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A BRI A LR R = DR = 5T E N Cucumis melo L.) (SkEHAKA 2 2 SR)ER S ME
s\ Es > JE 58 (Klasmann peat) /|8 1% (1)Basesubstrate recp.413 ~ (2)Basesubstrate recp.414 2 (3)
Baseubstrate recp.612 ° 3 fl)E R EAME MR —F

TIVBEHIERG R TR AR 62 em ~ 18 em f¢ 18 cm - BTG 2 MRITEE N4t - HIRHE 3 18
TEEER LR » YRR IMERBHIK 5 om B(EAESR 290 gz (D)EPEEEHLFEH) - (2)
BRI BHENE(FL) K Q) A AL - sl 4 — R E R B &R - DI EEPT - il —3% -
WEEEE ~ WHELES KA TR TR TERIEC - IR - Bh ~ 88 - 85 - 8 - 8 - & - $F - 8
W RSHEZ &9 H A 10.2%~ 1.7%~ 14.0% ~ 9.9% ~ 1.5% ~ 91.4 mg/L ~ 2,436.5 mg/L ~ 91.4 mg/L ~ 2,436.5
mg/L ~ 30.5 mg/L 2 6.1 mg/L  JE7/\FEIE 12 KNS HSMHEESEK 395 mL ~ EHE 12-14 X
SHEREE 493 mL - EFE{R 1525 REHEREESER 658 mL ~ EE1% 26 KEBRULHT 20 X
FHEMWREEZER 987 mL - FRULAT 20 RFFFEBEBE ZE W RS E R 4.2% 1.7% - 23.0%
B LS%IMMETT R EB]AE  FHEMMEEER 658 mL- & H L4 11 BF RN 4 RS K -
RGO R AER A S HIHEKR - FHEWEER HEMEE 14 XN » €200 mL - EFE{& 15-25
K& 400 mL > TEFEZ 26 EERULHT 20 K4 600 mL » BRUTHT 20 K&J 400 mL - JFE7HK L 2022 49
H 30 HZEM - A 10 H 16 HR 12 A 13 HPFEEER & - "REWNE » W00 12 A 28 HERICRHE »
FERERE  RAE - HHREE - RAER R - SERECRE KA T8 —E 28R #ETTR
- VAN= Ay I

w1 AR R ER

Table 1. Characteristics of three peat-based media used in the experiment

Particle size Air Water Dry pH Salt level
Media distribution capacity holding matter (1:2.5)
capacity
(mm) (%0) (%) (%) (g/L(1:3.6))
Basesubstrate 413 0-5 8-12 78-82 <10 6 <0.2
Basesubstrate 414 0-70 25-35 55-65 <10 6 <0.2
Basesubstrate 612 0-25 25-30 60-65 <10 6 <0.2

N RRNEEPEMRBZ KBRS M

SRR B R P HERE(1: 10 KBER A B UHIE pH K EC - Bidh 2 S EIBECEAE - §H
EhsEE &Y S0 KGR HIE (Sherwood flame photometer 410) » 45 ~ $ K f & 7o 2 HIl -
Wz UKL 4 (Hitachi Polarized Zeeman Atomic absorption spectrophotometer Z-5000)4534T
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HE AL R B ST DU I R B SO B i > R B A - B - 87 - $5 8% - TitRETT
ZH ~ 5 SERERAILL TN RS R FE 1% DUR TR O AT -
s ARETOMR

LISAS Enterprise Guide 7. 1#RAS #7475 37 > LLLeast Significance difference (LSD)A#EfTLLER >
PRI REFR R AR L AR 2 72 52 (p<0.05)

FEER BT AR
— IR EEA M

Al Z WS B HERE Ry DA EL AR FEFRIBR NS Ry 28E - 0 iARI0 25%05E(FH) & S%ISE(FL) » K
B TR AR » R0 25% 2 WS EHERD(FH) Hlkin E ~ 97 - 8 - SRR AR MEa 8
EC [HERIBREESS > IREZEEELY 13.65% ~ s & 0.09% ~ #1E3E 0.01% ~ $55 8 0.26%IM 55
® 007% - BREERI > HitES &R ERECEEREGAEY BRI 25%08E K
ZEEARERIIER > ZEEEICRL TR S BRI - 087 - $5 RS EBORN S%INT 2 H
FEFLYE - i@ PR E e el 58 -

A 5 mAEREN ZKEEEN(LIOMR=Frr > BRES SRR - DS E 2%
WJEfR 413 §5a Eam i 612 55 Bl Al RE LR SR A e a I E M S BBk iR (H 2 R ITE A [EIFr
£ Hrp DUHSETE R (414 K 612) 2 $5 2 ERy(K - FH AL HGuit 1 - 8k ~ $r R e BRE SR FL
HERE - T FL HERCHRHERIR - #7 e BRs - FH MR P BARSAME SV i
T ST - {RBEATABAZE » B sl T iR S I A LB A B PR R oD > oy
RERILAEEL FH HERC 2 B EAR R FL ALK o [y FL HEAC 2 S T REEE - Sea B LlE
FRAETT T A = R Z B AR

T MR (E © BB E ORI T
Table 2. The pH + EC and elemental nutrients of compost FH and FL

Compost pH EC N P K Ca Mg Cu Mn Zn Fe C/N
(dS/m) (g/kg) (mg/kg)

FH 6.8a' 5.9b 38a 7.8a 18b 25a 8b 470 216.7b 1653a 928.7a  10.3b

FL 6.5a 6.7a 33b 8.7a 23a 26a 10a  7.7a 296.7a 167.7a 976.7a  11.6a

'Significance in comparison at P < 0.05 (LSD test)
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Table 3. The pH, EC and water soluble nutrients in different materials

Material pH EC NH,” NOy P K Ca Mg Cu Mn Zn  Fe
(dS/m) (mg/kg)

413 52abc’ 03¢  683c  663c  120c  89.7c 3043c 41.7c 12b 0.5cd 2.1b 11.6b

414 46c  03c 663c  66.0c 37¢c 193¢ 1627d  197¢  09c 0.8c 0.8c 4.4cd

612 49bc 03¢ 157.7bc 165.0c 6.0c  187c 413e  6.0c  07c ND 0.04d 2.1d

FH 6.8a  59b 2342.7a 2467.7b 3306.0a 11692b 626.0b 778.0b 1.5ab 5.la 3.9a 20.0a

FL 6.5ab  6.7a 279.0b 4115.0a 1695.0b 16637a 779.0a 11053a 1.6a 3.4b 2.0b 6.0c

'Significance in comparison at P < 0.05 (LSD test)

- ABMEMKEETRE

ARMEFIIZER MIRARIUFTR - BL 3 U RF RIS TIE 2 S PRI > &
FR REARRES - DL 413-FH BE S 413 BRI 612-FH BE St 612 I - FERA]
P2 EMERR M ER A EHEAC SIS 2 2% > 41413 ~ 413-FL J 413-FH SSE25 > it
Hh > LEEZ 413 ~ 414 ]2 612> DL 612 pridH 7 B R LR St 413 F 414 < R E/AERRINZER
MHIRAFL TR > L 413-FH 23R RIE R REERE R 413 Rl - ERRAERILL 414-FL
CHEEE S 414 BRI - REDEREMILL 612 23R BRERBE ST 413 « HE/NERILHT 15 X2
FEER MR PRICR B E B TR i - R R R B R S B 7 R A SR (2
R (E 0.002842) - WfE—FrR > B ARG EZE 2 275 -

R~ EENVEF TR MERTEE

Table 4. Leaf characteristics of muskmelon at early growth stage among different treatments

Treatment Leaf length Leaf width Petiole length
(cm)

413 25.3bc! 25.1a 21.2bc
413-FL 26.8abc 26.4a 20.8¢c
413-FH 28.4a 28.3a 21.8abc
414 25.2b 25.3a 22.2abc
414-FL 24.8b 26.2a 23.8a
414-FH 27.9ab 28.1a 23.3ab
612 25.1b 25.5a 24.3a
612-FL 26.8abc 27.2a 23.2abc
612-FH 28.8a 28.4a 24.0a

'Significance in comparison at P < 0.05 (LSD test)
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Table 5. Leaf characteristics of muskmelon at late growth stage (15 days before harvest) among different

treatments
Treatment Leaf length (cm) Leaf width (cm) Petiole length (cm)
413 25.0b' 25.2¢ 24.2bed
413-FL 26.7ab 29.8ab 22.8cd
413-FH 28.5a 28.7b 23.0cd
414 27.8ab 27.5bc 23.0cd
414-FL 27.8ab 27.7bc 27.2a
414-FH 29.3a 30.2ab 21.8d
612 27.3ab 28.8ab 24 .2bcd
612-FL 28.8a 32.0a 25.5abc
612-FH 29.5a 30.02ab 26.3ab

'Significance in comparison at P < 0.05 (LSD test)
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Fig. 1. Regression analysis between muskmelon leaf width and fruit weight on the 15 day before harvest
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AGERIE A [ E M A S O R T HE A = PR R IR (FH) BRI R IR (FL) Z HEAE - H
REMWIRRENRAFR » ERMAPP BRI Z RO T - 5 VEER 3 FJER 413 ~ 414 & 612)
ZHRE - RNE - REHERE ML S EEE AR 2400 EHEREVER R A EHER > Al
HARNREEEELLE > W1 413 JeRRAK FL K 612 JeRiAsHK FH Al it s R EE
= Al 19.1 % 18.8 % °

AT BN R AR T Z EE DA [F] - 2 B E - WA AR Fes 3R sh e Bl B T 2 &
SEpIEREEYIRSLER > HROME - s SRR T 2 tE Bl K 10:90 B2 25:75 W EEE
HeINEE & LR 50:50 Algrke(Ris R Y WIFEESEMT S - & Sl 7 By Be it 7 > LBk 25:75
HAHERA  MIREZE 50:50 BIGIIHIFFERRIER © sl T nyRefiE - 2 LhBl Ry 25:75
FTSIRR £ 88 2 iR R e | Y o AGBR Y R IR BB - S LA
R E > BN FH HEACCR R T B B R T 2 B o ELEAT B 0.95) Iy Bl 2 S T8 &
£ - {EE A FL $ERCRISE s fh e SR e R A PR (sl T B R AR T 2 By EL(E M R 0.07)(FR
=) 0 SRR M E B TSRS EIEEE - A1 413-FH BRHEAH > S TS /y 413-FL jRHIH >
3.2 {% ; 414-FH prHeH 7§78 7RIS fy 414-FL RIEH 2 3.8 (&1 612-FH peHeH 7 s TR &y
612-FL R4l 7 5.1 & - A1 i T8 0 e e IV ORI [FJR R/ M E T 52 - AR
JRRERERY 413 /1VE > BN FL HERE nliem BAR & - FRAES 612 /B RILUREA FH HERS a]iem B
RE > ARBERFRSHRING E 2P EHEEEH N MEIER@13) : e T EraE
Z FH PIEHEREEE A O E e (612) - Al E NER -

AIABTFEEE R - HRFEAEA [ SECRRIE T - i FH S5 S S ARG 8 B T S SRR PSR T S8 AR
AR AMEHRERRE T - SRS R E SR AL REFEZR  ERAMERR M -
A EEEY o 4HEHT 413 JRR 1V R E M 612 R NEEMEEKSEH T - HME AR SR
BAAE > W AR A S T M BRIy R st - et - AR AL E %
e HFEAHREE > RO [ELJE B HC R (R S B e iR 7 LE B 2 = R
SRR VRN A EE e R > 8 > #ELUGST FH HERDRE A PRS2SR, 612 B > EE
eIt EREEE TS R RN T -

ASER S B REFEE SIS R SRRt R EEREAI IR A SREER
JIREAE R B e S 4 414 BiL 612 B i AV ET StJE e > HC SR SR B B » I AL 413-FL~414-FH ~
612-FL Jz 612-FH 2 BSREE Ay iifa Y 414 JVE SN0 6-17% > HLLL 612 Jefe /BB ECR A FH
FeHAH  BURE R - BURR e AR e M E R A FH PIEHELA BN stk &R 2%
HINER -
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Table 6. Fruit characteristics of muskmelon among different treatments

Treatment Fruit weight Pulp Pulp Fruit Fruit TSS Relative
weight thickness length width fruit
weight
(€3] (2 (cm) (cm) (cm) CBrix) (%)
413 1886.5d' (100%) 1727.9d 4.0b 15.2d 15.2¢ 13.7a  89.4

413-FL 2247.5abc (119.1) 2043 .4abc 4.9a 16.6abc  16.0abc  14.3a 106.6
413-FH 2172.8bced (115.2) 1984.6abcd 4.8a 16.2abc  16.0abc  14.0a 103.0

414 2109.3bcd (100) 1920.3bcd 4.7a 16.1bcd 15.6abc 14.4a 100
414-FL 2012.7cd  (95.4) 1837.3cd 4.8a 159bcd 15.4bc  14.3a 95.4
414-FH 2236.2abc (106.0) 2043.0abc 4.8a 16.7abc  16.0abc  14.4a 106.0
612 2076.3bcd (100) 1938.2bcd 5.1a 15.8cd 15.7abc  13.9a 98.4
612-FL 2345.5ab (113.0) 2152.3ab 5.0a 16.8ab 16.2ab 14.7a 111.2
612-FH 2467.3a (118.8) 2255.5a 5.0a 17.1a 16.4a 14.0a 117.0

'Significance in comparison at P < 0.05 (LSD test)
“Percent of control

CERBESON

FEINREREHZ BAEE R & rtrindt - Aakls 413-FL K 612-FH BRI 7 5 B
FRESHIE 413 K 612 R4 - Horb 413-FL @R o] 413 BRHIAH NS R $E g & o hfE
REER 558 R 458EEE 5 612-FH FRIRAHATE: 612 FRERAAIGNIEE F B - $R a8 R EE5Et - MR (RE
R85 R -

