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(a) Graft failure (b) Incomplete grafting (c) Successful graft
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Fig. 1. The quality test of seedling grafting
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Fig. 2. Grafting results
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Fig. 3. The tomato seedling grafting machine made in Spain
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Fig. 6. Grafting tube supply and cut mechanism Fig. 7. Tube supply and grafting mechanism
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Table 1. Height of cotyledon, first leaf and plant of scion and rootstock

Tomato Eggplant
Height at reference point Max Min Ave Max Min Ave
(mm) (mm) (mm) (mm) (mm) (mm)
Height of cotylidon 58 45 49.3 26 11 20.9
Height of the first leaf plant height 115 88 1025 62 41 51.9

Height of plant 168 142 152.8 121 75 101.4
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Table 2. Seedlings diameter of scion and rootstock at reference point

Tomato Eggplant
Seedling diameter at reference point Max Min Ave Max Min Ave
(mm) (mm) (mm) (mm) (mm) (mm)
Diameter at cotyledons 3.16 221 2,77 3.39 2.36 2.93
Diameter at the first leaf 3.32 1.89 2.66 3.24 2.24 2.61
Diameter at top leaves 2.25 1.20 181
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Table 3. Grafting performance operated by grafting machine made in Spain

Item Grafting capacity (units/hr) Success rate (%) Subsistence rate (%)

Average 390 95.3 94.9
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The Application and Experiment of the Tomato
Seedling Grafting Machine *

Hao-Ming Wu, Chin-Yuan Chang and Yun-Sheng Tien’
ABSTRACT

A tomato seedling grafting performance test was conduct on the grafting machine
imported from Spain. The machine consists of a barometric device with programmable
logic controllers and action driven by human machine interface. To produce grafted
tomato seedling, rootstock and scion were supplied manually to machine for angle cutting,
juncture, clamp and then the grafted seedling was transferred to conveyor by automatic
robotic arm. Testing results showed 390 tomato grafted seedlings can be produced in one
hour via the grafting machine with the success rate of 95.3% and survival rate of 94.9%.
The working efficiency was 1.56 times faster than conventional grafting by purely
manpower. Advantage of the grafting machine is the simplified operation process enable
workers to operate the machine within short learning time. The problems of labor shortage
and lock of skilled workers on grafting can be solved with the aid of this grafting machine.

Key words: tomato, eggplant, grafted seedling, grafting machine

! Contribution No. 0920 from Taichung DARES, COA.
2 Assistant, Assistant Agricultural Engineer and Associate Agricultural Engineer of Taichung DARES, COA.
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Fig. 2. Comparison of plant height after treating with different concentrations of PP333 on Den. To My
Kids “‘Smile’. Bars indicate standard deviation of the means (n=15).
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Fig. 3. Comparison of plant height after treating with lower concentrations (P1-P4) of PP333 on Den. To
My Kids ‘Smile’. Bars indicate standard deviation of the means (n=25)

T~ MEFAMEIRE PP333 B& Lt To My Kids *Smile’ tH FRIPRE 2 522
Table 1. Effect of PP333 concentrations on plant morphology of Den. To My Kids ‘Smile’

Treatment Plant height Nodes Down angle of horizontal ~ Leaf recurved  Leaf thickness
(cm) (No.) pseudobulb (degree) angle (degree) (mm)
Control  45.0+7.6a' 16.4+0.8a 38.9+17.0a 132.9+15.4 a 0.73+0.6 a
P1 42.1+49b 15.8+0.6 a 24.615.3b 113.3+11.8b 0.86+0.7 a
P2 25.0+3.3¢ 14.6+0.7b 12.845.2¢ 82.3+109 ¢ 0.78+0.7 a
P3 19.6+2.9d 12.4+0.5¢ 9.743.1d 82.5t9.7 ¢ 0.83+0.5a
P4 14.3+3.8e 12.4+0.8 c 9.1+2.9d 79.1+8.3¢c 0.74+0.6 a

! Means in the same column followed by different letter are significantly different at P <0.05 by least significant
different test.

TETE PR 8 B 45 R B ik = U B A 2T - B e P DR P i EL B EA B D (R —) > HHIR
4H S ET 80P 16,467 0 PR B4 By 14,667 > PR PARE BEAH HINME £y 12,467 > B R&E Al B 2 Bk
EEHIr 82 FPP333ATHI A -

MK ERER » BB EE N EAE U R[S R A > #38.9% » HM SRS
/N R 4AH - B DAPP333E B 2 FHAR A 5 T 22 - HhA B FE AR (R R BRI R B M
e IR R/ D s SR RS T -
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Fig. 4. Changes in leaf length and width in nodes of Den. To My Kids ‘Smile’ after treating with PP333.
Bars indicate standard deviation of the means (n=20)
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Fig. 5. Changes in internode length of Den. To My Kids “Smile” after treating with PP333. Bars indicate
standard deviation of the means (n=20)
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Fig. 6. Changes in stem diameter of Den. To My Kids ‘Smile’ after treating with PP333. Bars indicate
standard deviation of the means (n=20).
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Table 2. Effect of PP333 concentrations on flowering characters of Den. To My Kids ‘Smile’

Days to flowering Flowering node Total flower Ratio of flowering Transverse Diam.

Treatment (days) (No.) (No.) node of flower (cm)
Control 383.8+7.7 a 45+09a 12.0+2.8a 0.24+0.05b 6.8+0.4 a
P1 389.6+8.6 ab 4.0+0.8a 10.3+1.7a 0.24+0.04 b 6.74+0.3 a
P2 391.0£5.8b 4.4+0.7 a 10.5+1.4a 0.29+0.06 a 6.5+0.3 a
P3 395.4+9.8 ¢ 1.8+05h 3.3t19b 0.14+0.05 ¢ 6.6+0.5a

P4 - - - - -

! Means in the same column followed by different letter are significantly different at P <0.05 by least significant
different test.
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Fig. 7. Changes in flower after treating with PP333 on Den. To My Kids ‘Smile’
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Effects of Paclobutrazol on Growth and
Flowering of Dendrobium To My Kids ‘Smile’ *

Chia-Chin Hsu?
ABSTRACT

One of the major problems of in high quality nobile-type dendrobium pot flower
production is overgrowth of basal nodes. In this study, different concentration of PP333
solutions were applied to the variety To My Kid ‘Smile’ to investigate the effects on
subsequent growth and flowering. The results showed that application of PP333 at
concentration higher than 20 mgeL™* would be lethal, concentration higher than 1 mgeL™
could effectively reduce plant height, length of internodes, the stalk drooping degree when
placed horizontally, and reduce the recurved angle of leaves. While the diameter of stems
at basal nodes and the length/width ratio of leaves were increased. When spraying 3 ml of
PP333 at concentrations of 1 or 2 mg-L'l, the diameter of basal 2™-6" nodes were
increased from 7.9-15.5 mm in the control to 9.7-25.5 mm in the treatments. When treated
plants were placed horizontally, the stalk drooping degree was also reduced by 36.7%
compared to the control. The flowering time of plants were delayed by 5.8-7.2 days, with
no adverse effects on total number of flowers, size and longevity of individual flowers.
The proportion of flowering nodes of total plants was increased from 24% in the control to
29% in PP333 treatments.

Key words: nobile-type dendrobium, paclobutrazol, pseudobulb, flowering

! Contribution No. 0921 from Taichung DARES, COA.
2 Assistant Researcher of Taichung DARES, COA.
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Table 1. Proximate composition of brown rice, germ rice, white rice and rice bran”

Brown rice, TCS- 10 germ TCS-10 white

Compositions Per 100g - . . . Rice bran
indica variety rice rice

Calorie kcal 352 357 357 316.0
Moisture g 14.4 12.3 13.0 12.0
Protein g 7.3 8.3 7.4 15.0-18.0
Fat g 3.2 2.1 0.7 12.0-23.0
Saturated fat g 0.8 0.5 0.3 3.2-4.0
Ash g 15 13 0.4 7.0-8.0
Total carbohydrate g 73.6 76.1 78.5 50.0
Dietary fiber g 3.3 2.8 0.6 6-14.4
Total vitamin E mg 111 1.73 0.16 49

" The nutritional value of brown rice, germ rice and white rice are cited from Nutrition database of Taiwan, Ministry
of Health and Welfare. Nutritional value of rice bran is from Saunders ™.

