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15. FIELD TESTS ON SPLIT APPLICATIONS 
OF NITROGEN --AN APPLICATION OF 
FRACTIONAL FACTORIAL DESI 

Hirokazu ARIKA W A* and Mitsuo SHIN OZAKI* 

Introduction. 

Kanagawa Prefecture is located in the southern part of Kanto districts and ha:,: abm::t 

14, 000 ha paddy fields. The ordinary transplanting cultivation of rice plant ha~ been n> 
practice for years over 90 percent of the paddy fields and the transplanting 
bet\'\'een June lOth and the end of the month. The temperature in the period of 

is so high that rice plants ar;o apt to overgrow at the tillering stage for a month m:d 
a half after transplanting. But, in the climate after heading is so unfaYorable 
that the ripened grains ratio is iow, and typhoons in Autumn often cause a decrees' (Jf the 
hulled rice yield. The average yield in this prefecture has been 350 kg per 10 are:> for the 
recent five years, which is about 100 per 10 ares below the avcr,1ge at thv national 
level. The cause of the low yield have been investigated from various 
transplanting period, varieties, fertilization, soil types and so on. So far as fer til izc;tion i~ 

one of the main causes of the low in this prefecture is, to 
the fact that too much importance has been attached to applying 
iertilizer, which causes a decrease of effective tillers because of an overincrease r;i tiller:o 
at an early stage. The object of the present experiment is an attempt lo 

effective application of a nitrogen into consideration of 
fertilization as well as basic fertilization. 

In carrying out the expcrin1ent, \Ve us(:;d and constructed {r£:ction<1~( 

factorial designs making the experiment more efficient :md accurate, and the 
data 'vere analyz2d by an electronic computer. Acknowledgment are due to Dr. 
Okuno and Dr. Noboru Murayama, the National Institute of Agricultural Sciences, for ihc 

Layer: Depth 
(em) 

3 33-57 

68-100 

57-68: Sand 

Table 1. Soil profile and chemical characters of test fields. 

Gn:vel Sand Silt Total 

(%) (%) (%) 

5. 85' 

8. 08
1 1. 281 

8.87 L 1. 21 

5.46 34.3 LC 3.08 

-~- -~-- --·-· -~ 

Total I 

nitrogeni 
(%) 

0.24 

c;~ 
ratio 
(%) 

i Content' 
i oi C.E.C 
I humus , (m.e) 

(%) 

9. 7j 2.7 27.21 
I 

9.8: 2.2 26.26 
I 

' 10. li 2. 1 28. 91 

12.8 r ') 
<) • ..) 14.92 

* Agricultural Reck•arch Institute of Kanagawa Prefecture. Hiratsuka, Kanaga,ya, 259-12 JaJ,an. 
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of this and the of the result. 

Planning of the experiment. 

test field: field at Res. Institute of PreL 
soil as shown in Table 1. 

: June 20, 1968. 
per square meter (3 per hill). 

Time of drainage: July 25-30, 1968 (35 clays after transplanting). 
Time of : August 24, 1968. 
Harvest ti:-ne : October 26, 1968. 
Factors and levels : The 

considered. 
s1x factors and 2 il levels for each factor are 

Factors 

Calcium silicate: S 
Basic nitrogen fertilizer · B 
"\dditional 

~\rnount of additional 
fertilizer 

for 

fertilizer for 
head :D 

Additional 
fertilizer at the 
heading: M 

Levels 

s" 
Bh ~ 

400 
B, 6 

per 10 area 
per 10 ares. 

T,. per 10 ares. 

3 kg per 10 ares. H, 6 kg per 10 ares. 
D,. 20 days D,, 20 days and 10 D3 , 10 days before 

before before head head sprout-
head 0prouting period, ing 

no application 

a half of the 
amount of addi-
tional 
fertilizer for 
head forming 
applied each time 

lVI,, 3 kg per 10 ares. 

Assignment of the effects to the columns in L 16 + L,, + L16 is shown in Table 2. 
(11) Treatmt:nt combinations are shown in Table 3. 

In our test field the rice plant had been cultivated in the direct sowmg method for 6 
years, and we had already applied in 1967, 2, 500 kg activated slag, 150 kg calcium silicate 
and 200 kg iron slag per 10 ares respectively for the improvement of the soil. And in 
spring, 1968, the year of our experiment, 80 kg super phosphate of lime and 20 kg potas­
sium chloride per 10 ares were applied before irrigation. 

