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Table 1. Experimental material ()

Variety

Growing district
Planting date

Planting distance (cm)
Row spacing width (cm)
Yield (t/10a)

N:Co, 310
Makurazaki (Kagoshima-ken)
Mar. 10, 1966

30
120
8.5

Harvesting date (No.) Nov.1’67 (1) Dec. 1’67 (2) Dec.22’67 (3) Jan. 14’68 (4)
Plant height (cm) 330 345 350 350
Plant weight (g) 822 880 1015 1015
Mature cane length (cm) 165 172 190 199
Mature cane weight (g) 612 678 768 790
No. of green leaves (leaf/stem) 12 11 9 8
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Table 2. Experimental material ()
Node order Harvesting Brix Diameter Node Moisture content
date (No.) (%) of stem distance (wet base) (%)
(cm) (cm)
Stem Leaf
8 1 13 2.1 11.0 81.0 75.9
2 15 2.0 11.5 78.6 75.0
3 17 1.8 12.0 72.6 72.3
4 18 1.8 12.2 72.0 71.6
10 1 15 1.7 11.3 76.5 75.5
2 16 1.7 12.9 75.3 73.6
3 18 1.8 13.0 71.83 70.4
4 19 1.8 13.2 71.0 70.3
12 1 17 1.9 13.2 73.8 75.3
2 18 1.8 15.2 72.8 72.2
3 18 1.8 16.0 71.1 58.9
4 20 1.9 16.3 70.3 50.3
14 1 17 2.0 17.2 73.0 41.5
2 18 1.9 18.7 72.8 41.0
3 19 2.0 19.0 69.8 40.5
4 20 1.9 19.0 69.7 10.5
16 1 18 2.0 18.3 72.6 7.5
2 19 2.0 19.2 72.3 7.5
3 19 2.0 19.3 69.7 7.5
4 20 2.0 20.2 69.7 7.4
18 1 18 2.0 19.1 72.0 7.7
2 20 2.0 19.9 71.9 7.0
3 20 2.0 19.8 69.3 7.2
4 21 2.1 19.1 69.2 7.2
20 1 19 2.1 18.2 71.3 7.0
2 20 2.1 18.6 70.7 6.7
3 20 2.2 18.6 68.8 5.9
4 21 2.3 18.5 68.7 5.6
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Fig. 1. Measuring apparatus.
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Fig. 2. Measuring apparatus of penetrating resistance.
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Fig. 3. Measuring apparatus of bending resistance.
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Fig. 4. Measuring apparatus of cutting resistance and
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Table 3. Correlation table between node order and penetrating resistance

X Node order
Y 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2]
Penetrating 777~842 19 33
resistance 712~777 20 36 47
(kg/cm?®)  647~712 3 34 44 44
582~647 3 21 61 62 65 71
517~582 21 69 99 86 74 36 5
452~517 5 3 28 68 126 114 75 50 10
387~452 5 25 73 144 155 126 53 14 5
322~387 15 32 88 108 111 53 17 6
257~322 94 95 86 67 11
192~257 54 63 21
127~192 73 10
** Sjgnificant at 19 level 7,=0.941

Table 4. Analysis of variance of penetrating resistance (node order: 14)

Factor Sum of squares  Degree of freedom Variance Variance ratio
Between class variation (Sb) 5.50 n,=3 u?=1.833 (76. 375%*)
Within class variation (Sw) 4.70 n,=196 vi=0. 024

Total variation (S) 10.20

*x Significant at 1% level a=0.01 A=3.88, a=0.05 A=2.65
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Fig. 6. Relation between node order and penetrating resistance.
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Table 5. Correlation table between node order and

Table 6. Correlation table between node order and

bending resistance deflection
X Node order X Node order
Y 10 13 16 19 Y 10 13 16 19