AU TR B ERS R I Z R ~ BREZOR RORBERE B B (R —) R AR - LUK R
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FC 5 R 20BN FEBAVENRM > SRl FEPREEC T B GE G = hE B B 5 B A s A UE
M8 DU ERIBRERESR ~ SRAERE 3458 B A PR I T & b 2 m]REE -

MEERTTIE
— KRR

A FERE R TR DAASG R 09 & HPAIL05% K & » SRR BSR40 2 A 12 RRR R (B
FEO5R) » HEBUL KR RS i RF & 2455 - HLLBE B 48 07 & et - (0 es Rl &
#7718 [ SDR-18Y B il U R A - (8 &5 58 PRI R R 2 130°C ~ #EHR 2R [ 20~25 rpm 2 75 A 2
50 rpm -

I oKy Z B S s MG JIE DL JoU = T ARy 7 22 /N2 20 meesh » fill 7K 508 22 18%7K
sra Rtk o DLE A BREY S5 0 TR AFRVE - 2 1% FEIE 60 mesh DL Ny AR F2 (4850 B B Pl B )
HFER 73 BUARE A o ME SRR IR B AH ARS8 b 2 MR BORME AT 3Z EEBINR & » A I A B o HY
. 20%: = HE Bkt -
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B. 1= A/ [E % B & 4H (high fat/high cholesterol Diet, HFD) -

C.HFD& 100%i >k &2 H Al 1055 BR & 4H - B 20% s A fak} -
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WHERFEFE-RNEERES - EOHE - I5i7)  WRESFENVME 28R (RYE K Efa) -
FU BB RS R TR R LY B -

B R A\ - 1E55 /U DL Zoletil 80 mg/kg 8 IS 5eF I 7 > B3 52 HE HEE EOAIK IR 1& A HE 0
HU AT~ BB - HE B0 R BISE ARG AL ET TP EE - MG AT RGBSR GEF R -80°C fif Z & A = fa il

THH B & g AR o i (% =R Hom s - SIEERS - s @ ERE OB ER DU REEREER

W [ i) ~ 0% LDLI3 A7 ~ it fe 3088 > = I H B e 48 [ B H) € - ILDL-C/HDL-CHYAH ¥
S {18 ) 48 S B 1 B T BB R T 1Y 8 2 o S B B Y IEAH R 1 - (I BELDL-C/HDL-CHYEL
E B EhAR AR FE L f5 8 (Atherogenic coefficient, Al)=(TC-HDL)/(HDL)#Y

x - BEsEsEEREEHK
Table 2. Compositions of experimental high fat/high cholesterol diet

5 581

IR AT ©

Ingredients Control High fat diet Brown rice Brown rice:Rice
(9/kg dietary bran (7:3)

weight) g Kcal g Kcal g Kcal g Kcal
Casein 200 800 200 800 185 738 166 664
Corn ail 50 450 30 270 30 270 30 270
Lard - - 150 1350 146 1310 133 1193
Cholesterol - - 10 90 10 90 10 90
Corn starch 350 1400 210 840 59 236 73 293
Sucrose 300 1200 300 1200 300 1200 300 1200
Cellulose 50 - 50 - 48 - 45 -
Mineral mix 35 - 35 - 35 - 35 -
Vitamin mix 10 - 10 - 10 - 10 -
Methionine 3 - 3 - 3 - 3 -
Choline bitartrate 2 - 2 - 2 - 2 -
Brown rice - - - - 200 - 140 -
Rice bran - - - - - - 60 -
Total 1000 3850 1000 4550 1028 4550 1007 4550
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{55 F SPSS Statistic 19.01% AX# S > DL Student’s t testsT AT #ZE 40 K i FREX B4l 2 &5 = 2
DLBE [ 1~ 85 5L 853 #f7 (One-way analysis of variance, ANOVA)43 7 55 i 81 & 4R A [F B 1 A
Z B2 > LILSD (Fisher Least Significant Difference)# /T E &g & - FrA #(H L meantSD#
7~ 0 p<0.05F R EAME EEFE -

%n% 3= nHH
—  FRAXBESZARRERME SR

MR ER B 2GR - R - BE AR AL > BAE /5352 keal (R—) « BEZURIEE &
FEE i EREESESETS > FNILEEHMEBEH A5 316 kcal - HEERK /T KR
B ARERNE D UREE R T 22 o A HUEE DLT0%HE SRR & 30% K i - 2 E RE H A 7E341 keal > fE
BHESERE BEDII4%TER6.5% « (RHE—HEREET 'S8, X' EaEad
4 0 F100 gEIBE B SLFT SIS BN FUEFISER6 o0 DT AR | HEE TR
5100 glEl#E & fnh HEFSGE 3 g AFUEATH Z ELBIEC 7 v Sl Ry e e i -

 TRERFBETHNERRE BREREBEBCRE
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WA BE R RREHYIILREE eGSR ESHE - By SEMBETEE
EFERE BEREREL/VAR SR HBY 2 BEEE SN I EEKEeHEY » Eakik
G R RERCRR AL B B E RN S RN E A - R4AM 2 PR aEEEEERE - HER
A R BB RIS HE RIS OR R OR R R B8 B 2 R R BBV B VAU R R a Y
FIFH % (Feed efficiency) » ff& fiE oK+ KA B Y #S 28 88 1. %2(20.61%) B2 125 /il 4H (20.42%) -~ 18
EFE=)-

TEMg SR E R sy - BIER ML - SREaE 40 By i BB i = 148 35 R FH T BT R R
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EMRREE HH > B—MRIEFEAME > SR E 4H B Mo =f H HAs (TG) I 2 &5
2 [0 (i AF 4R BEE I (TC) ~ (K3 % A5 25 1 BE [E S (LDL-C) K /= 2% & Hig 25 (A BE [E % (HDL-C) & 58
EIEN(FRIU) - BB 10091 K 4H 81 = B B e 4R AH EL rl B e DM@ HDL-COE R > (H 2 TG~ TC



30 ErhEREN RS EERSE =t

Fe LDL-Cf S 88 2 52 52« 8 Ry B AN SRl oK 40K A 25 3 L i B S B v Ml e e W fre B 2
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HrEEIREL AR MBS > ERE (E K4 B7~10 mg KOH/g » R ILEIINAZE EAL » fE4C AiiEiE
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ZAFE RIS D BRI L - (E A e BB = B H A S 7 S e ekt e -

T= > AEPREECTH EESEERR A SR ERE  RREESEE P

Table 3. Effects of different rice formulations on body weight, food intake, and visceral organ weights in

high fat/high cholesterol-induced hamsters

Group A B C D

Body weight

Initial (g) 101.23+9.92 107.59+11.75 102.41+11.38  102.32+8.02

End (g) 121.36 £ 7.00 136.64 + 9.06 126.77 +12.36"  123.23 +9.09"
Change (%) 20.42 +7.44 27.76 £9.75 24.32 +10.32 20.61 + 6.52°
Food intake

g/wk/hamster 57.31 +6.85 48.27 +8.97 47.46 + 7.68 44.11 + 4.59

Feed efficiency (%) 35.63 57.51 51.24 46.72

Liver weight

End (g) 5.15+0.82 9.88+0.68" 9.54+0.82 9.49+1.00

% of BW 4.24+0.63 7.24+0.44" 7.55+0.60 7.70+0.55

Kidney weight

End (g) 1.15+0.08 1.130.07 1.02+0.08* 0.97 + 0.06"
% of BW 0.95+0.07 0.83+0.05 0.81+0.04 0.79+0.06

Abdominal fat weight

End (g) 1.33+£0.22 1.70+0.41 1.53+0.54 1.50 + 0.39

% of BW 1.09+0.14 1.24+0.25 1.18+0.33 1.21+0.26

% total fat 35.96 + 3.33 36.32+3.32 35.06 + 4.29 37.51 +3.37

Epididymal fat weight

End (g) 2.37+0.36 2.94 +0.46" 2.74+ 051 2.47+0.41

% of BW 1.95+0.20 2.15+0.28 2.14+0.22 1.99+0.21

% total fat 64.04 +3.33 63.68+3.32 64.94 + 4.29 62.49 + 3.37

Total fat weight

End (g) 3.70+0.52 4.65+0.83" 427+1.03 3.97+0.77

% of BW 3.04+0.27 3.39+0.49 3.33+0.52 3.20+0.45

* Statistically significant difference between control (A) and high-fat control (B) at p<0.05.

# Statistically significant difference between high-fat control (B) and treated groups at p<0.05.

Value are expressed as mean = SD (n=10).
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Fig. 1. High fat diet resulted in fatty liver in hamsters. Livers (indicated by arrow) of hamsters were dark
red in control diet (left) and showed pinky fatty liver in high fat diet (right).

