ISSN 0255-5905

ETERREARY

BULLETIN OF
TAICHUNG DISTRICT AGRICULTURAL
RESEARCH AND EXTENSION STATION

86 KO 5 M AR B B W om0 KN M R S R O

No. 128 SEPTEMBER 2015 25 128HH hERE 104F 9 A
CONTENTS B R
Variation Studies on Agronomic Characters and Yield of Soybean (Glycine max) EFLBNERAGERIZRIETA R EMARE B IR e
in the Ratoon Rice Field of TalChUNG......ccooovviviiiiiicceeeeeeee BRAE K MM~ A ]

....................................... Hwan-Bin Chen, Hsun-Shih Lin and Chien-Chih Kuo... 1

Investigation of Whitefly Management on Tomatoes in UV-Blocking Greenhouse
.................. Da-Yuan Lin, Fei-Chan Wang, Chia-Hung Chao and Kuei-Fang Pai... 9

PAFG KPR A AR T B i BT T2 AR S
............................................................ A s ThodE s HES S gEE - 9

Studies on the Planting Space and Fertilization Amounts on Yields of Castor Bean

..................... Yun-Kang Lin, Yin-Nan Liao, Hwan-Bin Chen and Yi-Lun Liao... 19 ERBEREHEHEMASTISE - HKREE - BLEE - [RER BT/ 19

E >0 8 & 8 8

Studies on the Production of Rice Hull- Chicken Manure Compost by Utilizing
Beneficial Microorganisms and Bag Stacking.............ccccccovevevevevocevnieieereennns FIRA BMAENARAEREZR BB LRI R EE -~ RIEA- 29
.................................................................... Yi-Fong Tsai and Chein-Wet Chen... 29

The Differences of Morphology and DNA Barcode in Two Echinacea Species AR AR RAB A 2T BE B IEDNAGRARIE L vvvvrvssessssvvssrrss s
___________ Yuhsin Chen’ Hui-Chuan Hung, Jeng-Shu Wang and Chyan-Fung Mao... 39 Fﬁ?@‘i N //\ 'ﬁﬁ] N ,:EJ__F_*E_ N %ﬁ’i‘\%ﬁ 39

Effect of Plug Size and Seedling Age on the Seedling Growth of Organic Head " L
LettUCE.vu v, Chen-Yang Tai and Yi-Fong Tsai... 53 AR REEGEHARERE EETZHE e BARF ~ g 53

TAICHUNG DISTRICT AGRICULTURAL RESEARCH AND
EXTENSION STATION
Tatsuen Hsiang, Changhua, Taiwan, Republic of China

ISSN : 0255-5905

EETEREARY &P

HER - Rt OE M0 e B SR

INMATHITND f— AR KA

GPN : 200650001_8
EE:H=41007T

T SR




=131 y@g{ia&gﬂﬁ@ﬁﬁj—ﬁ; 128: 1-8 (2015) 1

e AR 4%%&£¢— s A
hﬁ%%ﬁL-ﬂ =y

LR % ~ R 13~ graE 2

w =R

AP R S 105 LR TR %ﬂ‘%ﬁ'ﬁ” ELfli7f ek dsk P (Dajia) ~ 4
(Daan) ~ ¥&-<(Cingshuei) ﬁ%(Wum) | (Longpng)é‘“?“]if(Dadu)\3?H Pyl I BIER
Bﬁ'%%‘[\%ﬁﬁ o Rk %Eﬂ“ > AEE 10 B 4 TR 102~1127 V- JLF_[
LA R [ B B (e B 2 I R 1,974~8,977 0 7 o TS
*E@E‘gﬂﬁ’?}%?ﬁﬂ/%ﬁél‘%ﬁ&ﬁ‘ﬁLi IR o % BN ﬁf}?}'«ﬁq@ - it
ﬁ@g@*ﬁ]y@%}ﬁlﬁﬁ CEEHIROIRE BRI ?ﬂﬁﬁéuflﬁé%ﬁf‘%ﬁ%ﬁ'?ﬁ o =
I o AR LR L R AR - S TS T D B A ik
G AT BRI AHAEAE BN & BIEERRR s B BERSTHY O O Y 15k K AT
%g .

FASES  Sp o~ IS R R AR

Bl 3
. ﬁi&fﬁ?%li&*ﬁ‘ l"ﬁ?’“/“ P H AT R e p IRV R é’?‘m (o 25
ZE[ 1N EIEY200 f/]‘f“ "7 fif |1 (Commodity soybean) L = » 7 = w58 % F' = el f

ey *pb*pilllﬁj 5] ﬂﬁ,%tr €L M7 A [ (Food-grade soybean - Specialty soybean)$‘420~40ir§'lj
:\Fﬁg[’ﬁ:tﬁ Aﬁypﬂ FIE]E - g&[@&ﬂ = [}T X 0.01% ° 2]@ |[§yltlgﬁ\@|ﬁ|g-]?[(3)o £ PRI TR
S YT B AE A (WO BYRE A S 1 sl * Rk Ukl B A8 D > F1865 EIAE S R
F '*U“Jaﬁméi ] bﬁ'ﬁrﬂfﬁf'{ » SR ARELI RS VR (SR RL I ] BB R e
= [a&'loz# NER N Py 1%1 o “gl » A llgfllﬂjéﬂu%ﬁhﬁs 5,731 1 filr=

38% % Ty v KL E BRI EAAE R B o H 2 LT 1,420 7 1~ OB 1,327 ) -
2] Bh990 7t 1 ~ A 8432 F1 ~ N 500 “plbﬁfr%lEM%, o ELERST RS S
Bk 1A £5210 20 1 ,THFIF AR ERE PN HIE:”FJ? SER: URLE L e
[ PR T > T 11035 SR PR SR P IE T F A ik 2 S & Vs
[ o DI S PR PG T S S SRy S

-t S ﬁ“gfllﬁaaﬁwrwﬁmﬁ,é‘msagf

2 st 5 ngwmﬁiﬂﬁﬁmﬂ
S PR S Tl B L

25T



2 Sl 1w R s AL ARy 2y I

?ﬂ"ﬂé‘ﬁ?—iftﬂ@iﬁfﬁ%ﬁht VES[ER R R 2 PRI R PRI O [ ”ﬁ&sﬂ:ﬁ,’
PR LIRS RIS R S ITERL - P A
A J%HJB‘"#E& RS S [Hﬁ‘?kﬁ“’JJ g ‘k_ﬁ,l ) ﬁ%f‘ - 7#*53@["5559% ’
beropt Bl Ejﬁ&ﬁﬁil P ST RV [ P o R o Ut O
ﬂéf, ?ﬂ“{ el »4&10%%%ﬁ¢§FIIHJFJ§ PR B BV R BE S RIR D EBES (R
E@%@f‘ﬁﬂiﬁﬁfﬁw 2 o
MRERTTE