Bending  28.00~29.00 11 Deflection 17.00~18.00 4
resistance 27.00~28. 00 14 (cm)  16.00~17.00 7 7
(kg) 26.00~27.00 13 15.00~16. 00 45 14
25. 00~26. 00 12 14.00~15.00 45 12 2
24.00~25.00 23 13.00~14.00 40 38 5
23.00~24.00 9 23 12. 00~13. 00 26 39 19
22.00~23.00 12 35 11.00~12.00 25 39 47
21.00~22.00 17 20 10. 00~11.00 8 36 50
20. 00~21. 00 7 26 16 9.00~10.00 15 39 5
19. 00~20. 00 21 32 24 8.00~ 9.00 25 24
18.00~19.00 7 32 32 9 7.00~ 8.00 13 39
17.00~18.00 14 36 24 6.00~ 7.00 46
16. 00~17.00 30 34 29 5.00~ 6.00 44
15.00~16.00 46 38 8 4.00~ 5.00 30
14. 00~15. 00 32 21 6 3.00~ 4.00 12
13.00~14.00 33 11 5
12.00~13.00 27 0,2=0. 866
11.00~12.00 11
7,,=0.817
Table 7. Analysis of variance of bending resistance
Factor Node order Sum of squares Df Variance Variance ratio
Between class variation (Sb) 10 346. 32 3 115.44 (72. 15%%)
13 251. 38 3 83.79 (44. 10**)
16 868. 84 3 289. 61 (194. 37*%)
19 1233. 14 3 411.05 (228. 36**)
Within class variation (Sw) 10 313.92 196 1.60
13 372. 43 196 1.90
16 291.71 196 1.49
19 351.88 196 1.80
Total variation (S) 10 660. 24
13 623. 81
16 1160. 55
19 1585. 02

** Significant at 19 level
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Table 8. Analysis of variance of deflection

Factor Node order Sum of squares Df Variance Variance ratio
Between class variation (Sb) 10 244.73 3 81.58 (57. 86**)
13 231. 42 3 77.14 (38. 57%%)
16 163. 00 3 54.33 (4. 61%*)
19 49.21 3 16. 40 (8. 04%*)
Within class variation (Sw) 10 277.28 196 1.41
13 391.77 196 2.00
16 307.83 196 1.57
19 399. 24 196 2.04
Total variation (S) 10 522.01
13 623.19
16 470.83
19 448. 45
** Significant at 19 level a=0.01 A=3.88, @=0.05 A=2.65
16+
30t
14}
(Jan. 14°68)
o5t =
= (Dec. 2267) Ser
v
; (Dec. 1'67) 'é I
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S =
bt S
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10
00 13 16 19 MST) 13 6 19
Node order Node order
Fig. 7. Relation between node order and bending Fig. 8. Relation between node order and deflection.
resistance,
Table 10. Analysis of variance of maximum cutting resistance
Factor Node order  Sum of squares Df Variance Variance ratio
Between class variation (Sb) 7 20074. 00 3 6691. 33 (3126. 79%*)
14 4270. 50 3 1423. 50 (818. 10%*)
21 2405. 80 3 801.93 (448. 01%%)
Within class variation (Sw) 7 418.86 196 2.14
14 342.01 196 1.74
21 349. 99 196 .79
Total variation (S) 7 20492. 86
14 4612.51
21 2755.79

** Significant at 19 level

@=0.01 A=3.88, @=0.05 A=2.65
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Table 9. Correlation table between node order and maximum cutting resistance

\\ X Node order

Y \\\\\\\‘ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Maximum 85.00~90. 00 11
cutting 80. 00~85.00 37 58
resistance  75.00~80. 00 39 100 96
(kg) 70. 00~75. 00 27 62 65 37 35

65.00~70. 00 15 42 76 64 26

60. 00~65. 00 19 57 93 74 62 32

55. 00~60. 00 5 11 42 50 87 86 74 62 54

50. 00~55. 00 41 48 50 47 28 45 69 30 3

45.00~50.00 4 35 4 41 8 50 35 50
40.00~45.00 39 15 32 16 47 31 47
35.00~40.00 12 37 21 34 30 22 3
30.00~35.00 45 32 47 27 23

25.00~30.00 19 31 26 23

20.00~25.00 31 0 24

15.00~20.00 25 40

10.00~15.00 25 10

7,=0.912
(Jan. 14’68)
80 (Dec. 22'67)
(Dec. 1'67)
_2ob (Nov. 1'67)
&
S 60
3]
B
8 50F
=V4}
£
‘é 40+
£
-
E 30t
o
=
20}
OF I 1 1 L A L 1 1 1 1 L A

7 9 11 13 15 17 19 21
Node order

Fig. 9. Relation between node order and maximum cutting resistance.
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Fig. 10. Relation between node order and mean. cutting resistance.