#1177 LDL-C/HDL-CHY L {8 B2 AR 585,iR 5 (L. 75 2 (Atherogenic coefficient, A1)y fT45 R B »
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AR 5 AR B B B 2 B T
FIU ~ REPRETC S SR s E i E e R e -

Table 4. Effects of different rice formulations on serum lipid in high fat/high cholesterol-induced

hamsters
A B C D
Triglyceride (mg/dl) 186.91+76.79 21255+62.02 261.09+84.72 308.82+ 75.42
Total cholesterol(ug/dl) 14555+ 14.22 387.45+17.48" 399.36+63.74 424.18 + 54.66
HDL-c (mg/dl) 94.05+12.13 12159+12.37° 14131+10.75° 129.19+16.57
LDL-c (mg/dl) 10.51 £1.95 56.56 + 12.28"  53.27 £19.11 59.95 + 16.85
LDL-c/HDL-c 0.11+0.02 0.48£0.14 0.38+0.13 0.46+0.11
Atherogenic coefficient (Al) 0.56+0.13 2.22+0.43" 1.83+0.42° 2.29+£0.30

* Statistically significant difference between control (A) and high-fat control (B) at p<0.05.
# Statistically significant difference between high-fat control (B) and treated groups at p<0.05.

 TEXRRESHNEENBAEERENZRE

fREZE SRR VAR BT TCRTCY & 8 BIE F e 40 AH LL A B 1 iy g ss
(F1) REMOREELAETC « TG A - (HEFETCH D - 1M ek & MK K HEH 6
AT EAT IR TCZ R » BEFEATAEEEE BEREFEPTCRTCZ &8 HED -
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Table 5. Effects of different rice formulations on lipid of liver and feces in high fat/high
cholesterol-induced hamsters

A B C D

Liver

Total cholesterol (ug/g) 198.0 +118.1 690.4 +260.5°  750.4 + 306.1 511.0 + 275.1
Triglyceride (ug/g) 675.7+172.9  1099.5+239.3°  1063.2 + 162.7 4716 £ 72.6"
Feces

Total cholesterol (pg/g) 97.2+48.3 2352 +71.2 216.9+40.5 96.4 + 43.1*
Triglyceride (mg/g) 192.0 + 96.8 540.1+217.2°  746.1+411.0 229.1 + 128.0"

“ Statistically significant difference between control (A) and high-fat control (B) at p<0.05.
# Statistically significant difference between high-fat control (B) and treated groups at p<0.05.
Value are expressed as mean + SD (n=10).
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The Effects of Different Rice Formulations in
High Fat and High Cholesterol Diet Induced
Hyperlipidemic Hamsters'

Jung-Jung Chen?, Yu-Hsin Chen®and Yi-Ling Chen*

ABSTRACT

Rice is the main staple food of Taiwan, although the nutritional value of brown rice
is higher than white rice, however people consume more white rice as the palatability is
better than brown rice. Rice bran is not yet utilized extensively in Taiwan, it is feasible to
make fortified processed rice products to improve its nutritional value to increase the
consumption of domestic rice. The aim of this study was to investigate the effect of
extrusion cooked whole grain brown rice and addition of rice bran on high fat diet induced
hyperlipidemia in hamsters. The rice variety Taichung Sen No. 10 was chosen, the
experiment diets include the control, high fat diet, the 100% brown rice, and 70% brown
rice with 30% stabilized rice bran, in which the latter 2 rice diets replace 20% of high fat
diet. The nutritional values of carbohydrate, protein and fat are adjusted to equal. After 8
weeks of feeding, hamsters are sacrificed to determine weight of body, liver, kidney,
abdominal and epididymal fat, and serum lipids. The results indicated that the
administration of 70% brown rice plus 30% rice bran could significantly reduce body
weights, reduce TG and TC level in liver and weight of total fat tissue. Besides, the
administration of 100% brown rice could significantly increase HDL-c level and reduce
the risk of Atherogenesis. In conclusion, 100% brown rice and 70% brown rice plus 30%
rice bran can potentially prevent hyperlipidemia in hamsters fed with high fat/cholesterol
diet.

Key words: Brown rice, rice bran, dietary fiber, hyperlipidemia
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BT RRIER Z SAEVIBIRR TCB237 - B AEYIREE 8] R A HERSEREE
Hrp o AR EFHENHEYIREER -

BAREE - HE - Dty - FRE

TBbTEL ¥ S B RSB STHASE 0023 5 -
MTB R R B g Eh B RIBEISE -

B A L R RS R P OB B
TBIE R Bg Eh ERE RIS ERIHE -
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H 5

H ¥ (Brassica oleracea L. var. capitata) kBl A\ 3% dm & F 0 DA St 585 b B AR e By e s
A B R S B 1A £ 4 T A 1 RSP $94 7,000~ 8,000 hae 45 > 1054F 4 B & % 399,174 ton >
i FEAEMAENEG B SAMEFE ARG HEK - ZhhEH® - 1055
PR B A AR (A P 2 8,644 ha » [T A5 8E N H 5 AR FE [T T8 s 2,653 ha » il 2 B4R HIF530.7% » &
REHENEREY 2 — BRiEZEHELE T ZERE H A Hh K HE i RE270%
B 3% et AN B Ry e B 2R HE 5 75 0K HURE AT &y 2 MRS AE ; 1T 27 47 BHE > H #5228 i
REEHAIRM A ERGEoniE  HEEHLE AR EEET K - BE a2k
FrUTAEZ IR R S ERAME - Il EREEBRE - HE w2 B SRR
B 7 BB - HAT > AGEENHE et 29k - Al ERHERSELENHET
H o KREREARER  RAE T H 228 5@ 5 B B Z 7 H #E £  mfE® o

HEE A (8 B 2 BRUN TR IS £Y80~90°K » - th fditE 1Y H BE 5 S B LA ~ kB3 B 7R s
CTHEEZEEEREY MEREEItEEENHTERNGZIRERGE - BRRERFZEH
M HEEENFEEREE RN WHIEEE RN EREREERAKENEE - EREKRE
KM BEFHEREXE BARMEZTHESENS  BEHRGEHBEBILEE - SElEE
HI B2 - NI B AL SHEYI REE M — e BRI - #5853
R ERY S 4E - & H AT 78 e AR AR

HRTE A $1 A VIR S p i AR BRI - A E 20y sl B ik F B 22 5 25 5 o 17 [ e B 128
B ZE Lt 88 > PRI AN E H 20 > HE2EREANHM BRI ESTAER - A
B T AR ) PR B 3 e A AR TR AH E BAFT - BRIV BSUAE I BRI RR LA A B - SRS TR - AT DL B
TR A BRI £ 3 T AR 4y - Bk B AT o] 44 7 B RS A4 210 o TR AR
ARG bR B TE BB S R EE - FREREEEFN - WG SR EEM S Y 2R ZE
tn 0 AR BE SR ) BB BT AR MR S AR R~ RIS E - BEREEY) B RE M B - B4
BREEEARHE > SEYE RIRERGE R RSEEN S RS Rt -

B 3T FIT & 158 1 AV R 8 Trichoderma asperelloides TCTr-668E #% » A EIANE S IRAYHE
i o BLR LB S A5 B Bacillus amyloliquefaciens Tcba05 @ & &y 2 B e HE B I A KHgETE b
A V) e B SR AL HURE AV IR - TRAL IR 2F fEAR & Teba05 ke A5 A & R TCB102-B7HI ¥ H &
S B AR BHEMNE B AR REIET ER 2825 HEkE AR - fiE
ARSI E h BEAREYEY > 5] DNEEY) R E e O