First we divided the test field into two blocks and then divided each block into two 
parts. Calcium silicate was applied to a part of each block, and only basic nitrogen fertilizer 
(ammonium sulfate) was applied in a submerged condition to all parts and then each part 
was divided into 12 plots, about 6 are paddy field partitioned off into 48 plots with boards 
(2 meters wide and 5 meters long). 
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Table 2. Assignment of factorial effects to the arrays. 

2 4 5 6 7 8 9 10 11 1'' 13 14 15 

Array number Key symbol a b a c a b d b a b a 
b ~ b d d b d c c IJ 

(Factorial eifect) 

D, 

c d d d 
d 

R S T H M S S T S S B H M M H 
!! B H M B T T T B B 
H 
'VI 

R S M T H S S M S S B T H H T 

T 
H 

T 
M 

B T H M M M B B 

S H T M S S H S S 
B T M B H 

T M T 
H H B B 

Table 3. 48 treatment combination for nitrogen applications. 

8 

9 

10 

11 

12 

13 

14 

15 

16 

4 

6 

4 

6 

4 

4 

6 

4 

6 

T 

0 

2 

0 

2 

0 

2 

0 

2 

0 

2 

0 

2 

0 

2 

0 

2 

6 

6 

3 

3 

6 

6 

3 

6 

6 

3 

3 

6 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

') 
J 

3 

0 

0 

3 

3 

3 

3 

0 

0 

3 

3 

0 

0 

B 

4 

6 

4 

6 

6 

4 

6 

4 

6 

4 

6 

4 

4 

6 

4 

6 

T 

0 

0 

2 

2 

0 

0 

2 

2 

0 
() 

2 

2 

0 

0 

2 

2 

1 ' 

3 

3 

1 ' 
1.5 

3 

3 

3 

L5 

1.5 

3 

3 

1.5 

1.5 

3 

3 

3 

3 

1.5 

1.5 

3 

3 

1.5 

1' 5 

3 

0 

3 

0 

3 

0 

3 

0 

3 

0 

3 

0 

3 

B 

4 

6 

4 

6 

6 

4 

6 

4 

6 

4 

6 

4 

4 

6 

4 

6 

Data obtained and Analysis of variance. 

T 

0 

0 

2 

2 

0 

0 

2 

0 

0 

2 

2 

0 

0 

2 

2 

(kg per 10 Gres) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

6 

3 

6 

3 

6 

6 

3 
6 

3 

3 

3 

6 

3 

6 

M 

0 

0 

0 

0 

3 

3 

3 

0 

0 

3 

3 

0 

0 

By the use of the table of L,, + L 16 + L,, orthogonal arrays, we got the following 48 
treatment combinations and the obtained data on items of D, (20 days before head sprout­
ing period), D, (10 days before head sprouting period) and D, (20 days and 10 days 
before head sprouting period, a half of the amount of additional nitrogen fertilizer for 
head forming applied each time), to be analyzed are shown in Tables 4, 5 and 6 respec­
tively. 
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Table 4. Obtained data of D, (16 combinations) treatment. 

No.: Amount of ntiro;,;en 

4 

5 

6 

7 

8 

9 

10 

11 

12 

14 

15 

16 

4 

6 

4 

6 

6 

4 

6 

4 

6 

4 

0 

0 

2 

() 

2 

0 

2 

0 

3 

3 

6 

6 

3 

6 

6 
') 
,) 

3 

0 
() 

0 

0 
I' ,} 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

3 

3 

6 0 6 0 0 

4 2 6 0 0 

4 0 

6 2 

4 0 

6 2 

3 0 

3 0 

6 0 
6 0 

rnean 

., 
J 

0 

70.2 

70. 5i 
68.2: 

' I 
! 71. 7; 

*! 7L 9 

*' 69.3 

71. 6 

*! 70.2 

* 

71. 7 

75.4 

74.:1 

67.9 

74.5 

68. 1 

*' 73.3 

.L\ug. 
36080. 619. 9 318 88 24 

39081. 619. 7 274 70 26 

30082. 7 21. 1 314 103 23 

41687. 2 21. 1 394 95 25 

418 86. 0 19. 8 321 77 26 

390 84. 2 :?0. 5 278 71 26 

403.87. 4 21. 3 381 95 25 

418 86. 5 21. 1 332 79 26 

362 85. 0 :n. 9 280 77 :?2 

407 80. 0 20. 8 318. 78 22 

69.2 1 

82.4 

78.8 

90.3 

80. 7; 

68. s' 
87.5 

83. 3 

79.9 

88.9 

61. 3i 
-,., .,I 

.;). t..-1 

6~ qi 
D. 0[ 

7:1. 4! 
70. 5[ 
65. 2 

73.0 

70. l 

68. 7 

73.8 

I 

51. 3! 
50.6 

53.9 

60.4 

58. 1 

53. 5: 
60 'J' . ,ji 
57.9 

56.4: 

61. 5i 

23. 1 

22.9 

23.S 
23. 