— > HE AR RAERE

0 2R S SR I L <l A 108 EVFR o E I
- 5 K¥T103%F 577 ]‘P;f&iﬁii?* '[(Dajla) A4’ (Daan) ~ & “I<(Cingshuei) ﬁ%(Wuu) |
(Longjing)&‘?*ﬁ*(Dadu)éifG**‘ﬂEﬁ » 8 B Af T )[E50.75 ha~ 1.01 ha~ 0.47 ha~ 1.29 ha~ 0.39 ha
0.9 ha- 4 VEEEEAM R FJ’JI SO 2 2 RS AT 8 1 i = I‘EHE%% ' R 7E £ 60
kg/ha » & 2 1 {59 PER] (N-P,0s-K,0)¥%5 ™ | &1 17 60-60-60 kg ° ’l“fﬁﬁ’?‘??fiﬁﬁ%!%@%@l%?é
B = ph s VBT S R I ml 2054 o R PR 0.95 m ( FEE ¥ ). 170,95 m? > JUAH

[ R FRE PR I*&f‘“ﬁf}i{%‘ﬁ gﬁ*fﬁ ‘EIJ R/

1. I+ #(Day to emergence) : gliﬁ%ﬁ&so% jJF T4 g e

2. Uf1-#1(Day to first flowering) : {14578 i % SO%[UREHF I DI~ =[5

3. FYEY|(Day to harvest) © |78 i = A Ak 1009%05Y B3 <01 pligy ek e U g

4. fIf~1% (Lodging) © £ % ) WIF URfRR G PR FRATE G - ETARPE 55 20(0) ~ #2(3) ~ FI(5) ~ BFET(T)
o BEE(9)7

5. MRAF L (Plant height, PH) @ - L g A5 S 0 Rl -

6. FHIZT -l (Lowest pod site, LPS) * FURERALI= = S 53 A IVl - 1] 273 em)d
oo
53 % Yr(Branch numbers, BN) © [12 F A1V SR GRED » F)fB T

. WFE By (Pod numbers per plant, PN) : HSF}EEJJEJH{F’V?‘“ WAy MR o

10. HIFRHEEl (Seed weight per plant, SW) : JSFEH & £ B vz ﬁr;[(ﬂ <5 13%1] ) I
NN () ESE

11. F B £1(100-grain weight, HGW) © 1 f 5 Sk LOFR 1135 2V iz 116 1008 78 L 1 &
({1 113%0 ) )+ 1) 2 (@R -

12. % &l (Grain yield, GY ) :}’P’éﬁﬁﬁ ’ ‘Eﬁ& [17#0.95 m? (0.95 mx 1 m)5 B R I gk 4 £ (Fb" 4
S 1390 ) N )T T D SRR A 1) T 2 Fi(kg/ha)R T -

13. Hi b A By (Pod numbers per unit area, PNA) : C*ﬁ\%%@ P VAR R S SR AR SRR T
HHA

= % argir(Node number on main stem, NN) : ﬁlf 1% FORS VA P AR -



B UFEEYG P & ARG F5 5 1 B LB R 3

14. §t b A B ET(Grain weight per unit area, GWA) : éjﬁ‘f%@ TR N RS AR £ (Fﬁ <
F13%I] ) 0 I 2 Fu(g)F A

15. {15 [rRRE Bi(Grain numbers per unit area, GNA) L%?ﬁg‘ POV TR N R EEAR N S
8 Mg

16. fTk iAf [ Bh iRE © (Total numbers of plants per unit area, TNPA) : é%?ﬁﬁ, EZ AT
FUEIRETED - IFREER S -

Fo - AREEE L0 %ﬁ#@? forfh

Table 1. Important characters of soybean variety ‘Kaohsiung Select No. 10* (KSS10)

Leaf type Flower color Seed coat color Hilum color Promotion year

Lanceolate Purple Yellow Dark brown 1985
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Table 2. The growth Characters of ‘KSS10’ cultivated in coastal towns of Taichung City in 2014

Date of Day to Emergence  First flowering Day to harvest Lodging
Town .

sowing (days) (days) (days) degree (%)
Dajia August 22 5 30 108 0"
Daan August 22 5 30 108 0
Cingshuei August 27 5 30 102 0
Wuci August 22 5 30 111 0
Longjing August 21 5 30 112 0
Dadu August 21 5 30 104 0

*Represented value was no lodging during growth of 'KSS10” in the ratoon rice field of Taichung in 2014.
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Table 3. The agronomic characters and yield of ‘KSS10” cultivated in coastal towns of Taichung City in

2014
Township/City PH! LPS BN NN PN SW  HGW GY
(cm) (cm) (no) (no) (no) © @ (kg/ha)
Dajia 40.4 9.1 3.6 16.0 39.2 12.8 15.1 1,975
Daan 73.0 13.7 3.9 20.8 432 15.6 15.2 3,033
Cingshuei 64.9 10.9 43 18.5 50.0 16.6 16.6 3,263
Wuci 62.9 115 3.9 18.8 40.6 14.9 16.6 2,978
Longjing 80.1 18.3 3.0 20.8 335 13.8 18.3 3,457
Dadu 81.8 15.3 2.8 20.8 40.1 17.7 17.6 3,978
LSD 5% 9.8 3.0 11 16 11.8 5.0 15 634

LPH: Plant height, LPS: Lowest pod site, BN: Branch numbers, PN: Pod number per plant, SW: Seed weight per
plant, NN: Node number on main stem, HGW: 100-grain weight, GY: Grain yield.