BN ARG IR A BB SR & 24 RIIE - ASBH 9T B 28 T 38 e AR B R S AU B 2B W)
Bk R B - W A HEE S BB R TSR A U7 0% » 4R as = S A HRER > EEHER
FHEEHRE - WS HEREEE T EEEHE - RUEBEERESAE R
R Z Bl e EM S LR A S EMN A S A BN H B E EA R E iR -
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MELER A
— > IBEMMEY EE 2 & E
(— i BV 7 % P AR ) < i R
G e B 75 L N A1 2 AR R RN B S 7 I B A gk D Y R AR 3 i I 2R RE
1.1 B R R i 228
A ER B P R R fE A R FE AL AT A LLobk L BR R LIRS it T IR A AR B
1% » HU10 g B N0 A 90 mIy i B /K Mg Hi T - DR AN FEZ U E 7Y 60°C HYZK08 18130 min »
HREFIL mIHIEHEREI A mIERFE KSET - REFIIRBEL R > f&&k#
10720 75 Y BURE 100 pl> 359 5] 3K A LA (Luria-agar, Difco) I it B 72 28°C & )5 4E R £ 2~3
hr» &GP B AV EE -
2. 75 IV 53 A T E
H - 528 o P A 258 HH SR EY AR ) TR P o T s T AR A A T MR o DARE CR R RR Y
e o BETA AN AR TR E B0 AR IR VS B — 5 0 BN & 3 s 57 Y Blood
Agar Plate (BAP) (TSA with 5% Sheep Blood)IflliRES &5 > i B 1A 28°C EIRFE T ES&E 48 hr >
ORI B EE L2 BE -
3. AW E M A AE
RERTEEZ M AEYERETAELEE > UHEE -—FH%EEE5 mAYLB
(Luria-Bertaini broth, Difco) Broth£% % 15 1% » 5 LB Broths H{H! 500 pIZ i SEBEEE = §5 -
T 1% £ B W 8% £ 2 B % 289 (Rock-P, CCM FERTILIZER Sdn Bhd)Es &AL b » &R E 4K
% DUSHEE A OO IT AR R & B 0T o BEDUER B BOATRAS MEER - W AR
(ng/ml/day) - Bk i =85 - BEOE ok ~ Bk B2 80 R Bk B 880 AL 2 fic 05 2 IR AR e B8 075 (07
A 4R 5% AFS3183-1) » [h4 - Bl &5 R B EE (bromophenol blue) iY77 Bk S 4) (Dissolve
Phosphorus Agar, DPA) » K HIGK B MR TR AR _F > 824 hrig R 5% B EE S A AL
B -
457 FRBE R RE T 0 A MIE
A8 AT BT SE STk e 2L 5080k 6 (amy lase) ~ Fi5 B 47 i 1 (lipase) ~ 2 (i (protease)
L4 2 (cellulase) & P~ B B £ 41020 OHIBA B MR EL R M BRE U B — 7% > P
AR b REORIE R - R B RER - EFEEREOE A AE - 2HE
2 {E FF&| (degradation zone) °
5. 915 EF < J# T
B EIT 2L~ B R 0 MBEBEZREMENEFRETEREE  BE2HERRH
(Xanthomonas campestris pv. campestris) ~ 17 i % (Rhizoctonia solani £ Pythium
aphanidermatum) ~ £ B % B£45% (Fusarium oxysporum f. sp. conglutinans) & H BZ #X & %
(Pectobacterium carotovorum subsp. carotovorum)3 5f& i R & 1 T SRS HUHER - HiE
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975 R, G A 7 T R S D B 4 2R R AT A1 5 A o SR B AR W e ik s A B 2 7
BB K/N -
(= )BUAE Y B ik 8 7 B/ ) o 5 BHIER
FIH AL U 28 2 (AR VIR E FH 16SH% i BS RN ABE g fig i (gy rB) & (R H#ETT 70 T 2E W)
e - HR Byl B 35 B B 52 AR W) o & ER Ao (National Center for Biotechnology
Information, NCBI)EE 3 » 3l #E 77 BRI S BE MR 8 248 10 B 14 500 m & i BT 088 PR Mt o
1. 16SHZHE # RN A Jjg fift B (gy rB) B X 8 i
fil1 B % B 228 B Mk 2 DNARE A > 75 DL o] 3 i 4 16S 4% M #8 RNA 2 5] - %f primer
27F/1492R - EdJiefii ik N5 [ ¥ gyrB-41F/gyrB-44R 3 | #E{TPCRIZJE » fR4E Brosius
SR FII I 27F 8 1492R B 41 16S rRNAGE FH 5 7% > BTN 2 51 T8 £47 10 uM
53BN APCRE S IEY) » 4AKZ EREFE20 pl> #EFTPCREZIE » K JE (& (4F 360 51 2 (e 14 B
94°C -5 min > 94°C-30 sec > 57°C-45sec > 72°C-1 min 30 sec > $£:30{FE i > F & FF #1772
C-7 min 1{ETEEE - FEHIEY) & E41,400~1,500 bp » £l fH gyrB-41F/gyrB-44R - $t %f
Bacillus/E B fE #E 7 7fERM §5 7 - FZFERIE R © 95°C -5min > 95°C -60 sec * 55°C -60 sec * 72
C-1 min 30 sec » L 30(EEEE » A& #E1T72°C-10 min YEEE - TEHIEY EFE 51,200
bp™ o WAHFHILTF -
27F : 5' -AgAgTTTgATCMTggC TCAg- 3'
1492R : 5-TACggYTACCTTgTTACgACTT-3'
gyrB-41F : 5°-gAAgTCATCATgACCgTTCTgCAYgCNggNggNAARTTYgA-3’
gyrB-44R : 5-AgCAgggTACggATgTgCgAgCCRTCNACRTCNgCRTCNgGTCAT-3’
Frfs 2 B —M R BR&ZHRER S AEYRHEA DA IR A SHETE FEE SRl
FECHENCBIEEITELH4E R » e HEHEEY -
2. 5B 500 m Ik B Ak 0 # H0AN 5
A EELILB - NB (Nutrient Broth, Difco) 52 PDB (Potato Dextrose Broth, Difco) S5 L i i
BRI EAE B BRI R A » B E RN B — &% 9 Hl# LB - NBi PDB
brothH » 2L28°C ~ 125 rpmisi ZR A bR T #E 1 THE & > BERF 6hrHiUER 120 > Ml ODgoof Y BU(H
EEEUBE TR 1% > PRl ORI AES R -
(EVHEERE ~ B BUR 2 /NS E A AR W) B8 2 (2 4 = 5l
LLEEE Ry i ZOUEB R 2 A EE - oilEEHERZY - AR EFUER
A P R /NS > T BE - i By & T 25 - I FH STE AR ) LR BLFE TCB203~ TCB207 »
TCB237 ~ TCB263 TCB298 » &L LB &3 K% » 7r Al L100fE MR FE N HE G F 25k 2
R EDR = /NSRS > Kb A REE > SN SRS > HRAERIZLUEEKE
oo FEIR > BEEECGHREH A RER  RERSEEE L E M 1M - FFEMR%L5
REAGHEITIRE % - FEIR - HE2IR R ERE R - HEAREE R - PRI
R E R R EE MR -
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T ERAMEYESREBASATERRRZ AR
(— VH BE S e AR A B A S

IR 7S 5555 7l s 258 LA 8% 2 iR AL R 2F F9A% B TcbaO5 ~ TCB9407EL 2F f #£ TCB102-B7
F=TEMAEYEN > SHEHERR R BT ED A o R A BB R R 2 30
Rerh o BB aTE TR S R a R M1 - SRV ET A A HEE T LUIE
{977 =53 A1l j#E 3 Tcha05 ~ TCB940781 TCB102-B745 36 ik » i 3% B fitk B /K R B 2 S I 4 - it
ST R AT 710 of% » 1 H B T TE SO MR R E 1 10° cfu/mIfy H & BIE R E
(X. campestris pv. campestris)E ik TCXCCOL4H & #0% % 377 ## - FiE iz FR IS e S
10015 i e - B & 5 %Y £y (ODego = 0.3) » 57 ##1& AU & §Z - FHIFIE T 16T X PDA L >
BERI0CHEEM T REREE24 > AR ELPDA E 2 3574 - BIEFH R RSN
AN TE T E R -
(=) H EE R ey T S B A B 45 5t s

AR B E P 37 i 2B 7 ) A T R o B BE SR Dy e A 5l - SBeny HEE
T8 Ry E M AR Z P 255 > sl 2 HESH E 1% 15K » B4A & F Tcba05 ~ TCB9407Ed
TCB102-B75 & I 1% 2 (W 4= 1) B4R 10065 M B > B & G 4H SR AdH PR 3> IS 4H R —EE 1 -
B WSS 2 ETEY > SEEMME 200 - H106-9H 4H 4G - FHEEITIRIEEL
R R > U HEEEEE - FEL1R > AR SRR R R T H B R R E
PR E - HERGHERERET 5/ EHEE20HE » SHEMESH M o KR
HITE ST Fyddl > 0 REH © 1 R HEMBEE2EEL-5% 2 EFHEBEE2EE6~25% 31 &
J75 I AR AL 2 BE25~50% ;5 4 #5 [IfE G 2 BEAFRS0%LA | o PRI E =2 (W mEfs < fs
B | (A4 A EEH)*x100% -
S REREMRER RSN EYRE EA N ERB R