23.0 

23. 1 

23.3 

23. 

23. 

422,89. 2 22. 3 323 77 
I : I 

24 86. 6 73. 6 58. 7: 23. :s 
i 

37187. 9.21. 6' 354 96 

6 21. 0 387 76 

438 85. 919. 7 305 7G 

382 80. 6 21. 4 330 86 

463 86. 5.20. 7 339 67 

23 76. 0 75. G 60. g: 2:~. ~-> 
I 

82.7 6:5.6 3, 2:3.; 

26 94. 4 70. 5 S8. 3 n. 8 

26 7S. 5 72. 9 60. 31 22. 8 

26 84. 0 75. 8 61. 9 22. 8 

81. 8 70. G! 58. 0 23. 

* · C<dciurn silicates are applied in these treat;_nents. 

Tvventy hills out o£ each plot \Yere used for measuring, in the 
plant, plant height, number of of and number of 

251 

314 

318 

261 
283 

299 

:264 

271 

283 

221 

284 

289 

stems, and the weight of the production and other items were investigated following the 
standard method. 

The comparison of the averages on some main items of investigation of eaci1 D 
(periods of application of nitrogen fertilizer at the head forming stage) as shown in Tables 
4 - 7 and summerized in Fig. 1 shows that the difference among D treatments 
highly significant. 

An additonal nitrogen fertilizer applied 20 days before the head sprouting period 
treatment) proved to lengthen the stems, but in this experiment, we did not recognize the 
lodging of plants to be affected by typhoons in autumn and the ratio of effective ti1ler~, 

the length and number of panicles and the number of hulled grains surpassed thase in 
other treatments. ·what was better, the weight of leaves and stems was the least. And 
these contributed to increasing the yield of hulled rice. 

An additional nitrogen fertilizer applied 10 days before the head sprouting period 
treatment) resulted in the least yield of hulled rice because the main items of components 
for increasing the yield were the worst. It was due to the fact that the number of defec­
tive tillers was larger than those in the other treatment. 

D, treatment (20 clays and 10 days before the head sprouting period, a half of the 
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Table 5. Obtained date of D, (16 combinations) treatment. 

No. .:-\rnount of 

2 

4 

6 

7 

8 

9 

10 

11 

13 

14 

lS 

16 

~t 0 L5 1.5 0 

6 

4 

6 

6 

6 

4 

6 

6 

0 

2 

0 

0 

2 

2 

0 

0 

2 

2 

0 

I ' • 0 

3 3 

3 

1.5 1.5 

3 3 

3 

') 

" 
0 

3 

0 

3 

0 

0 

6 3 3 3 

4 2 I 5 0 

6 2 1. 5 1. 5 

Inean 

* 
* 

* 

73.9 

70. 8, 

73.9 

72.1: 

69.7 

75. I 

72. 1 

7 

72.5 

77.8 
72. 7 

72.9 

* 73. 7 

:;< 69. 9! 

*' 71. 6 

72.4 

1 Aug. 
36780. 2.20. 2 278 76 25 64. 7 56. 4 46. 4 23. 8 210 

' 
338 80. 920. 3 328 971 

' 
432 83. 4 20. 4i 332 
"87's- c ~o 71 3CJ". ~) ' <J. ;:) £:, • ! .);} 

48284. 336 

347,82. 6,19. s, 278 

77 

,}27 88. 1'20. 5 324 7 6 

41485. 21 314 76 

370 82. 6 20. 7 85 

0.21. 5 320 94 

. 119. 4 316 65 

336 81. 5'19. 5 252 75 

25 82. 6, 63. 3 52. 2 23. 2 

24 77. 7 65. 6 54. 3 23. 6 

89. 4, 66. 4 55. :) 23. 5 

79. 2' 65. 9 53. s 23. :l 

26 87.8 63.3 52.6 23.4 

93. 1 69. 4, 57. 5j 23. 3 

26 94. 2 70. 4 58. 7 23. 8 

25 77. 5 66. 0 54. 4: 23. 8 

82. 7. 70. 1 

25. 75. 5 65. 3 

23 86. 8 61. 4 

58.8 23.9 
! 