HERES RIS AR WA E 2 AT > Q57 A58 33 Hoagland )R FHYEE
B Ry 100% A BEEHE 75% SR FAH R M 68 TR A R BRI E R 2 B IR s R B S 1
WE50% SRR EAH S 7 ~ %~ R EARUHEE RS R  CAERER - ERHHE S E
KER WEFEETEY  BREEFSERET AL A e BEEE ERYEeR - AR
BUNE R NER §58EE0 104 4-4.7 HE R S & 8 RS R HAH i e 2R SRR E SR U swad - B
A 2 EFRFAEERA T - FTEIZ I IIE S A EER LM Steiner nutrient solution WGHE = FRE 2
9 mM 5 11 mM S[EERH 7 mM #REEEESEEET  HHETERP SR L EEE
1.8:1 AT B AE NER D 414 B R EHA > BER By a8 IR B E T B R B B -
W1 414-FL JRIR4HER 414 JRIAH rIE SR S B RER 528 HEEE N EEE M
B - BERAE SREUR » TER R SRR M ERAFRCH BN AEIE SRR NER R E' S
a8 BhEeREEEC AN -
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Table 7. Leaf nutrients of muskmelon among different treatments

Treatment N P K Ca Mg Cu Mn Zn Fe N/ K K/Ca Ca/Mg

(%) ) ) ) (%) (mgKg) (mgKg) (mg/Kg) (mg/Kg)

413 239ab' 0.39c 32bc  6.5ab  1.lbc  468.0ab  64.0cd 102.7bc 1253b  0.75a  0.49bc 5.8ab
413-FL 2.53a 0.43bc  3.6abc 6.0cde 1.4a  540.0a  68.7cd 108.3ab  259.0a  0.71ab 0.60ab 4.4e
413-FH 2.48ab  0.40c  3.6abc 5.8d l.1bc 564.0a  88.3c 12632 2153a  0.70ab 0.62a  5.lcd
414 222b  0.43bc 3.lbc  6.9a l.1bc 474.7ab  42.7d 89.0cd 1113b 0.72ab 043¢  6.2a
414-FL 2.37ab  0.53ab 4.0a 6.3bcd 1.1bc 447.3ab 57.7cd  92.7bc 107.76 0.60b  0.62a  5.5bc
414-FH 223b 059  3.lc 6.8ab 1.0c  436.0ab 65.0cd  71.0d 113.0b  0.73ab 0.45¢c  6.5a
612 2.41ab  0.40c  3.0c 6.4bc 13a  380.7b  2833a  96.0bc 13176 0.80a  0.47bc 4.8de
612-FL 2.52a 0.44bc 3.6abc 59cd 1.4a  463.3ab 234.7b 105.7bc  121.3b  0.71ab 0.60ab 4.4e
612-FH 2.58a 0.52ab 3.7ab  5.8d 1.2ab 433.7ab  248.0b 101.3bc  132.7b  0.72ab 0.63a  4.7de

'Significance in comparison at P < 0.05 (LSD test)

AR TEENSE

ABRR M EES TR/ HETEREA B - SEERS T EEEEE A
413-FL 5 413 & 5 612-FL B 612-FH 5 612 &  414-FH AIEZ 54 414 /08 o Ji [ FH HERR o] 8%
TefE /I E SR TR IR PRI EHENE Z By R SOl A MR BHERE B mle S /M ok
e MitETREBILASK -

=/ R ElRE - EEEE KSR D T

Table 8. The pH, EC and water soluble nutrients of different culture media after harvest

Treatment pH EC NH,* NOy P K Ca Mg Cu Mn Zn Fe NH,
/ NO3

(dS/m) (mg/L) (mg/Ll) (mg/Ll) (mgLl) (mgLl) (mgLl) (mgLl) (mg/l) (mg/L) (mg/L)
413 59bc' 1.8cd 56.0d 2753d 96.3d 14843d 59476 110.7d 0.7d  09b  3.2bc 3.0b 0.20

413-FL 6.7a 29ab  114.0d 631.0b  848.7bc  3887.0ab 413.7b 263.0b 1.0cd 1.3ab 3.7bc 4.3b 0.18
413-FH 6.3ab  23bcd 364.0c 689.7b  816.7c  2890.7bc 421.7b 284.3ab 1.2bcd 1.6ab 3.3bc 6.7b 0.53
414 58b  2.7abc 58.0d 3053d 75.7d 1949.0cd 1812.7a 2453bcd 09cd 2.4a  3.1bc 3.2b 0.19
414-FL 6.7a 3.0ab 128.7d 780.7ab 1037.3ab 4485.0a 424.7b 404.7a  1.6b l.6ab 14d 42b 0.16
414-FH 6.4a 3.6a 4873b 976.3a  987.3abc 4101.7ab 625.0b 348.7ab 1.lbcd 2.5a  2.6bc 7.5b 0.50
612 4.6d 1.6d 91.3d 198.7d  87.0d 1150.0d 544.0b 120.3cd 5.2a l.6ab 7.5a 69.7a 0.46
612-FL 6.3ab 29ab  133.3d 804.3ab 1151.3a 4009.7ab 311.0b 359.3ab 1.0cd 1.5ab 3.1bc 4.8b 0.17
612-FH 6.4a 3.5a 675.0a 970.7a  1020.3ab 4048.0ab 393.3b 252.3bc 1.4bc 2.1ab 4.8ab 10.5b 0.70

'Significance in comparison at P < 0.05 (LSD test)
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Influence of Feather Compost Surface Covering
on Different Peat-based Media on Muskmelon
Production’

You-Hong Zeng > and Ming-Chich Hsu *

ABSTRACT

In this experiment, two feather composts including low feather-contained (FL) and high feather-
contained composts (FH) were covered on surface of different peats to study their influences on
muskmelon production. Compared with FL, higher nitrogen but lower potassium and magnesium contents
were found in FH. The ratio of ammonium ion/nitrate ion in FH and FL was 0.95 and 0.07. Under the
condition of dripping the same chemical nutrients, muskmelon fruit weight planted in the peat
basesubstrate 413 (413-FL) with surface cover of the FL was 19.1% higher than planting in the peat
basesubstrate 413 (413); muskmelon fruit weight planting in the peat basesubstrate 612 (612-FH) with
surface cover of the FH was 18.8% higher than planting in the peat basesubstrate 612 (612). Among
different treatments, the heaviest fruit weight of muskmelon among the different treatments was recorded
in the treatment of 612-FH as 2,467.3 g. The TSS of muskmelon fruit among different treatments was not
significant different. Higher leaf magnesium and iron were observed in the treatment of 413-FL compared
with 413; higher phosphorous and potassium were observed in the treatment of 612-FH compared with
612. In this experiment, high regression correlation between the leaf width at 15 days before fruit harvest

and fruit weight were found, that could be used in predicting muskmelon yield in future.

Keywords: muskmelon, peat, feather compost

! Contribution No.1067 from Taichung DARES, COA.
2 Assistant researcher of Taichung DARES, COA.
3 Technician of Taichung DARES, COA.
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i (Curcuma longa) By T R ENEH R (BsE el & - RERSEEREA
SRENIMAS « PrEgsk ~ PLAb ~ MHER SRR - AUFeicaT Bim M B s

KGUAERIT Z 23 - EhstEate it iE S HEE R e R E By CSTBL/6 dh AN ARRER &
aBRAH T A R0 0.2% B 5 K LA 25— (Coix lacryma-jobi var. Ma-yuen)HUf{ 20%
= AE B E R G REDRE A 0.2%E 50l 1L T (simvastatin) S8){F R IE ¥ IR4H > 1E
HEECRAE Rfzeilal AT B4/ NRIMURE - FPBRASE BT B DhRERT AL - &ERBUR - NI
A R A B PRI RS B - D0 S FE = B ] B3 G 2 I B = B H
B > A = e = R G A e R S B RS AT ~ HT AR RS ~ BTt =B B s B (AT
B & o B RETIREfEEr o AR ERE PR RIS T IR R EHRIE - S5/MER 2Rl
CHRIIE & S B =S R S IHIE A AT & - SRBURRE LG AR
WEEAEAR - NS - EERAVh EAREMAE - SEEirzig > BAH
Fr% Ryl s Ao AT e i 2 VB ST

RS | E=E - AT - SFEME - KER
H &

FTAEA > (R BB VR RE N BECREAVRATRIE 2R PN I > MRSt R AR 4H R 5T
E197SEELISR » S ERAERE A B I T FRIA5CY » 20164F » 18755 K LA EAYRAE AEEE A CIHEE 19(F
A o EilBime. 568 A B HERE 5 #BIB3.4(55- 1955 R BRI S/ DM EEIRE - IEREES AT RES [RESF
ZFEHE - ISR MARE - SE28UHEPR % (Type 2 diabetes, T2D) ~ JEFFE M AAHT(Non-alcoholic fatty
liver disease, NAFLD) ~ (MR %EY » R EHFEREIG MG S5 A EAE T - TA%E SR AR
MRS FEH M IETIETEREAIIT 2 RIFEZ VIR A - HMES AR B A RS E IR F & - ]
BE EE A S S % FACHNE (L o RIS 1RSI FT It Hs E (RS E BFT i Rk - B RTTVA BECR /D
| e e ch [ R RIS 1035 SERTSRIRGS -

2 pren s ch g B ST EUS RIS S - BERISE S -
S BT AR A SR B A T (TSR AR B TR ~ 5 MEIEE
4 R R
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AUERPRACEREET - THEROAT ) S R THTEE(L ) o eI SRR ERT % AT ESEAER Y
15 LR 25 5 252 ECBh AR S5 IR B AL A0 e Cops > 8 T 25 S8 BB Y i R RS R R - A 00 1L B R
(Cardiovascular disease, CVD)fY T Z BRI ZE"" « RALHEI T H > FEREE E A R R — 1 —
HEACBIRMER A HRE « K BRI SET  Gres R EFEIVE e s K TEP R E R
HIT D AR A S BRI R S H

B (Curcuma longa) » FyERIEwEEY) - HRSPTE RS Cl R BT T 2R 2
— > FEEM B » T - SN R (A aYIHEE - BRI FIF AL
By ELith T EE > A7 (A EL f i I AC ARG % ~ BAKIOR ~ WK BP0 ~ EURSR - SEREY -
RN E T#aFR ) i - TR T ERE I8 B 0VRHEEY -

B R E AR T E I PR R AN E R R - —ECE SR P RRIUSERYR
REMEZ YIS - BESTHEERZEIEAL S T HIRELEER 2-6% - HEFEE 2 (Curcumin)
e - F & R B 5 2% (Demethoxycurcumin) ~ %2 FH 45 FL B2 75 22 (Bisdemethoxycurcumin) &8 = f& F B2l
5y SHEICEEE R PFHSLLE RIS R80% ~ 18% R 2% « EERRILHBZ EEEER -
AEREMAF? ~ JiEdE - HrE R - UEARORIREE(ECY « SEATCSY « M IRk MRS BRI
B S s g 22 b R RO EE S Y - BT B E MR AT RE
B > flilAggarwal X SR T EEEREEZIN S th BA T R BbyEsR” » ’Hities
RHERE » B S EE RS S ST SR S0

PRT PSR - S RENEERERITE(E 2 DB ER st B a2 B i ERs > 1
FEJREE AT Sy EAERT 2 A B B T S A Besg "> - Bl Dorai %Y UK A BRI IR (R e T3

B GT2% RN AR R TROER - 3 v R EEERER > REEAREL BERR
(10-30uM) AT {16 = B L AR EGFR > 3235 » MMM (R AR E 1000 5 S N A i i 47 4 e
(NSCLO)#Y4HAEEER T - PA10 pMEfsE 2R FRAIAE AT HITRIEGFRAVIEEE (L - BT 4L S gefitinib It
FA T AT LA #ENSCLCARRI A T2 » LLAS49 FH226fi e ARk o bkt » BEBERAES, 10, 20 pMEjE

FEE T AT HIHINS CLCAHE %27 R s ™ » L BB R (Cs0) 7371 519.71 %30.88 uM » #58 Fy T ki
FEPRRCEE G © B H L B A RSENSCLCRE M Z BUR - DIE S IR B AS49 K H12994]
B3 R A% PR AR T - SEEGER R 480 pg/mL OV« Sx S ETANIRITE - B8 R B R IER
ZE 7 RIS R o WA R AR SRS & ] - £ 2T A > Chainani-Wu [H]gH
1966-20024=HAfI 6 A B st it R BOR"Y - 45 H LR B 5 28000mg > i &3 (0 A 1% - £ AT
TAHRR R A 2 RACHE - MR ARIZAVITR RIFM > e EREEEH - Bt Bna et rd
Mt -

EEEEERCAWNE SHREL - R AR » —BHAR S DEA [F B s ik = i
TR MEE - BB T E 2 R D i - SR REtEE LT > 22 EEHEREFL 200
%300 AEY - NEHSEEEEE RN AR BRI > SAEESERBS 6 A1 -
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Akl B R M - (EHBEESER KR KRN EER eV R E - iEiE
B MVRHEE K ATHEREE 22 8 EfTRTAAERY) R DU R AR RGATETY - WA B ThRe L T i &
FZegtt - AL > WFEasR B 2 2 RELEE{ " (Coix lacryma-jobi var. Ma-yuen) R ARG - 22
HERHHE REFRIG 2 T3> > BURICGABR IR DA 3 R 2 A R A AR ME R —elBRd - PRt ss
AL AFEERFEER - BRI - (R AT R AE E 1T — Pl

MEHERTTA

— FEHREMT
iR B s R B ST A SR SRS AT IR - e REEEY) R~ HEEZIER 48 60 mesh fidd -
Aol REmEER e B ZE | AR - MR B Z (curcumin) KA EE 54 25 (curcuminoids)