= WEMAT BHR08 B EHERIEM A
éﬁ%%ﬁ%ﬁ%ﬁﬁﬁ%@W%W°W%WFﬁH% P - B
Y BT T 0 R A R R B R PR R e g
FRRE 1% B [ © AR 50655 R G SRR 2 RO PR
FEUCT B LR AT - TR B R - %W@E%é%%ﬁﬁ’@ﬂwﬁﬁﬁé?@
@%}ﬁ%°ﬁﬁﬁé‘pﬁy@iﬂéﬁV 7 R AR -



B UFEEYG P & ARG F5 5 1 B LB R 5

FPO Bl P RN PRy S 10 B Y AT R "ﬁ'Fj%nT’?
Table 4. Correlation coefficients among agronomic characters and yield of ‘KSS10’ cultivated in western
coastal towns of Taichung City in 2014

Characters? LPS BN NN PN SW HGW GY
PH 0.75** -0.08 0.80** -0.05 0.08 0.10 0.76**
LPS -0.15 0.49** -0.44** -0.30* 0.13 0.51**
BN 0.07 0.47** 0.43** -0.03 -0.04
NN 0.21 0.36* 0.15 0.70**
PN 0.92** -0.12 0.11
SW 0.19 0.28
HGW 0.20

1x xx-Significant at 0.05 and 0.01 probability levels, respectively.
2 PH: Plant height, LPS: Lowest pod site, BN: Branch numbers, PN: Pod number per plant, SW: Seed weight per
plant, NN: Node number on main stem, HGW: 100-grain weight, GY: Grain yield.
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Table 5. Correlation coefficients among agronomic characters and yield of < KSS10’ cultivated in plot in

western coastal towns of Taichung City in 2014

—fmm

Characters? GWP GNP GY TNPA
PNP 0.84** 0.95** 0.84** 0.49**
GWP 0.90** 1.00** 0.43*
GNP 0.90** 0.45*
GY 0.43*

1* **:Significant at 0.05 and 0.01 probability levels, respectively.
2 GY: Grain yield

PNP: Pod numbers per plot

GWP: Grain weight per plot

GNP: Grain numbers per plot

TNPA : Total numbers of plants per plot
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Variation Studies on Agronomic Characters and
Yield of Soybean (Glycine max) in the Ratoon
Rice Field of Taichung*

Hwan-Bin Chen?", Hsun-Shih Lin® and Chien-Chih Kuo?
ABSTRACT

The purpose of this experiment is to evaluate growth characters and their correlation
with yield of soybean variety ‘KSS10’ in the ratoon rice field of Taichung in 2014.
Experiment plots included Dajia, Daan, Cingshuei, Wuci, Longjing and Dadu. The results
showed that the growth period of ‘KSS10’ was about 102 to 112 days. The agronomic
characters of yield components of ‘KSS10’ were significant different and the average
yield were 1,974 - 3,977 kg/ha in experiment plots.

Further, on the correlation analysis of yield and plant agronomic traits showed that
yield was significantly correlated with node number on main stem (NN) but not significant
with branch numbers (BN), pod number per plant (PNP), seed weight per plant (SW) and
100-grain weight (HGW). Correlation analysis of yield per unit area and agronomic traits
showed that total numbers of plants per unit area, pod numbers per plot and grain numbers
per plot were significantly correlated. In addition, plant height (PH) and lowest pod site
(LPS) were significantly positively correlated.

Key words: soybean, characters, yield, correlation

! Contribution No. 0869 from Taichung DARES, COA.
2 Assistant Researcher of Taichung DARES, COA. *Corresponding author.
3 Assistant Spceialist of Taichung DARES, COA.
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Table 1. The differences of growth characters of witer tomato under three types of greenhouse cover

Fruit setting Days to Days to Average fruit Average truss
Types of cover . . .
(%) flowering maturation  weight (g) numbers after 9 weeks
Light-scattering film 38.2+10.1 28 76 113.2+13.4 49
Plastic film 37.4+9.8 30 79 109.6+15.2 5.3
UV-blocking material 40.3£11.3 30 85 107.3+£16.8 8.1
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Investigation of Whitefly Management on
Tomatoes in UV-Blocking Greenhouse *

Da-Yuan Lin, Fei-Chan Wang, Chia-Hung Chao and Kuei-Fang Pai’

ABSTRACT

This study conducted three kinds of light environment to investigate progress of
whitefly invasion and viral disease occurrence. Results revealed that whitefly invasion
would begin soon after tomato transplanted. Its density could increase rapidly after 2-3
weeks and then transmit viral disease simultaneously. Under UV-blocking environment,
average number of whiteflies trapped on yellow-sticky traps was lower significantly. Viral
diseases also proceed at slower pace. Virus infection-rate during fall and winter periods
was 54.3% in polythene films, 61.7% in light scattering polythene films, and 25% in
UV-blocking material. Results during spring and summer periods were 88.6%, 98.1%, and
43.3% respectively. These results indicated UV-blocking environment was unfavorable to
whiteflies and viral disease it transmits. Characters such as percentage of fruit setting,
days to flowering, average fruit weight of tomatoes in each treatment were not
significantly different. Days to maturation of tomatoes were 1 week later under
UV-blocking environment compared to the other treatments. Average truss number also
could reach production requirements of farmers without any pest control strategy. Our
results suggest that UV-blocking environment would be suitable for management of
tomato whiteflies and viral disease it transmitted.

Key words: UV-blocking materials, pest management, whiteflies, walk-in
tunnel, tomato leaf curl
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2 Assistant Researcher, Assistant Researcher, Associate Researcher, Researcher and Chief of Crop Environment
Section of Taichung DARES, COA.
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Table 1. The appearance differences of castor bean varieties

Seed Seed
. . . 100-seed
Line length width Shape Ground color Veins color weight (g)
(cm) (cm) gt
Asia Green 1.7-2.0 1.0-1.3 Elliptic  Brown, Black, Tan Gray 63.4
LCR13 1.2-15 0.7-0.9 Ovoid Gray Brown, Black, Tan 24.2
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Fig. 1. The appearance of castor bean in A. variety from Be Rich Green Energy Biotech Co., LTD. and B
variety, LCR13
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Table 2. The yield and agronomic characters of the castor bean varieties in regional trials of spring and
autumn crops, 2013

Crop Plant  Lowest ear Ear Number of 100-seed Grain

Season Location Line height height length capsules  weight yield
(cm) (cm) (cm) per plant (9) (kg/ha)

Spring  Dacun LCR13 180.7 73.9 46.5 243.0 34.7 2,296
Asia Green  188.1 96.5 24.0 31.0 67.9 582

T test *1 * * * * *
Spring  FangYuan LCR13 190.3 134.9 41.0 2240 30.7 1,901
Asia Green  303.7 187.9 37.2 81.0 45.3 959

T test * * * * * ns
Autumn  Dacun LCR13 170.0 117.0 40.7 104.7 38.3 1,092
Asia Green  179.7 119.7 23.0 22.7 717 443

