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Table 1. Combined analyses of variance for agronomic performances and yield

Source of Plant Panicle Panicle Panicle Seed setting Graln .
variation' height weight  number length  per panicle welght per  Grain yield
panicle

BL (YEAR) 1 0.06 0.001 3784.5 2.72 19.01 0.033 437736.1
YEAR (Y) 1 672.22% 0.015 109044.5 9.10 1770.13 0.589 18649760.2
CMxBL 1 0.00 0.039 6384.5 0.80 2.35 0.001 47637.6
VAR(V) 2 680.26%* 2.801**  28304.0* 272.71** 2627.06%*  2.272%* 17381964.9**
BS(B) 2 113.93** 0.145 16590.9 0.08 198.85 0.029 6644124 .8**
CM(C) 1 234.72*%*% 7.069*% 3535140.5* 2.88  20033.35** 10.253** 99833160.1%*
YxB 2 3.43 0.031 22807.5%* 2.39 142.04 0.131 1115976.9
YxV 2 3.76 0.013 7638.8 1.76 20.67 0.030 353014.9
YxC 1 10.89 0.081 1963.6 0.85 3514.01**  0.923 10433312.0%*
VxC 2 7.10 0.014 14160.1 0.40 9.56 0.008 4083568.9**
VxB 4 31.47*% 0.046 42273 0.31 6.18 0.056 586695.5
BxC 2 367.26%* 0.077 24829.9* 3.90 3.35 0.025 4033501.7**
YxVxB 4 14.22*  0.281%* 26490.7**  2.85 254.71 0.317* 603002.5
YxVxC 2 14.76*  0.029 6846.7 0.51 57.39 0.033 409943.3
VxBxC 4 5.26 0.105 13207.3 1.21 39.68 0.109 495174.4
YxVxBxC 6 14.43* 0.121 24476.3**  2.60 85.10 0.170 1380242.1*
" BL: Block. ~CM: Cultivation method. ~ VAR: Variety. ~ BS: Planted pattern of blue soybean.

2#x * Sjgnificance at 0.01 and 0.05 levels of probability, respectively.
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Table 2. Agronomic performances and yield of the 1st crop rice after planting blue soybean as green

manure
Plant  Panicle Panicle Panicle Seed setting Qram .
Treatment . . number . weight per Grain yield
height  weight » length  per panicle .
per m panicle
cm g cm % g kg/ha
Ist year 110.3a" 2352  569a 20.6a 77.7a 2.06a 6292a
2nd year 104.1b 2.38a  491a 21.3a 87.6a 2.24a 7106a
Taikeng 8 102.1c¢  2.27b  531lab 18.9b 79.5b 2.08b 6421b
Taikeng 9 106.8b  2.08b  564a 19.1b 74.2b 1.88c 5137b
Taichung sen 10 112.7a 2.74a  495b 24.8a 94 4a 2.48a 7474a
Blue soybean planted in ~ 106.5b  2.4la  530a 21.0a 82.3a 2.16a 7052a
the 2nd crop season
Blue soybean plantedin ~ 105.4b  2.4la  526a 21.0a 85.8a 2.17a 6233b
the inter-crop season
Control(CK) 109.6a 2.27a  530a 21.0a 80.0a 2.11c 6812a
Direct seeding 1054b  2.05b  751a 20.7a 66.0b 1.77b 7641a
Transplanting 109.0a 2.68a2  308b 21.1a 94 .4a 2.52a 5757b

Values within the same column followed by different letters are significantly different (P<0.05).
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Table 3. Combined analyses of variance for milling quality

Ll u%q‘h

<

&S

Source of variation' ~ df Percentage of brown rice Percentage of milled rice Percentage of head rice

BL (YEAR) 1 0.101 0.036 1.650
YEAR (Y) 1 1.550 65.742% 996.811%*
CMxBL 1 0.281 0.802 1.711
VAR (V) 2 125.278%*2 104.292%* 58.982%%*
BS(B) 2 0.109 0.101 192.904**
CM (C) 1 0911 6.242 73.003
YxB 2 0.174 1.488%* 7.655
YxV 2 0.256 4.119%* 69.686%**
YxC 1 0.040 0.569 315.423%*
VxC 2 1.321%* 1.984%* 24.969%*
VxB 4 0.047 0.398 48.392%*
BxC 2 0.012 0.077 16.867**
YxVxB 4 0.252 0.728* 25.815%*
YxVxC 2 0.468* 1.283%* 77.119%*
VxBxC 4 0.034 0.173 6.792
YXxVxBxC 6 0.086 0.159 42.169%*

