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Table 1. Rice varities, sources and cropping seasons used in this study.

Variety Source Crop season
Lowland varieties
Tainung 67 Taiwan 1st/2nd crop
Nohrin 9 Japan Ist crop
Nohrin 1 Japan 1st crop
Nohrin Mochi 4 Japan 2nd crop
Nohrin 12 Japan 2nd crop
Kwang-Fu-Sang-Nou Mainland Ist crop

Upinland varieties

Fukutomi Japan 1st/2nd crop
Omachi Japan 1st/2nd crop
Tainung Sel. 2 Taiwan 1st/2nd crop
Tainung Sel. 1 Taiwan 1st/2nd crop
Kuroca Japan 1st/2nd crop
Ohhobatwase No. 123 Japan 1st/2nd crop
M1—48 Philippines 1st/2nd crop
Nan Lu 1 Taiwan 1st crop
Nan Lu 2 Taiwan 1st crop
Tokjyosinceyauo Japan 1st crop
Tung Lu 1 Taiwan 1st crop
Tung Lu 2 Taiwan 1st crop
Orazoo Japan 1st crop
0S4 W. Africa Ist crop
Tung Lu 3 Taiwan 1st crop
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Table 2. Analysis of variance on growth characters of the lowland and upland
rice varieties measured at 50% heading and harvest for the two cropping
seasons grown under well-watered conditions in 1994.

Mean square

Crop sV DF 50% heading Harvest
season
PH* TN LA PB PH TN LA PB
1st crop
Blocks 2 193** 8 20,975 117 18 1 31,667 38
Groups 1 49 13** 412,468 8 43* 11** 402,393** 21
Lowland 3 216** 51** 175,806 598**%  1,407**  11** 262,883** 348*
Upland 14 T11** 7 375,547%* 582+ 362** 11 65,530** 293
Error 36 21 4 126,296 38 9 3 23,392 160
2nd crop
Blocks 2 2 1 35,427 27 10 1 7,469 9
Groups 1 1,038** 23%* 13,160 24 7,552%*  45%* 327,747 26
Lowland 2 244** 14** 483,121** 46 192%*  17** 32,844 441**
Upland 6 320** 8 32,461 136** 465%* 6 118,247** 11
Error 18 18 2 33,539 26 17 3 11,883 45

*** Sionificant at 5% and 1% levels, respectively.
z PH: plant height, TN: tiller number, LA: leaf area, PB: plant biomass.

% 3 BR2 RN FEIRES09% AL RO R A R MR & P39 1E o —HATERREFS0 %6 R
RERR R AETREE AL RE 2R 1 PR 3 5% - FEREE M1-48 R EZ 0S4 HREE:E1404
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B > Fukutomi #J14.0%RZ » 0S4 Z9.7XR{E » TZBRETH Z 5 EHBAIR143% - FEEHHL M1
-48 % 2,892.5cm?/hill B » L 0S4 21,480.5cm?/hill FAE » T2 BR67H 2 FEHEME2,568.8cm?/
hill o fEBREE &L M1-48 Z75.3ATeRE » Bk 2 BR2 25 5ATRIE » TNEE6THRINEE60.2AT
o BIRHEH » BERMEZ S ERERTS R - HrhEIR10ASBRE 6 1 ; SBEBLIRRE 152
REBERE] BZISEAREETIZ14.2308 5 » T 0S4 Z10. 181K o JERAZER M 2% 5N
FEREERE R ENRE  ERMESLIEEERERTRAM » Kl M1-48 RER%E
1550 » HEE 15k 0S4 1&g -
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Z128. 74535 » Omachi Z99.6 A% E% | S38EBER M1-48 K Ohhobatwase No. 123 BEE
6737 Z11.7RAES: » HAhBEGHBEROTIE - ME2RABERMECENHUZRE 15Kk M1-48
BE > BEYTRERIHZEETR , HEEERR M1-48 SR ERTHES S » P LU Fu-
kutomi EiE45.1ATCRE o BUCEERA - B M1-48 PR HBIEMS » HitEENAEZkESTY
BHERME ; EEHERT Fukutomi BIEERA AL » HAEERS FAER R P a2 2675 2 RIS |
TFE FIRER SRR AR B A TR R R6THE o
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Table 3. The growth characters of rice varieties measured at 50% heading and harvest
for the two cropping seasons grown under well-watered conditions in 1994
Crop 50% heading Harvest
season Variety PH? TN LA PB PH TN LA PB
cm no/hill  cm/hill g/hill cm no/hill  cm/hill g/hill
1st crop Lowland varieties
Tainung 67 116 14.0 2,569 60.2 116 14.2 758 71.9
Nohrin 9 126 9.8 1,989 28.7 127 11.5 85 71.1
Nohrin 1 123 10.4 2,181 32.1 129 10.3 243 58.4
Kwang-Fu-Sang-Nou 136 7.3 2,290 37.2 166 8.8 503 84.7
LSD(0.05) 13 2.62 553 8.1 5 2.7 349 12.6
Upland varieties
Fukutomi 119 14.0 1,676 29.5 152 14.8 48 70.8
Nan Lu 1 113 13.3 2,535 30.9 130 15.0 191 77.0
Omachi 118 12.7 2,064 30.3 127 13.2 74 61.1
Tainung Sel. 2 118 13.4 2,138 33.3 128 15.0 199 88.3
Tainung Sel. 1 110 12.6 2,016 33.4 122 12.3 0 52.8
Kuroca 116 12.3 2,168 29.9 127 13.7 330 73.4
Ohhobatwase No. 123 118 13.2 2,303 33.7 133 13.3 278 66.2
Nan Lu 2 112 10.7 1,695 25.5 125 14.2 50 66.8
Tokjyosinceyauo 118 13.1 2,194 29.5 133 13.3 92 67.5
Tung Lu 1 149 12.8 1,925 55.2 146 12.9 436 86.3
Tung Lu 2 132 10.4 1,880 42.7 134 11.1 210 70.8
Orazoo 127 11.2 1,939 29.1 143 114 174 55.6
0S4 154 9.7 1,481 43.6 157 10.1 402 76.1
Tung Lu 3 147 14.8 1,821 57.2 149 14.2 383 63.6
M1—48 149 10.6 2,893 75.3 150 10.3 0 74.0
LSD(0.05) 7 3.3 622 11.2 5 3.0 246 234
LSD(0.05) 8 3.1 588 10.3 5 2.9 253 20.9
2nd crop Lowland varieties
Tainung 67 88 11.7 1,551 31.0 103 11.7 388 58.2
Nohrin Mochi 4 99 15.7 1,158 36.5 104 15.8 342 54.4
Nohrin 12 90 15.2 948 28.9 89 15.0 188 35.6
LSD(0.05) 11 4.1 430 11.6 12 3.1 204 14.4
Upland varieties
Tainung Sel. 1 100 13.3 1,353 32.6 100 13.0 375 46.8
Omachi 100 12.7 1,186 33.8 99 12.6 358 47.3
Fukutomi 129 14.2 1,089 45.1 128 14.8 8 50.3
Tainung Sel. 2 100 12.9 1,120 36.0 99 12.4 423 46.3
Ohhobatwase No. 123 106 11.5 1,250 31.5 105 11.3 333 48.0
Kuroca 103 12.4 1,094 36.7 104 12.9 428 44.2
M1—48 109 9.0 1,295 22.7 122 9.9 683 48.7
LSD(0.05) 8 2.5 329 9.7 8 2.1 128 10.0
LSD(0.05) 7 2.5 314 8.7 7 2.7 187 11.5

* PH: plant height, TN: tiller number, LA: leaf area, PB: plant biomass.
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Table 4. Analysis of variance on the estimated yield, the measured yield and yield
components of the lowland and upland rice varieties for the two cropping
seasons grown under well-watered conditions in 1994.

Crop b Mean Square

season SV F PN* PL GPP PEG GW HI EY MY

1st crop
Blocks 2 1 4* 53 0.02** 25%* 0.004 4,255,976%* 2,000,572
Groups 1 15** 4 1,207 0.13** 41** 0.001 155,375 518,694
Lowland 3 15** 33** 4,737%%  0.02%* 1** 0.027**  6,555,880**  6,914,702%*
Upland 14 g** 10%* 977**  0.03 8** 0.040**  2,180,888**  1,837,075**
Error 36 2 1 162 0.00 3 0.002 464,548 625,469

2nd crop
Blocks 2 0 2 66 0.00 0 0.001 371,126 175,569
Groups 1 51** 38*+* 358 0.01 53** 0.000 359,748 1,222,462**
Lowland 2 13** 16** 2,540%*  0.00 11%* 0.001 8,310,242**  3,945,735**
Upland 6 5 12%* 861* 0.01* 58%* 0.010 808,849 1,472,686**
Error 18 2 1 237 0.00 1 0.001 877,689 16

*** Significant at 5% and 1% levels, respectively.
*  PN: panicle number, PL: panicle length, GPP: grains per panicle, PFG: percent filled grains, GW:
1000-grain weight HI: harvest index, EY: the estimated vield, MY: the measured yield.
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Table 5. The estimated yield, the measured yield and yield components of rice varieties
for the two cropping seasons grown under well-watered conditions in 1994
Crop . PN* PL GPP PFG GW HI EY MY
season Variety
no/hill  cm/hill % no/hill g kg/ha kg/ha
1st crop Lowland varieties
Tainung 67 11.9 20.5 77.3 125.9 25.5 0.41 6,560 6,850
Nohrin 9 10.3 21.6 74.7 149.8 24.6 0.57 6,390 6,050
Nohrin 1 104 22.7 87.7 121.2 26.0 0.52 6,390 5,800
Kwang-Fu-Sang-Nou 6.6 28.0 90.7 118.0 25.6 0.37 3,500 3,330
LSD(0.05) 2.1 3.5 10.5 13.0 1.7 0.04 1,660 1,640
Upland varieties
Fukutomi 10.5 25.8 75.0 150.2 26.2 0.53 7,060 6,670
Nan Lu 1 13.1 23.6 66.7 122.1 28.4 0.56 6,800 6,670
Omachi 12.1 20.2 74.0 105.6 29.0 0.56 6,070 6,420
Tainung Sel. 2 12.6 22.0 72.7 119.9 26.9 0.58 6,610 6,420
Tainung Sel. 1 11.7 21.2 75.0 120.3 25.6 0.55 5,990 6,350
Kuroca 12.6 20.7 74.7 106.6 28.6 0.55 6,370 6,170
Ohhobatwase No. 123 11.0 224 80.0 108.1 28.8 0.52 6,100 6,170
Nan Lu 2 12.4 22.4 71.3 112.7 26.9 0.55 5,880 5,680
Tokjyosinceyauo 13.0 22.8 70.0 113.1 28.8 0.53 6,550 5,680
Tung Lu 1 11.1 20.6 73.3 133.9 24.0 0.44 5,800 5,430
Tung Lu 2 10.3 24.5 75.0 110.3 28.2 0.49 5,310 5,430
Orazoo 121 24.1 82.3 99.7 254 0.48 5,590 5,190
0S4 8.9 21.1 75.7 107.4 29.5 0.30 4,760 5,060
Tung Lu 3 9.1 20.6 53.3 143.4 26.4 0.30 4,040 3,830
M1—48 7.7 25.2 47.0 195.4 29.4 0.24 4,620 4,990
LSD(0.05) 2.1 1.6 7.5 18.6 3.0 0.07 1,080 1,350
LSD(0.05) 2.2 1.9 7.5 21.4 2.7 0.06 1,130 1,310
2nd crop Lowland varieties
Tainung 67 10.6 20.4 82.0 130.5 24.8 0.50 6,260 5,730
Nohrin Mochi 4 14.2 17.1 79.3 84.1 27.8 0.50 5,880 5,670
Nohrin 12 14.2 15.9 73.0 57.8 24.2 0.47 3,990 3,720
LSD(0.05) 3.8 1.9 10.0 32.3 1.5 0.06 1,890 590
Upland varieties
Tainung Sel. 1 11.0 19.0 72.3 91.8 31.0 0.50 5,040 5,540
Omachi 115 184 82.0 83.5 31.8 0.57 5,550 5,260
Fukutomi 9.6 21.8 75.3 139.5 23.1 0.50 5,170 4,910
Tainung Sel. 2 10.2 19.3 75.3 99.5 30.1 0.53 5,110 4,570
Ohhobatwase No. 123 11.0 20.2 75.7 91.5 28.9 0.50 4,890 4,380
Kuroca 10.2 19.2 64.0 81.7 32.9 0.43 3,210 3,560
M1—48 7.6 24.1 75.7 160.4 21.6 0.40 4,420 3,970
LSD(0.05) 1.7 1.1 10.6 39.6 1.9 0.07 1,357 750
LSD(0.05) 24 1.3 10.2 40.5 1.8 0.06 1,610 670

2 PN: panicle number, PL:panicle length, GPP: grains per panile, PFG: percent filled grains, GW: 1000
-grain weight, HI: harvest index, EY: the estimated yield, MY: the measured yield.
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Table 6. The correlation coefficients between the measured yield and
growth characters of rice at 50% heading and harvest for the two
cropping seasons grown under well-watered conditions in 1994.

50% heading harvest
Variety
PH* TN LA PB PH TN LA PB
1st crop
Lowland —0.56* 0.65* 0.18 0.37 —0.87** 0.81** 0.10 0.42
Upland —0.51** 0.01 0.02 0.46* —0.36* 0.27 —0.36* 0.12
2nd crop
Lowland 0.31 -0.37 0.82** 0.41* 0.82** —0.42 0.53 0.84**
Upland 0.04 0.43* 0.09 0.23 0.08 0.62** —0.42* 0.34

*** Significant at 5% and 1% levels, respectively.
*  PH: plant height, TN: tiller number, LA: leaf area, PB: plant biomass.

T RS B AR B RO FE B FIRAR I » T — SRS e o B I B R R
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Table 7. The correlation coefficients of the measured yield and yield components
of rice for the two cropping seasons grown under well-watered conditions in 1994.

Crop : z

season Variety PN PL PFG GPP GW HI

1st crop Lowland 0.83** —0.78** —0.43 0.87* —0.01 0.43
Upland 0.35%* 0.16 0.47%* 0.35* 0.31* 0.64**

2nd crop Lowland —0.40 0.62 0.19 0.81** 0.56 0.39
Upland 0.55%** —-0.33 0.45* 0.31 0.10 0.68**

:""* Significant at 5% and 1% levels, respectively.

PN: panicle number, PL: panicle length, PFG: percent filled grains, GPP: grains per panicel, GW:
1000~-grain weight, HI: harvest index.
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Table 8. Analysis of variance on growth characters of the upland rice varieties
at 50% heading and harvest for the two cropping seasons grown under
well-watered conditions in 1994.