T test * ns * * * *
Autumn FangYuan LCR13 124.3 58.0 37.3 85.7 35.0 820
Asia Green  181.7 97.7 31.7 37.7 53.7 552

T test * * * * * *

! ns and *: nonsignificant and significant at P = 5% level, respectively.
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Tab le 3. Effects of plant spacing on the agronomlc and yield characters of castor bean in spring crop, 2013

Spacing Plant height Lowestear  Earlength  Number of capsules  100-seed Grain yield

(cm) (cm) height (cm) (cm) per plant weight (g)  (kg/ha)
60 160.2 ¢! 108.5 259¢c 70b 29.5 940d

80 183.3a 107.8 36.8b 153 a 29.8 1,545 a
100 188.1a 108.3 41.7a 163 a 32.1 1,424 b
120 1753 b 97.7 40.6a 157 a 34.4 1,237 ¢
LSD 5% 5.3 ns 1.2 12.4 ns 117.2

! Means separation within columns by LSD test at p < 0.05.
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Table 4. Effects of plant spacing on the agronomic and yield characters of castor bean in autumn crop, 2013

Spacing Plant height Lowestear Ear length Number of capsules 100-seed  Grain yield

(cm) (cm) height (cm) (cm) per plant weight (g) (kg/ha)
60 173.3b* 110 41.0 62.0d 327D 934c
80 1750 b 110 40.0 93.7c¢ 38.7a 1,235a
100 1740 Db 101.7 40.3 117.3Db 39.0a 1,250 a
120 184.3a 112.3 44.7 125.0a 39.7a 1,134 b
LSD 5% 25 ns ns 7.3 1.1 96.9

! Means separation within columns by LSD test at p < 0.05.
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Table 5. Effects of fertilization treatments on the agronomic and yield characters of castor bean (spring

crop, 2013)

Fertilizer treatments Plant height Lowest ear Ear length Number of capsules 100-seed Grain yield
N-P,05-K,0 (kg/ha) (cm) height (cm) (cm) per plant weight (g)  (kg/ha)
0-0-0 144.7 f1 62.7d 35 169.7 ¢ 33.7c 1546d
60-60-60 169.3 d 78.7 be 37 165.3 ¢ 35.7b 1611d
120-60-60 171.0 bed 77.0c 39 195.3b 353b 1880c
180-60-60 1753 a 79.3 bc 39 199.3 ab 39.3a 2134b
120-30-60 173.7 abc 8L.7h 40 159.3 ¢ 36.3b 1,578d
120-60-30 166.0 e 77.0c 35 160.3 ¢ 36.7b  1,597d
120-90-60 174.7 ab 80.3 bc 42 176.3 ¢ 39.7a 1922c
120-60-90 1720bcd  88.0a 41 2137 a 40.0a  2330a
LSD 5% 31 3.8 ns 17.1 14 171.2

! Means separation within columns by LSD test at p =< 0.05.
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Table 6. Effects of fertilization treatments on the agronomic and yield characters of castor bean (autumn

crop, 2013)
Fertilizer treatments Plant height Lowest ear Ear length Number of 100-seed Grain yield
N-P,0s-K,0 (kg/ha) (cm) height (cm) (cm) capsules per plant weight (g)  (kg/ha)
0-0-0 151.0 f* 76.7¢ 44 60.7 f 32.0c 530 e
60-60-60 166.0 ¢ 78.3d 43 117.0c 33.3b 1,061 c
120-60-60 168.0 bc 81.0 bc 45 128.7a 35.0a 1,223 b
180-60-60 1720a 86.0a 43 130.3a 35.3a 1,261a
120-30-60 160.0 e 78.7 cde 43 75.7¢€ 33.7b 690d
120-60-30 163.0d 78.0 de 44 113.0d 34.3ab 1,055 ¢
120-90-60 170.7 ab 83.0b 45 124.7h 35.3a 1,197 b
120-60-90 168.7 bc 80.3¢c 43 129.0 a 34.7a 1,219b
LSD 5% 2.7 25 ns 3.4 1 36.1

1 Means separation within columns by LSD test at p = 0.05.
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Studies on the Planting Space and Fertilization
Amounts on Yields of Castor Bean*

Yun-Kang Lin? Yin-Nan Liao?, Hwan-Bin Chen®and Yi-Lun Liao®

ABSTRACT

Castor bean (Ricinus communis) is an important feedstock of chemical and bioenergy
industry. In order to determine the optimum planting space, fertilization amounts as to
reach on higher yield and better agronomic characteristics of castor bean, experiments
were conducted both at Dacun and FangYuan in 2013. The new castor variety (LCR13)
breed by Asia University and Asia Green as control were used. The results showed that the
number of capsules per plant and yield of LCR13 was higher than the control variety, Asia
Green, and plant height of LCR13 and was shorter and without problem of seed shattering,
which is helpful to mechanical harvesting. The yield of LCR13 at Dacun in Spring 2013
was 2,272 kg/ha. Plant height, number of capsules per plant, 100-seed weight, and yield in
different level of N, P, K fertilizer was significantly different between the 2 varieties
except ear length. The optimum nitrogen fertilization rate was in 120 to 180 kg/ha, where
phosphate and potassium oxide was 60-95 kg/ha and 90 kg/ha, respectively. LCR13 had
higher yield when the row spacing is 110 x 80 cm in Spring 2013, and it had better yield
performance when the row spacing is 110x80 cm and 110x100 cm in Autumn 2013.

Key words: castor bean, fertilization, planting space

! Contribution No. 0866from Taichung DARES, COA.
2 Assistant Researcher, Research Assistant, Assistant Researcher and Assistant Researcher of Taichung DARES,
COA.
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Table 1.Treatments and raw materials in composting experiment (dry weight basis)

Treated material
Treatment . TCT111 (Trichoderma sp.) +
Rice hull- chick .
Ice hull- chicken manure TCB10007 (Bacillus sp.)*

Covered with nonwoven fabric?

