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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.

LITERATURE CITED

i

(1) Chang, W. L. and S. C. Yang. 1964a. Effects of split application of fertilizer and planting
density on yield, components of yield and other agronomic characters of rice. Jour. Taiwan
Agr. Res. 13(1):16-27.

(2) Chang, W. L. and S.C. Yang. 1964b. Effects of split application of fertilizer and planting
density on yield, components of yield and other agronomic characters of rice (II). Jour.
Taiwan Agr. Res. 13(4):1-10.

(3) Hong, M. P. and K. F. Kuo. 1965. Experiment on timing of potash fertilization in rice.
Sci. Agr. 13(9. 10):286-288.

(4) Hosika, G. 1951. Different growth types of rice and their relationships to lodging and
components of yield. Agr. and Hort. 36(2):321-324.

(5) Matsuo, T. 1965. Varietal responses to nitrogen and spacing. The Mineral Nutrition of
the Rice Plant. Proceedings of a symposium at IRRI. Johns Hopkins. pp. 437-448.

(6) Mitsui, S. 1954, Nutrients absorption and panicle fertilization of rice. Agr. and Hort.
29(1):123-126.

(7) Mutsuwura, A. 1962. Theory and prctice of split application of fertilizers in rice (1). Agr.
and Hort. 37(11):1752-1756.

(8) Shen, C.Y. and W. L. Yuan. 1964. Effect of split application of potash on paddy yield.
Jour. Agr. Assoc. China, New Series. 45:41-45.

(9) Suzuki, S. 1958. Split application of nitrogen and panicle fertilization of rice in south-
western Japan. Agr. and Hort. 33(6):941-944.

AT} 0 il SRR A 2 1 S s it - AR
% Rl - B At 3= 82 BB PEAR ) (=
% =

AR TR RO IR 53 255 2 HifENX 54 4558 1 IR =5 ~ SIRALKL D
W R R AR B BT B ~ EE BRI SR R A B B R & AUBRAS 2 o

IR IETES 1~ 2 JEERKERLRIAGESE » HRERRBERNEK (3D TH
HZBIN o WEARERE » HERZRE/HE B B EEREES B o BRI iR
HEZH » FREZZTRIER -

MR MEPRIERDEMEERN » EREREEE 2 RnmEd » £F HEREEZIER
T D o BT E BB IBIERE o

REE 1 JR 2 MR E GRS D MR - MRS BAIRMEE o 7EElE 2 BEAH
< Wi R B REEIR R f B ERM AR » LRI S R BT E % o



	
	2
	3
	4
	5
	6
	7
	8