Mean square

PH* TN LA PB
50% 50% 50% 50%

SV DF Headci’ng H Head‘i)ng H Heading H Head‘i)ng H
Crop(C) 1 22,012**  7,161** 1 13* 10,116,370** 603,884 157 5,148%*
Error I 4 38 5 2 1 166,294 2,545 82 67
Variety (V) 6 486** 812*¥*  11* 12%* 276,495* 85,988**  215** 186
Cc*v 6 324** 8 1 7* 165,590 87,311**  745** 201
Error II 24 19 15 4 2 94,957 8,612 38 86

z

PH: plant height, TN: tiller number, LA: leaf area, PB: plant biomass, H: harvest.
*** Significant at 5% and 1% levels, respectively.

x 9. 1994%F— -~ “HIFEERAE (R) BHEBRERBRERZESEBLSN
Table 9. Analysis of variance on yield components of upland rice varieties at
harvest for the two cropping seasons grown under well-watered conditions in 1994.

Mean square

SV DF

PN* PL GPP PFG GW HI MY
Crop(C) 1 11%* 52.2%* 1,263.7%*  0.02** 4.0 0.002 25,884,590**
Error I 4 1 2.5 31.8 0.002 2.9 0.001 346,416
Variety (V) 6 13** 25.3** 120.7**  0.02** 29.6** 0.041** 1,797,941**
c*v 6 2 1.3 23.0 0.03** 34.6** 0.011** 574,890
Error II 24 1 0.4 14.7 0.00 1.3 0.002 448,981

*** Significant at 5% and 1% levels, respectively.
*  PN: panicle number, PL: panicle length, GPP: grains per panicle, PFG: percent filled grains, GW:
1000-grain weight, HI: harvest index, MY: the measured yield.
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Variation in Growth and Yield between Lowland
and Upland Rice Varieties®

Ming-Hsing Lai, Chwen-Ming Yang and Yih-Chuan Kuo?

Summary

Experiments were conducted to study the difference in growth and yield between the
lowland and upland rice (Oryza sativa) varieties grown under well-watered conditions and
to compare the variations in ecotypes and varieties in the first and the second cropping
seasons in Taiwan. It showed that growth characters were varied between ecotypes and
within varieties in the two cropping seasons. Analysis of variance of yield and yield compo-
nents indicated that panicles per plant, grains per panicle, percent filled grains and 1000-
grain weight in the first crop and panicles per plant, panicle length, 1000-grain weight and
the measured yield in the second crop were significant difference. Variations of these
variables occurred in ecotypes and cropping seasons. In correlation analysis, relationships
between the measured yield and growth characters changed depending on growth stages.
Correlations of yield to yield components and harvest index changed with ecotypes and
cropping seasons. In combined analysis of upland rice varieties for two cropping seasons,
growth characters other than tiller numbers and plant biomass at 50% heading were
different significantly between the two crops. Yield and yield components were also signifi-

cant. Interactions between variety and cropping season in some growth characters and yield
components existed.

Key words : Lowland rice, Upland rice, Variety, Growth, Yield, Cropping season.
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Heterosis and Combining Ability of Amylose Content and
Amylographic Breakdown Viscosity in Milled Rice(Oryza sativa L.)*

Yih-Chuan Kuo?, Bill, D. Webb® and James, W. Stansel*

Abstract: Heterosis and combining ability for two quality paramenters, amylose
content and amylographic breakdown viscosity, of rice grain were studied in 30
cross combinations involving six entries of rice (Oryza sativa L.). Data indicated
that heteroses over their midparent (MP) or higher-parent (HP) were observed.
The extent of heteroses over their MP or HP varied from cross to cross for these two
evaluated quality parameters. As to amylose content, heterosis over their MP
almost appeared to be in positive direction, however, heterosis over their HP were
almost in negative direction. In contrast, heteroses over their either MP or HP
almost were in negative directions for amylographic breakdown viscosity. High
significant differences were observed for mean squares of general combining ability

(GCA) and specific combining ability (SCA) of these two evaluated quality
parameters. Futhermore, the mean square of GCA was very larger than that of SCA.
The ranking of the parents according to GCA effects closely corresponded to their
ranking according to parents means. It minght conclude that despite of issues
indicated in discussion in this paper, gene action for amylose content and amylogra-
phic breakdown viscosity was similar and mainly additive, although dominance
effect was also involved; reciprocal effect upon two evaluated quality parameters
could be ignored; and parent choice based upon GCA effects would be similar to
selection based upon parent means.

Key words: Heterosis, Combining ability, Amylose content, Amylographic breakdown
viscosity, Oryza sative L.

INTRODUCTION

Amylose content of milled rice, a chemical property of rice, is usually considered to be
one of the most important attributes for predicting cooking, eating, and processing qualities

1. Contribution No. 1808 from Taiwan Agricultural Research Institute.

2. Rice Breeder, Department of Agronomy, TARI, Wufeng, Taichung, Taiwan, ROC.

3. Research Chemist, National Rice Quality Lab., ARS-USDA., Texas A&M University Agricultural
Research and Extension Center, Beaumont, Texas.

4. Resident Director and Professor, Texas A&M University Agricultural Research and Extension Center,
Beaumont, Texas.
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(L1222 Cyltivars with low amylose content cook moist, sticky, and tender. Cultivars with
high amylose content cook dry and fluffy and usually become hard upon cooling. Whereas,
those with intermediate amylose content cook tender and fluffy and do not become hard
upon cooling®'®. Thus, cultivars with different amylose content are preferred by various
consumers.

Amylograph pasting profile of milled rice, a physical property of rice, determined with
the Barbender Visco/Amylograph, shows appreciable differences among cultivars of the
known cooking, eating, and processing behavior. For example, a low amylographic break-
down viscosity is indicative of low loss of solids and little splitting and frying of edges and
ends in canning®. Thus, Webb and Stermer® considered that amylographic breakdown
viscosity is particularly useful in evaluating cultivars of superior parboil-canning and quick
-cooking parameters. In contrast, Scientists in Japan found that the preferred Niigata rice
have a higher peak viscosity and greater breakdown viscosity than those of the nonsticky rice
and that the flaky rices grown in Hokkaido have lower peak and breakdown viscosities
and higher consistency than those of good quality sticky rices grown in Honsu®. Published
data from Taiwan, ROC. clearly and definitely indicated highly significant correlations
between amylographic viscosity measurements and preferred eating quality"®. Thus, that
amylographic breakdown viscosity could be selected as an index factor for sticky
palatability evaluation was recommended by the Oriental rice scientists®?,

Rice quality preferred in the word rice market is so highly sophisticated ®® that it
is vitally important in now and/or future rice breeding program that breeding new
rice cultivars are more diverse and innovative in production and utilization and in
cooking, eating, and processing to meet the needs of different consumers®*52 Therefore,
comprehensive investigations on cooking, eating, and processing quality parameters are
absolutely necessary for a breeding program with high priority on eating and processing
qualities. The objectives of the present report was to provide some basic information about
heterosis and combining ability of amylose content and amylographic breakdown viscosity
of milled rice.

MATERIALS AND METHODS

Six indica rice entries, Rexmont, Guichow, Lemont, CI 9902, TCS 10, Toro II, represent-
ing an array of different levels of amylose content and amylographic breakdown viscosity as
shown in Table 1 and Fig. 1, were used as the parents. All possible cross-combinations,
including reciprocals, were made. The six parents and one set of F: hybrids, 30 combina-
tions, were cultivated in a flooded paddy field at the Texas A&M University Agricultural
Research and Extension Center near Beaumont, Texas, in a randomized complete block
design with three replications. Each block consisted of 36 four-row plots. Each plot included
40 plants spaced at 30X30cm. Twenty plants from the two central rows of each plot were
harvested and analyzed.
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Table 1. Mean values of amylose content and amylographic viscosity
parameters of the six parental entries.

Parent Amylose content Amylographic viscosity (BU?)
(%) Peak Hot-paste Breakdown

Rexmont (P1) 26.3 833 640 193
Guichow (P2) 274 747 620 127
Lemont (Ps) 22.3 843 463 380
CI 9902 (P.) 22.6 853 470 383
TCS 10(Ps) 14.5 997 490 507
Toro II(Ps) 15.2 1,010 510 500

BU: Brabender Unit.

Amylose content of milled rice was analyzed by a totally automated system of amylose
content innovated by Webb ®’. Amylographic pasting characteristics were determined
by the method developed by Hailic and Kelly”. Combining ability components, general
combining ability (GCA) and specific combining ability (SCA), were analyzed by the
Method I, Model I of Griffing’s diallel method, i.e., the parents, one set of F; hybrids are
included in a model with fixed genotypic effects®.

RESULTS

Heterosis of Amylose Content

Mean values of mid parents (MP), higher parents (HP), F, hybrids, heteroses over MP
and HP for amylose content of milled rice of 30 combinations were presented in Table 2. As
shown in Table 2, a total of 18 hybrids out of 30 combinations having significantly higher
amylose content than their MP was observed. The extent of heterosis over MP varied from
4.7 (Toro II XRexmont) to -1.5 (TCS 10X Toro II) . It should be pointed out a tendency
that the hybrids having significantly higher amylose content than their MP were found from
the crosses between high or intermediate and low amylose content parents, except for TCS
10X Toro II combination a cross between two low amylose content parents, and Lemont X
Rexmont combination, a cross between intermediate and high amylose content parents. On
the other hand, a total of 7 hybrids out of 30 combinations had significantly lower amylose
content than their HP, with a maximum decrease of -3.4 in TCS 10 X Guichow combination.
The fact that the hybrids with significantly lower amylose content than their HP were
derived from the crosses between high or intermediate and low amylose content parents
were also observed, except for Guichow X Lemont, a cross between high and intermediate
amylose content parents.
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Table 2. Mean performance of the thirty hybrids, mid-parent (MP),
higher-parent (HP), and expression of heterosis for
amylose content in crosses of six rice entries.

MP HP Heterosis

TS hybrid

Cross y MP ap
Rexmont X Guichow 27.5 26.9 27.4 0.6 0.1
Rexmont X Lemont 254 24.3 26.3 1.1 —-0.9
Rexmont X CI 9902 25.7 24.5 26.3 1.3 — 0.6
Rexmont X TCS 10 23.3 20.4 26.3 2.9%* — 3.0%*
Rexmont X Toro II 25.1 20.8 26.3 4.3%* —1.2
Guichow X Lemont 25.7 24.9 274 0.8 - 1.7*
Guichow X CI 9902 26.2 25.0 27.4 1.2 —1.2
Guichow X TCS 10 24.6 21.0 274 3.6%* — 2.8%*
Guichow X Toro II 25.3 21.3 27.4 4.0%* —2.1*
Guichow X Rexmont 27.9 26.9 27.4 1.0 0.5
Lemont X CI 9902 23.0 22.5 22.6 0.5 0.4
Lemont X TCS 10 20.9 18.4 22.3 2.5%* - 1.4
Lemont X Toro II 22.2 18.8 22.3 3.4%* —-0.1
Lemont X Rexmont 26.2 24.3 26.3 1.9%* —-0.1
Lemont X Guichow 26.0 26.9 27.4 —-0.9 —14
CI 9902XTCS 10 20.9 18.6 22.6 2.3%* - 1.7*
CI 9902 X Toro II 21.3 18.9 22.6 2.4%* —1.3
CI 9902 X Rexmont 25.8 24.5 26.3 1.3 —0.5
CI 9902 X Guichow 26.1 25.0 274 1.1 —-1.3
CI 9902 X Lemont 22.9 22.5 22.6 0.4 0.3
TCS 10X Toro II 14.4 15.9 15.2 —1.5* —-0.8
TCS 10X Rexmont 23.2 20.4 26.3 2.8%* —3.1**
TCS 10X Guichow 24.0 21.0 27.4 3.0** — 3.4**
TCS 10X Lemont 21.2 18.4 22.3 2.8%* -1.1
TCS 10X CI 9902 21.0 18.6 22.6 2.4%% —1.6
Toro II X Rexmont 25.5 20.8 26.3 4.7%* - 0.8
Toro II X Guichow 24.7 21.3 27.4 3.4%* —2.7*
Toro II X Lemont 21.2 18.8 22.3 2.4%* -1.1
Toro IIXCI 9902 21.8 18.9 22.6 2.9** - 0.8
Toro IIXTCS 10 14.3 14.9 15.2 - 0.6 —-0.9

* ** Significant at the 0.05 and 0.01 probability levels, respectively.

Heterosis of Amylographic Breakdown Viscosity

Table 3 presented the data in relation to mean values of mid parents (MP), higher
parents (HP), F. hybrids, heteroses over MP and HP for amylographic breakdown viscosity
of milled rice of 30 combinations. Significant heterosis over their MP was observed in 16
cross combinations in negative direction and in one case in a positive diredtion. The extent
of heterosis varied from -214 BU (Brabender Unite, Guichow X Toro II combination) to 35
BU (CI 9902XLemont combination). In contrast, it was found that a total 26 out of 30
combinations exhibited significant heterosis over HP in negative direction. A tendency that
the hybrids with significantly negative heterosis over HP were derived from the crosses
between high and low amylographic breakdown viscosity parents. Only two hybrid combina-
tions with positive heterosis over HP were observed. These combinations were derived from
the crosses between intermediate X intermediate breakdown viscosity parents, i.e., Lemont
and CI 9902. However, the positive heterosis of breakdown viscosity in the two combinations
were no significantly different from their HP.
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Table 3. Mean performance of the thirty hybrids, mid-parent (MP), .
higher-parent (HP), and expression of heterosis for amylographic
breakdown viscosity in crosses of six rice entries.

Heterosis
Cross hybrid MP HP

MP HP
Rexmont X Guichow 163 160 193 3 — 60**
Rexmont X Lemont 257 287 380 - 30 — 123**
Rexmont X CI 9902 303 288 383 15 — 80**
Rexmont X TCS 10 320 350 507 - 30 — 287**
Rexmont X Toro II 240 347 500 —107 — 260%*
Guichow X Lemont 217 254 380 - 37 — 163**
Guichow X CI 9902 237 255 383 — 18 — 146**
Guichow XTCS 10 193 317 507 — 124** — 314**
Guichow X Toro II 100 314 500 — 214** — 400**
Guichow X Rexmont 157 160 193 - 3 — 36
Lemont X CI 9902 393 382 383 11 10
Lemont X TCS 10 407 444 507 — 37* — 100**
Lemont X Toro II 383 400 500 - 17 — 117**
Lemont X Rexmont 313 287 380 26 — 67T**
Lemont X Guichow 223 254 380 - 21 — 157**
CI 9902XTCS 10 400 445 507 — 45%* — 107**
CI 9902 X Toro II 387 442 500 — H5¥* — 113**
CI 9902 X Rexmont 303 288 383 15 — 80**
CI 9902 X Guichow 220 255 383 - 35* — 163**
CI 9902 X Lemont 427 382 383 35* 34
TCS 10X Toro II 460 504 507 — 44** — 47*
TCS 10X Rexmont 333 350 507 - 17 — 174**
TCS 10X Guichow 200 317 507 —117** — 307**
TCS 10X Lemont 413 444 507 - 31 — 94**
TCS 10x CI 9902 410 445 507 — 35* — g7**
Toro II XRexmont 227 347 500 — 120** — 273**
Toro II X Guichow 107 314 500 — 207** — 393**
Toro II X Lemont 400 440 500 — 60** —100**
Toro IIXCI 9902 373 442 500 — 69** —127**
Toro IIXTCS 10 473 504 500 - 31 - 27

*** Significant at the 0.05 and 0.01 probability levels, respectively.

Analysis of Variance of Griffing’s Method I

The analysis of variance of the diallel table for these two quality parameters according
to Griffing’s Method I were presented in Table 4. Highly significant differences from the
zero were observed for both GCA and SCA of two evaluated quality parameters. However,
the mean square of GCA was very larger than that of SCA for these two quality parameters.
The ratios of GCA mean squares to SCA mean squares of amylose content and amylographic
breakdown viscosity were 16 : 1 and 17 : 1, respectively. The data suggested that the inheri-
tance of two evaluated quality parameters was mainly conditioned by additive gene effect,
although dominant gene effect was also involved. No significant differences were observed
for reciprocal (maternal) effect in relation to the two quality parameters, indicating that

maternal (cytoplasm) influence upon two evaluated quality parameters might be ignored
in the entries used.
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Table 4. Analysis of variance of general combining ability (GCA)
and specific combining ability (SCA) for amylose content
and amylographic breakdown viscosity in rice.

