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EFFECTS OF SPLIT APPLICATION OF FERTILIZER AND
PLANTING DENSITY ON YIELD, COMPONENTS
OF YIELD, AND OTHER AGRONOMIC
CHARACTERS OF RICE (III)

by
W.L. Cuang and S.C. YANG*

Experimental results obtained at Chiayi Agricultural Experiment Station pfoved
that split application of nitrogen and potash fertilizers was generally effective in
increasing grain yield in both the first and the second crops of rice (Chang and
Yang, 1964a, b). A favorable effect of split application of potash fertilizer on rice
was also observed by Shen and Yuen (1964), and Hong and Kuo (1965). However,
split application of phoshoric fertilizer did not show any significant increase in
grain yield of rice (Chang and Yang, 1964b). Mitsui (1954) also concluded that
sufficient amount of phosphoric fertilizer applied as a basal dressing would be
enough to cover the need for a maximum yield production.

The efficiency of fertilizer utilization by the rice plant can be improved if the
timing of fertilizer application concurs with the periods of maximum plant uptake.
Combinations of split fertilization should, therefore, be tried to evaluate their
relative efficiency in relation to increase in grain yield. The relationship between
split application of fertilizer and planting density is also worthwhile to investigate,
since planting density is an important factor affecting nitrogen response of the
rice plant (Matsuo, 1965).

This report presents a summary of the experimental results obtained at Chiayi
Agricultural Experiment Station with the hope that the above-mentioned subjects
could be better understood.

MATERIALS AND METHODS

Rice variety Chianung 242 was subjected to 4 applications of fertilizer as given
in Table 1 and 2 planting densities, viz., 64 and 96 hills per 3.3 m® These were
combined to make a factorial experiment with 8 treatments arranged in a
randomized-block design with 4 replications. Ammonium sulphate, calcium super-
phosphate and potassium chloride were used as sources of N, P,0; and K0,
respectively. Application rates of fertilizers were 80, 40, and 40 for N, P;0; and
K,O, respectively. Approximately 5 seedlings were transplanted for each hill. The
distance between rows was 24 cm while that between hills within a row was 21.5
and 143cm for 64 and 96 hills per 3.3 m? respectively. The plot was 25x4m in

* Agronomist and Associate Agronomist respectively, Chiayi Agricaltural Experiment Station.



Table 1. Treatments of fertilizer application*

Treatment ‘ Element dl}zﬁ?}xg top~g;er:s:ing top%fggs(}ng top:ﬂ?égging
N 50 50 — —
Conventional { P 100 — — —
K 100 _ — —
N 40 30 30 —_
Splitting 1 { P 100 — — —
K 67 - 33 —
N 40 20 30 10
Splitting 2 { P 100 — — —
K 67 — 33 —
N 30 20 40 10
Splitting 3 { P 100 — — —
K 50 — % 25 25

* Basal dressing: one day before transplanting.

First top-dressing: Maximum tillering stage or 20 days (2nd crop) and 30 days (Ist crop)

after transplanting.

Second top-dressing: Panicle initiation stage or 32 days (2nd crop) and 60 days (Ist crop)

after transplanting.

Third top-dressing: Heading stage or 50 days (2nd crop) and 90 days (Ist crop) after trans-

planting.
size which was equivalent to 10 m? or 1/1,000 ha.

Data taken included heading date, plant height, weight of panicle, length of
panicle, number of panicles per hill, weight of 1,000 grains, number of grains per
panicle, grain yield per hectare, length of internodes, lodging, and blast occurrence.
All data were subjected to analysis of variance.

This experiment was conducted at Chiayi Agricultural Experiment Station in
the second crop of 1964 and the first crop of 1965.

RESULTS AND DISCUSSION

Effects of Application of Fertilizer and Planting Density on Yield and Components
of Yield.

The average yield, components of yield, and F values from the analysis of
variance are given in Table 2.

Table 2 shows that, although not statistically significant, split fertilizations
generally yielded better than conventional one in both rice crops. Split Fertiliza-
tion 3 produced 346 kg or 6.36% and 352 kg or 5.69% more grain yields per ha than
conventional fertilization in the second and the first crops, respectively. The highest
yield increases previously recorded for split fertilization were 6.75% in the second
crop of 1963 (Chang and Yang, 1964a) and 10.75% in the first crop of 1964 (Chang
and Yang, 1964b). It appears probable, therefore, that 5 to 6% yield increase could
reasonably be expected in both crops when fertilizers are properly splitted.



Table 2. Means and F values of grain yield and components of yield
of rice variety Chianung 242 subjected to methods of
fertilization and planting densities

Grain yield Number of Number of grains | weight of 1,000
Treatment (kg/ha) panicles per hill per panicle grains (g)
2nd crop | 1st crop | 2nd crop | 1st crop | 2nd crop | Ist crop | 2nd crop | 1st crop
1964 1965 1964 1965 1964 1965 1964 1965
Fertilization
Conventional 5,437 6,177 9.9 11.5 153 121 29.8 30.8
Splitting 1 5,599 6,527 9.8 11.9 170 128 28.7 31.4
Splitting 2 5,561 6,364 9.6 10.1 176 130 29.1 31.9
Splitting 3 5,783 6,529 9.1 10.5 179 131 29.0 31.3
F value 2.10 1.47 1.0 4.1* 10.7%* 2.2 13.0%* 2.1
LSD 5% —_ — — 1.3 10.5 — 0.4 —
Planting density
64 hills 5,592 | 6,359 10.8 12.6 172 {133 29.0 31.3
96 hills 5,598 6,440 8.4 9.4 167 i 122 29.3 31.4
F value 0.01 0.35 49 8%k | 57 5¥* 1. i 11.1%% 8.9%* 0.1
LSD 1% — 1 =1 10 1.2 R 03 | -
Fertilization X planting density
F value 1.7 1.7

] 3.11*‘ 1.10 f 1.78 1 0.47 I 0.9}

* Difference significant at 5% level.