AERER T 20164 11H (73 4F 8210 1% I B g $48 /K B BE ks o e 88 o ik s B > S s
TRk o I SR AR ROHE Stk B (A R Z B AR ETTH R o R EI5
Fil i B > L FE B IEAH 1 (N F AR E )~ fE 17 1& ~ TCB207-100X ~ TCB237-100X 1 TCB298-100X
LSfEEE ~ HLUREH BRI AT - FE IR IEREIR ; AR H LR 2 2004 DA
b WS 2 AR EEE - RIBRE AR > ETREaMREEEHE > REH
HE © HEEHEAE RIS - PRG0S A SRk B2 BA R 3 2 M R A« BE4h o
DA M A= 845 ~ 1817 & AE R IR - ss BTHPEEE > A DUV B8 52575 it a5 BLek fT i
A= WA s e A Ry

m R
— BEEREMEVERE 2GR EREE
(— s B A 2 0 A P 2
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LT 8 R R 2 2B
KRB e Ao AT B FE 1LY L3 > & 60 C AR TE30 minfk - FYLABFE A FHkEEH
S0k (it LR BRIk - € ot 4 - 458 P A 288 2 B R 2R A 108K 0 43 1] &5 TCB203 ~ TCB204 -
TCB205 * TCB206 ~ TCB207 ~ TCB208 - TCB215 - TCB237 ~ TCB239  TCB240 ; 145
¥ A R A 16 i > iRk SR 106k > 43 B B TCB261~ TCB263~ TCB264a~ TCB 264b~ TCB265 -
TCB266 ~ TCB267 ~ TCB268 * TCB269 * TCB270 ~ TCB271 ; {5511 T e A 26 i > 15
PRIk > 43 5 B TCB298 ~ TCB304~ TCB305~ TCB306+ TCB307-1- TCB310~ TCB311-1 -
TCB312 ~ TCB313 » & 7530fk -
25 &M S A I E
HRF A 5 B P i BE Y BORR T AR W ik B DARS IR G U BE — % 1% - BERE 5% F
If1 Sheep Blood# ¥4k |- 48348 hri & % N B A7 M 1AV ##% /5 TCB203- TCB207 -
TCB237~ TCB215~ TCB239~ TCB240~ TCB263~ TCB264a~ TCB264b- TCB266~ TCB267 -
TCB268 ~ TCB271 ~ TCB298 ~ TCB305 ~ TCB307-1 ~ TCB312% 17k i ik - Higk
BRI MO B S R o BN TR e
3B E M o3 A I E
HRF FIT B 228 A i 20 HL R BB MURF M A L7RR B AR > BT VA BREMENE - BASB AR ~
ERAE —Fr R > FTEA R ECER - FrA ERSEE AR R B b R = §5 R R
B - B SRS AL - WRER SRR B A BRI G B E AT > PR AR DUSHED R #ETTK
BB E BT ORI 1TRR R R A KOS R & & - B B = 55 A =
SRTEE R HIARE R EAEM 0 Hp DI TCB2985K B 5 (B £ » JE 14 7] % 4357.38
pg/ml/day ~ Bl $2 52 L 45 B 45 SR8 115 TCB298 AL A &M » m[##31.60 pg/ml/day ~ i
e 5% 1 8 BL 0 M4 SR A TCB203B1 TCB237 B A & 1 » 43 31 4.26 pg/ml/dayEi182.56
pg/mi/day ~ BEGE G ERE MG RE TR EAEM > ATCB267 /s 0 1 2 196.63
pg/ml/day °

TCB203 TR

&l — ~ TCB203 MR BHEN S A Bh i =85 2 7AW AR I 48 /N 2 i LAS R
Fig. 1. The hydrolysis of tricalcium phosphate by strain TCB203 inoculated on soluble phosphorous plate
at 28°C for 48 hr.
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Fo— ~ 17 BRii BAE PRAGUS W M (g/mI/day) S5t 2 45 5%
Table 1. The phosphate solubilizing activity by 17 heat-resistance strains.

Strains Tricalcium phosphate  Aluminium phosphate  Iron phosphate Phosphate powder
TCB203 1941.80 -t 4.26 23.78
TCB207 680.91 - - --
TCB237 573.85 - 182.56 13.65
TCB215 219.98 - - -
TCB239 450.29 - - -
TCB240 453.69 - - -
TCB263 681.97 - - 1.52
TCB264a 162.17 - - --
TCB264b 498.63 - - -
TCB266 - - - 10.7
TCB267 - - - 196.63
TCB268 35.88 - - -
TCB271 9.73 - - 4.38
TCB298 4357.38 31.60 - 23.21
TCB305 110.10 - - -
TCB307-1 122.88 - - -
TCB312 - - - -
Control? - - - -

! Indicated the detected data lower than control.
2 Use water as the control.

457 FRBE R T 0 A MIE

I7TRER B PR TR ~ FEE - EOE KRB R o RE TR > &8 E3R1% - Bl
ZERBLER > WE—= - TENELEEREES BEREE - LE%ELEIEL
B EREEAR)BERT - i EE(LRE 1 > HE{Amylaser45 5 - DITCB207HY =3
e fE > BB 0T 2 2.74; 53 7 Lipasefy 45 5L » {8 5 TCB207H A 47 i 5 5 + [H] f # 7£ Protease
Fz Cellulasefy 73 #4552 » AIILL TCB203 K TCB237HY 22 Bl i (F » SR4H S fE Bl 45 SR sp 6

A B I B 228 2 LTRR TS BAEE R - &C FHOATE B oy R BE R BE 10 M 1% - (A TCB203 »
TCB207 ~ TCB237 ~ TCB263 ~ TCB298t: 5 B ik 2 7 il /i 14 39 72 500 (ug/ml/day) 2L I >
A B 1 DL 0 5y i 22 A8
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TCB298
Cellulase

@ — ~ PR R R T (A (B)IEE (C)EE 1 E (D) =1 e 48 /NI A R4S R -
Fig. 2. The hydrolysis activity of 4 kinds of enzyme by screened strains inoculated on the plate at 28°C for
48 hr. (A) Amylase, (B) lipase, (C) Protease, (D) Cellulase.

T 17 PRINBAE RO 4 TR 2RAE ) 2 B (LA L BUES R

Table 2. The average diameters of 4 enzyme hydrolysis zone test of 17 heat-resistance strains.

Strains Amylase Lipase Protease Cellulose
TCB203 1.66b* -~ 2.49 1.12c
TCB207 2.74a 1.31 1.25b —
TCB237 2.33a — 1.42b 2.29b
TCB215 — - -
TCB239 — — — —
TCB240 — — — —
TCB263 — — 1.41b 1.21c
TCB264a 1.11c — — —
TCB264b 1.13c — — —
TCB266 — — — —
TCB267 — — — —
TCB268 — — - —
TCB271 — — - —
TCB298 — — 1.59b 3.24a
TCB305 — — — —
TCB307-1 1.22c — — —
TCB312 — — — —
Control? — — — —

! Means within a column followed by the same letter are not significantly different at 5% by LSD test.
ZIndicated no hydrolysis zone production.
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5.4 4= P R B [ B T

DA IbE S B S T 82 s[5 B A 17~ A Bt B - 45 4 P. aphanidermatumy JHI 5450 77
Fi A BRI IS E 4 2 BE ) - W HE S BRI TURET - DITCB237HY 8 R aef: »
B &R 1% 0T 251.1% - H R B TCB207 » B &R HIHI% £548.9% > Ho &7 B Pk B (K72 10% L4
™ o FEHEEH T2 Rhizoctonia solanifilGR 455 > TCB20781 TCB2371HY & 4% fl il %59 Fy
44.4% » HERTE PR B RN 10%LL T o TR 40 B F 5 PUllEt 5 i > TCB203 ~ TCB2638
TCB298%f H 85 S 63 B s J6d o 4111 A1l 25 s 5 > 1 TCB207 5 TCB237 % Wy 4 1 95 Ji 2L
BIEPUALE - TCB207 ¥ 52 & 9 B 8K &g 95 2 #1018l B 1% 57 A1l 7] % 25.34+0.93 cm ¢
10.33+1.15 cm ; TCB237.Z flIil f& B 1K 73 1l 7] 72 33.23+1.74 cm 3 33.23+1.74 cm » 455 LA
TCB237#: TCB207{& 52 » JuI ¥ S G s 2 M filfE L &3 ecmPL | -

T~ SPRERE 3 H B R H B EARIHPREGER

Table 3. Mycelial inhibition rate of 5 tested strains against 3 pathogenic fungi on cabbage.

Mycelium growth inhibition of plant pathogens (%)*

Strains : - - -
F. oxysporum f. sp. conglutinans Rhizoctonia solani
TCB203 4.4 9.3
TCB207 48.9 44.4
TCB237 51.1 44.4
TCB263 0 0
TCB298 8.9 15

! Inhibition (%)=[(Diameter of treatment mycelial growth - diameter of control mycelial growth) / diameter of control
mycelial growth]x100%.