Mean squares

source D.F. -
Amylose content Amylogr%?s}é;csilgeakdown
GCA 5 78.87** 78,325%*
SCA 15 5.43** 4,617**
RE 15 0.28 120
Error 70 0.26 139

** Significant at the 0.01 probability level.

Combining Ability of Amylose Content

Estimates of Griffing’s GCA and SCA effects for each of the parents for amylose content
were enumerated in Table 5. The contribution of the individual entries to hybrid amylose
content was accomplished by comparing the GCA effects. As shown in Table 5, all of the
entries evaluated in this six-parents diallel cross could be divided into three groups.
Rexmont and Guichow which exhibited greater positive GCA effects; Lemont and CI 9902,
small positive GCA effects; TCS 10 and Toro II, greater negative GCA effects. Furthermore,
the ranking of the parents according to GCA effects closely corresponded to their ranking
according to parent means (Table 1). Thus, choice of parents based upon GCA effects
would be similar to selection based upon parent phenotype.

Table 5. Estimates of general combining ability (GCA) and specific combining
ability (SCA) effects for amylose content in each parental entries.

SCA effect

Parent GCA

Pl PZ P3 P4 P5 Pﬁ
Rexmont (Py) 2.48 —_ —1.92 —0.04 —=0.07 1.30 2.32
Guichow (P2) 2.84 — —0.27 —0.02 1.90 1.60
Lemont (Ps) 0.30 — —0.68 1.28 0.90
CI 9902 (Ps) 0.35 — 1.13 0.70
TCS 10(Ps) -3.35 - —2.65
Toro I1(Ps) —2.45 —
SE(Gi)=0.13; SE(Gi—Gj)=0.21; SE(Sij) =0.31; SE(Sii—Sij) =0.59
SE(Sii—Sjk) =0.45 ; SE(Sij—Sik) =0.47 ; SE(Sij—Skl) =0.41

A total of seven out of 15 hybrids exhibited negative SCA effects. These seven hybrids,
Rexmont X Guichow, Rexmont X Lemont, Rexmont X CI 9902, Guichow X Lemont, Guichow X
CI 9902, Lemont X CI 9902, TCS 10X Toro II, were derived by crossing high X high, high X
intermediate, lowXlow amylose content parents. Among these hybrids, hybrid TCS 10X
Toro II had the lowest negative SCA effects, whereas, the values of SCA effects of hybrids
Rexmont X Guichow, Rexmont X Lemont, Rexmont X Lemont, Rexmont X CI 9902, Guichow X
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Lemont, Guichow X CI 9902, Lemont X CI 9902 were equal to zero, This confirmed that the
amylose content of the hybrids from crossing high Xhigh and high Xintermediate parents
were approximately equalto their MP and/or HP (Table 2). The remaining eight hybrids
exhibiting positive SAC effects were produced by crossing highXLow amylase content
parents.

Combining Ability of Amylographic Breakdown Viscosity

The contribution of the individual entries to hybrid breakdown viscosity was indicated
by comparing the GCA (Table 6). Parents TCS 10 and Toro II, both with high amylogra-
phic breakdown viscosity (Table 1), exhibited greater positive GCA effects than parents
Lemont and CI 9902 which also showed positive GCA effects. On the other hand, Guichow,
a relatively low breakdown viscosity parent, showed lower negative GCA effect than Rex-
mont which also was a relatively low breakdown parent (Table 1). However, a fact that the
ranking of the parents according to GCA effects very corresponded to their ranking accord-
ing to parent means could be inferred. Stated in other words, choice of the parents base
upon GCA effects would be similar to selection based upon parent phenotype.

As shown in Table 6, eight of the 15 hybrids exhibited negative SCA effects for high
breakdown viscosity. These eight hybrids, Rexmont X TCS 10, Rexmont X Toro II, Guichow
X'TCS 10, Guichow X Toro II, Lemont X TCS 10, Lemont X Toro II, CI 9902 X TCS 10, and CI
9902 X Toro 1II, were derived by crossing lowXhigh and intermediateXhigh breakdown
viscosity parents. Among these hybrids, hybrid GuichowX Toro II showed the greatest
negative SCA effect. The remaining seven hybrid exhibiting positive SCA effects were
derived by crossing low Xlow, low Xintermediate, intermediate Xintermediate, high Xhigh
parents. Among these seven hybrids, Rexmont X Guichow, a lowXlow combination, and
TCS and Toro II, a high Xhigh combination, showed the greatest positive SCA effects.

Table 6. Estimates of general combining ability (GCA) and specific combining ability
(SCA) effects for amylographic breakdown viscosity in each parental entries.

Parent GCA SCA effect
P, P. Ps P, Ps Ps

Rexmont (P,) — 57.43 - 44.91 4.07 9.07 - 1.20 — 55.09
Guichow (P2) —137.41 - 5.74 14.07 —51.20 —105.09
Lemont (Ps) 41.76 — 16.57 —17.04 - 4.07
CI 9902 (P.) 41.76 — —22.04 - 7.59
TCS 10(Ps) 75.37 - 45.46
Toro I1(Pe) 65.93 -
SE(Gi)=3.11; SE(Gi—Gj) =4.82; SE(Sij) =7.10; SE(Sii—Sij) =13.63 ;

SE(Sii—Sjk) =11.81 ; SE(Sij—Sik) =10.78 ; SE(Sij—Skl) =9.64
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DISCUSSION

Earlier experiments on heterosis were conducted almost for academic studies, and their
results were of limited practical value. Thus, heterosis for rice, usually for grain yield, could
not be exploited commercially. The recent discoveries of a cytoplasmic male sterility and
genic fertility restoration system in rice, reported by several workers®*'*"'**® seemed to
have saved this problem and producing hybrid seed on commercial basis as reasonably low
cast may be feasible. Up to now, commercial cultivation of hybrid rice is practical in some
areas®™, However, in modern world _rice market, grain quality is a major concern. Thus, rice
quality parameters instead of rice grain yield was mainly emphasized in this report.

There are issues in diallel analysis, in genetic expression of endosperm characterisitics
and in samples for endosperm characteristics determination. Firstly, according to a Baker’s
review of the diallel literature, he pointed out that from a genetical point of view, two
assumptions, independent distribution of genes in parents and epistasis, are critical in
attempts to interpret the results of diallel analyses. He indicated that to assume that genes
are distributed independently in the parents of a diallel cross is not a realistic assumption.
Furthermore, there are conflicting reports as to whether or not of this assumption will result
in biased estimates of GCA and SCA components of variance. Besides, epistasis affects
estimates of GCA and SCA mean square, variance, and effects in an unpredictable manner
@ 1In this study, six rice entries, representing an array of different levels of amylose content
and amylographic breakdown vicoity were used as the parents and a diallel cross was made.
Combining ability and heterois for two major quality parameters in relation to eating and
processing quality were studied. Data from analysis of variance of the diallel table by
Haymen® method unpresented in this paper indicated that the assumptions of independent
distribution of genes in the parents and epistasis appeared to have failed for these two major
quality parameters. Therefor, the Baker’s issues in discussing the topic about combining
ability had to be kept firstly in mind.

Secondly, genetic expression of endosperm characteristics is under triploid genetic
control. Thus, compared with other quantitative plant characteristics, such as plant height,
panicle length, etc., endoperm characteristics play three distinct nature. That is, there is
theoretically a difference between reciprocal cross, i. e., dosage effect ; endosperms on
plants of the early generations of a hybridized population represents next generation ; and
an individual is a seed, not a plant. However, up to now, a satisfactory genetic model for
such endosperm characteristics has not yet been developed®®. The lack of proper genetic
model has been an obstacle in studying the inheritance of endosperm characteristics. Thus,
all of published genetic studies on endosperm characteristics followed the example of diploid
genetic model, such as plant height and panicle length etc., including this paper. Besides,
Kumar and Khush®? argued that analyses of genetically heterozygous buck seed samples on
plants provided biased information for the genetic study on endosperm characteristiocs,
such as amylose content. In this study, genetically heterozygous F. buck seed sample on
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individual F, plant was run for amylose content and amylographic breakdown viscosity.
These might be the second issue in this paper and had to be also kept in mind.

From the results obtained, despite of issues mentioned above, it might conclude that
gene action for amylose content and amylographic breakdown viscosity in this study was
mainly additive, although dominance gene effect was also involved ; reciprocal (maternal)
effect upon two evaluated endosperm characteristics could be ignored ; parent choice based
upon GCA effects would be similar to selection based upon parent means
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Fig. 1. Three schemes of randomized complete block designs for rice
uniformity trials. (blocks number=4)
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Table 1. Variation of blocks for three schemes of blocking layouts in
randomized complete block designs for rice uniformity trials

Mean Square of various blocking layouts
(Block shape: rows X plants)

Trial Source D. F.

I I I
(5%x40) (10 20) (20x10)
Japonica rice Between blocks 3 83.39 45.03 29.67
Within block 796 48.01 48.15 48.20
Indica rice Between blocks 3 731.28** 697.44** 232.38**
Within block 796 58.02 58.15 59.30

** Significant at 1% level under F-test.
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® 2. THEERAD s BRRAHGBRER (CV) RIEEHE (RE) (BEH=4)

Table 2. Coefficients of variation (CV) and relative efficiencies (RE) for various size,
shape and orientation of plots (blocks number=4)

Block  Plot size  Plot Plot shape Plot Plot L/W Plot CV (%) RE(%)*
allocation (plants) no. (rowsXplants) Width  Length orientation
type (W, m) (L, m) Japonica Indica Japonica Indica

I 5 80 1x 5 0.28 0.80 2.86 N-S 11.79 14.13 100 100

(5x40) 5x 1 0.16 1.40 9.09 W-E 10.67 13.76 110 103

10 40 1x10 0.28 1.60 5.71 N-S 8.78 11.78 134 120

5X 2 0.32 1.40 4.38 W-E 717 11.98 164 118

20 40 1x20 0.28 3.20 11.43 N-S 6.88 8.90 171 159

5X 4 0.64 1.40 2.19 W-E 5.38 9.99 219 141

25 32 5X 5 0.80 1.40 1.75 W-E 5.86 9.87 201 144

40 20 1x40 0.28 6.40 22.86 N-S 5.73 7.94 206 178

5X 8 1.28 1.40 1.09 W-E 4.90 8.52 241 166

50 16 5%X10 1.40 1.60 1.14 N-S 3.68 8.78 320 161

100 8 5X20 1.40 3.20 2.29 N-S 2.81 6.12 420 231

I 5 80 1xX 5 0.28 0.80 2.86 N-S 11.79 14.13 100 100

(10%x20) 5X 1 0.16 1.40 9.09 W-E 10.67 13.76 110 103

10 40 1x10 0.28 1.60 5.71 N-S 8.78 11.78 134 120

2X 5 0.56 0.80 1.43 N-S 9.18 12.56 128 113

5X 2 0.32 1.40 4.38 W-E 717 11.98 164 118

10X 1 0.16 2.80 17.50 W-E 7.97 10.92 148 129

20 40 1x20 0.28 3.20 11.43 N-S 6.88 8.90 171 159

2X10 0.56 1.60 2.86 N-S 6.59 10.56 179 134

5X 4 0.64 1.40 2.19 W-E 5.38 9.99 219 141

10x 2 0.32 2.80 8.75 W-E 5.61 9.69 210 146

25 32 5X 5 0.80 1.40 1.75 W-E 5.86 9.87 201 144

40 20 2%X20 0.56 3.20 5.71 N-S 5.43 7.58 217 186

10X 4 0.64 2.80 4.38 W-E 5.61 7.93 210 178

50 16 5X10 1.40 1.60 1.14 N-S 3.68 8.78 320 161

10X 5 0.80 2.80 3.45 W-E 447 7.97 264 177

100 8 5X20 1.40 3.20 2.29 N-S 2.81 6.12 420 231

10X10 1.60 2.80 2.17 W-E 2.17 7.48 543 189

m 5 80 1X 5 0.28 0.80 2.86 N-S 11.79 14.13 100 100

(20x10) 5X 1 0.16 1.40 9.09 W-E 10.67 13.76 110 103

10 40 1x10 0.28 1.60 5.71 N-S 8.78 11.78 134 120

2X 5 0.56 0.80 143 N-S 9.18 12.56 128 113

5% 2 0.32 1.40 4.38 W-E 7.17 11.98 164 118

10X 1 0.16 2.80 17.50 W-E 7.97 10.92 148 129

20 40 2X10 0.56 1.60 2.86 N-S 6.59 10.56 179 134

4X 5 0.80 1.12 141 W-E 5.83 9.67 202 146

10x 2 0.32 2.80 8.75 W-E 5.61 9.69 210 146

20x 1 0.16 5.60 35.00 W-E 5.97 7.17 197 197

25 32 5X 5 0.80 1.40 1.75 W-E 5.86 9.87 201 144

40 20 4X10 1.12 1.60 1.43 N-S 3.77 7.94 313 178

20% 2 0.32 5.60 17.50 W-E 5.97 6.42 197 220

50 16 5%10 1.40 1.60 1.14 N-S 3.68 8.78 320 161

10x 5 0.80 2.80 3.45 W-E 447 7.97 264 177

100 8 10x10 1.60 2.80 2.17 W-E 2.17 7.48 543 189

20X 5 0.80 5.60 7.14 W-E 3.28 4.72 359 299

* Relative efficiency of plot shape iXj to 1X5= (CVixs,/CVix) X100.
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® 3. TRAKAZEEABEARRIEARBHER RS
Table 3. Relative efficiencies of rectangular plot with different
orientations to square plot

Plot size Plot shape Block Plot Approximate Plot Relative efficiency (%)"
(plants) rowsXplants allocation L/W figure of orientation*
type’ (m/m)  plot shape’ Japonica Indica
20 1X20 I~1I 11.43 B N-S 85 109
2%10 II~11 2.86 R N-S 88 92
4X 5 1 1.41 S W-E 100 100
5% 4 I~1I 2.19 R W-E 108 97
10X 2 II~1I 8.75 R W-E 104 100
20X 1 I 35.00 B W-E 98 135
40 1X40 I 22.86 B N-S 86 107
2X20 11 5.71 R N-S 90 112
4X10 I 1.43 S N-S 130 107
5X 8 I 1.09 S W-E 100 100
10X 4 I 4.38 R W-E 87 126
20X 2 il 17.50 B W-E 82 133

2 1=5X40> II1=10%20 > M=20x10.