** Difference significant at 1% level.

Split Fertilization 1 yielded better than Split Fertilization 2 in both crops,
indicating spltting ratio of 4:3:3 for nitrogen fertilizer in Split Fertilization 1 was
more effective than that of 4:2:3:1 in Split Fertilization 2. Suzuki (1958) also
The
higher productivity of Split Fertilization 1 may be attributable to the heavier

reported that 4:3:3 splitting ratio for nitrogen fertilizer gave the best result.

dosage of nitrogen applied at first top-dressing or maximum tillering stage which
eventually results in a larger number of panicles per hill.

Split Fertilization 3 outyielded Split Fertilization 1 in the second crop but both
fertilization gave almot the same yield in the first one. The higher efficiency of
the former may be due probably to heavier dosage of nitrogen applied at second
top-dressing or panicle initiation stage. Smaller ratio of potash fertilizer used as
basic dressing in Split Fertilization 3 may also have contributed to the increase
of grain yield, as suggested by Hong and Kuo (1965). Chang and Yang (1964b) also
found that for potash fertilizer, splitting ratio of 6:4 gave better grain yield than
that of 6.7:3.3.

The analysis of yield components shows that split fertilizations substantially
increased number of grains per panicle and weight of 1,000 grains which may be
the factors responsible for the yield increase. The number of panicles per hill
was considerably decreased by split applications of fertilizers except Split Fertiliza-~
tion 1 which appeared to have almost the same number of panicles per hill as that

of conventional one.



High planting density consistently outyield low one in both 'rice crops, the
percentage of yield increase being greater in the first crop. The yield increase of
high planting density was ‘caused largely by the increase of panicles per unit area.
The results were similar to those of previous experiments (Chang and Yang,
1964a, b).

It was noted that conventional fertilization and Split Fertilization 1 gave high
yield in low planting density while Split Fertilization 2 and 3 yielded better in
high planting density in the second crop. In the first crop, the situation [was just
the opposite. The interaction between fertilization and planting density was signif-
icant at 5% level in the secohd crop but failed to reach a significant level in the
first one. Since rice plant appeared to produce larger and heavier panicles with
more grains per panicle in the second crop, third top-dressing of nitrogen at
heading stage or so-called “grain fertilization” may be quite effective especially to
plots of high planting density. The effect of nitrogen fertilization at milk ripe
stage was also noted by Matsuwura (1962). In the first crop, however, heavier
dosage of nitrogen applied at first top-dressing or maximum tillering stage seems
necessary to prevent a drastic decline of effective tillers, especially in the plots of
high planting density where competition for nitrogen may be more serious at the
early stage of growth. Therefore, it seems reasonable to suggest that nitrogen
splitted less than three times with heavier dosage applied at the early stage of
growth may be more favorable in the first crop while in the second crop, nitrogen

Table 3. Means and F values of certain agronomic characters of rice variety
Chianung 242 subjected to treatments of fertilization and planting density

Heading plant height Panicle Panicle leaf blast
date (days) (cm) weight (g) length (cm) (%)
Treatment 2nd Ist 2nd 1st 2nd Ist 2nd Ist 2nd st
crop | crop | crop | crop | crop | crop | crop | crop crop crop
- 1964 | 1965 | 1964 | 1965 | 1964 | 1965 1964 1965 1964 1965
Fertilization
Conventional | 63 87 116 105 4.4 3.7 | 24.3 21.9 15.8 25.6
Splitting 1 64 87 116 106 4.4 3.9 | 243 23.6 16.3 20.5
Splitting 2 64 87 118 106 4.9 4.1 24.9 24.0 17.6 18.4
Splitting 3 63 87 118 105 4.8 4.0 | 25.2 24.1 14.7 18.4
F value 0.7 0.5 1.7 0.1| 3.5% | 3.5%| 3.7%| 14.0% 1.2 15.0%*
LSD 5% — — — — 0.4 0.3 0.7 0.8 — 2.6
Planting density '
64 hills 63 83 119 107 4.6 4.1 24.3 23.6 14.2 20.5
96 hills 63 87 116 104 4.6 3.8 | 25.0 23.2 18.0 21.0
F value o |1.0% 14T 93 o |11.5% 6.9 26 | 11.5% 0.3
LSD 1% — 0.3 1.6 1.9] - ‘ 0.3 | 0.5 — 2.4 —
Fertilization X planting density

F value ‘ 0.8’ 0.3 ‘ 0.2 ‘ 1.3] 1.0 ‘ 1.2 ‘ 1.1 [ 0.4 [ 1.7 ‘ 0.23

* Difference significant at 5% level.
** Difference significant a1 1% level.



could be splitted more than three times with more emphasis placed at the latter
stage of growth, if maximum yield production is to be obtained.

No significant interaction between ferilization and planting density was found
in components of yield.

Effects of Fertilization and Planting Density on some Agronomic Characters.

A summary of the data and F values computed on these characters are
presented in Table 3.