A 1,150 kg 0 No
B 1,150 kg 0 Yes
C 1,150 kg 360 L No
D 1,150 kg 360 L Yes

11 kg microorganism (>10° CFU/g) diluted with 200 liters water.
2 Polyester, thickness 1.0 mm.
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Fig. 1. The temperature variation of rice hull- chicken manure composts during composting process
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Fig. 2. The C/N ratio variation of rice hull- chicken manure composts during composting process
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Table 2. The main chemical characteristics of rice hull-chicken manure composts at day 0 and 30 after

piling
Treatment® pH EC oM N P K Ca Mg Cu Zn
(1:10) (1:10)
(dS/m) (g/kg) (9/kg) (g9/kg) (g/kg) (g/kg) (g/kg) (malkg) (malkg)

Day 0 7.04 4.49 706 24.6 129 199 228 404 537 269
Day 30

A 7.38a> 4292 644a 232a 1352 204a 28.7a 4.80a 57.1a 302a

B 728a 42la 647a 23.8a 13.7a 19.0a 27.3a 4.32a 54.6a 300a

C 7292 433a 636a 25.6a 14.4a 20.8a 29.0a 4.7la 56.6a 318a

D 7.30a 4.20a 632a 24.7a 13.8a 19.2a 26.2a 4.18a 55.9a 304a
1 See Table 1.

2 Values followed by the same letter within a column are not significantly different at p<0.05 level based on
Duncan’s Multiple Range Test.
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Table 3. The germination test of Lactuca sativa L. and Brassica chinensis L. by using the water extracted

solution from rice hull- chicken manure at day 0 and 30 after piling (compost /water with 1/10 by
volume ratio)

1 Lactuca sativa L. Brassica chinensis L.
Treatment ) o,
Germination® (%) Index (%) Germination” (%) Index (%)

Day0 o 466 . S 08
Day 30

A 91.7a° 100.0 86.7b 100.0

B 95.0a 103.6 93.3ab 107.6

C 93.3a 101.7 100.0a 115.3

D 93.3a 101.7 93.3ab 107.6
! See Table 1.

2 Day 9 after seeded.
% Values followed by the same letter within a column are not significantly different at p<0.05 level based on
Duncan’s Multiple Range Test.
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Studies on the Production of Rice Hull- Chicken
Manure Compost by Utilizing Beneficial
Microorganisms and Bag Stacking *

Yi-Fong Tsai’ and Chein-Wei Chen®
ABSTRACT

The objective of this study was to develop an efficient method in the livestock
manure compost production. Experiment was conducted with A) no inoculation and no
cover, B) no inoculation and covered with nonwoven fabric, C) inoculated isolates
TCT111 (Trichoderma sp.), TCB10007 (Bacillus sp.) and no cover, D) inoculated isolates
TCT111, TCB10007 and covered with nonwoven fabric. The main raw material is rice
hull-chicken manure and the weight is 1,150 kg in each treatment. The results indicated
that the temperature of composts which received C and D treatment could rise to 60°C at
day 2-12 after composting, A and B treatment could rise to 60°C at day 5-10. And then,
the temperature of all treatment would lower to 50°C at day 21. There was no significant
difference in pH, EC, the contents of OM, N, P, K, Ca, Mg, Cu and Zn of rice hull-
chicken manure composts given different treatments at day 30 after composting. Among
them, the EC, contents of OM and N were decreasing and the pH, contents of P, K, Ca, Mg,
Cu and Zn were increasing during composting. At the same time, the C/N ratios of those
rice hull- chicken manure composts with A, B, C and D treatment with 16.0, 15.8, 14.5
and 15.1, respectively. The seed germination percentages of the Lactuca sativa L. and
Brassica chinensis L. were 83.3-95.0% and 81.7-100%, respectively, by using water
solution extracted from those rice hull- chicken manure composts (compost /water with
1:10 by volume ratio). The results showed that those rice hull- chicken manure composts
were closed to stable at day 30 in the composting process.

Key words: rice hull- chicken manure, Trichoderma sp., Bacillus sp., composting

! Contribution No. 0865 from Taichung DARES, COA.
2 Researcher (Branch Chief), Puli Branch, Taichung DARES, COA.
3 Assistant Researcher and Associate Researcher of Taichung DARES, COA.
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Fig. 1. A hypothesized phylogeny of taxa within the genus Echinacea (Redraw from Binns et al., 2004)®
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Table 1. Amplification conditions and primers for chloroplast genes used in DNA barcoding of Echinacea

Gene portion

Locus . Forward non-specific sequence Reverse non-specific sequence Tm
sequenced
ycf3 Intronl  Intron + Exon TGACAGATCACGGCCATATT TTAYAGAGATGGTGCGATTT 58
tmV Intron  Intron GAACCGTAGACCTTCTCGGTAA GTTTACACGYGCGCCAAT 62
pshB Exon Exon GGGTTTRCCTTGGTATCGTG TCTGGATCAATACCRGCAAA 60
petD-rpoA IGS AAATTCCAAAATCCMTTTCGTC AATGGAAGTTTAACYCCTAA 56
ndhB Exon2  Exon TCCTGAGCAATTGCAAGAAT  AAAGTCTCATGCACGGTTTTG 58
trV-rrm16 IGS ACCTTGACGTGGTGGAAGTC  TGAGCCAGGATCGAACTCTC 64

! Full-length sequences from Echinacea were nor obtained; exon/intron position was estimated from orthologus
full-length genes in closely related species Helianthus maximiliani.
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Table 2. Morphological characteristics of E. purpurea (Li.) Moench and E. pallida Nutt. var. angustifolia

Species Characteristics
E. purpurea (Li.)  Leaves: Basal leaves usually 50-100 mm wide (rarely to 150 mm), 200-400 mm
Moench long; cauline leaf 45-90 mm wide; leaf veins branched.

A :gﬁﬂﬁkﬁ ’ELT’B;E 50~100 mm> =" 200~400 mm> pHi# 4+ < V3% ’E‘”@ 45~90

m > BAEE A )

Roots: fibrous roots from a caudex.

(Lt L LR - )

Bracts: Involucral bracts in four series.

(B o AED A, 1 44 o)
E. pallida Nutt. var. Leaves: Basal leaves usually 10-50 mm wide, cauline leaves 5-45 mm wide; leaf
angustifolia veins almost parallel from a common origin at the base; margins of leaves entire;

stalked trichomes present on adaxial leaf blade and stem.

(o ﬁlﬁf (I 5 }If 10~50 mm ~ =59 8~12 cm s plid & K1/ BA, Eiyw‘ 5~45

mm > =55 7~10 cm o B EALEE] - AT 3 EEHEA ﬁlﬁ?ﬂ *ﬁ‘%a@ eyt

R %ﬂﬁ}ﬂﬁ , ﬁkﬁ ﬁ;ﬂT ﬁf&%b@ﬁﬁﬂ%ﬁ o)

Roots: Taproot branching or fusiform.