¥ B=bar, R=rectangle, S=square or near square.

* N-S=northern-southern direction, W-E =western-eastern direction.

¥ Relative efficiency= (CVsaaure/CVrectangie) X100 01 (CVsqaure/CVoar) X 100.
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Influence of Shape and Orientation of Plots
on the Precision of Field Experiments with Rice'

Chun-Tang Lu and Hsiu-Ying Lu?

Summary

The objective of this research was to investigate the influence of plot shape and plot
orientation on the precision of field experiments with rice by using uniformity trials data in
Taiwan Agricultural Research Institute. Uniformity trials were conducted with a row
spacing of 28cm and within-row spacing of 16cm. The trials were subdivided by simulating
a randomized complete block design (RCBD) with various combinations of plot shape and
orientation. Coeffcients of variability and relative efficiencies of different plot shape and
orientation were estimated. When the soil variability pattern of the experimental field is
distributed random, plots should be square as possible. The optimum plot shape with a
adequate plot size of 100 plants was 10 rows X 10 plants or 5 rowsX 20 plants. When the
fertility gradient of the area is present, a rectangular plot with parallel orientation in the
direction of the fertility gradient would give higher precision. Increasing plot length in the
direction of fertility gradient was more effective in reducing variability. With constant plot
size of 100 plants, the optimum plot shape was 20 rows X5 plants when the fertility gradient
parallels the rows of the field.

Key words: Rice, Plot shape, Plot orientation, Experimental precision,
Uniformity trial, Relative efficiency.

1. Contribution No. 1809 from Taiwan Agricultural Research Institute.
2. l}z%s(t:earch Assistant and Statistician, Department of Agronomy, TARI, Wufeng, Taichung, Taiwan,
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ORTVERRIE © FTHEME » BIRHRIEET -
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2. ZEBHKY » HBHEERS 50kg/hac
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5. H¥FE1/2BE 8+ hzR]1 /2B EE » BakRE -
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8. ZEMEHEEK o
9. HRE - MEBEEFEY -
(BEEKRENRERNE [F48FE2RBEDSEENT] @)
OBRIEEXR : FHEIEREE3S1HE o
HERERE
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FER TR

— FRABES R HHRERHEERBOVE

H¥% ~ #5 O RS SEGIEIEY - DURE RS RS RIFIEE - SAEERERISRK - 105K
CERAGE S BEAER  KEAFONBETHTRANEREREREEER (R]1) -

REAARER S — BB ER AIREE » WD RF H LBE » BRI ERHREEAR - E
BB R4S R A AR SRR E L AR Y » (B2 BRS R A A MR AR - THEE
HIHETS K 3 A S R Y » FWIISSEK » RBTERZ BRI ERBIEIHE » BIRERKIEHER
B » S RIFEBERISKRI105KE » E—SHFN S BEIEIE T REE A R 2R E MR HE
» i 1 PREERRERSTE  U2EEHETKEERE  ERERISKET 1.32kg/m* » E105
K3 2.07kg/m? > BRTHRZMZE+HFEEH 1.08kg/m® RISKHEHE + H K EH 1.78kg/m?
5 EENEPECRENR | BRERDE—PREMEFT R EH/NG IR+ FEE - HF+H
BE o URHEE A+ HESF2BIER » R ESRNEE ~ RSB IEFRRFE
MRS R R » SIS S RHEINRE - EHBRKIGKAEMBZMERD
» R 0.38kg/m? > EEPRREBEEAEMRNE RRERER (5K 0.68kg/m? » 105KH
0.83kg/m? » AHLEISKRHEE BIFEENDREE ~ 28 - A%+ HREL KB -+ HZERRE
H/NE o

* 1. EHBISKRIGKZEKIEHGERMEER

Table 1. Shoot fresh weight of green manures and weeds at 95 and 105 days after planting.

Treatment fresh fresh weed weed
weight at weight at weight at weight at
95 days 100 days 95 days 100 days
Kg/m?®
1. Sesbania 0.23c* 0.74d 0.52abc 0.73ab
2. Chin—pea—dou 1.32a 2.07a 0.38¢ 0.38d
3. Rape 0.28¢c 0.33e 0.43bc 0.63bc
4. Sesbania+Chin—pea—dou 1.02b 1.78ab 0.57ab 0.62bc
5. Sesbania+Rape 0.47c 0.78d 0.42bc 0.57bc
6. Rape+Chin—pea—dou 1.08ab 1.57bc 0.43bc 0.48cd
7. Sesbania+ Chin—pea—dou+Rape 0.82b 1.33c 0.47bc 0.52cd
8. Corn i - 0.48abc 0.45¢cd
9.CK | | 0.68a 0.83a

Z Means followed by same letters are not significantly different at 5% level by Duncan’s New Multiple
Range Test.
¥ No planting green manure.

= FREGEEEARXH T BIEHZHE

TEME AR MR 2 L S rh30R B AT T AE T A E » WA E 2 - pH EH » FRE/NE
Z LM RN - BIETE pH5.5~6.0 ZEEAN » KR R H¥ + MEH/NRES - 5751835.9
6.0 » BT R EREATS.75 » BLATHE B S WER A /MR BIRRIE » HOERIER T RB IR TS -
BETHRE THERE - AR RTER  ERRENRZHINGFRENER  EERE KA
FEHLUEXNERE - ERZRSERSHE » UEMEFZHERHTREZ/NERREAT » 2505 929
ppm K 924ppm > WERGRHREEETIER » MR ARM BT AR STRZER » CESHHA



416 REEREWME B M4 B F 4 W 1995

BErh g g oo s T s R+ RO REHF + HFRE R NEZ 2 E S B4R 916ppm
B 925ppm » WEI/NEGBENEPHBEKEEEXRZEE (846ppm) o Badarnddin and
Meyer® 3Bk Hi B — I B VFREME S R AL RN AT 122 ) 4 3 h A TR R SRR I S O AR L At R /)N
& HRAER Y FE T ERHRIEHT R AIERETRHEY » RHRERHEY » THRELBHNESE - BE
Baquet and Dabney®ZRERIMEH » Mi{EERHE BN AR SRR BB BREEREEFEZA
o

FARSRENERZEAE R R pH #ES  HBAFHZEREHERRSTESE > HRTEX
/N RS R FE TR FE M T AT S AR TS - HA R SBAREROE S » WA RS S —
MR RER » FREMZZERRERE - Hargrove" 2 Bl = EENRB LG REHSR » 5—4&
EEHEERRNRARFEEEPHMERHEIE RAHE » B8 = B E S R R R NG
HERSENER  MRERRNERTMEZEFYT » AUEHAITES ARSI RE R EE/NEH
ERIE - BOBIEREREREEAEKIEIEY - SEE RN ERES R » BETA AR
JE » AAREFRE R » SRR RIS T WE RS - MRS # KT SRR I &
FE » SSRGS B R TE B R -

® 2. WIEHEALREZIESHEE

Table 2. The effects of green manures on soil chemical properties.

Treatment pH O.M. available available total
P exchangeable K N

(%) (ppm) (ppm) (ppm)

1. Sesbania 5.76 1.42 17.7 52.7 929*

2. Chin—pea—dou 5.50 1.42 18.2 51.1 924*
3. Rape 5.90** 1.40 17.7 55.2 901
4. Sesbania+Chin—pea—dou 5.63 1.40 16.8 58.6 905
5. Sesbania+Rape 6.00** 1.40 17.3 43.3 909

6. Rape+Chin—pea—dou 5.53 1.41 18.2 49.8 916*

7. Sesbania+Chin—pea—dou+Rape 5.70 1.42 17.2 53.1 925%
8. Corn 5.57 1.33 16.2 52.5 846
9.CK 5.75 1.37 16.4 53.3 846
L.S.D. 5% 0.08 0.13 3.0 15.1 63
L.S.D. 1% 0.12 0.18 4.1 20.8 87

*  Significant at 5% level
** Significant at 1% level

E-FEGREESRH R EEXETSHE
ERICRIFEE IR > FEIRMERE - GRE - BHRE A - BRE - g8 nmibax
(TDN) %¥IHH » B 3 B EREHMELNTESEES/NERES » 5% 25.2 ton/ha HRIKF
R EE/NE (24.5 ton/ha) REMHILESTEE/NE (244 ton/ha) » BENS EAE/ENEE
H 191 ton/ha ; EHEREE - IKFBHEE (9.6 ton/ha) ~ #ZE (9.4 ton/ha) K HEE + i
& (9.1 ton/ha) - REMFEEBEMEERZ/NE (7.5 ton/ha) ; BEEREMEE D= G2
EAFERE » £ 2.6 ton/ha > BEMGEUFKG/NERSE » B 7.7 ton/ha » EE/IERZE
RAEREE  EAERUTEEE o RS AELINIES AE/NEZ67.1% 58 » IRENB kS
B132.9% » HEVNEEKEIEL.7T~59.7% 2 (£4) - RERZEMIEZER TDN BRIEL » B
BEAHEERIFIHFERE > ke FRRTAIARTE R % 4 R T + R 2/ NE R R HA529 3



B IEFE S TEZ T 417

9% K TDN 66.0% 57 » H A EIREEITF » SRR TREFE - HRERIMRE  WE/MEZR
AL ST RI19.7 ~ 19.8 ~ 19.9% » TDN £563.3 > 63.4 ~ 63.4% o 1% 3 ~ 4 R AIA - B {FHEAH R
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* 3. HIBEREEXRZERRR

Table 3. Yield trial of corn after cultivating green manure.

Treatment plant plant ear stover
fresh dry dry dry

weight weight weight weight

ton/ha

1. Sesbania 25.2 8.3 1.7 6.6
2. Chin—pea—dou 24.5 9.6 2.0 7.7
3. Rape 23.4 9.4 1.9 7.5
4. Sesbania+Chin—pea—dou 23.5 8.8 2.0 6.8
5. Sesbania+Rape 22.5 9.1 2.3 6.9
6. Rape+Chin—pea—dou 21.6 7.9 1.7 6.2
7. Sesbania+ Chin—pea—dou+Rape 24.4 8.8 2.6 6.2
8. Corn 19.1 7.5 1.5 6.0
9.CK 22.5 8.0 }.6 6.4
L.S.D. 5% 6.5 3.3 14 1.9
L.S.D. 1% 9.0 46 2.0 2.6

* 4. HIEBEERZHREKE - RULERGSRBEZTY
Table 4. Mean of plant water content and ear percentage and TDN of corn
after cultivating green maunre.

Treatment Plant water content ear percentage TDN
(%) (%) (%)

1. Sesbania 67.1 20.4 63.7
2. Chin—pea—dou 64.7 20.4 63.7
3. Rape 59.9 19.8 63.4
4. Sesbania+ Chin—pea—dou 62.7 22.5 64.2
5. Sesbania+Rape 59.7 25.3 65.0
6. Rape+Chin—pea—dou 63.4 21.1 63.7
7. Sesbania+Chin—pea—dou+Rape 63.9 29.3 66.0
8. Corn 60.4 19.7 63.3
9.CK 64.5 19.9 63.4

HHEFRIELS ~ B RRERE » BREETE - R ARBZEERERIET - T
BEZEYREY » MARBRIERPARET » HRBRERETEAL D - S5 KRR
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Assessment on the Feasibility of Spring

Manure Cultivation'

Huey-Jiuan Huang® Wen-Long Tsaur® and Ay-Hwa Chang®

Summary

The fallow field in spring season of Taiwan area has increased gradually in the recent
years. It seems very important to provide some fast growing green manure crops with longer
growth phase for the farmers. Therefore, the selection of flourishing plants with good
covering ability and suitable for cultivation in the Spring duration is needed.

In the present experiment, three green manure crops namely Sesbania, Chin-pea-dou (
Glycine max) and rape were used as the material. They were cultivated by single cropping
or mixed cropping. The results showed that the : Chin-pea-dou was the best green manure
in this study. In the field of Chin-pea-dou, the weed growth could be sufficiently controlled,
and it also had a significantly higher plant fresh weight. Furthermore, the total nitrogen
content of soil was increased significantly, and the subsequent corn got a highest dry matter
vield. So the results showed that this crop is a suitable green manure for the spring fallow
in the central area, Yun-chia-nan area and eastern area of Taiwan. As for Sesbania,
although it gave higher fresh weight in the subsequent corn crop also, however, it had less
fresh weight and more weeds than Chin-pea-dou due to the low temperature in the spring
season which is unfavorable for the growth of Sesbania.

In the mixed cropping plot which consisted of Sesbania, Chin-pea-dou and rape, it also
had good plant fresh weight and less weed. After its incorporation, the total N content of soil
was increased significantly. Moreover, it also gave the highest ear percentage and total
digestable nutrient (TDN) percentage in the subsequent corn crop. Therefore, the mixed
crop of these three green manure crops is also worth recommending to farmers. The results
showed that the yield and quality of corn subsequent to all green manure plots were better
than the corn plot of continuous cropping.

Key words: Green manure, Fresh weight, Soil fertility, Trial fo subsequent corn.

1. Contribution No. 1810 from Taiwan Agricultural Research Institute.
2. Respectively, Assisant and Assistant Agronomist, Department of Agronomy, TARI.
3. ﬁcs)s(éstant rsearch fellow, Department of Agricultural Chemisty, TARI, Wufeng, Taichung, Taiwan,
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Fig. 1. Scale of disease incidence on clubroot, 0~9 indicate plants are healthy to severely infected
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Table 1. Tested varieties to clubroot on Crucifers in field

{E 2 R i

H B

CR 93—128
CR IHEf 93—128 (HH)

Dr. Hiroaki Yoshikawa

Dr. Hiroaki Yoshikawa

" x &
O = &
CR B REEREZR Rk gt
CR APPARE F1 (RA#) aHEES
F OB BPIRTIRAES
¥\ BFIFHRRE S
RHREZE 388 = &
AR FHg x A
7R
HANAMORI R it
ATSUMORI SRR it
SHIGEMORI AR R it
®  E * A

w R

— BETRAEZEEREFRIEFHERYAZLE
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% 2. PHIRERRIEFEEREHTIARSEREBRZEE

Table 2. The relationship of inoculum density of Plasmodiophora brassicae resting spores
on the infection rate of clubroot.

Inoculum density Root incidence? Root infection”
(resting spores/ml) (% index

10° 55 1.30

10° 100 3.45

107 100 4.75

108 100 5.0

CK 0 0

z data was obtained by observation in microscopy, 30 roots were detected for each treatment.
¥ index were from “0” to ”5” where “0” indicated the root was not infected, and “5” indicated each root
was infected by more than 80 resting spores.

# 3. REREARREFEERENFIL AR ERERRR I

Table 3. The effect of inoculum density of Plasmodiophora brassicae resting spores on
the severity of clubroot.