Heading date was not affected by either fertilizations or spacings in both
crops. However, in the first crop, rice plant headed significantly earlier in plots
of high planting density. Plant height was generally higher when fertilizers were
split-applicated, while high planting density significantly shortened the plant height
in both crops. Split fertilizations produced larger and heavier panicles than con-
ventional one, the differences being statistically significant, indicating that panicle
fertilization was highly effective. High planting density generally produced shorter
and lighter panicles. The percentage of leaf blast occurrence was considerably
lower in plots of split fertilizations especially in the first crop, suggesting that
blast disease could be controlled to some extent by proper application of nitrogen
fertilizer. Leaf blast was generally more serious in plots of high planting density.
In all characters analyzed, interactions between fertilization and planting density
failed to reach a significant level. These observations were generally similar to
those of the previous experiments (Chang and Yang, 1964a, b).

Effects of Fertilizer Application and Planting Density on the Length of Internodes
and Lodging. '

The average length of internodes, the percentage of lodging and F values are
summarized in Table 4.

It was found that the third, fourth, and fifth internodes were considerably
shortened by split fertilizations in comparison with those of conventional one, the
difference in the third internode being highly significant in the first crop. However,
the first and second infernodes of rice plant in plots of split fertilization were
longer than those of conventional one, differences being significant at 1% level in
the first crop for the first internode and in the second crop for the second internode.
From a standpoint of plant type, rice plant with longer internodes at upper culm
and shorter internodes at lower part of the culm would appear to be the most
productive one. Hosika (1961) reported that the length of the first internode was
associated with the yielding ability of rice plant, the longer the first internode,
the higher the yield. Furthermore, shorter basal internodes are necessary for
lodging resistance, as suggested by Matsuwura (1962). Since the percentage of
lodging was relatively low in both crops, no attempt was made to associate lodging
with the length of internodes. However, lodging seems highly likely when longer
internodes are accompanied with larger and heavier panicles.

Internodes of rice plants were shorter in plots of high planting density than



Table 4. Means and F values of internode length and lodging percentage
of rice variety Chianung 242 subjected to methods of
fertilization and planting density

Length of Internodes (cm)

Lodging
Treatment Ist 2nd 3rd 4th 5th @
2nd Ist 2nd Ist | 2nd | 1st 2nd 1st 2nd | 1st | 2nd | Ist
crop | crop | crop | crop | crop | crop | crop | crop | Crop | crop | crop | crop
1964 | 1965 | 1964 | 1965 | 1964 | 1965 | 1964 | 1965 | 1964 | 1965 | 1964 | 1965
Fertilization

Conventional | 43.3 |38.5 (22.3 [21.2|15.6[13.6 9.6 6.0 3.3 0712670

Splitting 1 43.6 |41.7 |22.9 |21.5|15.511.8 8.6 5.2 | 3.0 0.7129.0| 8.5
Splitting 2 44,7 |41.5 |23.1 |21.5|14.9 12.0 8.5 5.7 3.1 0.7]29.3]|0.3
Splitting 3 43.6 |43.0 |23.4 |21.8]15.110.7 8.1 4.6 2.8 0.533.4|2.1

F value 1.9 | 27.5% 5. 7% 0.7 | 2.6 | 8.4% 2.4 2.9]0.9 0.2 0.1]4.1%

LSD 5% — | 1.1 0.6 — — 1 1.2 — —] - — — | 3.5
Planting density

64 hills 43.4 (41.3 |22.8 |21.6| 15.5}12.4 9.5 56(33 { 0.6(33.7({0.5

96 hills 4.2 |41.0 |23.0 |21.4]15.0 (11.6 7.9 5.2 2.7 \ 0.825.6 2.9

F value 2.7| 0.5 0.8 0.2 | 6.2% 3.2 [14.6% 1.4 |10.4% 0.4 | 1.0 2.4

LSD 5% — — — — | 0.4 —_ 0.84 — | 0.4 — — —
Fertilization X planting density

F value 1.3] 1.6 5.1 0.5 2.0| 2.5 0.5 2.0] 04 1.6 0.2 |5.6%F
[ 18] 16| 51™ 05| 20|25 | 05 | 20|04 | 16] 02

* Sjgnificant at 5% level.

** Gjgnificant at 1% level.
those of low one, differences in the third, fourth, and fifth internodes being signif-
icant in the second crop. Interactions between fertilization and planting density
were not significant in most of internodes.

SUMMARY

The effects of 3 split applications of nitrogen and potash fertilizers and 2
planting densities on yield and some agronomic traits evaluated in the second
crop of 1964 and the first crop of 1965 at Chiayi Agricultural Experiment Station
are reported.

Split fertilizations generally outyielded conventional one in both crop. The
yield increase appeared to be due largely to the increase in either number of
grains per panicle or grain weight. Grain yield was also increased by close spac-
ing which was attributable to increase in the number of panicles per unit area.
An evidence of interaction between fertilization and planting density was detected
for grain yield in this experiment.

The weight and length of panicles were significantly increased by split fertiliza-
tions but decreased by close spacing. Heading date and plant height were not
significantly affected by split fertilizations. Rice plant was shorter and headed
earlier in plots of high planting density.