HRGOETHEME 6% FE-ALECHEH ‘G 5 5 RREEC ) IITE 1% DUR SR B 28 2L

R 2 R EEECLUBFIRIE 60°C HEEZ - M) 48 60 mesh ER&EHF -

— -~ @R
AT E Y ERES r ZE Rt B 1L BB KBRS T - S8R E R E Y R S (B B G &8

(47%% TACUC 1070213) » [ 5 ## >~ CSTBL/6) Sh& AN B TRES - EHEREhYIIE 5 SRl

R AIRAE] - BiE S FBIRRT 24 CIDRIRES - WFHPo/mE 2 AL 12 hr 1858 < KEREY

BEt oy Ry 5 4H - 4H 8 & EigEhYEa kg B S AEFTCEE MP Biomedicals A2 gl » /b

HEEGHEAT > BYEREC T N R — B2 da R kIR E S H o thEaEc R fl - AN ST

HEIEC TR - EEECAHRIRE R EmE ' ERES - THEEC 2 ERER A SAEEE

ol o

(—) #Zf4H(Normal Diet, ND) : {5 ARG & » 245 3.8 keal/g HHIHUE 20 74 -

(D) S Ha=he E S aEpEI4H(High Fat High Cholesterol Diet, HFHCD) : i F =g S EE B 6} » 2
4.8 keal/g (45% fat and 1% cholesterol) 5 FHEV & 20 H(FE—) - BE=40

(=) BF=4(HFHCD-C) : B HFHCD 4 [E i f = e s HE SRR et A & 8 #81% - S50t e e S A ] s )
BHFUEA 0.2%E &R » A S FEACEk 2 S maHpk - WFrEeR 12 B Hh AT A -

(1) #E=E(4H(HFHCD-CC) : Bl HFHCD ZH[E (i H S e e A R aal e & 8 1% - S5t mHamilE
(e A HU B A GBI 20% R4 EC WL T RS A E S BB R AR —) » #Hic
BHEMA 0.2%E &k R FF & 12 BIF HAEREA -

(F1) (LA T4HMHFHCD-S) © R AGABg I HGZH - Bi1 HFHCD 4H [E {58 H S A = REE R R & 8
1% o DAREIEE 5 5 SIS T RGP PR RS2 (AT 10 me/kg"™ > SGHFGEETE 12 BIEBAH
EpIEHIRAH -

PERIAM G E RS ML - SRS AT 12 /N A B 12 DL thiopental FREF » HRAENF LLCARE

PRI - 8/ N AT EREY 500 pL MK - R =0fA#E 30min 1% » Bty 10 738 DIHTSIUEEEA - S5HCE

F-Ri fe Bl S2RE R AH ST TREEE - WRFHER RN -T0C R 212 01T
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Table 1. Compositions of the experimental diets.

HFHCD
Diets ND HFHCD-CC
HFHCD-C
Protein (%) 14.3 14.1 14.2
Carbohydrates (%) 76.2 40.7 40.6
Fat (%) 9.5 45.2 45.2
kcal/g 3.8 4.8 4.8
Ingredients (g/kg diet)
Casein (>95%) 140
140 175
(Protein from ASEC) (35)
L-Cystine 1.8 1.8 1.8
Corn starch 150.7
465.7 289.3
(Carbohydrates from ASEC) (138.6)
Dextrinized corn starch 155 96.4 96.4
Sucrose 100 100 100
Lard 0 200 200
Soybean oil (no additives) 234
40 40
(Fat from ASEC) (16.6)
Cellulose 44.8
) 50 50
(Fiber from ASEC) 5.2)
Mineral mix (AIN-93G-MX) 35 35 35
Vitamin mix (AIN-93-VX) 10 10 10
Choline bitartrate (41.1% choline) 2.5 2.5 2.5

= AEEE

(—) BMEL - I AR 48 cpididymis adipose tissue) LR REFRERL R » DLEE T-RAFPAEI TR -

(70) BEAR LR L R BT = B (TG RINB BB (TC) 7 5 B S LA B
~ BUN R Creatinine 2t ; FFBSHHVES $ISWLNMIEY GOT R GPT {43 - HfiF
FUJT DRI-CHEM NX500 4 {LE6H 0.2 4 {L30H 597 -

(Z) BEBRR MBS RO H - BRAT/NEURIER - BB AR R 4%
paraformadehyde » 2 (T B RYIH - BUTHA H&E HUSHE - HIDIHIETF IR S
B4R - B BREPEER RN - PR TEUIH ZaE A e RS A -
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s RET MR

{55 ] SPSS Statistic 12.0 RAHLAE > DL Student’s t test 73 H7 IR B B 4H K miBEENE4H 2 45 SR A2 52
DURE PR -8 5280 53 H(One-way analysis of variance, ANOVA)/3#f7 = Bk & 4H MR BB E /r A2
224 5 i DL LSD (Fishers Least Significant Difference)#{ T &€ » p<0.05 FREFH:ET LEE -

FER BT AR
— ERRAECHNEME  RERERRTRER VS

AstBR B R B EEREY) . IR A RN 2.70 K 2.94 gd » 2EERHY)
BLA BRI e R ME ookg BERASHBMHE O BER 1.32-143 gd - 25
By 143.4 g/d » HEEAT AIZE SOt - AskERr B — R R 1K - EAIREH ¥ HEns 5 T
OB, - B AT R B A AR B S BN  ILORIEE S ) SRR R -

AEEE A R > RN E R B ER A R SRIRG B AR — S B IREEL
MEEIERI L - SRS R E R RS | B SRR SR TR S S e E R
kHE A R BB E RN - 55 2 BRHIHEE R EEEE ) o TERE A S S EE R
PR/ BB I R R TEAERE - 1Y UBETERAS R % > BN S s S e B R ek A e > @)
WIgEEE 4 RIS A A ZE (6 Fl 2 sRER AN 0. 2% B8 Ry 0.2%BE 5 +20% 23R4T E) - A3 B

EEE(EYNEESR > LB S S IEE AR E ) o 7Y 20 BERGEE
% B I S o R B D 4 R S (A T4 RS - B R B A R N B SR
(p<0.05 ~ p<0.01) - {EHE B BEZL > ATHIESIE RV TRHR & (p<0.001) - FEIFEE R/ V&Y
FIRSER(p<0.01) » B35 R (bR R A (A TR D) - BRI DB ERSRR TR E
PR R R AN iR D aFIR - S S AN ESE  LaYRNERSEEYH]
FIRCRIRR(ED) » A4S RIEBELRIIEARR - RIS AR - FERE R B SR
S B R DB 1D MR B AT B S R AMPK BEZBERB(L - i — (R
EINERIASE Sy iRt s (Y -

TEATRGEE 85T > BUZeRI4AAALE > R e S B AR E R N s 4 A% 8 R AT H e =5
EAETH(p<0.001)([8 ) » T Bk B 25 b (B /R e RI4H (p<0.001) (£ =) » ERESRINEE S e 8
AT B E R (p<0.05) - {HLAFERML TR B (p <0.001) » FERTHR S EEE 71w - B - B

BEEC R BEYAH P BE R S A IAH (p<0.001) - =3 S E R -
¥R E B AR RS EELE » FEE - B oA M T 3 4 G AL - AT ESERE

SRR AR B IR SRR DU D RERAE A% & 2 AT ABRFE R
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Fig.1. Body weight in C57BL/6J mice during 20 weeks period. (ND vs. HFHCD: #P < 0.05; ##P < 0.01;
###P < 0.001; Sample vs. HFHCD: *P<0.05; **P <0.01; ***P<0.001).
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Fig. 2. Effects of turmeric and Job’s tears on adipose tissue weight (A) and liver weight (B) in C57BL/6J
mice fed with HFHCD. (ND vs. HFHCD: #P < 0.05; ##p< 0.01; ### p < 0.001; Sample vs.
HFHCD: *p<0.05; ** p <0.01; *** p <0.001).
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Table 2. Effects of turmeric and Job’s tears on body weight gain and food efficiency in C57BL/6J mice

F(CHm e m IR R A etz N BB R AT B 2

17

fed with HFHCD.
Group ND HFHCD HFHCD-C HFHCD-CC Simvastatin
Body weight
Initial (g) 18.80+0.55 16.72+0.57"  18.05+1.21° 18.78 £ 1.96 19.18 £1.15™
End (g) 26.86+0.92 40.94+ 185"  3548+3.06° = 34.93+535 3420 +3.48"
Change (%) 42.92+4.28 135.68+23.43" 9687+1637"" 86.03+2027"" 78.33+14.96
Average intake
Food (g/d) 336+037 3.32+1.01 2.70 £ 0.28%** 294 +0.36* 2.72 4 0.28%**
Food efficiency! 1.71+0.16 4.86+0.72"  3.71+0.59%%  343+£091*%*  3.20+0.62%**

ok ko
s s

Statistically significant difference between ND group and high-fat diet group at »<0.05, 0.01, 0.001.

I Statistically significant difference between high-fat diet  group and treated group at p<0.05, 0.01, 0.001.

Value are expressed as mean + SD.

'Food efficiency: (body weight gain/total food intake)*100%.

K= BEMEEECHR A SRR TR AR R A
Table 3. Effects of turmeric and Job’s tears on fat and liver weight in C57BL/6J mice fed with HFHCD

Group ND HFHCD HFHCD-C HFHCD-CC Simvastatin
Liver weight (g) 1.11+£0.08  1.76+0.30"  1.55+0.20 1.52+0.25" 1310117
Fat weight (g) 0.76£0.10  1.66+0.88"  1.94+0.28 1.67 + 0.54 1.85+ 0.60
Liver/body weight (%)  4.12+029 446027  430+038" 440+056  3.85+029"
Fat/body weight (%) 279+032 420+2.00"  537+044™  4.68+08077 529+1.10"

ok gk
s s

* Statistically significant difference between ND group and high-fat diet group at p<0.05, 0.01, 0.001.

#HLI Statistically significant difference between high-fat diet group and treated group at p<0.05, 0.01, 0.001.

Value are expressed as mean + SD.

~CEEENRMRREE R E

TEIMAEHS B 5 » AR Zed14H C57TBL/6 /NG TG Bl TC {8 B 57.7+18.6 ~ 72.9+6.3 mg/dL >
DS RSkl aE &i% » HFHCD 4H/NEAY TG B2 TC (B4 RIBEHIZE 84.7 £ 35.8 ~ 159.1 + 20.4 mg/dL - B
FERIERET AT ARTFE VML > IR EVEHY CSTBL/6 /NEREY TG B TC {H - P53 HIZT B 130 ~
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104 mg/dL - R & SHEER2 - TG Bl TC {H5 B I0%] 116.2 ~ 185.8 mg/dL - {F55—% Schreyer [X,
SpFgethC) s IEREVERY TG Bl TC E5 17 ~ 49 mg/dL » 8RS HsaaEHE A 7 - 129 mg/dL - £
[EF7EH » CSTBL/6) /NEHYIMAS(E 2 FAHE KAV SR - ATRE RERIHECRIE] » BT FeERIZH
Pt Z bR AKA L EYIMG 76% - Silva [ H Z BalHKAL &P 42% (B A HERR S B BT E -

EAPEdIZEAEEL - SifE SRR RN B S R A R =B HHAS(TG > p<0.05)EHE @ =it
EORIIE = - BB R T & T8 E R TG BE@p<0.01)([E =) - ¥ ki TG A
[EIFRAVRER(FRIY) » B RIE S AR TG VIR Rl = 56% ~ 58% » ZIFH lE AR -
= Hi = [ R AR B e B R T IR R AT BB A [ i & &.(TC; p<0.001) » S HRERERINE & - S
R T A% TC fediZ (B =) - H ATEEEE D RTRE TC (p <0.05) (R -~ DY) - bk
B AH R SRR ARV MR AR BB B b BB AN DI 37 i B P i B I R R i [ £ FH =
IR ERN) -

T A AR R RIERET b - AU R ISy (AT - fth)T88EY) 2 £ 38UR Bl
HMG-CoA M FEFEME"" » J/ U HEREI R AL & R ATHEY) mevalonic acid AYERY - BBy T 4ERFIEH Y
AHTIREENE - BRI FEREFAIRE SRS - WAL MR FHEREUFI A LDL-C - {ifn (e o 4RAE &% K
LDL-C - AWt7E RS EI—EVEIEE - IS0t TR BRAR B B ~ iR ke ARy =B Hb s
(RIN) - EEEE S CHATARETATRCR -

Sahebkar %5045 B 25 2% AT S22 % (B A BARE A (CHERAY LN F30 & » £155 PPAR-o~ PPAR-y »
CETP #1LPL » ¥ [EFR R =R H M 2 R - M a8 ISR 4B BRI 2 R B K PR A N =%
MBS EIRDER - Yiu ROV S S E TSR 0] LA (B E RSN REE
H#5 CYP7AL, LDL-receptor, HO-1 DL 5z HMG-CoA reductase 25 » [EIRFIC ZHaH7 BT 5o e D BT R HE E H
M BURE s ER M ASAY(F A AT AR BBt ) TSAEEY ML - Panahi 588 3R B 55 22 ] LAGRIES2 () T 4H5E
P B HE L REHATE Y i E e F A e TIE R B OB B (KB A R R 38 2E
o FEILE R T EEY D G BRI B RV B 42 -

FEEPAEMAS A B S > Qin F) (T — (5 AWMU B R AR S TSR » S
T 7 EE S A EARCHNE R 5 35 —AUMEPR ) B E 2 Afealig - 48R fE N E = R
ZNEMm 2R TEERRZHEZ TG 754 TC LAl EwR > Flss RS
FYsEnss R —2 -
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Fig. 3. Effects of turmeric and Job’s tears on plasma TC (A) and plasma TG(B) in C57BL/6J mice fed
with HFHCD. (ND vs. HFHCD: #P < 0.05; ##P < 0.01; ###P < 0.001; Sample vs. HFHCD:
*P<0.05; **P < 0.01; ***P<0.001).