Inoculum density Disease incidence”
[v)

(resting spores/ml) (%) Disease index”
10° 0 0
10° 0 0
10’ 12 0.4
10° 68 5.1
CK 0 0

* data was obtained by observation in microscopy, 30 roots were detected for each treatment.
¥ indexes were from “0” to ”5” where “0” indicated the root was not infected, and “5” indicated each
root was infected by more than 80 resting spores.

2. EBREHRAYKZEE

Fig. 2. The relationship of inoculum density of Plasmodiophora brassicae to clubroot

T REHRBRRRZER
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Fig. 3. Effect of temperature on the disease incidence of crucifers to clubroot
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PSS ATIE100% » SRHERGEE] 3 5 o MBI R 2 SR RBE 1K T/ml B
R > 225 CRBMRENRR » TR FEREEHRRR 2 B2 L RE o
= AR EAEMRARZ BRI

RIS SRE B 10 R T T/ m 25 AR P Y Y B 22, 5° C RS SRR B B » AT R
AR BRI L R MBI » SR 4 FTT - B EAS I S H B B AR
FREA R ARG - e B AL TIRE T » BN HE0.33~6.33% 21
» A G LM 2 T e B K R R A 5 32.75.6.96 5 1009% o

% 4. TRBPELREHRER I
Table 4. Varietal susceptibility to clubroot on cabbage

Various Disease gx;cidence’ Disease index”
CR 93—128 3.33 0.10
CR THE: 93—128 (% H) 6.33 0.23
=1 I 75.6 2.35
1 78 100.0 4.45

* data was obtained by observation in microscopy, 30 roots were detected for each treatment.
¥ indexes were from “0” to ”5” where “0” indicated the root was not infected, and “5” indicated each
root was infected by more than 80 resting spores.

* FEERBRAENRERZRZ Y

IRBATRABE R BELRIRIE 7/ ml FEEAEERE - 22 CREERTRE » #171H
TR EMRRR Z R M HIRE - RERANER 5 B » B B A | & DRSS BR 28 AL AR RR BT R 704%
s AR R RAE RERFESAN  EREF-EAPERICZEFRET > #HER
H8.1~10.8% 2 [ » A4 1 LI I 7 1 2 M5 R 1 2R 388 i T B A Rl i 355.3% » B —mHERHB IR
TRk AL T B AR £338.9% ©

® 5. AHETFERFBERORGER R R ERE

Table 5. Susceptibility of six chinese cabbage varieties to clubroot disease

Various Disease(i)glcidence‘ Disease index”
CR EHERRER 8.1 0.08
CR APPARE F1 (A#) 10.8 0.21
FERREZE
BT 70 43.3 11
EFIFF 90 10 0.1
FEEREZE 388 55.3 3.56
WEREZE FHg 38.9 1.30

* data was obtained by observation in microscopy, 30 roots were detected for each treatment.
¥ indexes were from “0” to ”5” where “0” indicated the root was not infected, and “5” indicated each
root was infected by more than 80 resting spores.
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A~ FRIFERREHRERZBRERE

B3R 6 $UR - ARG EZ =M HfERMEILAE B AT < Mk E R R AR LIS »
=&zl ATSUMORI K HANAMORI EEHUHN » BRESR12.5%K13.2% » BA—fHiE
SHIGEMORI ZERZR£325.6%  fEAHRIRTERE G T A8 2 MER BRI R278.1% ©

% 6. THEERGEHRBRRZRZHAE
Table 6. Varietal susceptibility to clubroot on Broccoli

Disease incidence®

Various %) Disease index”
HANAMORI H1E3. 13.2 0.18
ATSUMORI #1ER 12.5 0.43
SHIGEMORI #7EZE 25.6 0.67
#k X 78.1 4.40

* data was obtained by observation in microscopy, 30 roots were detected for each treatment.
¥ indexes were from “0” to ”5” where “0” indicated the root was not infected, and “5” indicated each
root was infected by more than 80 resting spores.

73 - BERER

HE 7 HEER  HEARSEZHFERHEHE (CR 93—128 » CR 93—130) -~ #EEREZE (
Wi ~ BFRT0R90 ~ BH) R#FIEZR (HANAMORI > ATSUMORI » SHIGEMORI) BAREEL
MR ZAERE R (ECD 16/0/31) A HiM:  TAE B il 2 B i s R R Sy M 855

® 1. TFERHEHMARRSE
Table 7. Varietal susceptibility to clubroot on Crucifers in field test

Disease incidence (%)

Crops

307 45 60 75 90 97
H E
CR 93—128 0 0 0 0 0 0
CR TE®;93—130 (%H) 0 0 0 0 0 0
= 123 6.5 18.5 35.5 40.0 50.5 56.0
# £/3 15.5 20.67 33.5 45.5 68.5 72.67
AR
CR iR HEERAZR 0 0 0 0 0 0
CR APPARE F1 (G#) 0 0 0 0 0 0
B W70 0 0 0 2.8 3.0 3.5
B 1% 90 0 0 0 0 0 0
HEEREZR 388 4.5 8.0 12.0 18.0 20.0 25.0
RERAR w8 2.5 5.0 8.0 10.5 13.0 14.5
W IE R
HANAMORI 3.2 3.2 3.5 4.0 4.5 5.0
ATSUMORI 0 0 0 0 0 0
SHIGEMORI 0.6 0.6 0.8 24 2.5 5.0
#* x 5.5 8.0 9.0 12,5 14.0 16.0

' BHEBRRE
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Studies on Resistance of Crucifers to Clubroot
Disease Caused by Plamodiophora brassicae'

Chien-Yih Lin? and Shiou-Hwa Huang®

Summary

Clubroot disease of crucifers, caused by Plasmodiophora brassicaeWoronin, is the most
important soil-borne disease on crucifers. The optimal temperature for root hair infection
and disease incidence to clubroot are 22.5C. When inoculum density is at 10° propagules/ml,
higher disease percentage occurs. The disease incidence of cabbage cultivars : CR 30-128
and CR 30-130 to clubroot are 3.33% and 6.33% separetely. CR APPARE F1 and CR of
chinese cabbage are 10.8% and 8.1% respectively. Hanamori, Atsumori and Shigemori of
broccoli are 13.2%, 12.5% and 25.6% respectively. They are highly resistant varieties.

Key words: Clubroot, Resistant, Cabbage, Chinese cabbage, Braccoli.
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Chromatographic and Electrophorotic
Separation of Lectin Preparation from
Resistant and Susceptible Plants of
Tomato to Pseudomonas solanacearum'

Chien-Yih Lin 2

Abstract : Lectin preparations from wilt vesistant and susceptible tomato plants to
Pseudomonas solanacearum they have similar movement in Sephadex G-200 col-
umns and SDS-polyacrylamide gels. Column fractions with highest protein content
have the highest agglutination titers. Protein content, agglutination titers of col-
umn fractions, and the staining intensity of gels after electrophoresis are related to
the susceptibility or resistance of the plants used for lectin extraction, inoculation
of these plants, and the virulence of the Psexudomonas solanacearum isolate used for

inoculation.

Key words . Pseudomonas solanacearum, Lectin, Chromatographic separation,
Electrophoretic separation.

INTRODUCTION

Previous research*®has shown that inoculation of tomato plants with incompatible
isolates of P. solanacearum initiates a hypersensitive type of response. Numbers of inoculat-
ed bacteria initially increase then decrease and amounts of lectins increase with time after
inoculation in incompatible tomato lines. A relationship between the resistance of tomato
plants to P. solanacearum and the presence of lectins in stem extracts has been noted®59.

Sequeira et. al.**'*™postulated that lectins in plants possess the ability to attach to
bacteria and thus limit their multiplication. Qur research results suggest that increases in
lectin concentration can be elicited by inoculation with avirulent isolates of P. solanacearum
in resistant and susceptible plants or by inoculation with virulent isolate in resistant plants.
Furthermore, the types of lectins elicited may vary dependent on the isolate of bacteria
used for inoculation or susceptibility of the host plants. Lectin types can be separated

1. Contribution No. 1812 from Taiwan Agricultural Research Institute.
2. Director of Taiwan Agricultural Research Institute. Wufeng, Taichung, Taiwan, ROC.
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on the basis of whether they agglutinate virulent or avirulent cells of P. solancearum and the
effect of various carbohydrates on agglutination inhibition. The objective of this study was
to partially purify lectins from tomato plants inoculated with different isolates of P.

solanacearum and to determine similarities or differences among those lectin preparations.

MATERIALS AND METHODS

Growth of tomato plants—Tomato seeds of the resistant (VC-8) and susceptible (
Campbell-28, C-28) tomato lines were sown in a 1:1 (v/v) mixture of soil and sand.
Seedlings were grown for twenty days in the greenhouse and were transplanted singly into
six inch plastic pots containing a 3 : 1 (v/v) mixture of soil and sand. Plants were grown in
the green house at 30+3°C for thirty days after transplanting.

Inoculation of tomato plants—Uniform plants with ten expanded leaves were selected
and individually inoculated with isolate #64 and #64-8 by injecting twenty-five ul of
bacterial suspensions (6.1X10° cells/ml) into each of 4th, 6th, 8th leaf axil below the
growing point of each plant. Bacterial suspensions was obtained by suspending bacteria
grown on TZC medium®at 28°C for 48 hours into sterile distilled water. Plants inoculated
with sterile distilled water served as controls. Inoculated plants wre then re turned to the 30
+3°C greenhouse.

Lectin preparation and agglutination assay—Lectins were extracted from ten plants for
each of six treatments. Treatments included inoculation of the VC-8 line and C-28 cultivar
with isolates # 64-4 or sterile distilled water. Lectins were extracted by the modified method
of Sequeira®as described in Part II 120 hrs. after inoculation. Final volumes of lectin
extracts were adjusted at a ratio of 1 ml 0.1 M acetate buffer (pH 3.6) per gram dry weight
of extracted tissue.

Lectin preparations (1ml) for each treatment were applied to a column (1.5¢m X10cm
) of Sephadex G-200 containing 0.1M acetate buffer (pH3.6) . Columns were eiuted with
buffer at a rate at a rate of 7 ml/hr. in a 4°C cold room. Fractions (0.5ml) were collected for
3 hrs. Total protein content of each fraction was determined by the Lowry method®. The
agglutination activity of each fraction was measured by an agglutination bioassay using the
avirulent isolate #64-8 as descrbed in Part II.

Polyacrylaimide-gel disc electrophoresis—Sodium dedecyl sulfate (SDS) electrophor-
esis was performed by a modification of the method used by Laemmli®. Fifty ul g tomato
lectin extracted directly from the tomato plants were placed in the sample slots of a gel slab

(14X9%0.1 cm) which contained 12.5% acrylamide, 3.75 mM HCl (pHS.9), 0.058 mM
TEMED and 0.1% SDS. Electrophoresis was conducted at room temperature at 25 mA
throughout the running gel until the tracking dye reached the bottom of the gel. Gels were
stained in Comassive blue (0.1% in 45% methanol and 9% acetic acid.
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RESULTS

Sephadex G-200 Column separation of lectins—The protein content of fractions from
each of six lectin preparations generally displayed two main peaks representing protein
content when run through a Sephadex G-200 column. The first peak eluted in fractions 1-
8, contained low amounts of protein and did not exhibit agglutination activity for the
avirulent isolate (#64-8) of P. solanacearum. The second peak was eluted in fractions 8 to

34, generally contained higher amounts of protein, and exhibited agglutination activity (Fig.
1-6) .
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Fig. 1. Protein content and agglutination titer of lectin fractions from uninoculated resistant tomato
plants (VC-8) eluted from a Sephadex G-200 column with 0.1 M acetate buffer (pH3.6).
Agglutina tion titer is the reciprocal of the highest dilution of lectins that caused agglutination
of the avirulent isolate (#64-8) of Pseudonomas solanacearum.
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Lectins which agglutinated the avirulent isolate were detected in fractions 12 to 34 of
preparations from resistant plants inoculated with avirulent or virulent isolates or
uninoculated. Highest agglutination titers of these preparations appeared in fractions 24, 20
and 28, respectively (Figures 1,3,5) . Lectins were detected in fractions 12 to 25, with
maximum agglutination titer in the fraction 16 of each lectin preparation from susceptible
plants inoculated with avirulent or virulent isolates or uninoculated (Figures 2,4,6) . Lectin
preparations from uninoculated plants (resistant VC-8 and susceptible C-28 lines) or
susceptible plants (C-28) inoculated with the virulent isolate contained low amounts of
protein. Fractions of these preparations with detectable protein were characterized by low
agglutination titers (Figs. 1,2,4) .
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Fig. 4. Protein content and agglutination titer of lectin fractions from inoculated susceptible tomato
plants (C-28) , inoculated with the virulent iso late #64 of Psuedomonas solanacearum,
eluted from a G-200 column with 0.1 M acetate buffer (pH3.6) . Agglutination titer is the
reciprocal of the high est dilution of lectins that caused agglutination of the avirulent
isolate (#64-B) of this bacterium.
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Fig. 5. Protein content and agglutination titer of lectin fractions from resistant plants (VC-8)
inoculated with the avirulent isolate #64-8 of Psuedomonas solanacearum, eluted from
a G-200 column with 0.1 M acetate buffer (pH3.6) . Agglutination titer is the reciprocal

of the highest dilution of lectins that caused agglutination of the avirulent isolate (# 64-8)
of this bacterium.
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Fig. 6. Prptein content an(.i agglutination titer of lectin fractions from susceptible plants (C-28),
with the av1ru1ept isolate (#64-8) of Psuedomonas solanacearum, eluted from a
G-200 column with 0.1 M acetate buffer (pH3.6) . Agglutination titer is the reciprocal

of the highest dilution of lectins that caused agglutination of the avirulent isolate
(#64-8) of this bacterium.
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Gel electrophoresis of lectin preparations — Lectin preparations isolated from six
different host-pathogen com binations (i.e. the resistant VC-8 and susceptible C-28lines
inoculated in the avirulent, virulent isolates of P. solanacearum or uninoculated) were
characterized by similar band patterns upon electrophoresis of polyacrylamide gels in the
presence of 0.1% sodium dodecyl sulfate. Differences between lectin preparations wre
observed, however, in the intensity of bands 2 ABD 3. Differences were not detected in the
number and mobility of bands for these six lectin preparations (Fig. 7) .

Togags T Sv

Fig. 7. SDS-PAGE patterns of lectin pregaration from A) Uninoculated resistant (VC-8) plants ; B)
Uninoculated susceptible plants ; C) Resistant plants inoculated withe the virulent isolate of
Psuedomonas solanacearum ; D) Susceptible plants inoculated with the virulent isolate ; E)
Resistant plants inoculated with the avirulent isolate ; F) Susceptible plants inoculated with
the avirulent isolate.