Split fertilization increased the first and second internodes but decreased the
other three indernodes at the lower part of the culm. All internodes were shorter
in plots of high planting density. Lodging was relatively light in this experiment.
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YIELD ANALYSIS OF INTRODUCED INDIAN
COTTON IN TAIWAN

by

I. M. Sun

SUMMARY

1. The seed cotton yield of arboreum cotton in the southwestern part of Taiwan
is negatively correlated with the rainfall in the period from late July to early
September. r=—0.63. It is statistically significant. But the seed cotton yield of
arboreum cotton is insignificantly correlated with the frequency of typhoon.
r=—-0.54+0.21,

2. The seed cotton yield of arboreum cotton in the southwestern part of Taiwan is

15% higher than that of upland cotton Delfos Kwantung 119. It exceed the average
trial yield of arboreum varieties in India, 842 kg/ha, at the ratio of about 2:1.
The reason why arboreum varieties give such a merit in Taiwan is unknown.

3. The possibility of success in cultivation of arboreum varieties in Taiwan is not
less than that of upland cotton.

4. The quality of arboreum cotton can not be in competition with that of upland
cotton. Neverthless, the quality of herbaceum cotton is almost equal to that of
upland cotton, and the former is produced mainly in Bombay state of India.

5. The latitude of northern part of Bombay state is similar to that of the south-
western part of Taiwan, around cancer. Most of the introduced varieties of
arboreum cotton have adapted themselves to the environmental conditions in the
southwestern part of Taiwan since 1933.. The possibility of success in future
introductions of arboreum cotton from India is thought to be high.
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(C. tankan Hayata C. supki Hort.)
14, RSt (fEds)
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STUDY ON THE PHYSIOLOGICAL, MORPHOLOGICAL
AND CITRUS FRUIT QUALITATIVE CHANGES
AFFECITED BY DOUBLE GRAFTING

by
J. 1. WENG
SUMMARY

Using topworked trees, a study was made on the effect of an intermediate stock
on physiological, morphological and qualitative changes of fruits of Citrus varieties
grown in northern Taiwan. The rootstocks used were Sunki or Trifoliate orange
and the scion varieties were Satsuma orange and Rangpur lime. In Rangpur lime,
it was found that there is no appreciable difference in fruit form, juice composition
whether Washington Navel, Valencia, Tankan or Ponkan were used as an inter-
mediate stock. However, Rangpur lime on Sunki rootstock with an intermediate
stock of Tankan produced fruits of decidedly inferior quality. In Satsuma orange,
Trifoliate orange rootstock produced fruits of the best qualities in comparison with
that produced by Sunki and Rangpur lime. As the same in Rangpur linie, Ponkan-
intermediate-stock produced fruits of inferior quality in Satsuma orange.

Anatomical changes in the pith of young shoot was suspected due to the influence
of an intermediate stock, but further study is needed to clearify this point,
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EXPERIMENT ON SEED POTATO PRODUCTION
(3) EFFECTS OF VARIOUS STORAGE TEMPERATURES
' - ON SEED POTATOES

by
K.C. Kvo
SUMMARY

1. A storage experiment was made to study the best temperature for storage seed
tubers of No-lin No. 1, potato produced in Taiwan. The tubers were stored
under 5°C, 15°C and 25°C for six months. The condition of tubers at the end
storage period was recorded plant growth and yield from tubers stored under
different temperature were compared, the result were summarized as follows.

2. The condition of the tubers under 5°C was the best, it has the least number of
germinated buds and it’s sprout remained small.

w

. Tubers stored under 5°C gave the best plant growth two months after planting.

. Significant difference in yield per unit area was observed between.  tubers stored
under different temperature, tubers stored under 5°C gave the highest yield.

5.. It was concluded that 5°C was the best temperature for storage on No-lin No. 1,

=N

potato seed tubers produced in Taiwan.



EFFECT OF SHADING ON TONKAN ORANGE
(CITRUS TANKAN HAYATA)
I. The effect of shading on wind injury, fruit quality,
‘ size, and rate of fruit growth

by -
*MONG-YU YEN and **Cuou-HAI LIN

INTRODUCTION

The tonkan orange (Citrus tankan Hayaia‘) “is the most popular citrus species
in Taiwan and occupies more than 50% of the total citrus acreage. In 1964, more
than 230,000 cases of Tonkan orange which represent 72.07% of the total citrus
fruit export were delivered to the foreign market. . .

Taiwan is geographically located along the passage of typhoons. The Tonkan
orange is always under the threat of severe damage caused by the extreme high
velocity wind and torrential rain whenever typhoon happens to sweep through or
passes riear by the Island. ' '

‘In. order to test the effectiveness of Acacia (Acacie confusa Merr.) as windbreak
for citrus orchard, experimental plots were established in which Tonkan orange
and Acacia were interplanted. It was then observed that orchard interplanted with
Acacia produced orange of better appearance.

This paper reports the results of observations made on the effect of Acacia as
windbreak and its ‘shading effects on the wind injury, quality, size, and rate of
fruit growth,

Of the many studies made on shading précésses, Jawanda® applied the shading
for the study of growth rate of sweet orange fruits; Graner® and Suarez® used
shade tree for .coffee; Barva® and Wight®® used shade tree: in tea plantation;
Cunningham®® studied shade and fertilizer requirements of cocoad.

METHOD AND MATERIAL

“'This experiment was conducted from January 1963 to January 1966. The orchard
site was chosen near the sea cost at Tansuei of Taipei ‘Prefecture where citrus
trees are usually subject to wind damage. ’

Tonkan trees of 7'years old were employed for this trial. Each treatment
contained one tree with 3 replications. Three treatments were employed in this
study namely: whole shading, in which citrus tree was interplanted with Acacia
tree in four directions; semi-shading, interplanted with Acacia in two directions
only, and no shading as check.