"BL: Block. CM: Cultivation method. ~ VAR: Variety.  BS: Planted pattern of blue soybean.
2#* * Sionificance at 0.01 and 0.05 levels of probability, respectively.
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Table 4. Milling quality of the 1st crop rice after planting blue soybean as green manure

Treatment Brown rice Milled rice Head rice
% % %
Ist year 80.8a' 71.1b 48.0b
2nd year 81.3a 73.0a 55.5a
Taikeng 8 82.6a 74.0a 53.1a
Taikeng 9 82.1b 72.3b 52.1a
Taichung sen 10 78.4c 69.9¢ 50.0b
Blue soybean planted in the 2nd crop season 81.0a 72.1a 52.1b
Blue soybean planted in the inter-crop season 81.0a 72.0a 48.8¢c
Control (CK) 81.1a 72.1a 54.4a
Direct seeding 80.9a 71.8a 50.7a
Transplanting 81.1a 72.3a 52.8a

"Values within the same column followed by different letters are significantly different (P<0.05).
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Table 5. Combined analyses of variance for appearance of milled rice

Source of variation'  df Translucency White center White back White belly
BL (YEAR) 1 0.0000 0.0000 0.0000 0.0000
YEAR (Y) 1 0.6806*** 0.0556** 2.0000** 0.2222%%*
CMxBL 1 0.0000 0.0000 0.0000 0.0000
VAR (V) 2 0.8472%%* 0.0556** 18.0000** 2.0000**
BS (B) 2 0.0139%* 0.0556** 0.0000 0.1667**
CM (C) 1 0.0139%* 0.0556** 0.0000 0.0000
YxB 2 0.0139%* 0.0556** 0.0000 0.0556**
YxV 2 0.5139%* 0.0556** 2.0000** 4.2222%%*
YxC 1 0.0139%** 0.0556%%* 0.0000 0.2222%%*
VxC 2 0.0139%* 0.0556** 0.0000 0.0000
VxB 4 0.0347** 0.0556%%* 0.0000 0.1667**
BxC 2 0.0972%* 0.0556** 0.0000 0.1667**
YxVxB 4 0.0347%** 0.0556%** 0.0000 0.0556%*
YxVxC 2 0.0139%** 0.0556%%* 0.0000 0.2222%%*
VxBxC 4 0.0347%* 0.0556** 0.0000 0.1667**
YxVxBxC 6 0.0556** 0.0556** 0.0000 0.0556**

"BL: Block. CM: Cultivation method. =~ VAR: Variety.  BS: Planted pattern of blue soybean.
2#% * Sjgnificance at 0.01 and 0.05 levels of probability, respectively.
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Table 6. Appearance of milled rice of the 1st crop rice after planting blue soybean as green manure

Treatment Translucency White center White back  White belly
Ist year 3.67b' 0.00b 0.67a 0.28a
2nd year 3.86a 0.06a 0.33b 0.39b
Taikeng 8 3.58¢c 0.08a 0.00b 0.00b
Taikeng 9 3.75b 0.00b 1.50a 0.50a
Taichung sen 10 3.96a 0.00b 0.00b 0.50a
Blue soybean planted in the 2nd crop season 3.75b 0.00b 0.50a 0.42a
Blue soybean planted in the inter-crop season 3.79a 0.00b 0.50a 0.33b
Control(CK) 3.75b 0.08a 0.50a 0.25¢
Direct seeding 3.78a 0.00b 0.50a 0.33a
Transplanting 3.75b 0.06a 0.50a 0.33a

'Values within the same column followed by different letters are significantly different (P<0.05).
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Table 7. Combined analyses of variance for physicochemical properties of rice quality

Source of variation' df Amylose content Protein content Alkali spreading value Gel consistency