Table 11. Correlation table between node order and cutting energy

X Node order
Y . 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Cutting 130. 00~140.00 11 26
energy 120.00~130.00 39 67
(kg-—cm) 110.00~120. 00 36 49 70
100. 00~110. 00 37 38 78 37
90.00~100.00 22 50 40 70 28
80. 00~ 90.00 22 79 102 119 117 56
70. 00~ 80.00 30 90 103 106 76 31 6
60. 00~ 70.00 50 58 71 83 110 75 15
50.00~ 60.00 50 50 50 42 79 87
40.00~ 50.00 50 50 19 50 50
30.00~ 40.00 50 50 32 17
20.00~ 30.00 50 50 49 33
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Table 12. Analysis of variance of cutting energy

Factor Node order Sum of squares Df Variance Variance ratio
Between class variation (Sb) 7 25609. 00 3 8536. 33 (7831. 50%*)
14 6117.94 3 2039. 31 (944. 13%%)
21 12544. 61 3 4181.54 (1035. 03%**)
Within class variation (Sw) 7 213.54 196 1.09
14 424.23 196 2.16
21 791.79 196 4.04
Total variation (S) 7 25822. 54
14 6542.17
21 13336. 40

** Significant at 1% level

a=0.01 A=3.88, a=0.05 A=2.65
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Fig. 11. Relation between node order and cutting energy.

TebhA BB T AEENCH 5. Fio, INERFTRIC
X B RS OTITEN S O FDichbAEIWTRE
1% KECRTHEEZND D, INEHHI ERTS
R T PUTEIIIHAL, FObih BITHITH
P BEAERL T 5.

3. EEORKE X O UMK & IR 1E &
LI X » THich 2N DD, HEEIHBRIED
FHANCLK R THRTHEACH S, S & Rk
T O YIMHES & ORI F R FHRD T\ HEES
B8R H 5 (#HBS 7,,=0.91, 9,,=0.83). KT, I
BRI DO RIEHA DR K s L O YIWHETI T & 8t &
HITINERIAC X - THEECEEEN DD, IR
PREBL EENTERICH S - T, WiFhi gk
THEAERL T 5.

4. EZOYIME X O = 5L F — X HR0C X
S THIED DEDD D, HIERSHOERE L I
HDHREDFH NI THATHEANCTH 5.
Bz & YW X O =+ L ¥ — DRIt Fh Fh
WD TH\EBIBAR 23 5 5. GBI 7,,=0.94, 7.
=0.84). Wi, INERFIBIC X % EZ ORISR OY)
Wris L OLEUIM = 2oL F — X BT & I IR S
Lo THBCHEEEZ DD, BHHIERT IR
T WTR KT HEAYRL TW 5.

5. EZEDOERHEIUIET (L & o D T ~HIES
Bathh b (FHBSLE 7,=0.85), &IRHEERFIHDORER L
DI, ECLAHHEEEERD B T RO FIT T DI - THA
THERCHS. K, [NERFIC X % RS OE
BT VTh Y 1% KIS\ WTEEXN DD, B



L) XUBEROHRBCET 2 EMRIPIE 28 241

(Jan. 14'68)
(Dec. 22°67)
(Dec. 1’67)
30F
(Nov. 1°67)
NE
g 25 -
=)
(9]
2
G 20F
(9]
g
oo
£ 15}
Z
2
S 10}
@
Q,
[9p]
5k
0|~ 1 | 1 1 1 1 1 1 I 1 1 1