53. s: 22.8 

51 0 23.4 
• i 

58. 3 23.9 

250 

233 

285 

296 

251 

299 

303 

235 

256 

275 

234 

239 

60. 8 23. 4 297 

45.3 23. 4 232 

55.6 23.2 279 

amount of an additional fertilizer for head forming applied each time) sho·wed 
data between D, and D, in the main items, with the only exception that the \Yeight 

of 1, 000 grains of hulled rice was the heaviest. 
The analysis of variance for the yield of hulled rice is shown in Table 8. In describing 

the main effects and two-factor interactions, D, H, B, S X T, T, B X H, H X D and T X D 
in order of significance. D, H (nitrogen fertilizer for head forming) and B 

nitrogen fertilizer) are highly significant. 
A study of Fig. 2 shovv:s that factors of an increase in the yield of rice are the appli­

cation of 6 kg per 10 ares nitrogen as a basic fertilizer and the application of 6 kg per 10 
are~ nitrogen as an additional fertilizer 20 before the head sprouting period. (B,DlH,) 

An application of calcium ,.ilicate, instead of an application of an additional nitrogen 
fertilizer at the tillering stage, increases the yield because it promotes the increase in the 
number of tillers at an early stage of grO\ving. 

1\s for nitrogen application at the heading cursorily, its effect on yield increase was 
found to be limited in D, treatment. Moreover, the weight of leaves and stems was increased 

nitrogen application at the heading. 

Discussion 

By keeping down the amount of a basic nitrogen fertilizer and by draining the field 
after we had enoc1gh tillers to get effective tillers, an overgrowth of rice plant and an 
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Table 6. Obtained data of D3 (16 combinations) treatment. 

No. i Amount of nitrogeu 

5 

7 

8 

9 

10 

11 

12 

13 
H 

15 
16 

4 0 0 3 0 
6 0 0 6 0 

4 2 0 3 :l 

6 

6 

4 

6 

4 

6 

4 

6 

4 

4 

6 

4 

6 

0 

i) 

2 

0 
() 

2 

2 

0 

0 

2 

2 

,. 
J 

0 

0 

0 

0 

0 

0 

0 

() 

() 

0 

0 

0 

Jnean 

6 

6 

3 

6 

3 

6 

3 

6 

6 

3 

6 

0 

0 

3 
() 

0 

3 

3 
* 
* 

68.9 

71. 0 

71. 5 

73.2 

71.8 

71. 0 

74.9: 

72.6 

74.0 

71. 5 

I 74. 9! 

76.2 

70.3 

7'L 7: 
71.3: 

I 

72. Oi 

298 75. 719. 2 282 

392 79. 8,18. 4 311 79 

418.8 256 6G 

127 85. 

356'so. 

818. 9 

8 276 65 

9 278 78 

. 3,18. 7, ?,13 64 

41882.4,18. 9. 271 65 

619. 3 256 67 

35475. o'1s. 7 247 70 

125,82. 9!18. 6 70 

398'78. 619. 5. 260 6r; 
' ' 

370:78. 619. 0 258 70 

372,80. 419. 2 278 75 

412 79. 818. 2 269 65 

414 78. 919. 0, 264 64 

72. 5[ 397.80. 618. 9 278 71 

50. 5 42. 0 23. 

24 90.5 58.6 48.8 23.2 

23 

26 

26 

26 

23 

24 

26 

24 

27 

27 

87. 

95. 7 

86.8 

91. 8 

86.2' 

97.2 

83. 4 

92.3 

56. 1 46. 6 23. 1 

6:3. 4! 

64. 0 5:3. 1' 

8' :50.2 

66. 2 53.9 

63. 53. 

58. 9' 48. 

59.4 49.7 

()3. 7 53. 0 23. 1 

61. 3 50. 9 23. 6 

56.7 47.0 23.1 

64. 7 53. 7 23. 1 

61. 9 52. 1 23. 1 

63. 9 52. 4' 22. 9 
' . ' 

208 

223 

211 
"~--T----------------

88. 5 60. 8 50. 5: 23. 1 
! 

Table 7. Average data of each D treatment. 



Length of stems. 

\em) 

(em) 

Number of 

Weight of stems and leaves. 
(kg per aer) 

ss1 

/ 86 

84 

82 

80 

! 
D, 

(kg per 

Yield of rice, 

(kg pe~r arc) 

i 
ss r-
56!-
54~ 
~2~ 
51 

D, D, D, 

Number of ripened grains. 