BL (YEAR) 1 0.031 0.0338 0.000 1.125
YEAR (Y) 1 162.300%* 40.1408* 0.000 1035.125%*
CMxBL 1 0.023 0.0108 0.000 10.125
VAR (V) 2 40.661** 1.7440** 0.000 394.347**
BS (B) 2 1.078** 0.6006** 0.000 86.264**
CM (C) 1 1.361 0.0470 0.000 0.681
YxB 2 0.693** 0.0578 0.000 143.042%*
YxV 2 3.156%* 0.5034%* 0.000 79.125%*
YxC 1 0.740%* 0.3362** 0.000 45.125%*
VxC 2 0.113** 0.0180 0.000 1.431
VxB 4 0.174%* 0.0714 0.000 50.368**
BxC 2 0.034 0.1946** 0.000 32.931**
YxVxB 4 0.055%* 0.0505 0.000 12.729*
YxVxC 2 0.272%* 0.0901 0.000 17.542%
VxBxC 4 0.169** 0.1281** 0.000 7.743
YXVXxBxC 6 0.267** 0.0705* 0.000 85.861**

"BL: Block.  CM: Cultivation method. =~ VAR: Variety.  BS: Planted pattern of blue soybean.
2## * Sjonificance at 0.01 and 0.05 levels of probability, respectively.
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Table 8. Physicochemical properties of rice quality of the 1st crop rice after planting blue soybean as
green manure

Alkali spreading Gel

Treatment Amylose Crude protein )
value consistency

% % mm
1st year 16.4b' 7.60a 6.0a 80.2a
2nd year 19.4a 6.10b 6.0a 72.6b
Taikeng 8 19.4a 6.92b 6.0a 8l.1a
Taikeng 9 17.4b 6.55¢ 6.0a 74.0b
Taichung sen 10 16.9¢ 7.08a 6.0a 74.1b
Blue soybean planted in the 2nd crop season 17.7¢ 7.00a 6.0a 78.3a
Blue soybean planted in the inter-crop season ~ 17.8b 6.69¢ 6.0a 76.4b
Control(CK) 18.1a 6.87b 6.0a 74.5¢
Direct seeding 18.0a 6.88a 6.0a 76.3a
Transplanting 17.7a 6.83a 6.0a 76.5a

'Values within the same column followed by different letters are significantly different (P<0.05).
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Table 9. Combined analyses of variance for physical properties of cooked rice

Source of variation' df Hardness Stickiness Balance Cohesiveness Adhesiveness Springiness

BL (YEAR) 1 0.0100 0.0016  0.000050 0.00005 0.00320 0.00067
YEAR (Y) 1 0.9964 0.0193  0.000272 0.00681 0.00294 0.00605
CMxBL 1 0.0572 0.0005  0.000556 0.00009 0.00161 0.00045
VAR (V) 2 3.4470%% 0.0707** 0.019476%* 0.01982%*  0.03625** 0.00491**
BS (B) 2 0.0237 0.0026  0.000226 0.00074 0.00080 0.00282*
CM (C) 1 0.0728 0.0020  0.000800 0.00020 0.00569 0.00094
YxB 2 0.0221 0.0016  0.000210 0.00011 0.00181 0.00293*
YxV 2 0.0576 0.0044* 0.000760** 0.00056 0.01623**  0.00082
YxC 1 0.0528 0.0174** 0.001800** 0.00376**  0.01227** 0.00180
VxC 2 0.0159 0.0016  0.000263 0.00015 0.00135 0.00024
VxB 4 0.0208 0.0037* 0.000233 0.00025 0.00132 0.00079
BxC 2 0.0663 0.0005  0.000029 0.00035 0.00009 0.00119
YxVxB 4 0.0373 0.0009  0.000178 0.00037 0.00154 0.00050
YxVxC 2 0.0467 0.0020  0.000163 0.00048 0.00233 0.00012
VxBxC 4 0.0256 0.0032* 0.000260 0.00004 0.00211 0.00131
YXVXxBxC 6 0.0284 0.0013  0.000225 0.00043 0.00058 0.00071