*¥Senior horticulturist, **Assistant respectively, Taiwan Agricultural Research Institute.’




@ / sec.

The methods of measurement and analysis of citrus fruits were as follows:

1. The standard used for determining wind injury is set at 5% of wind injured

scurf/fruit. Fifty fruits per plot were chosen for testing.

2. Description of fruit:

a. Weight in grams, size, height, and diameter in centimeter.
. Color of peel, pulp, and juice classified according to Ridgway@o,

b
- €. Thickness of peel in millimeter measured on fruit apex, median, and base.
d

. Thickness of segment wall measured in millimeter by Oial thickness
gauge.

e. Number of segment and diameter of axis.

f. Number of seeds.

. Ten fruits of each tree were examined for counting the number and size

of oil glands as seen from peel. The samples were washed with water, and
dried with a cloth. A thin piece of peel (0.5 mm. thick) was cut from the
rind surface on the equator of fruit. Tangential slices were taken from
the equator of rind and placed under microscope for examination. Slices
calibrated into 0.5 cm? were placed over the slides, then the diameter of oil

gland was measured in micron and the number of oil gland (per 0.5cm?)
was counted.

. Observations on the growth rate of fruit after physiological dropping were

made at successive growing period. Twenty sample fruits per tree were
measured in cubic centimeter which was developed by Shisa®®,

. The percentage of sugar in juice was measured by Hitachi Hand Refracto-

meter (0°-30° Brix degree).

. Vitamin C, reducing sugar, total sugar, and acidity were analyzed by

A.0.A.C.® procedures.

ENVIRONMENT OF TEST PLOT

The quality of Tonkan orange are greatly influenced by the difference of soil
and meteorological conditions. Fig. 1-4 indicate the climatic factors including the
the temperature, precipitation, duration of sunshine, and velocity of wind. Soil
conditions under different treatments were tested for pH value, organic matter
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Fig. 1. Maximum wind velocity in the Fig. 2. Average temperature during the

course of this experiment. experiment.
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"Table 1. Description of soil

Soil factors [ } ‘ Organic matter |  Avzilable P‘ . Available K
Treatment pH | : :
(%) (ppm) | (ppm)
Semi-shading 5.0 4.58 30.3 37.6
Whole shading . .48 . . .. 5.00.. . . 33.2 58.0
Check 48 3.88 | 28.8 28.8

* pH value: Glasselectrode method (Soil: Water=25:25).
Organic matter-per cent: Walkley and Black’s rapid titration mothod for organic matter.
Available P: Bray’s P test. .
Available K: Mehlich method.

content, available potassium and phosphorus as in Table 1.

Two highest wind velocities occurred during July 16 of 16.5m/sec. (Wendy’s)
and September 11 of 25 m/sec. (Cloria) in 1963, and July 26 of 25 m/seé. (Harriet),
August 18 of 143 m/sec. (Mary) in 1965, whereas no typhoon occurred in 1964.
(Fig, 1) B |

High temperature occurs mostly between ‘July and September, thererfore, in
average, the growth rate of Tonkan is three times faster during July, August, and
September, with the exception of the occurrence of drought in these months. (Fig. 2)

Long duration of sun shine mostly occur between July and September in Taiwan.
This explains why the percentage of citrus fruit caused by sun scald was-lower in



the shade plots during these months. (Fig. 3)

. Record of the growth rate of Tonkan increased in August and September. 1964
when thé precipitation was high, but almost ceased to grow during dry July. These
phenomena were especially true in the plot without shading. No records of growth
rate in 1953 was taken. Erratic curves of precipitation show the influence of
typhoon. (Fig. 4). ' ‘

The properties of soil were shown in Table 1. It is interested to note that
shading plots contained much higher organic matter than without shading. It was
attributed to the accumulation of leaves and stems resulted from the prunnlng ‘of
Acac1a in the winter season.

RESULTS AND DISCUSSION

1. The effect of shading on the wind 1n]ury of fruits:

The foliage of citrus tree may be  greatly injured by strong winds, Taiwan is
lymg in the tropical and sub-tropical zone, and is crossed by the tropic of Cancer
in the south. Its climate is influenced by both the Pacific ocean and the Chinese
mainland and is characterized by strong-wind. So Taiwan often suffers from
damages of typhoon in July to September. During this time, Tonkan orange ié
still in small green fruit rubbi_ng against other fwigs or branches resulting in a
thin scurf closely imitating thrips markings. When the fruit is more nearly
mature such a rubbing may result in a still more deep-seated scurf.. Table 2. show
that the percentage of wind injured scurf appeared on fruit was found less in
shaded plots than those in the plots without shading. Most prominent case was
found in 1963 and 1965. It was probably due to the typhoon occurred in July and
September of 1963 and July and August of 1965 whereas no typhoon throughout in
1964. This observation serves as strong evidence that Acacia is an effective of
windbreak, as Goto‘® reported that a well-established windbreak, combind with the

use of relatively tall shade tree interplant in the coffee might have sufficient wind
ptotection under certain conditions.

*Table 2. The effect of shading on the wind injury

Wind injury®*
Treatments - -
1963 1964 1965

Semi shading 14,12 6.25 15.75
Whole shading 11.94 5.25 © 13,50
Check 25.06 14.87 27.25
L.S.D {5% 1.7243 . 0.8134 0.8580

T Vi 2.3932 1.1289 1.1910

* All data in the table are average of 8 replications.
** Percentage of scurf
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2. The effect of shading on occurrence of sunburning:

The sunburning is frequently mistaken for certain diseases on citrus. Indeed,.
certain bark diseases frequently begin under high light intensity, the radiation of
the sun either weaken or kill the bark and make it easy for microorganisms to
enter. In check plot without shading, the intense radiation after injure or kill the
expose portion of trunk or fruit, causing these portion to dry and peel off, result-
ing in sun scald condition.