TEEE S R PSR e I A FERUEE R - Silva RECVDUIER S AsgTkIEE & CSTBL/6
/N IR RAE T8/ B 8mg VAT E =R - STIROEAR VEGE - AEG4HAESE - TG B TC -
HEEAWTFAEER R 0.2%y =i 5= - REEE/NE PRI 5.4mg (YRS - A4
EERGE 6% &R 0.324mg > [0 Silva REFGS THWVERRES - EHERESRFEIMAEE
A—GHERESHEREE - B8 Zé}iﬁﬂ’ﬁxifﬁxiifﬁ&@x&%

BERESECHN BEEERITRREERCRE

S AREE G AR TC ~ TG (p <0.001) & AHE{SF5% GOT ~ GPT (p<0.05, p<0.01) (= - [&
V)« it HRAR I 0.2% 8 5 T PR TG B TC (p <0.001, 0.01) [F]H5 82 5k BUN {E (p<0.001)
BREE AR/ VIEIEE 222787 - M EREGEEE T - Rk MBS E @ =wE s
A ERRE GOT & GPT AYS{E (=M ~ B 7F) -

Mansour-Ghanaei Z5CVEH T 4 (FEEEEIETRE MRS AT B & AT B EE R I8 b Nt
(3 228 L Zad B W HELTHRET 017 SR BN E = Z B & = 1000mg/ KAVAH BT #3/> ALT (-
11.36 IU/L) » BEGAREIE T ITEEHESZE 8 BR T LUEE D AST (-9.221U/L) » {HARH 12 81
BEAMEE AR BEREGETER T B ZF UGS S RHEENR AR L R EE R
IR & » A SR ERCR -

et

N
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Fig. 4. Effects of turmeric and Job’s tears on liver TC(A) and liver TG(B) in C57BL/6J mice fed with
(ND vs. HFHCD: # p < 0.05; ## p < 0.01; ### p < 0.001; Sample vs. HFHCD: * p

<0.05; ** p < 0.01; *** p <0.001).
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Fig. 5. Effects of turmeric and Job’s tears on liver damage indexed with GOT and GPT in C57BL/6J mice
fed with HFHCD.(ND vs. HFHCD: # p < 0.05; ## p < 0.01; ### p < 0.001; Sample vs. HFHCD: *
p <0.05; ** p <0.01; *** p <0.001).
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PRZZE(BUN) R LETEZ (Creatinine) 2 HEIR L& FHRYEF DHRESEIR - IRR EUR N AR EE B (Y
FEY) > PR SR > 0 B B ORI R IR i R AR - B IR IR SR ThRE R - BETATIAE
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Fig. 6. Effects of turmeric and Job’s tears on blood urine and creatinine in C57BL/6J mice fed with
HFHCD. (ND vs. HFHCD: # p < 0.05; ## p < 0.01; ### p < 0.001; Sample vs. HFHCD: * p
<0.05; ** p <0.01; *** p <0.001).
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Table 4. Effects of turmeric and Job’s tears on plasma biochemical indices in C57BL/6J mice fed with

HFD
Group ND HFHCD HFHCD-C HFHCD-CC Simvastatin
TG (mg/dL) 57.5+18.6 84.7 +35.8" 36.9+13.8" 42.9+12.9" 26.6+43™
TC (mg/dL) 72.9+6.3 159.1 +£20.4™  144.1+23.7 192.2 +56.8 153.0 £ 54.6
Liver TG (umol/g) 5.06 +2.71 6.65+526 2.82+3.94 3.35+4.40 4.62+2.61
Liver TC (mmol/g) 2.58 % 0.37 596+143  4.46+045 455+047 3.85+1.09
GOT (U/L) 137.85+88.97 220.52+99.23" 23529+ 156.62 461.62+316.17 142.86+72.61"
GPT (U/L) 26.32+8.15 74.78 +£38.04"  63.85+25.17  63.65+14.54  55.04+23.29

BUN (mg/dL) 21.63 +3.42 2984+ 621"  18.15+23977  18.05+1.737 21.16+3.02"

CRE (mg/dL) 0.14 +0.05 0.29 + 0.12" 0.23 £ 0.09 0.24 + 0.09 0.17 £ 0.08"

s ok ko

* Statistically significant difference between ND group and high-fat diet group at p<0.05, 0.01, 0.001.

#HH Statistically significant difference between high-fat diet  group and treated group at p<0.05, 0.01, 0.001.
Value are expressed as mean + SD.

TG, triglyceride (mg/dL); TC, total cholesterol (mg/dL); GOT, glutamic oxaloacetic transaminase; GPT, glutamic
pyruvic transaminase; BUN, blood urea nitrogen (mg/dL); CRE, creatinine (mg/dL).
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Fig. 7. The histological analysis of liver tissue in C57BL/6 mice fed with HFHCD and test diet. The
number after the codes in each figure represent the fatty liver score judged by the liver biopsy, in

&+

which ‘0’ represent normal liver (the control) and ‘10’ is the HFHCD group.
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Effects of turmeric (Curcuma longa) and Job’s
tears (Coix lacryma-jobi) on Serum and Hepatic
Lipid Profiles in Mice Fed with a
High-fat-high-cholesterol Diet'

Yu-Hsin Chen % Kai-Liang Tang *, Wei-Chung Chiou’, Ruey-Yu Hsieh *,
Cheng Huang **

ABSTRACT

Tumeric (Curcuma longa) is one of the traditional medicinal foods in China and India. Its main
ingredient, curcumin, is recognized as the major functional compounds. Curcumin shown multiple
functions such as ameliorating hyperlipidemia, anti-inflammatory, anti-oxidation, hepatic protection and
anti-tumors. This study uses C57BL/6J mice fed with high fat high cholesterol diet (HFHCD) for 8 weeks
to induce fatty liver, test materials were incorporated into HFHCD afterwards for another 12 weeks. The
experiment consisted of two groups, supplementation of 0.2% turmeric powder (HFHCD-C), and whole
grain Job’s tear (Coix lacryma-jobi var. Ma-yuen) replaced 20% of HFHCD diet with 0.2% turmeric
powder (HFHCD-CC), simvastatin was used as the positive control group. At the end of experiment, all
mice were sacrificed to examine the effects of turmeric or turmeric-Job’s tears on serum and hepatic lipids
profiles. The results showed that mice fed with HFHCD were all induced hyperlipidemia and fatty liver.
Both groups supplemented with turmeric (HFHCD-C), or turmeric-Job’s tears (HFHCD-CC) could reduce
body weight gain and liver weight significantly. The serum TG, hepatic TC, TG and the concentration of
blood urea nitrogen was all reduced significantly. The addition of whole grain job’s tear in diet could
reduce food efficiency and total fat weight, while the lipids profiles did not differ significantly with
turmeric group in this experiment. In conclusion, turmeric can ameliorate hyperlipidemia and fatty liver in
this study. Turmeric showed great potential to be developed as a healthy food for hyperlipidemia and

non-alcoholic fatty liver disease.

Keywords: curcumin, fatty liver, hyperlipidemia, BUN
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Fo 63 Ko pAEEL 131 K > BiE 87.5 om s A B 3,885 ke HUELK I FIFIRER Ky 1.06 kg/m’ -
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R E B KRG AR 11 5% 0 A 2 B 5 R ok g i B R i pn i - DS AN
FI7K & 10,350 m’ » /KRS A BEEE R 7,220 kg » KO FIRISER R 0.7 kg/m’ © 82 R EE B E A
K& 9,540 m’» /KAGE A EE R 7,105 ke SUBEGNENLRAE 115 kg {HHE K FIFRERE 0.74 kg/m’ -
ARG R A EE K & 7,580 m’ o KRS A S R 6,165 kg o AKOFIFIRER A 0.81 kg/m’ 87
SERERETE K & 6,850 m® » KRS EER 6,050 kg » /KRR B 0.88 kg/m® » /KAG#H4TE
ERELE RGNS - 5N EES R B G /K 810 m*(7.8%) » S S LA e R P B (0 R
SEWIEE 115 kg ARBTISEENE K SR ARIFE T » B R R S et v B e (R K
B fiAKEENRE  RE KO FIRRERD - s2d RlsE BRI - /N — I E K R G R
7K 6,700 m’ > 3 64.7% > Er—HAME/KRE(EZ RERE)E/K 5,890 m’ » 3 61.7% > B HAME/KRECHEDE
JEP)ERZK 3,930 m® » 3 51.8% » B EIME /KRGS REE)E/K 3,200 m’ » 5 46.7% » B/ NS B
EEKEDIE) - SR RRIEEIE e K B80T KR N E R EE T A EBK
B 13,190 m’ » BERETKHREHEE  BUKREEDEN-/ NEREHEE K 810 m’ (5.8%) @ BU/KFEEZ
SRR (EETK 2400 m® (15.4%) - B0/K RS LA I BE - /KRS 288 R MR S (R 6K 3,325 m
(20.1%)([E—) -

T~ NEFEBHE T 2/ NEEUKRE7E 8 RoK o M R &
Table 1. Grain yield and water use efficiency (WUE) for irrigation of wheat and rice under various
irrigation regimes

Treatment Irrigation(m’/ha) Yield (Kg/ha) WUE (kg/m?)
2020-2021 Wheat 3,650 3,885 1.06
2021 Ricel* (AWD) 9,540 7,105 a 0.74 a
2021 Ricel* (CI) 10,350 7,220 a 0.70 a
2021 Rice2™ (AWD) 6,850 6,050 a 0.88 a
2021 Rice2™ (CI) 7,580 6,165 a 0.81a

Means within each column followed by the same letter(s) are not significantly different at 5% level by Fisher’s
protected LSD test.
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Fig. 1. The accumulation of water under different cropping systems.

Z HERABRERN I

F(2017)BEHEH > HHEHIETE 2009 4F 2 2015 FFE4E T RHEER - — AR RS ETEIE 7Kg
HSEHE & B 6.3 ton/ha/crop @ AR EERKAS By 116,535 Jr/ha/crop » U A By 141,663 JT/ha/crop » jFUNZE
5 25,127 JT/halcrop » EESEHEEK By 63,411 TT/ha/crop » S AEfERTAEUL S By 12,6823 TT/halyear® o R4
(2014) THFEERERES  ERmihlE R REAEREME KR - SFER F 6.5 ton/ha/crop » AEERA Ky
94,296 7t/ha/crop > YT A Ky 152,782 JT/ha/crop ;Ui 75 By 58,486 T./ha/crop» 2 FZ K 98,486 JT/ha/crop-
SEELALERLY 196,971 7T/ halerop® « A2 /NE A BERASHE SR - FAENEEERAT > &
B G 45,750 T 0 [ 1,600 7T F—THEEEGET 47,350 7T > @A EECGE—EE
FEEHIFH - HhAH S EA R PR THE S - 845 kB AR EE)A5158,350 T » PR TE
(kB T (EAERARS0.5% e H R BN (R D) MEE AT/ NEAEER AR 17.3
T BB/ N EEHHULSS By 101,100 TE(AHERE R 3,370 kg BT IEYUEE 30 7T) 0 825 42,750
T EFBERK 51,250 TR+ EHFE THE4)  MIEBEREERL > 45,000 JTHZE 96,250 JH(FR =) »
L KRS 2009 4F 3 2015 EEE{EREE T2k 53,289 TeasE? - —WIfERG S — 4k &2 100,000 7T »
5 fEA EE 123,000 7T 0 A TE(EHIME TEVELEEERAR 51.2%5% 5 » HIURIR - BEER
T > MESATAKRBEERAR 17 5T - FABVKIEHIGES £ 160,573 JT > K 71,573 T ©
—HATEREEE AR 101,200 JT 0 S FEAEES 117,200 JT 0 N TE (MG TE) (LA ERK
K 54.6%8E 0 HIBALR - BEREY - BN T /KEEERAR 21.6 7T SAE/KEHEIL
%o Ky 132,979 7T 0 FEZZBERK 43,779 JT - &7 FIEEUR » /INREUKRGRE AR E ORI 2 A R A NERL
BERJE A A BRI B RS ENDE - R TEE RS TE)BEE R KEEE -
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Bo £ KRN R (B ZOITCE 122,823 JT > BUKREEE 115,353 JTHfN 7,471 7T > fi4
T T A AN R A 45,000 TTBY > B B ES ATEOK R (ERE T 52,471 JT(ERI) -
AR R EA - F EEER - ERERTE/KE R, LRI > Fagctm (] R Baoais 2 HE
B -

T NEEAR I E AR Z A A

Table 2. Production cost of wheat and two cropping rice

Item Wheat Rice 1*crop Rice 2™crop
Cost % Cost % Cost %
(NTD/ha) (NTD/ha) (NTD/ha)
Seed 5,100 8.7 10,000 8.1 10,000 8.5
Fetilizer 8,800 15.1 12,600 10.2 13,300 11.3
Labor 29,500 50.5 63,000 51.2 64,000 54.6
(Family labor) 2,000 34 - -
Chemical & herbicide 0 0 10,000 8.1 12,000 10.2
Energy 350 0.6 - -
Direct cost 45,750 78.4 98,000 79.7 99,300 84.7
Equipment & farming tool 1,600 2.8 2,000 1.6 1,900 1.7
Indirect cost 1,600 2.7 2,000 1.6 1,900 1.6
Primary prod. cost 47,350 81.1 100,000 81.3 101,200 86.3
Land rent 11,000 18.6 23,000 18.7 16,000 13.7
Capital interest 6,500 11.1 - -
Secondary production cost 58,350 100 123,000 100 117,200 100
Total production cost 58,350 123,000 117,200

R= INRBIRIE KR &R 53 T

Table 3. Revenue of wheat and two cropping rice

Item Wheat Rice 1%crop Rice 2™crop
Yield (kg/ha) 3,370 7,220 6,165
Gross revenue (NTD/ha) 101,100 160,573 132,979
Net revenue (NTD/ha) 42,750 37,573 15,779

Income (NTD/ha) 51,250 71,573 43,779
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Table 4. Comparison of production cost and revenue between rice-wheat rotation and rice monocropping

Rice/Wheat Rice/Rice
ftem Rice Wheat Total Eice iice Total
I"crop  2™crop
Primary prod. Cost (NTD/ha) 100,000 47,350 147,350 100,000 101,200 201,200
Secondary production cost (NTD/ha) 123,000 58,350 181,350 123,000 117,200 240,200
Gross revenue (NTD/ha) 160,573 101,100 261,673 160,573 132,979 293,552
Net revenue (NTD/ha) 37,573 42,750 80,323 37,573 15,779 53,352
Income (NTD/ha) 71,573 51,250 122,823 71,573 43,779 115,352
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Evaluation of Water-Saving and Revenue in
Rice-Wheat Rotation System'