6. 16SHZ I B RN AZE jjg fiF i gy r BL [R 8 7E

ARl et ¥116S rRNAK gyrBE A P41 » FIH & A2 F—M5 [ 1545 &5 & HGH
[ FEPCR¥T [ 5t B B ik 1 i HH B — 1 i |7 B > MBS — 1k 7 R KRG SR KRR R
PCREVZHIFEEBEEVFI RO ARATHEITH REF B &R 2% FyIth
FE 4 B 4 Y # i (Z 2 Fr (National Center for Biotechnology Information, NCBI)& R}
B o T T o 8 E4S B TCB203 5 Bacillus megaterium (EKZEAIARE ) ~ TCB207
FyBacillus velezensis ~ TCB23781TCB2638% £ {/5 & Bacillus sp. CGFIEfEHE) - TCB298 5
Paenibacillus taichungensis (i fARE — 2 fl) (R ~ £ F) -
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0~ 5 PREERERZ 16S IRNA ZEfy 1 Be8il NCBI X ErEE Rt BEEL #45IR
Table 4. The results of 16S rRNA sequences analysis of 5 tested strains compared with representative
sequence in NCBI Nucleotide database.

. 16S rRNA
Strains o : ;
Identification Accession no. Identity%

TCB203 Bacillus megaterium MF687401.1 98.3
TCB207 Bacillus sp. AB918712.1 97.0
TCB237 Bacillus sp. CP027061.1 98.4
TCB263 Bacillus sp. KY312756.1 97.0
TCB298 Paenibacillus taichungensis NR044428.1 99.3

=T SHREEREPRZ gyrB gene  GEFF R BB NCBI L HEE &R EILB4E R
Table 5. The results of gyrB gene sequences analysis of 5 tested strains compared with representative
sequences in NCBI Nucleotide database.

. gyrB gene
Strains - : ;
Identification Accession no. Identity%

TCB203 Bacillus megaterium CP018874.1 93.5
TCB207 Bacillus velezensis CP015911.1 99.0
TCB237 Bacillus sp. AB936836.1 99.0
TCB263 Bacillus sp. KY673628.1 99.3
TCB298 Paenibacillus taichungensis KT318609.1 99.1

(MR AR G4 e k) & H  a Bk
1. A8 500 m I B A9 H# ORI
AR BN R AR BB AL > & LB~ NBN PDBE A BN B » B H FH R E —
B Y& PERE Y Lol = fE5 mI g R sVE b > DL28°C ~ 125 rpmiB i s R(; N f TR E -
B 61N B EASE I S B Y O Do BB G RE 5% o &K 42/ NB A ESURE A HI4E SR 1% > TLSRRE I
LLLB mediumfy B (8 5 s > 48 25 FRRE R 2 1 PG T B0 S 8 45549 1] 2 10° cfu/ml
DL E - [NBR PDBS 5% 2 A 45 5 - #{E fR K - {% TCB20381 TCB207 1Y & & 722 10°
cfu/ml > HEREFRIG(EFA 107 cfu/mILL T » &85 5t LILB medium By 3 B B0 L a1
B ZHEHRERN(E=) -


https://www.ncbi.nlm.nih.gov/nucleotide/KY312756.1?report=genbank&log$=nucltop&blast_rank=3&RID=DT7UWU3C015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_044428.1?report=genbank&log$=nucltop&blast_rank=2&RID=DT7G1YY7014
https://www.ncbi.nlm.nih.gov/nucleotide/1045028655?report=genbank&log$=nucltop&blast_rank=4&RID=XA57PJ03014
https://www.ncbi.nlm.nih.gov/nucleotide/645910219?report=genbank&log$=nucltop&blast_rank=7&RID=XA5RZSX3015
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Fig. 3. The detected ODgy value of 5 strains cultured in (A) LB ; (B) NB ; (C) PDA media.
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(Z)VH EE G AR = /N B TE F i AR i B4 2 (e e A Rl B
i ] SRR (W A=) SR R Bl s HEE sl - 60O %> A HERE - e R EH
FHERL - DITCB237EL TCB298)w M 2 TE )7 A % » #£9.33%E - fimy & T oy A LA TCB237
PREARE S I AL B BUE 72 5 > 53] Ry 17.64 cmEiL4.57 em - S4B U (% X) -
- . =S

"l S

IMNREE .

[0y ~ fhRr R H B AR RIBIY - B/ 26K Ry (A)EHE4H ~ TCB207 B2 TCB237 ;5 (B)%f
HE4H -~ TCB237 ~ TCB263 £ TCB298 -

Fig. 4. Pot treatment test from left to right, is control, TCB207 and TCB237 in (A), and the control,
TCB237, TCB263 and TCB298 in (B), respectively,

F5 ~ SIREIRAE Y BIRIE F H Ak 6 Wik - SREHBER - el E v 5%
Table 6. The growth of seedling after application of 5 microbial strains for 6 times. The number of leaves,
plant height and stem width were recorded.

Strains No. of Leaves Plant height (cm) Stem width (cm)
Control 7.890.6¢" 14.23+1.29c 3.4+0.59
TCB203 7.89+0.93abc 17.33+1.06ab 4.27+0.76a
TCB207 8.89+1.27ab 17.62+2.00a 4.42+0.46a
TCB237 9.33t1.12a 17.64+1.63a 4.57+0.45a
TCB263 8.89+1.17ab 17.39+1.65a 4.32+0.47ab
TCB298 9.33%1.22a 16.96+1.44ab 3.82+0.51ab

! Means within a column followed by the same letter are not significantly different at 5% by LSD test
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Fig. 5. The growth of cabbage cultivar Taichung No. 2 in greenhouse small-scale planting trial (A) The
treatment of TCB207, TCB237 and control. (B), The cross section of the control and strains
TCB237, TCB207 and TCB298.
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Table 7. Results of microbial agent treatment on cabbage Taichung 2 in greenhouse small-scale trial.

Treatments Weight of above  Root fresh Single ball Single ball Single ball
ground (Kg) weight (g) weight (Kg) height (cm) width (cm)
Control-water 1.449b" 70.882b 0.717b 12.122ab 15.611ab
Control-Bio-tech 3 1.407b 70.777b 0.810b 10.733b 15.167ab
TCB203 1.303b 80.715a 0.798b 12.133ab 15.167ab
TCB207 1.330b 76.807ab 0.747b 11.933b 15.500ab
TCB237 1.728a 93.323a 1.030a 13.217a 16.000a
TCB263 1.127b 48.533d 0.447c 10.767b 14.333b
TCB298 0.840c 60.453c 0.397c 10.433b 12.400b

! Means within a column followed by the same letter are not significantly different at 5% by LSD test.
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Fig. 6. Germination of cabbage seed pre-contaminated with Xanthomonas campestries pv. Campestries.
(A) The contaminated control (left) and treated with TCB102-B7 (right). (B) The cabbage seeds
harboring Bacillus sp. TCB102-B7 germinated successfully.
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Table 8. Percentage of seed germination. The seeds were pre-infested with Xanthomonas campestris pv.
Campestris and further harboring 3 Bacillus spp. as treatments.

Strains Cabbage seed germination ~ 2XCC infested seed Bacillus sp. harboring seed

(%) (%) (%)
Control 32b! 72a 0
Tcba05-100x 90a 0 96a
TCB102-B7-100x 92a 0 100a
TCB9407-100x 92a 2b 100a

! Means within a column followed by the same letter are not significantly different at 5% by LSD test.
2 XCC means Xanthomonas campestris pv. campestris
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Fig. 7. The occurrence of cabbage black rot disease with the treatment of water as a control (left) and the
Bacillus sp. TCB102-B7(right).
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Table 9. Disease incidence and disease severity of cabbage black rot control by Bacillus spp. fermentation
solutions in field trial.

Treatments Cabbage black rot disease incidence (%) Cabbage black rot disease severity (%)
Control 85.67b" 45.05b
Tcba05-100x 36.67a 9.17a
TCB102-B7-100x 25.45a 6.25a
TCB9407-100x 40.25a 10.00a

! Means within a column followed by the same letter are not significantly different at 5% by LSD test.
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Fig. 8. The occurrence of cabbage black rot disease in control group (A) and with the treatment of
Bacillus sp. (B)
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Fig. 9. The effects of microbial agent on cabbage. (A) Appearance of cabbage head, (B) Cross section of
cabbage head. Treatments from left to right are the control, TCB298 and conventation cultivation.
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Table. 10. The field trial of the application of microbial agents on “Tsuchiu’ cabbage in the field at
Xizhou township

Weight of above  Root fresh Singlehead  Single head  Single head

Treatments ground (Kg) weight (g) weight (Kg)  height (cm) width (cm)
TCB207 3.118a" 45.257a 1.967ab 13.667a 16.354a
TCB237 3.163a 42.053b 1.997ab 13.667a 16.358a
TCB298 3.222a 41.895b 2.142a 13.833a 16.763a
Conventional control 3.007a 43.452ab 1.873ab 13.667a 14.321a
Control 2.682b 33.432c 1.617b 13.000a 14.527a

! Means within a column followed by the same letter are not significantly different at 5% by LSD test.
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Fig. 10. The occurrence of cabbage black rot disease in control group (A) and with the treatment of
Bacillus spp. (B).
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Fig. 11. The head size of cabbage with each treatment in field trial (A) and cross section of cabbage head

(B).
Tt KEATRCH EEE R A Y B R e B FH R sBRaE R

Table 11. The effects trial of application of microbial agents on “Tsuchiu’ cabbage the field trial at Shuili

township.

