¢ R MR RN R RD » H AR (00 -

R EREH » LR ZBSRREYIE AR EEEZRG - A KE BIE 2 B R
B/ > WATAER Bray No. 1 BB 2 BHLEG KK & » T HIBUREE 21 -

#10. Prspt3E PHfE

Table 10. PH value of soil after harvest

, 1 -
ity ﬂﬁ I;’E: E i Z i/:]
= Treatment 1‘ L, L. | * Average
P, | 515 6.05 5.60
P, | 495 6.15 555
P3 | 5.15 6.10 5.62
N 35 Average 5.08 6.10
2F s RN T » KAk PH fEfR4.8¢
WBEE LEER A RSB AKE RSB EBN =M SR Y » TTHER -1 pHEE

6.00) & » sRaLatsh o> pH (K 0.87F » bR E —F LIk » "R L pH A3l ER
SOLT -
frell EREBER  TTRRE TR FE -

(1) stAMRABRMZIERETS » HRSAEEHAK 5,000 T BT P, Os 1604756 5 =
MBRER K SRR B 2 R » BEANREEE - (BB R B -

(2) AFABRREIENE » MAE KRS B 280 » MRA BRI » EiEa K B
B2 BT TR s TER A IR R BEIL 25T T » Bk B2 52 » (HARBEE » JLnTRE7EALE iR
WEREY » BRSNS BRAIRNAT » RHA KRBT » MR e
BRI -

(3) MERRSEEMBRENBRLEYE  BERRR A EREET A ZZREL » FHITRE
Wz ETE EBEHEES o HRETYE AR HEREBRIT A 2 E RN LS EY
WIS E B ATE - :

(4) 3 P, Oy BENERINIH 2 BAEENG » BHSELKE » B FRE=HFE
BEY > OyA MR 138 pH 766.001 E » RN I8 2 pH EFK 0.8724 » WHAEF 4R
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A STUDY ON THE RESPONSE OF LEGUME PLANT
TO LIME, PHOSPHATE AND INOCULATION ON
ACID RED SOILS

1. The Effect of Inoculation on the
Growth of Clycine Koidzum.
by
K.C. Chang and T.S. LIANG?

Summary

Field experiments of double split Plot design with four replications were carried out at
Ping—Cheng to investigate the effect of lime, phosophate and inoculation on the growth of
legume plant, Clycine Koidzum. A pot trial was carried out during the same time at
TARI in Taipei for the same purpose but different treatments. In the field expriment,
two levels of lime, three levels of phosphate, two kinds of inoculation were involved.
While in the pot trial, there were four treatments: (1) without lime, phosphate and inoc-
ulation (2) without lime and phosphate, with inoculation (3) with lime and phosphate,
without inoculation (4) with lime, phosphate and inoculation.

The experimental results may be summarized as follows:

1. Results showed that Rhizobium bacteria isolated from the root nodules of G. koidzum
was different from the other strains of Rhizobium japonicum. Inoculation of the said
Rhizobium bacteria had a significant effect on growth of G. koidzum.

2. Data indicated that liming and phosphate application had a better effect on the
fresh weight of G. koidzum plants inoculated with the so-called Rhizobium bacteria.

3. The results of the yield expriments revealed marked difference in the number and
dry weight of nudules between inoculation treatment. There were more number and
higher dry weight of nudules in the plots with inoculation than that without inocula-
tion.

4. Application of lime with 5 tons/ha. and phosphate 160 kg/ha had a better results on
the residual effect in fertility.

This study is a research Problem supported by the National Science Committee & JCRR.
1 Series No. 540(Q)
2 Junior Agronomist and Technician, TARI, respectively.
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