Jin-Ying Yang and Hsun-Shih Lin >
ABSTRACT

This study discussed the water efficiency and profitability of rice-~wheat rotation. The rice—wheat
rotation model was implemented in Dacheng Township, Changhua County, and compared with the
conventional rice-rice rotation model incorporating conventional irrigation (CI) and alternate wetting and
drying (AWD). The water requirement was investigated during the growth period, and the yield traits
were examined at maturity. The results revealed that the annual water demand per hectare was 13,190 m’
for the rice AWD—wheat rotation model, which was the most water-efficient model and required 810 m’
less water than the conventionally irrigated rice (CI) —wheat rotation model (5.8%), 2,400 m’ less water
than the rice AWD-rice AWD model (15.4%), and 3,325 m® less water than the conventionally irrigated
rice (CI)—conventionally irrigated rice(CI) model (20.1%). According to the production cost and benefit
analysis, the total production cost of wheat per hectare was NT$58,350, with labor and mechanical
contract labor accounting for 50.5% of it. In other words, each kg of wheat cost NT$17.3 to produce. The
total production cost of first-crop rice per hectare was NT$123,000, with labor and mechanical contract
labor accounting for 51.2% of it. In other words, each kg of first-crop rice cost NT$17 to produce. The
total production cost of second-crop rice per hectare was NT$117,200, with labor and mechanical contract
labor accounting for 54.6% of it. In other words, each kg of second-crop rice cost NT$21.6 to produce. In
summary, each farmer adopting the rice—wheat rotation model could earn as high as NT$122,823 per year,
which was nearly equal to a profit of NT$115,353 for a farmer adopting the rice-rice rotation model. If
the subsidy for the crop type transfer to wheat (NT$45,000/hectare) is incorporated into the rice—wheat
rotation model, then the farmer adopting this model can earn NT$52,471 more than a farmer adopting the
rice—rice rotation model. This provides an incentive for farmers to switch the type of crops they plant. The
rice—wheat rotation model is recommended as a cultivation model to conserve water and address
agricultural labor shortage.

Keywords: rice-wheat rotation, water-saving, revenue

'Contribution No.1062 from Taichung DARES, COA.
*Assistant and Assistant Researcher of Taichung DARES, COA.
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ROk BB EERE L —  TFEARBEEENEESEANRR T SR EZ
et E oK Bl TE S DR R E RO B T 5 A E B 2 & - AR E
R RAREPR E i OR(E Ryt Bab et - DABE Elis B B R S8 pileins > PRaT IRURH e 22 S
T E 228 R sHEE K mfE S E 2 B8 DUEIE R (2 - slBRaER
BUR > BhRl 197 5 2 BRGNP E O S B RS EE 32.9% ~ 7.29% - HEMZ G mE
AR R (4.63%) R R E(11.48 g/ml) - (REHERN, & Bonfl G 200 57 2 f734hk
A AR 38 35(4.16%) K ARKETEE(3,257.2 @)t » AnBRal BN A (Rl dn 1 oK & 5 B
BRfZ S 1EE - AR SR 2 2%

BRI K - PRERRZ 5% - ER

Il

Hil

3K (Oryza sativa) Bt FR =g 2 — » W RAIRE FEAVRaFY) - RS Er 28 BEEMEk
Sy o BRI P AR By 3 B R > LR RIRS - (B RIBR M R i B 2 BB I E S e
B ABAKEERBE T EBE > 110 FREETTHERENGEERR 433 A7 -

Rk E R - WER A B HEER RIS - DURTHEE B4E - BN FHEIT oK
BT mIE o F RN 38 Rz Z2ATER b 2 IRl - ARIFURMRHME ~ #ERERE - EEECE - Sl -
AL S SRR 25 (R 0F - FEER - IR B S IRAE I (2 - R AMBER o KB
6~ ORG ~ BEEE - BIU) ~ INEEEINLIEAR - B RIS BRE A LI - BRI TBRIR I FEAOR N BT K
RIS b B0 1 T SR A DR BRI A A AN BN bRk By B2 FLAS IR R 8 ki1 - IRBR R 28
TrEEIESE  PRL SRR ERE - A M T8IAR - PREER 85 R f5 K 207K o H BUAE FEREAH
BHET o BT A [FIRR P ROR S e Rk £ SRR Rl SR B 2 A R BB MR i » AR ~ o
AR - ek B RO R o

FRIRAL(E K F R B - HaE - S kB g™ - B 2 heE
MEER B B R S 22 i (polysaccharide) - 43 By B 17 (amylose) B <7 7y (amylopectin)  WifE % &
B BEN REERERE G GMEEEY) - SHEERLL o (1-4) B REHEE IR IRGERE - il

VB R R RS 1058 SRS -
? PR P R B SR B  BhEERTSE S -
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TR RERL A B - T SR T 71708 s S SRR L AR ST R D o BB B AR o LB
FADRIVEB RS E D - e P ER A e HIIERY & REE s BR 5
KL P e R RAAERIRY - A SRk SLRER SR - PR S (b
PEETHREEEC? - DURS ORI ESER & 8 & E SR & B QS %) R KR I - IR
#HE®) o Saha B Roy(2022)F5 i 35 e h EL S & 8 S B SRR T SRa T - b mn b B
Wk HoaR M ey eSS PR (i = s e A S B > (EIRURMA BEKIREATRE 3% - DLEPRITS - Eatn
ERIAAE 20-27% R S haRy s R Y ARRBR(E I SR T L RRPR SRR R TR
PR » SO B AR B AT T Bl B S i - R DA [ S0y ~ ELSR B RV E 2 B Y
Sl L E 2 528 o WP SR S i S E DR G e 2 25 -

MEHER A
— ~ HEMH
“E 019458 (TC194) B 110 —HAE ~ <& D All1975%° (TC197) B 1094 —HfE ~ <& 51200
58°(TC200) K & 1958 (TK9) Fy 1104F —HAfF » B hEhEEENRGREM  SH1479%
(KH147H ERXFERGARAE  GRTIFE(TNT]) » BEERCERGARAE - 65
ok et 1 OR DK B 4 i 2 1 TR Ry AR ( RT-NO4 - SRR S RHA TR A ST > #6100 mesh - LA
Rt R -
—~#REBAE
(—) &8t & 2 ME
ZHHAACC 76.13.01 (1976)zk5& /5 7% » {3 FH Total starch assay kit (Megazyme Ltd., Ireland)
{tH Fl thermostable a-amylase fzamylogluscosidase * {F W5 & E5% 43 i o) - A5 FF0.1 gl il K -
A1 A 10 ml sodium acetate buffer (100mM, pH 5.0) > ZH#H A1 A0.1 ml a-amylasetd 518 E A
ZKZKE 15 min > (M dn 77 % Rymaltodextrins il 582 minHUHIFYE —2K - B AS50C /KB
R ES min > FIA0.1 ml amyloglucosidaseii 3598 » J[E[50 C/K/AKE30 min > {FHE T
53 fi# FyD-glucose ° FAZ B 10 min > B2 mlAE 5% % B 80 PL13000 rpmEfE (55 min » HY
E3E®R 1 mlfjl A 10 ml sodium acetate buffer{EJ&E &2 » HFHFERHL0.1 mlfjl A3 ml GOPOD

(glcuose oxidase and peroxidase determination reagent)z 7 > B F250°C 7K/420 min > LA510 nm

HEZ R
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1 100 162

EV
9 = XFX——X X —-X X —
starch(%) = AA X F x 52X D X 75050 X S5= X 725

D
=AAXFXEVX—x09
w

AA ¢RI E Bl blank G {H 2 72
F : 100 pg glucose/standard Y I Y {H
EV : Ban 2 BUe s
D : i R
W EmAYEZE  (mg)
(D) E R, & 8T

2 % Yun B Matheson(1990) 2 & B 77 7% 7 > {# F Amylose/amylopectin assay kit
(Megazyme Ltd., Ireland) > f5FEAE SRR A 20-25 mg > /il A1 ml DMSO(Dimethyl sulfoxide) H.
B HK/KE T min > S EEEHERBAKELS min > &2 min{EEZHEDMSO% 274
fiFe Ry o B 208 N AR E S minf& A2 ml 95% Z [ (ethanol) s 2B 2 FH I A4 ml 95% Z[F -
FF AR EFE LS min o DI2000 gifE(»5 min > BB OB > WEIE 1S minfEEEIREE
{5H D8 7 T e M2 o 25 5 o R i 2 2 O i B R T A P R < 0 A2 mI DMSOJRLA# 7K 7KA 15 min >
52 mintg'E — RHERDMEAS B 0B - BERE /K8 1% BITIN A HT £ 5C E Concentrated Con A soluvent
4ml - I ERFE25 mlbl BARA (BHSFRK) -

7 By 2 O E HU mUA R AT 2 mIf & B0 > 218 A0.1 ml Freeze dried Con A
SolutinZ7J{EE » - T EIEBAEFE 1 he UIUE SN - 75 2L 140008005 min © HL_EIER
1 mlfil A3 ml sodium acetate buffer (1000mM, pH4.5)i A#E7/K7KAS minDLFEfECon ABEZ >
% £40°C /KA F#rE S mine il Aamyloglucosidase/a-amylaseff 25/ 0.1 mlF[E]F]40°C /KA
30 min{# ol o fiF R A 0E > BL2000 g5 min > HY F3EK 1 mifil A4 ml GOPODEIRS510
nmHlE 5% AR -

SR & & HL0.5 mIVAIRA > Il Aamyloglucosidase/o-amylasef# 25180.1 m1Z[40°C /K&
10 minf& {1 mlfil A4 mIGOPODE/R » FHEIE40°C /K520 minl 57 g Bty — 5] I E 5% TH K
HAE -
sFREAHWT -

Absorbance(Con A Supernatant) 6.15 100

Amyl %, = - X X —
mylose(%, w/w) Absorbance(Total Starch Aliquot) 9.2 1

Absorbance(Con A Supernatant) 66.8
= X 66.
Absorbance (Total Starch Apiquot)

6.15819.257 51| FsCon ABLEy 2ZHUY) 2 ik (5 L
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COMHEREEETNT
PEEUEESR0.2 g B HAEE » A4 mUER FE1£ 72400 C BT T M B2 > 1 hrig BB
B EME5E 4 » HIAH0, 2 mi{#BE SRR A - (5 YLK 28 B4 8 B (Kjeltec™8400,
Foss) #ITHHERB S E5T » HERII AR ETTZAE > DL0.IN HCUH E UK A M E &
BEN%)% > DIEEBRGES OSsHHEEHE S E -
DR il 75 BR B S8 1 (C-1 > JRAI & i) 17508 - AR 14 rpm - EERET72C »
A T0Hz » UPDRHRE 14 rpm > 52 sec# V] » BEA [ il B oKk 2 B2 38 o -

s INLiERE
(—)EBZESHT

HE2 3% i L B PEE W 7% DL B 22 # (color meter NE4000 » H AR (& T E Mk &t ) T2
A N E G TE R 2 B 88 iy RSS2 8 i o HIEE L* s a* -~ bME - BEER
mHlE 3 EEHCFIME - LME(RFREEHTE - 100 i ~ 0 fiets  a*ERAGE O e -
IE@?%@@ Bl Atk bMEREE MO EE G BEBEO - RIEARL*:97.97 ;

1 -0.34;b*:0.28 -

( V&[] f 58 % (Puffed Rate)

W A 432 1 OfIE1 7 2% ol s DA BT BB R A R 28 M o3 o K T L R 1% Ji R 1T 9 O FE 75 2 M
—XHUE P Ryl g plom 2 B 3 B DU 38 B BR DA FL B3 mmB[ & P39 1 1wl i 35
#(mm/mm) °
(Z)BEE (Hardness Analysis)

L& S0 53 A 86 (Texture Analyzer TVT 6700 » Perten) Iz » HU10MEE4Y5 cmh %5k
i 0 [ 671170%€5H (Break Probe 70 mm Aluminium)# 1T = B5 € g 7787 (Three Point Bend) »
B8 ¢ Pre test speed:1.0mm/sec ; Test speed: 3 mm/sec ; trigger force: 20 g © N EE £ T
Tif 24 DL SR 1568 & (Hardness) °
(P ZKEME 53 1

R 38 i ity AREE AR AL 28 /\ 7o » 58 P =R =/KE I 7E R (HP23-A, Rotronic) 206 T
T e KR EUE -

(7K 53 o3 Hr

HY S gH ?’%Jﬂiunf’ AHELT T FERZKIT 0 M EE(MF-50, Mettler Toledo)LL 105°CHIGE » 408%

)F%DD7J<J?
(73) REfE%5E (Bulk Density)
S22 B B SR 15 EREER A —E BRI H S5 (rape seed) © &
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2250 ml B EEEEKER LS EEE A o CHEEEE -

SR
e WEREER(E)
B =

s FRET M

PRI 3 70 A B R (4.2 2455 BB T 52 SR HT(ANOVA) R o N 7%
Fk(Fisher's least significance difference procedure, LSD)43 47 °

FEREAETEm
— s TRGERXZEN - BB EEEaEEENN
Y E DL TC194 515k 84.83% » e{ 5 TC200 £ TKO 4371 By 74.23%51 74.83% » H §ERY
SR TC197 & BHEYEE 32.9% » HLTQ019)FTHIEGEE 30.9%HER =" - [k Hgi &
ERMEANEMARKES - A DLE#EBG &80 0 0-2% KRk 5 10-20% MR E#EEN) & &
20-25% Ry EE R 2 & 25%DA B RS EERY 2 & - HE— SR HEBR S EHDRE R
A (FEEER S BAEL  (CRBE T RN S Bl T 6% LR - Bk
TR — AW - B—EERIENTA 2-7 B > SE2HAER 8-12 H » HREEEIRET 2R E i
&~ QB EHESEREEERE  ERpEskprptra?  ExEEkyags® - M
HE 2 2& sy TC197 B s Bkl fufs » KH147 & 455 & 8 B R fufE - TC194~ TKO »
TN71 ~ TC200 [B{& & EEHMBHHEE ) - Rk PHEAEEELY 7% > Al HES
BLLTCI197 &&= B 7.29% » TK9 & &K% 5.83% -