The occurrence of sun scald was partially due to the rapid growth of cell of
fruit skin under the high light intensity and long duration of sunshine in summer
as suggested by Ogaki‘®. From the weather data observed during the three-year
trial it indicated that high temperature and long duration of sunshine were found
in August as given in Fig. 3. Yet less occurrence of sun scalded orange in shaded
plots proved the shading effect.

3. The effect of shading on fruit quality:

Table 3 indicates that shading would significantly reduce the number of seed
per fruit, which is similar to the results obtained by Webber®® Furthermore the
humber of seed per fruit was less in 1965, it probably due to the low temperature
in February and March (the blossom period), which causes the formation of
parthenocarpic fruit as indicated by Takahashi®®, ‘

Table 3. The effect of shading on fruit quality

Treatment : L.S.D.
Semi-shading |Whole shading check
Factor : : 5% 1%
weight {1964 195.490 193.333 140.520 13.16 18.26
gram/fruit 1965 190.400 202.400 |  163.300 3.421 4.748
Height (em) {1964 6.450 6.506 5.739 0.339 0.470
€ C
R (T 6.270 16.230 5.582 0.0501 .~ 0.0697
Diameter (cm) {1964 7.320 7.229 6.534 0.327 0.454
ramerer 1 1ugss 7.180 7.340 6.601 | 0.0566  0.0786
~ Cadmium Cadmium _ _
COlOl' Of peel {1904 orange orange Orange
Capuci ne Capucine _ .
1965 yellow yel_low Orangg
Thickness of {1954 4.05 4.04 4.12 N.S.
rind (mm) 1965 3.62 3.63 3.77 N.S.
No. of seed {196‘4 2.283 1.838 2.287 0.215 0.293
per fruit 1965 0.520 0.330 0.530 N.S.
Diameter of _[1964 1.451 1.310 1.194 N.S.
fruit axis (cm) {1965 - 1.130 1.19 1.110 N.S.
Thickess of (1954 0.224 0.223 0.204 N.S.
segment wall {
(mm) 1965 0.196 0.198 0.202 N.S.

Fruits from the shaded plots offer much more attractive appearance in color
and thiner thickness of peel in comparison with those from check plots which
is similar to the results obtained by Jawanda® and Webber®,
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4. The effect of shading on pulp and juice:

The juice contained in the fruit obtained from shaded plots had more acidity
than those from the plots without shading as shown in Table 4. This is perhaps
due to the late maturity of fruit in the shaded plots.” Color of pulp and juice was
not affected by shading with the exception of the amount of juice which was
higher in the fruit from shaded plots than that the plots without shading. This
was probably attributed to fairly high humidity under the shaded area. Similar
results as stated- above had also been obtained by Webber and Batohor®,

Table 4. The effect of shading on pulp and juice of fruits

\\»\\; _ Treatment Semi- ‘ Whole L.S.D.
——— o ] CK
Factor \\ shading [ shading 5% 1%
Weights {1954. 124.49 138.32 95.99 25.95 36.03
gm/fruit 1965 142.20 144.30 100.30 1.982 2.751
Pul® % {1934 68.79 71.54 68.31 — —
apr e 1965 73.63 71.29 61.42 — —
n { 1934 Orange Orange Orange — —_
a —olor of pulp 1955 Orange Orange Orange - —
& Weights {1954 101.141 | 104.56 71.29 7.54 10.46
gm/fruit 1965 109.30 120.60 82.10 1.514 2.102
Tuice™ % {1964 51.87 54.08, 50.73 — —
uice™™ N .
v 1965 57.40 56.81 50.28 — ~
Col £ ui {1964 Orange Orange Orange — —
or O uice
olor ! 1965 Orange Orange 'Oran‘gei — -
Citric acid {1965 064 0-64 ) } 0.65 : -: ‘ N.S.
/100 cc 1965 0.78 0.79 0.73 | 'N.S.
Sugar®* % {1954 9.756 9.652 10.200 |° N.S.
ugar
& i 1965 9.960 10.400 9.600 | N.S.
) ,{1954 15.15 15.01 15.64 : N.S.
Sugar/acid 1965 12.77 13.16 13.15 N.S.
8 1964 9.41 9.67 9.41 - N.S.
5 Sp. gr. {
2 1965 4.5 4.8 4.5 N.S.
{1964 3.60 3.60 . 3.80 —
pH 1965 3.49 3.54 3.71 —
Vitamin ¢ {1965 33.63 33.39 33.01 N.S.
mg/100 g
Reducing sugars {1965 2.66 2.61 3.11 0.223 0.310
g/100 cc
Total sugars (1965 7.22 7.57 8.72 0.284 0.394
g/100 cc ’ .

* Pulp %=weight of pulp/weight of fruit x100.
** Juice %= Weight of juice/weight of fruit X100. ,
*¥* The sugar of juice was measured by Refactometer.
5. The effect of shading on number and size of oil gland:
Though the difference in measurements of number, size of oil gland from dif-
ferent treatments were insignificant in 1964. But it was significant in 1965 as shown
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in Table 5. In general it shows a tendency that shading would reduce the size and
increase the number of oil-gland which might induce the ' development of smooth
peel surface of fruits.