"BL: Block.  CM: Cultivation method. =~ VAR: Variety.  BS: Planted pattern of blue soybean.
2## * Sjonificance at 0.01 and 0.05 levels of probability, respectively.
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Table 10. Physical properties of cooked rice of the 1st crop rice after planting blue soybean as green

manure
Treatment Hardness Stickiness Balance Cohesiveness Adhesiveness Springiness
Ist year 3.43a' 0.28a 0.083a 0.74a 0.16a 0.87a
2nd year 3.19a 0.25a 0.079a 0.72a 0.14a 0.85a
Taikeng 8 3.63a 0.21c 0.058¢ 0.76a 0.12¢c 0.87a
Taikeng 9 3.40b 0.25b 0.074b 0.74b 0.14b 0.86b
Taichung sen 10 2.89¢ 0.32a 0.113a 0.70c 0.19a 0.84b
Blue soybean planted in 3.29a 0.27a 0.084a 0.74a 0.15a 0.86ab
the 2nd crop season
Blue soybean planted in 3.29a 0.27a 0.083a 0.73a 0.16a 0.87a
the inter-crop season
Control(CK) 3.35a 0.25a 0.078a 0.73a 0.14a 0.85b
Direct seeding 3.28a 0.27a 0.085a 0.73a 0.16a 0.85a
Transplanting 3.34a 0.26a 0.078a 0.73a 0.14a 0.86a

"Values within the same column followed by different letters are statistically significant different (P<0.05).



IR S LAl N i R Sl 3 -y RUONGS 72 21

FA - Jfﬁ‘l @T”érf”%ﬁ“ﬂh VI

Table 11. Combmed analyses of variance for eating quality of cooked rice

Source of variation' df Appearance  Aroma Flavor Cohesion  Hardness Overall
BL (YEAR) 1 0.1535**  0.0009 0.0119 0.0175 0.0002 0.0100
YEAR (Y) 1 0.9380 0.0017 2.4024* 3.4405 2.9213**  2.5316*
CMxBL 1 0.0107 0.0089 0.0649 0.0598 0.0435 0.0452
VAR (V) 2 0.5900**  0.2045**  0.7454**  1.3181**  1.1310*%*  1.1364**
BS (B) 2 0.1092%* 0.0061 0.1071**  0.1645**  0.0179 0.1280%*
CM (C) 1 0.0527* 0.0082 0.0711 0.0450 0.0505 0.0165
YxB 2 0.0080 0.0036 0.0140 0.0526 0.0303 0.0504
YxV 2 0.4828**  (0.0046 0.0625* 0.1177**  0.2099* 0.1204**
YxC 1 0.0019 0.0251* 0.0271 0.0079 0.2581**  0.0165
VxC 2 0.1419**  0.0050 0.2773**  0.2669**  0.0939 0.2248**
VxB 4 0.0358 0.0027 0.0658**  0.0798**  0.0500 0.0946**
BxC 2 0.1274**  0.0049 0.0571 0.0986**  0.0367 0.1305%*
YxVxB 4 0.0720**  0.0104* 0.0791**  0.0510* 0.0296 0.0493*
YxVxC 2 0.0046 0.0015 0.0987**  0.0008 0.0456 0.0146
VxBxC 4 0.0696* 0.0045 0.0712**  0.0529 0.0775 0.0926**
YxVxBxC 6 0.1516**  0.0055 0.2483**  0.2108**  0.0616 0.3098**

"BL: Block. CM: Cultivation method. ~ VAR: Variety.  BS: Planted pattern of blue soybean.
2#* * Sionificance at 0.01 and 0.05 levels of probability, respectively.