T A EdRTE AR Z GO ~ BRI BES SR

Table 1. The total starch, amylose and crude protein content of rice with different variety

Varieties Total starch(%) Amylose(%) Crude protein(%)
TC19%4 84.83+2.82 a 17.66£0.93 b 6.024+0.05 d
TC197 83.32+3.04 ab 32.90+2.27 a 7.294+0.14 a
TC200 74.23+4.17 ¢ 10.23+£0.36 ¢ 6.85+0.10 b
TK9 74.83+4.96 ¢ 18.40+0.41 b 5.83+0.36 d
TN71 79.89+3.93 abc 16.77+0.30 b 6.54+0.34 be
KH147 76.71+£5.22 be 20.73£3.19b 6.4440.06 ¢

Data represents mean + SD; Different letters indicate statistically significant difference by LSD test at P<0.05.
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ERUERRE ~ BEERERS - MORME M EOK 5 2 B g R B R 8 - DingEfsl » BRIR
Koy & B INEE - P38 B R o PRl 25 8 R I E R » D B 3 i 2 i 8 > (i
HEEREEES - BfERECD RIS Gk ERK S a2 BRHEE12-13% » LUK K
e RS E o N E SE ORI B 8 % B SR A PR [ 0 & R 3 R AR TR
KIFHETE R G T hE > TC1978Y 8% 5l 2 FLIR 43 Frds HoAth Sl i S8 e i BB (B — ~ [ =) >
B a3 R4.63% K B R BS TR 35 18 B3 11.48 g/ml > e m LB 88 1 Ry Bt ol 2 i 3%
B (F2 ) s KH147 ~ TC200 578 S 28 %(4.15% ~ 4.16%) K 8 = Y S 75 % 2 (16.96 g/ml
16.89 g/ml) » EAFT A WFFCAHTF o B 88 0 248 72 A1 kY fH & 31 E B )2 (unfolding) ~ 8 14
(denaturation) » BB FE 25 52 gk o 435 o B 5 Bl O 4 O S R SR FE 1 7] DARE B iR iy KD - &=
BH#E &8 2 BRI SR e i > BRENEEE > K2 RE#EBEN &2
BERES SRR ARG - BEE R E > AHBTTCIO7THERE - A#EEH &R
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Table 3. Puffed rate, hardness and bulk density of rice with different variety

Varieties Puffed rate (%) Hardness (g) Bulk density(g/ml)
TC194 4.57+0.16 ab 3570.2+295.8 a 15.12+2.19b
TC197 4.63+£0.18 a 3435.8+£250.8 ab 11.48+1.43 ¢
TC200 4.16+0.14 d 3257.2+431.8 b 16.89+1.76 a
TK9 4.48+0.10 b 3616.0+344.9 a 13.89+£2.50 b
TN71 4.35+0.07 ¢ 3674.2+342.1 a 16.99+2.37 a
KH147 4.15+0.11d 3490.3+361.6 ab 16.96+3.24 a

Data represents mean + SD; Different letters indicate statistically significant difference by LSD test at P<0.05.
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Fig. 1. The puffed products of rice with different variety by single-screw extruder.
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(A)TC194 (B)TC197 (C)TC200 (D)TNG71 (E)TK9 (F)KH147.

Fig. 2. The puffed products of rice with different variety by single-screw extruder.
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Table 3. Water activity and moisture content of rice with different variety

Varieties Water activity(Aw) Moisture content(%)
TC194 0.2940.02 b 6.13+0.30 b
TC197 0.30+0.00 b 5.41£0.14 ¢
TC200 0.33+0.00 a 6.34+0.10 a
TK9 0.34+0.03 a 5.89+0.08 ¢
TN71 0.26+0.01 ¢ 5.58+0.06 d
KH147 0.31£0.01 b 5.96+0.07 ¢

Data represents mean = SD; Different letters indicate statistically significant difference by LSD test at P<0.05.

= FRSEAXREER MBI E

JFOHE Ry BN ARG & B MEBA > ZINJER R G LB 4 S B AR ) DU
ZIEREE R Bt R R e AN R - Saha B Roy(2022)f #tastlath - &
BK ~ HHERE SR AR ERZ RG2S EEE HEQESEs 20K
R HIRE LHE 5 a8 bHE R - Al BAREEOE SR TC197 &
TC200 - HfFZ 3t plein LMEREFRYK > a*is - BABRNHES B S EAY TK9 K TC194 > Hfps
At LHMEESS > o b*ERE - (HEHHE SRS RO LBE A E 2T > AJRERES
B aBIMYA MR R BN SR MA@ -

R0 ~ A [ el R 88 plin Z BRE AT
Table 4. Color of rice with different variety

Varieties L* a* b*

TC19%4 87.44+0.27 a 0.50+0.07 ¢ 10.36+0.17 ¢
TC197 85.03£0.92 d 1.46+0.32 a 12.58£0.24 b
TC200 86.29+0.53 ¢ 0.80+0.05 b 12.26+0.39 ¢
TK9 87.25+0.42 ab 0.31+0.08 d 11.60+0.36 d
TN71 86.86+£0.57 b 0.92+0.04 b 12.29+0.20 ¢
KH147 86.75+0.32 be 1.344+0.11 a 12.94+0.25 a

Data represents mean + SD; Different letters indicate statistically significant difference by LSD test at P<0.05.
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The Study on the Product of Rice with Different
Variety by Using Single-screw Extruder’

Yi-Chun Chen % and Chih-Jou Su %
ABSTRACT

Rice is the staple food in Taiwan, but the change in dietary habits make the consumption of domestic
rice decreased seriously in recent years. Therefore, it is imperative to develop rice processing products.
The study used different varieties of rice as materials to produce extrusion products by single-screw
extruder. The effects of different varieties of rice materials on extruded properties were investigated. It is
hoped that the advantages of rich in domestic rice varieties can be brought into play and add value to rice
products. The results showed that TC197 contained the highest amount of amylose (32.9%) and protein
(7.29%), and the extruded product of TC197 had the highest puffed rate (4.63%) and the lowest bulk
density (11.48g/ml). The extruded product of low amylose variety TC200 had a low puffed rate (4.16%)
and low hardness (3257.2 g). In conclusion, the different varieties of rice have effects on extruded

properties, which can be used as a reference for grain extrusion products.

Keywords: rice, extrusion, amylose

'Contribution No.1058 from Taichung DARES, COA.
Research assistant and Assistant Researcher of Taichung DARES, COA.
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e o Pn {EFEE O & (E G T 8 % [ (PPFD)M T2 71 » YAl & B(Lsp)4J 1,000
umol.m®s™ > CO, HIF1%H(CO.sp)4 Yy 800 ppm » fF (¢ FHRTHE MG A 'E F B MR (e HE B
PPFD - 53358l Pn i 235 Parabolid 4 HHRE - 15 EUHE I B3R5 77 » UREIEEE(0 5 ~
20 ~ 40 ~ 80 g-m-N)EETT 3 HAFHMR A B R A R R - 4550 40 & 80 gm™-N REIA#H;
SRS ~ BEERE Rty PR o Hh DL 40 gm”N FEEEA R SR o FEERIE
SR EE Ry36% » BRI K 30.9% » (HEFIRIE R A& RMEE 2SR » s EHEd
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i AHF I s & B im0 » JHEBIERWHET - 2020-20224E 228 5 1 SofE fH ik
FEIHI1,5000 E 0 EEEIE S ANMEY > EE(ELUEETIES, 0008 T ENY > N EAXTEELE %
DIEZAERES - e ST BEASMA S A TSR K BB im B2 e v L& A - 730)
BB P P BT RAS 1069 3% -

‘RN EREEEN RIGEE  BITIEE -
3 EEEE (BE-mail: chenwl@tdais.gov.tw)
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1% D&% M (individually quick freezing, IQF)RIFTLELALL | » AEFHEIRIA B 53 AL Ko 18
TG K - ABEICEBN TSGR KIGHTE - FREZBIANEES » a8 17,520A0 » S8 T
it 7,200 AME Y > Ry— B RE) 2 R -

HETEHRE YR A4 R AE EBREN LAV AEIE - IR T2 MR A S 43 - 4HA RS B RE
T80 TRZEE4R SR « BRI ~ COBESIMEBENTHED - MYRERZYIE 2 90%
DL EACE e &R EY >0 A4 IV R A B A 2o & 1F F R S R S B (leaf
area index, LAI) ~ BE[HIFELLF(leaf area ratio, LAR) ~ F%&1E A [E{L# (net assimilation rate, NAR)
JEHE N FI R (radiation use efficiency, RUE) ~ Y& E RIS R PR AESECD » MifEd AL B isRE]
RyF G ERENLE - QR G FHELRRIERRIEE - AR EmBERYEH R ight use
efficiency, LUE) » H1E #% AT ST P A AT 2 Selig i aRET & » HAF By (growth rate, GR)
(g.m”.day") = NAR=Pn x LAR = LUE(1-¢™*') x Incident PAR®? » [R| LI fiEdtgs R 7 ¥ F L5 &
TERZ #8  FEINTENAERE A NESR - BICRREEEEY 7 =XREREIEEE S - B
AR 755K MiAE TRk B AT - HERA FHE - $1 R E5HVFR KK - RS - #1
K5 aEETE T E T AT =4 0 B E3.3% ~ 5%82% » TS BGLE - $F S S5 IE H AR
ZEEEREST IR 92% ~ 77%F:96% » RS PR & 53 BIR70% ~ 66%K68% 9 - BN EALES
FACRERZEZNY - SRR = (R E R » WL IR S: Hk D E 4 - E
75 5y B S LR 22 L BLER>'O  FHEER = RIS B sEER &k MR/ NBEER 8N TR
HETERERERILEE  NILEENEEHIEE - AEERFEE T R
BES B ARG ERIRERE 5 (CS & A BA A2 3R PR S0 S A B R A R B e P & - DA
EHBUEEERHEN 2% -

MEERTFA
— \ HERMR

DUE AT ER & 42 B allaintE - 4 HASREFES Y - &0 28R TR
EFAE Peltracom JJEE 1 71& (Lorry Ltd., Germany) » A 39.5 cm ~ 5 33 cm (VBN Bl A » &
Al NRSEBUE N Z &R RS E(24°08°N, 120°32°E) @ BEE(&H:H)1.4 m > {71k
FE 45 cm x 45 cm > FRIHE R EART 7S B0 IR AE /K e R K o 7o 8 - IR ERE TR T A 3 -
e — ¢ FIEOCE R EE
1 R RO &

TEFER 1530 2 45 RZMEMIEE 152025 2 302 CHYARAEN » BIL 24 hrs R THHE
EEFEN CO, HEREES By 400 mgL™ > DLA T YE)E(6400-02B LED light source)f (L %58 0-2,000
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pmol'm™s™ > FLMEBALAIRFFIEHLEAR - HIsEEIURENE 200 pmol-m™s™ > 49 5 M SEfFE R LS
E%  BEHNERZCEFREE - B CEFHER RS M4 -
2.COREZ o2

HFFETE 15 ~ 30 2 45 RZERE - BBEN 20 2 2522 CHVARAEN - BlME 24 hrs (2 ETEE - ¢
SMEREE By 800 pmol-m™s™ > i CO, SFEHE COL M 0 mg L' BifAZ%E 1,200 mgL" » HYE
1200 mgL" > FHEMRIREEIEE 10 5388k - EHEMOC S TE AR A -
3EEIFHBEZL

A R E AN ST 2 HRRER > DL 20 gm” SALEEERBIUEE S - 1
2020/2/18 FEFE » iEFE% 15~30 Jz 45 K& ZFEFRE 06:00AM £ 18:00PM St.&1F FIAHRR A BREE1L
SRR B 1 hrs o
CER T EN = F (S Al ) i b= G A

TS BITA 2019/10/16 ~ 2020/2/18 J% 2020/10/19 TEAE > EHE A &3 85T 2019 SEHI(ERE A
50102040 2 60 gm™ > 2020 FFEFEIEE 0~ 5~ 20 ~ 40 ~ 80 grm™ » Jiii FH EL {9 R B R HI (e
GEEHETM A

T~ HACH 2019 K 2020 FF AL A E5URE
Table 1. Treatment of nitrogen applied quantity for broccoli in 2019/2020 two years.