(L £02 L T TR AR - )

Bracts: Involucral bracts in 1-3 series.
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Fig. 2. The morphology of 2 species of Echmacea, in which E. purpurea showes wide adaptability and
can bloom in the first year (left), in contrast E. angustifolia grows slowly and bloom in the second

year (right)
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Table 3. The DNA barcode of Echinacea purpurea (L.) Moench and E. pallida Nutt. var. angustifolia.
For the species E. purpurea, sequences of each gene locus are fully listed, for E. pallida Nutt.
var. angustifolia, only the different bases are shown. Indel mutation is indicated by " - |

Species DNA barcode of the 2 species

Gene ycf3 intronl, 856 bp
Echinacea purpurea (L.)  GGGTTTCGTTCGAGCGCTCGAAAATAATATTCCAAAGCTTTCGTGTGTTCTCCGTTACTT
Moench GTGTGGATAAGTCCTATGTTATAGAGTATATAACTTCGGTCATAGGGATCAATTTCTAGT
CGCATAGCTTCATAATAATTCTGTAAAGCTTCCGCATAATTTCCTTCGGATTGAGCTGAC
ATCCGTTACGGTCGTCATTCAATTCAAAGAATCTCCGTTACAGAACCGTACATGAGATTT
TCATCTCATACGGCTCCTCCCTTATGTGCATAATGATAAAATGATAAAGAAGATGAAAAT
CTTCTCATTATGAACTGAGTAGGGCTAGTGTTTTTACAAGAAATCTCTAGCCAACCTTAC
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Species

DNA barcode of the 2 species

E. pallida Nutt. var.
angustifolia

TGCAAGAGATCTTTTCTTAACATCAAACGTATTGGTACTAGAGAGAAATGATAACTCCAA
CAATTTCTTTGTTCTCAACGCTTCCCAATTTCCAGAAATTAGTCACTTCAACAGCCTTCG
ATGGTTATACGGGTATCCAAAATACAAACGAGATGGATGTTTGTTGTCCCAACCATTCTT
TTAGTCCCAAGCCTGCTAAAGAAAGGGATAATTTATAACAAAGTTTTAGTGTTGTTGATT
CCTAGGTGTAGTGCTTCTTCCCCTCTGCTGCCTATTGGTATTCGTGTACTAGGATTGACC
TGTAATATCGAACCATAGGTATAACCTTTCGCTCAATACTAGAATCGAGAATTGAAACAT
AGCATCTGAGGCTGCATTAATCGAGGATACACGACAGAAGGAATTGTTCTATTTCCAAAC
TTTACCTTCAACAAGCGTAGATTTTTTTCTTTTCTTTTTTTCCCCATCACGAATTATGTG

TATTTCTCGTAAGACT

E. purpurea (L.) Moench
E. pallida Nutt. var.
angustifolia

E. purpurea (L.) Moench
E. pallida Nutt. var.
angustifolia

Gene trnV intron, 527 bp
CTTATCAAAATGATCTGAGCTGTTTCAAAGACCCAACATGCATTTTTTGTGCATTGGGCT

CTTTCATTAACTGATAGAAATATCAGCTAGTCCGCCATTTTTATTTTTGACAGAAAAATA
AGAAGATGGCTCCATGTGCTCTGAGTCATTCTGTTTATTCAGATTCAGGAACACTACCAA
AGTTTTTCAAGGGGGGTTATCTTGACGTAGGTCTGCCTCTGGCCTAGATtAACCTAAGTG

AAATGAAGTCTCTATCGCTCTACTTAAAAATCAAATATGAAACTTCATACACCTTAAAGT
TCATAGGACGAAAAGAGATTTTTTTGAGGCCCTGATACTCAGCCTAGCATTGAATAGACT
GGGTATTCACCTTATCAATATATCAAATCAATGATGGGGTCTGTTTGGCACCTAACTGGG
CACCTAAATCGGACCGAACCCTTGTCAGGCTATTGTTCTCTTCTTCCCTCAAAGTTATGG
AGTAAGACATCAATTTCTCAATAAGATCAATTTTTTTGATTGCATGA

E. purpurea (L.) Moench
E. pallida Nutt. var.
angustifolia

Gene psbB Exon, 937 bp
TGTGTCCGAAGAAGAAGAGCAAAGCAAATGAAGCATGTCCAAAAGTAAACCAACCCCTTG
GACTGCTACGAAAAACACCATCAGATTTCAAAGTAGCACGATCTAATTCAAAGATTTCCC

CCAATTGAGCGCGTCTAGCATATTTTTTGACAGTAACAGGATCACTATAACTGACTCCAT
TGAGTTCACCACCATAGAACTCAACAGTTACACCTACTTGTTCGACACTATACTTAGATT
CTGCCCTTCGAAAAGGAACATCGGCTCTAACAATCCCGTCTCCGTCTACCAAAACGACCG
GAAATGTTTCAAAAAAGGTAGGCATACGACGTACAAAAAGTTCACGGCCTTCTTTATCTC
TAAAGATAGGATGTCCTAACCATCCAACCGCTATTCCATCCCCGTTATCCATTGAGCCCG
CCCTGAATAATCCCCCTTTTGCCGGATTATTTCCGATGTAATCATAAAAAGCTAATTTTT
CAGGAATTTTAGACCAAACTTCTGATAAACTTTGATTTTCGGCTAACCCAGCACTAACTC
TTCTATATATTTCTTGTTGGAAGTATCCCTGATCCCATTGATAACGAGTAGGCCCAAATA
ATTCGATGGGGGTAGTTGCTGAACCATACCACATAGTTCCGGCAACAACAAAAGCTGCAA
AAAAGACAGCAGCGATACTACTGGAAAGGACAGTTTCAATATTGCCCATACGCAATCCTT
TGTATAGACGTTGGGGCGGGCGGACGCTAAGATGGAATAGACCTGCTAATATGCCCAAAG
TCCCTGCCGCAATATGATGAGAGGCTATTCCTCCCGGAACAAAGGATCAAAACCCTCCAC
ACCCCACGATGGATTTACAGATTGTACTTTCCCTGTTAGCCCATAAGGATCGGACACCCA
TATGCCAGGACCATACAAGCCTGTTACATGAAATGCACCAAA