DISCUSSION

Previous results®“>® suggest that at least two types of lectin are elicited in tomato plants
depending on the host susceptibility and the isolate of P. solanacearum used for inoculation.
Lectin types can be separated on the basis of agglutination with virulent (#64) or avirulent

(#64-8) cells of P. solanacearum™*® In addition, agglutination of bacterial cells by lectins
is inhibited by simple carbohydrates. Results of sephadex G-200 column analysis and SDS
-PAGE patterns suggested relatively few differences in terms of fractions with elevated
protein content and agglutination titer and electrophoretic bands, respectively, between
lectin preparations from susceptible and resistant plants uninoculated or inoculated with
avirulent and virulent isolates of P. solanacearum. However, lectin preparations from
uninoculated resistant and susceptible plants or susceptible plants inoculated with the
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virulent isolates of P. solanacearum were

characterized by lower total proteins, lower agglutination titers (Figuresl,2,4) and electro-

phoretic bands (especially bands 2 and 3) that were less intensely stained (Figure7) than

other lectin preparations. These results supported previous conclusions®*® that higher

amounts if lectins are elicited in tomato plants by incom patible isolates of P. solanacearum.

Differences in the staining intensity of electrophoretic bands supported the hypothesis that

more than one type of lectin is present in inoculated tomato plants depending on the

susceptibility of the host and virulence of the inoculum.

11.

12.
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COHBEYERaRMEZE
1. YifeiimR
TS ‘B79-19" SEHVITEES BB 7 HRZAES G » DI11I°C~ IFCREERER
(K115H) »15°C~ PCRZ » MEEZREFK (£1) »7C-5CRIERZE®E - “TS-80

BEZESR > UIFCRR (KH18H) »11°C~ 15°CREZ » ZFERTK (F1) »9C~7C
BUE o HILRrE 7 HEL15°C © 13°C ~ 1I'CRERF K m BB i & o

FrigldH% » BERBIGARB TR TS ‘B79-19° #15°C ~ 13°C ~ 1I° CiFt iR & d
B10~11H o “TS-80" ZJ/MMBI~10H (R1) o REFBMZVIEHER® > ZRERR
19H ~22H (F1) > Fitisl4H% - HiESaRERL/2AEE -

# 1. TS ‘B79-19° 1 “TS-80" HGEIVITEAETRIEERFR: 7 HRIAH BZEAHR 4
Table 1. The vase life of TS ‘B79-19' and ‘TS-80" phalaenopsis cut flower after
7 and 14 days storage at various temperatures

Storage Vase life (days)
Cultivar temperature

° 7 days storage 14 days storage

TS ‘B79-19° 15 12.8+4.0% 10.1£2.0

13 14.6+4.2 11.3+£2.6

11 15.8+3.2 10.9+2.5

9 13.5+4.8 8.3+£2.0

7 7.4%1.0 4.6+1.7

5 6.61+0.7 2.1+0.3

“TS-80 15 11.9+3.6 8.6+5.4

13 18.3+3.8 10.4£7.9

11 13.3+2.6 85+14

9 10.5+5.5 41+0.3

7 9.1£3.9 3.5+1.3

* Each data represents the average of 8 replications with standard error. The vase life of non-stored
flower was 19.4+3.0 and 22.2+6.6 days for TS ‘B79-19’ and ‘TS-80’ respectively.
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E—SBEREE ETRAMBEREIEEZ &G » TS ‘B79-19° frgt7 H# » 13°C~ 11
CHPCREZMERILISCRBBEFRRNE G BHERPEREE (WETHS) Ed
BRE (R2) o RAEER (ME6) WRAMERESE (MRTERE EAR/NMEE - (IE
9) FanRMER » PR EA/NMITCEEHEREER - 7°C ~ SCREAIN GRS E
» RER A RS aRE R LA
HITER R R - T°C ~ S CIREHTER ~ TEHEEE -

F(E2) o ‘TS-80° ZMEREM (BuEKHD)

* 2. TS ‘B79-19° ¥EFVI{ERTREEL® 7 HRI4B BIEFR R L RRI B Rt 2 5ay
Table 1. The life span of florets and buds of TS ‘B79-19° phalaenopsis cut

flower after 7 and 14 days storage at various temperatures

Storage Floret Control¥
duration  position*

Vase life (days)

(days) 15°C 13°C 11°C 9°C 7C 5°C
7 1 9.3£2.9 6.4+1.2 9.0+3.8 14.3%£3.6 11.3+4.5 6.5+0.7 4.8%+1.6
2 8.56*+1.7 7.9+1.9 85%x1.4 129+3.5 10.3+4.8 6.9+11 55+1.2
3 10.6+5.3 8.3*+1.9 8.8+3.3 16.1+3.5 13.4%6.0 73112 64%12
4 18.5+4.4 9.3+14.6 124%4.2 155+4.0 17.4+1.1 7912 7.0%1.0
5 15.4£6.9 11.8+4.9 16.3%+2.7 17.6+1.0 17.8+0.7 12.4+3.7 7.0+1.0
6 23.1+£2.0 16.6%£3.6 155%59 11.5+7.5 10.4+7.2 4.3%52 4.8%+1.1
7 18.8£6.3 14.8%6.8 7.0£6.6 3.4+1.1 4.1%2.1 29+14 51+0.9
8 17.0£7.2 11.5%+4.2 6.9+4.4 6.6+3.0 7.5%1.9 43*16 6.3+0.7
9 20.1+3.2 18.8%2.0 16.8+3.3 12.0+4.9 145+4.1 10.0+£35 85+1.9
14 1 6.0+2.3 7.4%3.0 8.6+3.5 6.6+£0.7 3.8+2.0 11%1.2
2 6.9%t1.8 9.0+2.7 9.4%+29 6.9%+0.9 41+15 0.8+0.8
3 8.0£4.0 10.8+3.0 14.0%3.3 7.9+1.8 4.5+21 0.6+0.7
4 12.0£3.6 114428 15.3+3.7 9.0+2.3 4.6+22 14107
5 14.8+4.3 14.3+3.8 17.0+2.6 10.1+2.3 4.8+22 15%0.7
6 18.0+0.0 17.3%2.0 8.5£8.6 4.6%3.0 3.0£1.7 3.4%09
7 5.9£7.3 2.6+3.3 2.3%1.1 3.3+2.4 21203 25%0.7
8 6.0+2.2 41+£29  4.1%1.6 54%38  24+05 2.4+0.7
9 10.5+1.3 9.3+2.2 7.7£2.0 7.9%3.9 23104 21403

* Florets at position 6, 7, 8, 9 were buds at harvest.
¥ Control represents those of non-stored cut flowers.
* Each data represents the average of 8 replications with standard error.

3. ' H AR ER

EBRTRER TER LRTER ~ LRGN - OER ~ BHEE - RREES » k15
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Table 3. Some abnormal phenomena of TS ‘B79-19° phalaenopsis cut flower
after 7 days storage at various temperatures

Abnormal phenomena

Storage temperature (°C)

Time of first occurrence

(Days after storage)

Floret

1. floret declination
2. pedicel wilting, water soaking

3. petal wilting, water soaking
4. graying of petal and sepal
5. loss of normal orientation
6. greening of sepal

Bud

1. pedicel wilting, water soaking

2. bud water soaking

3. decrease or loss of bud opening
4. yellowing or shedding of bud

5. drying of bud

13~11~
13~11~

- =
/
o oor o

7~5

9~(7~5)*
11~9~(7~5)

’
[SLENNS) BN 2 IS BN |

N -

9to 14

W DN = =

* (7~5) Represents that the data was not available due to the wilt of florets.

F 4. ‘TS-80" WIERICITERIER 140 BEEHREE R 8RR
Table 4. Some abnormal phenomena of “T'S-80' phalaenopsis cut flower
after 14 days storage at various temperatures

Abnormal phenomena

Storage temperature (°C)*

Time of first occurrence

(Days after storage)

Floret

1. floret declination
2. pedicel wilting, water soaking

3. petal wilting, water soaking
4. graying of petal and sepal

5. loss of normal orientation
6. greening of sepal

Bud

DT W N

. drying of bud

. decrease or loss of bud opening
. yellowing or shedding of bud

11+
11+

. pedicel wilting, water soaking
. bud water soaking :

947 ~T++
9+ ~T++
9+ ~T++
9+ ~T++
9+ ~T++
9+ ~T++
9+ T4+

13+~ 114+~ 9+ + ~ T+ ++
13+~ 11+ + > 9+ + ~ T+ ++

T++

DT W DN =

GO

N

N severe.

7°C was the lowest storage temperature in this experiment.
+ ~ ++ ~ ++ + represents respectively the occurrence of abnormal phenomena was light ~ moderate
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% 5. TS ‘B79-19° BEBIYITEETFIRER 7 HBEBREERILRRE LT 4HE
Table 5. The percentage of bud yellowing and shedding of TS ‘B79-19° phalaenopsis
cut flower after 7 days storage at various temperatures

Storage Percent (%)
tempgrature Days in vase
¢ 1 3 5 7 9 11 14 15
15 yellowing 0£0? 0+0 4+11 8+14 25+14 21116 12+16 17+17
shedding 0+0 00 0+0 040 0+0 8+22 25+28 25128
13 yellowing 0+0 13+23 29+31 25+22 25+22 12+16 4+11 4+11
shedding 0+0 0£0 0x0 8+22 33+37 42+36 54128 54+29
11 yellowing 0+0 8+14 50129 46137 33+33 21+33 17+33 17+33
shedding 0+0 0+0 0+0 13+33 42+43 54+33 58+32 58132
9 yellowing 0+0 12+16 29126 58+22 63120 38+26 25132 25+34
shedding 0+0 0+0 0+0 0+0 4+11 38+31 54+37 54437
7 yellowing 0+0 50429 75128 84+24 42436 0+0 0+0 0+0
shedding 0+0 0+0 0+0 0+0 37131 96+11 96+11 96+11
5 yellowing 0+0 0+0 33+24 25+14 8+14 0+0 0+0 0+0

shedding 00 00 00 17433 75+36 92+14 1000  100%0

* Each data represents the average of 8 cut flowers with standard error.

= BEEENSGENUTHTREREZEE
OVHERER G ERERIEE R
VIERRITRZ R R RITH o MRTHZEREE » £220°C ~ 11°C ~ 5°CHFE 7 BRI
ARG ERI2H~16H~ 7TH (R6) » BAREEM20°C - 1°CAMRE RHFR T RERA » £
H STS/Suc REEHRMRE3H » 23H - RF STS T (STS/H:0) HAELEKRE » MR
HEEPERE (Suc/Suc) ZEREALT o BLZERBEHAS" CRTE R > RRHBEREZ
YIMEHERIE) (FR6) o

#* 6. ZEHEEH TS ‘B79-19° BHEEBIUITERE20° » 11° » 5°Clyi 7 HERI4 B BHFAER G2
Table 6. Effect of chemical treatments on the vase life of TS ‘B79-19" phalaenopsis
cut flower after 7 and 14 days storage at 20° » 11°and 5°C

Storage Storage Vase life (days)
duration temp.
(days) () H.0/H:0* STS/H:0 STS/Suc Suc/Suc
7 20 11.8+4.177 20.9+4.7 29.8+3.9 15.1+4.8
11 16.0%5.4 19.94+6.5 225+7.3 10.4+3.4
5 7.4%0.7 7.3+0.8 7.5+1.0 6.5+0.9
14 20 1.8+0.8 15.3+3.6 25.71£2.6 2.5+1.5
11 11.8+7.2 27.3+0.4 22.0+8.1 6.0+0.7
5 0.0+0.0 0.0£0.0 0.00.0 0.0£0.0

* Detail of chemical treatments were described in the text.

¥ Each data represents the average of 8 replications with standard error. The vase life of non-stored
flower was 16.6+7.4 days.

HIERIEE RN (R7) > STS/Suc BEMHE20°CIMATERIEHBINELR » LR
TEREFRERILE (B34H) R RIF - STS/Suc BEH1ICIFE 2L RIEHEMD
AR > BEfEE®EaG (22~25H) 120°Cz H.0/H.O BIEEMMl (16~24H) > Mitkll
°C H.0/H:0 #& (5~11H) #1R% > £& STS/Suc REEEH ME11°CHyR T B BEH
FONZHEME - STS/H0 MREMARABRZE—L » Suc/Suc RIfER (F7) o
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Table 7. Effect of chemical treatments on the life span of TS ‘B79-19° phalaenopsis
florets and buds after 7 days storage at 20° » 11°and 5°C
Storage Floret Control” Vase life (days)
temp. position*®

C) H.0/H0* STS/H-0 STS/Suc Suc/Suc
20 1 7.4+ 1.4% 5.4+ 2.4 21.5+ 8.8 17.1+ 8.8 5.9+2.0
2 8.1+ 2.2 6.1t 1.4 19.5% 6. 16.0% 5.1 9.1+3.0
3 12.0+ 4.4 8.1+ 34 18.8+ 7.4 20.6+ 7.6 7.9+2.4
4 10.4%+ 5.0 10.8*+ 6.9 17.6+ 5.5 18.4+ 5.6 10.9+3.3
5 17.4+ 8.7 114+ 4.9 18.1+ 7.4 241+ 7.3 11.6+2.9
6 20.0+ 9.3 12.9+ 5.9 19.6+ 8.2 20.6t 6.3 14.5+5.5
7 24.1+ 9.9 243+ 5.1 31.1% 4.6 34.0+ 0.0 23.4+79
8 20.8+11.1 24.6+10.6 30.5% 5.5 34.0+ 0.0 27.6%5.5
9 23.1+12.7 17.6+11.0 22.7£12.7 34.0+ 0.0 28.9+5.6
10 16.0+ 7.3 28.0+ 8.1 34.0%+ 0.0 29.4+4.7
11 1 9.9+ 9.5 15.1+ 7.6 12.1+ 6.1 4.4+1.0
2 12.5+12.7 144+ 7.6 18.5+ 9.8 5.9+3.1
3 11.0+ 9.9 17.9+ 9.4 20.4+ 94 6.1+3.2
4 20.1+11.4 19.6+ 6.4 23.5+10.1 10.9+6.8
5 179+ 7.5 20.1+ 8.0 18.8+ 3.6 14.0+7.9
6 216+ 7.6 26.4+ 4.8 258+ 7.3 20.0+7.5
7 234+ 9.1 31.0%+ 5.0 31.5+ 4.8 16.4+7.5
8 5.8+ 6.3 20.4+13.4 24.41+11.6 5.3+3.6
9 5.0+ 3.0 13.1+ 9.0 22.8+11.8 10.3%£7.6
10 11.3+ 1.8 17.8+ 8.2 25.6+10.3 13.0%£0.0
5 1 74+ 0.7 6.3+ 1.3 6.4+ 1.7 5.6%t1.2
2 74+ 0.9 71+ 1.1 6.9+ 1.6 6.3+1.4
3 74% 0.7 7.3+ 1.0 71+ 1.1 6.6+1.2
4 7.3+ 0.7 7.1+ 1.1 75+ 1.0 6.51+1.6
5 7.3+ 0.7 6.5+ 1.7 78+ 0.4 6.8+1.1
6 7.3% 0.8 6.9+ 14 74+ 1.1 6.4+1.0
7 6.3+ 0.8 7.5+ 0.9 7.6% 0.7 6.6+1.1
8 6.0t 1.4 6.0+ 2.6 7.8+ 0.7 6.3+1.2
9 53+ 14 7.5+ 0.9 7.7+ 0.7 5.8+1.2

10 6.0+ 0.0

* Florets at position 8 ~ 9 ~ 10 were buds at harvest.