Total Basic Ist top 2nd top 3rd top
Treatment fertilization fertilization dressing' dressing dressing

(gm?) (gm?) (gm?) (gm?) (gm?)
Year 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
N1 10 5 4.5 2.25 1.5 0.75 1.5 0.75 2 1.25
N2 20 20 9 9 3 3 3 3 4 5
N3 40 40 18 18 6 6 6 6 19 10
N4 60 80 27 36 9 12 9 12 12 20

'First, second, and third dressing were applied on 10, 25, and 35 day after transplanting, respectively. K,O and P,0s
were applied 20 and 10 g.m™ for each treatment.

s AHEBEEIRR
LG4 E

7% & 1F F (net photosynthtic rate, Pn) -~ 5% FL. 2% J& (stomatal conductance, E) & 7& 57 {E
(transpiration rate, gs)% 4 HIB(EME S8 Chen %(2014) 2 2585 » DLATHE SO0 & 1 FHIE
LI-COR 6400xt (Li-Cor Inc., Lincoln, NE., USA)EHIIEIRES 4 H 5 BT » S IREE K 500
pmol'm™s™ ~ EFIEH FILEILLE R 0.2 > SEHRFEHL CO, R 7 s e RER B R Hl %L - e & e
H (b R e S0 B R R SETRR A E 20 > CO, JEREE E 3 By 400 mgL -
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Fig. 1. Net photosynthetic curve of different age broccoli ‘42’ plants growth under different light intensity
and temperature. (A,B: I15DAP ; C,D: 30DAP ; E,F: 45DAP).
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Fig. 2. Net photosynthetic curve of different age broccoli ‘42’ plants growth under different light density
and CO, concentration at 20 and 25°C condition. (A,B: 15DAP ; C,D: 30DAP ; E,F: 45DAP).
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Investigation on the Characteristics of
Photosynthesis and Optimal Nitrogen
Fertilization Quantity for Broccoli'

Chun-Jung Shen * and Wei-Ling Chen **

ABSTRACT

The basic parameters included photosynthetic and fertilizer parameters for broccoli growth
under Taiwan’s environment was abscented. The aim of this study was to analyze the effects of
climatic factors on photosynthesis and evaluate optimal amounts of nitrogen fertilizer applied
through using the major broccoli '42' as experiment material. The results showed that the net
photosynthetic rate (Pn) of broccoli was higher at 20 and 25°C ambient temperature and increased
with elevated photosynthetic photon flux density (PPFD) until light saturation point (Lsp) and CO,
saturation point (CO,sp) was readed, which was approximately 1,000 pmol.m™.s™" and 800 mg-L™',
respectively. Besides, the parabolic curve relationship was exsited among PPFD, ambient
temperature, and Pn. Regarding the evaluation of nitrogen fertilizer amount, plant growth and final
yield were collected over three croppings in two years with different levels (0, 5, 20, 40, and 80 g
m2-N). The results were found consistently in all three croppings that 40 and 80 g.m-N treatment
had high canopy area, leaf area, and shoot fresh weight, furthermore 40 g.m™-N application had
high yield and harvested indices for flower heads, 36% in spring and 30.9% in winter, respectively.
However, there was no significant difference in leaf nitrogen content within N treatments. The
flower heads of 20 and 40 g.m™-N treatments performed better storage quality. In conclusion, the
photosynthetic traits and optimal nitrogen fertilizer for broccoli were well analyzed, the results
would accelerate the establishment of yield prediction model and assist production management in

the future.

Keywords: broccoli, photosynthesis, nitrogen fertilizer, yield
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Tablel.Facets and items of consent attitude on agricultural responsibility

Facet Subfacet Item

Environmental  Rational fertilization = v1.Farmers should choose brands and types of fertilizers that
are less likely to cause harm to farmland or the
environment

v2.Farmers should fertilize according to the
recommended amount of rational fertilization
v3.Farmers should test soil nutrient elements regularly

Pesticide usage v4.Farmers check the spraying equipment and wear
protective gear before spraying each time
v5.Farmers rinse the empty pesticide bottles with clean water
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3 times before recycling to avoid pesticide residues
v6.Farmers should bag pesticide waste containers separately
from other recyclables before recycling

Expendable or
consumable
resources

v7.Use renewable resources as much as possible in the
agricultural production process

v8.Farmers should strengthen the use of water-saving
technologies (such as sprinkler irrigation, micro-irrigation,
water-retaining agents, etc.)

v9.The production irrigation of crops should be kept clean to
avoid chemical or pesticide pollution

Land management

v10.0Overexploitation of land will lead to loss of soil and
water conservation function

v11.Farmers must bear legal responsibility when violating
land use control regulations

v12.Farmers build farmhouses on arable land, which is
convenient for living during farming

Emission of
greenhouse gases

v13.Excessive emissions of methane and carbon dioxide will
harm the environment

v14.Farms should adopt friendly farming to reduce
greenhouse gas emissions

v15.Livestock farms should install excrement treatment
equipment to reduce greenhouse gas emissions

Acidification
emissions

v16.Soil acidification has a serious impact on crop quality and
the environment

v17.Before using pesticides, farmers should confirm its
impact on soil acidification or salinization

v18.Wastewater from livestock farming must be properly
treated before being discharged to reduce environmental
pollution

Ecology and
Biodiversity

v19.0verexploitation of resources will cause biodiversity
decline

v20.Farmers can increase ecology and biodiversity by
adopting different crop rotations

v21.Farmers apply organic fertilizers to help diversify soil
microflora

Soil quality

v22.Soil pollution comes from water sources, air, excessive
application of chemical fertilizers and accumulation of
pollutants on agricultural land

v23.Farmers should participate in the relevant publicity and
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seminars on rational fertilization from time to time
v24 Farmers need to use different methods to improve soil
quality
Societal Education sl.Farmers receive training on knowledge and skills related to

farm management according to their needs
s2.Farmers receiving training according to their needs will
increase their concern for the environment and society
s3.Farmers receive environmental education and training
according to their needs, which is beneficial to agricultural
production and ecology

Working conditions

s4.The agricultural work site and environment (including
toilets and rest places) should be kept neat and clean

s5.Maintaining a good quality of farm workspace and
environment will elevate agricultural production efficiency

s6.Farm workers must obtain comprehensive occupational
accident protection

Contribution to
employment

s7.The farm should provide or create job opportunities for
local people

$8.The farm should provide opportunities for nearby school
students or those who are preparing to work as farmers

$9.Farms should pay employees a reasonable wage, not just
the minimum wage

Life quality

s10.The physical function of farmers should be able to
support daily life

s11.Farmers should enjoy life

s12.Farmers’ lives should be meaningful

s13.Farmers are generally satisfied with their ability to carry
out their daily activities

s14.Farmers should look at things with positive thoughts

s15.Farmers are usually satisfied siththeir social relationships

s16.Farmers are usually accepting of their appearance

Local cohesion

s17.Farmers should participate more in local organizations
and community activities
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s18.Farmers should participate more in farmers' organizations
(production and marketing classes, farmers' associations,
cooperatives, youth farmers' associations, etc.)

s19.Farmers should participate in agricultural promotion
activities (observation demonstration, technical
exchange, discussion, etc.)

s20.Farmers should build more relationships with consumers
through activities (exhibition fairs and markets)

Product and service
quality

s21.Farmers should participate in the safe agricultural product
verification system, so that consumers have more
confidence in agricultural products

s22.Farm management should consider the delivery of
product value

s23.Establishing an agricultural product brand can improve
product recognition

Animal welfare

s24 . Farmers adopt more animal-friendly farming methods.
Although it increases production costs, it can protect the
environment

s25.Ensuring the welfare of economic animals allows them to
produce better quality products (e.g. eggs or milk)

$26.Animal welfare should be regulated by the government
and the violators should be strictly punished

Economic

Profitability

el.Farmers must have a stable income in order to continue to
operate the farm

e2.Farmers have stable profits in order to continue to operate
the farm

e3.Other part-time jobs during the slack period can increase
personal or farm income

Productivity

e4.Technological innovation can help farms increase
productivity without increasing excessive investment

e5.Farmers should be able to calculate operating costs to
avoid increase on operating risk

Solvency

e6.Farmers must find a way to repay the loan within the time
limit

e7.Farmers should conduct financial assessment and have a
repayment planbefore borrowing

e8.Low-interest agricultural loan offered by the government
help continuous investment into agriculture
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Multiple income €9.Diversified income is a way to increase income from
farming
e10.Secondary processing or service activities engaged in by
the farm can increase personal or farm income
ell.Diversified income in rural areas is helpful for industrial
economy/social stability

Degree of subsidy el2.Relying on government subsidies (such as natural disaster
dependence relief, small-scale agricultural machinery subsidies,
interest-free loans, etc.) can increase diversified
agricultural income
e13.The government should provide green environmental
benefits and environment-friendly subsidies to farmers
el4.Agicultural subsidies provided by the government can
help continuous investment into agriculture
el5.Farm operations should not rely too much on government
subsidies

[1]
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Table 2. Summary of validity analysis
Item Mean Standard Skewed Kurtosis Extreme Factor Modified Delete the
deviation group test loadings  item total question
correlation
vl 5.36 0.855 -2.292 8.126 4.97%*x* 0.855 0.366 No
v2 5.39 0.674  -0.975 1.096 8.16%** 0.595 0.558 No
v3 5.22 0.777  -0.988 1.542 6.28%** 0.750 0.517 No
v4 5.45 0.746  -1.551 2.892 9.05%** 0.766 0.610 No
v5 5.42 0.782  -1.734 4.620 10.29%** 0.822 0.643 No
v6 5.51 0.665 -1.381 2.014 13.26%** 0.786 0.722 No
v7 5.34 0.730  -1.135 1.883 10.87%** 0.684 0.719 No
v8 5.31 0.779  -1.513 4.409 8.8 HH* 0.587 0.713 No
v9 5.52 0.633 -1.180 1.204 10.48%*** 0.627 0.712 No
vl0 545 0.682  -1.401 3.153 9.30%** 0.600 0.623 No
vll  5.03 1.110 -1.540 2.366 7.42%%% 0.822 0.526 No
vl2 258 1.289 0.808 0.189 -1.16 0.020 -0.040 Yes
vl3 531 0.682  -0.722 0.189 10.15%** 0.548 0.643 No
vl4 526 0.736  -1.269 0.351 9.40%** 0.685 0.681 No
vl5s 544 0.643 -0.895 4.139 9.37%** 0.589 0.624 No
vle 546 0.605 -0.857 0.610 9.49%** 0.705 0.636 No
vl7 535 0.649  -0.869 0.927 12.09%** 0.566 0.737 No
vl8  5.54 0.598 -1.054 1.291 10.79%** 0.748 0.658 No
vl9 540 0.651 -1.169 0.721 9.72%%%* 0.495 0.655 Yes
v20 531 0.745 -1.602 3.033 9.08%** 0.737 0.606 No

v21

5.49 0.613 -1.01 5.554 10.88*** 0.488 0.649 Yes
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v22 533 0.711 -0.791 1.092 14.43%%* 0.544 0.684 No
v23 543 0.698 -1.627 0.145 12.54%*** 0.811 0.584 No
v24 534 0.639 -0.541 5.991 14.43%** 0.670 0.691 No
s25 5.28 0.647 -0.620 -0.164 13.38*** 0.686 0.703 No
26 5.24 0.712 -0.798 0.659 11.76%** 0.765 0.703 No
s27 5.32 0.660 -0.804 0.798 13.09%** 0.744 0.750 No
s28 5.40 0.651 -0.804 1.043 14.92%** 0.709 0.722 No
s29 5.35 0.649 -0.592 0.414 9.3 1 0.660 0.716 No
s30 5.54 0.645 -1.556 -0.189 -13.31%%* 0.612 0.681 No
s31 5.32 0.658 -0.530 3.125 10.2] %% 0.683 0.649 No
s32 5.22 0.774 -1.334 -0.288 9.70%** 0.653 0.638 No
s33 5.28 0.770 -1.296 3.999 11.02%** 0.446 0.636 Yes
s34 5.32 0.652 -0.699 3.496 12.28*** 0.694 0.647 No
s35 5.34 0.633 -0.524 0.670 10.76%** 0.775 0.624 No
s36 5.48 0.606 -0.932 -0.133 8.7 7H** 0.796 0.627 No
s37 5.01 0.885 -0.889 1.027 12.10%** 0.738 0.496 No
s38 5.30 0.629 -0.438 1.146 8.78%** 0.610 0.633 No
s39 4.83 0.845 -0.596 -0.137 8.o5%** 0.888 0.417 No
s40 4.80 0.869 -0.632 0.353 13.72%%* 0.852 0.425 No
s41 5.36 0.617 -0.406 0.968 13.97*%* 0.666 0.636 No
s42 5.46 0.598 -0.730 -0.655 13.40%** 0.774 0.665 No
s43 5.48 0.585 -0.745 0.212 12.25%%* 0.759 0.639 No
s44 5.26 0.725 -0.832 0.288 11.25%** 0.514 0.627 No
s45 543 0.686 -1.570 1.058 14.92%** 0.537 0.677 No
s46 5.34 0.619 -0.380 6.051 14.18*** 0.479 0.722 Yes
s47 5.47 0.639 -1.187 -0.657 11.90%** 0.596 0.604 No
s48 5.21 0.753 -1.138 2.605 12.10%** 0.750 0.696 No
s49 5.19 0.749 -1.100 3.381 11.99%** 0.761 0.713 No
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s50 5.03 0.926
e51 5.59 0.564
e52  5.63 0.534
e53 5.25 0.729
e54 533 0.662
e55 5.40 0.598
e56  5.10 0.786
e57 536 0.611
e58 543 0.693
e59  5.27 0.777
e60 520 0.765
e61 5.30 0.691
e62  4.55 1.303
e63 5.03 0.981
e64  5.05 0.971
e65 5.12 0.978

Full scale mean 5.26

Fullscale 0.39
standard
deviation

Full scale mean  5.87
+1.5SD

Full scale mean 4.68
—1.5SD

-1.273
-0.989
-1.017
-0.952
-0.563
-0.663
-1.170
-0.615
-1.270
-1.629
-1.425
-1.543
-0.900
-1.101
-1.017
-1.646

3.383
3.221
-0.019
-0.035
1.527
-0.289
0.777
3.326
0.611
2.390
6.147
4.861
6.901
0.329
1.427
0.858

7.88%**
8.90%**
10.58%**
6.46%+**
9.67***
11.52%%*
8.59%**
11.33%**
8.97H**
10.83***
11.92%**
11.82%**
3. 81
5.16%+**
5.62%**
5.33%x%

0.795
0.875
0.847
0.549
0.627
0.619
0.731
0.816
0.623
0.870
0.816
0.857
0.841
0.888
0.864
0.861

0.506
0.481
0.550
0.445
0.531
0.637
0.489
0.594
0.437
0.575
0.635
0.653
0.164
0.232
0.295
0.370