::C.SOJ (100\times per square meter; 

~~toL 
,;..·-x 

220 

D, D, 

Fig. 1. The effects of D for main items. 
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Tahle 8. Analysis of variance for yield of hulled rice. 

Source o_f 

(C;dciu1n Silicn te) 

B: (basjc X) 

T: (Tilkring stage) 

D: (Periods) 

f.I · ~~ t~It~ad .fonning stage) 

:vi: (Bending) 

S >< B 

s '" i 

s lJ 

s : u 
s '" 
B ~r 

B>D 

B i~VI 

T' 

TxH 

T x:v! 
H D 
H >< l\1 

MXD 

Degrees of 
freedom 

1 

1 

2 

1 

2 

1 

1 

2 

1 

2 

2 

l 

2 

18 

25.96 

29. 30 

451 

143. 18 

10. 36 

1. 30 

37.99 

15. 89 

2. 76 

0. 26 

0. 17 

1. 67 

21. 62 

0. 50 

31. 75 

5.78 
0. 23 

38.86 

2. 26 

19. 23 

•· Double asterisk denotes significance at the 1% level. 
* Single asterisk denotes significncance at the 59~£ leveL 

Yiean square 

226 

7.95 

0.84 

15.88 

18.43 

F 

2 

8* 

>50** 

>30** 

3 

>10** 

2 

6* 

> 4* 

< 2 

> 5* 

3 

overincrease of ineffective tillers were prevented. And we got about 300 panicles per square 
meter. ,\n addition of a nitrogen fertilizer about 20 before the head sprouting period 

promotes an increase of the length of panicles and, what was better, an increase 
of the number of ripened grains, resulting in a production of hulled rice of 550-600 kg 
per 10 ares. 

rice 
The fertilization and management in our experiment, if applied to 

cultivation generally practised in Kanag<nva prefecture, will be 
of hulled rice. the yield 

the transplanting 
effective to raist· 

From the above conclusion our principle of guiding the farmers in our prefecture will 
be to encourage them to apply about 200 kg calcium silicate per 10 ares, to limit the 
amount of nitrogen as a basic fertilizer at 3 - 6 kg per 10 ares varying according to soil 
types and drainage conditions, not to apply an additional fertilizer at the tillering stage, to 
drain the field 35 - 40 clays after transplanting, to dry the field completely, and to give 
an additional nitrogen fertilizer of about 3 kg per 10 ares 20 days before the head sprouting 
period (about August 5). 



s X T 
I 

T, Tz 

s, 51.8 55.2 

s. 55.2 55.1 
I 

B X H 

B1 50.4 55.5 

B, 54.7 56.5 

56-581
1 

54 
52 
50 

~ 

~l.s.d L6 .-
H, H, 

D X H 

I 
_ _LL--'\'--_D.:__, __ D..:_,_ 

H1 \ 56.8 
l 

H,i 59.3 

60 
58 
56_ 
54_ 

52 
50 

D, 

51.3 49.6 

59.2 51.5 

D, D, 

T X D 

D, D, D, 

T, 56.7 54.7 49.2 

T2 59.3 53.9 51.9 

~~~ ~~ d2.0 
56 
54 1 

~~tL--~--~~----~-D, 

M X D 

' --+ D, __ _E:_~~--
M, i 58.2 52.9 50.3 

I 
lvLj 57.8 55.7 50.8 

Effect of S, B, T and H. 

Level 
I 

s B T H 

1 I 52.5 51.9 52.5 51.6 

I 
21 54.1 54.7 54.1 55.0 

I 

Fig. 2. The two-factor interactions and the effect of S, B, T and H. 

201 



202 

Discussion 

the of H. Fukui, 
there is the 

said main effect ? 
interaction betwec:n 

Answer: \Vhen 
m Table 8 S X T was 

except on the main effect (S or 
than SxT', 

H. Fukui, \Vhat IS the basis of 

effective tillers. 

pests? 

on 
of rather an1ount 

Answer : and D.. treatments 
treatment. I suppoi'e that the 

show 

of 

the mam effect 
of which is tbe 

\Vere 

:shown 4-5 

interaction arnon;r n1ore 

of effective tillers more 

CD1 and D, the number of 
the 
D, 

treatment. For the second questions, 
regarding the occurrence and 

we could not observe the of and 
trea trnen ts. 

not made m this 
but 

\] 48 

H. Ito, Japan : Please introduce the cost for the c2Jcuiation an electronic computer. 
Answer : Rental cost is 1, 500 yen per minute and it takes kscs than 10 seconds 

calculating data and of L'" each item. 