48 Tl 18 L O PR A 5Y-

Species DNA barcode of the 2 species

Gene petD-rpoA, 652 bp
ACCGTATTTTTGATTGGTACCGCAGTGGCCCTTTGGTTGGGTATTGGTGCAACATTACCT
E. purpurea (L.) Moench ATTGATAAATCCCTAACTTTAGGTCTTTTTTAAATTGATTCAATTGTGAAATAAAATAGC
E. pallida Nutt.var. ~ ........... T .
angustifolia ACGACGTATGTATCTAGGGAAGAGTCGCTTCAAAGTGAATTCTCCCTAGATACATCTATT
CAATTAAATTATGAATCTATGCTGATTCCGAATATATGAATTGTCCTAAAGATTCAAAAC
E. purpurea (L.) Moench CTATTTTCGCCCCTTTTCTAAAATCTAAAAAAAAAGATCAAAAAATCCAATGGATTTAAA
E. pallida Nutt.var. ... ... —
angustifolia ACTGATTTTTCGGTAAATCAATTACAAAATTTTTTTCTAGAATCCCTAAAATTTGTTTGA
CATCTTCTATGCGAAAATGTTCCATTTTCATAAGATCTTCTTGACTGTTATTCAAAAGGT
CCAATAATGTATATATGTTGGACCTT TTGAGACAATTATAGATTCTGGGAGGCAATTCTG
ATTGGTCAATAAAAATCGATTTCAACGCCATTTTTTTTTTATTTTTTGTTAGTTTAGCCA
ATTTATCATAAAAGGTAAAAGGGGGTAAAGGAACTATGTGTTGATTGTCCTCTAAATTTA
AATTTTCTTCTTTGGTATGTAAAAAGGGAATCAATAAATCAATCAAATTCCGG

Gene ndhB Exon2 750 bp (Sequence of the 2 species are identical)
ATTCCTGGTATAGTAGATGCTATCACACATACAATCATACTCAATTCGATGGAATTGTTT
GATCTTAAAGGGGATCTTCTATAATTTCGCACGTGAGGGGTTATTTCTTGGTTTCGTCCA
GTCATTAATAACTTGATTATTTTTAGATAATAGTAGATAGAAACAACGCTTGTAAGGAGT
CCTATTAAAACCAAGAAATATAGGCCTGCCTGCCATCCACACCAGAATAAATAGAGTTTT
CCGAAAAAACCTGCTAGTGGAGGAAGACCTCCTAGGGATAAGAGACATAGGGCTAAAGAG
AGAGCCAAAAAAGGATCTTTCGTGTATAATCCTGCATAATCTCGAATGTTCTCAGTTCCG
GTACGTAGACCAAATAAGACAATGCAAGCAAAAGTTCCTAGATTCATGGAGATATAGAAC
AGCATATAAGTTATCATGCTTGCATATCCATCATTTGAGTCTCCAACAATTATTCCAATA
ATTACATATCCGATTTGCCCTATGGACGAATATGCAAGCATACGTTTCATGCTTGTTTGA
GTAATAGCAATGAGATTCCCCAATATCATGCTAAGAATAGCTAGGATTTCCAGAAGAAGA
TGCCATTCGTTTGATGAGAAATAAAAAGGAATATCGAAaATTCGAGTGGCTGAAGCTGAA
GCAGCTACTTTCGAAGTAACAGAAAGAAAAGCAACGACTGGAGTGGGAGAGTTAGAGTCG
AAAAGAGGATTCCTCACTTCTTTCTCTCAT

Gene trnV-rrn16 298 bp (Sequence of the 2 species are identical)
ACTTTGACGGTGTGAAGTCATCAGTTCGAGCCTGATTATCCCTAAACCCAATGTGAGTTT
TTCATTTTGATTTGCTACCCCGCCGTGATTGAATGAGAATGGATAAGAGGCTCGTGGGAT
TGACGTGAGGGGGCAGGGATGGCTATATTTCTGGGAGCGAACTCCGGGCGAATATGAAGC
GCATGGATACAAGTTAGGCCTTGGAATGAAAGACAATTCCGAATCCGCTTTGTCTACGAA
CAAGGAAGCTATAAGTAATGCAACTATGAATCTCATGGAGAGTTCGTCCCTGGCTCAA

R L B HARPILSCHL [N > 1 {1 £ HI -] (Invert Repeat, IR)
P22 Bl S AR 0] ATRE SR P> SITLSCRA daf i {5l s IR 6 i = FUp 13
5 BURIE IREL B IR I e (7 B PN AR S (A BRI Y T 2 BL B (Single copy) © 27
LAY e MG LR A4S ¢ /MTER (InDel) fi 5L & ¢ petD-rpo AL [N B > 5 &
Transition/Transversionfi 515 kL4:2 (F< 1) >+ [T £ 5 A RL P = ot o 101 L i @
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Table 4. Plastid gene regions as DNA barcode for 2 species of Echinacea. Plastid genome of Helianthus
maximiliani isolate MAX17 (GenBank: KF746383.1) was employed as reference sequence for

alignment
Locus Total alignment bp InDel  Transition/Transversion Sequenced region corresponding
(variation) to reference accession
ycf3 Intronl 856 (1) 1/0 43244-44098
trnV Intron 527 (2) 2/0 50883-51407
psbB Exon 937 (1) 0/1 72316-73258
petD-rpoA 652 (3) 1 11 77047-77691
ndhB Exon2 750 (0) 03343-94092
trnV-rrnl16 298 (0) 98993-99280
Total 4020 (7) 1 4/2
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The Differences of Morphology and DNA
Barcode in Two Echinacea Species®

Yuhsin Chen?, Hui-Chuan Hung®, Jeng-Shu Wang” and Chyan-Fung Mao’

ABSTRACT

In this study, the morphology of the two commonly used medicinal plants Echinacea
purpurea (L.) Moench and E. pallida Nutt. var. angustifolia was compared. Selected
plastids genes of the two species were cloned via PCR and sequenced to compare their
differences. The primer pairs that yield clear bands including ycf3 Intronl, trnV Intron,
psbB Exon, petD-rpoA, ndhB Exon2, trnV-rrn16, which are located at LSC and IR (Invert
Repeat) region of plastid DNA. After sequenced, the results found that genes located at
LSC region yield more DNA variation than IR region, that can be used as genetic barcode.
The sequences of the 2 species were blast with NCBI nucleotide database, in which wild
sunflower (Helianthus maximiliani) (GenBank: KF746383.1) was the closest related
species in the database. In the study, it sequenced 4,020 bp which accounted for 2.66% of
chloroplast genome. DNA barcode differences of the 2 species varied 1-3 bp at the LSC
region including Indel. For the locus ndhB Exon2 and trnV-rrnl6 at IR, their sequences
were identical that could not be distinguished. The locus sequenced in this study could be
used as their DNA barcode.