£p<0.05,%%p<0.01,*** p<0.001.
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ZEERa R B B 43.2% ~ EH G 40.2% - BIfAG 16.6% o MR SEEZ L
T B 62.2% 20 37.8% < PI9F# 50 5% > 8K 24 5% B 81 %> 51-60 Bl 5 35.3% »
HITE 41-50 5k 27.4% 61 pRLL & & 17.8%  BERE LI (F) R 5 57.3%  HIG2EE T ()
i 27.8% WEFTRT S LA L 14.9% - (EREEBFI LA R A& 25 5 73.9% Bl R ELERR 7 )05 5 12.4% -
13.7% ¢ SEIGFEE By 15.3 40 10 LU N EE 2 45.2% 0 HREy 11-20 45~ 21-30 42553 71 5 24.1% ~
17% 31 LA {8 5 13.7%- B SR DI A& 2% &5 36.9% 2 5 34.4% R AT 5 28.6%(%
=) 4T 4 FEEEPREEISIH L e S 46.1% > BORYGERE (53.9%)) > HiDIReES S
28.6% ~ &REOIREARE S 20.7% ~ SRS 12% « HREHDLE 6.6% - ASNIEEIL G EEMHBEIIGR
StET G S 73.9% » EEIYLA S0 (26.1%) > HHEE T EIEEIRE h 35.9% » S0 E
JFA R BRI 2 2 I SR BT 5 32.2% ~ BB E R A BEl 4G 30.5% « HAR R
@i 1.4%- BB A R B R R S F AR S B E (74.7%) AN E (25.3%) -
MRS B 2 SE RS SR CuIRRIE 41.3%  EA R AR R BN & 34.7%  RRFEE S 14.9%
RERGE R E M TG 9.1% » SBR[ HERE ST 2 REERVUE T 2 &8 (RM) -

T= S ZEEREAE RO
Table 3.The background of respondents

Items Category Frequency(N=241) Percentage(%)
County Taichung city 97 40.2
Changhua county 104 43.2
Nantou county 40 16.6
Gender Male 150 62.2
Female 91 37.8
Age 18-40 years old 47 19.5
41-50 years old 66 27.4
51-60 years old 85 353
Above60 years old 43 17.8
Education Senior high school 67 27.8
University 138 57.3
Research institute 36 14.9
Department Chairman 30 12.4
Director general 33 13.7

Extension department 178 73.9
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Seniority Below10 years 109 45.2
11-20 years 58 24.1
21-30 years 41 17.0
Above 31 years 33 13.7
Farmer association type  Urban 83 344
Hybrid 69 28.6
Country style 89 36.9
Ever won an award Yes 111 46.1
No 130 53.9
Ever won awards Golden extensionaward 29 12.0
(multiple choice) Agricultural finance award 69 28.6
Green care award 50 20.7
Top ten production and 16 6.6
marketing teams Others 1 0.4

R~ ZHiESIEEE TG EEARRIS - IS 2 15

Table 4.Condition of respondents participated

handling activities

in agricultural social responsibility-related training and

Items Category Frequency(N=241) Percentage(%)
Participatedin educational ~ Yes 178 73.9
training or seminars related No 63 26.1
to agricultural social
responsibility
Educational training or Invite experts to conduct 107 30.5
seminars related to their own education and
agricultural social training
responsibility Participate in educational 113 322
(multiple choice) training or seminars of other

government agencies or

schools

Participate in educational 126 359

training ofnational training

institute for

Farmers’organization

Others 5 1.4
Have handled activities Yes 180 74.7
related to agricultural No 61 25.3

social responsibility in the
extension work
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Have handled activities Friendly environment and 30 9.1
related to agricultural marketing of agricultural
social responsibility in the ~ products
extension work(multiple Food and agriculture 49 14.9
choice) education
Green care 136 41.3
Others 114 34.7
= B REEN O
LIS SR & i 2 20 (B0 57 (BT - PREGERE T %ﬂﬁ‘h(SEM)E’JZﬁ”rE % R AMOS
IS HET TARRE R B AT - SERE T IR U AT BRI P BT > SR — PR B R Bt > H

Dl Bt seis = o 60 2 S U2 & A IERERY £ e - ﬂ”ifﬁﬁ@ﬂhiﬁﬁﬁﬁ‘ﬁ'%  FHEASS

PR 5T R AT o #R45 Anderson and Gerbing ~ Bagozzi and Yi 2 Gefen et al. AU &8
ST~ BRE N e A B i i P AR TR - g Y SHE R e e R B R B
[efliatz 3G - RIS 20 EI0E EER 2 BUEEHE L 0.29-0.855 BEAKNL 0.95 214 -
HESHY 3.01-12.621 3R 1.96 ZFEREGRT) » BRE KA » HESRBURCRER it 25 -
T BEMLE T EEREE 8 R A

Table 5.Estimation of model parameters of agricultural social responsibility recognition and attitude scale

Standardized
Parameter Standard error . t value
parameter estimates
1-Rational Environment 0.095 0.677 9.919
fertilization facet
2-Pesticide usage Environment 0.104 0.78 11.558
4_
facet
3-Expendable or Environment 0.101 0.855 12.621
4_
consumable facet
resources
4-Land management Environment 0.102 0.57 8.498
facet
5-Emission of Environment 0.095 0.805 11.915
4_
greenhouse gases facet
6-Acidification Environment 0.085 0.844 12.465
. +—
emissions facet
7-Ecology and Environment 0.073 0.703 11.511
Biodiversity facet
8-Soil quality <4— Environment 0.092 0.808 11.948

facet
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1-Education <+— Societal 0.079 0.833 12.584
facet
2-Working conditions <4— Societal 0.074 0.828 12.515
facet
3-Contribution to <+—— Societal 0.085 0.74 11.167
employment facet
4-Quality of life <— Societal 0.072 0.677 10.207
facet
5-Local cohesion <4— Societal 0.069 0.802 12.116
facet
6-Product and service <—— Societal 0.076 0.742 11.193
quality facet
7-Animal welfare <+— Societal 0.065 0.717 11.412
facet
1-Profitability <«—— Economicl 0.303 0.704 4.126
facet
2-Productive forces <+— Economicl 0.184 0.766 4.178
facet
3-Solvency <—— Economicl 0.329 0.692 4.15
facet
4-Multiple income <4—— Economicl 0.36 0.546 3917
facet
5-Degree of subsidy <+— Economicl 0.30 0.29 3.01
dependence facet

(RS

AW 2 E R 2 W g BN E AR AR 0.5 %ITHRBIF /5 (Squared multiple
correlations, SMC){E K2 0.2 » 4HE{ZE (Combination reliability, CR) AL 0.6 » -8 FLEHHEE
(Average variance extracted, AVE) > SEJFHRANA 0.5 o R » & BT S IEHIUL SIS S fréh S B
RIS o AWH5E 3 (EPHIEREE 20 (R E R E AR SRR T ORI 2 flG B/ Nt 0.5 H
BRI 0.5 Fom 19 (BB IR & 50 2 (51 - [T £ M S EIE 2 2 T iERHE 7 {E /1172 0.299 % 0.731
28l » 7574 Bentler and Wu Ei Joreskog and Sorbom FfiEEsEAVAZHE(SMC >0.2) - ZREEAVAHE(S
FE(CRIETEA 0.7 » IRIEHL T SRS 8 REGHEE S 7Y 0.5 ~ &S 0.465 HEATIR 0.5 » B
FRERIR B S I A USRS KR 2 A R S T e IEEEA A -
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Table6.Convergent validity test summary analysis table

Estimated parameters of MLE

Item Factor Measure SMC CR AVE
loadings error

Environmental facet 0.89 0.578
1-Rational fertilization 0.667 0.555 0.445

2-Pesticide usage 0.78 0.392 0.609

3-Expendable orconsumable resources 0.855 0.269 0.731

4-Land management 0.57 0.675 0.325

5-Emission of greenhouse gases 0.805 0.352 0.649

6-Acidification emissions 0.844 0.288 0.712

7-Ecology and Biodiversity 0.703 0.506 0.494

8-Soil quality 0.808 0.347 0.652

Societal facet 0.884  0.606
1-Education 0.833 0.306 0.693

2-Working conditions 0.828 0.314 0.686

3-Contribution to employment 0.74 0.452 0.547

4-Quality of life 0.677 0.542 0.459

5-Local cohesion 0.802 0.357 0.643

6-Product and service quality 0.742 0.449 0.550

7-Animal welfare 0.717 0.486 0.513

Economic facet 0.774  0.465
1-Profitability 0.704 0.504 0.496

2-Productive forces 0.766 0.413 0.587

3-Solvency 0.692 0.521 0.479

4-Multiple income 0.546 0.702 0.299

5-Degree of subsidy dependence 0.29 0.916 0.084

()R

W S I B aa W (8 A F S AR R (e T B R S AR fE A FHAE H g%~ BA
= AR - & U A — (s A P 2 SR B AR 2 P TR AR R e e ] AR R (B R £
T L& BIBEHE BB DTS RIERET - 11 & KA 2 71 8 R 2P RE 7Y
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0.682-0.778 » 1 & I 2 V95 B AR VIR O (AVE=0.778>0.621) Z fEjfyHH
BRI RE > 2 (ERERE ZNEEHEE AR > R 2 P8 BB R 2 - JTHR(AVE=0.76
<O.77)ARE eI - BRI ZEH AR ESH Z @RI - BRI 2 %Gt -

Rt~ RIS AR AT

Table 7. Correlation matrix analysis of discriminant validity

Correlation coefficient

Facet Number of items
Environmental Societal Economic
Environmental 8 0.76
Societal 7 0.783** 0.778
Economic 5 0.551%** 0.621%** 0.682

The value on the diagonal represents the square root of the average variance extracted.**p<0.01.

(E)EEUERLE

T AR AL R RS FE A AT o0 RS BT BC FR AR ~ 0 B BB HE R RS/ R 8 S AE 1 - AiHoTEE
H-RTT8aT 25 5 HEAELE ~ 772 (Root mean square residual, RMR) ~ BEAE(LIG TGS
7={g (Standardized RMR, SRMR) ~ *FZHHELIE 77 2R (%857 (Root mean square error of approximation,
RMSEA) ~ 77 7f5%#(Normed fit index, NFI) ~ 78 & [ {5 #(Incremental-fit index, CFI) ~ # &
& 158 (Incremental fit ilndex, IFI)~ {54 & {85 f5 8 (Parsimony foodness of fit index, PGFI)Z 8
TRFEAE » SHEHEAETTEEC RS M (R /) K B — R A s e - 45 R 2R EEA G PE A
fEEE - BHE ¢ x* = 475.87 > x*/df=2.59(P>0.0) - $IJ7HRERZE(RMR)=0.03 - FRAE(LI9 7R
(SRMR)=0.056 > ~PIHELLF-J7 SR A B(RMSEA)=0.08 - i {Ese it A B A AL YR T 245 8
(NFD)=0.85 » it & R FEH(CF)=0.9 » g EHESTEEIFD=0.9 » FLHES B TEEI(PGFD)=0.67
B AR KR - BRI E BT R BB RS BT -

#=/\ A ERC e AR
Table 8. Summary table of model fitness

Overall fit index Standard value Value Test result

— ~ Absolute fit index

Normal theory weighted least squares chi-square The smaller the better 475.87 Meet the standard

chi-square/Degrees of freedom <3 2.59*%  Meet the standard
Root mean square residual(RMR) <0.08 0.03* Meet the standard
Standardized RMR(SRMR) <0.08 0.056* Meet the standard

Rootmean square error of approximation(RMSEA)  <0.08 0.08*  Meet the standard
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— ~ Relative fitness index

Normed fit index(NFI) The bigger the better ~ 0.85 Meet the standard
Comparative fit index(CFI) >0.9 0.90%* Meet the standard
Incremental fit index(IFI) >0.9 0.90* Meet the standard
= -~ Simple fit indexparsimony goodness of fit >0.5 0.67*  Meet the standard
index(PGFT)
20 1
@) —wiEiEige 75 {8=475.868
NP e R p-value=.000
11 ] T -92“0 degree of freedom=184
@D —wHEEENG /B ERE=2.586
ok ——t S\ 18 gfi=\gfiagfi=.797
@ b 1111
13 . T @ rmsea=.08"1
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Fig.1. Structural Equation Modeling Path Diagram.
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KIEFEIMAR - AREARER 241 {7 HRNEESPEEH 302 f > EREEVITE 1
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Confirmatory Factor Analysis of Agricultural
Social Responsibility Identity and Attitude Scale
of Farmers Association-Taking the Members in

Central Taiwan'

Shih-Fang Chen” and Pei-Jen Chen’
ABSTRACT

The purpose of this research is to construct a stable and objective agricultural social responsibility
identity and attitude scale, and to analyze the reliability and validity of the scale with confirmatory factors,
to provide farmers’ associations with self-testing, and to assist farmers with their organizational influence
as members of farmers’ associations. The reference of agriculture-related counseling is through literature
review and research workshop discussion. This research constructed an evaluation scale for assessment of
consent attitude on agricultural responsibility.The indicators of the scale encompass three main facets
including environmental, societal, and economic; and further divided into 20 sub-facets and 65 items.
With the constructed evaluation scale, we conducted a questionnaire survey on members of Farmers’
Association in Taichung area. The reliability and validity of the evaluation scale was analyzed based on
241 returned valid questionnaires. For reliability, the Cronbach o coefficient was used to test the degree of
internal consistency of the scale. For construct validity, the confirmatory factor analysis of the structural
equation model was applied to verify the model fit of the scale. The results showed that the scale has very
high reliability and good research model fit when 7 items in the scale are deleted to retain the rest 57 ones
including 21 items on the environmental facets, 24 items on the social facets and 12 items on the
economic facets. Therefore, the constructed scale provides a suitable tool for assessment of consent

attitude on agricultural social responsibility.

Keywords: Farmers’ association, Agricultural social responsibility, Factor analysis

'Contribution No.1070 from Taichung DARES, COA.
2Associate Researcher, Assistant Researcher of Taichung DARES, COA.
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BIPE » AR ARG HAEERE - ARBREEZ SIERE - AREZFRAESEME AT GV ERE -

KA SRR o BT - MIEREEATA 10 R(TEORE 20 K) -
C XEZARRBEE - FE - POUHE  IRRT - ATS AR © SEREERER (O FIRGER © 5Fam) ~ 55l 2

FICRRCTIH A ST ) ~ FECR S (RREEE - EE - T2 - BASRT) o IE T AFEYO: - HETFRARR - Hik
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