Treatment Weight of above Root fresh Single head Single head Single head

ground (Kg) weight (g) weight (Kg) height (cm) width (cm)
TCB207 2.50a" 39.70a 1.74ab 13.00b 16.23ab
TCB237 2.76a 37.08ab 1.95a 14.67a 17.68a
TCB298 2.69a 36.61ab 1.88a 13.83ab 15.21b
Conventional 2.50a 36.55ab 1.62ab 13.58ab 15.43b
Control 2.10b 37.35ab 1.42b 13.78ab 14.22¢

! Means within a column followed by the same letter are not significantly different at 5% by LSD test.
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The Evaluated of Functional Microbial Agents
Application for the Cabbage Cultivation and
Black Rot Disease Control*

Chien-Chih Kuo?, Tian-Hsin Chuang?,
Chien-Wei Chen* and Chung-Ta Liao®

ABSTRACT

The aim of this study are to screen and introduce growth-promoting, disease
protecting microbial agents for cabbage integrated crop and diseases management. In this
study, we isolated and screened about 30 microbial strains from the two soil samples in
Lianhuachih and Wushe area. According to the blood agar test, phosphate-solubilizing
analysis and 4 kinds of enzyme decomposition analysis, five strains were selected for
further study. The five strains were selected based on the phosphate solubilizing activity
that was 500 pg/ml/day at least, the antagonistic spectrum against 5 types of pathogen
fungi and bacteria of cabbage. The result show that TCB237 could inhibit 4 kinds of
pathogens. Based on the sequences of 16S rRNA and gyrB genes comparison with
GenBank database. Strain TCB203 was identified as Bacillus megaterium, TCB207 as
Bacillus velezensis, TCB237 and TCB263 as Bacillus spp. TCB298 as Paenibacillus
taichungensis. The cell density of each strain cultured in LB medium could reach 10°
cfu/ml, thus LB medium was selected for microbials fermentation.The five strains were
applied on cabbage for six times in field trials and the leaves number, plant height and
root length were recorded. We founded that the growth of cabbage with treatment of strain
TCB237 was better than other treatments. In addition, we applied the 3 Bacillus sp.
microbial agents Tcba05, TCB102-B7 and TCB9407 on seeds inoculated with X.
campestris pv. campestris, the results showed that no black rot pathogen was detected
with the treatment of strain Tcba05 and TCB102-B7, suggesting that soaking the seeds
with microbial agents can reduce the black rot disease occurance in seedling stage.
Application 3 Bacillus sp. microbial agents Tcba05, TCB102-B7 and TCB9407 on
cabbage Taichung No.2 in the field trial in summer. The disease severity of black rot with
treatment of strain TCB102-B7 by root irrigation and leaves spraying was 6.25%, while
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the treatment with TcbaO5 and water as the control were 9.17% and 45%, respective. It
showed pre-irrigation and spraying could inhibited the black rot disease severity
effectually. TCB237 which had phosphate-solubilizing characteristic had the potential to
development the microbial pesticides, which would integrated into cabbage cultivation
system, to be the plant protection materials which environment friendly.

Key words: cabbage, microbial agent, Bacillus sp.
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Table 1. The breeding procedures of Job’s tears Taichung No. 4.

Program Season/Year Location
Introduction line test 1983 Dacun, Changhua
Mass selection 1983 ~1991 Dacun, Changhua
Preliminary yield test 1992 ~1993 Erlin, Changhua
Caotun, Nantou
Advanced yield test Spring, 1995 Erlin, Changhua
Caotun, Nantou
Regional yield test Spring, 2004 Caotun, Nantou

Daya, Taichung
Erlin, Changhua

Spring and fall, 2016 Daya, Taichung
Caotun, Nantou
Resistance test of disease and bug Spring, 2017 Dacun, Changhua
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Table 2. The agronomic characters of Taichung selection No. 4 in preliminary yield trial. (Changhua Erlin,

1992) Sowing date: 03/19
Growth Plant Lowest spike  Spike  Fertility Grain Grain*

Variety duration height  position number rate weight yield
(day) (cm) (cm) (no./plant) (%) (g/1000 grain) (kg/ha)
Taichung selection No. 4 121  111.6 50.2 32.7 86.9 89.6 3,642a
Okayama Zairei (CK) 116  165.5 76.3 35.1 85.0 89.4 3,704a

*Means with the same letter of a column are not significantly different at 5% level by LSD. (From Annual Report of
Dryland Food Crops Improvement, 1992)
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Table 3. The agronomic characters of Taichung selection No. 4 in preliminary yield trial. (Nantou Caotun,

1992) Sowing date: 03/24
Growth  Plant Lowestspike  Spike  Fertility Grain Grain*
Variety duration height  position number rate weight yield
(day) (cm) (cm) (no./plant) (%) (g/1000 grain) (kg/ha)
Taichung selection No. 4 122 156.6 73.8 22.5 83.5 88.9 2,619
Okayama Zairei (CK) 118 1715 79.5 19.4 85.8 99.5 2,896a

*Means with the same letter of a column are not significantly different at 5% level by LSD. (From Annual Report of
Dryland Food Crops Improvement, 1992)
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Table 4. The agronomic characters of Taichung selection No. 4 in preliminary yield trial. (Changhua Erlin,

1993) Sowing date: 03/22
Growth Plant Lowestspike  Spike  Fertility Grain Grain*

Variety duration height  position number rate weight yield
(day) (cm) (cm) (no./plant) (%) (g/1000 grain) (kg/ha)
Taichung selection No. 4 121 1455 76.8 32.6 75.4 80.9 2,224a
Okayama Zairei (CK) 117 154.6 83.6 29.9 77.2 83.5 2,140a

*Means with the same letter of a column are not significantly different at 5% level by LSD. (From Annual Report of
Dryland Food Crops Improvement, 1993)
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Table 5. The agronomic characters of Taichung selection No. 4 in preliminary yield trial. (Nantou Caotun,

1993) Sowing date: 03/23
Growth  Plant Lowest spike  Spike  Fertilit Grain Grain*

Variety duration height  position number y rate weight yield
(day) (cm) (cm) (no./plant) (%) (/1000 grain) (kg/ha)
Taichung selection No. 4 118 131.0 74.1 28.2 78.3 84.0 2,111a
Okayama Zairei (CK) 114 135.1 74.6 25.7 77.9 83.4 1,951a

*Means with the same letter of a column are not significantly different at 5% level by LSD. (From Annual Report of
Dryland Food Crops Improvement, 1993).
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Table 6. The agronomic characters of Taichung Selection No. 4 in advanced yield trial. (Changhua Erlin,

1995) Sowing Month: 03
Growth Plant Lowest spike  Spike Grain  Fertility Grain Grain*

Variety duration height  position number  number rate weight yield
(day) (cm) (cm) (no./plant) (no./plant) (%)  (9/1000 grain) (kg/ha)

Taichung selection No. 4 124 117.4 61.3 11.0 411 79.3 72.2 2,028a
Okayama Zairei (CK) 120 1320 70.8 14.1 38.1 79.9 81.5 2,019a

*Means with the same letter of a column are not significantly different at 5% level by LSD. (From Annual Report of
Dryland Food Crops Improvement, 1995)
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Table 7. The agronomic characters of Taichung selection No. 4 in advanced yield trial. (Nantou Caotun,

1995) Sowing Month: 03
Growth Plant Lowest spike  Spike Grain  Fertility Grain Grain*

Variety duration height  position number  number rate weight yield
(day) (cm) (cm) (no./plant) (no.plant) (%) (g/2000 grain) (kg/ha)

Taichung selection No. 4 119 1189 60.4 234 66.5 68.5 834 2,432a
Okayama Zairei (CK) 115 1341 68.9 231 62.4 76.9 87.8 2,492a

*Means with the same letter of a column are not significantly different at 5% level by LSD. (From Annual Report of
Dryland Food Crops Improvement, 1995)
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Table 8. The agronomic characters of Taichung selection No. 4 in regional yield trial at Erlin in spring,

2004. Sowing date: 03/17
Growth Plant Lowest spike  Spike Grain  Fertility Grain Grain
Variety duration height  position number  number rate weight yield