EHF ff’} TR R A Ff’} Tan o F R AR BT I/—*ﬁ}i“?[*l S 5T~ &
jé‘[“#%? ﬁ‘v{\ﬁ}iﬂﬁf« [ IpRAS > AR AR ST AT IEE (R *)’ A
AR ww BFEREY 2 B B ROBY o AR R i% SRl R
e ﬁﬁm@m w’aﬂﬁmmfﬁﬁiﬁl Do HEET F‘?%@’5E®ﬁww
SRR ~ BRI IR b RO i m%vu;%,i Wﬁﬁwﬁﬁw’w
SRR o PR R 2 [T R SARR A ) S SRR R - P
BRI 2 B R ‘gﬁlﬁj%ﬁim@*ﬁiﬁjf'\ﬁﬁhﬁwj [ﬁ?ﬁmlw; ] [ 7 ;ﬁ'
FRSSHIRUREZE) + S5 DAL ~ [ )0 R B = 727 2R B F 65 e
BB DI BRI -
%ﬁﬁﬁm@wﬁﬁ@w’3@mwm@¥wﬁ#%%ﬁ\QWﬁ?WQﬁ@AE>’
P T O 35 B P e ﬁ%ﬁﬁﬁk’ﬁﬁ%&! T E BRSO B
B RBUE Gk R R R SR B B R
A== ** ° f B PR RN o R SR E R SR R Y éﬁﬁ* |z R R
TR R AOREE S R R RO o BRI = bR 7R e o Y R ok
ﬁ:‘ﬁﬁlyfﬂf’?* a3 ,’KT'F‘EH R B T R ﬂgﬁ j\ﬁﬁyzﬂ%kﬁfﬁiﬁ| B2
N R TR R - WP (DR - E RISE I - e T R
L IR -

.[



’ B B L O W PRAA ST -

FeA T B LA P AR PR L AN

Table 12. Eating quality of the 1st crop cooked rice after planting blue soybean as green manure

Treatment Appearance Aroma Flavor Cohesion Hardness  Overall
1st year -0.05a’ 0.017a -0.23b -0.27a 0.25a -0.22b
2nd year 0.18a 0.027a 0.13a 0.17a -0.15b 0.15a
Taikeng 8 -0.10c -0.047b -0.21c -0.28c 0.26a -0.23¢
Taikeng 9 0.10b -0.013b 0.14a 0.18a -0.17¢ 0.20a
Taichung sen 10 0.21a 0.127a -0.08b -0.05b 0.06b -0.08b
Blue soybean planted in the 0.01b 0.018a -0.07b -0.04a 0.05a -0.06b
2nd crop season
Blue soybean planted in the 0.13a 0.040a 0.03a 0.02a 0.02a 0.05a
inter-crop season
Control(CK) 0.06ab 0.009a -0.10b -0.14b 0.07a -0.09b
Direct seeding 0.04b 0.033a -0.08a -0.08a 0.07a -0.05a
Transplanting 0.10a 0.012a -0.02a -0.03a 0.02a -0.02a
Values within the same column followed by different letters are significantly different (P<0.05).
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Table 13. Combined analyses of variance for brown rice quality

Source of Whole Immature Off-shape Cracked  Dead Brown Colored Broken Sprouted

variation' kernel kernel kernel kernel kernel kernel kernel kernel kernel
BL (YEAR) 1 57.1 1.29 14.2 0.95 0.09 0.027 0.347 2.10 0.642
YEAR (Y) 1 992.4 471.50*% 20964.7* 305.25%  1.00 2.801 0.017 15.17  32.536
CMxBL 1 80.0¥%  0.69 23 1.61 0.16 0.014 0.201 0.21 0.002
VAR (V) 2 1867.7%% 243.22%*  838.3*%* 136.73*%* 12.22%* (0.221**  2.480** 241.26%* 0.891*
BS (B) 2 153 12.39%* 62.8%*%  6.47*%% 0.59*%* 0.551**  1.396%* 515 0.283
CM (C) 1 2545.4** 3.45 1065.7*  30.36*  5.28 0.245 11.123 45.05*  1.280%*
YxB 2 377 13.63** 39.3%%  336*%* 0.24 0.551**  0.413 34.80**  0.540
YxV 2 513.2%* 96.81%*  368.2*%F  19.49%* (0.54** (0.221** 0.187 6.09*  1.201*
YxC 1 2199.0%* 14.36**  548.9** 0.0l 5.84*%*  0.245%* 10.657** 23.75** 0.436
VxC 2 38.0 12.18%* 71.3*¥*  13.02%*  1.10** 0.102**  0.729** 56.92** 0.139
VxB 4 58.0%  1.06 4.5 6.70**  0.44**  0.036* 0.171 12.03**  1.089**
BxC 2 26.4 0.57 100.1**  0.73 0.55**  0.082**  0.398 6.99*  0.087
YxVxB 4 65.4*  1.56* 17.4* 5.41%%  0.58*%* 0.036* 0219  39.93*%*% 1.025%*
YxVxC 2 113.01%* 17.52%* 61.3**  6.45%* 1.85** 0.102**  0.211 6.52%  0.641
VxBxC 4 26.5 2.13%* 4.6 2.60**  0.38**  0.138**  0.149 6.46*  0.571
YxVxBxC 6 34.0 0.34 17.3**  2.16%* 0.40** 0.119** 0.074 12.34**  0.509