¥ Control represents those of non-stored flowers.

* Detail of chemical treatments were described in the text.

* Each data represents the average of 8 replications with standard error.
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B 1. ZERUEEH TS ‘B79-19° BIMEREYITER20" - 11° - 5°CHyRk 7 BB AR Y g
Control R RRBIFHEREBEZER
VMERT oA R Tk - SERREZRAFSH AR A%
Fig. 1. Effect of chemical treatments on the water uptake of TS ‘B79-19’
phalaenopsis cut flower after 7 days storage at 20° ~ 11°and 5°C
Control represents the water uptake of non-stored flower.
Details of chemical treatments were described in materials and methods.
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Fig. 2. Effect of chemical treatments on the

phalaenopsis cut flower after 7 days storage
Control represents the fresh weight change of non-stored flower.
Details of chemical treatments were described in materials and methods.

at 20° ~ 11°and 5°C
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¥+ 8. ZEBIREE TS ‘B79-19° BEERELITERL20° > 11° > 5°CRPK 7 HER
BRI LR LRREE IR E
Table 8. Effect of chemical treatments on the percentage of bud yellowing and shedding
of TS ‘B79-19’ phalaenopsis cut flower after 7 days storage at 20° » 11°and 5°C

Percent (%)

Storage  Chemical Days in vase
temp. treat.” 1 3 5 7 10 13 15 17 19 21
20°C H.0/ yvellowing  4+11¥ 4+11 4+11 4%£11 0%0 0+0 0£0 0+0 0+0 0+0

H=0 shedding 0x0 00 00 0x0 411 4%11  4+11  4+£11 4411 4=£11

20°C STS/ vellowing  0%0 00 0x0 00 00 00 00 0%0 00 0+0
H:0 shedding  0%0 00 0x0 00 00 00 0X£0 00 00 0£0

20°C STS/ yellowing 00 00 00 00 00 040 00 00 00 00

Suc shedding  0£0 00 00 0%0 0+0 00 0+0 00 00 040
20°C Suc/ yellowing  0X0 0x0 00 0+0 0+0 0+0 0+0 0+0 0+0 0x0
Suc shedding 0+0 00 0+0 0£0 00 040 0+0 00 00 0+0
11°C H.0/ yellowing 00 17417 10+15 12+12 0ZX0 040 00 00 0+0 0+0
H.0 shedding 0£0 00 8+14 17£17 33%17 33%+17 33+17 33+17 33%+17 33%+17
11°C STS/ yvellowing  0%0 0+0 4+8 4+8 7+11 12+14 12+14 12414 12+14 12+14
H:0 shedding 0+0 00 0+0 00 0+0 00 00 4+11 8x14 8*14
11°C STS/ yellowing  0£0 0£0 00 0+0 8%+14 8x+14 4+11 4411 4+11 4+11
Suc shedding 0+0 00 0+0 0+0 040 0+0 4+11 4411 4+11 4+11
11°C Suc/ yellowing  0X0 8+14 21416 25+14 00 00 00 00 0x0 0+0
Suc shedding  0+0 010 00 4+8 37120 37+20 37+£20 42428 42+28 42+28
5C H.0/ yellowing  0+0 —* — — — — — — — —
H0 shedding 0+0 040 8+14 25422 25+22 — — — — —
5°C STS/ yellowing 00 —_ - — - — — — — —
H:0 shedding 0£0 00 0+0 00 010 — — — - -
5°C STS/ vellowing  0%0 - - - - — — — — —
Suc shedding 040 0£0 0+0 0£0 0+0 — - — — —
5°C Suc/ yellowing  0%0 - — — — — - — — —
Suc shedding 0+0 0+0 0£0 0£0 0+0 — - - —_ -

* Detail of chemical treatments were described in the text.
Y Each data represents the average of 8 cut flowers with standard error.
*—” represents buds became dry and pale green but did not shed.
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® 9. RAREH TS 'B79-19° MMEBIYIER 7 HEFRESHMI0B PRI EHERE

Table 9. Effect of chemical treatments on the opening of bud of TS ‘B79-19’ phalaenopsis
cut flower during 10 days vase period after 7 days storage

Increase in score of bud

Floret Control*
position Storage temperature
15°C 12.5°C
H:0/H:0 STS/Suc’ H.0/H:0 STS/Suc
6 3.0+0.0" 2.3+0.9 231 0.9 2.0t1.2 1.7£0.9
7 5.1%t1.1 5.4%1.0 5.1%21.0 4.312.1 4.3%+2.1
8 6.1+0.3 4.4+28 6.3+ 0.5 1.0+2.4 0.9+2.1
9 5.1+2.6 5.1%2.9 7.3+ 0.5 1.1+2.8 2.3+3.3
10 6.5+2.5 3.4+3.2 8.3% 0.5 1.8+3.1 1.2+0.4

* Control represents those of non-stored flowers.

¥ STS/Suc represants the cut flower were pulsed with 0.5M STS after harvest, held in solution with 5
%sucrose plus 200ppm 8-HQS during 7 days storage, then kept in deionized water during vase period.

* Each data represents the increase in score of buds. The scores of buds from small to large were 1~4,
bud at break was 5, half bloom was 7, full bloom was 10. Each data was obtained from the average
of 8 replications with standard error.
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Effect of Storage Temperature and Chemical Treatment

on the Quality of Phalaenopsis Cut Flowers'

Chao-Chia Huang?, Hsuen-Tzu Chen?, and Tsu-Tsuen Wang®

Summary

Phalaenopsis cut flowers with about one third of its florets at bud stage were harvested
and subjected to various temperatures from 5°C to 15°C for one week and their vase life at
room temperature and floret quality were studied. Storing at 13°C for one week induced
yellow and abscission of flower buds, but the life-span of florets were longer than those
stored at 15°C. Storing at 11°C and 9°C not only caused abscission of flower buds, but also
induced abnormality in florets including greening of sepals, declination of florets, loss of
orientation. Storing at 7°C and 5°C caused further defect including abortion of flower buds,
wilting of petals and pedicels, appearance of water soaking areas on petals and early
senescence of florets. Flowers that were pulsed with silver thiosulfate (STS) after harvest
then stored at 11°C in sucrose plus 8-hydroxyquinoline sulfate (8-HQS) solution showed
reduced yellow and abscission of flower buds, but no improvement on bud opening. The
same treatment doubled the vase life of flowers that were stored at 20°C, but were of no use
to those flowers that were stored at 5°C. Pulsing with STS maintained steady water uptake
while sucrose and 8-HQS treatment enhanced water uptake of flowers.

Key words: Phalaenopsis cut flower, Storage temperature,
Low temperature disorder, Chemical treatment.
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1. LERN1 %EEREE AR3 iR
Table 1. Effect of AR3 mixture and oil tea dreg on control of lily
southern blight in greenhouse
Disease severity (%)Y
Treatment®
6wk* Twk 8wk 9wk

AR3 0 5.6 5.6 16.7 c¢¥
Oil tea dreg 22.2 44.4 75.0 91.7 a
AR3+0il tea dreg 0 16.7 27.8 50.0 b
None (Check) 22.2 30.6 47.2 58.3 b

* Soil contained 10 sclerotia per 100 cm® soil was amended with 1% (w/w) ARS3 mixture and incubated
for 7 days, then planting.
¥ Disease was divided into 5 scales, 0=No yellow, 1=1/4 part of plant turns yellow, 2=1/2 part of plant
turns yellow, 3=3/4 part of plant turns yellow, 4=plant wilts and dies.
Disease severity=2 (scale Xnumber of diseased plants at relative scale) ,/4Xtotal number of plants

* Weeks after planting.

¥ All values are means of four replicates, with 3 plants per replicate. Values followed by the same letter
in each column are not significantly different at p=0.05 according to Duncan’s multiple range test.

=AY C/N EHEERFRRERESHE
B C/N HF34.94 ~ 5.41 ~ 6.26 11 BF MES R AN A AL B A BB BF RINERE
ZHE > RFRBR C/N A5 ALUTRE » BL1 % RMA L > WG RHEER S RRES
FEC/N I (x) REKEF (vi) RREE (v.) HESEEEMEN  ERSERILSHNS vi=
—57.51+11.062x K& y.=—27.479+5.4522x » tHERARESTBIF R*=0.996% R*=0.993(HE 1)

= Disease severity (%)
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Fig. 1. The relationship between C/N ratios of soil amendments and sclerotial

germination of Sclerotium rolfsii or disease severity of lily southern blight.
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Table 2. Effect of different ratios of organic matters in a formulated soil
amendment, AR 3 mixture on sclerotial germination of Sclerotium rolfsii

Soil Ratio of organic matter Sclerotial germination (%)
amendment” Cattle : Chaff : Chitin 0 day” 7 days
manure
AR 3 35:10:10 8.9c¢* 13.3b
AR 3-1 25:20:10 89c¢ 10.0b
AR 3-2 20:25:10 0.0d 0.0c
AR 3-3 10:35:10 28.9b 13.3b
None (Check) 0: 0: 0 82.2a 56.7 a

N

Soil was mixed with 1% (w/w) each of soil amendments.

Days after soil was added with soil amendment and 15 sclerotia were put on soil surface per petri dish.
Then the percentage of sclerotial germination was recorded after 3-day-treatment.

All values are means of four replicates, with 15 sclerotia/plate per replicate. Values followed by the
same letter in each column are not significantly different at p=0.05 according to Duncan’s multiple
range test.

<
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3 ARIEENYPERENSESOERZEE

Table 3. Effect of different ratios of organic matters in a formulated soil

amendment, AR 3 mixture on lily southern blight in greenhouse
Soil Ratio of organic matter Disease severity (%) Plant
amendment .o+ Chaff : Chitin fwk* 9wk heigh

manure pe 7 0 7

AR 3 35:10: 10 83.3a" 6.3b 88.9a 8.3b 81.2b
AR 3-1 25:20:10 55.6 b 0 b 63.9b 0 b 77.3b
AR 3-2 20:25:10 11.1d 0 b 30.6 ¢ 0 b 101.1a
AR 3-3 10:35:10 389c¢ 0 b 66.7 b 0 b 97.6a
None(Check) 0:0:0 66.7b 20.8a 77.8 ab 35.7a 100.0 a

* Soil contained 10 sclerotia per 100 cm® soil was mixed with 1% (w/w) each of soil amendments.
¥ The rating of disease severity is the same as in Table 1.
* Weeks after planting.
¥ Incubation days after soil was mixed with each of soil amendments.
¥ All values are means of four replicated, with 3 plants per replicate.

Values followed by the same letter in each col
to Duncan’s multiple range test.

* Plant height was recorded after 2-month planting.

I E2RHEEN AR AR CABRZIYE

THEA AR3 HERAWE > EREZEVBARE ETE R ESERI L  AoEEY
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Fig. 2. Effect of a soil amendment AR3 with or without mulching
PE sheet on controlling of lily southern blight.

umn are not significantly different at p=0.05 according
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Factors Affecting a Formulated Soil Amendment AR3
for Control of Southern Blight of Lily*

Ting-Fang Hsieh? and Chin-Chyu Tu®

Summary

The soil-plated and inoculation-potted methods were used to test the effect of soil
amendments on sclerotial germination and control of lily southern blight pathogen,
Sclerotium volfsii. Formulated soil amendment, AR 3 mixture, was able to significantly
reduce the disease severity. However, the effectiveness of AR 3 mixture to the disease was
nullified when soil was amended with 1% (w/w) oil tea dreg. Sclerotial germination of the
pathogen and severity of the disease were positively correlated (R*=0.996 and R*=0.933,
respectively) with C/N ratios of soil amendments. When the formula of soil amendment AR
3 modified the ratio of cattle manure, chaff and crab shell meal from 35 : 10 : 10 to 20 : 25
110 (AR3-2) was added into soil at 1% (w/w) and incubated for 7 days, it was able to
completely inhibit the germination of sclerotia and disease severity. Soil amanded with 1%

(w/w) AR 3 was the same effective as that with mulching with a sheet of polyethylene
plastic.

Key words: Environmental factors, Lily, Sclerotium rolfsii, Soil amendment.

1. Contribution No. 1814 from Taiwan Agricultural Research Institute.

2. Assistant pathologist, Department of Plant Pathology, TARI, Wufeng, Taichung, T aiwan, ROC.

3. Deputy commissioner, Department of Agriculture and Forestry, Taiwan Provincial Government,
Chunghsinghsintsun, Nantou, Taiwan, ROC.



th¥E M52 (Jour. Agric. Res. China) 44(4) : 464~469 (1995)

IR RRBR RO EE A RES]

BN A Fap’

HE  EEEGREEZMEL  RERBAHRGUREMEL ZRRERMEAERL - &
FIHEH » BRAMAIHRERERERZTITIE - BRERZBERFHEANT - gz
B REEH - SRAEZRE - Bt ZEEREED » B LR HIRAKBBE S
RIFFEER -

EFHRFEEREAEME AD/DA RESE » HEREH—R RIS HIRH -
s ERAMA MS Quickbasic FEEHE » AIRNEZEARET > AIRERERZYE - BR
BE - HRRERERETEER - MILZRR (B0 - HEFRZT

RERRET » SR RER —~BREWN ZEFEER TN > KRR S5
RBEREREREZ 252 — o FIRERER RRSRRIERBR AR ZRES » AT » (el
BAEZ TR Z i RKE - ERRPERSEE » TEBRBEZER » ETERIERH
ZWEBT » WHEANSZ—ZRER o

RAGRER « ALIHRECER ~ Bk ~ BEER ~ ik -

EREHIRERE0~90% AR S » HERPBMEA SR ~ AR - KD ~ MES - HEA - $tE - B
BE HABARAEERERZY « RABEMAHEABRRER 1 ELSARZAEE » BUATL
BESBAREIG ML - MAEFLNEETEEE > HEPRINT » ROPEZRN » AT BRBRK »
FREREEEN—E R AER » EERE = - MAZEREAREFAREIR AR SR
A~ K BRREERARREBENE » AAREH9REA PE WBMAET » DRBREE/E
% BEHEEERRN > BEREWSEREERC B » 83 ~ 4 8 B RREHZeE HERRE
BRI AR O » IHROEIRE > #9587 ~10RENAHRIK » SREBERIRBFI2IRKENTELR » W5
H4~6R o MEREEEGASHHE » HERRNEYBBRBREZ TS Z Bk o
RARERHERTC » BRI EREE CRERMSS A5AM » HhBEARBERSIAE (&) -
HHRRERFAMGE78% ; MAZERBZERR, 75/ (3255) - BErhifsEmREaE T95%
o SEH IS 2 B/KERIR0% - BMEATHISKIRFAAOAT 25 - HRESTRIZE | IS4
Frizszat - FIMEATRM » SO ZERBRARIRE0IT « ¥t ; B —FHREE s RALH
KIRS LB 7 T80T » TREIRZ FEBAIRZERY 1 T 4 BB AT -