13 15 17 19 21
Node order

Fig. 12. Relation between node order and specific cutting energy.
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Table -13. Correlation table between node order ‘and crushing resistance
X

Node order
Y 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Crushing 160.00~165.00 2 4 4 1
resistance 155.00~160.00 14 4 5 15 3
(kg)  150.00~155.00 13 24 27 5 11
145.00~150.00 21 24 17 14 12 5
140.00~145.00 38 23 22 18 30 9
135.00~140.00 30 26 35 30 31 28 25 4
130.00~135.00 24 36 30 33 31 28 22 6

125.00~130.00 27 26 21 28 15 30 34 20 3 2
120.00~125.00 17 21 15 23 28 22 24 18 28 8 6 5 1 1
115. 00~120. 00 14 7 11 16 21 32 25 31 24 8 15 3 5 6
110.00~115.00 5 11 10 3 20 3 20 28 34 28 6 5 7 8
105.00~110. 00 2 4 11 22 18 24 28 24 35 13 11 3 9
100. 00~105. 00 3 4 4 7 29 28 32 13 23 13 7 5
95. 00~100. 00 9 33 24 38 36 27 22 16 15
90. 00~ 95.00 9 24 21 28 30 30 24 32
85. 00~ 90.00 6 10 26 29 35 34 37 27
80. 00~ 85.00 3 7 10 32 27 27 26
75. 00~ 80.00 19 9 30 24
70.00~ 75.00 7 29 16 28
65.00~ 70.00 11 19 17
60. 00~ 65.00 0 7 6
55. 00~ 60.00 3 0
50. 00~ 55.00 3
7,=0. 851
W =2
AR T AR - THATAEAYRL T 5. EFRAETH YD, BRHEOREECERETIC BT

Lo cEERERR ST L TR o YR LET.
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Table 14. Analysis of variance of crushing resistance

Factor Node order Sum of squares Df Variance Variance ratio
Between class variation (Sb) 7 3946. 00 3 1315.33 (11.16%%)
14 2500. 30 3 833.43 (6. 05**)
21 14904. 90 3 4968. 30 (54. 60%*)
Within class variation (Sw) 7 23105.93 196 117.89
14 27009. 17 196 137.80
21 17834. 50 196 90.99
Total variation (S) 7 27051. 93
14 29509. 47
21 32739. 40

** Significant at 19 level
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Fig. 13. Relation between node order and crushing resistance.
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In order to develop a leaf-stripping-machine
the penetrating, bending, cutting and crushing
follows:

Summary

for sugar cane, we performed an experimental measurement on
resistances in a sugar cane stalk. The results obtained are as

1. Penetrating resistance of the stalk was noted to be fairly varied among the node-locations, tending to be
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increased with the shifting of locations toward the lower segments. The correlation between node-locations and
penetrating-resistance was fairly close (correlation ratio:n,=0.94). And also its resistance became gradually greater
in accordance with the delaying of the harvesting time (Nov.1, Dec.1, Dec.22 ’67, Jan.14 ’68).

2. Bending-resistance and deflection of the stalks were different according to the node-locations. The correlation
between node-locations and bending-resistance, and that between the node-locations and deflection, were fairly
close, respectively (7,,=0.82, 7,,=0.87). Bending-resistance increased, and deflection of the stalk decreased, with
the shift of locations from the top to the root and also with the shift of harvesting season from the early one to
the late one, respectively.

3. Each node-location on a stalk had a specific value concerning maximum, mean cutting-resistance, and
cutting, specific cutting-energy, increasing from the top to the root and also from the early harvest to the late
harvest. The correlation between node-locations and maximum-, mean-cutting-resistance, and that between the
node-locations and cutting-, specific cutting-energy, were fairly close; respectively (7,,=0.91, %,,=0.83, 7,,=
0.94, 7,,=0.84).

4. Crushing resistance of the stalk showed a tendency to decrease with the shift of locations from the top to
the root and increase reversely as harvesting was delayed. The correlation between node locations and crushing
resistance was fairly close (7,=0.85).