Key words: Echinacea purpurea, E. angustifolia, chloroplast gene, plant
authentication
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Tab le 1. Plug size and seedllng age treatment design for organic head lettuce seedling production

Treatment Plug size Seedling age (weeks)
A 288 - celled plug 3
B 60 - celled plug 3
C 60 - celled plug 5
D 60 - celled plug 7
E 128 - celled plug 5
F (CK) 128 - celled plug 3
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Table 2. The growth characters dlfferences in treatments of plug size and seedling age of head lettuce at
transplanting stage

Plant Stem Leaf Leaf  Shoot Root No. of Shoot Rootdry
Treatment' height diameter length width fresh wt. freshwt.  Leaves dry wt. wit.
(cm) (mm) (cm)  (cm) (g/plant) (g/plant) (No./plant) (g/plant) (g/plant)
6.0bc>  3.7d 57bc  2.6bc  0.57c 0.27e 4.3c 0.07c 0.03d
7.1a 5.0b 6.70  3.6a 1.30b 0.78¢c 4.7c 0.15b  0.07c
6.4bc 49bc  6.0bc 34ab 169 1.29h 5.7b 0.18b  0.14b
9.0a 7.1a 8.0a 4.0a 5.14a 2.67a 7.1a 0.50a 0.30a
4.2d 3.8d 3.6d 2.3c 0.63c 0.49d 5.3b 0.08c 0.06¢
5.6c 42cd 5.2 2.5C 0.63c 0.36de 4.2c 0.08c 0.03d

TMUOO @ >

1 The codes of treatments see Table 1.
2 Means separation within columns by LSD, at P<0.05.
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Fig. 1. Comparisons of plug size and seedling age
on organic head lettuce at transplanting (A)
288-celled plug, 3 weeks; (B) 60-celled plug,
3 weeks; (C) 60-celled plug, 5 weeks; (D)
60-celled plug, 7 weeks; (E) 128-celled plug,
5 weeks; (F) 128-celled plug, 3 weeks (CK)
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Table 3. The seedllng quality dlfferences in treatments of organic head lettuce

Seedling quality

1
Treatment Seedling index G value
A 0.76 4.29¢?
B 0.58 10.60b
C 0.54 9.00b
D 0.89 16.33a
E 1.04 3.86¢
F (CK) 1.09 3.00c
L2 Same as Table 2.
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Fig. 2. Relatlonshlps between G value and head fresh weight of organic head lettuce
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Tab le 4. Effect of plug size and seedllng age on the characteristics of organic head lettuce 4 weeks after
transplanting

Plant Stem Leaf Leaf Shoot Root No. of Shoot Rootdry
Treatment' height diameter length  width  fresh wt. fresh wt. ' dry wt®  wt?
Leaves
(cm) (mm) (cm) (cm)  (g/plant) (g/plant) () ()

18.6c> 21.9bc  18.5c 19.8b 102.7b  4.77c 12.9ab 5.56b 0.37c
22.6a 26.8a 21.0ab 23.8a 190.8a 7.60b 14.4a 9.42a  0.60b
21.6ab 24.6ab 21.5a 23.7a 169.5a 6.51bc 12.8ab 8.73a 0.47bc
21.9a 24.9ab  21.0ab 23.3a 189.9a 9.82a 13.8a 9.36a  0.80a
18.2¢c 20.2¢c 18.4c 19.0b 93.9b 4.71c 10.6¢ 5.00b 0.33c

F (CK) 19.4bc  20.7c 19.4bc 20.9b 109.2b 5.46¢ 11.9c 6.10b 0.46hc
12 same as Table 2.
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Tab Ie 5. Effect of plug size and seedllng age on the growth of organic head lettuce

Plantheight ~ Stem diameter Outter Head fresh wt. Leaf length  Leaf width  Bolting

1

Treatmentt " em) (cm) © (cm) e (%)
A 16.4bc? 51.2c 829c 25.3 28.9 0
B 17.6ab 56.9a 1,108a 27.4 28.9 0
C 16.4bc 54.8ab 1,143a 27.4 29.8 0
D 18.8a 55.3ab 1,129 26.8 26.9 15.6
E 15.8hc 52.8bc 969b 27.0 29.1 0
F (CK) 15.5¢ 53.8abc 980b 26.8 29.4 0

12 Same as Table 2.
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Tab le 6. Effect of plug size and seedllng age on head characteristics of organic head lettuce

Head height Head diamater Head fresh wt.  Nitrate content  Total soluble solid

1
Treatment (cm) (cm) © (mglkg) “Brix (%)
A 13.0c? 14.2d 758¢ 2,267d 4.3cd
B 14.8ab 15.9bc 1,077a 3,892¢ 4.7ab
C 14.8ab 17.7a 1,143a 3,567¢d 4.2cd
D 15.9a 16.7ab 1,075a 5,900ab 49a
E 13.6hc 16.0bc 938b 5,275b 4.1d
F (CK) 13.8bc 15.2cd 917b 6,975a 4.5bc
12 same as Table 2.
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Effect of Plug Size and Seedling Age on the
Seedling Growth of Organic Head Lettuce *

Chen-Yang Tai and Yi-Fong Tsai

ABSTRACT

The objective of this study was to investigate the effects of different plug sizes (60,
128, and 288 cells) and seedlings age (3, 5, and 7 week-old) on the growth of seedling
stage and after transplanting in organic head lettuce cultivation. The results indicated that
the 7 week-old seedlings cultivated in 60 cell plug tray had better horticultural
characteristics such as the plant height, stem diameter, leaf length, leaf width, shoot fresh
weight, root fresh weight, number of leaves, shoot dry weight as well as root dry weight
than other treatments. Using absolute growth rate value (G value), which was an optimal
index for evaluating quality of plug tray seedlings. The G value showed close relationship
with its head weight at harvest. In conclusion, 3 to 5-week old seedling planting in the big
plug tray (60 cells) was the most optimal treatment for nursing. The head weight could
reach to 1 kg at harvest. Besides, 15.6% bolting would be occurred if the seedling age was
older than 7-week. Although, 3 week-seedling planting in 128 cell plug tray had low
production cost, however, their growth was significantly poorer.

Key words: organic cultivation, head lettuce, plug size, seedling age

! Contribution No. 0871 from Taichung DARES, COA.
2 Associate Horticulturist and Researcher (Branch Chief), Puli Branch, Taichung DARES, COA.
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