MERAE
HRIE IR - (RDURBEIEHIG 2 FE R R RS SR RN - RIS RE 2 A

1 EEE R WRHEE 1815 5t -
2. FFRIABEMER ~ P8 - MARAREE - ZWE EPH Bg.




RLOM R T R R B E B B R M2 T 465

s TR B o BFHEZEER2000THE » R HRRHER16~20/\  FEFE KRR
B BEBECRBABER o T 2 EMRRE » HRYIH =/ ZIBER30—40°C » FERE60—
TO°CEVRTTRIZHR | BUOGEZ ERRTIMGRES (TIMER) R (FESER 53 B VU A Bk i il
o EHZIBIET » HRFHEREIRN ~ BET— » BEERREZRREZZHRY -

AEEBRIRAL/HRE B IR 2 77 A SGETT » [FIRHAR BT 25 TERZ A B B Bk T i B 2 L o
PR ZH R TEAT ¢

— BREE
HZERRAAF RO &1 L1k BT RR S - BRI LT -
SoRARELES

HIPMALSMR Z R iR - RERFTEN Z BB R > R Z R L BHEEREZ
REERIE » HE 1 TR RBERZALI MR E TS RE KRR Z S ETE

eNoNoNoNoNoNoNoNe]
oORrNDWAhUNON IO WH

210
320
430
540
650
760
870
980

1090

1200

1310

1420

1640

1750

1860

1970

2080

2190

2300

2410

& 1. HEEHTRXEERZRK S
Fig. 1. Spectral Reflectivity of fresh shiitake mushroom

AL SR 228 2 53845 » JELIBER£31,400nm 2%1,900nm £ o
= BEMHE
HEFHE
#RA OHAUS-GT400 » B RS232ik I DhAEZ BFHE » F F B NS 1E 5 1B 72 o I R
W ER » RUBEHBREZEAE -
Oz ~ WIRIEELRT
BREEA—X PT-1002R{AMZRZFEIRBES > 153 —% PT-100%_EF A S RIZER,
ZIWERIBRE - MBS (Transducer) ¥ PT-100Z ASEEHAK 0 -5V ZHEHEALE -
TR AR R 2 R AR » IR B > AR ER BN EAR  FFERESERZHE
BRE -
CHRLSHRIE BT



466 THEERLSEMIE B 44 B B 4 W 1995

HEHEAERRHZA/FRBES (TASCO THI-500) HREHIESHER < BE » HF)
I ERSE IS R HERR 2 5% -
M~ SEhREE
F—60X50%x60 (cm) ML ZIEEERE - AEMEE ETES=R  BRESISAS » hfl
BEEES—10m/s JEBEZ RFEE o
F ~ BRI
Ll CPU £3486—332 IBM tHZAMEAER - EWERKA T EEZEHRE /A EHEE
%% (ADAM SERIES) # PT-10038EEHI#% » WA Quick Basic 4.0EBSEERER » UH
R R E AR DR - REREE - AR ER » MRS ST
BHREL ~ B » (ER IR SR B E R IR o FIRFECERATE RIS » DIt B2 o
RRBEBBRRZAT
IR FTROSR & R ~ IR RS MR « ER BRI as MRS A B 2 Ak MBS
BRENREZ BR » EMEIREGES - BEBRAZEEER -

B R

— BEEZRABELRHE
ARAEAEAERZ BT (RS232Z COM1 f& COM2) MTERHRIBH AR Mk
P H— B THCRER » H—TETHENERE - BE - SEXHRES » AUKESHERE
HIRLSMARER B LB o kS & SR PESRAZ A0 2 Fiw

% ESC @yt ] B 14 5 17 l

C_#F D

B 2. BEEREEERERER
Fig. 2. Flow chart of the automatic control on shiitake mushroom drying




KA R B e PR B B B B R L 467
TR A B R AR A 3

(B S W s
[ 1—

L AEBZHM
I e—_— |
D S «—+—— PT-100, &4k
=] Y SN
Py ADAM-4520, ADAM—4017 REFH

. ADAM 4060 f

$1/0sRaE

B 3. FEEREIEERARTEE

Fig. 3. automatic control system of shiitake mushroom drying

AR RARER
FEF AV RERBIRZ BT » fAEEER BB BRI - MRS R REESC - ¥

VI E R R2% 2 21 (BT5IR) KRE13%ZHH » i BT 6 — 7 /INKE » HAKES 2 BHEAT
& 4 Fro o

100
90
80
70
60
50
40 |
30
20
10

B 4. MG {LRERETE S KRR Z 21

Fig. 4. moisture content varies with drying time of shiitake without tempering

EEFERCRIERGNT » SR—/R » BFLIMRELESRFIL1550 8 » HAERE 5 - 7T
HES R » B LR RHIRR > HBREIRIGT » RMRRID - #EZ - HERBV]D » G
% o



468 hERERRT E M B E 4 8 1995
90
80
70
60
50 |
40
30
20 |
10 T
0
OCNM UL AEAHULLOLANOLOLIOMONWOMLWOEIOLLLWOLWLWLWMINWINLWLW0S
Sono NN gR A e T e e e T o
o o — I o N ™ ™M <t S n wn w0 0
( )
5. HILRREIFEE SKEHEZERNZ 8L
Fig. 5. moisture content varies with drying time of shiitake with tempering
]
— ~ ERREME BREZ R T » FTFEFRRIE 16/ » TILL/MAES SR E B » R4

FRERAGERE - BUCEREARMRRZ 2 — 315 o ARG IREA R » THEIRRETL
BRENRZRBTRZES  HREZRHENER  TAESERBEZES - SAHEEN
R ZERERFBERT - LBEAFRE -
ERRGIRARETD » BRREABERYD » ABBRER - BEEKIE » BB (Tempering
) ZEE » ERRHERRC o« BRI REETRE 2 — 359 « H{LRE—BEARE
FEHeBR  TERZRESRRE S » L TEWRDEERZ A » EaEmREZSRERY » BEAX
o

FEPNS S TERERES BT 2 e R R B R BRI - SR MR IR R R 1
— 2By SRSV BIERIOE - P ZREFERER LIS - RSN B - |
REE—SHR -

EMARRBRBRESEBUR B HHIRAF ERE R A - (5B - Bl RAERRB RIS

B MREHTMEE—HIERRERITN » HARBRELUERHETT » BB o

51 ARk

L EEE - BRI ~ DA  EYIB 0 1995 « BIFGREABIECTTE o BEBMET] 4(1) 1 1—13-

2. BZEE 2 1983 - FRHEABBBERKE - BREHB5A - (TRHEEY -

3. BRFG © 1995 o {LEABWRERS HE - BERMRET 4(1) :49—550

4. EWEBTEAFEE o 1993 o M ESITEH 0 102—103K o

5. BRARHA ~ FEA © 1989 o FFF LB IIN o MEEABEBRAEREDD o

6. Ban, T.1971. Experimental studies on cracks of rice in artifical drying. Techincal Report No. 8. Omiya,

Japan : Inst. of Agri. Machinery.



KM B LR R B B B R AL 469

Infrared Drying of Shiitake Mushroom and the Development

of a Data Acquisition and Control System'
Chien-Chou Lai, Tyng-Horng Chou and Lian-Seng Liang®

Summary

Traditionally, the energy source for the heated air in shiitake mushroom drying is fossil
fuel. In this study, the feasibility of using the infrared lamp was studied. when the tempera-
ture and/or the flow rate of heated air are too high, the fruit body of the mushroom will
easily turn black with a sign of burning, and its appearance will wrinkle due to uneven
shrinkage, which lead to poor quality products. Thus, the control of the distribution of the
enérgy and the water movement upon fruit body are of great importance during the drying
process.

A data acquisition and control system was set up using personal computer with AD/DA
interface cards. The control program was written in MS Quickbasic. Sensing signals such as
dry bulb and wet bulb temperature of air, surface temperature and weight of fruit body
were measured in real time. During the drying process, the effect of tempering (15 minutes
within each hour) was also studied.

" The results are promising. Infrared lamp can be a potential mean in drying shiitake
mushroom. The drying time required in infrared system needs only one third of that in the
traditional fuel burning system. The electricity fee is the major drawback at the present
time, yet it can be installed as a backup whe in need. Drying with tempering can lead to a
higher quality products. One fourth of the energy can be saved without prolonging the
drying time.

Key words : Infrared drying, Shiitake, Automatic control, Tempering.

1. Contribution No. 1815 from the Taiwan Agriculture Reasearch Institute.

2. Assistant Researcher, Assistant and Senior Engineer Department of Agricultural Engineering, TARI,
Wufung, Taichung, Taiwan, ROC.
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Fig.5. The status of drying air in Psychrometric Chart
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Development of an Automatic Control System

for Seed Drying'
Chien-Chou Lai?, Wei Fang® and Cheng-Char Shieh*

Summary

PC-based automatic control system for seed drying developed in this study was installed
in Taiwan seed Inprovement and Propagation Station. The system is capable of measuring
dry bulb and wet bulb temperature of the inlet heated air and exaust air of 30 drying
compartments and their enviroment.

Based on these sensor inputs, the system can provide following functions :

1. There are five different control strategies available, Proper controls can be performed
according to different objectives, such as the increase of labor use reduction of drying time
and/or fuel consumption, etc.

2. According to different control strategies used, the system can adjust the fuel consumption,
thus controll the temperature of the inlet heated air. With this function, the better quality
of the dried seeds with less operating cost would be obtained.

3. The moisture contents of seeds during the drying process can be calculated based on the
increase of the humitity of the air stream. Labor reguired for measuring the moisture
content of seeds manually can thus be greatly reduced.

4. The man power reguired to insure the proper operation of the drying system can be saved
by a safety alarm provided by the control system.

Key words: Seed drying, Automatic control, Control strategy.
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Fig. 2a. The evaluation of the greenhouse microclimate in Summer (A)
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Application of the Greenhouse Environmental Model

on the Protected Culture for Floriculture®
Chia-Chung Chen® and Ruey-Song Lin®

Summary

In this study, the enviromental control performace of three types of greenhouses for
floriculture in Taiwan were evaluated by the greenhouse microclimate models. The heat
accumulation of glasshouse were so serious that it required the highly volume ventilation.
The open-type plastic house could severed as good protected structures to releave the heat
accumulation problems. The temperatures in greenhouse cooled by evaporative cooling
technique could not meet the requirement of controlling flowering of Phalaenopsis plants.
The refrigeration equiupments was the only choice but the investment would be too
expensive. The shading net and rain shelter used popularly could not maintain the adequate
climate for ornamental culture for all the year round in Taiwan. The microclimate could be
improved by the adequate structures and control devices of greenhouse, but it would
increase the production cost. The integrated plan of the several factors is very important to
execute the production plan of greenhouse.

Key words: Greenhouse, Floriculture, Environmental model.
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Fig. 1. Performance of the rough rice moisture determination by 720W power
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Fig. 2. Performance of the rough rice moisture determination by 660W power
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Fig. 3. Performance of the rough rice moisture determination
of 16.7% by 420W power
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Fig. 4. Performance of the rough rice moisture determination
of 23.5% by 420W power
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Fig. 5. Performance of the rough rice moisture determination
of 29.6% by 420W power
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Fig. 1. Relationship between parameter A values and moisture content of rough rice
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Fig. 8. Relationship between parameter B values and moisture contert of rough rice

A=9.477-0.4527 * Mo » R*=0.97 (10)
B=-35.48—2.055* Mo » R*=0.995 (11)
C=26.48—1.237* Mo » R*=0.956 (12)
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Fig. 10. Performance of the moisture determination for
corn kernels by 420W power
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Fig. 12. Performance of the moisture determination for red beans by 420W power
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Moisture Determination of Rough Rice and Other

Grains by A Microwave Oven!
Chia-Chung Chen and Chih-Tsu Tsao?

Summary

Rough rice and other grains were dried by a household Panasonic NW-7360 microwave
oven for rapid moisture deterimination. Moisture determinated by a heating air oven was
used as a reference. As a result of the study, the drying period and power output of the
microwave oven were the dominant factors to obtain the accurate measurement. Higher
moisture samples had the better performane for this technique. A period of time from 14.
0 to 15.0 minutes was adequate to determine the moisture content in ground state for rough
rice with the 420W power supply of microwave oven.

Key words: Microwave oven, Moisture, Rough rice.

1. Contribution No. 1818 from Taiwan Agricultural Research Institute.

2. Respectively Associate Researcher, Specilist. Department of Agricultural Engineering, TARI, Wufeng,
Taichung, Taiwan, ROC.
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Tabel 1. Number of boring holes on stalk, tassels infested and yields of sweet
corn in plots receiving insecticide applications in fall crop 1992

Treatment No. boring No. tassel Yield of* Total yield
holes on stalk infected uninjured ears .
(hole/plant) (plant/100 plant) (Metric ton/ha) (Metric ton/ha)
Bt-partial 3.9+1.9a** 87.5+13.2a 7.5+1.5ab 84+1.3a
Bt-whole-plant 2.6+0.6ab 63.81+10.3b 7.3+0.3ab 7.8+0.5a
D+ Bt-partial 1.2+0.5b 51.3%+11.1b 8.310.4a 8.71+0.2a
D+D 2.0£0.3b 61.3+13.2b 7.940.3a 8.3+0.5a
Control 4.0%x1.3a 88.8+10.3a 6.4+1.3b 7.84+0.9a

* Ears without any damage after cutting 1 cm both ends or not. .
** Means followed by the same letter within a column are not significantly different at 5% level by
Duncan’s multiple range test.

Tabel 2. Dose and time taken for Bacillus thuringiensis partial
and whole-plant spraying in sweet corn field

Treatment Dose taken Time taken
€ € g/100m?/spraying g/100m?/spraying
mini. avg. max. mini. avg. max.
Bt-partial 360 450 540 400 500 600
Bt-whole-plant 630 1,080 1,530 1,200 1,500 1,800
partial : whole 1:24 1:3
B oo

FEBARBEBNRABEREME GHERR | BR—E—288—2) o SURKFBREEEL
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Assessment on Partial Spraying of Bacillus thuringiensis
for the Asian corn borer (Ostrinia furnacalis)
Control in Sweet Corn Field"

Jih-Zu Yu?®

Summary

A microbial insecticide, Bacillus thuringiensis Berliner, which is relatively low toxic to
non-target organisms, was used to control the Asian corn borer (Ostrinia furnacalis (
Guénée)) in sweet corn field. Corn stalk and ear were the major plant parts received
treatments recording to boring characteristics, and taking a preliminary assessment on the
control efficacy. The results showed that the application of 5% Dursban granules at early
whorl stage could reduce the injury of corn stalk and tassel by corn borer, however the yield
of marketable ear and total yield did not increase in fall crop 1992. There was quite efficacy
on corn borer control by applications of B. thuringiensis from 7-10 days before taselling
until harvest. Partial treatment on the newly whorl leaf, silk, ear and comb base of corn
plant could obtain the same satisfactory control of corn borer as whole-plant treatment in
sweet corn, and save about two-third amount of B. thuringiensis insecticides and labor.

Key words: Partial spraying, Bacillus thuringiensis kurstaki, Ostrinia furnacalis.

1. Coqtibution No. 1819 from Taiwan Agricutural Research Institute.
2. Assistant, Department of Appiled Zoology, TARI, Wufeng, Taichung, Taiwan, ROC.
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