(day) (cm) (cm) (no./plant) (no.jplant) (%) (g/1000 grain) (kg/ha)
Taichung selection No. 4  116.0a 170.3b  100.1b 17.4b 69.3b 65.2b 87.7b 3,333b
Taichung No. 1 (CK) 114.8b 173.9a  103.0a 20.5a 80.5a 68.9a 89.1a 3,705a

*Means with the same letter of a column are not significantly different at 5% level by LSD. (From Annual Report of
Dryland Food Crops Improvement, 2004)
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Table 9. The agronomic characters of Taichung selection No. 4 in regional yield trial at Daya in spring,

2004, Sowing date: 03/10
Growth Plant Lowest spike  Spike Grain  Fertility Grain Grain
Variety duration height position number  number rate weight yield

(day) (cm) (cm) (no./plant) (no.jplant) (%) (g/1000grain) (kg/ha)
Taichung selection No. 4  117.3a 169.2b  111.2b 17.6a 70.5a 76.1a 86.8b 3,586a

Taichung No. 1 (CK) 116.0b 178.7a  116.8a 16.2b 63.5b 70.4b 87.3a 3,438b
*Means with the same letter of a column are not significantly different at 5% level by LSD. (From Annual Report of
Dryland Food Crops Improvement, 2004)
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Table 10. The agronomic characters of Taichung selection No. 4 in regional yield trial at Caotun in spring,

(g

~

2004. Sowing date: 03/15
Growth Plant Lowest spike  Spike Grain  Fertility Grain Grain
Variety duration height  position number  number rate weight yield

(day) (cm) (cm) (no./plant) (no.jplant) (%) (g/1000grain) (kg/ha)
Taichung selection No. 4  115.0a 172.4b  121.5b 14.9b 58.0b 70.6a 88.5a 2,779
Taichung No. 1 (CK) 114.0a 178.2a  125.0a 16.6a 65.5a 67.7b 88.9a 2,763a

*Means with the same letter of a column are not significantly different at 5% level by LSD. (From Annual Report of
Dryland Food Crops Improvement, 2004)
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Table 11. The agronomic characters of Taichung selection No. 4 in regional yield trial at Caotun in spring,

2016. Sowing date: 02/19
Spikelet ~ Growth Plant Tillering Grain Grain
Variety visible duration height number weight yield
(day) (day) (cm) (no./plant) (g/1000 grain)  (kg/ha)
Taichung selection No. 4 70 115 194.9b 8.80a 88.3a 5,353b
Taichung No. 3 (CK) 69 118 203.6a 7.53a 87.5a 6,181a

*Means with the same letter of a column are not significantly different at 5% level by LSD.
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Table 12. The agronomic characters of Taichung selection No. 4 in regional yield trial at Daya in spring,

2016. Sowing date: 04/29

Spikelet Growth Plant Tillering Grain Grain

Variety visible duration height number weight yield
(day) (day) (cm) (no./plant) (g/1000 grain) (kg/ha)

Taichung selection No. 4 96 158 176.5a 4.13a 67.8a 4,140a
Taichung No. 3 (CK) 97 160 170.7a 5.73a 65.3a 3,472a

*Means with the same letter of a column are not significantly different at 5% level by LSD.
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Table 13. The agronomic characters of Taichung No. selection 4 in regional yield trial at Caotun in fall,

2016. Sowing date: 08/05
Spikelet  Growth Plant Tillering Grain Grain
Variety visible duration height number weight yield
(days) (day) (cm) (no./plant) (g/1000 grain)  (kg/ha)
Taichung selection No. 4 58 104 159.3a 3.53a 78.9a 3,287a
Taichung No. 3 (CK) 57 104 168.9a 3.13a 79.5a 3,395a

*Means with the same letter of a column are not significantly different at 5% level by LSD.
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Table 14. The agronomic characters of Taichung selection No. 4 in regional yield trial at Daya in fall,

2016. Sowing date: 08/04

Spikelet  Growth Plant Tillering Grain Grain

Variety visible duration height number weight yield
(day) (day) (cm) (no./plant)  (g/1000 grain)  (kg/ha)
Taichung selection No. 4 58 104 145.7a 5.20a 76.1a 2,853a
Taichung No. 3 (CK) 57 104 148.9a 5.07a 75.8a 3,096a

*Means with the same letter of a column are not significantly different at 5% level by LSD.
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Table 15. Resistant test of leaf blight, borer and stem maggot of Taichung No. selection 4 at Dacun
Changhua (Spring, 2017).

I}

R E

Leaf blight Borer Stem maggot
Variet - - X
ariety Disease rate Levle Susceptible rate Level Susceptible rate Level
(%) (%) (%)
Taichung No. selection 4 20 MR 40 MS 10 MR
Taichung No. 3 (CK) 15 MR 40 MS 30 MS
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Table 16. The comparison in characters between Taichung No. 4 and Taichung No. 3 (C.K.).

Year and crop season Spring, 2016 Fall, 2016

Variety Taichung No. 4 Talc?éﬂg.;\lo. 3 Taichung No. 4 Talc?éﬂg.;\lo. 3
Plant Growth habit Semi upright Semi upright Semi upright Semi upright
Plant height (cm) 185.7 187.15 1525 158.9
Tillering (no.) 6.47 6.63 4.37 41
Growth duration (days) 131 139 104 104
Stem color Green Green Green Green
Leaf color Green Green Green Green
Spikelet visible (days) 83 83 58 57
Stigma color White White White White
Grain weight (g/1000 grain) 78.1 76.4 77.5 77.6
Seed shape Oblong Oblong Oblong Oblong
Seed color Tan Dark brown Tan Dark brown
Grain yield (kg/ha) 4,747 4,826 3,070 3,245
Resistance to pest and disease Taichung No. 4 Taichung No. 3 (C.K.)
Leaf blight 20% MR 15% MR
Borer 40 % MS 40 % MS
Stem maggot 10 % MR 30% MS
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Breeding of a New Job’s-tears Variety Taichung
No. 4

Yi-Lun Liao?, Sheng-Hsiung Tseng® and Chung-Ta Liao”
ABSTRACT

To improve the yield per unit area of Job’s tears, 41 varieties (lines) were introduced
from Japan in 1983. The results of introduction line test showed that "Song-Hu" had the
characteristics of stronger tillering ability, good fertility and high grain yield. In 1991, a
superior line selected by mass selection method, was subjected to preliminary yield test
and regional trials. Finally it was named as Job’s tears Taichung No. 4 in Dec., 2017. The
variety has lower plant height and spikelet position. The plant height is about 152.5-185.7
cm, which is shorter than the control variety Taichung No. 3 (158.9-187.2 cm). In
conclusion, the Taichung No. 4 is a high yield variety (3,070-4,747 kg/ha) with resistance
to lodging, and suitable for mechanical harvesting.

Key words: Job’s-tears, Taichung No.4, breeding, cultivation.

! Contribution No. 0928 from Taichung DARES, COA.
2 Associate Researcher of Taichung DARES, COA.
3 Former Researcher of Taichung DARES, COA.
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Table 1. The descriptive statistics for status of food and agriculture education
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Table 2. The descriptive statistics for implementation of food and agriculture education
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Table 3. The demand degree of food and agriculture education and training
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Table 4. The demand degree on implementation of food and agriculture education
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Table 5. The multiple regression analysis for the knowledge and training demand in the implementation
of food and agriculture education
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Feasibility Study on the School-Supported
Promotion Model of Food and Agriculture
Education - A Case Study in Taichung District

Hui-Chen Chang and Kang-Chi Tseng®
ABSTRACT

This research is based on a model of school-supported on food and agriculture
education to survey onto the staff of the primary and secondary school located in the
counties of Changhua, Nantou and Taichung City of Taichung District, and the subjects
were onto whom have cooperated with the 4-H Club activities of the Local Farmers’
Association to promote th food and agriculture education. A total of 138 effective
questionnaires were collected, measured, and analyzed as well. The results indicated that
there were differences among counties and organizations whether it conducted food and
agriculture education activities or not. There are also differences in the ability to promote
food and agriculture education which are affected by the experience of undertaking food
and agriculture education activities, and by the target subjects of food and agriculture
education in the past two years. The demand for agricultural education and training
showed a significant positive impact on willing to implement food and agriculture
education, which is also the main influencing facter. It is strongly suggested that in the
future, the educational training needs of food and agriculture education should be
integrated with “the implementation of existing curriculum”, “the teaching materials
provided” and “the professional consultant team”, so as to strengthen the implementation
of the learning capacity on it.

Key words: food and agriculture education, school-supported, training needs,
promotion model

L Contribution No. 0927 from Taichung DARES, COA.
2 Researcher, Associate Researcher of Taichung DARES, COA.
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