‘Table 5. The effect of shading on the number and size of oil gland¢

. % - Size of oil gland
No. of oil gland™* .
Treatments - — ,(rgx,cron) e

1964 © 1965 , 1954 , 1965
Semi-shading 30.35 . 28.87 524.62 499.88
Whole shading . | . 30.75 29.87 50).87 479.75
Check 27.80 26.75 557.87 525.00
(5% 0.425 3.353

L.S.D. { 7 N.S. N.S.
1% 0.589 4.653

* All-data in the table are averages of 8 replications.
** No.. of oil gland per 0.5 centimeter square.

6. The effect of shading on size and grade of fruits:

In 1964 the size of fruit in the check plot was comparatively small as indicated
in Fig. 5. Webber®® had stated that the size and growth rate of citrus fruit was
closely correlated with size and number of leaves per fruit on a given branch. We
also ‘found that less branches appeared in the check plot particularly in summmer
season while no branch emerged at all. The occurrence of large amount of small
size fruit in the check plot from this experiment confirmed the finding of Webber
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Fig. 5. Effect of shading on size and grade of fruit in 1964 (left) and 1965 (right).
The classification of grade and size offruits wasbased on the standard
stipulated by the Bureau of Inspection & Quarantine of Taiwan, i, e.,
SL, LL, L, M. S. represents above 25 cm, 23-25 cm, 21-23 cm, 19-21 cm
and 17-19 cm, respectively.

7. The effect of shading on growth rate of Tonkan Orange:

The rate of fruit growth was successively :surveyed from June 1964 to January
1966. It showed that the rate of growth increass noticeably in the months of
August, September and October when the precipitation and temperature were high,
and almost ceased to grow in dry July. These phenomina were especially true in
the plots without shading. It suggested that shading might reduce the losses of
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water from transpiration of plant and evaporation of soil surface. In contrast to
1965, there was wet in July, the growth of citrus was normal even in the plots
without shading.

SUMMARY AND CONCLUSION

This experiment was carried out at a site near sea coast of Tanédéf, Taipei
Prefecture. The results may be summarized as follows:

1. Tonkan fruits grown under shading were outstanding for smoothness and
attractiveness of appearance, it may have some relation between the size and
number of oil gland of the fruit.

2. The percentage of wind injured scurf appeared on fruit was found less on
shaded plots than those in the plots without shading. It gave the evidence that
interplanting of Acacia would also be effective as windbreak. '

3. Sun scald was lower in the shaded plots than in the plots without -shading.

4. The growth rate of fruit was reduced under dry condition, almost no growth
was found in the plots without shading during dry condition. k

5. The fruit juice obtained from shaded plots had more acidity than those of
from the plots without shading. This is perhaps due to the late maturity of fruit
under shading. Thus the fruits in shaded plots .should be harvested later than
those in the plots without shading.
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STUDIES ON THE CULTIVATION OF PANGOLA GRASS
by
Y.H. Cuawu

1. Pangola grass, one of the most promising forage crops in Taiwan was studied
regarding agronomic characters, cultivation practice and other related problems.

2. Napier grass, though gave high yield when grown in the fertile loam but the
stem base is too stiff to be eaten by the animals, therefore reduce its value as
feeds.

3. In cultivation of Napier grass, it usually takes much labour for weeding while
Pangola grass does not need to weed too often, because of its vigorous growth
which exhibit the growth of miscellaneous weeds.

4. After a two-year observation, it was found that Pangola grass is not suited to
grow in lateritic soil of the mountainous slop land, and considered to be the
good forage crop under the present condition of Taiwan.

5. Among lines of Pangola grass, observed, strain A24, was found to resist dwarf
disease most strongly.
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A FIELD TRIAL WITH A SINGLE APPLICATION OF
INSECTICIDES TO CONTROL THE RICE STEM BORER,
CHILO SUPPRESSALIS

S.Y. LEE and W.Y. Hong

The authors have previously reported (1963) that poor kill of the larvae of the
paddy borer, Schoenobius (Tryporyza) inceriulas Walker became evident with some
foliar sprays applied by a conventional knapsack sprayer beyond certain stage
after transplanting when growth of the plants was so dense preventing the sprays
from hitting the straws in which the larvae were feeding.

In this trial, an investigation was made to determine whether or not significant
control of the rice stem borer, Chilo suppressalis Walker which similarly feeds in
the straw as the paddy borer, could be obtained with some compounds applied only
once soon after transplanting before growth of paddy reached undesirable conditions
for foliar treatment.

MATERIALS AND METHODS

The trial was conducted in the paddy field at Taiwan Agricultural Research
Institute, Taipei. The variety of paddy used was Taichung No. 65, transplanted on
March 26th 1964 (distances between hills: 25x25cm). Each plot was 0.36 hectare in
area, and was arranged at random. Insecticides were applied on April 25th when
the infestation with the rice stem borer averaged about ten percent, and most of
the borer were in their first or early second instars. The test chemicals and the
dosages used were as follows: 1.8 kg of gamma BHC per hectare for 6 % BHC
granule and 3 % BHC dust; 1,000 liters of water containing 0.05 % actual ingredient
per hectare for 50 % Imidan wp, 50 % Dimecron wp, 50 % Cidial ec, 47 % perathion
ec, and 45 % EPN ec. Sprays were applied after draining the irrigation water
with a knapsack mist blower; the plants being blown twice from the opposite
directions so as to secure good coverage with the liquids. There was a rain
fall a day after treatment, flooding over two plots treated with BHC (granule,
replicate no. 4; dust, replicate no. 4). In two plots received BHC (granule, replicate
no. 1; dust, replicate no. 4), irrigation water leaked completely in three days.
However, they were irrigated again as soon as little free water was standing on
soil. Mortality of the larvae was counted on 50 hills on May 1st and 2nd, and
again on 30 hills on May 4th and 5th. The results are shown in table 1. On July
3rd and 4th, infestation with the borers was investigated by examining the white
ears caused primarily by the rice stem borer. The crop was harvested on July
6th, and the green weight of grains produced in each plot was recorded. These data
are presented in table 2.