"BL: Block.  CM: Cultivation method. ~ VAR: Variety.  BS: Planted pattern of blue soybean.
2## * Sjonificance at 0.01 and 0.05 levels of probability, respectively.
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Table 14. Brown rice quality of the 1st crop rice after planting blue soybean as green manure

Whole Immature Off-shape Cracked Dead Brown Colored Broken Sprouted
Treatment

kernel  kernel kernel kernel kernel kernel = kernel  kernel  kernel

% % % % % % % % %
1st year 68.3a'  2.24b 1.77b 22.1a  0.74a 0.00a 1.36a 3.17a 0.32a
2nd year 60.9a 7.36a 5.89%a 174b  098a  0.39a 1.33a 4.08a 1.66a
Taikeng 8 57.1c  5.22b 2.23¢c 309a 0.90b  0.10c 1.13b 1.69b 0.77b
Taikeng 9 62.4b 7.75a 2.68b 20.6b  1.55a 0.29a 1.71a 1.90b 1.11a
Taichung sen 10 743a 1.43c 6.57a 7.8c  0.12¢  0.20b 1.18b 7.28a 1.09a

Blue soybean planted in  64.5a  5.27a 3.88b 20.0a  0.99a 0.08¢ 1.12b 3.09a 1.10a
the 2nd crop season
Blue soybean plantedin ~ 65.4a  3.98b 3.29¢ 204a 0.68b  0.15b 1.31b 391a 0.89a

the inter-crop season

Control (CK) 63.8a 5.16a 4.32a 19.0b  0.90a 0.37a 1.60a 3.88a 0.98a
Direct seeding 58.6b 5.02a 4.48a 234a 1.13a 0.14a 1.73a 4.42a 1.12a
Transplanting 70.5a 4.58a 3.18b 163b 0.59a  0.26a 0.95a 2.83b 0.86b

"Values within the same column followed by different letters are significantly different (P<0.05).
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Effects of Green Manure Blue Soybean and
Different Cultivation Methods on the Yield and
Quality of the First Crop Rice'

Ai-Na Hsu, Yi-Fong Tsai and Long-Zen Chang’

ABSTRACT

Blue soybean, grown as green manure in the second crop season and inter-crop season, were
rotated with three rice varieties in the first crop season under direct seeding and machine
transplanting. The results indicated that there were much more significant differences among
three rice varieties. Taichung sen 10 had the highest yield performance (7,474 kg/ha). Milling
quality of Japonica rice was better than that of Indica rice. Taikeng 8 showed the best
appearance of milled rice. Japonica rice had the higher amylose content and lower crude protein
content. Physical properties of cooked rice of Taichung sen 10 were better than that of other two
Japonica rice varieties. Taikeng 9 had the best eating quality. Indica rice had better brown rice
quality. Among three different green manure treatments, the treatment of blue soybean planted
in inter-crop season had the lowest rice yield, 6,233Kg/ha. Milling quality of two green manure
treatments was slightly less than that of check, which never planted blue soybean, but the
physicochemical properties of rice quality were slightly improved. Eating quality of treatment of
blue soybean planted in the inter-crop season had better performance. Appearance of milled rice,
physical properties of cooked rice and brown rice quality among green manure treatments had the
same performance. Between two different cultivation methods, only the yield (7,641 kg/ha) of
direct seeding was higher than that (5,757 kg/ha) of machine transplanting. Milling quality,
appearance of milled rice, the physicochemical properties of rice quality, physical properties of
cooked rice, eating quality and brown rice quality all had the same performance. Results of
different year trials showed that milling quality and eating quality of the second year were better
than that of the first year. Crude protein content of rice quality reduced significantly for the
second year. Yield, appearance of milled rice, physical properties of cooked rice and brown rice

quality all had the same performance.

Key words: rice, green manure, blue soybean, cultivation method, yield, rice quality.
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