RESULTS

Results of the present work show that highly effective control of the larvae
was obtained with such insecticides as parathion, Cidial, EPN, and Dimecron when
applied as foliar sprays on the first crop about one month after transplanting.
However, Imidan was rather inferior, and BHC was poor, which seemed owing, in
this case, to rain or some other causes unknown. At the heading stage, however,
no significant difference was found in number of the white ears caused primarily
by the rice stem borer, and in yield of rice between treatments. Since this trial
was conducted in a rather isolated paddy field, it is considered that re-infestation
with the borer originated from the pest multiplied in untreated plots, or in some
treated plots where kill of the larvae was not adequate. When treatment is made
on the entire plot in a large plantation at a proper time, significant control of the
borer might be possible with this single treatment method with certain compounds.

Table 1. Effectiveness of some insecticides against the larvae of the
rice stem borer, Chilo suppressalis Walker, Taipei, 1964.

Percent Mortality of Larvae
Treatment
Replicate I 1I III v Avg .

6 % BHC granule 18.9 43.8 11.4 60.0 33.5
3 % BHC dust 60.5 36.4 55.6 11.5 41.0
50 % Imidan wp 50.7 65.1 92.3 76.1 71.1
50 % Dimecron wp 73.0 86.8 97.6 98.8 89.1
50 % Cidial ec 93.0 100.0 97.0 94.0 96.0
47 9% Parathion ec 100.0 99.0 96.8 92.3 97.0
45 % EPN ec 89.4 93.8 92.5 95.7 92.9
Untreated 4.6 1.5 1.5 2.7 2.6
LSD at 5 % Level 19.3

1% 27.0

Table 2. Number of white ears caused primarily by the rics stem borer,
Chilo suppressalis Walker, and yield of rice in various treatments,
Taipei, 1964 (each plot 0.36 hectare in area).

No. of white ears in Green weight (kg) of grains in

Treatment 4 replicates and (avg) 4 replicates and (agvg)
6 % BHC granule 309 109 | 132 | 616 | (292) | 16.1 |17.3 |17.7 | 19.7 | (17.7)
3 % BHC dust 296 | 141 37 261 (184) |19.0 | 17.8 | 16.9 | 19.9 | (18.4)
50 9% Imidan wp 187 | 108 71 59 | (106) |19.7 | 17.1 | 19.7 | 13.9 | (17.6)
50 % Dimecron wp 181 62 93 44| (95) |19.9]16.7|19.9 | 14.5 | (17.8)
50 % Cidial ec 192 67 91 441 (99) |19.416.9|20.5]|13.7 | (17.6)
47 % Parathion ec 253 75 | 253 73| (164) | 17.1 | 17.6 | 22.8 | 16.3 | (18.5)
45 % EPN ec 132 81| 159 40 | (103) | 18.2{17.7 | 18.0 | 14.9 | (17.2)
Untreated 218 | 114 | 132 | 106 | (143) | 18.2 | 15.7 | 13.3 | 13.8 | (15.3)
LSD at 5 % level 3.4
1% ’ 4.6
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THE INVESTIGATION ON NOCTUIDS
OF FLAX

by
C.C. Tu and T.H. Lin
ENGLISH SUMMARY

By collecting larvae from the flax field to feed in the laboratory and capturing
adult with light trap, Tainan T.F.E.S. has carried the works of investigation and
classification of flax insects of the family Phalaenidae, for three years. Eight
speéies of this family were found: the corn earworm, Heliothis obsoleta Hiibner;
Tobacco cutworm, Prodenia Iitura Fabricus; noctuid caterpillar, Phylomeira inter-
miste Warren; army worm, Cirphis wnipuncte Haworth; noctuid caterpillar,
Anomis fimbriago Stephen; noctuid caterpillar, Phyfometra #¢ Hitbner; beet army-
worm, Laphygme exigua Hibner, and the black cutworm, Agrotés ypsilon Rottenberg.

The occurrence of these insects in flax field was investigated from December,
1963 to February, 1964. six species of the above insects except the beet armyworm
and black cutworm have been collected,

In December, the initial stage of flax growth, corn earworm was the insect
abunduntly occurred in the field, the next was tobacco cutworm, Predenia Iitura,
while none of the noctuid caterpillar, Phyfometra internista, was discovered. The
corn earworm reached its peak stage in January, the middle stage of flax growth.
P. intermixta and the armyworm were also found to be the important insect pests
at this time. Besides the serious injuries of corn earworm and tobacco cutworm
in February when majority of flax blossoming and bearing fruits, damages of the
noctuid caterpillar, P. émterminta and the armyworm also become to obvious.
Noctuid caterpillar, Anomiés fimbriage Stephen and noctuid caterpillar, Plytometra
#ni were also found.
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